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RESUMO

A fibrose hepatica (FH) se caracteriza pelo processo de cicatrizagdo que representa a
resposta hepatica a lesdes, através da deposigdo do colageno e outros constituintes
da matriz extracelular. Este processo ocorrendo repetidas vezes pode vir a culminar
em uma cirrose hepatica, na qual a organizagao arquitetdénica do figado se altera a
ponto de interferir no fluxo de sangue e nas suas fungdes. Dentre as mais graves
complicagbes da doencga, esta incluida hipertensdo portal, insuficiéncia e cancer
hepatico. As principais células envolvidas na fibrose hepatica que produzem matriz
extracelular sdo as células estreladas hepaticas. Esta populacao de células residentes
contém um fendtipo quiescente que funciona como armazenamento de vitamina A do
organismo. Uma vez ativadas, elas se transformam de forma a adotar um fenétipo de
miofibroblasto. O presente estudo buscou novas opc¢des de tratamentos baseado em
conceitos ja aplicados, estabelecidos e correlatos ao reposicionamento de farmacos.
Neste sentido, o bezafibrato surgiu como alterativa porque apresenta potencial efeito
antifibrético. Este um medicamento comumente utilizado para reduzir os niveis de
colesterol e triglicérides no sangue, atuando por meio da ativagdo de Receptores
ativados por proliferadores de peroxissomas (PPARs). Portanto, buscamos verificar o
potencial efeito antifibrotico do BZF em modelos experimentais in vitro e in vivo como
uma possivel nova terapia para o tratamento da fibrose hepatica. Os parametros
avaliados in vitro foram a proliferagao celular, o indice de citotoxicidade, a identificagao
das organelas vesiculares acidas (AVOs), quantificacdo de goticulas lipidicas,
contragao de gel de colageno e analise dos marcadores moleculares relacionados a
ativagao e reversao fenotipica. Na sequéncia foram investigados in vivo marcadores
de lesdo hepatica, os aspectos histoldgicos e também moleculares. Apos 72 horas de
tratamento in vitro, o BZF diminuiu a proliferagédo celular, reverteu o fenétipo, reduziu
a contracéo celular e induziu autofagia. Além disso, o BZF demonstrou o efeito protetor
na fibrose hepatica induzida por tetracloreto em camundongos, confirmados pela
avaliagao do soro, no tecido hepatico e analise molecular.

Palavras chave: Bezafibrato; células GRX; Dano oxidativo; célula; fibrose

hepatica.



ABSTRACT

Hepatic fibrosis (FH) is characterized by the healing process that represents the
hepatic response to injuries, through the deposition of collagen and other constituents
of the extracellular matrix. This process occurring repeatedly can culminate in liver
cirrhosis, in which the architectural organization of the liver changes to the point of
interfering with blood flow and its functions. Among the most serious complications of
the disease, this included portal hypertension, liver failure and cancer. The main cells
involved in hepatic fibrosis that produce extracellular matrix are hepatic stellate cells.
This population of resident cells contains a quiescent phenotype that functions as the
body's vitamin A store. And when activated, they transform to adopt a myofibroblast
phenotype. The present study sought new treatment options based on concepts
already applied, established and related to drug repositioning, in which we directed our
analysis to bezafibrate. This is a drug commonly used to reduce the levels of
cholesterol and triglycerides in the blood, acting through the activation of Peroxisome
proliferator-activated receptors (PPARs). Therefore, we sought to verify the potential
antifibrotic effect of BZF in experimental models in vitro and in vivo. as a possible new
therapy for the treatment of liver fibrosis. The parameters evaluated in vitro were cell
proliferation, cytotoxicity index, identification of acidic vesicular organelles (AVOs),
quantification of lipid droplets, collagen gel contraction and analysis of molecular
markers related to phenotypic activation and reversion. Subsequently, hepatic injury
markers was investigated in vivo, as well as histological and molecular aspects. After
72 hours of in vitro treatment, BZF decreased cell proliferation, reversed phenotype,
reduced cell contraction and induced autophagy. In addition, BZF demonstrated a
protective effect on tetrachloride-induced liver fibrosis in mice, confirmed by serum,

liver tissue and molecular analysis.

Keywords: Bezafibrate; GRX cells; oxidative damage; cell; liver fibrosis.
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1. INTRODUGAO

1.1 Fibrose hepatica

A fibrose hepatica (FH) € o resultado de lesdes crdnicas no figado, que podem
ser causadas por infecgdes virais, como hepatite B e C, abuso alcodlico, toxinas,
acumulo de metais e doengas hereditarias (IREDALE, 2008). A FH se caracteriza por
diversas modificagdes no tecido hepatico, como o aumento da deposicdo de
componentes da matriz extracelular (EMC, do inglés, Extra Cellular Matriz), do
colageno e da fibronectina, devido a ativagao de processos celulares que resultam na
alteracao da arquitetura do tecido hepatico (DE MESQUITA et al., 2013).

A Esteato-hepatite n&o alcodlica ou nonalcoholic steatohepatitis (NASH) é
conhecida por ser altamente relevante na chamada sindrome metabdlica, que inclui
obesidade, diabetes, hiperlipidemia e hipertensao. A fisiopatologia da NASH esta
relacionada com o Figado gorduroso nao alcodlico (NAFL), que provoca o aumento
do estresse oxidativo e ativagao cronica de diversas rotas inflamatérias. Aacéo desses
fatores resulta em uma lesdo hepatocelular e subsequente progresséo para fibrose.
Dessa forma as lesdes crbnicas do figado provocam um desbalango nas células
responsaveis pelo equilibrio da sintese e degradagdo da EMC (FRIEDMAN, 2008).
Consequentemente ocorrem alteragcdes na arquitetura do tecido hepatico, localizado
no espacgo de Disse, onde se encontram as células hepaticas estreladas (HSC, do
inglés, Hepatic Stellate Cells) (VICENTE et al., 1998; LEE et al., 2011).

A FH é uma complicagao frequente e potencialmente fatal, associada a maioria
das doengas do figado, representando altos custos para o sistema de saude
(WEISKIRCHEN et al., 2018), afetando mais de 100 milhées de pessoas ao redor do
mundo (LI et al.,, 2011). A progressédo da FH é lenta devido a capacidade de
regeneracao do figado, mas sua progressao varia por determinantes genéticos
(FRIEDMAN, 2008). O dano crénico ao figado somado a deposicdo de EMC pode
resultar em um estagio mais avangado de FH, conhecido como cirrose, que provoca
insuficiéncia hepatica, devido a distor¢cao do parénquima hepatico, com formacao de
nodulos e septos, fluxo sanguineo alterado e a modificagdo da arquitetura hepatica
(DIEHL, 1999). A dificuldade em degradar a matriz fibrotica € o maior determinante da
cirrose, ocasionado a sua disfuncédo e acarretando cerca de 1,5 milhdes de mortes
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anuais em todo o mundo (SAREM et al., 2006; FRIEDMAN, 2008; IREDALE, 2008;
FALLOWFIELD and HAYES, 2011; POYNARS et al., 2010).

Além disso, mais de 80% dos pacientes com FH, e posteriomente cirrose,
desenvolvem carcinoma hepatocelular (CHC) (SZIKSZ et al., 2015; ROLLA et al.,
2016; SERTORIO et al., 2015), tendo frequentemente como unico tratamento eficaz o

transplante de figado, enquanto a FH em estagio inicial € considerada reversivel.

1.2 Células hepaticas estreladas

O processo apos a lesdo hepatica gera respostas aguda e crénica. Quando a
lesdo hepatica aguda ndo € grave, os hepatdcitos sdo capazes de se regenerar e
substituir células apoptéticas e necroticas. Se a lesdo segue, o processo regenerativo
falha e os hepatdcitos sdo substituidos por tecido fibroso, acompanhadas de
inflamacao.

No figado, as células hepaticas estreladas (HSC) foram identificadas como
células precursoras responsaveis pelo desenvolvimento da FH. Essas células estao
localizadas no espacgo perissinusoidal de Disse, definido como uma regido entre os
hepatécitos e a parede dos capilares sinusoidais hepaticos, formada por células
endoteliais sinusoidais (SENOO, 2004; FRIEDMAN, 2008; WINAU et al., 2008). O
espaco de Disse contém fibras nervosas e componentes da matriz extracelular (EMC)
como fibras de colageno dos tipos | e lll e componentes da membrana basal
(VICENTE et al., 1998).

As HSC manifestam dois fendtipos distintos: miofibroblastico (quando estao
ativadas) e lipocitico (quando estdo quiescentes). Em condigdes normais, as HSC
possuem fendtipo quiescente que € mantido por fatores de transcricao, como o PPAR
-a, 0 PPAR-B e 0 PPAR-y. As HSC também sao responsaveis por varias fungdes no
figado, nas quais se destacam o armazenamento de vitamina A, controle da
comunicagédo intracelular e remodelamento da EMC (WINAU et al.,, 2008;
KRIZHANOVSKY et al., 2008).

No estado quiescente, as HSC acumulam goticulas de lipideos em seu
citoplasma, e por isso também sao denomindas lipdcitos. Sendo responsaveis tanto
pela manutencao do tecido hepatico, quanto pela sintese de proteinas responsaveis
pela formacédo e degradagdo de componentes da EMC (GUIMARAES et al., 2007,
HERRMANN et al., 2007). Essa adipogénese nas HSC possui um fator fundamental
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de regulagao, o fator de transcricdo PPAR-y, e sua ativacdo € necessaria para
manutengao do fendtipo quiescente (DE MESQUITA et al., 2013; GUIMARAES et al.,
2007).

Durante a FH ocorre um evento chave, a ativacdo de HSC, que provoca a
mudanca fenotipica das células para uma forma semelhante a dos miofibroblastos. As
HSC ativadas aumentam sua proliferacdo e, consequente, a fibrose tissular,
impulsionada principalmente pelo fator de crescimento transformador 31 (TGF-1).

Ainda, a fisiopatologia da FH inclui a perda de armazenamento de vitamina A e
expressao de proteina acida fibrilar glial (GFAP, do inglés, Glial Fibrillary Acid Protein),
alta producao de Actina de musculo liso alfa (a-SMA) e aumento da secregédo de
colagenos tipo | e lll, que contribuem para a distorcdo e aumento da resisténcia
vascular, contribuindo para a hipertens&o portal (BENYON; ARTHUR, 2001).

A ativagao de HSC envolve um processo que consiste em duas fases principais:
iniciacao e perpetuacéo, seguidas de resolugdo de fibrose se a lesédo for dirimida
(FRIEDMAN, 2008). Os estimulos iniciais envolvem a geragao de corpos apoptéticos,
espécies reativas de oxigénio (EROS) e ativagdo paracrina, em conjunto com a
liberagdo de lipopolissacarideo do intestino apds lesao hepatica (LEE; FRIEDMAN,
2011). Esses estimulos sensibilizam as células e, se persistentes, as HSC mantém o
fendtipo ativado, promovendo o acumulo de EMC e a inflamagao cronica. Nesse
sentido, outras células produtoras de EMC contribuem para a formagao cicatricial no
figado, incluindo fibroblastos portais e miofibroblastos derivados da medula 6ssea,
bem como células epiteliais que sofrem a transigao epitélio-mesenquimal (ZEISBERG
et al. 2007). Em relagdo a isso, algumas evidéncias in vitro tém destacado a
possibilidade de que, na presenca TGF-B1, as células possam entrar na transicéao
epitelial-mesenquimal induzindo inflamacao crénica e fibrose pés-reparo (WANG et al.
2009).

As HSC sao acionadas por quimiocinas e citocinas como TGF-f e a
interleucina-6 (IL-6), liberadas por macrofagos receptores de figado (células de
Kupffer), leucdcitos infiltrados e outros tipos de células, incluindo hepatécitos
danificados. Tanto as HSC ativadas quanto os miofibroblastos sdo positivos para a-
SMA. Os miofibroblastos sdo a fonte predominante de sintese e deposicao de
colageno. O pool de miofibroblastos produtores de matriz extracelular (EMC) é
aumentado por diferentes tipos de células, como fibroblastos residentes, células
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mesoteliais, fibrécitos circulantes (medula &ssea), células epiteliais, células
endoteliais, células musculares lisas vasculares e outras células especializadas. Tais
células adquirem atividades pro-fibrogénicas e se tornam capazes de expressar
componentes da EMC, (SHAH et al.,, 2015; POROWSKI et al., 2015; GALICIA-
MORENQO et al., 2009; GRESSNER et al., 2002). A Figura 1 apresenta os principais

aspectos discutidos acima relacionados a fisiopatologia da FH.

Metabolic diseases
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Figura 1- Representacao esquematica da patogénese da FH (adaptado de WEISKIRCHEN
et al., 2018).

Além disso, as HSC possuem fung¢ao crucial no sistema imune hepatico. Elas
expressam receptores para lipopolissacarideos bacterianos, como Toll-like receptor 4
(TLR4) e citocinas como IL-22 necessarias para a modulagdo da resposta imune
(WINAU et al., 2008; ABDELGHANY et al., 2016).

Na Figura 2 é possivel observar as mudangas no espaco perisinusoidal de
Disse durante o desenvolvimento da fibrose em resposta a agressdo hepatica.

Quando ocorre a ativacdo das HSC, aumenta a sintese de colageno e
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consequentemente a deposicdo da EMC, perda das goticulas de gordura em seu
citoplasma e aumento da proliferacao celular e de inibidores de metaloprotease
tecidual (TIMPs, do inglés, Tissue Inhibitor Metalloprotein) (IREDALE, 2008). Estas
alteracdes tém sido alvo de intensas pesquisas, com a finaidade de elucidar os
mecanismos moleculares e celulares de recrutamento, ativagédo, proliferagao,
transdiferenciacao e infiltragao celular (SHAH et al., 2015; POROWSKI et al., 2015).

Normal liver Liver injury

Loss of hepatocyte
o Microvill

Kupffer cell

Figura 2 - Representacdo esquematica da ativacdo de células hepaticas estreladas
(adaptada de IREDALE, 2008).

1.3 Modelos experimentais de fibrose hepatica

Existem varios modelos de FH descritos na literatura, dentre os quais se
destacam a mudanga fenotipica das células GRX (modelo in vitro) e a indugao de FH

por CCls (modelo in vivo).
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1.3.1 Modelo in vitro

A linhagem celular GRX, encontrada em figado de camundongos, € homodloga
as HSC humanas, sendo considerada como um dos melhores modelos experimentais
in vitro para o estudo da FH. Sob condicbes padronizadas de cultivo, essas células
possuem semelhangas nos aspectos morfolégicos e bioquimicos com as células de
origem humana. A células GRX s&o uma linhagem imortalizada de células hepaticas
obtidas a partir de granulomas hepaticos de camundongos infectados com
Schistosoma mansoni (BOROJEVIC et al.,1985).

Conforme as condi¢bes de padrao de cultivo, a linhagem celular GRX expressa
o fendtipo transicional, entre miofibroblastos e lipdcitos, pois estdo em transicdo entre
0 estagio quiescente e o estado ativo (GUIMARAES et al.,2006; HERMANN et al.,
2007). Quando ocorre o aumento da taxa de sintese de colageno nas células e a
diminuicdo dos depdsitos de lipidios intracelulares, infere-se que as células estao
desenvolvendo o fenétipo miofibroblastico (SOUZA et al., 2008; GUIMARAES et al
2006).

Além disso, para a confirmacdo de mudanca de fendétipo celular, € necessario
a presenca de citocinas profibrogénicas e do estresse oxidativo, confirmando a
reorganizagao do citoesqueleto e da EMC. Também foi descrito que esta linhagem
possui um comportamento muito similar as HSC no que diz respeito a captacéo,
armazenamento e liberacdo de retindides (GRESSNER, 1998). Diante do exposto, a
reversao fenotipica das HSC para o fendtipo quiescente, a reducao da producéo de
colageno e a diminuicdo da proliferagdo celular se tornaram alvos terapéuticos,
estabelecendo a linhagem celular GRX como um modelo in vitro efetivo de HSC para
FH (VICENTE, 1998; KIM et al., 2001).

1.3.2 Modelo in vivo

A pesquisa da FH in vivo fornece informagdes sistémicas do corpo, sendo
capaz de reproduzir alteragdes no proprio figado, como a ativagdo das HSC e dos
marcadores da progressao da doenca.

Sabe-se que varios produtos quimicos induzem FH e s&o utilizados para
produzir modelos animais experimentais que permitem o estudo da fisiopatologia da

FH. Na maioria dos casos, a injegao intraperitoneal (IP) desses produtos desencadeia
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a FH em um curto prazo de tempo. Quando administrada por via oral ou por inalagéo,
a fibrose ¢é limitada e leva mais tempo para se desenvolver (SMITH, 2013). Logo, os
modelos in vivo baseados em produtos quimicos sao populares devido a sua alta
reprodutibilidade, facilidade de uso e reproducdo adequada dos mecanismos
envolvidos na FH.

Nesse sentido, nos estudos in vivo sao utilizados como indutores da FH o
tetracloreto de carbono (CCls), a tioacetamida, a dimetilnitrosamina e
a dietilnitrosamina. Destes, o CCls € o0 agente quimico mais utilizado na literatura
cientifica (LIEDTKEETAL.,2013; TSAIl et al. ,2008) e apresenta diferentes vias de
administragcdo, podendo ser via IP, injecdo subcutdnea, gavagem ou inalagéo,
utilizando como veiculo o azeite ou 6leo de milho (DELIRE et al., 2015; KONG et al.,
2017). Em muitos aspectos, mimetiza a doenga associada a danos toxicos.

A metabolizagdo hepatica de CCls produz o radical triclorometila, que esta
promove o aumento de radicais livres e processos de peroxidagao lipidica (BASU
2003; WEBER et al. 2003). A indugédo do estresse oxidativo provocada pelo CCls
provoca uma reagdo de fase aguda caracterizada por necrose de hepatdcitos
centrolobulares, ativacao de células de Kupffer e inducdo da resposta inflamatdria
(HEINDRYCKX et al., 2009). Esse encadeamento esta associado a producgédo de
varias citocinas, que promovem a ativagao das HSC e, por conseguinte, da FH.

Dentre as diferentes linhagens de animais utilizados para a indugao de FH, o
modelo CCls pode ser aplicado em ratos e camundongos. No entanto, ha preferéncia
pelos camundongos devido a maior metabolizagdo do CCls em comparagao com ratos
(THRALL et al. 2000). A linhagem de camundongos BALB/c apresenta maior
suscetibilidade para o desenvolvimento da FH no modelo de indugédo por CCls em
comparagao com os homoélogos C57BL /6 e DBA/ 2 (SHI et al. 1997). Apds a indugéo
€ possivel detectar a FH apés duas semanas, dependendo da dose e da quantidade
de aplicagdes. Neste sentido, observou-se que os modelos que propdem doses entre
300 a 1000 ul/kg, 2 a 3 vezes por semana, durante 4 e 6 semanas, sdo0 0s mais
utilizados na literatura (LIEDTKE et al.,2013; WALKIN et al. 2013).
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1.4 Tratamento para Fibrose Hepatica

Atualmente, intensos estudos sobre a biologia da FH vém aumentando
exponencialmente. Mas infelizmente, até o momento, ndo existe um agente
antifibrotico seguro disponivel. Por isso, diferentes alvos terapéuticos vém sendo
estudados para o desenvolvimento de novas terapias antifibréticas. Dentre eles, os
mais comuns sdo: (a) curar a doenga primaria a fim de evitar a progresséo das lesoes;
(b) reduzir a inflamagdo para evitar a continua ativagdo das células estreladas
hepaticas; (c) impedir a ativagdo das células estreladas hepatica; (d) controlar a
resposta proliferativa e a fibrogénese das células; (e) estimular a apoptose e a
degradagao da matriz extracelular (FRIEDMAN, 2008; ROCKEY, 2014).

Logo, varias abordagens vém sendo estudadas para melhorar a integridade
dos hepatécitos e reduzir a transformacdo de células estreladas quiescentes em
miofibroblastos ativados. A abordagem mais pratica é a reducédo da ativagdo das
células estreladas hepaticas através de antioxidantes, fatores de crescimento, como
fator de crescimento de hepatdcitos, e ligantes de receptores nucleares PPAR.
(FRIEDMAN, 2008; FRIEDMAN, 2015).

Os ligantes de PPAR sintéticos demonstraram inibir os efeitos pro-fibréticos e
pro-inflamatérios das HSC. Foi demonstrado que essas moléculas promovem a
remodelagao da fibrose em modelos experimentais. A utilizagdo dos ligantes de PPAR
vém sendo amplamente estudada no tratamento de doengas como diabetes. Em
ensaios clinicos de tiazolidinedionas de 22 e 32 geragédo (insulina sintética
sensibilizantes agonistas de PPAR como pioglitazona e rosiglitazona) estdo agora
sendo testados em ensaios clinicos, tanto em NASH como em outras doengas. Assim,
esses estudos estdo fornecendo evidéncias de atividade antifibrotica de ligantes de
PPAR, incentivando o desenvolvimento de agentes similares (IREDALE, 2008;
HIGASHi et al.,2017; FRIEDMAN, 2008).

1.5 Bezafibrato

O bezafibrato (BZF) é um medicamento que reduz os niveis de colesterol e
triglicerideos no sangue. Ele pertence aos fibratos que sdo uma classe de acidos
carboxilicos anfipaticos, na qual possui atividade agonista para o receptor ativado de

peroxissoma alfa (PPAR-a), receptores nucleares envolvidos na transcricado de genes
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de oxidagao acida, producdo de apolipoproteina, com funcbdes adicionais na
inflamacéo, funcédo endotelial e remodelagao vascular (IWASAKA et al., 1999).

Esta atividade agonista provoca a regulagdo positiva da lipase lipoproteica e
apolipoproteina A-l1 e A-1l. Aligagao de BZF para PPAR-a também resulta na regulagéo
negativa da apolipoproteina C-Ill. O efeito pleno € uma redugao nos triglicerideos e
um aumento modesto de lipoproteina de alta densidade (SAMAH et al., 2012;
ADAMSON, 1984; INASAKA et al., 1999).

Atualmente estudos sugerem que PPARs atuam na inflamagéao, regulando de
forma negativa a expressao de genes pré-inflamatérios, induzida em resposta a
ativagao de células inflamatérias (LIN et al., 2010, ZHAO et al., 2010). Recentemente
foi descrito que BZF, através ativacdo de receptores PPAR, regula a expresséo de
genes envolvidos, ndo apenas na homeostase lipidica e no metabolismo energético,
mas também em muitos outros processos, incluindo inflamacéo, diferenciacao celular
e proliferacao (SHIPMAN et al.,2016).

Varios estudos tém demonstrado a acao antifibrética do BZF. Mizuno et al.
(2016), verificaram a eficacia para a preven¢ao de colangite esclerosante primaria, no
qual demonstrou que o efeito foi mais efetivo em pacientes com fungao hepatica
preservada (LIN et al.,, 2010; OHMOTO et al., 2006). Também foi relatada a
capacidade antioxidante do BZF, demonstrada pela diminui¢cao significativa do nivel
de EROs e pelo aumento da expressdo do gene NRF1 em populagdes de células
testadas. Sendo que o NRF1 € um dos principais fatores de transcri¢ao que regula os
genes metabdlicos e antioxidantes e modula a transcricdo e replicagdo do DNA
mitocondrial (AUGUSTYNIAK et al., 2018; PARMEGGIANI et al., 2019).

Neste contexto, pesquisas vém indicando que as terapias orientadas para o
processo fibroproliferativo, na reversao do fendtipo quiescente e acumulagéo de EMC,
podem ser mais promissoras para a FH. Pois, até entdo, terapias inicialmente
destinadas a inflamagéao (corticosterdides) ndo mostraram resultados promissores. Ha
indicios que agonistas PPAR-s proporcionam uma terapia potencial para doengas
fibroticas, através da inibicdo de TGF-B1, que induz a diferenciagao de miofibroblastos
e reducao da produgéao de colageno tipo | (JIAet al., 2004; TANAKA et al., 2005). Logo,
como o PPAR-a é um regulador importante, os seus ligantes podem ser utilizados
como agentes terapéuticos para doengas fibréticas (TANAKA et al., 2005; WILLSON
et al., 2010).



21

2. JUSTIFICATIVA

A fibrose hepatica é uma doenca cronica caracterizada por um remodelamento
da arquitetura hepatica juntamente com um acumulo excessivo de EMC, envolvendo
diversos mediadores inflamatérios como citocinas, quimiocinas, espécies reativas de
oxigénio, aumento e deposigcdo de colageno. Dados epidemiolégicos apontam que
mais de 80% dos pacientes com FH, e posteriormente com cirrose, desenvolvem
carcinoma hepatocelular (CHC), tendo frequentemente como unico tratamento eficaz
o transplante de figado.

Uma alternativa que tem surgido para o processo de novas terapias € o
reposicionamento de farmacos. Esse conceito consiste na utilizagado de farmacos ja
estabelecidos para o tratamento de novas doencas. Nesse sentido, o bezafibrato,
comumente utilizado para reduzir os niveis de colesterol e triglicérides, tem sido
relatado como um potencial agente antifibrético, prevenindo a inflamagéao e o estresse
oxidativo. Portanto, a presente tese buscou verificar o potencial efeito antifibrético do
BZF em modelos experimentais in vitro e in vivo como uma possivel nova terapia para

o tratamento da fibrose hepatica.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar o efeito antifibrotico hepatico do Bezafibrato em modelos in vivo e in

vitro de fibrose hepatica.

3.2 Objetivo Especificos

o Avaliar os efeitos antifibroticos hepaticos do BZF in vitro nas células GRX.
o Avaliar os efeitos antifibréticos hepaticos do BZF em modelo de FH in vivo;
° Avaliar os efeitos do BZF na expressao proteica por meio da PCR em tempo

real através dos modelos in vitro e in vivo;
o Avaliar os efeitos do BZF na expressao génica de marcadores fibroticos por

meio de PCR em tempo real nos modelos in vitro e in vivo;
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ABSTRACT

Bezafibrate (BZF) is a medication that reduces cholesterol and triglyceride levels in
the blood. Research indicates that BZF, through activation of PPAR receptors,
regulates the expression of genes involved in lipid homeostasis, inflammation, cell
differentiation and proliferation. This study investigated the in vitro and in vivo effects
of BZF on activated hepatic stellate cells (HSC) and on carbon tetrachloride-induced
liver fibrosis in mice. After 72 hours of treatment in vitro, BZF decreased cell
proliferation, phenotype reversed, decrease cell contraction and induce autophagy. In
addition, BZF promoted a protective effect on tetrachloride-induced liver fibrosis in
mice, through antifibrotic actions. These findings suggest that BZF may have a
potential antifibrotic effect which could emerge as a possible new therapy for the

treatment of liver fibrosis.

Keywords: Bezafibrate; GRX cells; oxidative damage; liver fibrosis.
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INTRODUCTION

Hepatic fibrosis (HF) represents the initial stage in the development and
progression of other more serious liver diseases, such as cirrhosis and hepatocellular
carcinomas, which carry a high risk of morbidity and mortality worldwide (Mallat et al.,
2013). It is associated with lesions resulting from viral infections, alcohol abuse,
steatosis, metal intoxication and hereditary diseases leading to the accumulation of
collagen-rich fibrotic matrix and; in more advanced stages, liver failure and mortality
(Torok, et al., 2008; da SILVA et al., 2021). It is a public health alert, considering the
increased incidence of LF patients, which currently represents one of the ten most
common causes of death in the world (Balasundram et al., 2006; Basso et al., 2021).

Hepatic fibrosis is a clinical condition in response to chronic liver damage,
characterized by excessive accumulation of extracellular matrix (ECM) components
related with liver healing (Lotersztajn et al., 2014). It is caused by the proliferation
and activation of hepatic stellate cells (HSC), and an inability to store vitamin A in
cytoplasmic lipid droplets as an increased expression of a-smooth muscle actin (a-
SMA) (Basso et al.,, 2019; Soon, et al., 2008). It is a chronic, partially reversible
disease that, in an advanced stage, can cause portal hypertension, ischemia and loss
of liver function. It is initially triggered by metabolic changes and inflammatory
process, that activate hepatic fibrosis in response to continuous aggression.
(Hernandez-Gea et al.,2011; Pinzani et al., 1999).

Hepatic stellate cells (HSC) reside in the perisinusoidal region together with
hepatocytes and endothelial cells representing 8% of the hepatic cell population. HSC
present a quiescent phenotype, characterized by the transcription of adipogenic
genes forming lipid vacuoles with retinyl esters and triacylglycerides in their
intracellular portion. When submitted to injury, HSC perform a process of
transdifferentiation from the quiescent phenotype to the activated state that has
myofibroblasts-like properties (Gabbiani et al., 2003). The HSC cells lose their lipid
vesicles, they increase the proliferation and initiate the synthesis of collagen and
extracellular matrix proteins. In addition, there is the recruitment of immune system
cells, release of inflammatory and pro-fibrotic cytokines. These conditions are
associated with the progression of FH (Guimaraes et al.,2007; Mallat et al., 2013).

The evolution of fibrogenesis in the liver tissue is slow and silent, which
precludes initial therapeutic intervention to avoid the progress of fibrosis. Despite the
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significant elucidation of the mechanisms of FH development, it is necessary
research, and investigation of efficient and safe antifibrotic drugs for their treatment.
Studies currently evaluate the effectiveness of treatment for initial phase liver fibrosis
in order to prevent lesion progression, reduce inflammation, and stellage cell
activation by controlling the proliferative response and fibrogensis of cells (Friedman
et al., 2015; Rockey et al., 2014).

Thus, drug repositioning is an alternative for the treatment of FH. The adverse
effects of drugs already approved are known, once they have been clinically tested,
so they present less risk to the health of patients. Bezafibrate (BZF) is a medication
that reduces cholesterol and triglyceride levels in the blood. It belongs to the fibrates,
which is a class of amphipathic carboxylic acids, which has agonist activity for the
peroxisome activated receptor alpha (PPAR-a) (Ohmoto et al., 2006; Mizuno et al.,
2017).

Research has indicated that treatments aimed at decreasing the
fibroproliferative process, reversing the quiescent phenotype and ECM accumulation
may be more promising for FH. For that reason, PPAR-s agonist drugs provide a
potential therapy for fibrotic diseases as they induce the differentiation of
myofibroblasts and type | collagen protein (Jia et al., 2004; Tanaka et al., 2005).

Therefore, the present study sought to verify the potential antifibrotic effect of
BZF in experimental models in vitro and in vivo as a possible new therapy for the
treatment of FH.

1. MATERIALS AND METHODS

1.1 In vitro experiments
1.1.1 Cell culture

HSC murine cells (GRX cells line) were obtained from Rio de Janeiro Cell Bank
(BCRJ, Rio de Janeiro, Brazil; code: 0180). Cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM; Gibco™, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco™, USA), 1% streptomycin (100 pg/mL) and penicillin (100
U/mL) (Gibco™, USA), and incubated in a humidified atmosphere of 5% CO2at 37°C.

1.1.2 Cell number determination

GRX cells were seeded into 96-well plates at a density of 5 x 102 cells/well and
treated with BZF (10, 20, 30 and 40 uM) diluted in 0,5% DMSO (Sinth, 01D1011).
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GRX cells were also assessed by direct counting using the Trypan blue (Gibco™,
USA) exclusion assay. All the experiments used NAC (N-acetylcysteine) 2,5 mM as
a positive control. Outcome assessments were performed after a 72 hours period,
always in triplicates (n=3).

1.1.3 Cytotoxicity assay

To evaluate the cytotoxicity of BZF in cells, a marker of membrane damage, the
lactate dehydrogenase (LDH) enzyme was determined in the supernatant of cell
cultures. The cells were seeded at a density of 1x10* cells per well in 24 well plates
and treated with different concentrations (30 and 40 pM) after 72 hours. The
experiments were performed in triplicates (n=3). The enzyme activity was measured
by the commercial kit Lactate dehydrogenase (Labtest) according to the instructions
of the manufacturer. Results are expressed in percentage and calculated by

measuring the absorbance at 492 nm using microplate reader.

1.1.4 Acidic vesicular organelles quantification

Research suggests that lysosomal content is upregulated in autophagic cellular
processes. To identify acidic vesicular organelles (AVOs), we used the lysosomotropic
acridine orange (AO) dye. During the AO process, all cells fluoresce green, while acid
compartments fluoresce Orange red. GRX cells were seeded at a density of 1 x 104
cells per well in 24-well plates and treated with BZF (30 and 40 uM), NAC 2,5 mM and
Rapamycin (1 ng/mL), a potent inducer of autophagy (Li et al., 2014). After that, GRX
cells were harvested and incubated for 15 minutes with AO (1 pg /mL) at room

temperature and protected from light.

1.1.5 Detection of lipid droplets

The lipid droplets were analyzed through the oil red technique. The cells were
seeded in 24 well plates at a density of 3 x 103 cells per well, with 30uM and 40uM
concentrations of BZF, after 72 hours. The cells were fixed with 10% formaldehyde
and stained with Oil Red O (Sigma,1320-06-5). Intracellular lipid accumulation was
verified after 30 minutes, through the inverted optical microscope. The results were
calculated as the ratio of absorbance value and number of the cells. The optical

density was 492 nm, and experiments were performed in triplicates (n=3).
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1.1.6 Assessment of cell contraction by collagen gel assay

The cell contraction is a typical feature of the transition from fibroblasts to
myofibroblasts. GRX cells were seeded into 24-well plates at a density of 1 x 10° cells
per well, with DMEM 4x concentrated in a collagen 4 mg/mL solution. The collagen
gels were polymerizate for 30 minutes at 37°C with the treatments or NAC 2,5 mM.
After 24 hours the images of each gel were obtained, and we were then able to

determine the percentage of total surface area occupied on the well plate.

1.2 In vivo experiments
1.2.1 Animals

Male BALB/c mice with 8 weeks were kept under specific conditions of 12 hours
light-dark cycle, the temperature of 22 + 2°C, and the humidity (50-70%), receiving

free access to rodent food and water, in individually ventilated cages. They were from
the Central Animal House of the Pontificia Universidade Catdlica do Rio Grande do
Sul (CeMBE; PUCRS; Brazil). The experimental protocol was approved by the Animal
Use Ethics Committee (CEUA).

1.2.2 Experimental design

To evaluate the antifibrotic effect of BZF, the animals with 8 weeks of age were
submitted to the protocol of experimental induction of Hepatic Fibrosis. Experimental
induction was performed through the periodic administration of CCls (Delire et al.,
2015; Liedtke et al., 2013) diluted in olive oil at concentration of 1 ml/kg per body
weight injected via |.P. three times a week for ten weeks. The treated group with 50
mg/kg and 100 mg/kg of BZF received selected doses via gavage twice a week, after
24 hours of the administration of the first dose of the induction protocol. After 72 hours
of the last dose the animals were sacrificed, and liver sections and serum were

collected.
1.2.3 Biochemical serum analysis
Blood samples were collected by cardiac puncture and centrifuged for 10 min

at 2000 g at 4°C. Serum aspartate aminotransferase (AST) was analyzed with

commercial assay kit according to manufacturer’s recommendations (Labtest, Brazil).

Histopathology liver analysis
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The liver samples were fixed in 10% buffered formalin, embedded in paraffin
blocks, tissue was cut into 5um sections and stained with hematoxylin and eosin stain.
Liver sections were assessed semiquantitative according to Nonalcoholic Fatty Liver
Disease Activity Score (NAS): inflammation (0—2) and ballooning (0—2). Images were
captured through the BMX 43 microscope equipped with the digital DP73 camera
(Olympus Tokyo Japan). To analyze fibrosis, liver sections were stained with
Picrosirius Red (Polysciences, Inc., USA). Liver fibrosis also was semiquantitative
determined: fibrosis (0—4). Images were captured through the BMX 43 microscope

equipped with (Olympus, Japan).

For immunohistochemistry, the tissue samples were cut into sections of
paraffin-embedded blocks and mounted onto slides. The slides were dehydrated and
the antigen retrieval was performed in citrate buffer ph=6.0, and samples were
washed in PBS. During the blocking step, the sample were incubated with 0,1% of
Triton and 5% serum in PBS solution for one hour at room temperature. Primary
antibodies, a-SMA and GAPDH, were incubated at a concentration of 1:200 diluted in
blocking solution at 4°C overnight. The next step, the samples were washed with PBS
and incubated for one hour, with secondary anti-rabbit antibody diluted 1:200 in PBS
with TritonX 0,1%. After incubation, the samples were washed with PBS. DAB was
used as chromogen and counterstained with hematoxylin, followed by a rehydration
step. The samples were mounted with DPX and left to dry completely at room
temperature. Images were obtained in the BMX 43 microscope, equipped with the
digital DP73 camera. Analysis of stained area were performed by calculating the

percentage of the DAB stained area using ImageJ software.

1.2.4 Real-time quantitative PCR (QRT-PCR)

The gene expression of the markers was carried out in experiments “in vitro
and in vivo”. In vitro, GRX cells were seeded into 6-well plates at a density of 2.5 x
10° cells/well and treated with BZF (30 and 40 uM) or NAC 2,5 mM. After 72 hours
the total RNA was extracted using TRIzol™ reagent (Invitrogen, USA), according to
the manufacturer’s instructions. In the “in vivo” experiments, the mice liver tissue
samples were also extracted by TRIzol reagent. The mRNA was reversely transcribed
into cDNA, using the GoScript™ Reverse Transcription System kit (Invitrogen, USA),

according to the manufacturer’s instructions. The quantity of cDNA was examined by
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NanoDrop 2000 (Thermo Fisher Scientific). The expression levels were quantified by
gRT-PCR, performed using the StepOne™ Real-Time PCR System (Applied
Biosystems™, USA). The reaction was catalyzed by the SYBR Green | (Applied
Biosystems™, USA) kit,according to the manufacturer's instructions. The
experiments were performed in duplicate and the reaction products were verified by
melting curve analysis. Data were analyzed with glyceraldehyde 3-phosphate

dehydrogenase (GAPDH) as a normalized gene. Table 1 shows the primers sets used.

Table 1 - Primer sequences to gRT-PCR analysis.

Primers Forward primer (5'-3) Reverse primer (5'-3")
a-SMA ACTGGGACGACATGGAAAAG CATCTCCAGAGTCCAGCACA
Col-1 GAGCGGAGAGTACTGGATCG TACTCGAACGGGAATCCATC
TGF-8 GGGAAATTGAGGGCTTTCGC TGAACCCGTTGATGTCCACT
PPAR-y TGGAATTAGATGACAGTGACTTGG CTCTGTGACGATCTGCCTGAG
PPAR-a ACGATGCTGTCCTCCTTGATG GCGTCTGACTCGGTCTTCTTG
GAPDH AGTGGCAAAGTGGAGATT GTGGAGTCATACTGGAACA

2. Statistical analysis

Results were expressed as mean = standard deviation (SD). Data were
analyzed by one-way analysis of variance (ANOVA) followed by Tukey multiple
comparison test. Differences were considered significant if the statistical analysis was
P<0.05. Statistical GraphPad Prism Version 5.00 was used as a computational tool to

analyze data.
3. RESULTS

3.1 BZF decreases GRX cell proliferation

Firstly, GRX cells were exposed to different concentrations of BZF (10, 20, 30,
and 40 yM), NAC 2,5 mM (positive control) and DMSO (vehicle control) to assess
their antiproliferative effects. After 72 hours of treatment, there was a significant
difference between control group and NAC and all doses of BZF. These results
indicated that higher doses reduced cell proliferation more effectively, and the doses
of 30 yM and 40 pyM were chosen to continue with the experiments (Figure 1)
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Figure 1 — Effects of BZF on GRX cells after 72h of treatment. The results were expressed
as number of cells/well and data represent the mean + SD (n = 3). Effect 10, 20, 30 and 40
uM BZF and NAC (2,5 mM) on GRX number of cells. 'p<0.05 when compared with Control
and DMSO group.

3.2 BZF does not induce cell membrane damage

This evaluation showed that there was no significant difference between
BZF treatment and control group (Figure 2). These results indicate that the decrease

of cell number is not related to membrane damage.
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Figure 2— Evaluation of LDH levels in the supernatant after 72 hours of treatment with BZF

30 and 40 uM. The results were expressed as a percentage of LDH release. Data represent
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the mean = SD (n = 3); no significant differences were found between the control and treated

groups.

3.3 BZF increase the acids vesicles

To looking for a mechanism antiproliferative of BZF, we evaluated the
possible induction of apoptosis by the fibrate through the technique of flow cytometry.
Our results showed that BZF did not induce apoptosis in GRX cells (data not shown).
Next, we evaluated the induction of autophagy, another mechanism that could explain
the antiproliferative effect. The results showed that there was an increase in the
percentage of acidic compartments (AO positive cells) in response to the treatment.
The data showed a significant difference between the BZF treatments for control and
DMSO groups. Additionally, the positive control Rapamycin (RAPA 1ng/mL)
expressively increased the AVOs (Figure 3A). Furthermore, the treatments with BZF
increased more than the RAPA group. Representative flow cytometric plots are shown
in Figure 3B. These results suggest that the increase of acids vesicles is one of the
cellular responses triggered by BZF in GRX cells, probably activating the autophagic

process and reducing the proliferation.
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Figure 3- Effect of BZF on the autophagy in GRX cells after 48 hours of treatment. Data

represents mean = SD (n =3). "p<0.05 when compared with the control group; #p<0.05 when
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compared with the DMSO group; $ p<0.05 when compared with Rapamycin and 30 uM BZF
groups.

3.4 BZF induces phenotypic GRX cell reversion and increase PPARs gene

expression

The cellular phenotype was evaluated through the presence of lipid droplets in the
cytoplasm and an increase in the presence of accumulation of lipid droplets was
observed in GRX cells treated with BZF. (Figure 4A). Results also showed that NAC
treatment caused a significant increase in lipid droplets. These results were confirmed
by quantifying the accumulation of lipids by reading the absorbance at 492 nm (Figure
4B). The expression of PPARs family genes, an intracellular lipogenic factor, was also
evaluated. According to our results, there was a significant increase in the expression
of PPAR-y mRNA (Figure 4C) in cells treated with BZF in relation to the control group,
as well as in PPAR-a in the treatment with 40 uM (Figure 4D) of BZF. Our control
(NAC) increased expression of PPAR-a gene only. NAC, a PPAR-a-only inducer, has
been shown to induce only PPAR alpha and not PPAR-y mRNA, corroborating our

data. These results indicated a phenotypic reversal of activated stellate cells.
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Figure 4 — Assay to evaluated phenotypic reversion on GRX cells, data represent the mean
+ SD (n = 4). (A) Oil Red-O lipid staining images with control, NAC (2,5 mM), 30 and 40 uM
BZF groups after 72 hours. (B) Lipid quantification: *p<0.01 when compared with Control and
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DMSO groups. (C) Effects of BZF on PPAR-y mRNA expression in GRX cells. (D) Effects of
BZF on PPAR-a mRNA expression in GRX cells. Results are expressed as target
gene/GAPDH and data represent mean + SD. Results were expressed as relative expression
of PPAR-y and PPAR-q, *p<0.05 and ** p<0.01 when compared with the Control and DMSO
groups ; #p<0.05 when compared with the Control, DMSO and NAC groups.

3.5 BZF decreases the fibrotic status

The main features of activated stellate cells are increased contraction as well as
the production of a-SMA and collagen. The data showed that BZF and NAC
treatments significantly decrease cell contraction compared to the control group
(Figure 5A). Furthermore, there was a significant decrease in the a-SMA and Col-
TmRNA expression in GRX cells treated with BZF when compared to the control and
DMSO groups (Figure 5B and 5C), These results suggest a phenotypic change, a
typical feature of the transition from myofibroblasts to quiescent cells.
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Figure 5 — Effects of BZF on GRX cells after 72 h of treatment on cellular contraction assessed
by collagen gel assay. The wells represent the contractile profile of control, 2,5 mmol NAC,
30 and 40 uM BZF groups. Data represent the mean £ SD (n = 4). (A) Cellular contraction:
"p<0.05 when compared with Control group. (B) a-SMA expression: results were expressed
as relative expression of a-SMA: *p<0,05 when compared with Control group; #p<0,05 when

compared with DMSO group. (C) Col-1 expression: results were expressed as relative
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expression of Col-1: *p<0,05 when compared with Control group; #p<0,035 when compared
with DMSO group. Results are expressed as target gene/GAPDH and data represent mean
+ SD (n=4).

3.6 BZF decreased liver injury induced by CCl4

The serum AST parameter was evaluated to assess liver damage. There was
a significant decrease between the 50 and 100mg/kg BZF groups and CCls group,
suggesting a possible protective effect of BZF (Figure 6)
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Figure 6- Effect of BZF on serum markers of liver damage AST. Data represent the mean *
SD (n = 5); 'p<0.05 when compared CCls, CCl;+DMSO and CCls+BZF 50 mg/Kg with control
group.?p<0.05 when compared CCls+BZF 50 mg/Kg and CCls+BZF 100 mg/Kg groups with
CCl4 group; 'p<0.05 when compared CCls+BZF 50 mg/Kg and CCls+BZF 100 mg/Kg groups
with CCls+DMSO group; $p<0,05 when compared CCls+BZF 100 mg/Kg group with CCls+BZF
100 mg/Kg group.

3.7 BZF attenuates CCl4 induced liver injury and inflammation

To analyze the inflammation degree, we investigated pathological features
such as the extent of inflammatory cell infiltration and ballooning through H&E
staining. The treatment with BZF was able to reduce the inflammatory infiltrates
compared with CCls and CCls + DMSO groups (Figure 7A and B), as well as the

ballooning parameters (Figure 7C).
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Figure 7- In vivo effect of BZF on liver fibrosis. (A) Lobular inflammation was evaluated with
H&E staining on Control, CCl4, CCI4+DMSO, CCl4+BZF 50 mg/Kg and CCl4+BZF 100 mg/Kg
groups (inverted light microscope at a magnification of 400x). Black arrow indicates ballooning
and red arrow indicates inflammation. (B) Inflammation score: *p<0.05 when compared with
the Control group. #p<0.001 when compared BZF 50 mg/kg with CCl4 and CCl4+DMSO
groups; $p<0.05 when compared BZF 100 mg/kg with CCI4 group. (C) Balloon: *p<0.05 when
compared CCl4 and CCI4+DMSO groups with the Control group; #p<0.001 when compared
BZF 50 mg/kg with CCl4 and CCl4+DMSO groups; $p<0.001 when compared BZF 100 mg/kg
with CCl4 and CCI4+DMSO groups. Data represent the mean + SD (n = 5).
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3.8 BZF attenuates CCl4 induced liver fibrosis.

To assess the effect of BZF on CCLs-induced liver fibrosis, we stained tissue
slides with Sirius red. Our results showed that CCL4 increased the liver fibrotic area

and BZF reversed this effect. (Fig. 8A and B).
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Figure 8- In vivo effect of BZF on liver fibrosis. (A) Lobular fibrosis was evaluated with Sirius
red staining on Control, CCl4, CCI4+DMSO, CCI4+BZF 50 mg/Kg and CCI4+BZF 100 mg/Kg
groups (inverted light microscope at a magnification of 400x). Blue arrow indicates fibrotic
areas. (B) Fibrosis score: *p<0.05 when compared with the Control group. #p<0.05 when
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compared BZF 50 mg/kg with CCI4 and CCI4+DMSO groups; *p<0.05 when compared BZF
100 mg/kg with CCl4 group. Data represent the mean £ SD (n = 5)

3.9 BZF decrease protein and gene expression of a-SMA

In this evaluation, we observed that animals treated with CCls, the a-SMA area
(protein) significantly increased and BZF reversed this effect (Figure 9A and B). these

results were confirmed through the evaluation of a-SMA gene expression (Figure 9C)
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Figure 9: In vivo effect of BZF on liver fibrosis. (A) Images of immunohistochemistry (IHQ) a-
SMA. Black arrow indicates the stained area by a-SMA. (B) Percentage of the a-SMA area:
*p<0.05 when compared with the control group; #p<0.05 when compared with CCls and
CCls+DMSO groups; $p<0.02 when compared with CClsand CCls+DMSO groups. (C) a-SMA:
*p<0.05 when compared with Control group. #p<0.05 when compared with CCls and
CCls+DMSO groups. Data presented as mean + S.D.

3.10 BZF reduces the expression of TGF-, Col-1 mRNA expression in the liver

We have also evaluated the relative mRNA expression of Col | and TGF-
genes which are related to activation and resolution of fibrosis. The results showed
that the relative expression of Col | are decreased in the treated groups (CCls+ 50
mg/kg e CCls + 100 mg/kg) when compared to the induction (CCls4) and CCls + DMSO
groups (Fig. 10 A). Results have shown that there was a significant reduction too at
TGF-B in the treated groups with BZF when compared to the induction group (CClas),
demonstrating a significant decrease in pro-fibrogenic cytokines (Fig. 10 B). We
observed that there was a reduction in the collagen hepatic production in the treated
groups (CCls+ 50 mg/kg e CCls + 100 mg/kg) when compared to the CCls and CCls +
DMSO groups (Fig. 11)
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Figure 10: /In vivo effect of BZF on liver fibrosis. (A) Col-1: *p<0.05 when compared with the
control group. #p<0.05 when compared with CCls and CCls+DMSO groups; $p<0.05 when
compared with CClsand CCl4+DMSO groups. (B) TGF-B: *p<0.05 when compared with the
control group. #p<0.05 when compared with CCls andCCls+DMSO groups; 5p<0.05 when
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compared with CCls andCCls+DMSO groups. Results are expressed as target gene/GAPDH

and data represent mean + SD (n=4).

4. DISCUSSION

Hepatic fibrosis (HF) is a wound healing response that occurs in liver chronic
injury, involving excessive deposition of extracellular matrix (ECM). HF is
characterized by distortion of hepatic architecture associated with portal hypertension,
ascites, which eventually progress to liver cirrhosis or hepatocellular carcinoma.
Cirrhosis is the terminal stage of progressive liver fibrosis, affecting 1 to 2% of global
population, resulting in annual direct and indirect costs for the care health exceed $12
billion in the U.S. only (Caballeria et al., 2018, Friedman 2015, Higashi et al., 2017).

Currently, there is no effective therapy for the treatment of liver fibrosis. It is
very important to find mechanisms that can help develop new treatments. (Hou et al.,
2018; Friedman 2015; Tsuchida et al, 2017). The repositioning of drugs is an
alternative that has emerged as new therapies. This concept consists of the use of
already established drugs for the treatment of other diseases. In this sense, BZF,
commonly used to treat hypertriglyceridemia and atherosclerotic plaques, has been
reported as a potential anti-inflammatory agent, preventing inflammation and oxidative
stress (Ayaori et al., 2008; Schuppan et al., 2018).

The drug BZF is a member of the PPAR agonist family, operating as an agonist
for all three PPAR isoforms (alpha, gamma, and delta) (Tenenbaum and Fisman,
2012). Research indicates that PPARs act directly in the regulation of processes
related to fibrogenesis, including cell differentiation and wound healing (Lakatos et al.,
2007; Milam et al., 2008). Our objective was to evaluate the effect of BZF on liver
fibrosis in vitro and in vivo.

The present study demonstrated that in vitro, BZF promotes the reduction of
proliferation, the expression of markers phenotypic activation and cellular contraction
decrease of HSCs activated cells. Our results demonstrated that the total number of
GRX cells decreased after exposure to BZF 10, 20, 30 and 40 yM concentrations.
The doses of 30 yM and 40 uyM were chosen to continue with the experiments
because they seem to have better effects. Our results demonstrated that the treatment
with BZF did not show cytotoxicity on GRX cells. LDH was measured and there was
no relationship between the decrease of cell proliferation and death due cells necrosis.

These results are in consonance with other studies where proliferation is an important
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aspect of activated HSCs and their inhibition has demonstrated to ameliorate liver
fibrosis (Thoen et al., 2011).

As BZF decreased the proliferation of activated stellate cells, we initially evalu-
ated its effect on the induction of apoptosis. Our results showed that BZF did not induce
programmed cell death (data not shown). Next, we looked for another mechanism for
the antiproliferative effect and, for this reason, we evaluated the autophagy induction.
In general, autophagy is a pro-survival stress response and serves to remove dam-
aged and potentially harmful organelles, thereby supporting cell survival. Defective
autophagy leads to tissue damage, necrosis and chronic inflammation and autophagy
activation has an anti-inflammatory effect. So, autophagy is an intracellular regulatory
process that allows homeostasis and the basal rate of autophagic production is ex-
tremely essential for liver function, preventing damage to hepatocytes, however, when
in excess, it is being considered a type of cell death. (Codogno et al., 2013). BZF
administered at doses of 30 uM and 40 uM, demonstrates to activate the autophagy
pathway, by which it can exert its antiproliferative effect, preventing hepatic fibrosis
(Mallat et al., 2014; Codogno et al., 2013). (Hernandez-Gea, et al., 2013; Mallat et al.,
2014).

Under normal conditions, HSCs have a quiescent phenotype, characterized by
the accumulation of lipid droplets in their cytoplasm, especially vitamin A. In addition,
they have a low proliferation rate and regulate the components of EMC (Guimaraes
et al., 2007). Activation of HSCs is characterized by the loss of fat droplets, an
increase in the number of cells, transdifferentiation into myofibroblast-like cells and a
grow in ECM secretion (Pellicoro et al., 2014). Our study revealed a significant
increase in lipid droplets, evidenced by ORO staining, in which a significant elevation
in the production of lipids in treated cells was confirmed through the quantification of
the total lipid content. Therefore, lipid droplets are a key feature of quiescent HSCs
and the treatment shown to collaborate to inhibit HSC activation (Thoen et al., 2011).

PPAR activation in the liver is associated with beta oxidation mechanism and
increase activity of lipogenic pathways. Among the three best-known isoforms, PPARy
is essential for hepatic lipogenesis activities through its target’s genes SREBP-1c and
FAT/CD36, and studies have shown that PPARYy plays an important role in lipogenic
activity in the liver (da Silva, et al., 2015). The treatment with bezafibrate increases
PPARy and PPARa mRNA expression, in according to the results obtained with Oll
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Red-O, confirming the reversion of GRX cells to a quiescent phenotype. NAC
treatment did not increase significantly the PPARy expression, but, according to the
literature, its effect is related to the PPARa activation, and our results corroborate
these data, that is, the NAC activated only the PPARa mRNA expression.

The development of hepatic fibrosis is based on the activation of HSCs. At the
beginning of fibrogenesis, grow the rate of cell proliferation. ECM deposition is mainly
composed of fibronectin and fibers of collagen type I, modifying the tissue, and leading
to loss of function (Fernandez-lglesias et al., 2017; Marrone et al., 2016). An inevitable
consequence of this process is a progressive increase in tissue stiffness (Pellicoro et
al.,2014). Thus, our results show the reduction in cell contraction observed in the
measurement of collagen gel size and a decrease of collagen type | mRNA
expression. Research indicates that the most reliable marker of activation of HSCs is
a protein a-SMA, one of six isoforms of actin expressed in mammalian tissues, typical
of smooth muscle cells and myofibroblasts (Kisseleva et al., 2012; Sun, 2016).
Therefore, when HSCs are activated, they express a-SMA and are absent in lipocytic
cells. The treatment with BZF seems to collaborate with decrease of a-SMA mRNA
expression.

We investigated the potential therapeutic effect of BZF on the GRX cell line.
Our results demonstrated that the BZF can collaborate in the deactivation of HSC
cells. Therefore, we also investigated the effect of BZF treatment in the model in vivo
of CCls-induced liver fibrosis was investigated. The periodic administration of CCls on
alternate days with the treatment of BZF was via I.P, lasting 10 weeks. The treatment
with BZF in BALB/c males proved to be safe for the animals, as in other experiments
in the literature.

In vivo experiments demonstrated that CCls treatment provoked a significant
increase of AST enzyme in serum, which means that CCls damaged the liver. The
animals that received the treatment with BZF demonstrate a decrease in AST levels,
suggesting a protective effect. Our study did not find significant changes in serum
ALT concentrations (data not shown) in any experimental groups. These findings
corroborate recent studies which showed that 59% of patients with a histological
diagnosis of FH had normal ALT serum values (Caballeria et al., 2018; Enomoto et
al., 2015).

In first phase of HSCs activation, pro-inflammatory and profibrogenic stimulus

are released and act in an autocrine and paracrine manner through inflammatory cells
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and injured hepatocytes. The perpetuation of myofibroblast activation results from
several positive feedback loops involving, among other cytokines, transforming
growth factor B (TGF-B) (Marrone et al., 2016; Pellicoro et al., 2014), that promotes
survival and maintenance of the myofibroblast phenotype. (Liu et al., 2006; Dias et
al., 2017). Our results showed that BZF can decrease TGF- gene expression in CCls-
treated animals, protecting the liver from collagen increase.

Histological scale ratings are used to assess the stage of liver inflammation
and liver fibrosis. In our results, the histopathologic analysis shows that BZF reduced
the inflammatory parameters and ballooning and the gene expression in the treated
mice. While the untreated animals, just submitted to the model of liver fibrosis by CCls
injection, showed an increase in those parameters. Immunohistochemical method
identifies specific matrix components, for example a-SMA, to pinpoint the extent of
stellate cell activation. This method helps to assess the progression of fibrosis
(Friedman, 2015; Surendran, 2017). In agreement with other results, the treatment
with BZF decreased the a-SMA gene expression, indicating a modulating effect of
BZF on activated HSCs phenotype in liver. Our results show that the treatment with
BZF reduced the mRNA expression of a-SMA, collagen | and TGF-(.

Some aspects of the pharmacological mechanism of BZF are not fully
understood, but it is acknowledged that among the known therapeutic effects, BZF
acts in the modulation of PPARy consequently, regulating the expression of genes
involved in diverse processes, including lipid homeostasis, cell differentiation and
inflammation (Grings et al., 2017, Huang et al., 2017). The literature has already
certified the important modulatory role in the activation of PPARy in HSC (Basso et
al., 2018; Guimaraes et al., 2007). All these aspects converge with the results
obtained in our study. Our results also showed that BZF can induce PPARa gene
expression in activated hepatic stellate cells, possibly potentiating its antifibrotic effect.
Conclusion

In conclusion, our data reveal that BZF treatment was able to induce the
phenotypic reversion of HSC, through the ability to induce fat stored in the cell
cytoplasm via PPARy and PPARa. Our results also showed that treatment with BZF,
in a mouse model of FH, was able to decrease profibrotic and inflammatory markers,

improving histological characteristics in liver tissue. Therefore, our research
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demonstrated that BZF it is a potential agent in the treatment of liver fibrosis and open

a possibility to further investigate the role of BZF in the treatment of hepatic fibrosis.
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5. CONSIDERAGOES FINAIS

Ao definirmos os aspectos prévios pertinentes a deciséo pela produgao deste
trabalho destaco inicialmente a justificabilidade frente ao avango da cirrose e do
cancer hepatico como uma das principais causas de morte em todo o0 mundo e em
muitos paises desenvolvidos a doenga hepatica ja é uma das principais causas da
morte na meia-idade (FRIEDMAN et al., 2003; GRIFFITHS et al., 2005). A colocagao
da hipertens&o portal como a principal complicagdo no desenvolvimento da fibrose e
sua respectiva responsabilidade pelo aparecimento de ascite e sangramento de
varizes esofagicas, duas complicagbes caracterizadas como pior prognostico da
cirrose hepatica, consequentemente, a perda funcional hepatocelular resulta em
ictericia, disturbios da coagulacéo e hipoalbuminemia reforcam o definitivo aspecto
propositivo na realizacdo de movimentos, mesmo que iniciais, para avaliar possiveis
impactos no curso da doenca.

O tratamento da doenca hepatica pode ser dividido em 5 pontos: terapia
antifibrotica, terapia nutricional, tratamento especifico da causa, tratamento das
complicagbes da cirrose e transplante hepatico. Como a fibrose constitui a base
fisiopatogénica da cirrose hepatica é necessario buscar novos medicamentos com o
intuito de retardar e até reverter a fibrose hepatica, aumentando a sobrevida dos
pacientes e/ou reduzindo a necessidade de transplante hepatico.

Nossos dados indicam que o tratamento com BZF foi capaz de induzir a
reversao fenotipica de HSC, através da capacidade de induzir gordura armazenada
no citoplasma celular via PPARy. Com o tratamento do BZF, em modelo
camundongo, observou-se a diminuicdo dos marcadores profibroticos e
inflamatérios, melhorando as caracteristicas histolégicas no tecido hepatico.
Portanto, nossa pesquisa demonstrou que o BZF é um potencial agente no
tratamento da fibrose hepatica e abre a possibilidade de investigar melhor o papel do
do mesmo no tratamento da fibrose hepatica.

Invariavelmente ao concluirmos uma experiéncia deste tipo com todas suas
caracteristicas e desafios, criamos expectativas frente as prespectivas, onde
entendemos como real a possilidade da continuidade deste trabalho balisado no
conhecimento difundido ao longo deste estudo e dos resultados verdadeiramente

favoraveis. Ainda nesta linha, novas pretensdes se criam para futuras investigacdes
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onde sugestionamos evoluir na compreenc¢éo de outros mecanismos de a¢gao, como
por exemplo na linha da analise proteica através da técnica de western blot bem
como na analise da rigidez celular atraves do moédulo de yang, este uma variavel da
microscopia de forca atémica.
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