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“‘Nao ta morto quem peleia!”
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RESUMO

A fibrose hepética € a resposta cicatricial do figado a lesBGes repetidas,
caracterizada pelo rompimento da arquitetura hepatica associada ao aumento
da expressdo dos componentes da matriz extracelular. As células estreladas
hepaticas (HSCs) desempenham um papel-chave no processo de fibrogénese.
No figado normal, as HSCs encontram-se em sua forma quiescente de
depdsito de vitamina A. Durante a lesdo hepatica, essas células passam por
uma ativacao fenotipica, tornam-se miofibroblastos e adquirem propriedades
fibrogénicas. A capsaicina, principio ativo da pimenta vermelha, tem sido muito
estudada nos Ultimos anos por possuir uma extensa gama de propriedades
farmacolégicas, que incluem efeitos analgésicos, anti-inflamatorios,
antiproliferativos e anticarcinogénicos em uma variedade de tipos celulares. Por
essa razdo, o objetivo deste estudo foi investigar os efeitos in vitro da
capsaicina na inativacdo, diferenciacdo e proliferacdo das HSCs, além de
estudar os possiveis mecanismos envolvidos. Os resultados obtidos mostraram
gue a capsaicina € capaz de induzir o fenétipo quiescente nas HSCs via
ativacdo de PPARYy e bloqueio da sinalizagdo de TGF-f. O aumento nos niveis
de citocinas antifibréticas (IFN-y e IL-10) e a diminuicdo de mediadores pro-
inflamatorios e pro-fibroticos (COX-2, MCP-1, colageno tipo I) comprovaram
que a capsaicina inibe a ativacdo e migracdo dessas células. Além disso, o
mecanismo utilizado pela capsaicina para inibir a proliferacdo celular é via
parada do ciclo celular. Essas descobertas mostram que a capsaicina tem
potencial para ser um novo agente terapéutico no tratamento da fibrose
hepatica devido a suas ac¢des antifibrogénicas e antiproliferativas.

Palavras-chave: fibrose hepatica, capsaicina, célula estrelada hepatica,
proliferagcao, inflamacgéo.



ABSTRACT

Liver fibrosis is the wound healing response to repeated injury of the liver. It is
characterized by disruption of the liver architecture associated with increased
expression of extracellular matrix components. Hepatic stellate cells (HSCs)
play a key role in the process of fibrogenesis. In normal liver, HSCs are
quiescent and its main function is to store vitamin A. During liver injury, these
cells undergo activation, become myofibroblasts and acquire fibrogenic
properties. Capsaicin, the active ingredient of red pepper has been extensively
studied in recent years for possessing a wide range of pharmacological
properties, including analgesic, anti-inflammatory, antiproliferative and
anticarcinogenic in a variety of cell types. Therefore, the aim of this study was to
investigate the in vitro effects of capsaicin on deactivation, differentiation and
proliferation of HSCs, besides studying the possible mechanisms involved. The
results showed that capsaicin is capable of inducing the quiescent phenotype in
HSCs via PPARYy activation and blockage of TGF-B signaling. Increased levels
of antifibrotic cytokines (IFN-y and IL-10) and the reduction of pro-inflammatory
and pro-fibrotic mediators (COX-2, MCP-1, type | collagen) showed that
capsaicin inhibits the activation and migration of these cells. Furthermore, the
mechanism used by capsaicin to inhibit cell proliferation is via cell cycle arrest.
These findings demonstrate that capsaicin has the potential to be a novel
therapeutic agent in the treatment of liver fibrosis due to its antifibrogenic and
antiproliferative actions.

Key-words: hepatic fibrosis, capsaicin, hepatic stellate cell, proliferation,
inflammation



LISTA DE ILUSTRACOES

llustracdo 1. Arquitetura hepatica normal (A) e associada a fibrose
avancada (B). Apos o dano crénico, linfocitos infiltram o parénquima
hepatico. Alguns hepatdcitos entram em apoptose e as células de
Kupffer se ativam, liberando mediadores inflamatorios. As HSCs
entram em um processo de ativacdo e proliferam, além de secretar

grandes quantidades de ECM (Bataller & Brenner, 2005).

llustracdo 2. Estrutura quimica da capsaicina.
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1 INTRODUCAO

1.1 Fibrose Hepatica

A fibrose hepética € uma resposta cicatricial reversivel do figado
caracterizada pela producdo e deposicdo excessiva de matriz extracelular
(ECM), principalmente colageno tipo |, ap6s o dano hepatico (1). E um
processo dinamico no qual as alteracdes ocorrem inicialmente pelo dano das
células parenquimatosas e consecutiva inflamacao (2). Se a lesédo € aguda ou
limitada, as alteracdes sdo transientes e a arquitetura hepética € restaurada.
Entretanto, se o estimulo lesivo permanecer, o processo inflamatorio se torna
cronico e o acumulo de ECM se mantém, levando a uma substituicdo
progressiva do parénquima hepético por tecido cicatricial (llustracdo 1). As
principais causas podem incluir infeccéo cronica por virus da hepatite C (HCV)
ou hepatite B (HBV), abuso de alcool, obesidade e esteato-hepatite né&o
alcoolica (1, 3).

A cirrose € o estagio final da fibrose de figado e é caracterizada
morfologicamente pela presenca de fibrose e formacdo de nddulos
acompanhados de insuficiéncia hepatica e hipertensdo portal (4). A progressao
para esse estagio final é lento, podendo levar 20-40 anos para se desenvolver
em pacientes com lesao crbnica de figado. A cirrose representa, atualmente,

uma das principais causas de morte nos paises ocidentais (5).
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1.2 Células Estreladas Hepaticas

Vérios tipos celulares estdo envolvidos na patogénese da fibrose
hepética. Acredita-se que a células estreladas hepéticas (HSCs), localizadas
no espaco perisinusoidal de Disse, sejam as principais produtoras de ECM no
figado (cerca de 80% de toda a producdo de coldgeno). Essas células
correspondem a 15% do total de células do figado e 30% das células néo-
parenquimatosas (6, 7). No figado normal, as HSCs encontram-se em sua
forma quiescente, ndo-proliferativa, armazenadora de vitamina A e produtora
de metaloproteinases. Cerca de 50-80% do total de retindides do corpo é
estocado no figado, dos quais 90% sdo armazenados nas células estreladas
(8). Durante a lesdo hepatica, as HSCs perdem seu conteudo lipidico e
transdiferenciam-se em células com caracteristicas de miofibroblastos e
adquirem propriedades fibrogénicas (9). Essa transformacao € o processo de
ativacdo das HSCs e é considerada a chave da fisiopatologia da fibrogénese
(6).

A ativacdo das HSCs pode ser dividida em duas fases: iniciacdo e
perpetuacdo. A primeira fase estd associada ao estimulo paracrino de células
inflamatorias e hepatdcitos lesados. As células de Kupffer podem estimular a
proliferacdo, sintese de matriz, e perda dos retindides pelas HSCs através da
acdo de citocinas como fator de transformacdo do crescimento B (TGF-B) e
fator de necrose tumoral o (TNF-a) (10). A perpetuacdo resulta dos efeitos
desses estimulos que mantém o fendtipo ativado principalmente através do
aumento da expressao de fatores de crescimento. Essa fase de ativacéo
envolve no minimo sete mudancas discretas no comportamento celular:

proliferacdo, quimiotaxia, fibrogénese, contratilidade, degradacdo da matriz,
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perda de lipidios e liberacdo de citocinas. Durante essa fase ha uma liberacéo
de estimulos pré-inflamatdérios, pré-fibrogénicos e pr6-mitogénicos que agem de
forma autOcrina e paracrina, além do remodelamento acelerado da ECM (11-

13).

Hepaiocyte

Hepatic stellate cell

Sinusoidal
endothelial cell

Kupffer cell
Sinusoid lumen with

normal resistance to
blood flow

Normal liver

Chronic
liver injury

Infiltrating lymphocyte

Extracellular matrix
proteins

Apoptotic hepatocyte
Activated Kupffer cell
Sinusoid lumen with

increased resistance
to blood flow

Liver with
advanced fibrosis

llustracdo 1. Arquitetura hepética normal (A) e associada a fibrose avancada
(B). Ap6s o dano cronico, linfécitos infiltram o parénquima hepatico. Alguns
hepatécitos entram em apoptose e as células de Kupffer se ativam, liberando
mediadores inflamatérios. As HSCs entram em um processo de ativagdo e
proliferam, além de secretar grandes quantidades de ECM (Bataller & Brenner,
2005).
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1.2.1 PPAR-y e as Células Estreladas Hepaticas

O receptor ativado por proliferador de peroxissomo (PPAR) é um fator
nuclear transcricional ligante-dependente que possui um papel muito
importante na adipogénese e metabolismo de acidos graxos (14). Ele regula o
armazenamento de acidos graxos no tecido adiposo, além de estimular a
maturacado e diferenciacdo dos adipdcitos (15). Ao mesmo tempo, sua ativacao
possui efeitos em diversos eventos fisiologicos e fisiopatologicos, incluindo a
inibicdo da proliferacéo e inducdo de apoptose em uma variedade de células
cancerosas. Estudos recentes mostraram que PPARy possui efeitos protetores
durante o reparo tecidual, além de modular a producdo de certos mediadores
inflamatorios (16).

O PPARy é altamente expresso em HSCs quiescentes no figado
normal. A expressao e regulacdo desse fator nuclear sdo essenciais para a
diferenciacdo das HSCs porque ele promove o armazenamento intracelular de
lipidios enquanto suprime o gene do colageno tipo | (17). Entretanto, os niveis
de PPARYy e sua atividade sdo dramaticamente reduzidos durante a ativacdo
das HSCs. Apesar do mecanismo molecular preciso por tras do potencial
antifibrético do PPARy permaneca desconhecido, € bem possivel que ele
interaja com uma série de processos de sinalizacdo que regulam a expressao
de moléculas fibrogénicas pelas HSCs (16, 18). Em estudos anteriores foi
comprovado que a expressao ectopica de PPARy é suficiente para restaurar
diversos marcadores do fenotipo quiescente e reduzir as caracteristicas
fibréticas das HSCs (19). A estimulacao por seus agonistas inibe a proliferacéo

das HSCs e a expressao de colageno tipo | (20). Baseado nesses achados e
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na eficacia dos ligantes de PPARy demonstrados em modelos de fibrose

hepética, esse fator nuclear pode ser considerado como alvo terapéutico (17).

1.2.2 Secrecgao de Fatores de Crescimento e Citocinas

As HSCs sdo uma fonte importantissima na producdo de citocinas e
quimiocinas no figado. Para quase todos os fatores de crescimento, as HSCs
nao apenas secretam citocinas, como também respondem a elas, enfatizando
a importancia da sinalizacdo autocrina nessas ceélulas (21).

O TGF-B é um potente mediador pro-fibrogénico da resposta celular no
figado. Possui um papel importante no que diz respeito ao reparo tecidual,
producdo de ECM, regulacdo da proliferacdo e apoptose das HSCs (22). E
constituido por trés isoformas principais: B1, p2, p3. O TGF-f1 & a principal
isoforma implicada na fibrose hepdética; seus niveis estdo marcadamente
elevados em todas as etapas da fibrogénese (16). Sua liberacdo pelos
hepatécitos lesados desencadeia a ativacdo das células de Kupffer e o
recrutamento de outras células inflamatérias, como neutréfilos e linfécitos que
consequentemente secretam TNF-q, interleucina 1 (IL-1), interleucina 6 (IL-6) e
proteina quimiotatica de mondcitos 1 (MCP-1), acelerando a inflamacgéo (6).
Essas células também liberam fatores que podem influenciar a biologia das
HSCs (23). A quimiotaxia é um fator essencial as HSCs, uma vez que as
células migram para as areas lesadas em resposta a fatores quimiotaticos (4).
MCP-1 é uma das quimiocinas altamente expressas em areas de

remodelamento tecidual ativo durante a fibrogénese. Diferentes populacdes
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celulares contribuem para a expressédo de MCP-1, incluindo as préprias HSCs

ativadas (24).

1.3 Reversao da Fibrose Hepatica

Atualmente ndo ha um tratamento padréo para a fibrose hepatica (10).
A terapia mais efetiva continua sendo a remocéo do agente causador quando
possivel (25). Novas estratégias de tratamento tém sido criadas sobre uma
base de evidéncias crescentes que documenta a reversibilidade da fibrose
hepética e a compreensao detalhada da biologia das HSCs ativadas (26).

A reducédo da ativacdo das HSCs tornou-se a chave para o bloqueio
da fibrogénese (12). Quando a agressao ao figado € reduzida, juntamente
com a diminuicdo da intensidade da inflamacdo e necrose hepatocelular, é
observada uma reducé@o no numero das HSCs (27).

A diminuicdo da inflamacdo e da resposta imune, geralmente
observadas em tratamentos antivirais, sdo medidas que podem evitar a
ativacdo das HSCs. Muitos agentes possuem atividade anti-inflamatdria, entre
eles IFN-y e IL-10, antagonistas de TGF-B, moduladores do fator nuclear
kappa B (NF-kB) e agonistas de PPARy. O desenvolvimento de antagonistas
de citocinas pré-inflamatérias e de seus receptores podem trazer beneficios
no tratamento da fibrose hepatica(4).

Algumas terapias antifibréticas sdo direcionadas a indu¢cdo da morte
apoptética das HSCs ativadas justamente por ser uma forma de controlar a
fibrogénese sem causar a morte de outros tipos celulares (27). Muitos estudos

mostram que o IFN-y, além de sua atividade anti-inflamatoria, também possui

18



acdo sobre a proliferacdo das HSCs, induzindo a apoptose das células
ativadas (25).

Devido as limitagbes de medidas preventivas e a falta de terapias
estabelecidas para as doencas crbnicas do figado, a necessidade de
desenvolver novos agentes antifibréticos torna-se fundamental (28). A terapia
antifibrética ideal, além de segura quando usada por periodos prolongados,
deve ser especifica para o figado, ndo-hepatotdxica, seletiva para a cascata da
fibrogénese, incluindo a inibicdo da deposi¢do de matriz, sintese de colageno e
modulacdo da ativacdo das HSCs, podendo também estimular a apoptose
dessas células, deve ser bem tolerada e se possivel, de baixo custo (3).

A busca por produtos naturais que possuam efeitos antifibréticos vem
crescendo cada vez mais devido a seus baixos efeitos adversos (29-32). Os
nutracéuticos, alimentos ou parte deles que tém a capacidade de proporcionar
beneficio a saude, sdo utilizados no tratamento de diversas doencas desde os
tempos antigos. Atualmente, muitos estudos experimentais tém comprovado

as evidéncias da utilizacdo empirica (33).

1.4 Capsaicina

A capsaicina (8-methil-N-vanilil-trans-6-nonenamida) é o componente
ativo das pimentas vermelhas, também conhecidas como pimentas chili. Ela faz
parte de um grupo de compostos denominados capsaicindides que sao
responsaveis pela pungéncia dos frutos das plantas do género Capsicum,
membros da familia Solanaceae (34). A capsaicina pura é um alcal6ide

cristalino, lipofilico, incolor, inodoro, solivel em alcool e que apresenta a
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férmula molecular CigH,7NO3 (35). Sua estrutura pode ser visualizada na
llustracdo 2. E altamente consumida mundialmente, especialmente como
tempero, principalmente em paises latinos e asiaticos (36). No Brasil, sao
produzidas inUmeras variedades de pimenta, com cultivos principalmente nos
estados de S&o Paulo e Rio Grande do Sul. A comercializacdo desses frutos é
responsavel por movimentar em torno de oitenta milhdes de reais/ano, sendo
que s6 o comeércio de sementes rende mais de trés milhdes (37).

A capsaicina é um agonista especifico da familia do receptor de
potencial transitério vaniléide 1 (TRPV1) de canais ibnicos, encontrados na
membrana celular (38). A pungéncia e os efeitos nociceptivos da pimenta
resultam dessa ligacdo (39). Porém, varios estudos demonstraram que a acao
anti-inflamatoria da capsaicina em células ndo-neuronais ndo € mediada pelos
receptores vanildides, indicando uma possivel rota alternativa de sinalizacao
(40, 41).

A capsaicina tem sido alvo de inlmeras pesquisas devido a sua
extensa gama de propriedades farmacologicas, que inclui efeitos analgésicos,
anti-inflamatérios, bem como antigenotdxicos, antimutagénicos e
anticarcinogénicos (36, 42). Pesquisas recentes mostram que as propriedades
quimiopreventivas da capsaicina podem estar envolvidas com a acéo do tipo

PPARy-ligante (40).

0O
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llustracdo 2. Estrutura quimica da capsaicina.
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2  JUSTIFICATIVA

A fibrose hepética € uma complicacédo frequente de diversas doencas
hepaticas crénicas. Seu estagio final, a cirrose, € considerado um dos maiores
causadores de morte nos paises ocidentais na atualidade. Sabendo-se que a
fibrose pode ser reversivel desde que o agente causador seja removido, a
busca por terapéuticas antifibroticas eficazes torna-se relevante. Atualmente
nao ha um tratamento padréo para a fibrose de figado. Por essa razéo, esse
estudo tem como finalidade estudar a capsaicina como forma alternativa de
tratamento, uma vez que inumeros estudos ja comprovaram seus efeitos
hepatoprotetores. Dessa forma, torna-se pertinente a realizacdo deste
trabalho que busca um novo método de reverter o processo fibrotico de uma

forma que seja acessivel a todos.
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3 OBJETIVOS

3.1 Objetivo geral

. Verificar os efeitos da capsaicina nas células estreladas hepéaticas.

3.2 Obijetivos especificos

. Verificar o efeito do uso da capsaicina na inativacdo e diferenciacao
das células GRX.

. Estudar a acdo da capsaicina sobre a proliferacao das células GRX.
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CAPSAICIN INDUCES
DE-DIFFERENTIATION
OF ACTIVATED HEPATIC
STELLATE CELL

Artigo in press (2012) —

Biochemistry and Cell Biology
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Capsaicin induces de-differentiation of activated
hepatic stellate cell

Shanna Bitencourt, Fernanda C. de Mesquita, Eduardo Caberlon,
Gabriela V. da Silva, Bruno S. Basso, Gabriela A. Ferreira, and Jarbas R. de Oliveira

Abstract: Hepatic stellate cells (HSC) play a key role m liver fibrogenesis. Activation of PPARy and mhibition of fibro-
genic molecules are potential strategies to block HSC activation and differentiation. A number of natural products have been
suggested to have antifibrotic effects for the de-activation and de-differentiation of HSCs, The purpose of this study was to
investigate the in vitro effects of capsaicin on HSC de-activation and de-differentiation. The results demonstrated that capsai-
cin induced quiescent phenotype in GRX via PPARy activation. Significant decrease in COX-2 and type T collagen mRNA
expression was observed i the first 24 b of treatment, These events preceded the reduction of TGF-#1 and totl collagen se-
cretion. Thus, capsaicin promoted down-regulation of HSC activation by its antifibrotic and anti<inflammatory actions.
These findings demonstrate that capsmcin may have potential & o novel therapeutic agent for the treatment of liver fibrosis.

Key wonds: hepatic stellate cell, capsaicin, fibrosss, peroxisome proliferstor-activiged receptor gamma, transforming growth
factor-beta,

Résumé : Les cellules stellaires hépatiques (CSH) jouent un rdle dé dans la fibrogensse du foie. L'activation du PPARy ct
I'inhibtion de molécules fibmgénes constituent des stratégies potenticlles pour bloquer 1'activation et o différenciation des
CSH. Un certain nombre de produits naturels dont kes effets antifibrotiques ont éé suggérés ont &€ utilisés pour désactiver
et dédifférencier les CSH. Le but de cette dude &ait d’examiner les effets in vitro de la capsaicine sur la désactivation ct I
dédifférenciation des CSH. Les résultats ont démontré que Ta capsaicine induisait la quiescence des cellules GRX par I'inter-
médiaire de 'activation du PPARy. Une diminution significative de I'expression de FARNm de COX-2 et du collugene de
type I éwit observée durant ks 24 premicres heures de waitement, Ces événements précédaient la réduction de TGF-B1 o la
séerétion de collagéne total. Amsi, la capsuicme favorise Ia régulation & la baisse de 'activation des CSH par ses actons un-

tifibrotiques o anti-inflammatoires. Ces données démontrent que 1a capsaicine peut avoir du potentel en tant que nouvel

agent thérapeutique pour traiter la fibrose du foie,

Motis-clés ; cellules stellaires hépatiques, capsacineg, fibose, PPARy, TGF-§.

[Traduit par la Rédaction]

Introduction

Hepatic stellate cells (HSCs) are a major regulator in liver
homeostasis and play a central role in the development and
maintenance of liver fibrosis. In normal liver, HSCs store vi-
tamin A in cytoplasmic lipid droplets. show a low proliferate
rate, and express markers that are characteristic of adipocytes
(c.g.. PPARY) (Fricdman 20085). In pathological conditions,
HSCs activate, lose retinoids, proliferate, and enhance colla-
gen synthesis (Pinheiro-Margis et al. 1992). GRX, the oldest
immortal murine HSC line, derived from inflammatory fibro-
granulomatous lesions in liver, displays myofibroblast-like
cell morphology and secretes collagen type | and III (Boro-
jevic et al. 1985). These cells have pro-inflammatory and

pro-fibrogenic propertics, but as has been previously de-
scribed, the GRX induction to quiescent phenotype by sev-
eral agents that modify lipid metabolism decrease collagen
production and store lipid droplets (Borojevic et al. 1990,
Cardoso et al. 2003: Margis and Borojevic 1989: Martucci
et al. 2004).

Antifibrotic agents targeting HSC activation have been
proposed as a therapeutic target against liver fibrosis. Pre-
vious reports have shown that the stimulation of PPARy ac-
tivity by its ligands and agonists down-regulates HSC
activation and counterbalance proliferative and fibrogenic re-
sponses (Li et al. 2008). Flavonoids, catechins, and alkaloids
are some of a number of natural products that have been sug-
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gested to have antifibrotic effects used for de-activation and
de-differentiation of HSCs (Braganca de Moraes et al. 2012;
Fu et al. 2008; Kawada et al. 1998; Shin et al. 2011; Singal
et al, 2011; Souza et al. 2008).

Capsaicin  (trans-8-methyl-N-vanillyl-6-nonenamide) is a
pungent component of a grewt vanety of capsicum fruits, in-
cluding chili pepper (Chen et al. 2011). The effects of capsai-
cin have been widely studied, and antioxidative,
antiproliferative, and anticarcinogenic effects have been docu-
mented (Gupta et al. 2010: Materska and Perucka 2005:
Oyagbemi et al. 2010). Prior studies have shown that capsai-
cin is a naturally occurring PPARYy ligand, and its actions in-
clude inhibition of pro-inflammatory molecules and
apoptasis of a great range of cells (Kim et al. 2004; Park et
al. 2004).

The purpose of this investigation was to study the role of
capsaicin with respect to de-differentiation of activated HSCs
and further examine its potential action for modulating profi-
brogenic molecules. Capsaicin may have potential as a novel
therapeutic agent for the treatment of liver fibrosis.

Materials and methods

Cell culture

All the experiments were performed using the murine
GRX hepatic stellate cell line, which retains key features of
activated HSCs (Bomjevic et al. 1985), Cells were obtained
from the Rio de Janeiro Cell Bank {Federul University, Rio
de Janciro, Brazl). Cells were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) supplemented with 5% fetal
bovine serum (FBS) (Invitrogen, USA), 2 g/L HEPES buffer,
3.7 /L NaHCO,, and 1% penicillin and streptomycin (Invi-
trogen). Cells were seeded in tissue culture plates and incu-
bated at 37 °C in a humidified atmosphere of 5% CO..

Capsaicin treatment

GRX cells were incubated with capsaicin  (Capsicum
sp., >95%, Sigma Chemical Co., USA) 10 pmolL.,
50 pmol/L, or 100 pmol/L, Analyses were performed 24 h
and (or) 10 days after treatment. All expenments were per-
formed thrice and in triplicate.

Detection of lipid droplets by Oil Red-O staining

To visualize cell morphology and lipid accumulation, on
day 10, cells were stained with Oil Red-O (ORO) (Sigma
Chemical Co., USA) (Ramirez-Zacarias et al. 1992). Bnefly,
after fixing cells with 10% formaldehyde, ORO (0.35 g, 60%
isopropanol) was added for 15 min. Intracellular lipid drop-
lets were examined using an inverted light microscope.

Quantification of lipid accumulation

The estimation of cell accumulation of lipid droplets was
based on the protocol described by Bouraoui et al. (2008).
The procedure is based on ORO staining of intracellular lipid
droplets and Coomassie brilliant blue staining (Sigma) of cel-
lular proteins. Briefly, cells were fixed with perchloric acid
and incubated with ORO dissolved in propylene glycol
(2 mg/mL) for 2 h. The ORO within the lipid droplets was
extracted using isopropanol. The absorbance was read at
492 nm using an ELISA plate reader. Next, the wells were
washed for protein determination. Cells were incubated with
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Coomassie brilliant blue staining for 1 h. After washing, the
cells were incubated with propylene glycol for 3 h at 60 °C.
The absorbance was read at 620 nm. The specific lipid con-
tent was calculated as the ratio of absorbance value obtained
for ORO and Coomassie brilliant blue staining.

TGF-B quantification

TGF-f1 concentration was measured in cell supernatant
using a commercially available ELISA kit (R and D Systems,
USA). The kit contained a specific monoclonal antibody im-
mobilized on a 96-well microtiter plate that bound TGF-§1 in
the aliguot and a second enzyme-conjugated specific polyclo-
nal antibody. Following several washings to remove unbound
substances and antibodies, a substrate solution was added to
the wells, Color development was stopped by sulfuric acid,
and optical density was determined at 540 nm with the cor-
rection wavelength set at 570 nm in an ELISA plate reader.
Results were caleulated on a standard curve concentration
and multiplied for the dilution factor. TGF-fi1 levels were ex-
pressed as picograms per milliliter.

Measurement of collagen content

Collagen content in GRX cells was measured using picro-
sirius red. Briefly, picro-sirius red was added to cell superna-
tant to form a collagen—dye complex. After centrifugation,
unbound dye was removed, and the collugen—dye complex
wis dissolved in NaOH. The absorbance was measured at
540 nm in an ELISA plate reader. Each sample was normal-
ized to the relative amount of total protein measured by the
Bradford method (Bradford 1976). Results were expressed as
percentage of control.

RNA extraction and RT-PCR

Total RNA was extracted from cells using TRIzol reagent
(Invitrogen, USA). RNA was reverse transcribed into ¢cDNA,
using Superscript 111 First-Strand Synthesis SuperMix (Invi-
trogen. USA) according to the manufacturer instructions, Ta-
ble 1 shows the primers sets used. Polymerase chain reaction
products were electrophoresed using 1.5% agarose gel, con-
taining ethidium bromide (5 pg/mL). The gel was visualized
using UV light and photographed. Densitometric quantitation
of band intensity was performed using Image] software (NIH,
USA). All the results correspond to percentage of control us-
ing f-actin as internal control gene.

Cell viability

Viable cells were counted by examining cell number with
the MTT (3-(4,5-dimethylthiazol-2y1)-2,5-diphenyltetrazolium
bromide) assay (Invitrogen, USA), measuring mitochondrial
respimtory  function (Mosmann  1983). GRX cells were
seeded into 24-well plates at a density of 5 x 10* cells/well
and treated with capsaicin (as described above) for 10 days.
Cells were incubated in medium containing 10% MTT for
3 h and dissolved with isopropanol. Absorbance at 540 nm
and a reference at 620 nm were measured using an ELISA
reader. For determination of cell number, cells were counted
using & hemocytometer. Trypan blue analyses were per-
formed to determine cellular viability.

Statistics
Data are reported as mean + SD. Each experiment was
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Tahle 1. Sequence of primers used for RT-PCR.

Primers Forwand primer (§°-3") Revense primer (5'-3') Reference

PPAR-y TGGAATTAGATGACAGTGACTTGG CTCTGTGACGATCTGCCTGAG  (Guimaries et al. 2007)

Type 1l col AGAACATCACCTATCACTGCAAGA GTGGTTTTGTATTCGATGACTGTCT  (Brun ot al. 2005)
lagen

COX-2 CTGGTGCCTGGTCTGATGATG GGCAATGOCGGTTCTGATACTG  (Inoue et al, 2003)

f-actin TATGCCAACACAGTGCTGTCTGG — TACTCCTGCTTGCTGATCCACAT  (Guimariies et al. 2007)

performed at least three independent times and in wiplicate.
Suatistical tests were performed using SPSS software (version
13.0, SPSS Inc., USA). Results were analyzed by one-way
analysis of variance (ANOVA) followed by Dunnett's multi-
ple comparison test. The level of significance was set at P <
0.05.

Results

Capsaicin induces de-differentiation of GRX cells

Capsaicin led the phenotype conversion of myofibroblast-
like (activated) phenotype into fat storing (quiescent) pheno-
type, Typical changes in cell morphology during de-differen-
tiation were observed. Cells lost their elongated and parallel
strand appearance and acquired a larger and polygonal shape.
Intracellular lipid droplets were mostly visible in GRX cells
treated with all capsaicin concentrations in a dose-dependent
manner. The induction of lipid droplets was not synchronous,
and groups of cells fully induced into the guiescent pheno-
type were present with cells that had not yet started to accu-
mulate lipid. Capsaicin increased considerably these vacuoles
of rich intracellufar lipids around the nucleus from the fifth
day on. After 10 days most cells exhibited the fat stonng
phenotype, as detected by phase contrast microscopy after
staining with ORO (Fig. ID). In contrast. control cells pre-
served their myofibroblast-like morphology, devoid of large
lipid droplets (Fig. 1A), These findings were confirmed by
colorimetric quantification of intracellular lipids concentry-
tion (Fig, 1E). The amount of ORO detected at day 10 was
up to 1.3-fold higher compared with that of control cells
staning (P < 0.05). Thus, it demonstrated that lipid accumu-
lation is proportional to the concentration of capsaicin,

To confirm cell de-differentiation, the mRNA expression
of PPARy was measured after 24 h and 10 days of treatment.
The expression of PPARy mRNA was significantly increased
after 10 days of culture compared with that @ 24 h (P <
0.01) (Fig. 2).

Capsaicin promotes antifibrotic effects in GRX

To measure the antifibrotic effects of capsaicin, the amount
of secreted TGF-1 present in media from cultured GRX was
quantified by ELISA. At 24 h no difference was detected.
Thus, as the cells began 1o differentiate and change in mor-
phology, a significant decrease of TGF-fl levels was de-
tected. After 10 days, GRX cells treated with 50 pmol/L and
100 pmol/l. of capsaicin exhibited a strong reduction of
TGF-f1 secretion when compared to the control group (P <
0.001) (Fig. 3).

As the activated HSC is the predominant hepatic cell type
in the liver responsible for the increased synthesis and depo-
sition of type I collagen during fibrosis, we decided to quan-
tify the amount of total collagen secreted by GRX cells and

10 measure the mRNA expression of type I collagen. The rate
of total collagen secretion decreased after 24 h (P < 0.05)
and 10 days (P < 0.01) (Fig. 4), as the mRNA expression of
type I collagen was down-regulated at 24 h, remaning low
until day 10 (P < 0.01) (Fig. 5).

COX-2 mRNA expression was also used as a marker of ac-
tvation of the hepatic stellate cell line to confirm the effect
of capsaicin. Also as expected, the mRNA expression of
COX-2 (Fig. 6) followed the same pattern as type | collagen.
These findings indicate that capsaicin has anti-inflammatory
effect on GRX cells, and that it is able to decrease the fi-
brotic responses of GRX.

Effects on cell proliferation

The anti-proliferative activity on GRX cells was deter-
mined by cell viability using the MTT assay and direct cell
count. As shown on Fig. 7A, GRX cell proliferation was
dose-dependently inhibited by capsaicin. At o concentration
of 100 pmol/L, capsaicin inhibited cell viability up to 60%
when compared with untreated control in a dose-dependent
manner (P < 0.001). To confirm the results of MTT assay,
cells were counted using a hemocytometer. Capsaicin signifi-
cantly reduced the cell number at all evaluated evaluated con-
centrations (Fig. 7B). The decrease was up to 4 times
compared with control cells (P < 0.001). In addition, capsai-
cin did not increase lactate dehydrogenase (LDH) release in
the culture medium (data not shown), indicating that the anti-
proliferative effects of capsaicin were not related to the non-
specific cytotoxic effects.

The morphological feature of HSC is the appearance of
microscopic  cytoplasmic lipid droplets (Shirakami et al.
2012). In the present study, we demonstrated that capsaicin
is capable of inducing de-differentiation of myofibroblast to
lipocyte phenotype in GRX, a murine hepatic stellate cell
line. The culture of GRX in the presence of capsaicin re-
sulted in an increased lipid sccumulation, as evidenced by
ORO staining and confirmed by lipid quantitation. Therefore,
capsaicin acts as a potent inducer of the quiescent phenotype
in a time and concentration-dependent manner.

PPARYy is a key adipogenic transcription factor that plays
an important role in adipogenesis and fatty acid metabolism,
This nuclear trunscription factor is highly expressed in quies-
cent HSC, and its activity affects cell differentiation pathway
through a variety of mechanisms (Guimardes ef al. 2007;
Tsukamoto et al. 2006). Furthermore, PPARy activation is
necessary for inhibiting cell proliferation, inducing apoptosis,
suppressing ECM gene expression, and restoring lipid storage
capacity (Wang et al. 2011; Zhang et al. 2012). As some au-
thors suggest, capsaicin may have a PPARYy ligand-like action
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Fig. 1. Oil Red-O (ORO) smining and lipid quantitation of GRX celly at day 10. (A) Control cells; (B), (C), (D) cells treated with capsaicin al
10 pmol/L, 50 pmoUL, and 100 pmold., respectively, Bar length = 20 pm. (E) Specific lipid content expressed spectophotometrically as the
ratio of absorbance value obtained for ORO und Coomassic brilliant blue staning. Results are expressed as mean + SD. *P < 0.05: control

vs, treated cells
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(Kim et al, 2004; Park et al. 2004), For that rcason, we de-
cided to confirm cell de-differentiation by analyzing PPARy
activity. We thought that capsaicin-induced de-differentiation
may be associated with the PPARy pathway. We evaluated
PPARy mRNA expression in GRX cells treated with capsai-
cin for 24 h and 10 days and found the induction of the lip-
ocyte phenotype was associated with up-regulation of PPARy
mRNA expression after the 10 day treatment. These results
suggest that PPARYy participates as a transcriptional factor of
adipogenesis during GRX de-differentiation induced by cap-
saicin.

TGF-f is the most important profibrogenic mediator of
cellular responses in the liver. It not only activates HSC but
alo stimulates ECM synthesis, and regulates cell proliferation
and differentiation (Bataller and Brenner 2005). TGF-p1 is

the major 1soform implicated in hepatic fibrosis. During fi-
brogenesis. tissue and blood levels of active TGF-81 are ele-
vated. Thereby, ity concentrations are correlated with the
severity of liver fibrosis (Friedman 2008a: Gressner et al,
2002). Fibrotic HSC can itself secrete a substantial amount
of TGFH1 that can maintain self-activation (Bataller and
Brenner 2005; Kisseleva and Brenner 2008). As TGF-p is
the central regulator cytokine of tissue fibrosis, we next ana-
lyzed TGF-p1 concentrations in GRX cells supernatant. A
significant decrease of TGFfI1 protein levels was detected
after 10 days of treatment with capsaicin, The results indicate
a possible antifibrotic effect of capsaicin in HSC via reduced
generation of active TGF-1. Prior researches have shown
that an interference in TGF-f1 synthesis blocks the up-regu-
laion of ECM expression and production of collagen strik-
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Fig. 2. Effects of capsuicin (CPS) on PPAR-y mRNA expression of GRX cells treated for 24 h and 10 days. f-actin was an internal control
for equal loading. Data arc expressed as mean + SD (n = 3). Results are presented as percentage of control. * P < 0,01 compared with

control,
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Fig. 3. ELISA assay of TGF-f1 in cell supernatant of 24 h and 10-
day treatments. Data represent the mean + SD (n = 3). TGF-§i1 le
vels were expressed as picograms per milliliter. * P < 0,001 com-
pared with control
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Fig. 4. Total collagen content in cell supernatnt of 24 h and 10-day
treatments. Data represent the mean + SD (n = 3). Results were ex-
pressed as percentage of control. * P < (L05, ** P < 001, ***

£ < 0,001 compared with control
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Fig. 5, Effects of capsaian (CPS) on type | collagen mRNA expres-
sion of GRX cells treated for 24 h and 10 days. Data represent the
mean = SD (n = 3). f-actin was an internal conuol for equal load-
ing. Results are presented as percentage of control. * P < 0.05, ** P
< 001, *** P < 0001 compared with control
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ingly decreasing fibrosis (Ye and Dan 2010). Accumulating
evidence indicates that activation of PPARy disrupts the
TGF-f signaling pathway and inhibits its proprotic effect
(Zhang et al. 2012). Besides, other studies have shown that
the anti-inflammatory action of capsaicin is due to its sup-
pression of pro-inflammatory cytokines, such as NF«xB and
TNF-a, via PPARy acuvation (Park et al. 2004). Thus, the
decrease of TGF-f levels after 10 days of treatment corrobo-
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Fig. 6. Effects of capsaicin (CPS) on COX-2 mRNA expression of
GRX cells trested for 24 h and 10 days, Data represent the mean 4+
SD (n = 3). p-actin was an internal contol for egual loading. Re-
sults are presented as percentage of conwol. * P < 005, ** P

< 0.01 as comparcd with control.
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rates with PPARy data. Accordingly, we cautiously suggest
that capsaicin mediates the blockage of the TGF-fi signaling
pathway via PPARYy activation,

GRX cells, as many activated HSCs, secrete high levels of
collagen type | and 11l (Borojevic et al. 1985; Herrmann et
al. 2007). Up-regulation of collagen synthesis during activa-
tion is one of the most remarkable responses of HSC o
chronic hepatic damage. Type 1 collagen expression can be
regulated both transcriptionally and post-transcriptionally by
a number of stimuli and pathway, the most potent stimulus
is TGFf, Therefore, type | collagen is a critical parameter
reflecting the metabolism of collagen in the process of liver
fibrosis (Gressner et al. 2002). Our results in this report dem-
onstrated that capsaicin not only significantly diminished the
amount of total collagen in culture media but also down-
regulated type 1 collagen mRNA cxpression within the first
24 h of incubation and remaining decreased for 10 days. In-
terestingly, the short-term effect of capsaicin in type I colla-
gen mRNA expression is not due to PPARy activation or by
a decrease in TGF-§,

Many factors have been identified to contribute to HSC ac-
tivation, including COX-2, an important enzyme in starting
inflammatory reaction. HSCs and Kupffer cells are the major
source of COX-2 up-regulation in liver fibrosis (Nanji et al.
1997). The role of COX-2 in HSC activation is controversial
(Zhao et al. 2011). Several investigators have reported that
COX-2 participates in hepatic fibrosis mediating liver dam-
age and inflammation, and the blockage of its expression is
associated with antifibrotic activity (Efsen et al. 2001: Jeong
et al. 2010; Zhao e al. 2012). Other data suggest COX-2
may also have anti-inflammatory properties (Gilroy et al.
1999; Paik et al. 2009), In addition, recent work revealed rel-
evant interactions between the PPAR and COX pathways
(Eibl 2008). Several PPARY ligands can suppress COX-2 ex-
pression, or they can interfere with downstream targets.

Biochem. Cell Biol. Vol. 90, 2012

Fig. 7. Effect of capsaicin on viability of GRX cells. Cells were
treated for 10 days with different concentrations of capsaicin, (A)
Cell viability assessed by MTT assiy. Data represent the mean £ SD
(n = 3). Results were expressed as absorbance reading. * P < 0.05,
** P < 0.001 compared with control. (B) Cell vigbility assessed by
direet cell count, Data represent the mean + SD (# = 4). Results
were expressed as cell number. * P < 005, ** P < 0.001 comparcd
with contml.
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These data suggest that PPARy signaling and the COX-2
pathway are intertwined (Hazra et al. 2008).

As previously reported, capsaicin can inhibit NF-kB acti-
vation, leading to the reduction of pro-inflammatory media-
tors such as COX-2, iNOS, and PGE2 (Kim et al. 2003).
Therefore, we hypothesized that the anti-inflammatory action
of capsaicin might modulate COX-2 mRNA expression. As
expected, our results showed that the mRNA expression of
COX-2 is already diminished in the first 24 h with capsaicin
(100 pmolL). Our findings corroborate with previous data
confirm that inhibitors of COX-2 reduce activation of HSC
and decrease production and secretion of collagen by HSC
(Paik et al. 2009). Thus, we suggest that the anti-inflamma-
tory action of capsaicin against activated HSCs may be the
first trigger 10 GRX de-activation and differentiation.

In conclusion, capsaicin ded the phenotype conversion of
GRX cells by its antifibrotic and anti-inflammatory actions.
The mainly cellular and molecular mechanisms involved in
the anti-inflammatory effect of capsaicin is the reduction of
the pro-inflammatory mediator COX-2, which seems o be
the first trigger (o the induction of de-differentiaion in
GRX. Moreover, capsaicin exerts an antifibrotic action re-
lated by up-regulation of PPARy mRNA expression, and.
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consequently, the modulation of profibrogenic genes. Increas-
ing knowledge of the antifibrotic properties of capsaicin can
be important for the development of new antifibrotic and
anti-inflammatory agents in chronic liver discases.
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ABSTRACT

Hepatic stellate cells (HSCs) undergo a process of activation characterized by
increased proliferation, motility and synthesis of extracellular matrix
components. Activated HSCs are central to the pathogenesis of liver fibrosis.
This process is driven to a large extent by autocrine and paracrine secretion of
cytokines. Capsaicin, the active component of chili pepper, has been reported
to have antiproliferative and anti-inflammatory effects on a variety of cell lines.
In this study, we aimed to investigate whether capsaicin induces HSC growth
arrest besides its modulating effect on pro and anti-inflammatory cytokines
release. Apoptosis and cell cycle arrest were investigated as well as
inflammatory cytokines (IL-12, IFN-y, IL-10 and MCP-1) determined by flow
cytometer after 24-hour and 10-day exposure to capsaicin. Our results showed
that capsaicin reduces cell proliferation within 24 h. No programmed cell death
is induced in the same period; however, cell cycle is arrested at stage GO/G1.
Inflammatory cytokines IL-12, IFN-y and IL-10 have their concentrations
increased after 10-day treatment, with no change in the short period of 24 h.
MCP-1 has a significant increase in the first 24 h, though its concentrations
decrease up to 9-fold in day 10. In conclusion, the present study showed that
capsaicin inhibits HSC proliferation via cell cycle arrest at GO/G1 phase. In
addition, it down-regulates HSC activation by increasing secretion of IFN-y and
IL-10 besides impairing chemotaxis signaling. Thus, these results suggest that

capsaicin can suppress HSC activation.

Keywords: hepatic stellate cell, capsaicin, growth arrest, inflammatory cytokine
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1. INTRODUCTION

Increased inflammation and cytokine signaling are critical components
in progression of liver disease. Following liver injury, several cell types can
secrete inflammatory cytokines, specially hepatic stellate cells (HSCs) [1]. The
recruitment of HSCs to sites of injury is thought to be an early step in their
function in repair and matrix remodeling. These cells undergo a process of
activation headed for a phenotype characterized by increased proliferation,
motility, contractility and synthesis of extracellular matrix (ECM) components.
Stimulation of HSC is regulated by several soluble factors, including cytokines,
chemokines and growth factors [2]. HSC activation is the major contributor to
development of hepatic fibrosis and thus an important therapeutic target [3].

Previously published works demonstrate the efficacy of natural products
for the treatment of hepatic fibrosis. The use of nutraceuticals that can inhibit
the proliferation of activated HSCs have a great potential in reversing fibrosis
[4]. Capsaicin, the major ingredient of hot peppers, is known to have anti-
inflammatory and antiproliferative properties. A number of studies have shown
that capsaicin results in growth arrest or apoptosis induction in several cell lines
[5]. Our previous study demonstrated that capsaicin has a peroxisome
proliferator-activated receptor (PPAR)-ligand action and antifibrotic effect in
HSCs, including the inhibition of the proinflammatory mediator transforming
growth factor 3 (TGF-B) [6].

In order to clarify the mechanism underlying the antiproliferative and

antifibrotic effects of capsaicin, we investigated whether capsaicin induces
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programmed cell death or alters cell cycle besides its modulating effect on

inflammatory cytokines release, which play key roles in liver fibrogenesis.
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2. METHODS

2.1. CELL CULTURE AND TREATMENT

All the experiments were performed with GRX cell, a murine hepatic stellate cell
line. Cells were obtained from the Rio de Janeiro Cell Bank (PABCAM, Federal
University, Rio de Janeiro, Brazil). GRXs were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 5% fetal bovine serum (FBS)
(Invitrogen, Carlsbad, CA), 2 g/L HEPES buffer, 3.7g/L NaHCO; and 1%
penicillin and streptomycin (Invitrogen) in a humidified atmosphere of 5% CO,
at 37°C. Cells were incubated with 100 uM capsaicin (Capsicum sp. > 95%,
Sigma-Aldrich, St. Louis, MO) for 24 h and/or 10 days. All experiments were

repeated at least three times.

2.2. VIABLE CELL COUNTING

GRX cells were seeded into 24-well plates at a density of 5 x 10° cells/well and
treated with capsaicin for 24 h. For determination of cell number, cells were
counted using a hemocytometer. Trypan blue analyses were performed to

determine cellular viability.

2.3. QUANTIFICATION OF APOPTOSIS

Apoptosis was assessed using the FITC Annexin V Apoptosis Detection Kit |
(BD Bioscience, San Jose, CA). Briefly, after treating with capsaicin for 24 h,
cells were washed twice with PBS and ressuspended in binding buffer before
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addition of annexin V-FITC and propidium iodide (PI). Cells were vortexed and
incubated for 15 min in the dark at room temperature. A total of 10 000 events
were acquired for each assayed sample. All data were acquired with a
FACSCanto Il flow cytometer (BD Biosciences). Data were analyzed using the
FlowJo 7.2.5 software (Tree Star Inc., Ashland, OR). Results are displayed as
scatter dots allowing discrimination between viable cells, apoptotic cells with an

intact membrane and cells undergoing secondary necrosis.

2.4. ANALYSIS OF MITOCHONDRIAL MEMBRANE POTENTIAL (A¥Ym)

Breakdown of AWm was determined by FACS analysis using the MitoScreen Kit
(BD Biosciences). JC-1 (5,5,6,6-tetra-chloro-1,1,3,3-tetraethylbenzimidazol-
carbocyanine iodide) dye, which is selectively incorporated into mitochondria, is
a sensitive and reliable method to detect changes of the mitochondrial
membrane potential (AWm) [7, 8]. After incubation for 24 h with capsaicin, cells
were stained with 0.5 ml JC-1 solution for 15 min at 37°C. Stained GRX were
washed twice in JC-1 MitoScreen wash buffer. A total of 10 000 events were
acquired for each assayed sample. All data were obtained immediately after
staining on a FACSCanto Il flow cytometer with CellQuest PRO v4.0.2 software
(BD Biosciences). Results are displayed as scatter dots allowing discrimination

between polarized and depolarized cells.

2.5. CELL CYCLE ANALYSIS

To determine the effect of capsaicin on the cell cycle, defined as GO/G1, S and

G2/M phase, GRX cells were first synchronized by serum starvation and then
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exposed to capsaicin for 24 h. Cell cycle phase analysis was performed using
the FITC BrdU Flow Kit (BD Biosciences). Briefly, after treatment and BrdU
labeling, cells were harvested by trypsinization and adjusted to 1 x 10° cells/mL.
Samples were fixed with BD Cytofix/Cytoperm Buffer (BD Biosciences).
Following fixation, cells were treated with DNase for 20 min to expose BrdU
epitopes. After, DNA was stained for cell cycle analysis using 7-AAD dye. The
DNA profiles were determined by FACSCanto Il flow cytometer (BD

Biosciences) and analyzed using the FlowJo 7.2.5 software (Tree Star Inc.).

2.6. QUANTIFICATION OF CYTOKINES

To determine cytokine production, GRX cells were cultured for 24 h and 10
days. The supernatants were collected and stored at -20°C for later analysis.
Multiple soluble cytokines (IL-12 (p70), IFN-y, IL-10 and MCP-1) were
simultaneously measured by flow cytometry using the Cytometric Bead Array
(CBA) Mouse Inflammation Kit (BD Biosciences). Acquisition was performed
with a FACSCanto Il flow cytometer (BD Biosciences). Quantitative results were
generated using FCAP Array v1.0.1 software (Soft Flow Inc., Pecs, Hungary).

The detection limit was 20 to 5 000 pg/mL.

2.7. STATISTICAL ANALYSIS

All data are expressed as mean = SD. Comparisons were performed according
to unpaired Student’s t test. A level of P < 0.05 was considered statistically
significant. Statistical analyses were performed using GraphPad Prism 5.0

(GraphPad Software, San Diego, CA).
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3. RESULTS

To further identify the antiproliferative action of capsaicin, we
investigated the effect of capsaicin on programmed cell death and cell cycle in
GRX cells, a murine hepatic stellate cell line which presents a myofibroblast
transitional phenotype. We also assessed the effect of capsaicin on
inflammatory cytokines release during lipocyte induction. The dose and duration

of capsaicin used for these experiments were based on our previous work [6].

3.1. CAPSAICIN INHIBITS HSC PROLIFERATION THROUGH CELL CYCLE
ARREST

As shown in Figure 1, in the first 24 h capsaicin significantly reduced the
number of viable cells by approximately 32% compared with untreated control
(P < 0.05). This finding raised the question of apoptosis pathway in capsaicin-
treated cells. The potential effect of capsaicin on apoptosis was analyzed by two
different methods, one detecting apoptotic cells by measuring the translocation
of phosphatidylserine to the outer cell membrane surface and a second
measuring the impact on mitochondrial transmembrane potential (AWm).

Flow cytometric analysis of the Annexin V labeling assay did not detect
apoptosis in the capsaicin treated cells. As shown in Figure 2, the number of
apoptotic cells did not increase compared to control experiments. To assess
effects of capsaicin on mitochondrial injury, we analyzed the A¥m of treated

cells. Changes of AWm were determined by JC-1 staining of GRX cells treated
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with capsaicin for 24 h. Capsaicin did not provoke significant loss of A¥Ym
(Figure 3).

Since capsaicin, in the dose tested, reduced proliferation of HSC, which
was not accompanied by programmed cell death, it was thought that capsaicin
might induce cell cycle arrest in HSC. To investigate the capsaicin-dependent
mechanism involved in the decrease of cell number, we analyzed the cell cycle
by flow cytometry. The analysis showed that the antiproliferative effect of
capsaicin was associated to a GO/G1l cell cycle arrest (Figure 4). The
percentage of cells in phase GO/G1 increased from 31.2% in control cells to
44.7% in cells treated with capsaicin (P < 0.05). No modification was observed

in the other phases.

3.2. CAPSAICIN UPREGULATES ANTIFIBROTIC CYTOKINES

We had previously proposed that capsaicin might de-activate HSC by
decreasing profibrotic and proinflammatory mediators. HSCs de-differentiate
when exposed to capsaicin for 10 days [6]. Thus, to complement our studies we
decided to investigate soluble agents involved in HSC activation. Multiple
inflammatory cytokines (IL-12 (p70), IFN-y, IL-10 and MCP-1) were assessed in
culture supernatants by CBA. All cytokines were analyzed after 24 hours and 10
days of 100 uM capsaicin exposure.

IL-12, known to be the trigger of other cytokines [9], had its bioactive
form (p70) secretion increased only after 10-day exposure to capsaicin (P <

0.01) (Figure 5 A). Consequently, the release of IFN-y increased 2 times (P <

0.01). Capsaicin had no significant effect on IFN-y secretion in 24 h (Figure 5
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B). In addition, anti-inflammatory cytokine IL-10 levels were substantially
unaffected in the first 24 h. On the other hand, IL-10 release had a 4.3-fold
increase after 10-day treatment with capsaicin (P < 0.05) (Figure 5 C). As
shown in Figure 5 D, chemotaxis via MCP-1 was increased in the first 24 h (P <

0.05) and then, drastically reduced up to 9-fold (P < 0.01) in day 10.
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4. DISCUSSION

The murine GRX cell line presents several characteristics of activated
HSCs. They are in a transitional state between quiescent lipocyte and fully
activated myofibroblast [10]. It has been previously demonstrated that GRX
cells can be induced to express the lipocyte phenotype with an overall increase
of lipid storage by a variety of phytochemicals [6, 11-13]. Capsaicin, a naturally
occurring alkaloid from capsicum fruits is known to have antiproliferative and
anti-inflammatory properties [14]. Several studies support that capsaicin can
induce apoptosis or inhibit proliferation or cell cycle arrest in a variety of cell
lines, especially tumor cells [15-17]. Our previous work showed that capsaicin
de-activates HSCs by inhibiting proliferation and suppressing fibrotic mediators
probably via PPARy pathway [6]. Since PPARYy is implicated in growth arrest
and apoptosis [18], we thought that capsaicin, as a PPARy-ligand, may act via
apoptosis pathway. To test whether capsaicin-induced growth inhibition is due
to programmed cell death, flow cytometry analysis of apoptosis was conducted.
In the early stages of apoptosis changes occur at the cell surface, one of these
alterations is the externalization of phosphatidylserine (PS) [19]. Furthermore,
mitochondrial dysfunction has been shown to participate and perhaps be central
to the apoptotic pathway. Mitochondrial disintegration not only leads to a
depolarization of the transmembrane potential (A¥Ym) but also causes the
release of proapoptotic factors. In some apoptotic systems, loss of A¥m may be
an earlier event in the apoptotic process [20]. According to our findings,

capsaicin does not induce change in plasma membrane structure or disruption
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of mitochondrial membrane potential. An alternative cellular pathway for
capsaicin to induce growth arrest in GRX cells could be a cell cycle arrest.
Indeed, capsaicin induces the cell arrest at the stage GO/G1, supporting cells
that are in GO phase account for the major part of non-growing and non-
proliferative cells while cells in G1 precede S phase for DNA replication [21].

HSCs are important source of cytokines in the liver resulted from
autocrine and paracrine signaling [22]. Increased production and activity of
cytokines are essential for maintenance of HSC activation and liver fibrogenesis
[23]. Innate immune mechanisms are important to defense from microorganism
but a secondary consequence of this response may also affect liver
fibrogenesis [1]. Recent evidence suggests that some innate immunity
components also play a role in regulating HSC activation [9]. IL-12 is a cytokine
that coordinates innate and adaptative response and its major action is the
induction of other cytokines, specially IFN-y [24]. IFN-y is a proinflammatory
cytokine that is capable to reduce HSC activation, cell growth and
differentiation. IFN-y antifibrotic effects in the liver are via impairment of TGF-3
signaling, including the blockage of proliferation and induction of apoptosis [9,
25]. In the current investigation, we demonstrated that capsaicin increases
production of IL-12 and consequently, IFN-y. The last result is in accordance
with our previous work that shows a decrease in TGF- secretion by HSCs
exposed to capsaicin for 10 days [6]. These findings suggest that capsaicin
inhibits TGF-B synthesis via up-regulation of IFN-y.

The anti-inflammatory IL-10 that downregulates the immune response is
also synthesized by activated HSCs. As a key factor for reducing perpetuation

of fibrogenesis, it suppresses inflammation through several mechanisms,
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including the reduction of proinflammatory cytokines [26]. In this study we
showed that IL-10 levels increased supporting the inhibitory effect of IL-10 on
fibrogenesis.

In another interaction, the activation of HSCs may be provoked by
activated Kupffer cells that lead to increased NF-kB activity and subsequent
secretion of proinflammatory cytokines such as TNF-a. and MCP-1. HSCs in
turn, respond to this stimulation secreting MCP-1 and then amplifying acute
phase response [27]. MCP-1 is a chemoattractant implicated in direct migration
of activated HSCs to the site of injury. However, it is not produced by quiescent
cells [28]. Recent data indicate that MCP-1 expression can be down-regulated
by agonists of PPARY [29]. Capsaicin-treated HSCs had their secretion of MCP-
1 profoundly decreased (~90%) suggesting that after 10 days MCP-1 is unable
to induce GRX cell migration.

In conclusion, the present study showed that capsaicin inhibits HSC
proliferation by inducing cell cycle arrest. Furthermore, it up-regulates
antifibrotic cytokines and inhibits cell chemotaxis, demonstrating that capsaicin

may suppress HSC activation via antiproliferative and antifibrotic effects.
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7. FIGURE CAPTIONS

FIGURE 1 — Effect of capsaicin on GRX cells viability. Cells were treated with
capsaicin (100 uM) for 24 h and cell viability assessed by direct cell count. Data
represent the mean £ SD (n = 3). Results were expressed as cell number. * P <

0.05 as compared with control. CPS, capsaicin.

FIGURE 2 — Flow cytometric scatter plot of FITC-annexin V/PI stained GRX (A)
control cells and (B) capsaicin-treated cells for 24 h. The lower left quadrant
show the viable cells, which are negative for annexin V and PI. The lower right
guadrant represents the apoptotic cells, annexin V positive and Pl negative. The
upper right quadrant contains the late apoptotic or dead cells that are positive

for annexin V and PIl. Representative experiment out of three.

FIGURE 3 — Flow cytometric scatter plot of the capsaicin impact on AWm. GRX
cells non-treated (A) or treated with capsaicin (B) for 24 h. The upper quadrant
represents the polarized cells and the lower quadrant the depolarized cells.

Representative experiment out of three.

FIGURE 4 — Effect of 24-hour capsaicin treatment on the GRX cell cycle

measured by flow cytometry. Data represent the mean = SD (n = 3). Results
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were expressed as percentage of cell number. * P < 0.05 as compared with

control. CPS, capsaicin.

FIGURE 5 — Flow cytometric analyses of IL-12 (p70) (A), IFN-y (B), IL-10 (C)
and MCP-1 (D) in cell supernatant of 24-hour and 10-day treatments. Data
represent the mean £ SD (n = 4). Cytokines levels were expressed as

picograms per 1 x 10°cells. * P < 0.05, ** P < 0.01 as compared with control.
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1 CONSIDERACOES FINAIS

O entendimento da fisiologia das células estreladas hepaticas (HSCs) &
de extrema importancia para o desenho de estratégias terapéuticas no intuito
de reduzir a fibrose hepatica. Abordagens que inibam a ativacao e proliferacédo
das HSCs que visem diferentes alvos talvez sejam mais vantajosas e efetivas
gue drogas direcionadas a apenas um alvo na cascata fibrogénica (12). Alguns
produtos naturais possuem multiplas acdes sobre as HSCs. Devido ao alto
consumo e a facil disponibilidade desses fitoterapicos, muitos estudos tém sido
realizados (33, 42). Dessa forma, o crescente interesse nos alimentos
funcionais e nutracéuticos, aliado ao alto consumo de pimenta em nossa regiao
sustentam a importancia deste trabalho.

Considerando as acdes da capsaicina descritas em outras linhagens
celulares, este trabalho teve como objetivo verificar os efeitos dessa molécula
sobre a linhagem GRX, modelo murino de HSC, visando estudar seus efeitos
hepatoprotetores. Os objetivos principais foram: verificar o efeito da capsaicina
na inativacdo e diferenciacdo das HSCs e estudar sua acdo sobre a
proliferacéo celular.

O presente estudo baseou-se em evidencias de pesquisas anteriores
realizadas em nosso laborat6rio com o suco total e fracbes da pimenta dedo-de
moca (Capsicum baccatum), uma variedade de pimenta vermelha (43). Nosso
trabalho confirmou a atividade antifibrética e antiprolifertiva do principio ativo da

pimenta.
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Na primeira parte da pesquisa, buscamos as concentracbes né&o
citotoxicas da capsaicina. Utilizando tratamentos nas doses de 10 pM, 50 uM,
100 pM, 200 puM e 400 pM, vimos que essa molécula apresentava
citotoxicidade nas doses de 200 uM e 400 pM (dados n&o apresentados). A
partir dai, seguimos com as doses néo-citotdxicas. Como exposto no Capitulo
1, essas doses apresentaram efeito inibitorio sobre a proliferagcéo celular, além
de induzir a reversdo fenotipica das células GRX. A reversdo pbde ser
evidenciada através da visualizacdo ao microscopio e confirmada pela
quantificacdo de lipidios. Além disso, a expressdo de mRNA de PPARy
apresentou um aumento consideravel nas células tratadas, mostrando que a
rota lipogénica é ativada pela capsaicina. O PPARy quando ligante-ativado
possui um papel fundamental na reversdo da fibrose hepética devido a sua
sinalizacdo multidirecional (16) e o fato da capsaicina possuir acao sobre esse
fator de transcricdo tornou esse trabalho ainda mais atraente.

Outro aspecto interessante a ser considerado é o fato da acéo
antiproliferativa da capsaicina ndo estar ligada a apoptose. De acordo com
estudos anteriores que revelam a acao apoptética da capsaicina em células
tumorais, nés acreditAvamos que o0 mesmo pudesse ocorrer nas células GRX.
Porém, os resultados apresentados no Capitulo 2 mostraram que o principio
ativo da pimenta atua na parada do ciclo celular, impedindo o crescimento das
células. A capsaicina interfere exatamente no ponto do ciclo em que ocorrem
paradas estratégicas antes da replicacdo de DNA. A primeira parada €
chamada de G1 e esta relacionada ao momento em que as células estdo se
preparando para a sintese de DNA. A segunda pode ocorrer quando as células

que estdo em G1 entram em um estado de repouso conhecido como GO.

58



Curiosamente, as células que estdo nessa fase do ciclo representam a maior
parte das células ndo-proliferativas (44).

Sabemos que o estado inflamatério das HSCs é um fator importante
para o inicio e manutencdo da fibrogénese e ele esta associado as multiplas
interacOes existentes entre as citocinas e a biologia das HSCs. A amplificacéo
da resposta inflamatoria local pelas HSCs e os efeitos pro-fibrogénicos diretos
das citocinas podem estabelecer um circulo vicioso que leva ao dano crdnico e
ao reparo (45). Por isso, decidimos aprofundar o conhecimento da agédo da
capsaicina sobre as citocinas. Avaliamos a liberacéo de algumas citocinas pro
e anti-inflamatoérias (IL-12, IFN-y, MCP-1 e IL-10) pelas células GRX durante
dois periodos de exposicdo, um curto (24 h) e outro prolongado (10 dias).
Nossos resultados mostraram que a capsaicina aumenta significativamente a
producdo de citocinas com acao antifibrética, evidenciando que este efeito
pode estar relacionado com a desativacdo e inibicdo do crescimento celular.
Um ponto interessante desses resultados é a importante diminuicdo dos niveis
de MCP-1, que além de sugerir uma diminuicdo da migracdo das GRX, sugere
qgue as células sofrem uma reversao fenotipica, ja que essa quimiocina néo é
sintetizada pelas HSCs em estado quiescente (24).

Podemos finalizar este estudo dizendo que a capsaicina inicia o
processo de desativacdo das HSCs primeiramente com a inibicdo da
proliferacéo através da parada do ciclo celular. Depois, inibindo a secre¢édo de
agentes pro-fibréticos e ativando mediadores anti-inflamatdérios e antifibréticos.
Ao final, a capsaicina provoca a reversao fenotipica das células.

Um problema existente no desenvolvimento da terapéutica ideal é a

dificuldade de encontrar um agente que seja altamente seletivo as HSCs (12).
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A capsaicina, apés todos os resultados apresentados neste trabalho, mostra-se
como uma possivel candidata. Cabe salientar que mais estudos devem ser
realizados para aprofundar o conhecimento das propriedades antiproliferativas
e antifibréticas da capsaicina. Isso se torna pertinente para o desenvolvimento

de novos agentes no combate as doengas crénicas de figado.
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2

CONCLUSOES

a)

b)

d)

f)

9)

Nosso estudo mostra uma atividade antifibrética e antiproliferativa da
capsaicina em células GRX, linhagem utilizada como modelo in vitro de
fibrose hepatica.

A capsaicina altera o fendtipo das GRX, levando-as novamente ao seu
estado quiescente. Essa mudanca ocorre basicamente devido as acdes
antifibroticas da molécula.

A capsaicina reduz a fibrogénese através da inibicdo da sintese de TGF-
B e consequente diminuicdo da expressdo de colageno tipo | e da
secrecao de colageno total.

O efeito antifibrético da capsaicina esta relacionado a sua agédo PPAR-
ligante.

A capsaicina diminui o crescimento das células GRX, porém a
diminuicdo ndo se da através da apoptose e sim pela parada do ciclo
celular.

A capsaicina aumenta a producdo de citocinas antifibréticas e anti-
inflamatérias.

A capsaicina inibe a migracdo das células GRX através da diminuicdo da

secrecdo de MCP-1.
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