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RESUMO

A obesidade € uma doenga multifatorial fortemente associada com a sindrome metabdlica e com
as doencas hepdticas. A distribui¢do da gordura corporal é um fator relevante, e especificamente
o tecido adiposo visceral parece ser o elo entre o aumento de peso, a sindrome metabdlica e o
actimulo de gordura hepética. Os adipdcitos estdo envolvidos na regulagdo do balanco energético
e podem ser modulados por hormonios, citocinas e nutrientes, entre eles o resveratrol. Sdo dois
os objetivos principais deste trabalho: (1) identificar os niveis basais de expressio do mRNA de
SIRT1, adiponectina, FOXOI1, PPARy e PPARP/d em diferentes tecidos adiposos
(retroperitoneal, subcutaneo e visceral) de individuos obesos grau III com diferentes niveis de
esteatose hepatica; e (2) identificar a acdo do resveratrol sobre a expressdo do mRNA dos genes
citados em adipdcitos isolados do tecido adiposo visceral de individuos obesos grau III. Os
tecidos adiposos foram obtidos durante cirurgia baridtrica. O RNA total foi extraido usando o
reagente TRIzol e o mRNA foi quantificado por PCR em tempo real. Para a andlise da expressao
basal dos genes, dividimos os pacientes em dois grupos: aqueles com esteatose simples ou
moderada e aqueles com esteatose severa associada ou ndo a fibrose e inflamagao. Comparando
os dois grupos estudados, os pacientes com esteatose severa apresentaram uma menor expressao
do mRNA de SIRT1 (p=0,006), apenas no tecido adiposo visceral. Os niveis de adiponectina,
FOXO1, PPARYI1-3 e PPARP/S ndo diferiram estatisticamente entre os dois grupos de pacientes
nos trés depodsitos de gordura corporal. O valor de HOMA-IR foi diferente estatisticamente entre
os grupos estudados, sendo maior no grupo de pacientes com diagndstico de esteatose severa
associada ou ndo a fibrose e necroinflamagdo (p=0,006). Neste mesmo grupo de pacientes, a
expressdo de SIRT1 e o valor de HOMA-IR correlacionaram-se positivamente no tecido adiposo
visceral (r=0,607; p=0,048). Quanto a modulacdo por resveratrol, houve aumento significativo
nos niveis do mRNA de SIRTI1 (p=0,021), adiponectina (p=0,025) e FOXO1 (p=0,001) nos
adipdcitos isolados do tecido adiposo visceral de obesos grau III. A expressdo do mRNA de
PPARY1-3 foi modulada negativamente (p=0,003) nas células estudadas. Considerando a
expressdo do PPARPB/S, ndo houve modulagdo por resveratrol na concentragio, tempo e modelo
celular estudados. Analisando a literatura, verificamos que valores diminuidos de SIRTI1 ja
foram associados a progressdo da esteatose, em modelos experimentais. Neste trabalho,
observamos menor transcricdo de SIRT1 no tecido adiposo visceral de obesos com esteatose
severa, o que poderia prejudicar a biogénese mitocondrial e a oxidacdo de 4cidos graxos,
contribuindo com o aumento de dcidos graxos livres na circulagéo portal, favorecendo o aciimulo
hepético de lipideos nestes pacientes. Desta forma, sugerimos que o aumento da expressao de
SIRTI1 no tecido adiposo visceral pode ter efeito protetor contra a evolucdo da esteatose em
obesos grau III. Também constatamos que resveratrol ativa a expressio do mRNA de SIRTI,
adiponectina e FOXO1 e diminui a expressdo de PPARYI-3. Os resultados indicam que
resveratrol pode modular o metabolismo dos adipdcitos de obesos grau III, possivelmente
favorecendo o metabolismo das células estudadas.



ABSTRACT

Obesity is a complex disease, strongly associated with metabolic syndrome and hepatic disease.
The distribution of body fat is important, and specifically visceral adipose tissue seems to be the
link between weight gain, metabolic syndrome and hepatic fat accumulation. Adipocytes are
involved in the regulation of energy balance and can be modulated by hormones, cytokines and
nutrients as resveratrol. The objectives of this study were: (1) to determine the expression pattern
of SIRT1, adiponectin, FOXO1, PPARY1-3 and PPARB/d mRNA in different adipose tissues
(retroperitoneal, subcutaneous and visceral) of morbidly obese with different levels of hepatic
steatosis; and (2) analyze whether resveratrol could modulate the mRNA expression of the cited
genes in isolated visceral adipocytes of morbidly obese. The adipose tissue was obtained by
bariatric surgery. Total RNAs were extracted using TRIzol reagent and genes reverse transcripts
were determined by quantitative polymerase chain reaction. For analysis of basal genes
expression, we divided patients in two groups: those with slight or moderate steatosis and other
comprising individuals with severe steatosis associated or not with necroinflammation and
fibrosis. When comparing the two groups of patients, we found that the amount of SIRT1 mRNA
in the visceral adipose tissue of morbidly obese with severe steatosis was decreased (p=0.006).
The levels of adiponectin, FOXO1, PPARY1-3 and PPARP/J did not differ statistically between
the two groups of patients in the fat depots studied. We found that HOMA-IR value was
significantly higher in severe steatosis patients group (p=0.006). Our results also show that the
mRNA expression of SIRT1 and HOMA-IR was positively correlated in the visceral adipose
tissue of patients with severe steatosis (r=0.654; p=0.048). Regarding the modulation by
resveratrol, there was significant increase in SIRT1 (p=0.021), adiponectina (p=0.025) and
FOXOI1 (p=0.001) mRNA in isolated visceral adipocytes. The mRNA expression of PPARY1-3
was negatively modulated by resveratrol (p=0.003). Considering PPAR[/S, there was not a
significantly modulation by resveratrol, in the studied model. Reduced quantities of SIRT1
mRNA have been described in severe steatosis using experimental models. We found lower
transcription of SIRT1 expression in the visceral adipose tissue of obese patients with severe
steatosis, which may impair mitochondrial biogenesis and fatty acids oxidation, contributing to
the increase of free fatty acids in portal circulation, impairing liver function. Thus, we suggest
that the increased SIRT1 mRINA expression may have a protective role on steatosis in visceral
adipose tissue of morbidly obese individuals. Also, we observed that resveratrol activated the
expression of SIRT1, FOXOI1 and adiponectin and decreases PPARY1-3, which indicate that
resveratrol can control adipocytes metabolism, possibly favoring the metabolism of studied cells.



LISTA DE ABREVIATURAS

AGL - 4cidos graxos livres

ALT - alanina aminotransferase

AST - aspartato aminotransferase

B2M - beta-2-microglobulina

c¢DNA - 4cido desoxirribonucléico complementar
COM-PUCRS - Centro de Obesidade Mérbida da PUCRS
dNTP - desoxirribonucleosideos trifosfatados

FOXOL1 - forkhead/winged helix

HOMA IR - homeostasis model assessment insulin resistance
mRNA - acido ribonucléico mensageiro

NAFLD - nonalcoholic fatty liver disease

NASH - nonalcoholic steatohepatitis

PPARs - receptores ativadores da proliferacdo de peroxissomos
TA - tecido adiposo

TAR - tecido adiposo retroperitoneal

TAS - tecido adiposo subcutaneo

TAYV - tecido adiposo visceral
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1. INTRODUCAO

1.1 Obesidade

Entende-se por obesidade o aumento excessivo de peso corporal, mais especificamente,
do aumento de tecido adiposo (TA) em magnitude suficiente para produzir conseqiiéncias
adversas a saude (Spiegelman e Flier, 2001). A prevaléncia da obesidade vem aumentando em
propor¢des epidémicas nas tultimas décadas. Atualmente, cerca de 40% da populacdo adulta
brasileira possui excesso de peso sendo que 11,1% destes individuos ja sdo considerados obesos
(IBGE, 2004). A organizagdo mundial da satide (OMS) estima que para 2015, aproximadamente
2,3 bilhdes de adultos no mundo estardo com sobrepeso e mais de 700 milhdes destes serdo

obesos (WHO, 2006).

A OMS classifica a populagio obesa em trés niveis: individuos com Indice de Massa
Corporal (IMC) entre 30 e 34,9 kg/m2 apresentam obesidade leve ou grau [; IMC entre 35 e 39,9
kg/mz, obesidade moderada ou grau II; e IMC maior ou igual a 40 kg/mz, obesidade mérbida ou

grau III (OMS, 1998).

A obesidade é considerada uma desordem metabdlica de etiologia multifatorial, que
envolve em sua gé€nese fatores genéticos, ambientais, psicoldgicos e sociais (Sowemimo et al,
2007). Apesar da complexidade, sabe-se que o desequilibrio entre ingestio e gasto energético € o
raciocinio bdsico do seu desenvolvimento. O excesso de energia proveniente desse desequilibrio
¢é estocado nos adipdcitos que sofrem hiperplasia e/ou hipertrofia, aumentando assim o volume
do TA (Bays et al, 2008). A ascendéncia da obesidade estd associada fortemente com a sindrome
metabdlica (Mitsuishi et al, 2009), que se caracteriza pela incidéncia, num mesmo individuo de
trés dos cinco parametros clinicos a seguir: aumento da circunferéncia da cintura (102 cm para

homens e 88 cm para mulheres), triglicerideos elevados (=150 mg/dl), reduzido HDL (<40mg/dl
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em homens e <50 mg/dl em mulheres), elevada pressdo sanguinea (130/85 mmHg), elevada

glicemia (= 100 mg/dl) (NCEP/ATPIIL, 2002).

1.2 Tecido Adiposo

O TA foi considerado por muito tempo apenas como reservatdrio energético, atualmente
sdo reconhecidas suas multiplas fungdes endécrinas (Hermsdorff e Monteiro, 2004). E
responsével pela produgéo e secre¢do de inimeras citocinas — conhecidas como adipocinas, que
regulam processos fisioldgicos no organismo humano (Ribeiro Filho et al, 2006). Na obesidade,
a expressdo de adipocinas pode estar desregulada, o que contribui para o aparecimento de

doencas metabdlicas (Lefterova e Lazer, 2009).

Anatomicamente o tecido adiposo abdominal pode ser dividido em subcutineo (anterior e
posterior) e intra-abdominal (visceral e retroperitoneal) (Tchernof et al, 2006). A distribui¢do da
gordura corporal € relevante e especificamente o tecido adiposo visceral (TAV) parece ser o elo
entre obesidade e sindrome metabdlica (Mitsuishi et al, 2009). O TAV é metabolicamente mais
ativo, possui maior sensibilidade a acdo lipolitica, maior resisténcia a a¢do da insulina, além de
secretar maiores quantidades de adipocinas e dcidos graxos livres quando comparado ao tecido

subcutaneo (Tchernof et al, 2006; Fan e Farrell, 2008).

1.3 Adipdcitos

O TA ¢ constituido de macréfagos, fibroblastos, pré-adipdcitos e adipdceitos (Fonseca-
Alaniz et al, 2006). Os pré-adipdcitos sdo derivados de células-tronco embriondrias de origem

mesodérmica, localizadas na medula espinhal e no préprio TA (Béckesjo et al, 2000).
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Denomina-se adipogénese o fendmeno de diferenciag¢do do pré-adipdcito em adipdcito maduro

(figura 1) (Fonseca-Alaniz et al, 2006). Este processo € altamente controlado, podendo sofrer
influencia de hormonios, citocinas e nutrientes (Feve, 2005). Alteragdes no controle do
metabolismo dos lipideos podem favorecer a adipogénese e o desenvolvimento da obesidade

(Bai et al, 2008).

TIPO CELULAR
CARACTERISTICAS EVENTOS MOLECULARES

=& = ”
“//célula tronco

l ?
-
Multipotente Precurssor mesenquimal

!

=
Determinagéo Q' Pref-1 p Alteragdes

« Parada de crescimente  Pré adipécito MR
+ Mitoses pds confluentes . e

Pluripotente

+ Expansao clonal S CIEBPR Remodelagem
Inicial v OO F PPARy do citoesqueleto
Comprometimento O &8) CEEDe
- Genes do adipdcito

Tardio : Adipécito jovem| || Enzimas lipogénicas

Diferenciagdo terminal o Proteinas ligantes de AG
Fatores secretados
Outros
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Figura 1: Visao esquematica do processo de diferenciacao do adipocitos.

Fonte: Fonseca-Alaniz, 2006.

Os adipdcitos sdo células capazes de armazenar lipidios, na forma de triacilglicerol, em
seu citoplasma, sem que isto seja nocivo para sua integridade funcional (Fonseca-Alaniz et al,
2006). Sao consideradas unidades funcionais do tecido adiposo. Os adipdcitos possuem ainda
outra funcdo relevante para o metabolismo: sdo capazes de secretar dcidos graxos,

adipocitociuinas, colesterol, hormonios esterdides e prostaglandinas (Bai et al, 2008). Estudos
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recentes mostram que fatores de transcrigdo como o receptor gama ativado por proliferadores

de peroxissomas (PPARY) e a enzima sirtuina 1 (SIRT1) desempenham um papel-chave na

complexa cascata transcricional que ocorre durante a adipogénese (Picard et al, 2004).

1.4 Esteatose

A esteatose (comumente chamada de NAFLD, nonalcoholic fatty liver disease) ¢ uma
condicdo clinico-patoldgica caracterizada pelo depdsito de lipideos nos hepatdcitos, sendo que
sua causa nao esta relacionada diretamente ao consumo excessivo de etanol (Saito et al, 2007).
Quanto a evolugdo da doenca, pode-se dividir sua patogénese em duas etapas: esteatose isolada e
esteato-hepatite (comumente chamada de NASH, nonalcoholic steatohepatitis) (Shifflet e Wu,
2009). A primeira refere-se ao acumulo isolado de lipideos no figado, podendo ser leve,
moderada ou severa (Burt e al, 1998). Ja a NASH se dd em uma etapa mais avancada, onde o
acimulo de gordura é acompanhado de fibrose e necroinflamagdo do parénquima hepético
(Marchesini et al, 2008). Atualmente, a bidpsia hepdtica € considerada padrdo-ouro para

diagnéstico da NAFLD (Shifflet e Wu, 2009).

A NAFLD ¢ fortemente associada a obesidade (Park et al, 2006). A prevaléncia de
NAFLD aumenta para 74 % em individuos obesos € 90 % em obesos grau III, comparada aos
pacientes eutréficos (Vetelainen et al, 2007). Especificamente o aumento do TAV tem sido
considerado uma das grandes causas da maior prevaléncia de NAFLD em obesos (Saito et al,
2007). Comparado ao TA subcutineo, o visceral possui maior potencial lipolitico e a liberagdo
de 4cidos graxos livres, provenientes deste tecido diretamente na circulagdo porta, ¢ um dos
principais mecanismos da lesdo hepatica (Fan e Farrell, 2008; Shifflet e Wu, 2009). Da mesma
forma, estudos alertam para a estreita relacdo entre sindrome metabdlica e NAFLD independente

de idade, género e indice de massa corpdrea (Marchesini et al, 2008; Vetelainen et al, 2007).
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Cerca de 90 % dos individuos com NAFLD possui pelo menos um dos parametros da

sindrome, e 33 % possui todos os cinco parametros (Paschos e Paletas, 2009).

1.5 Sirtuina 1

Acetilagdo ¢ uma modificacdo pods-transcricional reversivel mediada por histonas
acetiltransferases (HATSs); enzimas que revertem esta alteracdo sdo referidas como histonas
deacetilases (HDACSs) (Sauve et al, 2006). A familia das enzimas HDACs pode ser dividida em
trés classes, sendo a classe III também conhecida como familia Sir2 NAD+—dependente ou
sirtuinas, em mamiferos (Gray e Ekstrom, 2001). Existem sete isoformas diferentes de sirtuinas
(1 a 7) descritas até hoje em humanos, sendo a SIRT1 a mais estudada. A proteina nuclear SIRT1
¢ NAD"-dependente (Picard et al, 2004), formada por 240 aminodcidos (Sauve et al, 2006) e sua
estrutura pode ser dividida em tré€s dominios (Figura 2): dominio amino-terminal (verde),

dominio catalitico (azul) e dominio carboxi-terminal (amarelo) (Sasaki et al, 2008).

Cientistas tém proposto que SIRT1 possa ser um alvo para a prevencdo e controle da
obesidade e doengas relacionadas (Picard et al, 2004; Yang et al, 2006). Bordone e
colaboradores observaram que ratos transgénicos com expressdao aumentada de SIRT1 sdo mais
magros, mais ativos metabolicamente, possuem menores niveis de colesterol total, insulina e
glicose pds-prandial (Bordone et al, 2007). Foi recentemente mostrado o papel da SIRT1 como
mediador da diferenciacio de células tronco mesenquimais da medula, diminuindo a
diferenciacdo destas em adipdcitos e aumentando a diferenciacdo em osteoblastos (Backesjo et
al, 2006; Yang et al, 2006). Além disso, estudo experimental mostrou que a expressdo do mRNA
de SIRT1 € significativamente reduzida no figado de camundongos com esteatose induzida por
dieta (Deng et al, 2007). Da mesma forma, o papel protetor da SIRT1 no estresse oxidativo,

processo que estimula o desenvolvimento do NASH (Shifflet e Wu, 2009), tem sido
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recentemente analisado (Hasegawa et al, 2008; Paschos e Paletas, 2009). Ainda, Pfluger e

colaboradores encontraram que ratos transgénicos com moderado aumento na expressdo de
SIRT1 estdo protegidos quanto ao desenvolvimento de NASH induzida por dieta rica em gordura

(Pfluger et al, 2008).

CATALYTIC GROOVH

2 '\.r \
SaSers3s,
Ser539.\,

/? 4Thr530*, Ser535

Figura 2: Estrutura em 3D da SIRT1 humana.

Fonte: Sasaki et al, 2008.

1.6 Adiponectina

A adiponectina, produto do gene apMI, é uma proteina composta por 244 aminoécidos
também conhecida por GBP-28 (gelatin binding protein-28), adipoQ e Acrp30 (Wang et al,
2009). Esta adipocina é largamente secretada por adipdcitos, embora possa ser também secretada
por cardiomidcitos, hepatdcitos e placenta em menores quantidades (Diez e Iglesias, 2003;
Peterlin et al, 2008). Sua estrutura pode ser divida em trés dominios: (1) dominio N-terminal,
com grande variacdo na seqii€ncia de aminodcido entre as espécies; (2) dominio semelhante ao
coldgeno (assim chamado devido a homologia com o coldgeno VII e X ); e (3) dominio globular

da regido C-terminal (Richards et al, 2006) (Figura 3). Essa adipocitocina € secretada pelos
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adipdcitos na circulac@o sistémica em trés isoformas oligoméricas, incluindo as formas em

trimeros, hexameros e complexas de alto peso molecular (HMW) (Wang et al, 2009).

Seqiiéncia  Regiio Dominioc semelhante Dominio
Sinal Variavel ao colageno Globular
& [ I -
1 19 42 108 2440

Figura 3. Estrutura da adiponectina humana.

Fonte: Richards et al, 2006

A adiponectina possui efeito protetor contra obesidade (Ma et al, 2009). A reducdo na
expressao da adiponectina estd relacionada a hiperplasia de células adiposas (Qiao e Shao, 2006).
Adiponectina tem sido bastante estudada em relacdo ao desenvolvimento de NAFLD (Wang et
al, 2009). Pagano e colaboradores encontraram que baixo nivel de adiponectina sérica esta
relacionado a patogénese da NAFLD (Pagano et al, 2005). Expressdo do mRNA de adiponectina
e seus receptores no figado foram estudados por Kaser e colaboradores em pacientes que se
submeteram a cirurgia baridtrica (Kaser et al, 2005). Os autores encontraram que as quantidades
do mRNA de adiponectina e seu receptor adipoRIl foram menores em pacientes com NASH
comparado a expressdo em pacientes com esteatose simples (Kaser et al, 2005). Um estudo em
humanos sugeriu que baixa expressio do mRNA de adiponectina em tecido adiposo intra-

abdominal pode estar relacionada ao desenvolvimento de NASH (Baranova et al, 2006).

1.7 FOXO1

A familia Forkhead/winged helix (FOXO) € uma superfamilia de fatores de transcri¢do
responsdveis pela modulacio de genes envolvidos em indmeras fungdes celulares como

diferenciacdo, proliferacdo e sobrevivéncia celular (Grinius et al, 2006; Huang e Tindall, 2007).
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Algumas isoformas da familia FOXO ja foram descritas na literatura: FOXOI,

FOXO03a, FOX04 e FOXO6 (Huang e Tindall, 2007). As proteinas FOXO, que contém 110
aminodcidos, sdo compostas por trés alfa-hélices arranjadas em forma ecliptica em torno de uma
hélice central, rodeada de algas; esta estrutura é referida como “hélice alada” ou “cabeca em

forquilha” (Friedman e Kaestner, 2006).

A FOXO1 estd amplamente expressa em tecidos insulino-responsivos, como figado,
tecido adiposo e pancreas (Kitamura ef al, 2002). A FOXO1 pode apresentar efeitos benéficos ou
ndo sobre o organismo, dependendo do tecido onde se d4 sua ativacdo (Armoni et al, 2006;
Pillarisetti, 2008). O papel fisiolégico da FOXO1 no tecido adiposo ainda nio estd bem
esclarecido (Jun et al, 2008). FOXO1 ja foi descrito como inibidor da adipogénese (Wang e
Tong, 2009). Poucos estudos associam o fator de transcricio FOXO1 a NAFLD (Calvert et al,
2007). Valenti e colaboradores, estudando a expressdo hepatica de FOXO1 em 84 pacientes
observaram que a expressdo deste fator de transcricdo estd aumentada em pacientes com
diagnéstico de NASH comparado a pacientes com esteatose isolada (Valenti et al, 2008).
FOXOI1 ¢ também relacionada a regulacdo da producdo de espécies reativas de oxigénio, em

células 3T3-L1 (Subauste e Burant, 2007).

A expressdo dos genes SIRTI, adiponectina e FOXO1 parece estar interligada (Qiao e
Shao, 2006; Rogers et al, 2008). Evidéncias sugerem que a expressao de FOXOI1 possa estar
diretamente associada a expressdo de adiponectina em virtude de sua acdo na formagdo de um
complexo com C/EBP o (C/Enhancer-binding protein o) para promover a ativacdo da
transcri¢do de adiponectina (Qiao e Shao, 2006). Além disso, parece que a SIRTI aumenta
transcri¢do de adiponectina via deacetilacio de FOXO1 (Qiao e Shao, 2006), uma vez que a
enzima SIRT]1 e o fator de transcricio FOXO1 parecem interagir fisicamente (Yang et al, 2006).
Ainda, em ratos, a haploinsuficiéncia de FOXO1 levou a uma significativa redu¢io na expressao

de adiponectina (Nakae et al, 2003).
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1.8 PPAR
Os receptores ativados por proliferadores de peroxissoma (PPARs) sdo fatores de
transcricdo da familia de receptores nucleares, caracterizados por seu padrao de distribuicdo nos
tecidos e por sua funcdo metabdlica (Tavares et al, 2007). Evidéncias apontam para uma relagdo
entre a atividade de PPARs, obesidade e sindrome metabdlica (Guri et al, 2006). Trés proteinas,
codificadas por genes distintos, tém sido identificadas em humanos: PPARa, PPARy e PPAR[/S
(Meirhaeghe e Amouyel, 2004). PPARa € principalmente expresso no figado, no tecido adiposo
marrom, no intestino delgado, no musculo esquelético cardiaco (Grimaldi, 2001) e nas células
adiposas (Diep et al, 2000). Esta isoforma tem um papel chave na regulacdo da B-oxidacido no

figado (Wahli et al, 1995).

1.8.1 PPARB/S

O PPARP/S é expresso em diversos tecidos do corpo, principalmente no misculo
cardiaco e esquelético e no TA branco (Grimaldi, 2001). Esse subtipo de receptor nuclear
inicialmente recebeu menos atencdo que outros PPARs devido a ndo existéncia de um ligante
seletivo. Wang e colaboradores mostraram que a expressdo transgénica de uma forma ativada do
PPARP/d no TA de camundongos produziu animais magros resistentes a obesidade, a
hiperlipidemia e a esteatose induzidas geneticamente ou por uma dieta rica em gordura (Wang et
al, 2003). Recentemente, estudos moleculares desenvolveram um agonista sintético do PPAR[/S,
o que t€m ajudado a revelar o seu papel como poderoso regulador do catabolismo de AG e
homeostase energética. Oliver e colaboradores demonstraram, em macacos obesos, que a
ativagdo de um novo ativador especifico do PPARB/S (GW501516) induz a corregdo dos niveis
de triglicerideos, diminui a hiperinsulinemia e aumenta os niveis de HDL (Oliver et al, 2001).

Outro estudo experimental sugere que tratamento com agonista do PPARPB/3, ou aumento da
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expressdo deste receptor nuclear, reduz significativamente o actimulo de lipideo nos

hepatécitos (Qin et al, 2008).

1.8.2 PPARy

O PPARYy € expresso nos tecidos adiposo branco e marrom, na placenta, no intestino e
nos macrofagos (Grimaldi, 2001). O gene deste receptor nuclear contém trés promotores
distintos denominados PPARy1, PPARY2 e PPARY3. A transcri¢do do PPARy1 e PPARYy3 gera
uma proteina idéntica (Kota et al, 2005), enquanto que a transcricio do PPARy2 forma uma

proteina que contém 28 aminodcidos adicionais (Meirhaeghe e Amouyel, 2004).

O PPARYy desempenha um papel-chave na complexa cascata que regula a adipogénese
(Spiegelman, 1998), sendo considerado um regulador da diferenciacdo de células mesenquimais
em adipécitos ou osteoblastos (Backesjo et al, 2006) (figura 1). Além disso, estudos
experimentais recentes mostram relacdo entre NAFLD e PPARY. Gavriola e colaboradores
observaram que os niveis do mRNA de PPARY estavam elevados no figado de ratos com
esteatose (Gavriola er al, 2003). Estudos sugerem que SIRT1 inibe a acdo do PPARY por
reprimir seu corepressor (NCoR), promovendo lipdlise e perda de gordura (Backesjo et al, 2006;
Sharma e Staels, 2007; Pillarisetti, 2008). Da mesma forma, estudos mostram que FOXOI ¢é

capaz de reprimir a expressdo de PPARY em adipdcitos primarios (Armoni et al, 2006).

1.9 Resveratrol

O resveratrol € um polifenol encontrado em plantas como eucalipto, amendoim, amora
e em uvas, principalmente nas sementes de uvas, na pelicula das uvas pretas e no vinho tinto

(Bertagnolli et al, 2007; Sautter et al, 2005). E sintetizado naturalmente na planta sob duas
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formas isdmeras: trans-resveratrol (trans-3,5,4'-trihidroxestilbeno) e cis-resveratrol (cis-3, 5,4'-

trihidroxiestilbeno) (Sautter et al, 2005) (Figura 4).

HO _
HO
N Y
HO OH OH
Trans-Resveratrol Cis-Resveratrol

Figura 4. Estrutura do resveratrol.

Fonte: Sautter et al, 2005

Evidéncias sugerem que resveratrol € um nutriente com potencial efeito protetor contra
doencas metabdlicas (Cucciolla er al, 2007; Harikumar e Aggarwal, 2008). De acordo com
Laugouge e colaboradores o tratamento com resveratrol protegeu camundongos contra indugdo
de obesidade pela dieta (Laugouge et al, 2006). Yang e colaboradores, estudando células 3T3-L1
de ratos, encontraram que resveratrol possui um possivel potencial anti-obesidade, uma vez que
inibe a diferenciacdo de pré-adipdcitos e induz a apoptose de adipécitos maduros (Yang et al,
2008). No entanto, os mecanismos pelos quais o resveratrol exerce tais efeitos positivos ainda

ndo estdo completamente elucidados (Baur et al, 2006).

Estudos realizados em ratos e células 3T3-L1 mostram que a expressdo de SIRTI é
modulada positivamente por resveratrol (Picard et al, 2004; Shan et al, 2009). Estudo em
modelo animal mostrou que tratamento com resveratrol ativa a expressao de SIRT1, bloqueando
a diferenciacdo das células mesenquimais em adipdcitos e favorecendo a diferenciacdo em
oestoblastos (Backesjo et al, 2006). Sabe-se também que a ativacdo da SIRT1 pelo resveratrol
produz efeitos positivos tais como melhora da sensibilidade a insulina, aumento do nimero e do

tamanho das mitocondrias e ativagdo da enzima proteina quinase ativada por AMP (AMPK), em
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células de figado de rato (Baur et al, 2006). A expressdo do fator de transcricio FOXO1

parece sofrer modulagdo por resveratrol. Bai e colaboradores encontraram que resveratrol
diminui significativamente a expressdo do mRNA de FOXO1 em pré-adipdcitos de porcos (Bai
et al, 2008). Por outro lado, Subauste e Burant observaram que tratamento com resveratrol
aumenta os niveis de FOXOI1, em células 3T3-L1 (Subauste e Burant, 2007). Além disso,
resveratrol pode estar envolvido na modulacio dos niveis de adiponectina. Pesquisas realizadas
por Rogers e colaboradores indicam que tratamento com resveratrol aumentou
significativamente as concentracdes séricas de adiponectina, prevenindo o acimulo de gordura
hepética (Rogers et al, 2008). Este aumento na expressdo de adiponectina foi acompanhado por
um aumento nos niveis do mRNA de SIRT1 e FOXO1 no tecido adiposo (Rogers ef al, 2008).
Qiao e Shao observaram que SIRT1 aumenta transcri¢cdo de adiponectina, através da ativacdo de
FOXOI1 em células 3T3-L1 (Qiao e Shao, 2006). Considerando a expressdao de PPARs, ja foi
descrito que resveratrol inibe a expressdo de PPARY em células 3T3-L1 de murinos (Floyed et
al, 2008), em adipdcitos isolados de porcos (Pang et al, 2006) e células 3T3-L1 de camundongos
(Rayalam et al, 2008). Quanto a isoforma PPAR[/J, ndo se sabe se resveratrol pode influenciar

sua expressao.

1.10 Justificativa

O TA tem sido freqiientemente associado ao desenvolvimento de comorbidades
relacionadas a obesidade. No entanto, pouco se sabe a respeito da regulacéo deste tecido a nivel
molecular. Sabe-se que o padrio de expressao de diversos genes apresenta diferencas entre o TA
retroperitoneal, subcutineo e visceral (Klein, 2004). O tecido adiposo visceral, por exemplo, estd
fortemente relacionado ao desenvolvimento de NAFLD, devido a grande secrecdo de adipocinas

e dcido graxo livre diretamente na circulag@o portal (Marchesini et al, 2008).
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Estudos sugerem que SIRT1, adiponectina, FOXO1, PPARY e PPARP/d possam estar

envolvidos na patogé€nese da NAFLD, em ratos (Oliver et al, 2001; Gavrilova et al, 2003;
Rogers et al, 2008). Na literatura, encontramos apenas um estudo que analisa e quantifica a
expressdo de adiponectina em humanos com diferentes graus de esteatose. Baranova e
colaboradores, estudando expressdo do mRNA de adiponectina no tecido adiposo visceral de
obesos, sugeriram que o baixo nivel de expressdo deste gene pode predispor ao desenvolvimento
de NASH (Baranova et al, 2006). Pesquisas envolvendo SIRT1, FOXO1, PPARs e NAFLD, em

humanos, nunca foram realizados.

Virios estudos demonstraram que tratamento com resveratrol aumenta a expressdao do
mRNA de SIRT1, FOXOI1 e adiponectina em células 3T3-L1 (Picard et al, 2004; Qiao e Shao,
2006; Subauste e Burant, 2008). Rayalam e colaboradores observaram que resveratrol modulou
negativamente a expressao de PPARY em células 3T3-L1 (Rayalam et al, 2008). Entretanto, a
modulagdo por resveratrol da expressio do mRNA de SIRT1, FOXOI, adiponectina, PPARY e

PPARP/6 em tecido adiposo visceral de humanos, ainda ndo foi descrita.

Com base no exposto, propomos duas hipdteses. A primeira € que a modulagdo da
expressdo relativa do mRNA de SIRT1, adiponectina, FOXO1, PPARY e PPARPB/d nos tecidos
adiposos retroperitoneal, subcutineo e visceral de pacientes obesos grau III esteja relacionado
com o grau de esteatose. E a segunda é que o resveratrol module positivamente SIRTI,

adiponectina, FOXO1 e PPARP/S e negativamente a expressdao do mRNA de PPARY.
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2. OBJETIVOS

2.1 Objetivo Geral

Parte I:

- Identificar os niveis basais de expressdo do mRNA de SIRT1, adiponectina, FOXO1, PPARYy e
PPARP/S nos diferentes tecidos adiposos (retroperitoneal, subcutineo e visceral) de individuos

obesos grau III com diferentes niveis de esteatose hepdtica.

Parte II:

- Identificar a acdo do resveratrol sobre a expressao do mRNA de SIRT1, adiponectina, FOXO1,

PPARY e PPARPB/S em adipdcitos isolados do tecido adiposo visceral de individuos obesos grau

I1I.

2.2 Objetivos especificos

Parte I:

- Quantificar e analisar por qRT-PCR a expressio do mRNA de SIRT1, adiponectina, FOXO1,
PPARY e PPARPB/SO em tecido adiposo retroperitoneal, subcutineo e visceral de individuos

obesos grau III com diferentes niveis de esteatose hepdtica.

- Correlacionar varidveis antropométricas e bioquimicas dos individuos obesos grau III com
diferentes niveis de esteatose hepatica com a expressdo dos genes citados acima nos trés tecidos

adiposos.
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Parte II:

- Estabelecer a técnica de isolamento, cultura e incubac¢do dos adipdcitos provenientes do tecido

adiposo visceral;

- Quantificar por qRT-PCR a expressao do mRNA de SIRT1, adiponectina, FOXO1, PPARY e

PPARP/d dos adipdcitos isolados do tecido adiposo visceral tratados com resveratrol (1uM);

- Determinar o efeito do tratamento com 1M de resveratrol sobre a expressdo do mRNA de
SIRT1, adiponectina, FOXO1, PPARY e PPARP/S, em adipdcitos isolados do tecido adiposo

visceral.
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PARTE II



3. CAPITULO 1

SIRT1 transcription are decreased in visceral adipose tissue of morbidly obese patients with

severe hepatic steatosis

(manuscrito aceito para publicacido no periddico Obesity Surgery)
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Abstract

Background Visceral adipose tissue is known to release
greater amounts of adipokines and free fatty acids into the
portal vein, being one of the most predictive factors of
nonalcoholic fatty liver disease (NAFLD). Our study has the
purpose to evaluate sirtuin 1 (SIRT1), adiponectin, Forkhead/
winged helix (FOXOLI), peroxisome proliferator-activated
receptor (PPAR)y1-3, and PPAR3/& mRNA expression in
morbidly obese patients in three different lipid depots: visceral
(VAT), subcutaneous (SAT), and retroperitoneal (RAT).
Recent studies suggest that SIRTI, a NAD -dependent
deacetylase, protects rats from NAFLD.

Methods We divided the patients in two groups: those with
slight or moderate steatosis (hepatic steatosis, HS) and
other comprising individuals with severe steatosis associated
or not with necroinflammation and fibrosis (severe hepatic
steatosis, SHS). The adipose tissue depots were obtained
during bariatric surgery. Total RNAs were extracted using
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TRIzol. The amount of genes of interest was determined by
quantitative real-time polymerase chain reaction.

Results When comparing the two groups of patients, a
decrease in SIRT1 was observed in VAT of morbidly obese
patients in SHS group (p=0.006). The mRNA expression of
the other genes showed no differences in VAT. No
difference was found either in SAT or in RAT for all genes
in the study. In addition, the homeostasis model assessment
for insulin resistance (HOMA-IR) value was higher in SHS
group compared to HS (p=0.006). Also, our results show
that the mRNA expression of SIRT1 and the value of
HOMA-IR were positively correlated in VAT of SHS
patients (r=0.654; p=0.048).

Conclusions Downregulation of SIRT1 mRNA expression in
VAT of SHS could be possible impairing mitochondria
biogenesis and fatty acid oxidation, promoting severe steatosis
in obese patients, Our results provide a possible proof of
SIRT1 protective potential in VAT against NAFLD in humans.

Keywords Adipose tissue depots - SIRTT -
Hepatic steatosis - Visceral adipose tissue

Abbreviations

NAFLD Nonaleoholic fatty liver disease
NASH Nonalcoholic steatohepatitis
AT Adipose tissue

FFA Free fatty acid

RAT Retroperitoneal adipose tissue

SAT Subcutaneous adipose tissue

VAT Visceral adipose tissue

FOXO01 Forkhead/winged helix

SIRT1 Sirtuin 1

PPAR Peroxisome proliferator-activated receptors
gRT-PCR  Quantitative real-time polymerase chain reaction
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Introduction

Obesity is a condition described as excess of body weight,
more specifically of adipose tissue (AT) [1, 2]. Evidence
suggests that there are differences in biochemical and
molecular characteristics of different lipid depots [3-6].
Visceral AT has greater lipolytic potential than subcutane-
ous AT, and the release of free fatty acid (FFA) from
visceral fat depots directly into the portal circulation is one
of the mechanisms of hepatic injury [7]. Busetto et al. found a
strong association between visceral fat accumulation and
liver steatosis in morbidly obese women [&].

Several studies in selected cohorts have extensively
demonstrated that obesity may play a role in the development
and progression of steatosis [9]. Nonalcoholic fatty liver
disease (NAFLD) is characterized as liver fat accumulation
[10]. Liver fat deposition may either be isolated (steatosis) or
associated with a variable degree of necroinflammation and
fibrosis (nonalcoholic steatohepatitis, NASH) [7, 9].

Sirtuins (SIRT) are a mammalian NAD-dependent
histone deacetylase family [11]. There are seven mamma-
lian sirtuins, SIRT1-7, of which SIRT1 has been the most
studied [12, 13]. SIRT1 has been implicated in the control
of lipid and glucose metabolism [14-16]. A recent study
suggests that moderated overexpression of SIRT1 protects
mice from NAFLD [17]. Another study found that the
expression of SIRT1 in liver is significantly reduced in
NAFLD induced by high-fat diet in rats [18]. In addition, the
protective role of SIRT1 in oxidative stress, which is
involved in the development of NASH [9], has been recently
evaluated [19-22].

Adiponectin is an adipocyte-derived protein that has anti-
obesity, antidiabetic, and anti-inflammatory properties and is
considered to have a hepatoprotective function [23]. In human
patients with NAFLD, serum adiponectin levels were found
to be decreased [24]. The transcriptional factor Forkhead/
winged helix (FOXO1) had been recently associated with
NAFLD [25-27]. Valenti et al., studying 84 patients with
liver fat accumulation, found that FOXO1 hepatic expression
was increased in patients with steatohepatitis [28].

The nuclear peroxisome proliferator-activated receptor
(PPAR) family has been intensively studied in the past
several years. The PPAR family comprises three isotypes:
PPARx, PPARy, and PPARP/6 [29]. PPARYy is highly
expressed in adipose tissue and plays a key role in
adipogenic activity [30, 31]. It has been reported that
SIRT1 represses PPARy in white AT by docking with its
cofactors nuclear receptor corepressor [14, 32]. PPARy
mRNA levels are usually elevated in steatotic mice liver
[33]. Little is known about PPARB/& related to NAFLD. A
recent study shows that treatment with PPAR3/6 agonist or
overexpression of this nuclear receptor markedly reduced
intracellular lipid accumulation [34].

@ Springer

Driven by the need for potent and safe options to treat
obesity and its related abnormalities as steatosis, numerous
efforts are currently under way to achieve a better
understanding of molecular networks controlling cellular
glucose, lipid, and energy metabolism [17]. The sequence of
events and the mediators linking AT, especially visceral fat,
to liver disease progression are not well defined [7]. Different
abdominal (visceral, subcutaneous, and retroperitoneal) AT
depots have different metabolisms and play a yet unknown
role in obesity and NAFLD. In this study, we investigated the
relationship between SIRT1, adiponectin, FOXO1, PPARy1-
3, and PPAR[3/5 relative mRNA expression in various ATs of
morbidly obese patients with different degrees of hepatic
steatosis.

Materials and Methods
Samples

Samples of visceral AT (VAT), subcutaneous AT (SAT), and
retroperitoneal AT (RAT) were obtained from 24 morbidly
obese patients (body mass index-BMI>40 kg/m?®) who
underwent open Roux-en-Y gastric bypass at the Center of
Morbid Obesity of the Sdo Lucas Hospital of the Pontificia
Universidade Catodlica do Rio Grande do Sul (Brazil). The
incision was made vertically along the midline, above
umbilicus, with a scalpel blade. At this region, SAT sample
was collected. To access the cavity, the surgeons opened the
aponeurosis with an electrocautery, and preperitoneal AT
resection was made, which was called retroperitoneal fat.
Next, VAT collection was made in omentum, without
cauterization. Subjects with a history of excessive drinking
or other specific liver diseases were excluded from the study.
Patients” weight had been stable for at least 1 year. No subjects
were taking any medications affecting adipocyte metabolism.
Patients were divided in two groups according to fat
liver accumulation levels, diagnosed by liver biopsy
material collected during bariatric surgery [9, 35]. Steatosis
degree was classified according to Burt et al. [36]. The
hepatic steatosis (HS) group was formed by patients with
slight to moderate steatosis (n=12), and the severe hepatic
steatosis (SHS) group was formed by patients with severe
steatosis assoclated or not with necroinflammation and
fibrosis (n=12). The study was approved by the Ethics
Committee of the Universidade Federal do Rio Grande do
Sul (No. 2007/936). All subjects were informed about the
aim of the study and signed the informed consent form.

Analysis of mRNA Expression

AT samples were collected and immediately immersed in
TRIzol reagent for total RNA extraction. Approximately
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2 ug of total RNA were added to each cDNA synthesis
reaction using 200 U of the M-MLV Reverse Transcriptase
(Invitrogen) in a final volume of 25 ulL. Reactions were
performed at 42°C for | h using the primer T23V (5'-TTT
TTT TTT TTT TTT TTT TTT TTV-3'). Quantitative real-
time polymerase chain reaction (qRT-PCR) amplification
was carried out using specific primer pairs designed with
the Primer 3 calculator (http://www.basic.northwestern.edu/
biotools/oligocalc.html) and synthesized by Prodimol (Sio
Paulo, Brazil). The sequences of the primers used are listed
in Table 1. An Applied-Biosystem 7500 real-time cycler
was used to carry out the qRT-PCRs. Reaction settings were
formed by an initial denaturation step of 5 min at 95°C
followed by 40 cycles of 15 s at 95°C, 10 s at 60°C, 15 s at
72°C, and 35 s at 60°C. Samples were held for 15 s at 95°C
for annealing and then heated for 1 min at 60°C with a
ramp of 0.1°C/s to acquire data to produce the denaturing
curve of the amplified products. The gqRT-PCRs were made
in a final volume of 20 ul, formed of 10 uL of each
reverse transcription sample diluted 40 to 100 times, 2 uL
of PCR buffer diluted ten times, 1.2 uL of 50 mM MgCl,,
0.1 ul of 5 mM deoxyribonucleotide triphosphate, 0.4 ulL
of 10 uM primer pairs, 4.25 uL of water, 2.0 uL of SYBR
green (1:10,000; Molecular Probe), and 0.05 uL of
Platinum Taq DNA polymerase (5 U/uL; Invitrogen).

Data Analyses

We quantified gene expression using the 27" (threshold
cycle) method [37]. For each sample analyzed in quadru-
plicate, a ACt value was obtained by subtracting the beta-
2-microglobulin (B2M) Ct value from the Ct value of the
gene of interest. The ACr mean value obtained for the HS
group was used to calculate the AACt of each gene and
tissue (2724,

The extensive clinical and laboratory data routinely
collected for each patient are shown in Table 2. The
homeostasis model assessment for insulin resistance

Table 1 Oligenucleotides used in qRT-PCR reactions

(HOMA-IR) is a mathematical model that measures values
of insulin resistance in humans. It is calculated as follows:
HOMA-IR=fasting plasma insulin level (microunits per
milliliter) % (fasting plasma glucose level (milligrams per
deciliter)*0.05551)/22.5 [38].

Statistics

To compare SIRTI, adiponectin, FOXOI1, and PPARs
mRNA expression between HS and SHS patients, we used
the nonparametric Mann—Whitmey U test. Data are shown
as median+confidence interval. To compare anthropometric
and biochemical parameters of morbidly obese patients
between the HS and SHS groups, we used the parametric
independent sample 7T test. Data are shown as mean+
standard deviation. The correlations were examined by the
nonparametric Spearman’s rank test. Differences were
considered statistically significant at p<0.05. All data were
calculated using the SPSS program (version 15.0).

Results

When evaluating anthropometric data (BMI, waist, and
hip), no significant difference was observed between HS
and SHS patients (Table 2). Considering age, HS patients
were a little younger than SHS patients were, but this
difference is not statistically significant. Alanine amino-
transferase (ALT) and aspartate aminotransferase (AST)
values showed no difference between the two groups, but
both mean values were above normal reference values in
the SHS group [39]. The serum triglyceride mean value of
HS patients was smaller than in SHS, but not statistically
different. Values of total cholesterol, high-density lipopro-
tein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) were not different between both
groups. However, HOMA-IR values were substantially
different in HS when compared with SHS (p=0.006). The

B2M

SIRT1

Adiponectin

FOXO01

PPARy1-3

PPARRB/S

Forward 5'-TGCTGTCTCCATGTTTGATGTATCT-¥
Reverse 5'-TCTCTGCTCCCCACCTCTAAGT-3
Forward 5'-GAGTGGCAAAGGAGCAGA-Y
Reverse 5-TCTGGCATGTCCCACTATC-3'

Forward 5'-TGGTGAGAAGGGTGAGAA-3'
Reverse 5"-AGATCTTGGTAAAGCGAATG-3
Forward §'-TGGACATGCTCAGCAGACATC-3'
Reverse 5'-TTGGGTCAGGCGGTTCA-3'

Forward 5'-AGGCCATTTTCTCAAAC-3'

Reverse 5-AGAAATGCTGGAGAAGTCAACA-3'
Forward 5"-AATGCCTACCTGAAAAACTTCAAC-3'
Reverse 5'-GTGCACGCTGATTCCTTGT-3
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Table 2 Anthropometric and biologic parameters of HS and SHS obese patients

HS group mean (=SE)

SHS group mean (=SE)

BMI (kg/m?)

Waist (cm)

Hip (em)

Age (years)

ALT (U/L)

AST (U/L)

Triglycerides (mg/dL)
Total cholesterol (mg/dL)
HDL-C (mg/dL)

LDL-C (mg/dL)
HOMA-IR (mmol/L = puU/mL)

46.76 (£2.96)
130.00 (£6.26)
141.50 (£5.31)
34.83 (£3.21)
2891 (£5.09)
41.73 (£8.48)
147.8 (£26.43)
189.0 (£9.06)
46.80 (=1.88)
129.6 (+8.04)
5.01 (20.74)

47.57 (£2.68)
137.08 (+5.38)
141.08 (£7.07)

36.08 (£3.32)

39.67 (=10.53)

59.00 (£14.24)
159.75 (£21.17)
185.08 (£12.20)
49.09 (=5.14)
111.36 (£11.91)

7.02 (£1.58)*

To compare anthropometric and biologic data between obese patients with HS and the SHS groups, the parametric independent sample 7 test was

used to calculated p values

*p<0.05 (represents a statistically significant difference between HS and SHS)

mean value of HOMA-IR was 5.01+£0.74 in HS and 7.02+
1.58 in SHS.

The expression of SIRTI, adiponectin, FOXOI1,
PPARvy1-3, and PPARP/d mRNA in VAT, SAT, and RAT
of morbidly obese subjects was assessed by gRT-PCR.
Table 3 retflects the relative SIRT] mRNA expression
profile of morbidly obese patients in the three ATs. In
VAT, SIRT] mRNA expression was statistically different

between the HS and SHS groups (p=0.006). In this tissue,
SIRT1 amounts were lower in SHS (0.12) when compared
with HS (1.04). SIRT1 relative mRNA expression in SAT
and RAT did not maintain the statistically difference
between the two groups of patients (Table 3).

Table 3 also presents adiponectin and FOXO1 relative
mRNA expression of both groups of patients. The expression
of adiponectin and FOXO1 in SAT and VAT was not

Table 3 Comparative analyses of SIRT1, adiponectin, FOXO1, PPARy1-3, and PPARB/d mRNA levels between HS and SHS obese patients in

VAT, SAT, and RAT

Gene VAT (median=confidence interval) SAT (median=confidence interval) RAT (median=confidence interval)
SIRT1
Group HS 1.04 (0.37-3.49) 1.39 (0.19-4.01) 0.82 (-0.58-4.60)
Group SHS 0.12 (0.09-0.57)* 0.80 (0.03-2.62) 0.60 (0.28-1.11)
Adiponectin
Group HS 1.44 (0.50-2.14) 1.97 (-1.46-8.24) ND
Group SHS 1.77 (0.23-3.57) 536 (-1.97-11.84) ND
FOXO01
Group HS 1.37 (0.36-2.64) 1.04 (0.56-1.65) ND
Group SHS 1.84 (1.27-2.47) 0.59 (0.28-0.81) ND
PPARy1-3
Group HS 1.38 (-0.66-5.93) 1.14 (0.27-3.10) 1.41 (0.26-2.87)
Group SHS 0.75 (0.20-1.75) 0.65 (0.01-1.89) 0.64 (0.44-0.90)
PPARR/S
Group HS 1.43 (0.28-2.75) 1.35 (0.01-2.92) 1.30 (0.02-3.43)
Group SHS 0.80 (0.20~1.27) 1.36 (-0.20—4.86) 0.76 (0.17-1.17)

To compare the expression pattern of SIRT1, adiponectin, FOXO1, PPARy1-3, and PPARP/5 mRNA in different abdominal AT—VAT, SAT, and
RAT—in the HS and SHS groups, the nonparametric Mann—-Whitney U test was used. Data are shown as median=confidence interval. Relative

expressions were normalized against B2M (ACyt) and calibrated to the mean value of HS of each gene and tissue (

ND not determined
*p<0.05 (a statistically significant difference between HS and SHS)

@ Springer

JmAACH)



OBES SURG

31

statistically different between the two groups. We did not
analyze adiponectin and FOXO1 mRNA expression in RAT.

Furthermore, we analyzed PPARvy1-3 and PPARP/&
expression in the three AT depots (Table 3). When
comparing the PPARy1-3 and PPARP3/d relative mRNA
expression between HS and SHS, we found that there was
no statistically significant difference in VAT, SAT, and RAT
between these two groups.

Gene expression in VAT, anthropometric, and biochem-
ical parameters of morbidly obese patients were correlated.
We found a positive correlation between SIRT1 mRNA
expression and HOMA-IR value (#=0.654, p=0.048) in
SHS group.

Discussion

Adipose tissue is not simply a storage depot for energy but
rather an endocrine organ. VAT is known to release large
quantities of adipokines and FFAs into the portal vein,
being one of the most predictive factors of NAFLD [7, 9].
The sequence of events and the mediators linking abdominal
fat to liver disease progression are not well defined [7].
Information on site-related gene expression of SIRTI,
adiponectin, FOXO1, and PPARs in human AT is limited.
The aim of this study was to compare the relative mRNA
expression of SIRT1, adiponectin, FOXO1, PPARy1-3, and
PPARf/6 in morbidly obese patients with different grades of
hepatic steatosis. We evaluated gene expression in various
abdominal tissues—visceral, subcutaneous, and retroperito-
neal—to understand the role of different adipose depots in
NAFLD obese patients.

Almost nothing is known about PPARs expression in
human adipose tissue related to NAFLD. Transgenic
expression of an activated form of PPARP/d in AT
produces lean mice that are resistant to obesity and tissue
steatosis [40]. We found no difference in PPARy1-3 and
PPAR[3/6 mRNA expression in various abdominal adipose
depots between HS and SHS morbidly obese patients. A
recent study published by our group suggests a probable
imbalance between PPAR[(/& (involved in fatty acid
oxidation) and PPARy1-3 (related to adipogenesis) expres-
sion regulating adipocytes development in obesity [41].
PPAR expression in AT could be associated with obesity
[41] but, according to our present results, may be not related
to NAFLD severity.

An increased number of evidence has linked NAFLD
and metabolic syndrome with an excess of visceral fat
[7, 9]. Although the data are mainly epidemiologic, the
pathogenesis of NAFLD and metabolic syndrome seems to
have a common pathophysiologic mechanism [19]. VAT
tissue releases greater quantities of adipokines and excess
FFAs into the portal vein, exposing the liver to higher FFA

concentrations [7, 9]. There is one study that analyzed
adiponectin expression in human AT related to NAFLD
[42]. By the other side, neither study has been yet described
about SIRT1 and FOXO1 mRNA expression in human AT
of morbidly obese patients related to NAFLD. Our results
indicate a reduced SIRTI mRNA expression in SHS
compared to HS morbidly obese patients, only in VAT.
We did not find any difference in adiponectin and FOXO1
mRNA expression between HS and SHS in this tissue.

A few number of studies have suggested the protective
effects of SIRT! on the pathogenesis of NAFLD. Pfluger et
al. found that transgenic mice moderately overexpressing
SIRT1, when on a high fatty acid diet, are almost entirely
protected from hepatic steatosis [17]. Yamazaki et al., using
a SIRT1 specific activator (SRT1720), found that SRT1720
treatment significantly reduced triglycerides and amino-
transferase levels, lipogenic genes expression (acetyl-CoA
carboxylase and fatty acid synthase), and FFA serum levels
in MSG mice [43].

Also, SIRT1 is involved in fatty acid mobilization in AT
[32] and has been related to the stimulus of mitochondrial
biogenesis [12]. Recent studies emphasize the role of
mitochondrial dysfunction in the development and progres-
sion of NAFLD [17, 44]. Maassen et al. have recently
published the hypothesis that one of the functions of
mitochondria in AT is to prevent leakage of fatty acids into
the circulation, which could attenuate the development of
ectopic triacylglycerol deposits in the liver [45]. Therefore,
downregulation of SIRT1 in VAT of obese patients with
severe steatosis could impair mitochondrial activity, increase
the release of FFA into the portal circulation, and augment the
hepatic oxidative stress and inflammation-related genes
expression which contribute to the development of steatohe-
patitis [17, 44, 46].

The present study is the first report to analyze SIRTI,
adiponectin, FOXO1, PPARy1-3, and PPAR[3/d expression
in SAT of morbidly obese patients with different degrees of
steatosis. A previous study had discussed the role of
subcutaneous fat in NAFLD [17], but we found no difference
in gene expression in SAT between simple and severe
steatosis. There are no studies on RAT related to NAFLD.
No statistically significant difference was observed in SIRT1,
adiponectin, FOXO1, PPARy1-3, and PPARB/6 mRNA
expression in this tissue in HS and SHS patients.

In the present study, we evaluated the gene mRNA
expression levels, which may not necessarily equate to
protein synthesize. Therefore, further studies are necessary
to reveal this.

The molecular mechanisms underlying the relationship
between fat liver accumulation and insulin resistance have
not been evaluated in humans [28]. NAFLD was signifi-
cantly associated with HOMA-IR, which is more marked in
the presence of NASH [28]. Park et al., studying the
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prevalence and risk factors of nonalcoholic fatty liver
disease among Korean adults, found that NAFLD was
significantly associated with elevated HOMA-IR [47]. In
our study, we observed that the HOMA-IR mean value in
HS was statistically smaller in SHS and that in SHS group,
SIRT1 cormrelated positively with HOMA-IR, suggesting
that lower SIRT1 mRNA expression could also be involved
in glucose and insulin metabolism damaging in SHS
patients.

In summary, the present study shows that SIRT1 relative
mRNA expression was lower in VAT of SHS patients when
compared with HS patients. We suggest that downregulation
of SIRTI in VAT of SHS could impair mitochondria
biogenesis and fatty acid oxidation, promoting severe hepatic
steatosis in morbidly obese patients. VAT plays an important
role in the pathogenesis of hepatic steatosis because it supplies
fat to the liver via the portal vein, and SIRT1 could prevent
FFAs from being released from VAT. Nevertheless, our study
really provided a molecular evidence for the use of SIRT1 as a
therapy for the management of NAFLD. More research is
necessary to better the association between VAT and steatosis.
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Abstract

Background & aims: The SIRT1 enzyme is involved in adipose tissue lipolysis. FOXO1 is a
protein that plays a significant role in regulating metabolism. Adiponectin is an adipokine,
secreted by the adipose tissue, which has been considered to have a anti-obesity function. PPARY
is one of the key actors in adipocytes differentiation. This study was undertaken to investigate
whether resveratrol can regulate SIRT1, FOXOI, adiponectin, PPARY1-3 and PPARP/S in
human adipose tissue. Material and Methods: The effects of resveratrol were analyzed in freshly
isolated adipocytes prepared from visceral fat tissue samples obtained during bariatric surgery.
Genes mRNA levels were determined by qRT-PCR. Results: Ours results show that resveratrol
modulates the studied genes, increasing SIRT1 (p=0.021), FOXO1 (p=0.001) and adiponectin
(p=0.025) mRNA expression; and decreasing PPARY1-3 (p=0.003) mRNA in human visceral
adipocytes. Conclusions: Resveratrol, in vitro and at low concentration, modulates genes that are
related to lipid metabolism, possibly preventing metabolic disease in human visceral adipose

tissue.

1. Introduction

Obesity is related to the metabolic syndrome, and visceral adipose tissue (VAT) has been
proposed to mediate this 1relationship.l The study of adipose tissue (AT), particularly adipocytes,
is central to the understanding of metabolic abnormalities associated with the development of
weight gain.2 Adipocytes are involved in energy balance regulation by endocrine and
nonendocrine mechanisms, which can be controlled by various hormones, cytokines and
nutrients. During the last couple of years several studies have used in vitro and in vivo systems
to focus on various biological effects of resveratrol (3,5,4—‘[rihydroxystilber1e).3 Some of these
results indicate that resveratrol mediated effects that are consistent with metabolic syndrome

prevention, in obese mice and 3T3-L1 adipocy‘[es.4’5’6
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Sirtuin 1 (SIRT1) is one of the seven mammalian homologs of Sir2 family that

catalyzes NAD"-dependent protein deacetylation.7 Scientists have been proposing that SIRT1
might be a target protein to prevent and control obesity and related diseases.”> * In yeast,
resveratrol significantly increases SIRT1 activity through an allosteric interaction, resulting in
the increase of SIRT1 affinity for both NAD" and the acetylated substrate.” In mice on a high-
caloric diet, resveratrol produces SIRT1-dependent effects that are consistent with improved
cellular function and organism health. 4

Forkhead/winged helix] (FOXO1) is a transcription factor found to inhibit
adipogenesis.lo Subauste and Burant found that treatment with resveratrol was able to increase
FOXOI levels in 3T3-L1 adipocytes.11 Moreover, a recent study of Wang and Tong shows that
FOXOI can function as a transrepressor of PPARY in white AT through a direct protein-protein
interaction."

Adiponectin is an adipocyte-derived protein that has anti-obesity, antidiabetic and anti-
inflammatory properties.12 Rogers et al. recently found that resveratrol treatment of ethanol-fed
mice markedly increased serum adiponectin concentrations with prevention of hepatic fat
accumulation.”” SIRT1 and FOXOI1 are apparently involved in transcriptional regulation of
adiponectin in mice AT."

The nuclear peroxisome proliferator-activated receptor (PPAR) family has been
intensively study in the past several years.14 PPAR family comprises three isotypes: PPAR«,
PPARY and PPARB/&15 The nuclear hormone receptor PPARY is a central regulator of
adipogenesis and plays a dominant role in fat tissue development.15 As studied by Floyd et al,
resveratrol negatively modulates PPARy protein levels in 3T3-L1 adipocytes.5 It has been
reported that SIRT1 represses PPARY in white AT by docking with its cofactors NCoR (nuclear
receptor co—repressor).8 No studies have been done about resveratrol modulation on PPARB/S in

human adipocytes.
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To date, there are few reports linking dietary compounds to human adipocytes' genes

expression in the literature. On the other hand, there are lots of papers citing VAT playing an
important role in the metabolic syndrome.16 The great quantities of cytokines and free fatty acids
released from VAT contribute to the development of obesity-related disorders such as insulin
resistance, non-alcoholic fatty liver disease (NAFLD), hypertension, dyslipidemia and
cardiovascular disease.' Therefore, this article will focus of the modulation by resveratrol on
SIRT1, FOXOI, adiponectin, PPARY1-3 and PPARP/J relative mRNA expression in isolated
visceral adipocytes of morbidly obese patients. The results of this study will provide important
information regarding visceral adipocytes and obesity modulation by resveratrol, as well as

dietetic medical research.

2.Materials and Methods
2.1. Preparation of human isolated adipocytes

VAT samples were obtained from 4 morbidly obese patients (BMI = 40 kg/mz) who
underwent open Roux-en-Y gastric bypass (RYGBP) at Centro de Obesidade Mérbida of
Hospital Sao Lucas of Pontificia Universidade Catélica do Rio Grande do Sul (COM/PUCRS,
Brazil). Patient’s weights were stable for at least one year. No subjects were taking any
medications affecting adipocyte metabolism. The study was approved by the Ethics Committee
of Universidade Federal do Rio Grande do Sul (n® 2007/936). All subjects were informed about
the aim of the study and signed the informed consent form.

Adipocytes were isolated according to a previous described method. 17.18 Sample of VAT
(10g) was immediately immersed in Hanks” medium kept at 4 °C, and brought to the laboratory
to start cell preparation within 15 minutes after tissue sampling. Adipocytes were isolated by
collagenase digestion (0.5 mg/mL; type II; Sigma) at 37 °C during 55 min, in Hank’s medium
buffered with 20 mmol/L HEPES (Sigma) and supplemented with 200 nmol/L adenosine

(Sigma) and 4% (wt/vol) fatty acid-free bovine serum albumin (Sigma). Cells were filtered
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through a 500-wm mesh nylon filter and washed three times in Dulbecco’s modified Eagle’s

medium (DMEM) containing 4% fatty acid-free bovine serum albumin.'” '8

2.2. Adipocytes incubation

Isolated adipocytes were incubated at 37°C under 5% CO, in DMEM containing 4% fatty
acid-free bovine serum albumin in a final volume of 1 mL with resveratrol (Sigma) at 1 uM
(resveratrol group; n=10) or without resveratrol (control group; n=13) for 4 hours.'”'"® To
determine the culture time and concentration, we first treated adipocytes for different times (4, 5
and 6 hours) with resveratrol at different concentrations (1, 10 and 30 uM) and analyzed SIRT1
mRNA expression. We found no difference between the tested concentrations and times. Thus, 1
uM at 4 hours was used to modulate isolated adipocytes to achieve resveratrol modulation with
minimal cytotoxicity. Resveratrol stock solutions (I mM) were prepared in absolute ethanol and
stored at -20 °C in sterilized eppendorfs, away from light. Dilutions were held, direct in to the
medium, at 37 °C for at least 1 hour before addition cell addition. The average cell number in the
incubation medium varied from 50,000 to 150,000 cell/mL. At the end of the incubation periods,
the infranatant was removed by aspiration and cells were immediately immersed in Trizol

reagent for total RNA extraction.

2.3. Analysis of mRNA expression

Approximately 2 pg of total RNA obtained from Trizol were added to each cDNA
synthesis reaction using the M-MLV Reverse Transcriptase (Invitrogen). Reactions were
performed at 42°C for 1h using the primer T23V (5° TTT TTT TTT TTT TTT TTT TTT TTV
37). Quantification real-time polymerase chain reaction (QRT-PCRs) amplification was carried
out using  specific  primer  pairs designed with  Primer 3  calculator
(http://www.basic.northwestern.edu/biotools/oligocalc.html) and synthesized by Prodimol (Sao

Paulo. Brazil). The sequences of the primers used are listed in Table 1. Applied-Biosystem 7500
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real-time cycler was used to carry out the qPCRs. Reaction settings comprised of an initial

denaturation step of 5 min at 95 °C, followed by 40 cycles of 15s at 95 °C, 10s at 60 °C, 15s at 72
°C and 35s at 60 °C; samples were held for 15s at 95°C for annealing, and then heated for 1 min
at 60°C with a ramp of 0.1°C/s to acquire data to produce the denaturing curve of the amplified
products. gqRT-PCRs were done on a final volume of 20 pul, composed of 10 pL of each reverse
transcription sample diluted 40 to 100 times, 2 pL 10 times PCR buffer, 1.2 pL. of 50 mM
MgCl,, 0.1 pL. of 5 mM dNTPs, 0.4 puL. of 10 puM primer pairs, 4.25 pL of water, 2.0 uL of
SYBR green (1:10.000 Molecular Probe), and 0.05 pL of Platinum Taq DNA polymerase (5

U/uL) (Invitrogen).

2.4. Data analyses

prAAct (threshold cycle) method."” For each

The gene expression was quantified using the
well, analyzed in quadruplicate, a ACr value was obtained by subtracting the beta-2-
microglobulin (B2M) Cr value from the Cr value of the interest gene. The ACt mean value

obtained from the control group of each gene was used to calculate the AACt of the respectively

gene (Z'AACt).

2.5. Statistics
Results were analyzed with the parametric independent sample T-test. Data are shown as
mean * standard error and they were calculated using the SPSS program (version 15.0).

Differences were considered statistically significant at P<0.05.

3. Results
The adipocytes were isolated from obese patients with similar biochemical and

anthropometric parameters (Table II). The ability of 1 UM resveratrol to modulate SIRTI,
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FOXOIl, adiponectin, PPARY1-3 and PPARP/0 mRNA expression in isolated visceral

adipocytes was investigated. The expression of genes mRNA in visceral adipocytes of morbidly
obese subjects was assessed by qRT-PCR (Figure 1). Resveratrol significantly modulated the
SIRT1 mRNA pattern in isolated visceral adipocytes (p=0.021). The relative amounts of SIRT1
mRNA were higher in resveratrol-treated cells (1.84+0.29) compared to the control (1.10+0.14).
In addition, results showed that FOXO1l mRNA expression was statistically increased in
adipocytes treated with 1 UM resveratrol (p=0.001). Amounts of FOXO1 were higher in treated
(41.9£12.5) compared to control (1.07£0.12) cells. Moreover, resveratrol-treated cells showed
significantly increased adiponectin mRNA expression (4.24+1.62) compared to control
(1.17£0.20) (p=0.025). Considering PPARY1-3, resveratrol significantly down modulates the
mRNA expression (p=0.003). Resveratrol decreased PPARY1-3 quantities in treated visceral
adipocyte cells (0.34+0.01) compared with the control (1.08+0.12). Finally, resveratrol has no
effect on adipocytes PPARB/d mRNA expression (p=0.312). Amounts of PPARB/6 mRNA were

1.13£0.15 in control and 0.80+0.06 in the resveratrol group.

4. Discussion

Adipose tissue accumulation, especially VAT, is closely associated with metabolic
syndrome.16 Adipocytes can be controlled under the influence of various nutrients.” Resveratrol
has been identified as a potent modulator of adipocytes' metabolism.® Information related to
resveratrol modulation on human visceral adipocytes is limited. This study aimed at verifying the
ability of resveratrol to modulate SIRT1, FOXO1, adiponectin, PPARY1-3 and PPAR[/d mRNA
expression on human isolated visceral adipocyte cells. Although resveratrol is absorbed
efficiently by humans, it has a very low systemic bioavailabili‘[y.20 We found that resveratrol, in
vitro and in low concentrations (1 pM), could be sufficient to alter genes expression in human

visceral adipocytes culture, increasing SIRT1, FOXO1 and adiponectin mRNA quantities and
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decreasing PPARY1-3 mRNA amounts. Resveratrol did not modulate PPARB/d mRNA in

human adipocytes, at this concentration.

SIRTI is a NAD"-dependent enzyme that is involved in a variety of biological processes
such as fatty acids mobilization in AT, stimulus of mitochondrial biogenesis and prevention of
metabolic syndrome.zl’ 2 Recently, the authors of the present study found that decreased SIRT1
mRNA expression in VAT of morbidly obese patients could be involved with the worsening of
non-alcoholic fat liver disease (to be published). Resveratrol is one of the natural compound
witch are able to activate SIRT1.'® Shan er al. found that when porcine adipocyte cells are
exposed to resveratrol, SIRT1 mRNA levels were increased.”’ In agreement, another study found
that resveratrol significantly increased SIRT1 mRNA expression in pig adipocytes.2 The present
study is the first done, to our knowledge, on resveratrol modulation on SIRT1 mRNA expression
in human adipocytes. The present results of qRT-PRC show that 1 uM resveratrol increased
SIRT1 mRNA expression in human visceral adipocyte cells. Picard et al. have shown that
resveratrol reduces blood TG content, stimulates free fatty acid release and inhibits adipocyte
differentiation and fat accumulation by activation of SIRT1 in 3T3-L1 adipocytes.8 Moreover,
Logauge et al. found that treatment of mice with resveratrol, through increasing SIRT1 activity,
significantly increases mitochondrial activity in brown AT.” Mitochondria malfunction,
especially in VAT, is central to the development of metabolic syndrome.23 We suggest that
resveratrol SIRT1 stimulation can possibly act on human visceral lipid metabolism, improving
adipocytes activity.

Forkhead proteins and FOXO1 in particular, play a significant role in regulating whole
body energy metabolism.”* FOXOI, depending on tissue localization, may have protective or
negative effects on insulin resistance, diabetes and vascular function. 2 1n adipose tissue, it
seems that FOXO1 improves glucose tolerance and insulin sensitivi‘[y.25 The present results show
that resveratrol upregulated FOXO1 mRNA expression in mature adipocytes. Bai et al. found

that resveratrol significantly decreased the expression of FOXO1 mRNA in pig preadipocytes.2
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However, Subauste and Burant found that treatment with resveratrol was able to increase

FOXOI protein levels, decreasing the generation of reactive oxygen species (ROS) and reversing
the changes associated with fatty acid overloading, in 3T3-L1 adipocytes.11 ROS production has
been established as an essential contributor in the pathogenesis of obesity-associated insulin
resistance.'' Furthermore, Qiao er al. recently suggest that SIRT1 deacetylates FOXOI,
promoting its transcriptional activi‘[y.26 Then, it is possible that resveratrol can be a health
nutrient for human visceral adipocytes, since it induces SIRT1 and FOXOI1 activation.

Adiponectin is an adipocyte-derived protein that has anti-obesity, antidiabetic and anti-
inflammatory properties.12 Rogers et al. found that resveratrol treatment of ethanol-fed mice
markedly increased serum adiponectin concentrations with prevention of hepatic fat
accumulation.”” The authors observed that the adiponectin upregulation was associated with
increased mRNA levels of SIRT1 and FOXO1 in mice adipose tissue. VAT is known to release
free fatty acid (FFA) directly into the portal circulation, a mechanism that can improve the
development of NAFLD.? Another study found that resveratrol treatment increased adiponectin
serum concentration, improved dyslipidemia, hyperinsulinemia and hypertension and produced
anti-inflammatory effects in VAT of obese Zucker rats.® Furthermore, Qiao et al. suggest that
SIRT1 increases adiponectin transcription by activating FOXO1 in 3T3-Ll1 cells.”® Once
adiponectin is considered to be a protective cytokine, one can conclude that resveratrol, through
adiponectin upregulation, possibly has a protective role in human visceral adipocytes
metabolism.

The PPARY is a nuclear receptor that is regarded as a master regulator of adipogenesis.8
Wang et al. described that overexpression of PPARP/S in AT displays an upregulation of genes
involved in fatty acid oxidation and energy dissipation.28 A recent study published by our group
suggests that a probable imbalance between PPARPB/d (involved in fatty acid oxidation) and
PPARY1-3 (related to adipogenesis) expression can regulate adipocytes' development in

obesity.28 In the present study, results show that resveratrol significantly decreases PPARY1-3,
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but does not modulate PPARB/d mRNA expression in human visceral adipocytes. Nothing is

known about resveratrol modulation of PPARY1-3 and PPARB/6 mRNA expression in human
VAT. In murine 3T3-L1 preadipocytes, resveratrol functions as a nutrition inhibitor of PPARy
activity expression.5 Rayalam et al. found that resveratrol downregulated PPARYy in mice 3T3-L1
cell.”? Resveratrol was shown to decrease adipogenesis in pig primary preadipocytes.3 0
Moreover, Picard et al. had shown that SIRT1 promotes fat mobilization by repressing PPARY1-
3 in mice adipocytes.8 Also, FOXOI1 represses PPARY gene expression in primary adipocytes
and increases insulin sensitivity.25 The results of the present study suggest that resveratrol is
probably an important nutrient related to the control of obesity in visceral human AT, since it can
modulate SIRT1, FOXO1 and PPARY1-3.

In the present study we evaluated the gene expression levels and the modulation by
resveratrol but message does not necessarily equate to protein synthesize. Therefore, further
studies are necessary to reveal the pos-transcriptional control.

In summary, the present results show that resveratrol positively modulates SIRTI,
adiponectin and FOXO1 and decreases PPARY1-3 mRNA expression. It is possible that these
genes' pathways are interconnecting in the same way in human visceral adipose depot, and that
resveratrol has a potential therapeutic use for obesity-induced dysfunctional adipocytes. The
expression pattern of the studied genes will contribute to understanding the association between
resveratrol and visceral adipocytes and may provide data for using this nutrient as a future
human therapy for obesity and metabolic syndrome protection. More researches is necessary for
better understanding this relationship.
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Figure 1: Effects of 1 uM resveratrol on SIRT1, FOXO1, adiponectin, PPARY1-3 and PPARP/

mRNA expression in isolated human visceral adipocytes.

Tables

Table I: Oligonucleotides used in qRT-PCR.

Forward 5°- TGCTGTCTCCATGTTTGATGTATCT- 3’

B2M
Reverse 5’- TCTCTGCTCCCCACCTCTAAGT- 3’
SIRT1 Forward 5°- GAGTGGCAAAGGAGCAGA - 3
Reverse 5’- TCTGGCATGTCCCACTATC- 3’
Forward 5°- TGGTGAGAAGGGTGAGAA- 3’
Adiponectin
Reverse - AGATCTTGGTAAAGCGAATG- 3’
Forward 5"- TGGACATGCTCAGCAGACATC- 3’
FOXO1
Reverse 5'- TTGGGTCAGGCGGTTCA- 3’
Forward 5°- AGGCCATTTTCTCAAAC - 3’
PPARYL-3
Reverse 5'- AGAAATGCTGGAGAAGTCAACA- 3’
Forward 5°- AATGCCTACCTGAAAAACTTCAAC- 3’
PPARB/S  poverse 5'- GTGCACGCTGATTCCTTGT- 3
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Table II: Anthropometrics and biologic parameters of morbidly obese patients (mean *+ SE).

Mean (SE)
BMI (kg/m®) 46.78 (£2.06)
Waist (cm) 134.75 (£5.08)
Hip (cm) 146.0 (£4.57)
Age (years) 41.75 (£2.80)
ALT (U/L) 24.50 (£3.12)
AST (U/L) 30.25 (£4.46)
Triglycerides (mg/dL) 151.0 (£17.11)
Total cholesterol (mg/dL) 181.0 (£9.61)
HDL-C (mg/dL) 45.0 (£0.89)
LDL-C (mg/dL) 102.75 (£10.52)

HOMA-IR*® 10.75 (+2.06)




50
Figure 1: Effects of 1 uM resveratrol on SIRT1, FOXOI, adiponectin, PPARY1-3 and

PPARPB/d mRNA expression on isolated human visceral adipocytes.
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The parametric independent sample T-test was used to compare the expression pattern of SIRTI,
FOXO1, adiponectin, PPARY1-3 and PPAR[/6 mRNA in treated human visceral adipocytes after
four hours of incubation with 1 uM of resveratrol. Open boxes indicate the control values. The
values are presented as logarithmic mean + standard error. Relative expressions were normalized
against B2M (ACt) and calibrated to the mean value of control cells in each gene (2'AACt). (*)

represents a statistically significant difference between treated and control cells (P<0.05).
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5. DISCUSSAO

A obesidade, caracterizada pelo excesso de TA, estd associada a inimeras comorbidades
metabdlicas, entre elas, a esteatose (Marchesini et al, 2008). A prevaléncia de NAFLD entre
pessoas eutréficas é estimada entre 10 a 20 %; entre obesos, entre 60 a 74 %; e entre obesos
morbidos, € maior que 90% (Vetelainen et al, 2007). No entanto, o exato mecanismo molecular
pelo qual o excesso de TA contribui para o acimulo hepético de gordura, ainda ndo estd claro
(Paschos e Paletas, 2009). Especialmente o TAV parece ser o elo entre o aumento de peso € o
acumulo de lipideo no figado (Marchesini et al, 2009). A importancia da gordura visceral na
patogénese da NAFLD também tem sido demonstrada em modelos animais. Estudo experimental
mostra que resseccao cirdrgica dos depdsitos de gordura intra-abdominal reverte a esteatose em
ratos obesos (Gabriely e Barzilai, 2003). Sabe-se que o TAV € lipoliticamente mais ativo do que
o tecido subcutineo e que a liberacdo de grandes quantidades de citoquinas e dcidos graxos,
oriundos do TAV diretamente na veia porta, expde o figado a maior concentracdo de acidos
graxos livres (AGL) e adipocitocinas, sendo este um dos mecanismos que contribui para a injdria
hepética (Saito et al, 2007).

Estudos em modelo animal revelaram que alguns genes podem estar envolvidos na
patogénese da esteatose, tais como SIRT1, adiponectina, FOXO1, PPARY e PPARPB/S (Gavrilova
et al, 2003; Rogers et al, 2008; Pfluger et al, 2008; Qin et al, 2008). No entanto, pouco se sabe
sobre a expressdo destes genes em tecidos adiposos humanos. Na primeira parte deste trabalho,
avaliou-se a expressao relativa do mRNA de SIRT1, adiponectina, FOXO1, PPARY e PPARP/d
em tecido adiposo retroperitonial, subcutineo e visceral de pacientes obesos grau III com
diferentes niveis de esteatose.

Comparando os dois grupos estudados, nossos resultados mostram uma diminuicio
significativa da expressdo de SIRT1 no TAV de individuos obesos grau III com diagndstico de

esteatose severa associada ou ndo a fibrose e necroinflamagéo do parénquima hepético. Nao foi
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observada diferenca na expressdo de SIRT1 no tecido adiposo retroperitoneal e subcutianeo

entre os grupos estudados. Nao foi observada diferenca na expressido de adiponectina, FOXO1,
PPARY e PPARP/S entre os grupos estudados em nenhum dos trés tecidos. Considerado os dados
clinicos, observamos que o valor médio de HOMA-IR foi maior em obesos esteatdticos severos.
Dados de correlacdo revelaram, que no TAV dos individuos esteatoticos severos, a expressio do
mRNA de SIRT1 correlacionou-se diretamente com os valores de HOMA-IR.

A perda do peso é considerada essencial ao tratamento de pacientes com esteatose
hepética (Wang er al, 2009). E bastante reconhecido o papel da restri¢do calérica na redugio de
peso (Deng et al, 2007). Estudos recentes indicam a SIRT1 como um gene que mimetiza os
efeitos da restri¢cdo caldrica (Picard e Guarente, 2005). A idéia de estudar a acdo da SIRT1 na
NAFLD surgiu a partir destas observacdes. Deng e colaboradores avaliaram a expressdo da
SIRT1 por western blot no figado de animais induzidos a NAFLD através de dieta (Deng et al,
2007). Os autores encontraram que a expressao de SIRT1 diminui na doenca hepdtica (Deng et
al, 2007). Foi visto também que ratos transgénicos com aumento na expressao de SIRT1 estdo
protegidos da NAFLD induzida por dieta (Pfluger et al, 2008). Yamazaki e colaboradores,
usando um ativador especifico para SIRT1 (SRT720), encontraram que o tratamento com
SRT1720 reduziu significativamente os niveis de triglicerideos e aminotransferases séricas, a
expressdo de genes lipogénicos (acetil-CoA carboxilase e dcido graxo sintetase) e AG, em ratos
MSG (Yamazaki et al, 2009).

Revisando a literatura podemos afirmar que, até o0 momento, este é o primeiro estudo que
quantifica e compara a expressao relativa do transcrito reverso de SIRT1 em diferentes TAs
entre pacientes obesos com diferentes niveis de esteatose, apesar da estreita relagdo entre TAV e
actimulo hepético de lipideos. Nossos resultados indicam que a expressdo relativa do mRNA de
SIRT1 foi vinte vezes menor no TAV de individuos obesos com esteatose severa, comparada a
obesos com esteatose simples ou moderada, sugerindo possivel efeito protetor da SIRT1 no TAV

contra NAFLD de pacientes obesos grau III.
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A seguir citamos duas possiveis rotas para a acio benéfica da SIRT1 contra NAFLD, a

partir de dados de outros estudos:

1. Papel regulador da SIRTI na disfun¢do mitocondrial;

Estudos revelam que a enzima SIRTI estd envolvida no estimulo a biogénese
mitocondrial (Westphal et al, 2007). Publicacdes recentes ressaltam o papel da disfungo
mitocondrial na NAFLD (Pfluger er al, 2008; Wei et al, 2008). Maassen e colaboradores
sugeriram a hipétese de que uma das fun¢des das mitocondrias no TA € prevenir a liberacio de
dcidos graxos na circulacdo, o que poderia atenuar o acumulo de triglicerideos no figado
(Maassen et al, 2008). Portanto, o baixo padrio de expressdo de SIRTI pode estimular a

disfuncdo mitocondrial, favorecendo a evolucdo da NAFLD.

2. Papel da SIRTI nas rotas de sintese e degradagdo de lipideos;

Picard e colaboradores descreveram o papel da SIRT1 na mobilizacdo de acidos graxos
do TA (Picard et al, 2004). Devido as conclusdes de Picard, muitos estudos t€m investigado a
acdo da SIRT1 no metabolismo energético, especialmente no metabolismo lipidico (Picard et al,
2004; Picard e Guarente, 2005). Estudo recente realizado em ratos MSG apontou que tratamento
com SRT1720 reduziu o actimulo hepético de lipideos devido a reducdo significativa da
expressao de acetil-CoA carboxilase (ACC) e acido graxo sintetase (FAS) (Yamazaki et al,
2009). Feige e colaboradores recentemente observaram que camundongos tratados com
SRT1720, apresentam aumento da a¢do da enzima proteina quinase ativada por AMP (AMPK),
no tecido adiposo marrom, estimulando o metabolismo oxidativo (Feige et al, 2008). Além disso,
estudos indicam que a ativacdo da AMPK reduz a acdo da ACC (Qureschi e Abrams, 2007;
Wang et al, 2009), diminuindo a concentracdo de malonil-CoA, provocando um aumento na
acdo da carnitina palmitoil transferase 1 (CPT1) e, conseqiientemente, a oxidagdo de lipidios;

evitando o acimulo de triglicerideos no parénquima hepatico (Wang et al, 2009).
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Assim, a baixa expressdao do mRNA de SIRT1 no TAV de pacientes obesos com

esteatose grave, encontrada em nosso trabalho, poderia prejudicar a atividade mitocondrial,
diminuir a oxidacdo de AG e conseqiientemente aumentar a liberagdo de AGL na circulagdo
portal. Logo, a terapéutica baseada na acdo da SIRT1 no TAV, representa uma drea promissora

para NAFLD, devendo ser investigada de forma mais aprofundada.

O papel da adiponectina como gene protetor da NAFLD tem sido cada vez mais
reconhecido (Wang et al, 2009). No entanto, apesar dos avangos das pesquisas realizadas nos
ultimos anos, as vias moleculares e os mecanismos celulares que respaldam a acgfo
hepatoprotetora da adiponectina permanecem pouco caracterizados (Wang et al, 2009). Em
humanos, a baixa concentragdo de adiponectina sérica, condicdo que caracteriza a obesidade,
representa fator de risco independente para a NAFLD (Kamada et al,2008; Wang et al,2009).
Apenas um estudo analisa a expressdo relativa do mRNA deste gene em tecido adiposo intra-
abdominal de pacientes obesos com diferentes niveis de esteatose (Bararova et al, 2006). No
estudo citado, Baranova e colaboradores sugerem que o baixo nivel de expressao de adiponectina
pode predispor ao desenvolvimento de NASH (Baranova et al, 2006). No entanto, os dados
encontrados neste trabalho mostram que ndo houve diferenga estatistica na expressdo de

adiponectina entre pacientes obesos mérbidos com diferentes niveis de esteatose.

Ja foi descrito o papel do fator de transcricio FOXO1 na NAFLD em modelos
experimentais (Valenti et al, 2008). Considerando a expressdao de FOXO1 em tecido adiposo de
obesos com diferentes niveis de esteatose, podemos afirmar que nada ainda foi publicado. Em
nosso trabalho, a expressdo relativa do mRNA de FOXOI1 n3o apresentou diferencas

significativas entre obesos com diferentes niveis de esteatose nos trés tecidos estudados.

Poucas informacdes estdo disponiveis a respeito da expressdo de PPARs em relacdo a

NAFLD. Estudo experimental observa em ratos transgé€nicos com ativacdo de PPARP/S,
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apresentam resisténcia a obesidade e a esteatose (Wang et al, 2003). Nada se sabe sobre a

expressdo de PPARs em tecidos adiposo humano relacionado a progressio da NAFLD. Os
resultados deste estudo ndo apontam diferenca na expressio de PPARY e PPARP/S entre os
grupos estudados. Um estudo publicado recentemente por nosso grupo sugere que a relacio entre
PPARY e PPARP/S possa estar relacionada a obesidade (Bortolotto et al, 2007). Assim, €

possivel que a expressdo de PPARs no TA esteja associada a obesidade apenas, e ndo a

severidade da NAFLD. Entretanto, mais estudos sdo necessarios para validar esta observacdo.

A resisténcia a insulina também é considerado fator de risco para o desenvolvimento de
formas mais graves de NAFLD (Park er al, 2006; Calvert et al, 2007). No entanto, os
mecanismos moleculares que explicam a relacio entre acimulo hepético de lipidios e resisténcia
a insulina ainda nao estdo claros (Calvert et al, 2007). Em nosso estudo, observamos que o valor
médio de HOMA-IR foi menor em obesos com esteatose simples ou moderada. Park e
colaboradores estudando a prevalencia e os fatores de risco para NAFLD entre coreanos com
idade adulta, encontrou que NAFLD esta estatisticamente associado a elevado valor de HOMA-

IR (Park et al, 2006).

Dentre as limitagdes da primeira parte do presente estudo, ressalta-se que a andlise dos
transcritos dos genes estudados deve ser complementada pela quantificacio da proteina

sintetizada.

Considerando o papel hepatoprotetor de SIRT1 surgem dois questionamentos: (1) é
possivel modular exogenamente a expressdo deste gene; (2) a alimentacdo seria capaz de
modular a expressdo dos genes estudados. Evidéncias sugerem que resveratrol é um nutriente
com potencial efeito protetor contra doengas metabdlicas (Cucciolla et al, 2007). Além disso,
resveratrol parece estar envolvido na modulacdo dos niveis de SIRT1, adiponectina, FOXOI1 e

PPARY (Bai et al, 2008; Rogers et al, 2008; Rayalam et al, 2008; Wang e Tong, 2009). Assim,
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na segunda parte deste trabalho, avaliou-se a modulacdo via resveratrol da expressdo de

SIRT1, adiponectina, FOXO1, PPARY e PPARP/3 em adipdcitos isolados do tecido visceral.

O estudo do TA, particularmente dos adipdcitos, € central para o entendimento das
anormalidades metabdlicas associadas com o ganho de peso (Bai et al, 2008). Os adipdcitos sdo
células especializadas no armazenamento de lipidios na forma de triacilglicerol em seu
citoplasma, sem que isto seja nocivo para sua integridade funcional (Fonseca-Alaniz et al, 2006).
Por esta caracteristica estas células sdo entendidas como unidades funcionais do tecido adiposo.
No entanto, a biossintese e o actiimulo de triacilglicerol pode nao ser exclusiva dos adipdcitos.
Este processo foi descrito em outros tecidos, onde o acimulo de dcidos graxos é considerado
anormal, provocando o que se conhece como lipotoxicidade (Fonseca-Alaniz et al, 2007). Os
adipdcitos estdo envolvidos na regulacdo do balanco metabdlico por mecanismos enddcrinos e
ndo- enddcrinos que podem ser controlados, sob a influéncia de diversos hormonios, citocinas e
nutrientes, tal como o resveratrol (Bai et al, 2008).

Durante os udltimos anos, vdarias pesquisas tém analisado os efeitos bioldgicos do
resveratrol (Harikumar e Aggarwal, 2008; Floyed et al, 2008). Alguns destes estudos, realizados
em ratos obesos e células 3T3-L1, mostram potenciais efeitos positivos deste nutriente na
prevencgdo da sindrome metabdlica e esteatose (Baur er al, 2006; Rogers et al, 2008; Floyed et al,
2008). Revisando a literatura, foi possivel constatar que ndo existem dados referentes a
modulacdo por resveratrol na expressdo relativa do mRNA de SIRT1, adiponectina, FOXOI1,
PPARY e PPARPB/S em adipdcitos isolados do TAV de humanos. Os resultados encontrados na
segunda parte deste trabalho indicam que resveratrol, in vitro e em baixa concentracdo (1 pM), é
capaz de aumentar a expressdo do mRNA de SIRT1, adiponectin e FOXOI1 e inibir a expressao
do mRNA de PPARYI-3 em adipdcitos isolados do tecido visceral de obesos grau III. No
entanto, resveratrol ndo modulou a expressio do mRNA de PPARP/J, nesta concentragdo e

modelo celular estudados.
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SIRT1 estd envolvida em uma variedade de processos biolégicos como a mobilizagdo

de 4cidos graxos do TA, o estimulo a biogénese mitocondrial e a prevencdo da sindrome
metabdlica (Shan et al, 2009; Alcain e Villalba, 2009). Além disso, nossos resultados quanto a
expressdo basal de SIRT1 em obesos com diferentes graus de esteatose sugerem possivel efeito
hepatoprotetor da SIRT1 no TAV. Como citado anteriormente, ndo existem na literatura dados
sobre a modulacdo por resveratrol na expressio do mRNA de SIRT1 em tecido adiposo de
humanos. Contudo, dois estudos encontraram que a expressdo do mRNA de SIRT1 aumentou
significativamente apds exposi¢cdo de adipdcitos de porcos a resveratrol (Shan er al, 2009; Bai et
al, 2008). Trabalhos recentes mostram que resveratrol, através de ativacdo da enzima SIRTI,
reduz o teor de triglicerideos no sangue, inibe a diferenciacdo dos adipdcitos (Picard et al, 2004)
e aumenta a atividade mitocondrial em células 3T3-L1 (Lagouge et al, 2006). Nossos resultados
indicam que resveratrol possui efeito modulador positivo na expressdo do mRNA de SIRT1 em
adipécitos de TAV de humanos. Dessa forma, o aumento na expressio do mRNA de SIRTI,
apods exposi¢cdo ao resveratrol, poderia ser considerado um fator protetor para os adipdcitos do
TAYV, em humanos.

A adiponectina é uma adipocitocina sensibilizadora de insulina (Wang et al, 2009). Seus
niveis se correlacionam negativamente com obesidade, niveis de triglicérides e LDL-c e,
positivamente, com HDL-c (Yamamoto et al, 2004). Estudo realizado em camundongos Zuckers
obesos indica que tratamento com resveratrol aumentou a concentracio sérica de adiponectina,
melhorando os niveis de dislipidemia, hiperinsulinemia e hipertensdo arterial e estimulando
efeitos anti-inflamatérios no TAV (Rivera et al, 2009). Rogers e colaboradores encontraram que
o tratamento com resveratrol aumentou significativamente as concentracdes de adiponectina
sérica e preveniu a deposicdo de gordura hepdtica, em camundongos (Rogers et al, 2008). Assim,
uma vez que a adiponectina tem sido entendida como uma adipocitocina com multiplos efeitos

benéficos sobre as complicagdes clinicas da obesidade (Wang er al, 2009), pode-se concluir que
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resveratrol, através de ativacdo da adiponectina, apresenta um provdvel efeito protetor nos

adipdcitos do TAV, em humanos.

Considerando o fator de transcricdo FOXO1, foi descrito que o aumento de sua expressao
em tecido adiposo estd associado a diminui¢do da diferenciagdo de adipdcitos (Karim et al,
2006) e a promogdo da sensibilizagdo a ag¢do da insulina (Pillarisetti, 2008). Quanto a modulagdo
da expressdo de FOXOI1 por resveratrol, nada ainda foi descrito em humanos. Trabalhos
utilizando outros modelos ja foram publicados, no entanto, suas conclusdes sdo opostas. Bai e
colaboradores observaram que resveratrol diminuiu significativamente a expressao de mRNA de
FOXO1 em pré-adipécitos de suinos (Bai er al, 2008), ao passo que Subauste e Burant
observaram que o tratamento com resveratrol foi capaz de aumentar os niveis de FOXO1, em
células 3T3-L1 (Subauste e Burant, 2007). No ultimo estudo citado, o aumento da expressao de
FOXOI1 foi acompanhado de diminuicdo na geracdo de espécies reativas de oxigé€nio e das
mudancas associadas com o acumulo de acidos graxos na célula (Subauste e Burant, 2007). A
producdo de espécies reativas de oxigénio contribui para o desenvolvimento de resisténcia a
insulina e formas mais graves de NAFLD em individuos obesos (Subauste e Burant, 2007;
Marchesini et al, 2009). Nossos resultados mostram que a expressdo relativa de mRNA de
FOXOI1 em adipdcitos isolados do TAV de humanos sofreu modulagdo positiva apds exposi¢io
ao resveratrol, sugerindo novamente, efeito positivo deste fitoesterol em adipdcitos de humanos.

Revisando a literatura, podemos descrever estudos experimentais que analisam e
relacionam a expressdo de SIRTI, adiponectina e FOXO1 (Rogers et al, 2008; Qiao e Shao
2006). Qiao e Shao recentemente sugeriram que SIRT1 deacetila FOXO1, promovendo a sua
ativacdo e estimulando a transcri¢do de adiponectina, em células 3T3-L1 (Qiao e Shao, 2006).
Considerando a acdo do resveratrol, Rogers e colaboradores encontraram que tratamento com
resveratrol aumentou a concentragdo sérica de adiponectina, protegendo camundongos contra
acumulo hepatico de lipideos. Os autores observaram ainda que o aumento na expressao sérica

de adiponectina estava associado a um aumento na expressdo do mRNA de SIRT1 e FOXOI1 em
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tecido adiposo dos animais. Nosso trabalho mostrou que a expressdo de SIRT, FOXOI e

adiponectina aumentou apds incubagdo com 1UuM de resveratrol, em adipdcitos isolados do TAV

de humanos.

Além da expressdo de SIRTI, FOXOI1 e adiponectina, analisamos a modulacdo do
resveratrol na expressdo de PPARY e PPARp/S. Nada se sabe sobre a modulagdo do resveratrol
na expressdo de PPARyl1-3 e PPARP/S em adipdcitos humanos. No entanto, dois estudos
mostram a acao inibidora do resveratrol na expressdo de PPARy, em células 3T3-L1 (Floyed et
al, 2005; Rayalam et al, 2008). Estudos utilizando modelo experimental sugerem que pode
existir associacdo entre a expressio do mRNA de SIRTI, FOXOI1 e PPARY. Picard e
colaboradores mostraram que SIRT1 promove a mobilizacdo de gordura, reprimindo PPARYy em
células 3T3-L1 (Picard et al, 2004). Outro estudo observa que FOXO1 reprime a expressao de
PPARY em adipdcitos, aumentando a sensibilidade a insulina (Pillarisetti, 2008). Nossos
resultados mostram que resveratrol modula negativamente a expressio do mRNA de PPARy e
ndo influencia a expressdo de PPAR[/S. Assim, podemos sugerir acdo do resveratrol como

potencial nutriente relacionado ao controle da obesidade visceral de humanos, uma vez que

modula SIRT1, FOXO1 e PPARy1-3 em adipdcitos isolados deste tecido.

Assim, observando os resultados da segunda parte deste trabalho, pode-se concluir que
resveratrol € capaz de modular a expressdo de SIRTI, adiponectina, FOXO1 e PPARYI-3 em
adipdcitos isolados do TAV de humanos. Ainda, € possivel sugerir que a agdo do resveratrol em
adipdcitos do tecido visceral seja benéfica a saide humana, uma vez que: (1) induz a ativagdo

SIRTI, adiponectina e FOXO1 e (2) iniba a acdo do PPARY1-3.

De uma maneira geral, o padrdo de expressio do mRNA de SIRTI em obesos com
diferentes niveis de esteatose sugere o papel hepatoprotetor destes genes no TAV, em humanos.

Os achados quanto a modulag@o exercida por resveratrol nos adipdcitos isolados do TAV de
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humanos evidenciam o efeito estimulador na expressdo do mRNA de SIRT1, adiponectina e

FOXOI e inibidor na expressdo do mRNA de PPARY1-3, bem como sugerem um possivel efeito
protetor deste nutriente nas células estudadas. Enfim, conclui-se que a expressdo do mRNA de
SIRTI, adiponectina, FOXO1 e PPARYI-3 e a modulacdo exercida por resveratrol sob a

expressdo destes genes, possam ser importantes alvos de estudo em virtude de suas relagdes com

a génese da obesidade e da esteatose.
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6. CONCLUSOES

Considerando os resultados deste estudo, pode-se concluir:

- A expressio do mRNA de SIRT1 no TAV estd diminuida em pacientes esteatdticos

severos, comparada a pacientes obesos grau III esteatdticos simples;

- A expressdo do mRNA de FOXO1, PPARY1-3 e PPARP/S néo é diferente em pacientes

obesos grau III com diferentes niveis de esteatose;
- o valor de HOMA-IR € maior em pacientes esteatoticos severos;
- a expressao de SIRT1 correlaciona positivamente com o valor de HOMA-IR ;

- Resveratrol é capaz de modular positivamente a expressio do mRNA de SIRTI,

adiponectina e FOXO1 em adipdcitos isolados do TAV de pacientes obesos grau I1I;

- Resveratrol é capaz de modular negativamente a expressdo do mRNA de PPARY1-3 em

adipdcitos isolados do TAV pacientes obesos grau I1I;

- Resveratrol ndo é capaz de modular a expressdo do mRNA de PPARB/S em adipdcitos

isolados do TAV pacientes obesos grau III, em um tempo de cultura de 4 horas.



7. PERSPECTIVAS ®

Considerando o papel da PGCla (Westphal et al, 2007) e NFk- na expressdo da SIRT1
(Pfluger et al, 2008; Wang et al, 2009) pretende-se, como perspectiva deste trabalho, avaliar a
expressio de mRNA de PGCla, NFk-B, UCP2 e C/EBPa nas mesmas amostras de tecido
adiposo retroperitonial, subcutineo e visceral de individuos obesos grau IIl com diferentes niveis
de esteatose. Ainda, pretendemos quantificar e analisar a expressdo protéica de SIRTI,
adiponectina, FOXO1, PPARY e PPARPB/S e dos genes citados acima, em tecido adiposo
retroperitoneal, subcutineo e visceral de individuos obesos grau IIl com diferentes niveis de
esteatose hepdtica. Além disso, pretendemos analisar a modulacdo do resveratrol sob a expressao
do mRNA de PGCla, NFk-B, UCP2 e C/EBPa em adipdcitos isolados do TAV de humanos,
além da andlise da expressdo protéica dos genes estudados neste trabalho e dos citados acima em

adipdcitos isolados do TAV de humanos, ap6s modulacdo por resveratrol.
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ANEXO 3

Termo de Consentimento Livre e Esclarecido

O projeto de pesquisa intitulado: “Anadlise e quantificacio da expressao do
mRNA de SIRT1 em tecido adiposo e sua modulacdo por resveratrol e por diferentes
acidos graxos em adipocitos isolados” serd realizado pela UFRGS, com pacientes obesos
moérbidos do Centro de Obesidade Moérbida do Hospital Sdo Lucas da PUC. O pesquisador
responsdvel é: Cintia dos Santos Costa. Este trabalho é orientado pela Proessora Dra. Regina
Maria Viera da Costa Guaragna, do departamento de Bioquimica da UFRGS.

Esta pesquisa tem por objetivos gerais: (1) Analisar e quantificar a expressdo de mRNA
de SIRTI1 em tecido adiposo visceral, subcutineo e retroperitonial em obesos grau III e nao-
obesos; (2) analisar a acdo do resveratrol e diferentes acidos graxos na expressdo do mRNA de
SIRT1 em adipdcitos isolados de tecido visceral de obesos grau III. Também tem por objetivos
especificos: (1) relacionar a expressdo do mRNA SIRTI1 entre os tecidos adiposos analisados e
comparar obesos grau Il e ndo obesos; (2) correlacionar a expressio do mRNA SIRT1 com
adiponectina, FOXO1, PPPARYI-3 e PPARP/J entre os tecidos adiposos analisados e comparar
obesos grau III e ndo obesos; (3) analisar e quantificar a expressdo de mRNA de SIRT1 em
adipdcitos isolados do tecido adiposo visceral de individuos obesos grau III; (4) determinar a
concentragdo do resveratrol e tempo de incubacdo para a modulacdo da SIRT1 em adipdcitos
isolados do tecido adiposo visceral de individuos obesos grau III; (5) determinar a concentracéo
do diferentes dcidos graxos e tempo de incubacdo para a modulagdo da SIRT1 em adipdcitos
isolados do tecido adiposo visceral de individuos obesos grau III. Este trabalho também tem
objetivo académico, pois se trata da tese de mestrado da aluna Cintia dos Santos Costa.

Os participantes do estudo aderirdo ao mesmo voluntariamente, podendo a sua
participagdo ser interrompida em qualquer etapa, sem nenhum prejuizo ou punicido. A qualquer
momento, os participantes poderdo solicitar informacdes sobre os procedimentos relacionados a
este estudo. Todos os cuidados serdo tomados para garantir o sigilo e a confidencialidade das
informagdes, preservando a identidade dos participantes. Haverd divulgag@o dos resultados da
pesquisa. Desde ja, agradecemos sua contribuicio para o desenvolvimento desta atividade
de pesquisa e colocamo-nos a disposicao para esclarecimentos adicionais, através dos
telefones 8132-0852 e 3308-5545.

Assinatura do responsavel:

Regina Maria Vieira da Costa Guaragna

Coordenadora do Projeto. Depto Bioquimica UFRGS

reuaragna@terra.com.br
Telefone: 3332-2129/9984-4286
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Eu, fui informado
dos objetivos especificados acima e da justificativa desta pesquisa de forma clara e detalhada. O
presente estudo utilizard tecido adiposo que serd descartado durante a cirurgia, executada por
meu livre arbitrio. Recebi informacdes especificas sobre cada procedimento no qual estarei
envolvido, tanto quanto dos beneficios esperados. Todas as minhas ddvidas foram respondidas
com clareza e sei que poderei solicitar novos esclarecimentos a qualquer momento. Além disto,
sei que novas informacgdes obtidas durante o estudo me serdo fornecidas e que terei liberdade de
retirar meu consentimento de participag@o na pesquisa. Fui informado também que caso existam
gastos adicionais, estes serdo absorvidos pelo orcamento da pesquisa.

N

Frente ao que foi acima exposto, expresso meu consentimento em relacdo a execucdo desta
pesquisa, no que se refere a coleta e andlise do tecido adiposo.

, de de 2005.

Assinatura do voluntario



