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Resumo

Nas ultimas décadas, a obesidade se tornou um importante problema de saude
publica nas sociedades industrializadas. Com o objetivo de elucidar os
mecanismos envolvidos na patofisiologia da obesidade, a expressao de
microRNAs (miRNAs) que tém por alvo genes envolvidos nos processos
angiogénico, inflamatorio e metabdlico do tecido adiposo subcuténeo foi
comparada entre 40 mulheres obesas e nao-obesas através da reacdo em
cadeia da polimerase em tempo real (QPCR). Além disso, 60 individuos
submetidos a cirurgia bariatrica foram genotipados para variantes localizadas
nas regides promotoras de genes de adipocinas e foi investigada a sua
possivel associagdo com a reducédo de medidas antropométricas e metabdlicas
entre 2 e 3 anos apds a realizagdo da intervengao cirurgica. O miR-16
apresentou uma expresséo cerca de 150 vezes superior no tecido adiposo de
mulheres ndo-obesas. Além disso, a expressdo de dois outros miRNAs (miR-
27b e miR-424-5p) foi correlacionada com diferentes medidas antropométricas
em mulheres nao-obesas e obesas. Os miR-16 e miR-424 possuem como
genes alvo o fator de crescimento endotelial vascular e seus cofatores,
sugerindo que eles possam estar envolvidos nas alteragdes angiogénicas
observadas na obesidade. No grupo de individuos submetidos a cirurgia
bariatrica, foram analisados polimorfismos localizados nos genes codificadores
das adipocinas leptina, resistina e adiponectina (ADIPOQ). Os portadores da
combinacao dos alelos A do polimorfismo ADIPOQ -11391G>A e do alelo C
ADIPOQ -11377 C>G apresentaram maior redugdo nos niveis de colesterol
total, e lipoproteina de baixa densidade. Esses resultados sugerem que tanto
miRNAs como polimorfismos genéticos estdo associados ao risco de

desenvolvimento da obesidade e/ou alteracbes metabdlicas relacionadas.

Palavras-chave: tecido adiposo; obesidade; cirurgia bariatrica; miR-16; miR-

424; adipocinas



Abstract

In the last decades, obesity has become an important burden to public health in
the industrialized societies. To disclosure the mechanisms surrounding obesity,
miRNAs that target genes involved in angiogenesis, inflammation and
adipogenesis were selected and their expression in subcutaneous adipose
tissue was compared between 40 obese and non-obese women by real-time
polymerase chain reaction (QPCR). Furthermore, 60 subjects who underwent
bariatric surgery were genotyped for variants located in the promoter regions of
adipokine genes and the possible association with changes in anthropometric
and metabolic measurements after 2 to 3 years of surgery. miR-16 was
overexpressed in the non-obese women group. Additionally, the expression of
miR-27b and miR-424-5p was significantly correlated with different
anthropometric measures in obese and non-obese women. Both miR-16 and
miR-424 have vascular endothelial growth factor and its receptors as target
genes, suggesting they may be involved in the alterations of angiogenesis
observed in obesity. In the group of patients who underwent bariatric surgery,
polymorphisms located in the genes encoding the adipokines leptin, resistin and
adiponectin (ADIPOQ) were analyzed. Carriers of the combinations of the A
allele for the ADIPOQ -11391 G>A and the C allele for ADIPOQ -11377 C>G
presented a higher reduction in total cholesterol and low-density lipoprotein
levels These results suggest that miRNAs and genetic polymorphisms are
associated with the risk of development of obesity and/or related metabolic

disturbances.

Keywords: Adipose tissue; obesity; bariatric surgery; microRNA; miR-16; miR-

424; adipokines



1 INTRODUGAO

1.1 Etiologia e consequéncias do problema

Desde as ultimas décadas, a obesidade e suas consequéncias tém se
tornado um grande problema de saude publica mundial, sendo responsaveis
por uma redugao da expectativa e da qualidade de vida (TRAYHURN, BING et
al., 2006; KRZYSZTOSZEK, WIERZEJSKA et al., 2015). O excesso de peso e
a obesidade sdo ambos categorias que designam faixas de peso acima do que
€ considerado saudavel para uma determinada altura. Os termos também
identificam faixas de peso que tém sido relacionadas a maior probabilidade de
desenvolvimento de certas patologias, como as doengas cardiovasculares, por
exemplo. Para adultos, o excesso de peso é caracterizado por um indice de
massa corporal (IMC, definido como a massa, em kg, dividida pelo quadrado da
altura, em m) entre 25 e 29,9 kg/m?; ja a obesidade, por um IMC igual ou maior

a 30 kg/m? (WHO, acessada em janeiro de 2016).

A obesidade ocorre quando a ingestdo excede o gasto de energia. Este
excesso é estocado como triglicerideos nos adipdcitos, os quais aumentam
tanto em numero (hiperplasia), quanto em tamanho (hipertrofia) (ALEXANDER,
LODISH et al., 2011). Embora a etiologia desta doenga nao esteja totalmente
esclarecida, existe consenso na literatura de que ela é causada pela interacéo
de diferentes fatores que levam a um desequilibrio energético como, por
exemplo, caracteristicas genéticas, culturais, comportamentais, ambientais,
metabdlicas e socioecondmicas, 0 que confere a essa enfermidade uma

natureza multifatorial (KOPELMAN, 2000; BENGMARK, 2015).



Ha anos, a obesidade tem se apresentado como um agravo importante
para as sociedades modernas em face de seu avango em diferentes partes do
mundo. Entretanto, sabe-se que a pandemia da obesidade ndo é exclusiva do
mundo industrializado. Paises em desenvolvimento sdo fortemente afetados
por essa tendéncia devido ao aumento do consumo de alimentos
industrializados, jornada de trabalho extenuante, dispositivos eletrénicos que
poupam movimentos, falta de atividade fisica, entre outros (PRENTICE, 2006;
BENGMARK, 2015). Estes paises s&o pouco equipados para conter essas

tendéncias, o que favorece o desenvolvimento de anormalidades metabdlicas.

Mais de dois tercos dos norte-americanos adultos e a maioria do restante
da populagao ocidental adulta apresentam sobrepeso ou obesidade (OGDEN,
CARROLL et al., 2014). De acordo com o Center for Disease Control dos
Estados Unidos (CDC), em 2003 os custos de despesas medicas relacionadas
ao sobrepeso e a obesidade no pais foram de aproximadamente US$75
bilhdes, enquanto que os ultimos valores relatados referentes ao ano de 2008
alcangcaram a quantia dos U$147 bilhdes (CDC, acessado em dezembro de
2015). De forma semelhante, observa-se uma inversdo dos indicadores
nutricionais no Brasil, caracterizada pelo declinio substancial da desnutricéo e
em contrapartida pela ascensdo da obesidade, de tal forma que a obesidade ja
se apresenta como o maior problema alimentar da populagdo brasileira
(FERREIRA e MAGALHAES, 2006). Na mesma diregéo, a regido Sul do Brasil
apresenta a prevaléncia de 56,08% de adultos com excesso de peso (ABESO,

acessado em dezembro de 2015).
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Como mencionado anteriormente, além do desconforto fisico e psicoldgico,
0 excesso de peso aumenta o risco de inumeros problemas, incluindo
hipertensdo, doencas cardiovasculares e cerebrovasculares, diabetes tipo II,
certos tipos de canceres, doencgas respiratorias, calculos biliares e osteoartrite
(ALLENDER e RAYNER, 2007). Assim, a obesidade é frequentemente
associada com anormalidades metabdlicas como intolerdncia a glicose,
hiperinsulinemia, dislipidemia com niveis elevados de triglicerideos,
concentragdes baixas de lipoproteinas de alta densidade (HDL) e aumento da
propor¢cao de pequenas lipoparticulas densas (OHMAN, SHEN et al., 2008;
TSENG, CYPESS et al.,, 2010). Este conjunto de disturbios metabdlicos é
chamado de sindrome metabdlica (SM) e representa fatores de risco
conhecidos para doenga cardiovascular (NCEP, 2002). Além disso, individuos
obesos de qualquer idade frequentemente sofrem de problemas psicoldgicos,
como depressao e baixa autoestima (CAO, 2010). Logo, a obesidade afeta
negativamente ao mesmo tempo o funcionamento fisico, a vitalidade e a
qualidade de vida em geral (KOPELMAN, 2000; ROTH, QIANG et al., 2004;
BENGMARK, 2015), o que a torna um grande problema a ser solucionado

pelas sociedades atuais.

1.2 O tecido adiposo branco

Até o final dos anos 1980, o tecido adiposo era considerado um simples
o6rgdo de armazenamento de lipideos. Entretanto, evidéncias posteriores
estabeleceram que este tecido € um érgao secretor, com poder de influenciar
todo o metabolismo sistémico (KERSHAW e FLIER, 2004). Além disso,

depositos distintos deste tecido executam papéis especificos. Nos mamiferos,
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além do tecido adiposo branco (TAB), encontramos os tecidos adiposos
marrom e bege (Figura 1).

O tecido adiposo marrom (TAM) é responsavel por gerar calor
(termogénese), aumentando assim o consumo de energia e exercendo sua
principal fungdo de manutencéo da temperatura corporal em neonatos (HARMS
e SEALE, 2013). A permanéncia deste tecido em adultos ainda é discutida.
Fisiologicamente, os adipdcitos marrons possuem goticulas de gordura
multilocular e alta concentragdo de mitocéndrias, caracteristica esta que

originou seu nome (revisdao em KIM e PLUTZKY, 2016).

Mais recentemente, os adipécitos do tecido adiposo bege foram
descritos como muito semelhantes aos do tecido marrom e emergindo em
resposta a varios estimulos, incluindo exposi¢céo prolongada ao frio. Juntos, os
dois sdo conhecidos como tecidos termogénicos e causam hidrolise dos
triglicerideos estocados e captura de lipideos e glicose da circulagdo sanguinea

(revisdo em SCHEJA e HEEREN, 2016).

Adipdcito Marrom Adipécito Bege Adipécito Branco

o’
& ) |
Estoque de gordura
i [
Nicleo ‘
Gordura convertida em calor Lipideos
(termogénese)

Mitocondria @

Figura 1. Adaptada de (TRAN, MUKHERJEE et al., 2016)
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O alvo da nossa pesquisa, o TAB ja é reconhecido como um regulador —
chave da homeostase energética, ndo apenas devido ao fato de funcionar
como deposito de energia quimica, mas também devido a sua producéo de
multiplas citocinas com atividades que influenciam todo o metabolismo
corporal. Apesar de seu peso ser constituido em 85% por triacilglicerdis, sua
simplicidade, entretanto, € iluséria (TRAYHURN, BING et al., 2006; PROENCA,

SERTIE et al., 2014).

No nivel celular, ha consideravel heterogeneidade, com adipdcitos
maduros sendo responsaveis por ndo mais da metade do conteudo celular do
tecido adiposo branco. O tecido também contém fibroblastos, células
endoteliais, pré — adipdcitos e macréfagos, por exemplo (WEISBERG,
MCCANN et al., 2003; XU, BARNES et al., 2003; PROENCA, SERTIE et al.,
2014). Depois que ocorre o comprometimento das células tronco
mesenquimais multipotentes com a linhagem adipocitaria, os pré — adipdcitos
adquirem morfologia de adipdcitos maduros, expressando marcadores
especificos como a proteina ligante de acidos graxos — 4 (FABP4) e o
facilitador do transporte de glicose — 4 (GLUT4). Hormonalmente induzidos, os
pré - adipdcitos entram de novo no ciclo celular e passam por alguns ciclos de
expansao mitética antes de adquirir a maquinaria celular responsavel para
estoque lipidico e metabolismo. O receptor ativado pela proliferagdo dos
peroxissomos ¥ (PPARY) é o principal regulador transcricional da adipogénese,
ativando genes envolvidos na diferenciagao terminal e maturagdo das fungdes
dos adipdcitos. Além disso, membros da familia de proteinas que aumentam a

ligacdo a CCAAT (C/EBP) também sao importantes na adipogénese (revisao
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em (ALEXANDER, LODISH et al., 2011). A complexidade do TAB também é
evidente em processos basicos, como o transporte de glicose para dentro dos
adipdcitos, o qual conta com 14 membros da familia do gene GLUT (WOQD e
TRAYHURN, 2003; PROENCA, SERTIE et al., 2014). Outra proteina com
atuacao importante é a sirtuina 1 (SIRT1), a qual reprime a transativagdo do
PPARY e inibe o acumulo de lipideos nos adipécitos. Esta sirtuina também
desempenha papel importante na regulagcdo da homeostase energética em
resposta a disponibilidade de nutrientes. Dados sugerem que SIRT1 esteja
envolvida na regulagdo de doengas metabdlicas associadas a obesidade,
através da regulagdo de PGC-1a (coativador do PPARY), UCP2 (proteina
desacopladora 2) e LXR (receptor X do figado; revisao em RAHMAN e ISLAM,
2011). Em adipdcitos diferenciados, um aumento dos niveis de SIRT1

desencadeia lipdlise e perda de gordura (PICARD, KURTEV et al., 2004).

Somando-se a isso, o TAB é um 6rgao secretor importante, atuando
principalmente através da liberagao de acidos graxos durante o jejum. O tecido
também libera outros lipideos, como colesterol, retinol, horménios esteroides e
prostaglandinas. O colesterol e o retinol ndo séo produzidos pelo tecido, mas
absorvidos e armazenados no mesmo (TRAYHURN e BEATTIE, 2001). Além
disso, a enzima lipoproteina lipase (LPL) é liberada pelos adipécitos para
quebrar triacilglicerdis circulantes em acidos graxos, 0s quais sao
subsequentemente estocados dentro das células adiposas (TRAYHURN, BING

et al., 2006; PROENCA, SERTIE et al., 2014).
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1.3. Adipocinas

Os adipécitos brancos secretam inumeras proteinas sinalizadoras e
fatores, denominados adipocinas (FRUHBECK, GOMEZ-AMBROSI et al,
2001; TRAYHURN e BEATTIE, 2001; RAJALA e SCHERER, 2003). Esse
grupo € composto por mais de 600 moléculas bioativas que atuam como
horménios enddécrinos e paracrinos (BLUHER, 2014). A diversidade de
adipocinas é consideravel tanto em termos de estrutura, quanto em fungao
proteica. Essas moléculas englobam as citocinas classicas (ex., fator de
necrose tumoral, TNF-q, interleucina — 6, IL-6), quimiocinas (ex., proteina
quimioatrativa de mondécito 1, MCP-1), proteinas do sistema complemento
alternativo (ex., adipsina) e proteinas envolvendo a homeostase vascular (ex.,
inibidor do ativador de plasminogénio - 1, PAI-1), regulagdo da pressao
sanguinea (ex., angiotensinogénio), metabolismo lipidico (ex., proteina ligadora
de retinol), homeostase da glicose (ex., adiponectina) e angiogénese (ex., fator
de crescimento endotelial vascular — A, VEGF-A) (CHEN, CHEN et al., 2015;

XU, KITADE et al., 2015).

No estado “obeso”, o crescimento excessivo do tecido adiposo altera a
secrecado das adipocinas, 0 que gera uma cascata de disturbios metabdlicos
associados (LEAL VDE e MAFRA, 2013). Algumas das principais moléculas

descritas nesse processo sao a leptina, a adiponectina e a resistina (Figura 2).
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Figura 2. A hipertrofia do tecido adiposo induz a infiltragdo e proliferagdo de macréfagos e

alteragdo na secregdo de adipocinas levando a inflamagéao crénica de baixa intensidade. Este

quadro, associado ao aumento de acidos graxos livres circulantes, provoca aumento de

ingestdo alimentar, diminuigdo do gasto energético, além da alteracdo na homeostase de

tecidos periféricos, como musculo e figado, promovendo acumulo ectépico de gordura,

inflamacgéo e resisténcia a insulina. AGL: acidos graxos livres, TNF-alfa: fator de necrose

tumoral alfa, IL-6: interleucina 6, RBP4: proteina ligante de retinol, IL-10: interleucina

Extraido de: (SPERETTA, LEITE et al., 2014).

10,
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A leptina, predominantemente secretada pelos adipécitos subcutaneos,
€ um exemplo de adipocina que tem seus niveis regulados pela massa de
tecido adiposo e pelo status nutricional do individuo (FAIN, MADAN et al.,
2004). Essa adipocina atua primariamente regulando a homeostase energética
através do controle da saciedade e do peso corporal por neurbnios sensiveis a
leptina encontrados no hipotalamo (ELMQUIST, ELIAS et al., 1999; MORTON,
CUMMINGS et al., 2006). Assim, elevados niveis de leptina circulante refletem
em resisténcia a essa adipocina, além de hiperfagia e aumento da adiposidade
(LEAL VDE e MAFRA, 2013). Além disso, sabe-se que a severidade da
obesidade esta diretamente relacionada aos niveis de leptina circulantes
(CONSIDINE, SINHA et al, 1996; CAMPFIELD, SMITH et al, 1996).
Resultados obtidos pelo presente grupo de pesquisa em uma amostra de 325
criangas associaram o polimorfismo GIn223Arg (rs1137101) no gene do
receptor de leptina (LEPR) com o total de energia consumida diariamente aos
3-4 anos de idade (ZANDONA, RODRIGUES et al., 2013). Outra variante (LEP,
rs7799039) ja foi associada a percepg¢ao de saciedade e a ingesta alimentar
(diferente em homozigotos AA quando comparados aos portadores do alelo G)
em um grupo de homens com sobrepeso (DOUGKAS, YAQOOB et al., 2013).
Além disso, foi observado em individuos indianos com sobrepeso que
homozigotos AA para esta variante apresentaram maior IMC (DASGUPTA,
SALMAN et al., 2015).

A adiponectina é a adipocina mais abundantemente expressa no TAB
(FAIN, MADAN et al., 2004). Ao contrario da leptina, os niveis de adiponectina
diminuem antes do inicio da obesidade e da resisténcia a insulina (AHIMA,

2006). Acredita-se que a relagao inversa da adiponectina com a obesidade e a
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resisténcia insulinica seja crucial para o desenvolvimento dessas patologias
(AHIMA, 2006). No mesmo estudo referido anteriormente realizado em uma
coorte de criangas (ZANDONA, RODRIGUES et al., 2013), homozigotos para o
alelo G do SNP APM1 -11377C>G (rs266729) na regiao promotora do gene da
adiponectina apresentaram niveis significativamente maiores de colesterol total
e LDL quando comparados aos homozigotos C/C antes da corregdo para
multiplos testes (correcao de Bonferroni). Além disso, o SNP APM1 -11391G>A
(rs17300539) também foi associado a niveis de energia ingerida durante o
primeiro ano de idade, gordura subcutanea, niveis de glicemia e colesterol HDL
aos quatro anos de idade, apesar de os valores de P nido terem se mantido
significativos apds a corregdo de Bonferroni. Em um estudo prévio do presente
grupo em 410 pacientes vivendo com HIV e sob terapia antirretroviral, os alelos
A (ADIPOQ -11391) e C (ADIPOQ -11377) foram associados a niveis
plasmaticos mais elevados de adiponectina (TRINCA, SPRINZ et al., 2010).
Em um estudo posterior, o presente grupo associou polimorfismos no receptor
de adiponectina (ADIPORZ2, rs11061925 e rs929434) com paréametros
bioquimicos, como niveis de triglicerideos, adiponectina, colesterol total e
glicemia em 222 homens HIV-positivos sob terapia antirretroviral (CASTILHOS,
SPRINZ et al., 2015). Uma meta-andlise realizada para esclarecer a
associagao de polimorfismos do gene ADIPOQ com a obesidade mostrou que
a variante rs17300539 esta associada ao risco para a populagao caucasiana e

a variante rs266729, para a populagao asiatica (LU, ZHOU et al., 2014).

A resistina, por sua vez, é secretada por macréfagos no TAB humano,

com efeitos biolégicos nos disturbios homeostaticos da glicemia. Altos niveis
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desse peptideo estdo associados a resisténcia insulinica, ao aumento do risco
cardiovascular, a disfuncdo endotelial e ao aumento de marcadores pro-
inflamatorios, por exemplo (FONSECA-ALANIZ, TAKADA et al., 2007;
SCHWARTZ e LAZAR, 2011). Outro estudo realizado por membros do
presente grupo (MATTEVI, ZEMBRZUSKI et al., 2004) associou o alelo G do
polimorfismo na regidao 5 do gene da resistina (RETN -420 C>G) com medidas
menores de IMC e circunferéncia de cintura em mulheres pré-menopausicas
quando comparadas as homozigotas C/C. Por outro lado, outros dois estudos
nao encontraram associacdo deste SNP com IMC em mulheres belgas
(BECKERS, PEETERS et al., 2008) e em homens dinamarqueses (BECKERS,

ZEGERS et al., 2013).

1.4 Angiogénese e obesidade

Diferente da maioria dos tecidos, o adiposo continua a se expandir e
regredir durante a vida adulta. A expansado do tecido adiposo pode ser
permitida tanto por neovascularizagao (no caso de hiperplasia dos adipdcitos)
quanto por dilatagdo e remodelamento da rede capilar existente (para
hipertrofia dos adipdcitos) (HAUSMAN e KAUFFMAN, 1986). Portanto, a
adipogénese (formacdo dos adipécitos) esta fortemente associada a
angiogénese (formacdo de novos vasos sanguineos) (CHRISTIAENS e
LIUNEN, 2010). De fato, a angiogénese tem sido mostrada como tendo papel
crucial na modulagdo da adipogénese e da obesidade (CAO, 2007; LIJNEN,

2008; PARK, LEE et al., 2015).
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Um sistema vascular bem definido esta presente no tecido adiposo,
onde cada adipdcito € envolto por um estroma vascular contendo pré-
adipdcitos, ceélulas endoteliais, perdcitos, fibroblastos, macrofagos e células-
tronco mesenquimais (CAO, BRAKENHIELM et al., 2001). No tecido adiposo
em crescimento, vasos angiogénicos contribuem para a adipogénese através
de inumeros mecanismos, a saber: 1°) suprem o tecido com nutrientes,
oxigénio e plasma, o qual é enriquecido por fatores de crescimento e citocinas;
2°) fornecem células- tronco circulantes, que sao capazes de diferenciarem-se
em pré — adipocitos; 3°) facilitam a infiltragcdo de mondcitos e neutroéfilos, o que
aumenta o numero de células inflamatdrias; 4°) células endoteliais ativadas
desses vasos angiogénicos produzem varios fatores de crescimento e
citocinas, que se comunicam de forma paracrina com os adipécitos
promovendo aumento e expansdo dos mesmos; 5°) removem residuos do
tecido; 6°) a vascularizagao do tecido consiste em microvasos fenestrados que
podem ser fundamentais para determinar efeitos locais ou sistémicos das

adipocinas (revisao em CAO, 2010).

Tanto o TAB quanto o TAM produzem e secretam diferentes tipos de
fatores pr6é - angiogénicos, como o VEGF-A e o fator de crescimento de
hepatdcitos (HGF), ambos os fatores angiogénicos chave produzidos pelos
adipdcitos. Outros fatores derivados do tecido adiposo que possuem efeito
semelhante sdo o VEGF-B e —C, fator de crescimento placentario (PIGF), fator
de crescimento de fibroblastos (FGF)-2, angiopoetina (Ang)-1 e -2, leptina, fator
de crescimento transformador (TGF)-B, TNF-a, entre outros. O tecido adiposo

também produz fatores antiangiogénicos, como a adiponectina e
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trombospondina (TSP)-1 e -2, por exemplo. Porém, o papel da adiponectina é
controverso, pois a mesma ja foi descrita como promotora da angiogénese
(LANDSKRONER-EIGER, QIAN et al, 2009). Portanto, a regulacdo da
angiogénese no tecido adiposo depende do equilibrio local de fatores pro- e
antiangiogénicos, dependendo do contexto em diferentes depodsitos de gordura

(CHRISTIAENS e LIJNEN, 2010).

O VEGF é expresso tanto na fracdo de células estroma - vasculares,
quanto em adipoécitos maduros, descrito em animais e humanos (LEDOUX,
QUEGUINER et al., 2008). Um dos cinco membros da familia VEGF, o VEGF-
A, estimula tanto a angiogénese fisioldgica quanto a patoldgica através de
sinalizagao pelo receptor de fator de crescimento endotelial vascular (VEGFR)-
2 de maneira estritamente dose-dependente. A perda de um unico alelo do
VEGF-A causa defeito vascular embriénico (CARMELIET, FERREIRA et al.,
1996). Assim, acredita-se que o VEGF-A seja responsavel pela maior
capacidade angiogénica do tecido adiposo (ZHANG, MAGOVERN et al., 1997;
HOLMES, ROBERTS et al., 2007). Um estudo (NISHIMURA, MANABE et al.,
2007) mostrou que o uso de um anticorpo anti-VEGF inibiu ndo apenas a
angiogénese, mas também a formagdo de grupamentos de células
adipo/angiogénicas, indicando que o acoplamento da adipogénese e da
angiogénese € essencial para a diferenciacdo de adipdcitos na obesidade, e
confirmando o VEGF como um mediador chave. A participacdo do VEGF na
angiogénese do tecido adiposo também foi evidenciada para tecido humano,

usando anticorpos anti-VEGF (LEDOUX, QUEGUINER et al., 2008).
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Ja o FGF-2 é um potente estimulador da diferenciagdo, migracéo e
proliferagdo de células endoteliais (PRESTA, DELL'ERA et al., 2005), e
aumenta a diferenciacao in vivo de adipécitos (KAWAGUCHI, TORIYAMA et
al., 1998). Durante a angiogénese, o FGF-2 estimula a sintese de proteinases,
como a colagenase e uroquinase ativadora de plasminogénio (u-PA), e de
integrinas para formar novas estruturas de corddes capilares (OKAMURA,

SATO et al., 1991).

Outro fator de crescimento, o TGF-, € uma citocina multifuncional capaz
de regular o crescimento e diferenciagcdo de muitos tipos celulares. Esta
citocina esta implicada em varios processos bioldgicos, incluindo adeséo e
migragdo, producado de matriz extracelular, remodelamento de tecido e reparo
de dano (MCCARTNEY-FRANCIS e WAHL, 1994; ZAMANI e BROWN, 2011).
Niveis de RNAmM de TGF- estdo aumentados em adipdcitos maduros e nas
fragbes celulares estromal/vascular de tecido adiposo de camundongos
obesos. A expressdo aumentada de TGF-B no tecido adiposo pode levar ao
aumento da proliferacdo de células precursoras de adipécitos, assim
contribuindo para o excesso de células em depdsitos de gordura associados ao

fendtipo da obesidade (SAMAD, YAMAMOTO et al., 1997).

Além dos adipdcitos, outros tipos celulares como células inflamatdrias e
estromais do tecido adiposo também contribuem substancialmente para a
angiogénese. A hipdxia no tecido adiposo de individuos obesos também tem
um papel causal no desencadeamento da inflamagao e da angiogénese (CAO,

2010). Portanto, levando-se em consideragao que a obesidade e quase todas
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as desordens relacionadas a ela sado associadas a disturbios na angiogénese,
uma maior compreensao dos mecanismos envolvidos pode levar a uma

melhora na abordagem terapéutica deste desequilibrio energeético.

1.5 Inflamacgao e obesidade

A invasdo de depdsitos adipocitarios por macréfagos é uma
caracteristica fundamental do tecido adiposo obeso que contribui para a sua
adaptacao as condigbes energéticas, como hipdxia e tensdo mecanica (devidos
a hipertrofia). A infiltracdo dos macréfagos remove as células mortas e também
expoe os adipécitos a citocinas inflamatérias que promovem a “anti -
adipogénese”, ou desmontagem da morfologia e funcao distintas dos adipécitos
para aliviar a tensdo do excessivo acumulo de lipideos (RUAN, HACOHEN et
al., 2002). Esta infiltragdo também promove a vascularizagédo do tecido adiposo
(PANG, GAO et al.,, 2008). Portanto, essa mudanga dinamica observada no
tecido adiposo pode ser referida como remodelamento do tecido adiposo
(SUGANAMI e OGAWA, 2010). O numero de macrofagos presente no TAB
esta diretamente correlacionado com a adiposidade e com o tamanho do
adipdcito, tanto em camundongos quanto em humanos, ndo havendo diferenca
significante na presenca entre os TAB visceral e subcutaneo (WEISBERG,

MCCANN et al., 2003; CURAT, MIRANVILLE et al., 2004).

O gene PBX/knotted 1 homeobox 1 (PKNOX1) codifica uma proteina
crucial na regulacdo da polarizagdo macrocitaria. Esse gene foi associado a
resposta inflamatodria no tecido adiposo e a resisténcia insulinica sistémica em

camundongos (ZHUANG, MENG et al., 2012).
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O TNF-a é uma importante citocina inflamatéria secretada pelos
macrofagos que atua como regulador negativo da adipogénese, podendo
também regular varios processos biolégicos, como a fungdo imune,
diferenciagcado celular, proliferacdo, apoptose e metabolismo energético
(KRIEGLER, PEREZ et al, 1988; CILDIR, AKINCILAR et al, 2013). A
expressao ectépica de TNF-a estimula a inflamagao crénica no tecido adiposo
obeso através do bloqueio da expressdo de genes adipogénicos,
particularmente o PPARY, C/EBPa e o FABP4 (CAWTHORN, HEYD et al.,
2007), e pela inducdo da expressdo de marcadores pré - adipocitarios
(SHOELSON, LEE et al., 2006). Além disso, a agcao do TNF-a no tecido
adiposo pode alterar a producdo de inumeras adipocinas e isto se torna
relevante para os efeitos sistémicos desta citocina na sensitividade a insulina e
na homeostase energética corporal (CAWTHORN e SETHI, 2008; CILDIR,
AKINCILAR et al., 2013). Ainda, a citocina esta envolvida em um ciclo vicioso
que amplia as mudangas inflamatérias no tecido adiposo. O TNF-a, que em
grande parte é derivado de macrofagos infiltrados no tecido adiposo obeso,
atua em seus receptores nos adipdcitos hipertrofiados induzindo, portanto, a
producao de citocinas pré-inflamatdrias e a lipdlise em adipécitos (SUGANAMI,
NISHIDA et al., 2005). Por outro lado, os acidos graxos saturados, entdo
liberados, servem como ligantes naturais para o complexo TLR4 (toll-like
receptor 4), o que é essencial para o reconhecimento da LPL para induzir a

ativagdo em macrofagos (SUGANAMI, TANIMOTO-KOYAMA et al., 2007).
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Assim como o TNF-qa, a IL-6 também é conhecida por estar envolvida na
regulacdo da sinalizagdo da insulina e do metabolismo lipidico. De modo
semelhante, os macréfagos contribuem aproximadamente em 50% na
producao de IL-6 do TAB (WEISBERG, MCCANN et al., 2003). Niveis séricos
de IL-6 foram correlacionados positivamente com o grau de obesidade
(SKURK, ALBERTI-HUBER et al., 2007). Além disso, altos niveis desta citocina
em obesos podem ser responsaveis pelo aumento de proteinas de fase aguda,
como a proteina C reativa (FANTUZZI, 2005). Contudo, o papel metabdlico da
IL-6 € considerado controverso devido a suas multiplas fungdes, incluindo
efeitos tecido-especificos no metabolismo da glicose e na sinalizag&o insulinica

(SABIO e DAVIS, 2010).

Outra proteina produzida em grandes quantidades na obesidade
humana e que governa a secregéo de IL-1B e IL-1Ra, € o receptor purinérgico
P2X (P2RX7) (GLAS, SAUTER et al., 2009). Esse receptor € responsavel pela
lise ATP-dependente de macrofagos, regulando a permeabilidade celular,
liberagdo de citocinas e apoptose (NARCISSE, SCEMES et al., 2005). Niveis
séricos elevados de IL-1Ra ja foram correlacionados com obesidade e
resisténcia insulinica (MEIER, BOBBIONI et al, 2002; ABBATECOLA,
FERRUCCI et al, 2004; SALMENNIEMI, RUOTSALAINEN et al., 2004)

(RUOTSALAINEN, SALMENNIEMI et al., 2006).

Somando-se a essas informacgdes, existe consideravel evidéncia para o
papel patofisiolégico da via da proteina MCP-1 e do receptor de quimiocinas

(motivo C-C) 2 (CCR2) na infiltracdo de macrofagos no tecido adiposo
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(WEISBERG, HUNTER et al., 2006; KAMEI, TOBE et al, 2006; ITO,
SUGANAMI et al., 2008; XU, KITADE et al., 2015). Os adipdcitos sao uma
fonte importante de MCP-1 e causam inflamacéo no tecido adiposo mesmo na
auséncia de macréfagos (SINDHU, THOMAS et al.,, 2015). Logo, a MCP-1
adipocitaria tem papel crucial na resisténcia insulinica de individuos obesos
(UCHIDA, TAKESHITA et al., 2012). Além disso, dois estudos prévios com
superexpressao transgénica de MCP-1 em tecido adiposo e com camundongos
deficientes de MCP-1 (MCP-17/) mostraram que a proteina exerce papel
importante no recrutamento de macréfagos em tecido adiposo obeso (KANDA,

TATEYA et al., 2006; KAMEI, TOBE et al., 2006).

A inibigdo da infiltragdo de macrdofagos no tecido adiposo, mediante
estratégias genéticas ou farmacoldgicas, melhora a desregulagdo da produgao
de adipocinas levando, portanto, a uma melhora da inflamag¢do do tecido
adiposo induzida pela obesidade e da resisténcia insulinica (SUGANAMI e
OGAWA, 2010). Além disso, a inflamagdo crbnica altera os niveis de
microRNAs em células imunes (LODISH, ZHOU et al., 2008; GE, BRICHARD

et al., 2014).

1.6 MicroRNAs

Sabe-se que mais de 80% do genoma humano pode ser transcrito,
porém, menos de 2% apresenta capacidade de codificar proteinas (DJEBALI,
DAVIS et al.,, 2012). Logo, fica claro que a diversidade das regides nao
codificadoras do genoma é fundamental para a complexidade funcional dos

organismos (GERSTEIN, KUNDAJE et al., 2012).
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Os microRNAs sdo uma classe de pequenos RNAs (aproximadamente
22 nucleotideos) ndo - codificantes que sdo reconhecidos como alvos
terapéuticos viaveis para uma série de doengas (ALEXANDER, LODISH et al.,
2011; OLIVE, MINELLA et al., 2015). Frequentemente referidos como
“microgerentes” da expressao génica, os microRNAs sao evolutivamente bem
conservados e, ligando-se ao transcrito — alvo na regido 3’ nao traduzida do
gene (3'UTR), podem inibir a tradugao de proteinas e desestabilizar seus RNAs
— alvo (BAEK, VILLEN et al., 2008; SELBACH, SCHWANHAUSSER et al.,
2008). Previstos como reguladores de mais de um ter¢co do genoma humano,
os microRNAs sdo sabidamente essenciais para o desenvolvimento de células

e organismos (LEE e AMBROS, 2001; LEWIS, BURGE et al., 2005).

Em humanos, foram encontrados mais de 3000 genes de microRNAs
(KOZOMARA e GRIFFITHS-JONES, 2011; FRIEDLANDER, LIZANO et al.,
2014). Estes genes podem ser transcritos pela RNA polimerase Il ou Il em
transcritos primarios chamados de microRNAs primarios. Estes transcritos sao
clivados no nucleo pela enzima Drosha e seu cofator, Pasha, no meio da sua
estrutura em forma de grampo (stem loop), originando o chamado pré -
microRNA (~70 nucleotideos). Os pré - microRNAs sdo exportados ao
citoplasma e processados por outras enzimas, como a Dicer, para gerar um
duplex de microRNA maduro (~22 nucleotideos) que pode ser incorporado a
um complexo silenciador induzido por RNA (RISC) para ser ativado como
regulador pds — transcricional (revisdo em KIM, 2005 e KIM, HAN et al., 2009).

Os microRNAs silenciam os transcritos por facilitarem a clivagem argonauta -
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dependente de RNAs mensageiros (RNAm) e/ou por agirem como barreira
fisica a traducao, dependendo do nivel de complementaridade com seus alvos
(Figura 3). A regiao 5 proximal do microRNA (regiao seed) hibridiza com a
sequéncia na regidao 3'UTR do RNAm (GUO, INGOLIA et al., 2010). Analises
computacionais e experimentais revelaram que cada microRNA pode ter
aproximadamente 400 RNAm - alvo e quase metade do transcriptoma

mamifero é alvo de microRNAs (BARTEL, 2009).
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Figura 3. Biossintese e atuagcao dos microRNAs (adaptado de
http://www.requlusrx.com/microrna/index.php).

A desregulacdo de microRNAs vem sendo relacionada a obesidade
humana (MARTINELLI, NARDELLI et al., 2010; MCGREGOR e CHOI, 2011;
GE, BRICHARD et al., 2014). Além disso, uma série de evidéncias mostra que
os microRNAs sao indispensaveis para diferenciacdo terminal e funcdo dos
adipocitos. Um estudo (MUDHASANI, IMBALZANO et al., 2010) revelou que os
microRNAs sdo, de forma global, importantes para a adipogénese in vitro. Pré

— adipdcitos com ablagdo homozigotica da enzima Dicer apresentaram defeitos
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na lipogénese e redugdo em varias vezes de marcadores adipocitarios como
PPARY, GLUT4 e FABP4. Outro estudo do mesmo grupo (MUDHASANI, PURI
et al., 2010) mostrou evidéncias genéticas para a importancia fisioldgica da
regulacdo dos microRNAs no desenvolvimento de adipdcitos in vivo em
camundongos. Ja Ortega e colaboradores (ORTEGA, MORENO-NAVARRETE
et al.,, 2010) analisaram o perfil das mudangas ocorridas na expressao de
microRNAs durante a adipogénese. O estudo mostrou que 70 microRNAs
(8,8%) apresentaram diferenca estatisticamente significativa nos niveis de
expressao entre os pré — adipdcitos e adipécitos humanos, implicando uma

importancia dos microRNAs no desenvolvimento adipocitario.

Tecidos individuais mantém um padrdo unico de expressdo de
microRNAs, o que sugere que estes pequenos RNAs contribuam de forma
especifica para o funcionamento do tecido através da regulagdo de diferentes
genes-alvo (LIANG, RIDZON et al., 2007; OLIVE, MINELLA et al., 2015). Um
estudo de pesquisadores alemaes (KLOTING, BERTHOLD et al., 2009)
confirmou a hipbétese de a expressdo dos microRNAs no tecido adiposo
humano ser especifica dependendo da localizagdo do depdsito de tecido
adiposo e a relacionou aos parametros morfolégicos deste tecido, a obesidade
e ao metabolismo da glicose. Além disso, o mesmo estudo sugeriu que o0s
microRNAs apresentam papel importante na atratividade de células imunes ao

tecido adiposo.

1.6.1. Critérios para sele¢dao dos microRNAs

O tecido adiposo, além de funcionar como estoque lipidico, exerce

importante papel na integragdo de sinais enddcrinos, metabdlicos e
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inflamatorios (FANTUZZI, 2005). Foram escolhidos para o presente estudo
microRNAs que tinham por alvo genes relacionados as caracteristicas
inflamatorias, angiogénicas e metabdlicas do TAB, como descrito anteriormente
sendo eles representantes das seguintes classes: reguladores e citocinas pro-
inflamatorias (P2RX7, TNFA), proteinas associadas a regulagdo macrocitaria
(PKNOXT), adipocinas (ADIPOQ, LEP, RETN), fatores de transcrigdo
(PPARG), proteinas envolvidas no metabolismo lipidico (SIRT1) e outras

substancias relacionadas a homeostase vascular (VEGF, VEGFR).

A identificacdo de microRNAs por experimentos tradicionais, como
clonagem direta, perde pela baixa sensitividade devido a baixos niveis e
padrdao de expressdao (BARTEL, 2004; BEREZIKOV, CUPPEN et al., 2006).
Como alternativa, métodos de predicdo computacional dedicados a descoberta
de novos genes de microRNAs através da analise do DNA gendmico
apresentam um papel crucial. O principal sinal utilizado nos métodos
computacionais tem sido a estrutura secundaria tipo hairpin dos precursores
dos microRNAs (pré-microRNAs) (BARTEL, 2004; KIM e NAM, 2006; KANG e

FRIEDLANDER, 2015).

Os microRNAs que tinham por alvo os genes de interesse escolhidos
foram selecionados a partir de ferramentas de bioinformatica disponiveis
gratuitamente na internet, juntamente com a andlise de dados prévios da
literatura. Varios bancos de dados de microRNAs foram utilizados, a fim de
enriquecer a busca e gerar informacdes fidedignas das relagcbes RNAmM —

microRNA.
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Um total de 11 microRNAs foram escolhidos com base na sua
complementariedade com as regiées 3’UTR em genes alvo envolvidos nas vias
metabdlica, angiogénica e inflamatdria do tecido adiposo. Esses microRNAs
foram selecionados através da ferramenta TargetScanHuman (AGARWAL,
BELL et al., 2015) e confirmados pelas bases de dados online miRBase
(GRIFFITHS-JONES, 2006) e miRd (LAGANA, FORTE et al., 2009). De todos
os microRNAs sugeridos para cada gene alvo na nossa busca, foram
selecionados apenas aqueles que mostraram complementariedade perfeita nas

posigcoes de 2-8 da regiao seed do microRNA maduro.

Como discutido previamente, apesar de a obesidade ser caracterizada
pelo aumento do estoque de acidos graxos e crescimento da massa
adipocitaria, outras moléculas participam de forma importante na criagdo e
manutencdo do estado obeso. A fim de aprofundar os conhecimentos neste
tema, a compreensao dos mecanismos moleculares que atuam controlando a
expressdo e o0s niveis séricos dessas proteinas é essencial. Logo, os
polimorfismos e os microRNAs relacionados aos genes de interesse que
participam dos processos metabdlico, angiogénico e inflamatério do tecido
adiposo séo alvos-chave a serem explorados. Assim, com uma visao mais
ampla do problema, solu¢des e tratamentos mais eficazes contra obesidade
poderao ser discutidos, testados e, entdo, disponibilizados a populacdo nos

proximos anos.
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2 Objetivos
2.1 Geral

Comparar o padrao de expressdao de microRNAs que apresentam como
alvo genes envolvidos tanto nos processos inflamatorio e angiogénico quanto
relacionados ao perfil metabdlico em tecido adiposo subcutédneo de individuos
obesos e ndo — obesos, além de investigar a associacdo de variagdes em

genes de adipocinas com as alteragdes presentes na obesidade humana.

2.2 Especificos

1. Implantar as metodologias laboratoriais para a analise de microRNAs
pela transcri¢cao reversa e reacao da polimerase em tempo real;

2. Verificar e comparar a expressdo dos microRNAs de interesse (a
saber, miR-16, -26b, -27a e b, -125b, -132, -186, -223, -424-3p e 5p, -
519d) no tecido adiposo de individuos obesos e nao - obesos;

3. Utilizar ferramentas de bioinformatica para confirmar os genes alvo
dos microRNAs;

4. Avaliar os niveis de adipocinas plasmaticas nos individuos estudados;
5. Acompanhar a evolucdo de pardmetros metabdlicos e bioquimicos
nos individuos obesos que foram submetidos a cirurgia bariatrica;

6. Genotipar variagdes em regides promotoras de genes de adipocinas
(a saber, LEP -2548 G>A, RETN -420 C>G, ADIPOQ -11391 G>A e
ADIPOQ -11377 C>G) e compara-las aos os niveis plasmaticos das

variaveis avaliadas e com alteragdes metabdlicas.
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Abstract

Background: To disclosure the mechanisms surrounding obesity, we selected
microRNAs that target genes involved in angiogenesis, inflammation and adipogenesis
and compared their expression in subcutaneous adipose tissue (SAT) of 21 obese and 19
non-obese women.

Methods: Subcutaneous adipose tissue samples were collected during surgery and
mature microRNAs were quantified by real-time PCR.

Results: miR-16 was overexpressed in the non-obese group (n-expression ratio=-151.1;
P<0.001). Additionally, the expression of miR-27b and miR-424-5p was significantly
correlated with waist circumference in non-obese women (BMI, r=0.453; P=0.027 and
=0.502, P=0.014, respectively). Total and central subcutaneous adipose tissue were
correlated with miR-424-5p levels (r=0.475, P=0.046 and 1=0.506, P=0.034,
respectively). miR-424-5p expression was also correlated with BMI in the obese group
(r=0.582, P=0.018).

Conclusions: Both miR-16 and miR-424 have vascular endothelial growth factor
(VEGF) and its receptors as target genes, suggesting they may be involved in the
alterations of angiogenesis observed in obesity. These results highlight the importance
of miRNA expression in subcutaneous adipose tissue and put them on focus to be used
in the future as prognostic markers.

Abbreviations: subcutaneous adipose tissue (SAT)

Keywords: Adipose tissue; obesity; microRNA; miR-16; miR-424; miR-27
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Introduction

Obesity and its related comorbidities, such as type II diabetes, cardiovascular
diseases, and certain types of cancer, have been threatening health of a growing number
of people worldwide [1]. In order to fight this global epidemic, the study of adipose
tissue biology has become increasingly important in the last years.

Evidence has accumulated indicating obesity is associated with a state of adipose
tissue remodeling, characterized by adipocyte hypertrophy, increased angiogenesis and
production of proinflammatory adipokines during the progression of chronic
inflammation [2] [3]. Unbalanced production of regulatory molecules by adipocytes,
macrophages and endothelial cells may play a major role in this pathology.

Since a new layer of post-transcriptional control of gene expression has been
discovered, performed by microRNAs (miRNAs), it has been related to most biological
processes [4]. The importance of miRNAs is well recognized in regulating genetic
networks and subsequent physiological processes. Altered expression levels of miRNAs
in human and animal models have been associated with various diseases conditions and
their progression, including obesity-associated comorbidities [5] [6] [7]. miRNAs can
suppress the production of target proteins by inducing their messenger RNA (mRNA)
degradation and/or blocking their translation [8], through binding to the 3' untranslated
region of mRNAs.

Although it is widely accepted that obesity is a heritable condition, even the
most powerful genome-wide association studies (GWAS) recently published [9] have,
so far, explained only 2.7% of the variation in body mass index in the general
population. Furthermore, Shungin et al. [10] conducted a genome-wide association
meta-analysis of traits related to waist and hip circumferences in up to 224,459
individuals, finding that the pathway analyses implicated adipogenesis, angiogenesis,
transcriptional regulation and insulin resistance as processes affecting fat distribution.
Thus, the explanation of this so-called “missing heritability” in adiposity may rely on
the still less explored level of gene regulation, at the miRNAs expression. Furthermore,
several miRNAs and their targets have been implicated in the linkage between
inflammation, angiogenesis and obesity [7] [11] [12] in the years since their discovery.

Considering these evidences, we hypothesized and aimed to disclosure if
specific miRNAs targeting genes involved in angiogenesis, inflammation, and

adipogenesis may be differentially expressed in adipose tissue from obese and non-
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obese individuals. We believe this strategy can improve the understanding of molecular
mechanisms underlying the accumulation of fat mass in the human body. Aggregating
to this, microRNAs could be used as prognostic markers and/or synergistically with

other treatments to mitigate obesity and associated diseases.

Materials and methods

Study population

This cross-sectional study included 40 patients, all women, consecutively
recruited from reference centers in two hospitals in Porto Alegre, southern Brazil. The
obese group (body mass index, BMI> 30 kg/m?) was constituted by 20 patients who
underwent bariatric surgery for weight management and one who was submitted to
cosmetic surgery (totaling 21 individuals). On the other hand, the non-obese group
(BMI< 30 kg/m?) consisted of 19 patients who underwent abdominoplasty for cosmetic
purposes.

The inclusion criteria for the study were patients older than 18 years of age and
who had confirmed BMI according to the group to which they belonged at the moment

of enrollment. The exclusion criteria were pregnancy and chronic inflammatory disease.

Procedures

An interview was performed at enrollment to obtain demographic and lifestyle
information. The patients’ ethnicities were self-defined and classified as white or non-
white (black and brown). Subcutaneous adipose tissue and plasma samples were

obtained from all patients during surgery.

Anthropometric analysis

At the moment of inclusion in the study, for non-obese patients, a complete
physical examination was performed by the same researcher and included
measurements of weight (kilograms), height (meters), waist circumference (centimeters)
and seven skinfold thicknesses (millimeters), performed in triplicate at the right side of
the body with a Lange skinfold caliper (Beta Technology, California, USA). Biceps,
triceps and calf folds were grouped into a single measurement named limbs
subcutaneous fat (LSF). Subscapular, axillary, suprailiac and abdominal folds were

grouped into a single measurement called central subcutaneous fat (CSF). Total
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subcutaneous fat (TSF) was calculated as the total sum of LSF and CSF. BMI was
calculated using the following formula: BMI = weight in kilograms/ (height in meters).
All data were stored in a database using the Microsoft Excel program (Microsoft
Corporation, Redmond, Washington, USA). For obese patients only BMI was assessed,
because literature data suggest imprecision of waist circumference and skinfold
thickness in extremely obese patients and no additional clinically distinguishing or
relevant information will likely be obtained by performing anthropometric assessments

other than BMI in these individuals [13] [14].

microRNA selection

A total of 11 miRNAs were chosen based on their complementarity to 3’'UTR
regions on target genes involved in metabolic, angiogenic and inflammatory adipose
pathways (Table 1). miRNAs that target our genes of interest were selected through the
TargetScanHuman [15] and confirmed by miRBase [16], and miRo online databases
[17]. From all miRNAs listed by the database for each gene of interest, we have selected

only those which showed an exact match to positions 2-8 of the mature miRNA.

microRNA collection and analysis

Subcutaneous adipose tissue samples were collected from the region near
stomach by the surgeon during the procedure and immediately stored in ImL of
Allprotect tissue reagent® (Qiagen, Hilden, Germany) at -20°C. Approximately 100ug
of tissue were ground in 1 mL of the homogenization buffer from mirVana miRNA
Isolation Kit® (Life Technologies, California, USA) using a Turrax tissue homogenizer
(Marconi, Sdo Paulo, Brazil). Homogenate was then subjected to the mirVana miRNA
Isolation Kit" protocol for total RNA isolation according to manufacturers’ instruction
and stored at -80°C. RNA integrity and quantification were measured with BioSpec-
nano (Shimadzu®, Kyoto, Japan).

microRNAs were enriched to a final concentration of 1.2 ng/uL of total RNA
eluted through a multiplex approach by using a pool of individual stem-loop primers of
selected microRNA assays (Life Technologies®, California, USA). Subsequently, the
TaqMan® microRNA Reverse Transcription Kit (Life Technologies®, California, USA)
was used with a pre-amplification step. All cDNAs were stored at freezer temperature
for no longer than five days. Afterwards, pre-amplified mature microRNAs from each

sample were used in duplicate for relative quantification in a StepOnePlus™ real-time
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PCR System (Life Technologies®, California, USA), using hydrolysis probes for
detection and following MIQE guidelines [18]. Samples of both groups were included
in each batch, in order to avoid any measurement bias.

An automatic baseline combined with a global threshold of 0.09 was used
throughout the analysis. miRNA expression was measured using threshold cycle (Cr).
Target miRNA Cr values were normalized to miR-let-7d and miR-126 endogenous
controls, which have presented the lowest variation among all assays evaluated with
ExpressionSuite Software version 1.0.3 (Life Technologies®, California, USA). RNU48
had also been tested as an endogenous control, however it presented a higher level of

variation than the aforementioned miRNAs.

Plasma adipokines

Human leptin, resistin and adiponectin were profiled in EDTA plasma samples
with ELISA kits (EMD Millipore®, Darmstadt, Germany). The assays were performed
according to the manufacturer’s instructions and the absorbances were read in a Bio-

rad® (California, USA) microplate absorbance reader.

Ethical considerations
All participants were informed about the purposes of the study and signed a free

and informed consent form. This study was approved by the Research Ethics Committee

in each participating center (protocol numbers 481/11 and 11-115).

Statistical analyses

Using the Winpepi software [19], set to 95% of reliability and 90% of power, we
have estimated that a sample of at least 38 subjects would be necessary in order to
detect a difference in miRNA levels of 10% between groups.

Demographic and clinical continuous variables were compared between the two
groups (obese and non-obese) using Student’s t-test for independent samples.
Categorical variables were contrasted with the chi-squared test with Yates continuity
correction or Fisher’s exact test. Asymmetrically distributed data (BMI, adiponectin and
resistin levels) were transformed into their natural logarithm and then used for statistical

analyses.
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In order to normalize miRNA data to the internal controls and calculate the
expression ratio between groups, the 2t approach [20] was used. Nonparametric
groupwise Mann—Whitney-U and Student’s t-test for independent samples were used to
compare miRNA expression between obese and non-obese patients. Also, plasma
adipokine levels and BMI were correlated with expression levels of individual miRNAs
by using Pearson’s or Spearman’s statistics. All data were analyzed using the SPSS 17.0
program (SPSS Inc., Chicago, Illinois, USA). All tests were two sided, and the level of

significance was predefined at less than 0.05.

Results

All patients were female and their mean age was 42.0 = 11.3 years. The main
characteristics of the total sample stratified by BMI (non-obese and obese) are presented
in Table 2. Most of subjects (95%) were non-smokers. Non-obese individuals engaged
in physical activity more frequently than obese patients (Table 2, P=0.011).

All three adipokines plasma levels (leptin, adiponectin, and resistin) were
compared between obese and non-obese individuals and are also shown in Table 2.
Plasma levels of leptin (P<0.001) and adiponectin (P=0.039) were higher and lower in
obese subjects, respectively. In contrast, resistin plasma levels were not different
between groups. In the non-obese group, leptin plasma levels were significantly
correlated with waist circumference (r=0.496, P=0.036). However, adiponectin and
resistin levels were not correlated with this measure (r=0.240, P=0.924 and r =0.295,
P=0.235, respectively).

The differential expression for each miRNA in the two groups analyzed is
shown in Table 3. The most striking difference observed was in miR-16, that presented
an expression about 150 times higher in the subcutaneous adipose tissue of non-obese
than in the obese group (n-expression ratio=-151.121; P<0.001), which is depicted in
Figure 1. A non-obese outlier individual was excluded of this analysis for showing a 2"
9 Value for miR-16 higher than 109.00. No significant differences were observed for
the other miRNAs investigated between obese and non-obese women.

We next evaluated the correlation of the studied miRNAs expression with
measurements of central and subcutaneous adiposity available for the non-obese
women, i.e., waist circumference, total subcutaneous fat and central subcutaneous fat.
Significant results are presented in Figure 2. Expression of miR-27b was correlated with

waist circumference (r=0.576 P=0.016). When adjusted by BMI, this correlation
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remained significant (r=0.453; P=0.027). miR-424-5p was also significantly correlated
with waist circumference (r=0.562, P=0.019), even when adjusted by BMI (0.502,
P=0.014). In addition, miR-424-5p levels were correlated with both TSF and CSF
(r=0.512, P=0.036 and r=0.538, P=0.026, respectively), even when adjusted by BMI
(r=0.475, P=0.046 and r=0.506, P=0.034, respectively). Furthermore, miR-424-3p was
correlated with BMI values in the obese group (r=0.582, P=0.018).

Discussion

Metabolic activity of adipose tissue has become a major focus of research due to
the worldwide pandemic of obesity. In the present study, we compared the expression of
selected miRNAs in subcutaneous fat between a group of obese and non-obese women,
to identify changes in the levels of miRNAs that target genes involved in angiogenesis,

adipogenesis and inflammation between these two groups.

In our sample, miR-16 was significantly overexpressed in subcutaneous adipose
tissue of non-obese than in obese women. It is well known elevated levels of a miRNA
reduce the translation of its target mRNAs [8]. A previous study [21] has computational
and experimentally predicted the vascular endothelial growth factor (VEGF) gene as
one of the miR-16 targets, which was also shown in our online databases research
(Table 1). Chamorro-Jorganes et al. [22] have demonstrated that miR-16 and miR-424
participate in regulation of VEGF receptor-2 (VEGFR?2), fibroblast growth factor-1
(FGFRI) and VEGF genes in vascular endothelial cells in mice. Furthermore, they have
shown miR-16 reduces blood vessel formation in vivo. In a review by Holmes et al.,
[23] VEGF and VEGFR2 genes have been related to proliferation, migration, survival
and permeability of endothelial cells. Accordingly to this rationale, an overexpression of
miR-16 in subcutaneous fat of non-obese individuals would keep a low expression of
the above mentioned proangiogenic target genes, creating an unfavorable environment
for cell proliferation. As a result, adipogenesis would be impaired in this scenario due to
the lack of new vessels formation. Moreover, miR-16 has already been described as a
suppressor of cell cycle progression by targeting innumerous G1 ciclins [24]. The
importance of VEGF gene has also been highlighted in a recent GWAS [10], which
considered it as one of the components of a gene set with biological effect in body fat
regulation. In a recent review by Elias et al. [25] about the VEGF-A actions in the

control of obesity and insulin resistance in the adipose tissue, these authors point out the
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conflicting reports regarding the local and systemic levels of VEGF during obesity.
There are evidence showing that VEGF-A concentration in serum correlates
significantly with BMI, with higher VEGF-A levels observed in overweight and obese
subjects and animal models. However, other authors have failed to reproduce these
results and some studies have reported decreased VEGF-A expression in adipose tissue

of obese mice and obese humans.

In the opposite direction of our results, Ortega et al. [26] have found elevated
levels of miR-16 during adipocyte differentiation in white adipose tissue, suggesting a
role in the biogenesis of this tissue. However, many miRNAs have been shown to be
upregulated in obesity and downregulated in adipogenesis, or vice-versa [27] [26]. MiR-
16 has already been described as endogenous control in previous studies [28] [29]. On
the other hand, a comprehensive search for miRNAs to be used as endogenous controls
in human adipose tissue performed by Neville et al. [30] did not include miR-16 among

the 13 most stable miRNAs found in human adipose tissue.

Despite the fact that both miR-16 and miR-424 share the same seed region,
implying similar targets, we did not find statistically significant differences in miR-424
subcutaneous adipose tissue expression between obese and non-obese studied
individuals. However, we observed miR-424 levels are directly correlated with BMI in
the obese group and to higher waist, TSF and CSF measurements in the non-obese
group. These findings suggest miR-424 to act in an opposite way of miR-16, in relation
to subcutaneous fat accumulation. In a recent study by Zhang et al. [31], miR-424 levels
have been shown to be increased in cancer cells due to a hypoxia microenvironment
leading to apoptosis resistance. Similar, the greater is the adiposity (waist and sum of
skinfolds), the higher is the hypoxia in white adipose tissue (WAT) and the miR-424
levels due to an excessive adipocyte number sharing the same vascular supply. These
evidence led us to speculate that miR-16 and miR-424 have different roles according to
the set of genes in each pathway they regulate. This way, we consider the final result of
miR-424 on the outcome depends of a fine and delicate balance of its duality shown so
far: on one side, being overexpressed in hypoxia and, on the other, acting as an inhibitor
of angiogenic factors. Therefore, due to these data, more studies are necessary to

explain this duality mentioned above.
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In relation to miR-27, our results have shown that higher levels of miR-27b in
non-obese individuals were correlated to wider waist measurement. Several authors
have implicated it with preadipocyte differentiation [27] [32] [33] [34]. Although miR-
27b has never been correlated to waist circumference or to any other anthropometric
measurement of subcutaneous fat, as far as we know, Kang et al., [35] have described
this miRNA as an inhibitor of adipogenesis. Therefore, by targeting prohibitin (PHB),
miR-27 induces downregulation of PPARy and causes mitochondrial impairment, which
leads to reduction of adipogenesis, as seen in mouse 3T3-L1 in vitro cell line culture
[36]. Moreover, its expression has already been related to hypoxia [32], which is
increased in obesity. As a result, higher levels of miR-27 are expected to be correlated
to higher fat depots measurements, as shown in our analysis.

We are aware that our study presents some limitations. First of all, our research
was performed only in female individuals. However, as emphasized by a recent
genome-wide association meta-analysis [10], there is a huge sexual dimorphism in the
genetic regulation of traits related to fat distribution. Moreover, gender is known to
influence miRNA expression in human WAT [37]. As a result, having only women
enrolled makes our sample more homogeneous, avoiding gender split and resulting in
more robust results. Furthermore, this study has a significant higher number of enrolled
individuals when compared with other publications in the same area [28] [26] [38] [37].
Also, as far as we know, there are no other studies correlating subcutaneous fat
measurements and miRNAs expression. As our results were generated from in vivo
human tissue and with very sensitive methodologies, we have a more realistic scenario
than studies performed with cultured cells and animal models.

In summary, our findings show that miR-16 was highly overexpressed in non-
obese WAT, acting probably as an anti-angiogenic factor by binding VEGF and
VEGFR?2 genes. In addition, we found significant correlations of miR-27b, and miR-424
expression in women subcutaneous adipose tissue with BMI and anthropometric
measurements in obese and non-obese women, suggesting they have a possible role in
modulation of body fat distribution, but acting in the opposite direction than miR-16.
Furthermore, our data suggest miR-16 and miR-424 may have opposite effects and
together they may be, at least in part, responsible for the fine tunning of adipogenesis in
the adipose tissue. Considering the complex network of miRNA regulation, those
results need to be further explored and validated in other studies. Hence, because the

prevalence of obesity poses a huge clinical burden, innovative strategies to understand
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the molecular mechanisms that underlie normal and pathophysiological regulation of

adipose tissue are needed.
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Abstract

Our aim was to investigate if single nucleotide polymorphisms (SNPs) located in the 5’
regions of leptin (LEP, -2548 G>A, 1s7799039), resistin (RETN, -420 C>G, rs1862513)
and adiponectin (ADIPOQ, -11391 G>A, rs17300539 and -11377 C>G, 1s266729)
genes were related to changes in body mass index (BMI) and metabolic variables after
bariatric surgery in 60 extremely obese individuals. At baseline, ADIPOQ -11391 A-
allele carriers showed higher plasma adiponectin and lower total cholesterol levels when
compared to G/G homozygotes. Approximately 32 months post-surgery, a mean
reduction of 35% in BMI and an important improvement in metabolic profiles were
observed. In addition, for the ADIPOQ -11377 polymorphism, a higher decrease in lipid
profile was associated to the C/C genotype. Moreover, individuals bearing the A-C
haplotype for the two ADIPOQ SNPs were more prone to show a reduction in low-
density lipoprotein levels after bariatric surgery (-43.0% A-C carriers vs. -18.1% G-G
carriers, p=0.019). We did not find any association of leptin and resistin SNPs with the
clinical parameters analyzed. In summary, our results indicate that the A-C haplotype is
a predictor of better lipid profile post-surgery and the studied SNPs in ADIPOQ gene
are associated to changes in metabolic variables in obese individuals.

Keywords: Adiponectin, polymorphism, obesity, lipid profile, bariatric surgery

61



62

Introduction

Obesity is a health problem that affects not only the welfare of individuals
worldwide, but also the economy, representing a heavy burden to public health systems
(Krzysztoszek et al., 2015). To loose and maintain weight loss is not an easy goal for
most people. Efficacious and safe pharmacological treatments are still lacking and
lifestyle modifications are currently the first choice treatment to the excess of body
weight. Surgical interventions are being highly used to treat patients with morbid
obesity (body mass index, BMI, equal or over 40 kg/m?). However, there is a high inter-
subject variability among surgical outcomes (Sevilla and Hubal, 2014).

Genetic factors have been demonstrated to explain almost 70% of BMI
variability (Visscher et al., 2012; Zaitlen et al., 2013). Due to these high estimates of
body weight heritability and to inter-individual differences observed in response to
bariatric surgery, the role of individual genetic background on outcomes of this
intervention becomes an important gap in the present knowledge.

Since 1948, proteins secreted by adipose tissue, i.e. adipokines, have been
related to energy expenditure regulation through both central and endocrine actions
(Wertheimer and Shapiro, 1948). Moreover, excess of adipose tissue in obesity has been
shown to disturb adipokine signalling and to be linked to insulin resistance,
hyperglycemia, increased risk of cardiovascular diseases and dyslipidemia (Antuna-
Puente et al., 2008; Leal and Mafra, 2013). Three adipokines, namely leptin, resistin,
and adiponectin, known to play important roles in the modulation of the metabolic
adverse effects associated with the excess of adipose tissue, have been chosen as the
focus of the present study. Leptin acts inhibiting appetite and food intake and
stimulating energy expenditure. However, circulating leptin levels produced by adipose

tissue are increased in obese subjects, probably due to the existence of leptin resistance.
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Resistin is also an adipocyte-specific secreted adipokine with conflicting reports of its
potency in metabolic diseases in humans. However, several studies have consistently
reported a close relationship between resistin levels and obesity, insulin resistance, or
type 2 diabetes. On the other hand, adiponectin levels are low in obese subjects, and this
adipokine produces insulin-sensitizing effects (reviewed in Jung and Choi, 2014).
Therefore, it has been proposed that genetic variation influencing adipokine action can
also alter many physiological and pathological mechanisms (Breitfeld et al., 2012).
Variations in regulatory regions of genes encoding adipokines have been
associated with obesity-related phenotypes by our group and others (Mammes et al.,
2000; Mattevi et al., 2002; Mattevi et al., 2004; Norata et al., 2007; Ben Ali et al.,
2009). These findings strengthen the connection between adipokines and obesity.
However, the role of these variants in longitudinal studies and in response to bariatric
surgery has been far less investigated. Therefore, our aim was to investigate if single
nucleotide polymorphisms (SNPs) located in the 5° regions of leptin, resistin and
adiponectin genes are related to a different profile of weight loss and/or changes in
metabolic variables evaluated before and after gastric reduction surgery in obese

individuals.

Materials and Methods

Sixty obese subjects undergoing elective gastric bypass abdominal surgery
[Roux-en Y gastroenterostomy, which has been considered the gold standard for
surgical treatment of obesity in the United States (Barnett, 2013)] were recruited at the
Obese Class III outpatient clinic at a government-supported hospital in Rio Grande do
Sul, Brazil. Inclusion criteria were body mass index [BMI, calculated as (weight in kg) /

(height in m)?*] equal or over 40 kg/m? or BMI equal or over 35 kg/m? with associated
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comorbidities (type 2 diabetes, sleep apnea, hypertension, dyslipidemia, cardiovascular
diseases, or osteoarthritis). Individuals were excluded in presence of serious hepatic
disease, cancer, coagulation disorders or stomach diseases.

In order to characterize the sample, information about birth, ethnicity, gender,
physical activity, smoking, use of oral contraceptives, menopausal status, weight,
height, presence of type 2 diabetes and hypertension were obtained from medical files
recorded at the time of the surgery. In addition, as part of the patient’s routine care,
laboratory variables information (fasting total cholesterol, low-density lipoprotein, high-
density lipoprotein, glucose, triglycerides and glycosylated hemoglobin) were collected
in two different moments: a) pre-surgery (baseline); and b) after 32 +£7 months post-
surgery. Serum insulin and reactive C protein levels were available for only a few
individuals, so these variables were not further analyzed.

Plasma levels of leptin, resistin and adiponectin were measured in pre-surgery
fasting blood samples using the Human Leptin, Resistin, and Adiponectin Elisa Kits,
respectively (EMD Millipore Corporation, Missouri, USA). Plasma samples for these

measurements were available for only 43 individuals.

SNPs Genotyping

Fasting whole blood samples were collected during surgery and DNA was
extracted using a standard salting out technique (Lahiri and Nurnberger, 1991). We
conducted polymerase chain reactions (PCR) targeting regions containing
polymorphisms located in the genes encoding leptin (LEP -2548G>A; rs7799039, data
available for 53 individuals due to unsuccessful genotyping of some samples) and
resistin (RETN -420C>G; rs1862513, available for 50 individuals) using primers and

reaction conditions previously described (Mammes et al., 2000; Engert et al., 2002).
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Digestion of PCR products with the enzymes Hhal for LEP-2548 G>A and Bpil for
RETN -420C>G was conducted afterwards. Restriction fragment length analysis was
performed in agarose gels (2.5%) containing ethidium bromide to determine genotypes.
Two variants in the promoter region of the adiponectin (4DIPOQ) gene (-11377 C>G;
rs266729, obtained for 57 individuals and -11391 G>A; rs17300539, obtained for 56
individuals) were genotyped in a StepOnePlus™ real-time PCR System (Life
Technologies®, California, USA), using hydrolysis probes for allele discrimination.
Negative and positive controls were included in all analyses. Five percent of all samples
were repeated for genotype confirmation. Selection of SNPs was based in previous
results obtained by our group regarding their associations with anthropometric or
metabolic phenotypes in the Brazilian population (Mattevi et al., 2002; Mattevi et al.,

2004; Trinca et al., 2010).

Statistical Analyses

Variables used for sample characterization are expressed as mean =+ standard
deviation or frequency (%). Asymmetrically distributed continuous variables are
presented as medians [interquartile range]. Allele frequencies were calculated and
agreement of genotype frequencies with Hardy-Weinberg expectations was tested
through a goodness-of-fit chi-squared test. Pairwise linkage disequilibrium coefficients
(D', standardized linkage disequilibrium, and 1%, squared correlation coefficient) were
estimated using the Haploview software (Barrett ef al., 2005).

Mean biochemical and anthropometric parameters at baseline and % change
after surgery were compared among the different genotypes using Kruskal-Wallis and
Mann-Whitney-U tests. Prior to analyses, the changes in biochemical and

anthropometric variables were adjusted by linear regressions for the time interval
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between data collections. These adjusted values are presented in Table 4 and Figure 1.
Age, menopausal status and gender did not show significant correlation with
biochemical and anthropometric measurements in previous univariate analyses;
therefore, they were not included in adjustments. All tests were two-tailed, and the
significance level was pre-defined at < 0.05. Data presented herein are limited to
exploratory analyses and, therefore, multiple tests correction has not been performed.
All statistical analyses were conducted using IBM SPSS Statistics version 20.0.0 (SPSS
Inc., Chicago, USA).
Ethical Considerations

Informed consent was obtained from all individual participants included in the
study. All procedures performed in this study were in accordance with the ethical
standards of the institutional research committees (protocol numbers 11-105, UFCSPA,

and 481/11, Grupo Hospitalar Conceicao).

Results

Selected clinical characteristics of the 60 individuals from this study are
presented in Table 1. The studied sample was almost completely constituted by women
(91.7%) and euro-descendants (95.0%), with a mean age of 42.3 + 8.9 years. The
majority of patients did not smoke (93.3%) and 83.6% of women did not make use of
oral contraceptives. Six of the enrolled women were postmenopausal. Other clinical
variables at baseline are described in Table 1.

All genotype frequencies were in agreement with those expected under Hardy-
Weinberg equilibrium. Minor allele frequency for LEP -2548 G>A was 0.39 (A), for
RETN -420C>G was 0.31(QG), for ADIPOQ -11391 G>A was 0.11 (A), and for ADIPOQ

-11377 C>G was 0.31 (G). Three haplotypes resulting from the combination of the two
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SNPs in the ADIPOQ gene were observed, G-C, G-G and A-C, with the following
frequencies: 0.58, 0.31 and 0.11, respectively. Linkage disequilibrium coefficients were
also calculated for these two SNPs. D’ and r-squared values were 0.208 and 0.002,
respectively.

The relationship between each one of the SNPs located in LEP, RETN and
ADIPOQ coding genes and circulating concentrations of their respective proteins was
investigated through comparison of median adipokine levels among genotypes (Table
2). ADIPOQ -11391 A-allele carriers showed higher plasma adiponectin levels when
compared to homozygotes for the G allele (19.5 versus 12.4 ug/ml, p=0.045,
respectively). Leptin and resistin plasma levels were not different among genotypes for
SNPs located in their respective encoding genes.

In addition, we compared BMI and other biochemical parameters [triglycerides,
total cholesterol, low density lipoprotein (LDL) and high density lipoprotein (HDL)
cholesterol, glycosylated hemoglobin and glucose levels] among genotypes before
surgery. ADIPOQ -11391 G/G homozygotes showed higher total cholesterol levels than
A-allele carriers (212.1 vs. 182.9 mg/dL, p=0.019). Other parameters were not different
between these and other genotypes (data not shown).

The second data collection for blood analysis was performed after 32 + 7 months
post-surgery. Only one patient was lost after follow-up. As shown in Table 3, mean
BMI reduction was 35.0% after this period. All metabolic parameters evaluated
presented lower values after the surgical procedure, with exception of HDL-cholesterol,
which was higher than before surgery, as expected.

The possible relationship of the gene polymorphisms investigated with response
to bariatric surgery was evaluated through comparison of mean BMI variation and

changes in metabolic variables (lipid and glucose serum levels) between genotypes of
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the studied SNPs. ADIPOQ -11377 C/C individuals have shown higher reduction of
LDL cholesterol, total cholesterol and triglycerides when compared to G-allele carriers
(Table 4). When this analysis was conducted among ADIPOQ -11391 and -11377
haplotype combinations, a higher LDL cholesterol reduction was associated to A-C
haplotype carriers when compared to carriers of the G-G haplotype (Figure 1, -43.0 vs. -
18.1%, p=0.019). For other genetic variants analyzed no statistical significant

differences were found (data not shown).

Discussion

Bariatric surgery has been shown to be an effective treatment for extreme obesity.
Morbid obesity is usually associated with development of dyslipidemia, insulin
resistance and other metabolic disturbances (Gutierrez et al., 2009; Farb et al., 2011). In
our sample, mean BMI reduction was 35.0% after surgical intervention. Our data also
show an important improvement in lipid and glycemic profiles after bariatric surgery.
However, the relationship between genetic background and bariatric surgery outcomes
remains to be elucidated. In the present study, we longitudinally examined the possible
role of polymorphisms located in three adipokine encoding genes in the modulation of
surgical weight loss and lipid and glucose-related metabolic parameters.

Adiponectin was identified in the beginning of the 1990s, being the most
abundant transcript produced by adipose tissue (Maeda et al.,, 1996). Plasma
adiponectin levels are known to be negatively correlated with body fat mass. It is also
well-known that adiponectin has insulin-sensitizing effects. This protein also induces
activation of lipoprotein lipase enzyme, thereby enhancing very-low density lipoprotein
clearance and thus decreasing plasma triglyceride levels (Berneis and Krauss, 2002),

therefore acting as an anti-atherogenic adipokine. In addition, adiponectin has important
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anti-inflammatory properties. Although not fully established, this adipokine could act
by reducing anti-inflammatory molecules expression and by inhibiting macrophage
transformation to foam cells, for example (Ouchi and Walsh, 2007).

Although all individuals analyzed herein were extremely obese in a stable
weight situation before surgery, we observed that A-allele carriers for the ADIPOQ -
11391G>A SNP showed higher adiponectin plasma levels than G-allele homozygotes.
Similar results were previously reported in a study performed in obese subjects before
bariatric surgery in France (Poitou ef al., 2005) and also by our group in a sample of
HIV-infected patients on highly-active antiretroviral therapy, where A-allele carriers
showed higher adiponectin plasma levels than other genotypes (Trinca et al., 2010).
Furthermore, we observed that A-allele carriers had lower baseline total cholesterol
levels than G/G homozygotes for this SNP. Despite similar results in the literature data
related to the lipid profile were not found, the ADIPOQ -11391 A-allele has been
already associated with lower risk of type 2 diabetes in obese adults (Vasseur et al.,
2005; Goyenechea et al., 2009). For this reason, we believe this allele could imply in a
metabolic advantage for obese individuals, which needs to be further explored in future
studies.

For the second ADIPOQ polymorphism analyzed, -11377 C>G, C-allele
homozygotes presented higher reduction in LDL cholesterol, total cholesterol and
triglycerides than carriers of the variant G-allele. Higher levels of total and LDL
cholesterol were associated to the G/G genotype in a previous study by our group
performed in 3-4 years-old children from Brazil (Zandona ef al., 2013). Although there
were differences in enrolled individuals, both results suggest C/C genotype as a
predictor of a better response in circulating lipids after surgery, since the higher

decreases were reported in this group.
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Both studied SNPs are located in the promoter region of the ADIPOQ gene and
have already been associated with adiponectin levels (Bouatia-Naji et al., 2006).
However, previous characterization of the ADIPOQ gene promoter did not identify
binding sites for transcription factors at or around both SNPs (Schaffler ez al., 1998).
Although linkage disequilibrium coefficients between the two variants studied in the
ADIPOQ gene were quite low in the present sample, we (Trinca et al., 2010) and others
(Poitou et al., 2005) have found significant linkage disequilibrium between these two
SNPs in previous studies. Thus, we believe the small D’ and r* estimates found herein
are most likely due to sample size, because we had a low number of carriers of the -
11391 A allele (only 11). Evidence presented herein allow us to speculate that these
SNPs may be in linkage disequilibrium with an unknown functional site in this region,
which would explain the consistent associations of the A-C haplotype with adiponectin
levels found in different studies, as also suggested by Kyriakou and colleagues
(Kyriakou ef al., 2008).

Associations of LEP -2548 G>A and RETN -420C>G SNPs with their plasma
levels and other metabolic parameters mentioned above were not found herein. The
same result was reported by our group in human immunodeficiency virus (HIV)-
infected individuals for the LEP gene SNP (Trinca et al., 2010) and by Ortega and
colleagues (Ortega et al., 2014) in prepubertal children and adolescents and by
Menzaghi and colleagues (Menzaghi et al., 2006) in non-diabetic Caucasians for the
RETN variant. The results suggest that the variants located at leptin and resistin genes
are not associated with the parameters determined in this study.

One limitation of our study is the high proportion of women in our sample,
limiting the extrapolation of our results to the male gender. Other weak point is the lack

of post-surgical adipokines measurements, which would have enriched our results. We
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are also aware that only a few polymorphisms in the candidate genes were analyzed in
the present study, so we cannot rule out the role of other variants in these genes on the
modulation of the outcomes of bariatric surgery.

In summary, based on the data presented herein, we suggest that morbid obese
individuals bearing the A-C haplotype for the ADIPOQ -11391 and -11377 SNPs are
prone to show a higher reduction in circulating lipid levels after bariatric surgery than
other subjects, therefore having more benefits from this intervention. Future studies
should focus on the role of the adiponectin-signaling pathway over weight loss
interventions and improvement in circulating lipids profile to validate these results and

to introduce genetic analyses in evaluations before clinical practice decisions.
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Figure 1 - Comparison of percent variation in total cholesterol and low-density
lipoprotein levels following bariatric surgery among ADIPOQ -11391 G>A
(rs17300539) and -11377 C>G (rs266729) haplotype combinations.

a. Comparison of median %variation in LDL levels among ADIPOQ haplotype
combinations. Kruskal-Wallis test among the three haplotype combinations,
p=0.029; Mann-Whitney test used to show difference between G-G carriers and A-C
carriers medians, p=0.019. *Outlier individual value of ALDL%. ALDLY%,
percentual variation in low-density lipoprotein levels;

b. Comparison of median % variation in total cholesterol levels among ADIPOQ
haplotype combinations. Kruskal-Wallis test among the three haplotype
combinations, p=0.178. * Outlier individual values of A total cholesterol %. A,
variation.

Data are shown as median and interquartile range adjusted for the time interval

between data collections.
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Table 1 - Baseline clinical characteristics of the 60 morbidly obese enrolled subjects.

Characteristic *

Age (years) 423 +8.9
Women 55 (91.7 %)
Euro-descendants 57 (95.0%)
Smoking 4 (6.7%)
Sedentary 50 (83.3%)
Type 2 diabetes 32 (53.3%)
Hypertension 44 (73.3%)
Dyslipidemia 36 (60.0%)
Metabolic syndrome 40 (66.7%)
BMI (kg/m?) 50.7+7.8
Abdominal subcutaneous fat thickness (cm) 6.6 £1.8
Leptin (ng/mL)" 37.3 [24.7-47.3]
Adiponectin (ug/mL)" 12.5110.2-19.5]
Resistin (ng/mL)* 0.59 [0.43-0.80]

* Adipokine levels available for 43 individuals; *Data shown as mean + SD, median
[interquartile range] or absolute n (%). BMI, body mass index.
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Table 2 - Comparison of adipokines (leptin, resistin and adiponectin) plasma levels
among their respective encoding-gene polymorphisms genotypes before surgery.

Polymorphism  Genotype (n)  Adipokine* Interquartil range
Leptin (ng/mL)
LEP -2548 G>A G/G (24) 36.4 24.8-47.8
(rs7799039) A/G (17) 37.3 22.0-50.1
A/A (12) 39.4 32.6-423
p 0.988"
Resistin (ng/mL)
RETN -420 C>G C/C (22) 0.64 0.44 -0.92
(rs1862513)
G/G+C/G (28) 0.59 0.42-0.76
p 0.422°
Adiponectin
(ng/mL)
ADIPOQ G/G (45) 12.4 1.2-17.7
-11391 G>A A/A+A/G (11) 19.5 11.9-30.4
(rs17300539)
p 0.045°
ADIPOQ C/C (26) 13.6 10.9-18.9
-11377 C>G G/G+C/G (31) 125 10.2-25.4
(rs266729)
p 0.921°

*Data expressed as median and interquartile range; * Kruskal-Wallis test; "Mann-
Whitney U test; n<60 due to unsuccessful genotyping of some samples.
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Table 4 — Percent change in circulating lipids following bariatric surgery according to
ADIPOQ -11377 C>G (rs266729) genotypes.

Cc/c +C/g/G P
A LDL % -37.1 [-40.2 —-20.0] -18.3[-32.3--4.9] 0.005"
n 23 30
A Cholesterol % -20.7 [-27.5 —-7.0] 8.8[-15.6-3.4]  0.038"
n 23 31
A Triglycerides % -43.1+22.0 -31.1£19.5 0.042°
n 22 31

All variables have been adjusted for time interval between data collection. Data are
expressed as mean + standard deviation or median and [interquartile range]. “Mann-
Whitney U test; *T-Test for independent samples; n<60 due to unsuccessful genotyping
of some samples. A, variation; LDL, low-density lipoprotein.
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4 CONCLUSAO

O tecido adiposo se comunica com multiplos 6rgaos e tecidos através de
inumeras adipocinas e, portanto, influencia grande numero de processos fisiologicos
e patologicos. Apesar da primeira linha de tratamento contra a obesidade contar com
mudangas no estilo de vida e exercicio fisico, estes métodos sdo frequentemente
insuficientes para normalizar o peso corporal e prevenir complicacbes decorrentes
da obesidade.

Ja é sabido que o componente genético exerce grande influéncia nos
fendtipos complexos do excesso de peso e da obesidade. Apesar de estudos de
varredura gendmica (genome-wide association studies, GWAS) terem revelado
inumeras associagbes genéticas relacionadas a estes fenotipos, a enorme
quantidade de informagéo gerada néo foi suficiente para explicar nem um décimo da
variabilidade da massa corporal na populagcdo. Portanto, a entdo chamada
“herdabilidade perdida”, referente ao componente genético da adiposidade que
ainda nao foi explicado, pode estar relacionada a variantes genéticas raras nas
populagdes analisadas ou ndo cobertas pelos microarrays comerciais utilizados nos
GWAS e ao controle pds-transcricional. Logo, a pesquisa de polimorfismos em
regides génicas promotoras em diferentes populacdes e de miRNAs que controlam a
expressao de genes envolvidos nas rotas metabdlicas da obesidade pode ser uma
das respostas para as tentativas de resolver essa questao.

A modulacdo da angiogénese parece ter um potencial para retardar o
desenvolvimento da obesidade. Em particular, a sinalizacdo via VEGF/VEGFR se
mostra como alvo promissor. Nossos achados mostraram que o miR-16 esta

altamente expresso em TAB subcutaneo das pacientes ndo-obesas, agindo como
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um fator anti-angiogénico através da ligacdo com seus genes-alvos VEGF e VEGFR.
Além disso, ndés encontramos correlagdes significativas da expressdo no TAB
subcutaneo de miR-27b e miR-424 com o IMC e medidas antropométricas em
mulheres obesas e nao-obesas. Esses dados sugerem um possivel papel desses
microRNAs na modulagao da distribuigdo da gordura corporal. Ainda, nossos dados
propdem que os miR-16 e miR-424 podem apresentar efeitos opostos e, juntos,
serem responsaveis por parte do delicado controle da adipogénese no TAB.
Somando-se a isso, citocinas, proteinas inflamatdrias e seus mecanismos de
acao podem servir de alvos terapéuticos para tratar desordens associadas com
inflamagao cronica, intolerancia a glicose e dislipidemia. No presente estudo, foi
verificado que polimorfismos no gene da adiponectina estdo relacionados a perfis
diferentes de mudanca nas variaveis metabdlicas avaliadas em individuos obesos
submetidos a cirurgia bariatrica. Variagdées no gene ADIPOQ foram preditoras de
melhora no perfil lipidico pds-cirargico. Individuos homozigotos para o alelo C do
SNP ADIPOQ -11377 apresentaram maior redugao de colesterol total, LDL e
triglicerideos quando comparados aos portadores do alelo G. Além disso, nas
combinagdes haplotipicas, os portadores do haplétipo A-C apresentaram maior
variagao de colesterol LDL quando comparados aos portadores do haplétipo G-G.
Considerando a complexidade das vias de regulagdao dos microRNAs, da
influéncia de variagbes nas regides promotoras de genes e da perda de peso na
melhora do perfil metabdlico, os resultados aqui apresentados precisam ser
explorados e validados por outros estudos. Devido ao aumento da prevaléncia da
obesidade se apresentar como fator critico para as politicas publicas de saude,
técnicas inovadoras de compreensao dos mecanismos moleculares inerentes a essa

patologia sado imprescindiveis. Assim, os microRNAs surgem como possiveis
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marcadores prognésticos que devem ser usados sinergicamente com o
conhecimento de variantes genéticas e com outros tratamentos para mitigar a
obesidade e os disturbios associados. Além disso, sabe-se que muitos farmacos e
tratamentos ja levam em conta variagdes génicas especificas, as quais auxiliam o
ajuste de doses terapéuticas e a diminuigdo de efeitos adversos relacionados. Logo,
a melhor compreensao do papel de variantes, principalmente as localizadas em
regides chave do gene, associadas ao fendtipo obeso também devera ajudar no
tratamento e nos cuidados pds-cirurgico, gerando maior qualidade de vida aos

pacientes.



Anexo | — Aprovacao no CEP da UFCSPA

Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: [Analise da expressao de genes de adiponectinas no tecido de pacientes
submetidos a cirurgia bariatrica

Pesquisador Responsavel Vanessa Mattevi Parecer 134711

| Data da Versao 25/03/2011 | | Cadastro T72/11 | | Data do Parecer 28/04/2011 |

| Grupo e Area Tematica Classificagio utilizada pela CONEP |

Objetivos do Projeto

Verificar os niveis de expressao do RNAm dos genes de leptina, adiponectina e resisitina e
outras adiponectinas no tecido adiposo subcutaneoe visceral de individuos obesos
Avaliar o efeito da presenca de diferentes polimorfismosnas regides regulatorias dos
respectivos genes sobre expressio de adipocinas

Correlacionar a presenga de polimorfismos investigados com caracteristicas

smntrop ométricas e metabolicas dos pacientes investigados

Sumario do Projeto

estudo observacional, descritivo transversal realizado com individuos obesos morbidos
submetidos a cirurgia Bariatrica no Servigo de Atengao ao Obeso Classe Ill do Hospital Nossa
Senhora Conceigdo. Serdo avaliadas variaveis antropométricas e bioguimicas; junto aos
prontuarios dos pacientes. durante o procedimento cirurgico serao coletadas amostras de
sangue para caracterizagao dos polimorfismos de interesse e ainda amostras de gordura
visceral e subcutanea para comparagao de expressao génica nos diferentes polimorfismos
encontrados.

Itens Metodolégicos e Elicos Situacao
Titulo Adequai
Autores Adequados
Local de Origem na Instituigao Adequado
Projeto elaborado por patrocinador Nao
Aprovacao no pais de origem HNao necessita
Local de Realizagao Propria instituigao
Outras instituigoes envolvidas Sim
Condigoes para realizagao Adequadas
Comentarios sobre os itens de dentificagao
[ Introdugao Adequada |
Comentarios sobre a Introdugac

Adequada e bem referenciada

| Objetivos | Adequados |
Comentaros sobre oz Objetivos
Os objetivos estao adequados.
Pacientes & Metodos
Delineamento Rdequado ¥
Tamanho de amostra Total 80 Local
Calculo do tamanho da amostra Adequado
Participantes pertencentes a grupos especiais Nao
Selegao eqiiitativa dos individuos participantes Nao se aplica
Criterios de inclusao e exclusao Ausentes
Relagao risco- beneficio Hao apresentada
Uso de placebo Nao utiliza
Periodo de suspensao de uso de drogas (wash out) | Hao utiliza
Monitoramento da seguranga e dados Nao se aplica
Avaliagao dos dados Adequada - quantitativa
Privacidade e confidencialidade Ausente
Termo de Consentimento HNao necessario

85



[ Adequacao as Normas e Diretrizes [ Hao
Comentarios sobre os itens de Pacientes e Metodos
Cronograma Ausente
Data de inicio prevista 052011
Data de termino prevista 02/2013
Orgamento Adequado
Fonte de financiamento externa Agencia de fomento

Comentarios sobre o Cronograma e o Orgamento

a

[ Referéncias Bibliograficas

| Adequadas

Comentarios sobre as Referencias Bibliograficas

Recomendagao

Aprovar

Comentarios Gerais sobre o Projeto
Sugiro incluir critério de exclusio: idade inferior a 18 anos
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Anexo |l — Aprovacao no CEP da ISCMPA

Irmandade da Santa Casa de Misericérdia de Porto Alegre

Rua Prof. Annes Dias, 295 — Telefone: (51) 3214.8080 - Fax

. b 214. :(51)3214.8585
C‘hP 90020-090 — Porto Alegre — Rio Grande do Sul — CNPJ: 92815000/0001-68
Site: www.santacasa.org.br — E-mail: marketing@santacasa.tche.br

Compeemisse com o excaidncia

PARECER CONSUBSTANCIADO

Parecer n° 481/11
Protocolo n°® 3662/11

Titulo: “Investigacdo de microRNAs de genes-alvo envolvidos nos processos angiogénico
inflamatdrio e metabdlico do tecido adiposo”.

Pesquisador Responsével: Vanessa Suiié Mattevi
Institui¢dio onde se realizard — Irmandade da Santa Casa de Misericérdia de Porto Alegre.

Data de Entrada: 16/11/2011

II — Objetivos — Geral: Investigar o padrdo de expressao de microRNAs que tenham por alvo genes
envolvidos tanto nos processos inflamatério e angiogénico, quanto relacionados ao perfil metabdlico em
tecido adiposo subcutaneo de individuos submetidos a cirurgia pldstica estética abdominal.

Especificos: 1. Implantar metodologias laboratoriais para andlise de microRNASs pela transcrigao reversa
¢ reagdo de polimerase em tempo real;

2. Verificar a expressdo microRNAs de interesse no tecido adiposo e correlacionar os niveis de
expressdo com o indice de massa corporal dos individuos recrutados;

3. Sequenciar a regido 3°UTR de genes envolvidos para confirmar alvo;

4. Comparar niveis adipocinais plasméticas com a expressao dos respectivos microRNAs regulatorios.

111 - Sumério do Projeto

Descrigiio e caracterizagio da amostra: Sera conduzido um estudo transversal para avaliar o padrao de
microRNAs no tecido adiposo em pacientes submetidos  cirurgia plastica na regiao abdominal com fins
estéticos.

Critérios de inclusdo: Idade igual ou superior a 18 anos.

Critérios de exclusdo: * Doenga neurolégica que impega o pacientes de entender o estudo;
« Doenga inflamatoria cronica;

« Gravidez.

Adequacio das condigdes - Hospital escola com infra-estrutura adequada para a realizagao do estudo
descrito

IV - Comentérios:

- Justificativa do uso de placebo — Nao se aplica.

Comité de Etica em Pesquisa — CEP/ISCMPA Fone/Fax (51) 3214-8571 - e-mail:cep@santacasa.tche.br
Reconhecido: Comissao Nacional de Etica em Pesquisa — CONEP / Ministério da Saide
|RB - Institutional Review Board pelo U.S. Department of Health and Human Services (DHHS)
Office for Human Research Protections (ORPH) sob numero - IRB00002509.
FWA - Federalwide Assurance sob nimero - FWA00002949.
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Irmandade da Santa Casa de Misericérdia de Porto Alegre

Rua Prof. Annes Dias, 295 — Telefone: (51) 3214.8080 — Fax: (5

2 " 214, —Fax: (51) 3214.8585
CFEP 90020-090 — Porto Alegre — Rio Grande do Sul — CNPJ: 92815000/0001-68
Site: www.santacasa.org.br — E-mail: marketing@santacasa.tche.br

- Anilise de riscos e beneficios — Os riscos apontados no projeto sdo o da colheita de SmL sangue e de
um pequeno fragmento de gordura ( 100mg ) durante 0 processo cirdrgico.

Os beneficios previstos sdo investigar o padrao de expressio de microRNAs que tenham por alvo genes
envolvidos tanto nos processos inflamatério e angiogénico, quanto 0s relacionados ao perfil metabélico
em tecido adiposo subcutaneo e implantar metodologias laboratoriais para andlise de microRNAs pela
transcrigio reversa e reagao de polimerase em tempo real;

- Adequagio do termo de consentimento e forma de obté-lo — O termo de consentimento é claro e
completo, consideramos adequado. Hi declaragao de uso exclusivo para as finalidades descritas no
protocolo dos dados € materiais biolgicos, firmada pela Pesquisadora Responsdvel ¢ pelos cinco Co-
investigadores.

- Informaciio adequada quanto ao financiamento — O orcamento do presente estudo, que serd
realizado no Laboratério de Biologia Molecular da UFCSPA, totaliza R$ 19.951,95 ¢ ¢ informado que
serio solicitados recursos adicionais as agéncias de fomento, no decorrer do projeto.

Ha declaragio da Pesquisadora Responséavel, Dra. Vanessa Sufié Mattevi, de que 0 projeto nao acarretard
nem um 6nus 2 ISCMPA.

- Outros centros no caso de estudos multicéntricos — Nio se aplica.
V - Parecer do Relator - “Apds avaliagdo do protocolo acima descrito, o presente comité ndo

encontrou obices quanto ao desenvolvimento do estudo em nossa Instituigdo e poderd ser iniciado a
partir da data deste parecer

VI - Data da Reunido: 06/12/2011.
“Projeto e Termo de Consentimento, Aprovados”.

Obs.: 1 - O pesquisador responsavel deve encaminhar a este CEP, Relatorios de Andamento dos
Projetos desenvolvidos na ISCMPA. Relatérios Parciais (pesquisas com duragdo superior a 6 meses),
Relatérios Finais (ao término da pesquisa) e 0s Resultados Obtidos (cépia da publica¢do).

2 — Para o inicio do projeto de pesquisa, 0 investigador deverd apresentar a chefia do servigo (onde serd
realizada a pesquisa), o Parecer Consubstanciado de aprovagdo do protocolo pelo Comité de Etica.

Porto Aleg : bro de 2011.

Prof.Dr. Claudio Teldken
Coordenador do CEP/ISCMPA

Comité de Etica em Pesquisa — CEP/ISCMPA Fone/Fax (51) 3214-8571 - e-mail: cep@santacasa.tche.br Parecer 481/11
Reconhecido: Comisséo Nacional de Etica em Pesquisa - CONEP / Ministério da Saude

|RB - Institutional Review Board pelo U.S. Department of Health and Human Services (DHHS)

Office for Human Research Protections (ORPH) sob nGmero - IRB00002509.

FWA — Federalwide Assurance sob numero - FWAD00002949.
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Anexo Il — Aprovagao no CEP do GHC

HOSPITAL N. S. DA CONCEICAO SA. HOSPITAL DA CRIANCA CONCEICAO  HOSPITAL CRISTO REDENTOR SA.  HOSPITAL FEMINAS.A.

Vinculados ao Ministério da Satde - Decreto n® 99.244/90

COMITE DE ETICA EM PESQUISA - CEP/GHC

O Comité de Etica em Pesquisa do Grupo Hospitalar Conceicdo (CEP/GHC), que é reconhecido pela
Comissdo Nacional de Etica em Pesquisa (CONEP)/MS desde 31/10/1997, pelo Office For Human Research
Protections (OHRP)/USDHHS, como Institutional Review Board (IRB0001105) e pelo FWA - Federalwide
Assurance (FWA 00000378) em reunido extraordinaria realizada em 27 de julho de 2011, reavaliou-0
seguinte projeto:

Projeto: 11-105 Versédo do Projeto: Versdo do TCLE:

Pesquisadores:

MAURICIO JACQUES RAMOS
NELSON GUARDIOLA MEINHARDT
DIEGO OLSCHOWSKY BORGES
VANESSA SUNE MATTEVI

Titulo: Andlise da expressdo de genes de adipocinas no tecido adiposo de pacientes submetidos a
cirurgia bariatrica

Documentacao: Aprovados
Aspectos Metodoldgicos: Aprovados
Aspectos Eticos: Aprovados

Parecer final: Este projeto, bem como os documentos adicionais incluindo o Termo de Consentimento Livre e
Esclarecido, por estar de acordo com as Diretrizes e Normas Internacionais e Nacionais especialmente as
Resolugdes 196/96 e complementares do Conselho Nacional de Saude, obteve o parecer de APROVADO,
neste CEP.

Consideragdes Finais: Toda e qualquer alteracdo do projeto, devera ser comunicada imediatamente ap
CEP/GHC, bem como os Eventos Adversos ocorridos. O Pesquisador compromete-se a encaminhar dentro dos
prazos estipulados, o(s) relatério(s) parcial(ais) e final ao Comité de ética em Pesquisa do GHC.

™ ._ PortoAlegre, 27 de ijulho de 2011.

Danié’lﬁ emétrio Faustino da Silva
Coordenador-geral do CEP/GHC
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Anexo |V — Aprovacéo de adendo submetido ao CEP do GHC

HOSPITAL K. 5. DA CONCEICAO SA. wsp«mon CRIANCA CONCEICAG  HOSPITAL CRISTOREDENTOR 8A.  HOSPITAL FEMINAS A L
A Frantisco Trei, 5% (Und , 20 Rua Masaaio, 17
ce.»masrrmo Porto Alogre - RS S A -Falofege-RS  GEP 81430001 - Porto legye - RS
Fone 157.4100 Fone: 3314 5200
DN?J Sorar ot CNRJ: 82 787126000175 ONFJ 8265312400053

Vinculados ac Ministirio da Saixde - Decreto n° §9.244/80

COMITE DE ETICA EM PESQUISA DO GRUPO HOSPITALAR CONCEICAO
CEP - GHC

CEP-GHC/015-13 Porto Alegre, 18 de abril de 2013.

De: Comité de Etica em Pesquisa do GHC
Para: Vanessa Sufie Mattevi

Assunto: Adendo ao projeto

Ref.: Projeto de pesquisa n® 11-105 - Andlise da expresséo de genes de adipocinas no tecido adiposo de
pacientes submetidos a cirurgia bariatrica.

Prezada pesquisadora,

Em resposta ao adendo ao projeto supracitado, informamos que as alteragdes foram analisadas e
aceitas por este Comité de Etica em Pesquisa.

Salientamos da importancia do encaminhamento do(s) relatorio(s) parcial(is) que até o presente
momento n&o foi encaminhado.

Sem mais, atenciosamente,

Coordenador geral do CEP-GHC

Comité de Etica em Pesquisa do HNSC/GHC fone/fax: (51) 3357-2407 - e-mail: pesquisas-gep.@ghc.com.br
Reconhecido: Comissio Nacional de Etica em Pesquisa - CONEP (31/out/1997) - Ministério da Salde
IRB - Institutional Review Board pelo U.S. Departament of Health and Human Services (DHHS)
Office for Human Research Protections (ORPH) sob nimero - IRB 00001105
FWA Federalwide Assurance sob nimero FWA 00000378



