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ABSTRACT

Obesity is a multifactorial condition that presersstrong hereditary component. The
prevalence in children is increasing indiscrimihatand childhood obesity is rapidly
emerging as a global epidemic. The identificatidnsosceptibility molecular markers of
overweight in early life could provide intervent®in lifestyle to avoid obese children to
become obese adults. This study aimed to investits genetic influence on childhood
obesity using genetic and epigenetic markers thrahg evaluation of polymorphisms in
susceptibility genes identified by genome wide esdmn studies and circulating levels of
microRNAs (miRNAs) in children followed up from Wi Molecular analyses were
performed using real time polymerase chain reactutth hydrolysis probes. The genetic
association analysis was performed in 745 childvbo were examined at birth, 12 months
and 3.5 years of age. Ten single nucleotide polpiniems were genotyped and nutritional
and anthropometric parameters were compared betweergenotypes. Nine circulating
MIRNAs were assessed in 38 children aged 6.2 yaaistheir expressions were compared
between lean and obese children and correlated waifhropometric and biochemical
variables. Significant associations were identifiéor the polymorphismsTMEM18
rs6548238, NEGR1 rs2815752, BDNF rs6265 and rs10767664 with anthropometric
phenotypes; andGEC16Brs10913469 with nutritional parameters. Differahttirculating
concentrations of miR-19b and miR-16-5p were idmdiwith an expression of 1.96 and
1.41 times, respectively, higher in lean childrenrelation to the obese group. Plasma
concentrations of these two miRNAs were inversa@yralated with body mass index, and
miR-16-5p was also inversely correlated with pladmeels of insulin. The results showed
association of four of the ten studied polymorplaswith phenotypes related to obesity,
showing that it is possible to detect the influentegenetic variants on anthropometric and
dietary characteristics in early childhood. Furthere, this study suggests a potential role of
circulating miR-16-5p and miR-19b in childhood olyesas new biomarkers for early
prevention and improvement of power of diagnosismatabolic complications associated
with obesity.

Keywords: children, overweight, obesity, polymorphisms, d&ne susceptibility,

microRNAs, plasma.



RESUMO

A obesidade € uma condicdo multifatorial que amtasem forte componente hereditario. A
sua prevaléncia em criancas esta crescendo indisedamente por todo o mundo e a
obesidade infantil esta rapidamente emergindo coma epidemia global. A identificacao,
no inicio da infancia, de marcadores molecularesuseeptibilidade ao ganho excessivo de
peso corporal pode proporcionar intervencdes pescao estilo de vida a fim de evitar que
uma crianga obesa se torne um adulto obeso. Osivolsjedeste estudo consistiram em
investigar a influéncia genética na obesidade tifarilizando marcadores genéticos e
epigenéticos, através da avaliacdo de polimorfisnens genes de susceptibilidade
identificados porgenome wide association studiesdos niveis circulantes de microRNAs
(miRNAs) em criangas acompanhadas a partir do masto. As analises moleculares foram
feitas através da reacéo em cadeia da polimerasenapo real utilizando sondas de hidrélise.
A andlise de associacdo genética foi realizada €criancas que foram examinadas ao
nascimento, aos 12 meses e aos 3,5 anos de idedgdbmorfismos de nucleotideo Unico
foram genotipados e parametros nutricionais e poing@tricos foram comparados entre 0s
genotipos. Nove miRNAs circulantes foram avaliagios38 criancas com idade de 6,2 anos e
sua expressado foi comparada entre criancas magibesas e correlacionada com medidas
antropometricas e variaveis bioquimicas. Assocegignificativas foram identificadas para
0s polimorfismosSTMEM18rs6548238NEGR1rs2815752BDNF rs6265 e rs10767664 com
fendtipos antropométricos, e paBEC16B rs10913469 com parametros nutricionais.
ConcentragOes circulantes diferenciais de miR-1&5miR-19b foram identificadas, com
expressao de 1,96 e 1,41 vezes, respectivamenteel@zada em criancas magras em relacao
ao grupo obeso. Além disso, as concentracfes pliaamédestes dois miRNAs foram
correlacionadas com indice de massa corporal e igeisnde miR-16-5p foram
correlacionados aos niveis plasmaticos de insuld&.resultados encontrados revelaram
associacdo de quatro dos dez polimorfismos estgdagdon fendtipos relacionados a
obesidade, demonstrando que é possivel detectdluénicia das variantes genéticas sobre
caracteristicas antropométricas e dietéticas nmoirda infancia. Além disso, o presente
estudo sugere um papel potencial de miR-16-5p e-IfIR circulantes como novos
biomarcadores na obesidade infantil para prevempcéooce e para melhora do poder de
diagnostico das complicacdes metabdlicas assocéadbssidade.

Palavras-chave: criancas, excesso de peso, obesidade, polimodisraasceptibilidade

genética, microRNAs, plasma.
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1.1 Epidemiologia da Obesidade

A obesidade humana é uma condicdo multifatorial eterbgénea causada por
multiplos genes de pequeno efeito, que interagene she com inumeros fatores ambientais
(1). E definida como um estado de aumento do pegmial, mais especificamente do tecido
adiposo, de magnitude suficiente para produziregmdncias adversas a saude. O seu padrao
de heranca é complexo e os fatores ambientaiscdai® composicdo da dieta e nivel de
atividade fisica, desempenham um papel importaatepromocdo ou retardando o seu
aparecimento (2). Além de impor ao individuo umeogstigma social, a obesidade e suas
comorbidades, dentre elas diabetes tipo 2, doerggadiovasculares, dislipidemias,
hipertensédo, doencas respiratdrias e certos tiposadcer, afetam a saude de um nuamero
crescente de pessoas em todo o mundo, impactaqdalidade de vida e a longevidade da
populacao (3).

De acordo com os resultados da Vigilancia de Fatde Risco e Protecdo para
Doencas Croénicas por Inquérito Telefénico, 52,5%vajaulacdo brasileira acima de 18 anos
apresenta excesso de peso e 17,9% esta obesapddghisa salienta que excesso de peso e
obesidade s&o fatores de risco para doencgas cspmiomo hipertensdo, diabetes, doencas
cardiovasculares e cancer, sendo essas respongavéia% dos Obitos no pais.

O acumulo de gordura é causado, invariavelmente,upo desequilibrio entre a
ingestao alimentar e o gasto de energia, um pr@bbensolucédo aparentemente simples. No
entanto, até hoje poucos sdo 0s avanc¢os no selgidonter a progressao deste problema. O
balanco entre a ingestdo e o gasto de energia téolemo por um complexo e poderoso
sistema biologico, comandado pelo sistema nerveatra (5). O controle homeostéatico do
balanco energético corporal é exercido por popekgspecificas de neurdnios situados
majoritariamente no hipotdlamo, onde se localizasncbamados centros da fome e da
saciedade (6).

Por outro lado, intimamente envolvido na patogén#gseobesidade, destaca-se o
tecido adiposo, que néo é apenas o principal bearmazenamento de energia, mas também
€ considerado um 6rgdo enddcrino de alta releva(iia constituindo um regulador
fundamental do balangco energético e da homeostasglicbse nos mamiferos (8). O
entendimento do mecanismo regulatorio das vias oresveis pela proliferacdo e
diferenciacdo dos adipocitos € essencial para @deltho dos mecanismos que levam a

obesidade.
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A prevaléncia mundial da obesidade em criangcas gsamentando em um ritmo
alarmante, sendo apontada pela Organizacdo Muwteli@atude (OMS) como um dos desafios
mais graves para a saude publica do século XXltarmde de maneira global paises
desenvolvidos e em desenvolvimento, especialmentarebientes urbanos (9). Doencas de
inicio tipico na idade adulta como diabetes tipaiglipidemias e doencas cardiovasculares
estdo sendo cada vez mais frequentemente obsereadasriancas e adolescentes com
excesso de peso ou obesos (10, 11). Além disslta pravaléncia de excesso de peso em
criancas estd associada a um grande numero de icag@igls que afetam os sistemas
neurologico, cardiovascular, endocrino, musculatekdico, renal, gastrointestinal e
pulmonar, além dos problemas psicossociais (12).

De acordo com estudos epidemiolégicos, 70 a 80%rikscas e adolescentes obesos
crescem e permanecem obesos na idade adulta (L3 Bpidemia recente de obesidade
infantil despertou grande interesse de estudo egafudas suas consequéncias sobre a saude
clinica e publica. O que se pode presumir é qus éstdo um impacto consideravel no futuro
sobre custos e servicos de saude, tornando-osteeteerosos (15).

Em 2013, pelo menos 42 milhdes de criangcas no maoanomenos de cinco anos de
idade apresentavam excesso de peso, sendo quenzgmamente 31 milhdes delas viviam
em paises em desenvolvimento (9). No Brasil, dedacoom o ultimo levantamento feito
pelo Instituto Brasileiro de Geografia e Estatéstieferente aos anos de 2008-2009, 33,4%
das criancas entre 5 e 9 anos apresentavam extepsso e 14,2% eram obesas. Em adultos,
49% apresentavam excesso de peso e 14,6% eramsofd€yo Pesquisas populacionais
brasileiras mostraram que a prevaléncia de exa#sgoeso em criangcas em idade escolar
triplicou entre 1974 e 1997 (17).

A infancia € um importante periodo da vida em quervencdes em saude eficazes
podem ser realizadas, uma vez que 0s comportamasgosiados a salude estdo em formacao
(18). A literatura recente sugere que a génesealgma ocorre nos primeiros anos de vida,
durante a idade pré-escolar, onde os padrdesrderdaiicdo, habitos alimentares e praticas de

alimentacéao orientada pelos pais sao estabelei@pg0).
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1.2 Avaliacéo Nutricional na Infancia

1.2.1 Antropometria

Excesso de peso e obesidade, em adultos, sdoddsfiatravés do indice de massa
corporal (IMC), assim calculado: peso em kilograffadtsira em metros)?2. Este indice baseia-
se na premissa de que a maior parte da variacgmesw para pessoas de mesma altura é
devida & massa de gordura corporal destes indisidDdMC € um critério geral capaz de
avaliar excesso de peso e obesidade e, em adodtamlores sdo idade-independentes e os
mesmos para ambos 0s sexos. De acordo com a icksadf internacional utilizada pela
OMS, valores de IMG 25 kg/nt caracterizam excesso de peso e valores dexldC kg/nt
obesidade (21).

Em criancas, este indice altera-se substancialmeote a idade, aumentando
rapidamente no inicio da infancia, diminuindo dteaaos anos pré-escolares e voltando a
aumentar na idade adulta. Por esta razdo, o IMCriimcas precisa ser avaliado usando uma
curva de referéncia associada a idade quando recéuefor o diagndstico individual com
objetivo clinico (22). A Figura 1 apresenta as asrde crescimento infantil baseadas no IMC
por idade de acordo com 0 sexo.

Contudo, existe outro indicador de excesso de pasobesidade em criancas que é
mais indicado quando se deseja apresentar os dattopomeétricos de grupos populacionais,
o escore Z, calculado a partir da seguinte formi{@alor observado — valor da
mediana)/desvio padrao da populagéo de referé(3] Tal escore consiste na medida de
quanto o individuo se afasta ou se aproxima da anadem desvios-padrdo (DP). Para
calcula-lo, podem-se utilizar as seguintes relacpeso por estatura (P/E), peso por idade
(P/1) e estatura por idade (E/lI). O escore Z é rmaaisito na literatura cientifica e é um
excelente método para estudos de grupos populéitira valor do escore Z igual a zero (0)
significa que o valor da medida obtida da criangxa@amente igual ao valor do referencial,
no caso o valor do percentil 50 das curvas de ionesto. Na Figura 2 estéo ilustradas as
curvas de crescimento infantil baseadas no escdelIC por idade de acordo com o sexo.

A fim de padronizar mundialmente a avaliacdo dgmtstico nutricional na infancia e
de definir a prevaléncia de deficiéncia de pesoeeso de peso e obesidade em criancas e
adolescentes, a OMS estabeleceu valores de poatesrte para o escore Z do IMC de
acordo com as curvas de crescimento para idadeoe @edeficiéncia de peso: IMCZ < -2.0
DP; b) excesso de peso: IMCZ > +1.0 DP; c) obesgdiMdCZ > +2.0 DP (9).
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Além do excesso de gordura corporal, o local oisda gordura se deposita € um fator
importante na determinacdo das complicacbes assscia obesidade (24). Existem
parametros que utilizam critérios mais especificasa avaliar o padrdo de distribuicdo da
gordura corporal, que sédo a circunferéncia da @néuas pregas cutaneas subescapular e
tricipital.

A circunferéncia da cintura € uma das medidas potngtricas mais utilizadas para
diagnosticar obesidade abdominal (25). Esse pardnaeixilia na classificacdo quanto ao
risco de desenvolvimento de alteragcbes metabolieés,como dislipidemias, hipertensdo
arterial e hiperinsulinemia, as quais caracterizansindrome metabdlica (26). Diversos
estudos com criancas e adolescentes tém obsergadoiacdo significante entre fatores de
risco cardiovasculares e circunferéncia da cin{@i@. Ja a medida das pregas cutaneas é
amplamente utilizada em estudos populacionais pammensuracdo do tecido adiposo
subcutaneo, principalmente para identificar excedsogordura. Essas sado 0s primeiros
indices antropométricos a serem alterados quandideegxcesso de peso, podendo ser
avaliadas isoladamente ou em conjunto (28). As gwegutaneas sdo uma medida de
adiposidade que permite avaliar a composi¢cédo cakpoma vez que a gordura subcutanea
constitui grande parte da gordura corporal totahdoviduo (29).



Figura 1. Curvas de crescimento infantil baseaddsdice de massa corporal por
idade de acordo com o sexo: A) Meninas, B) Meninos.

A) BMi-for-age GIRLS @ e

Birth to 5 years (percentiles)

:g '

3 years
Age (completed months and years)

WHO Child Growth Standards

B) BMI-for-age BOYS (@) st

Birth to 5 years (percentiles)

Fonte: Organizagdo Mundial de Saude
http://www.who.int/childgrowth/standards/bmi_for edgn/
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Figura 2. Curvas de crescimento infantil baseadassnore Z do indice de massa
corporal por idade de acordo com o sexo: A) MeniBadleninos.

A)  BMiI-for-age GIRLS @ s

Birth to 5 years (z-scores)

» 2 . . . 0w 2 -
2years 3yeans
Age (completed months and years)

B) BMiI-for-age BOYS @) s

Birth to 5 years (z-scores)

Fonte: Organizacdao Mundial de Saude
http://www.who.int/childgrowth/standards/bmi_for edgn/
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1.2.2 Avaliacéo Dietética

O consumo alimentar estatusnutricional de criancas podem ser avaliados atrdeé
inquéritos alimentares, como o inquérito recordatde 24 horas, em que as maes ou 0S
cuidadores séo solicitados a descreverem todoBnosnéos e bebidas ingeridos nas ultimas
24 horas, assim como as quantidades e o modo gmarprelesses alimentos (30). Os
inquéritos recordatérios devem ser realizados eam diternados e utilizadas as médias de
dois inquéritos para o calculo das variaveis dmstrelacionadas ao consumo de frutas,
vegetais e alimentos ricos em acUcar e gorduraali@gntos presentes em cada um dos
inquéritos recordatdrios sao classificados de acooin o método proposto por Monteab
al., que considera a natureza, a extensao e a fiwdalido processamento de alimentos (31).

O calculo nutricional da ingestdao alimentar € mealo através de softwares
especificos, tais como o DietWir(Porto Alegre, Brasil) e o NutWi(S&o Paulo, Brasil),
que sdo baseados na Tabela Brasileira de Compasgz@dimentos (32). Esses softwares
contabilizam a ingestdo calérica e de micro e nmadreentes presentes nos inquéritos
recordatorios.

Nos ultimos anos, os pesquisadores vém utilizana® nova ferramenta dietética com
0 proposito de estimar a qualidade global da da&tavés da avaliacdo dos inquéritos
recordatorios de 24 horas de cada crianca, o irticalimentacdo Saudavel. Esse indice é
utilizado tanto para avaliar o sucesso de inteldescnutricionais quanto 0 consumo
alimentar de individuos de todas as faixas etd883. Consiste em um instrumento que
atribui pontuacbes para a dieta, levando em corgide o desequilibrio entre os
componentes da dieta ao invés dos nutrientes sléeihdo sido ligado a doencas cronicas e

as concentracdes plasmaticas dos nutrientes.
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1.3 Aspectos Genéticos e Ambientais na Obesidade

O estilo de vida da sociedade contemporanea éagmobmo o principal responsavel
pelo rapido crescimento da prevaléncia de obesidade Se a eficiéncia em acumular
energia favoreceu a sobrevivéncia em periodos dasesz de alimentos, nos dias atuais
ocorre o inverso. A facilidade de acesso e o bausio de alimentos altamente palataveis e
de grande densidade energética, normalmente rinogoeduras e aclucares, mas pobres em
vitaminas, minerais e outros micronutrientes, als&ado menor requerimento de atividade
fisica na vida diaria, favorecem o acumulo de gadem individuos com predisposicao
genética (35).

Excesso de peso e obesidade resultam de uma ca@binde influéncia genética,
comportamental e ambiental sobre metabolismo, déetatividade fisica. De maneira
simplificada, sdo o resultado de um desequilibmibeeconsumo alimentar e gasto energeético,
que pode ocorrer devido a alteracdes genéticagsésnptincipais vias: a) ingestao alimentar;
b) gasto energético; e c) armazenamento de en@dipogénese) (36). Quando a ingestéo
energética ultrapassa o consumo, 0 excesso resulbaarmazenado principalmente sob a
forma de gordura no tecido adiposo e este depdsimrmazenamento € utilizado como fonte
primaria de energia durante os periodos de défatgético (37). Numerosos fatores neurais,
hormonais, ambientais e genéticos interagem deaf@omplexa na regulacdo da homeostase
energética (37). Quando existe predisposi¢cado genptra a obesidade, o ambiente e o estilo
de vida do individuo potencializam o seu desenwadvito. Portanto, as diferencas genéticas
podem esclarecer algumas das discrepancias ergasitta ganho de peso entre populagdes.

Diversos estudos com gémeos, familias e filhosiamkotforam realizados a fim de
avaliar o grau de herdabilidade da obesidade humanmaioria deles sugere um forte
componente genético, estimando que a herdabilidadadice de massa corporal varia entre
40 e 70% (38-40). Isso significa que a maior pdaeariacao interindividual da adiposidade
€ devida a fatores genéticos. Individuos com a#fcorgenético para obesidade sdo mais
susceptiveis aos efeitos de um ambiente ndo sdudaye

J& é amplamente aceito que intervengfes no ediloidh com modificacdes dos
habitos alimentares associadas a atividade figioatituem a mais importante maneira de
prevencdo do o excesso de peso na infancia e raseélocia (42). Sabe-se que fatores

genéticos apresentam um importante papel tambéobesidade infantil, mas seus efeitos
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podem ser diferentes, ou ainda, podem resultaruti@s variantes genéticas que tenham
efeitos apenas no inicio da infancia (43).
Skidmoreet al relataram que o ambiente obesogénico pos-natatds importante

do que o ambiente fetal no desenvolvimento de adipde em mulheres gémeas de 18 a 80
anos, e que um maior peso ao nascer esta ass@cia@ior propor¢cdo de massa corporal
magra em relacdo ao tecido adiposo na idade a(d)a Além disso, cada vez mais o0s
fatores epigenéticos estdo ganhando atencao conimpmontante fator associado a obesidade
infantil, ja que consistem em mudancas genéticeddkieis possivelmente modificadas pelos

hébitos de vida e pelo ambiente social em queigiohub esta inserido (20).

1.4 Genes Investigados

Nas ultimas décadas, a identificacdo dos composigaeéticos que contribuem para
a variacdo interindividual na obesidade e fendtipelacionados vem sendo investigada
intensivamente por inimeros pesquisadores. Essa el sido concentrada principalmente
em populac6es adultas, que constituem um alvo acaissivel para estes estudos. No entanto,
as associacoes observadas entre variantes genéticasdidas antropomeétricas nessas
populacdes provavelmente sejam o reflexo da irderaptre genes e fatores ambientais aos
quais o individuo é exposto desde a sua infan&n (4

Os avancgos tecnoldgicos e 0 sequenciamento do gehomano tém permitido a
varredura de todo o genoma a fim de identifioar de susceptibilidade associados a diversas
doencas, numa abordagdaypothesis-freeEsses estudos de varredura genémica, os GWAS
(genome wide association studie®presentam uma ferramenta bastante Gtil naifidegéio
de marcadores moleculares para doencas humanadegas)pembora na maioria deles a
busca seja apenas por polimorfismos de nucleotidesn (SNPs) com frequéncia do alelo
raro (MAF) superior a 5%, desconsiderando-se ammnas raras. A descoberta de rotas
potenciais para novas terapias, melhora do diaigndst prevencdo de doencas sdo 0s
principais objetivos desses estudos (46).

Diversos GWAS tém sido realizados na busca de genesriantes genéticas
envolvidos na obesidade humana, a maioria delesditos e alguns em criancas. Esses
estudos rastreiam o genoma todo de milhares deidutis na busca por centenas de SNPs.
Contudo, a maioria das variantes genéticas ideatifis parece conferir um efeito pequeno e

poucos alelos causais tém sido identificados. Umportante metanalise recentemente
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publicada envolvendo mais de 300.000 individuoslmyv que 97loci genéticos estao
associados ao IMC e a fenétipos relacionados adds#ukes sendo que a maioria deles parece
conferir risco de obesidade através de seus efgit@sstema nervoso central (47).

Os critérios de inclusdo dos genes analisados mBeepte estudo levaram em
consideragédo a necessidade de investigar e/oum@anfiem criancas, associacées que vém
sendo propostas em adultos e também identificasiyEs variantes genéticas que estejam
influenciando fenadtipos relacionados a obesidad@icm da infancia.

Para a analise de associacdo, ap0s busca nauligeraslizada nos meses de agosto e
setembro de 2012, foram selecionadas as variaatedigas de susceptibilidade a obesidade
previamente identificadas pelos GWAS que foramicaghs em um maior nimero de
estudos. Além disso, foram levados em consideraggioresultados mais fortemente
associados a obesidadB<bx10%) nos GWAS de adultos e alguns deles em amostras
pediatricas. Os polimorfismos selecionados foramifivgados na base de dados dbe
International HapMap Projece também na literatura, a fim de constatar seaydaim sido
descritos em populagcdes de ancestralidade eurdgeifeequéncias dos polimorfismos foram
verificadas, dando-se preferéncia aqueles cujdssataros apresentavam frequéncia superior
a 5%. A maioria dos genes selecionados é expresscowohecido por atuar no sistema
nervoso central e esta envolvido no controle dastép de alimentos e no gasto energético,
embora também desempenhem funcdes periféricasoredaas ao tecido adiposo (48, 49).

E importante salientar que, até o momento, as nasagenéticas mais fortemente
associadas a obesidade identificadas pelos GWA® éstalizadas no gerfat mass and
obesity associate(FTO). Frayling et al., na busca por genes de susckqitle ao diabetes
tipo 2, identificaram uma variante genética comumgeneFTO, que conferia risco ao
diabetes através do seu efeito sobre o IMC (50udés subsequentes confirmaram sua
associacdo com IMC e predisposicdo a obesidadafaacia e na vida adulta (51-53
importancia doFTO na obesidade infantil no Brasil foi previamente foamada pelo nosso
grupo (54). Por este motivo /@ O ndo foi incluido no presente trabalho.

A seguir, a Tabela 1 apresenta genes e variantedicgs associadas a obesidade e
fendtipos relacionados identificadas através de &\dnforme busca na literatura realizada

no momento da selecdo dos genes a serem estudados.



Tabela 1. Genes e variantes genéticas associadiasliae de massa corporal identificadas
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nos GWAS.
Gene mais proximo Cromossomo SNP Referéncias
NEGRI*: regulador do fator de crescimento 1 rs2815752 (52, 55, 56)
neuronal 1 rs2568958
SEC16B: homolog B of S. cerevisiae 16 1 rs10913469 (53, 55-57)
TNNI3K: serine/threonine protein kinase 1 rs1514175 (53, 56)
TMEM18*: proteina transmembrana 18 2 rs6548238 (52, 53, 55)
rs7561317
INSIG2: insulin induced geng2 2 rs7566605 (58)
POMC: pro-opio melanocortina 2 rs1042571 (53)
SFRS10 fator desplicingarginina/serina 10 3 rs7647305 (57)
ETV5: ets variants 3 rs7647305 (57)
DGKG: diacilglicerol quinase gama 3 rs7647305 (57)
GNPDAZ2 glicosamina-6-fosfato desaminase 2 4 rs10938397 (52)
PRL: prolactina 6 rs4712652 (59)
PTER: fosfotriesterase associado 10 rs10508503 (59)
BDNF*: fator neurotréfico derivado do 11 rs6265 (56, 57, 60)
cérebro rs10767664
MTCH2: carreador mitocondrial homdlogo 2 11 rs10838738 (52)
BCDIN3D: BCDIN3 domain containing 12 rs7138803 (57)
FAIMZ2 : molécula inibidora de apoptose Faz 12 rs7138803 (53, 57)
OLFM4: olfactomedina 4 13 rs9568856 (53, 56)
NRXN3: neurexina 3 14 rs10150332 (56)
SH2B1*: Src-homology-2 B adaptor protein 1 16 rs7498665 (52, 55-57)
ATP2AL ATPase 16 rs7498665 (57)
FTO": fat mass and obesity associated 16 rs9939609 (50-53, 55, 57, 59, 61)
rs8050136
rs1421085
MAF : fator de transcricae-maf 16 rs1424233 (59)
musculoaponeurotic fibrosarcoma
HOXB5: homeobox B5 17 rs9299 (53, 56)
ACE: enzima conversora de angiotensina 1 17 rs4351 (57)
NPCZ proteina de membrana Niemann-Pick 18 rs1805081 (59)
C1
MCA4R": receptor de melanocortina 4 18 rs17782313 (52, 53, 55, 59, 62-65)
rs12970134
rs52820871
rs2229616
CHSTS8 sulfotransferase carboidrato 8 19 rs29941 (57)
KCTD15*: potassium channel tetramerization 19 rs29941 (52, 55-57)
domain containing 15 rs11084753

Fonte: http://www.ncbi.nlm.nih.gov/pubmed/

"maior nimero de GWAS
*segundo maior numero de GWAS

Desta forma, no presente trabalho foram seleci@natkz variantes genéticas
associadas a obesidade identificadas pelos GWASaé#Zadas em nove genes ou proximas a

eles, descritos a segquir.
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1.4.1 Receptor de Melanocortina 4

O gene que codifica o receptor de melanocortin®@4R) foi o primeiro l6cus no
qual mutagdes foram associadas a obesidade magibida > 40 kg/nf) em humanos e
representa a segunda causa genética mais forteassuigiada a obesidade comum, precedida
apenas pelo gert€lrO (65-67). O MC4R é um receptor transmembrana ado@aproteina G
expresso em diversas regifes cerebrais, incluintdpatalamo (68). E regulador chave da
homeostase energética através da via de sinaliziggionelanocortinas, tendo o hormonio
estimulante de melandcito alfa-MSH) como ligante, que leva a diminuicdo na ingeste
alimentos e ao aumento do gasto energético (69, 70)

Pelo menos 72 polimorfismos no gevl€4R foram descritos até o0 momento, poucos
deles levando a formacgédo de uma proteina mutad@feituosa (71). Dentre essas mutacdes,
algumas parecem causar retencao intracelular deipacdeformada, enquanto outras levam a
ligacdo anormal do seu agonista ou a um defeitantexacédo ligante-receptor (71). O
polimorfismo rs17782313, aqui investigado, é unaagicdo C>T localizada no cromossomo
18:60183864 a 188 kitownstreantdo geneMC4Re tem sido associado ao aumento do IMC,
afetando a ingestdo e 0 gasto energético na irfaadolescéncia e idade adulta (52, 56, 65,
72-75). Essa variante genética parece modular gpademento relacionado ao apetite,
exercendo um papel regulatério na expresséo oradagdo dMC4R (76). Estudos recentes
em humanos e em modelos animais detectaram osgmndesse polimorfismo associados a
diversas alteracOes alimentares, tais como higarfageferéncia por alimentos com alto teor
de gordura, resposta a saciedade e sensacao @e aoazomer, sugerindo que o seu efeito
sobre o IMC seja através de comportamentos alimeEntaumentados mediados por
mecanismos centrais (72, 77, 78).

1.4.2 Proteina Transmembrana 18

A proteina transmembrana 18 (TMEM18) localiza-se mambrana nuclear e
apresenta um dominio C-terminal especifico, cadegeositivamente, que se liga ao DNA.
Em animais é abundantemente expressa no cérebro @uteas regides centrais, incluindo
aquelas envolvidas na ingestado alimentar (79).ndd@manos, uma ampla distribuicdo foi
observada, com niveis maximos de expressao noroéeefecido adiposo, além do figado e

musculo esquelético (48). A proteina ligada ao Dbbisa repressdo da transcricdo de
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diversos genes, possivelmente por impedir a ligdg&ofatores de transcricdo as suas regides
promotoras (48).

O mecanismo pelo qual polimorfismos no geRRIEM18 estdo envolvidos na
regulacdo do IMC e no balanco energético ainda egid@ bem estabelecido, embora as
associagoes com obesidade sejam replicadas enmsalvestudos. Um dos mecanismos
moleculares propostos seria através da repress@iansgaricdo de genes ligados a ingestdo de
alimentos e gasto energético, uma vez que foi saderque uma mutacéao que levou a perda
dos aminoacidos da por¢cao C-terminal impediu a#igada proteina ao DNA, mostrando que
a extensdo C-terminal é essencial para essa lig&fHo Outro mecanismo recentemente
sugerido seria através do seu papel regulatériotestdo adiposo, onde a supressao
que a proteina TMEM18 deve atuar no silenciameatgethes também durante a adipogénese
(48,79).

Variantes no gen@MEM18ou préximas a ele tém mostrado fortes associagdms
obesidade em GWAS de criancas e adultos. O polisnoof que tem apresentado o maior
tamanho de efeito € o0 rs6548238, uma transicaol@calizada no cromossomo 2:634905 a 2
kb upstreamdo geneTMEM18,0 qual foi associado ao aumento de IMC e dobraéneals
(53, 56, 81-83). Evidéncias demonstram que é pegagirobabilidade de que essa variante
genética esteja ligada a SNPs causais dentro de H&EM18 no entanto ela poderia
modular a transcricdo dBMEM18 afetando a ligacdo dos fatores de transcricdoeonod

reguladores da transcricao (83).

1.4.3 FatorNeurotrofico Derivado do Cérebro

O fator neurotroéfico derivado do cérebro (BDNF)m fator de crescimento que esta
envolvido no desenvolvimento e sobrevivéncia dedrgas no sistema nervoso central (84).
Nos ultimos anos, evidéncias crescentes tém deradosjue o BDNF desempenha um papel
importante na regulacao central da ingestdo desatims e no controle do peso corporal (85).
Contudo, pouco se sabe sobre o seu mecanismo ofssipiigia da obesidade infantil. Uma
das hipodteses se relaciona a regulacéo do pesorabgiravés do seu envolvimento na via de
sinalizacdo do MC4R, modulando a ingestao de aliose(86). O gen®DNF é altamente
expresso no hipotdlamo, onde desempenha um papet aio metabolismo da energia,

regulacédo da ingestdo de alimentos e IMC, atragéga@tanismos centrais e periféricos (49).
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Um estudo recente detectou expressa®@dblF no tecido adiposo subcutaneo e visceral e
destacou seu possivel papel regulatério na difexeic dos adipécitos humanos (48).

Dentro do gen®DNF, a variante que vem mostrando o maior nimero siecaes;0es
com fenotipos relacionados a obesidade € o rs6@et transicdo G>A localizada no
cromossomo 11: 27658369 que resulta na substitdig&minoécido valina por metionina no
codon 66 (val6émet), afetando a producdo da pmteiadura e levando a diminuicdo da
producdo de BDNF (87, 88). Este SNP inicialmenie@$sociado a disturbios neuroldgicos e
psiquiatricos, mas tanto os GWAS quanto os estados genes candidatos tém sugerido o
seu envolvimento no comportamento alimentar e semelvimento da obesidade (57, 89).
Resultados de estudos de associacdo envolvendgasia/ou adolescentes encontraram a
variante rs6265 conferindo risco aumentado de dadsi(49, 90).

Outro polimorfismo no genBDNF que mostrou forte associagcdo com IMC em uma
grande metanalise de GWAS de obesidade em adaltog$10767664 (56), uma transversao
A>T intronica localizada no cromossomo 11:27704438.criancas também foi demonstrada
associacdo com risco de obesidade e fendtiposaedains (90) e, recentemente em adultos,
foi sugerido o seu envolvimento na modulacdo dditepe no risco de obesidade (91). O
mecanismo pelo qual essa variante genética inflaeacadiposidade e, possivelmente, o
comportamento alimentar ainda € incerto.

Os dois SNPS no ge®DNF, rs6265 e rs10767664, estdo em forte desequild@io
ligacdo, de acordo com os blocos haplotipicos agdéalos peldlrhe International HapMap
Project para a populacdo CEU de ancestralidade Europé#h (residents with northern and
western European ancesinApesar da sugerida associacdo ndo aleatoria aletios desses
dois diferentesoci, ambos os SNPs foram analisados no presentehoaljalque os sinais de
associacao identificados pelos GWAS para cada ues deostraram fortes associacées com
obesidade, além de considerarmos que a alta heteioigde da populacédo Brasileira pode

afetar os padrdes de desequilibrio de ligacdo &Emae a outras populacdes (92).

1.4.4Potassium Channel Tetramerization Domain Containirig

A proteinapotassium channel tetramerization domain contairfibgKCTD15) inibe
a atividade transcricional da proteina ativadorgAR-2) através da interacdo com o0 seu
dominio de ativacdo, afetando a formacdo da cm&taral durante o desenvolvimento

embrionario (93). A crista neural € uma populagdae@ulas multipotentes que contribui para
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a formacéo de ossos, cartilagens, tecido conedadace, neurénios e células da glia do
sistema nervoso periférico, além de células de @igatdo da pele (94).

Diversos GWAS tém identificado variantes no g@TD15 ou proximas a ele
associadas com risco de desenvolver obesidademporénecanismo molecular destas
associagfes ainda é pouco conhecido. Dentre astesigenéticas descritas, o polimorfismo
rs11084753 é o que tem mostrado fortes evidénaaasdociacdo com obesidade. E uma
transicdo A>G localizada no cromossomo 19:338313347kb downstreamdo gene
KCTD15.Estudos prévios encontraram associacdo dos gesdatgste SNP com obesidade e
fendtipos relacionados em criangas, adolescenséeliléos (52, 75, 82). A hipdtese proposta
sobre o0 mecanismo molecular desse gene na etiaagiesidade pode resultar de um efeito
neuronal ddKCTD15 sobre o balango energético, uma vez que 0 gerprésso em niveis
elevados no hipotalamo (82). Estudlvsitro ein vivodemonstraram que a proteina KCTD15
esta envolvida na modulacdo do comportamento atanende recompensa por localizar-se
em regides hipotalamicas (95). Além disso, Zaedllal. demonstraram que a AP-2 regula
importantes fatores na adipogénese, sugerindo Wiy papel regulatério d@CTD15na

patofisiologia da obesidade (93).

1.4.5 Regulador do Crescimento Neuronal 1

O regulador do crescimento neuronal 1 (NEGR1) é ymdeina que desempenha um
papel chave no desenvolvimento neuronal e é alt@merpressa em diversas regides
cerebrais, incluindo o hipotalamo (96). A protepa@ece exercer seus efeitos sobre a ingestao
de alimentos e a regulacdo do gasto energéticeéatrda modulacdo da nesfatina-1, uma
molécula anorexigena identificada em 2006 (79).namdelos animais, mutacdes de perda de
funcdo doNEGRL1 levaram a diminuicdo da massa corporal (96). Oegparece ser
diferentemente regulado no tecido adiposo de iddias magros e obesos (97), o que levou
Bernhard et al. a sugerirem uma possivel funcaolaggia doNEGR1no tecido adiposo
humano durante a diferenciacdo dos adipdécitos, wvenajue a expressdo do gene foi menor
no tecido adiposo subcutaneo de individuos obdf)s (

Na busca por variantes genéticas de susceptibdidaabesidade, diversos estudos tém
identificadoloci no genedNEGR1ou préximos a ele que estdo associadas a obesidaden.

Um dos polimorfismos que vem mostrando fortes exid& de associagdo é o rs2815752,

uma transicdo C>T localizada no cromossomo 1:723A@7/64 kb do gendEGR1 Diversos
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GWAS e estudos de replicagcdo encontraram assoc@aoMC e risco de obesidade em
criangas, adolescentes e adultos (52, 56, 74, 98,A8 bases moleculares que explicam a
influéncia dessa variante genética no controle dendostase energética ainda sao
investigadas. Evidéncias iniciais apontam que &4 englobaria sitios de ligacdo de

repressores transcricionais N&GR1 afetando a sua expressao (100).

1.4.6Homolog B of Saccharomyces cerevisiae 16

A proteinahomolog B of Saccharomyces cerevisiagdSBC16B) € uma isoforma do
Secl6, que se localiza na membrana do reticuloptainatico e medeia o transporte de
proteinas para o complexo de Golgi (101). Diveestsidos tém associado o ge3ieC16B
com risco de obesidade (57, 98, 102, 103). No é&mtgmouco se sabe acerca do seu
mecanismo no acumulo de gordura corporal. O geeepéesso no hipotalamo e no tecido
adiposo subcutaneo, o que indica um possivel emvehto na regulacdo central e periférica
da obesidade (104). O mecanismo central propokiciosaado a ingestdo de alimentos seria
através da regulagdo da secrecdo de neupeptidedgeros e anorexigenos, tais como o
neuropeptideo Y e a proopiomelanocortina (105).aJéxpressao periférica dBEC16B
poderia afetar a sintese e o transporte da lipab&do a decomposicéao de gordura (75).

O polimorfismo identificado pelos GWAS que tem madb significantes associagdes
com obesidade € o0 rs10913469, uma transi¢cdo Cxdniod no gen&SEC16Blocalizada no
cromossomo 1:177944384. As associacdes encontsadasntre os genotipos desse SNP e
baixo peso ao nascer para a idade gestacional, dMt@entado e risco de obesidade em
amostras adultas e pediatricas (53, 56, 82, 10%-X28 o momento, pouco se sabe acerca
das fungBes moleculares dessa variante genétice sobegulacdo central e periférica da
obesidade. Uma das hipoteses seria através decaksr no controle da distribuicdo da
energia corporal entre os tecidos magro e adipesatavés de alteracdes na eficiéncia

metabdlica durante a termogénese (108).

1.4.7Src-homology-2 B adaptor protein 1

O gene que codifica 8rc-homology-2 B adaptor protein (BH2B1) € expresso no
musculo esquelético, linfocitos, rins, ovarios, @aas, tecido adiposo além do hipotalamo e
hipofise (48, 109). O seu envolvimento nas viagetpilacdo dos sistemas relacionados a
homeostase energética e obesidade ainda ndo édtapelecido. A funcdo que vem sendo
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proposta para a proteina SH2B1 € a de modular aeviainalizacdo JAK-STATJanus
Kinase - Signal Transducer and Activator of Tramsoon) (79). Esse sistema de transducéo
de sinal e ativacdo da transcricdo € descrito carponcipal via de sinalizacéo intracelular,
que liga os receptores da superficie celular ags aos transcricionais no nucleo da célula.
A SH2B1 é capaz de ligar a leptina ao seu recepionipotalamo e, portanto, aumentar a
atividade das proteinas JAK através da sua fungéw qroteina adaptadora, uma vez que
contribui para recrutar proteinas alvo para ospteces, alterando a via de sinalizagcéo
intracelular da leptina e insulina no cérebro (I20). Além disso, estudos em animais
demonstraram que a inativacdo do g&t2B1leva a hiperfagia, resisténcia a leptina e
insulina e obesidade (109). Tendo em vista 0 mepaniproposto, a SH2B1 parece atuar
sobre o comportamento alimentar contribuindo paradesequilibrio energético e o
desenvolvimento de obesidade.

Variantes genéticas rfH2Blassociadas a obesidade foram identificadas emsdive
GWAS. Dentre elas, a mais replicada é polimorfissitd98665, uma transicdo G>A que
resulta na substituicdo do aminoacido alanina pEonina no cdédon 434 e localiza-se no
cromossomo 16:28871920. Diversos autores encontrasgociacao entre os genotipos dessa
variante com IMC e outros parametros de adiposidatéan de risco de obesidade em
criangas, adolescentes e adultos (52, 56, 110, Aslgonsequéncias moleculares funcionais
desse polimorfismo ainda estédo sendo investigadasresultados iniciais apontam para uma
possivel influéncia na expressdo 8612B1 e na atividade da proteina (111). Analises
funcionaisin vitro revelaram que esse polimorfismo néo alterou adeiasinalizacdo da
leptina mediada pelo STAT (112).

1.4.80Ifactomedina 4

Olfactomedina 4 (OLFM4) € uma glicoproteina de madixtracelular, membro da
familia das olfactomedinas, que facilita a adesflolar através da interacdo com lectinas e
caderinas na superficie celular endégena (113)ialmente foi descrita como um fator anti-
apoptotico que promove 0 crescimento tumoral, éstamlacionada a diversos tipos de
cancer (114). O gen®LFM4 é expresso na medula 0ssea, prostata, intesst@imago e
pancreas e sua expressao frequentemente esta adement alguns tipos de tumores (115).
Embora a funcdo desta glicoproteina ndo seja béabedscida, existem evidéncias que a

relacionam com a microbiota intestinal e apontama pena relacdo entre esta microbiota e
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risco de obesidade (53). Um importante GWAS id&atif um novodcus préximo ao gene
OLFM4 que mostrou fortes sinais de associacdo com ohllesigan adultos (56). O
polimorfismo identificado foi 3s9568856, uma transicdo A>G localizada a 500 kigete

no cromossomo 13:53490846. Consistente com essel@cBradfield et al. confirmaram a
associagcdo dessa variante genética com obesidadeiamas (53). Posteriormente a este
estudo, ndo foram encontrados outros que replicass@ssociacdo. Além disso, ndo foi
encontrada na literatura nenhuma evidéncia funtialesta variante na etiologia da
obesidade. Warrington et al. encontraram associdQdoolimorfismo rs12429545 proximo
ao geneDLFM4 com IMC aos 8 anos de idade (116). Esse SNP iaeaé no cromossomo
13:53528071 e pode estar em desequilibrio de ligegé o rs9568856.

1.4.9 Homeobox B5

Os genes homeoboHOX) sdo uma familia de fatores de transcricdo altamente
conservados que medeiam a regulacao transcriadenggnes alvo durante a diferenciagéo e o
desenvolvimento embrionario (117, 118). Spelioteal.edentificaram, em adultos, um novo
l6cusde susceptibilidade a obesidade localizado no Hé&WeB5(56). Essa variante genética
€ 0 rs9299, uma transicdo A>G que se localiza gidee8’ ndo traduzida (3'- UTR) do gene,
no cromossomo 17:48592068. Em uma metandlise de &\#&a obesidade infantil, a
associagdo desse locus com obesidade no inicioiddafei confirmada (53). Fu et al.
revelaram que 61lOXB5é expresso durante o desenvolvimento do integhm@m pouco se
sabe sobre o seu envolvimento na patofisiologiesoloesidade (119). Um dos possiveis
mecanismos seria através dp-regulationde fatores de transcricdo homeobox observada
apos a perda de gordura corporal, afetando proxzesssenciais para a funcdo do tecido
adiposo, tais como a adipogénese (53, 118, 120).

Na literatura, foi encontrado apenas o estudo dricflerque et al. investigando os
polimorfismos rs9568856 e rs9299 com obesidadenétifeos relacionados em criangas
Portuguesas, mas os autores falharam em encoss@riacOes estatisticamente significativas
(67). Os autores que identificaram esses dois ssidai associacdo na obesidade infantil
sugerem que essésci podem influenciar a adiposidade através de difeseaspectos da
funcédo intestinal, ja que a composi¢do da micrabiatiestinal tem sido descrita como um dos
mecanismos causadores de obesidade (53).
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1.5 MicroRNASs

1.5.1 Definicdo e Mecanismo de Regulacéo

Os microRNAs (miRNAs) sdo uma classe de molécuasR8IA enddégeno nao
codificantes, com 18 a 25 nucleotideos, que reg@ampressdo génica dos eucariotos em
nivel pos transcricional. S&do evolutivamente bemseovados e se ligam ao seu transcrito
alvo nas regibes codificantes e 3'- UTR, podendbirima traducdo e desestabilizar seus
MRNASs alvos. Estima-se que eles controlem a ex@oeds, no minimo, um terco do genoma
humano (121).

Os genes de miRNAs sdo transcritos no nudcleo dhgasépela enzima RNA
polimerase Il resultando em um pri-miRNA, que édenprocessado para formar o pre-
mMiRNA. Esse é transportado para o citoplasma dadagénde € clivado por endonucleases
originado o miRNA, o qual se associa ao complexXdRRNA induced silencing comp)ex
que localiza o sitio de ligagdo do miRNA em ambasegides 3'-UTR ou codificante do
MRNA alvo (122).

Desde a sua descoberta em humanos, no ano 2000 ifii28eros miRNAs e seus
genes alvo tém sido associados a obesidade, tamoenanismo de adipogénese quanto na
funcdo dos adipdcitos maduros, acdo da insulinem¢ogtase da glicose) e metabolismo de
lipidios (124). Padrdes de expressdo alterados iRNAs foram encontrados no tecido
adiposo (125, 126). Ortega et al. avaliaram a agd@ de 723 miRNAs em adipécitos
humanos e constataram que a expressao de 70 miRBlAgsa aumentada ou diminuida
durante a diferenciacdo (127). Além disso, encoammall miRNAs desregulados nos
adipécitos de individuos obesos e 17 correlacionadom IMC, glicose em jejum e
triglicerideos. No tecido cerebral também foi olvada expresséo diferencial de miRNAs,
onde estédo ligados a regulacéo de fatores neuresgpéxificos da obesidade, em particular o
controle do apetite e a sinalizacao neural ao figadisculo, pancreas e trato gastrointestinal,
influenciando o metabolismo (128).

Esses pequenos RNAs tém sido reconhecidos como almsae de reguladores
epigenéticos do metabolismo e da homeostase dgi@nprincipalmente devido ao fato de
que a regulacdo simultdnea de um grande numer@mks galvo pode ser exercida por um
anico miRNA (128, 129). No genoma humano ja fordentificados mais de 950 miRNAs,
sendo que um unico miRNA pode regular centenasedesy(130) e muitos genes sofrem

acdo de multiplos miRNAs (131, 132). Diferentes rdbgens computacionais tém sido
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desenvolvidas com o intuito de identificar os sitalvo dos miRNAs em todo o genoma,
como os algoritmos TargetScan, miRBase, miRandaarRimi-Records, Tarbase, Diana-
Path, miRTarBase, entre outros.

Um melhor entendimento da regulacdo da adipogémelsehomeostase energética e
essencial na identificacdo de novos biomarcadosos ou estratégias terapéuticas para o
tratamento da obesidade e de suas co-morbidadesestigacdo dessas pequenas moléculas
e de seus alvos genéticos pode elucidar novasewaslvidas nos processos metabalicos,
aprofundando o entendimento acerca dos seus memmjiassim como identificando novos

possiveis marcadores e novas abordagens terag€inticlaindo o diagnéstico precoce.

1.5.2 MicroRNAs Circulantes

Nos ultimos anos, os miRNAs tém sido encontradosi®@is estaveis e abundantes
nos fluidos corporais como soro e plasma, dentr@xdessomas ou outras microvesiculas
circulantes, e esses niveis circulantes parecentdamica-especificos (133,134). Perfis de
expressdo alterados de miRNAs circulantes foranoréraxdos em diversas doencas, tais
como cancer, diabetes e obesidade, mostrando gencf@ como novos biomarcadores
minimamente invasivos para doencas humanas e fazeéslés alvos promissores para o
diagnostico, prognostico e tratamento de doencamplexas e de suas comorbidades (19,
135).

Apesar dos miRNAs circulantes estarem rapidamesméando destaque e emergindo
como potenciais marcadores de doengas, poucososstéith investigado os seus niveis de
expressao circulantes na obesidade. Ortega ebmatluziram o primeiro estudo a fim de
verificar o perfil circulante dos miRNAs e constata expressao desregulada no plasma de
individuos obesos moérbidos (135). Os autores sogeiaco miRNAs (miR-142-3p, miR-
140-5p, miR-15a, miR-520c-3c e miR-423-5p) comecepolais biomarcadores para estimar
risco e classificagdo de pacientes com obesidadbidad Pescador et al. conduziram outro
importante estudo a fim de determinar o painel doBNAs circulantes associados a
obesidade comum em adultos e apontaram quatro msBRMMR-138, miR-15b, miR-376a e
miR-503) como potenciais marcadores preditivoshsioade e diabetes tipo 2 (134).

Na literatura, foi encontrado apenas o estudo @tsfuig et al. investigando a
associacao entre os niveis de miRNAs plasmatiaisesidade infantil. Os autores avaliaram

o perfil de expressdo de miRNAs circulantes utilda a metodologidagMan miRNA low-
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density arrays(TLDAS), que abrange 754 miRNAs, a fim de idend#fi quais miRNAs
circulantes estariam desregulados em criancas ®@43. Os resultados revelaram pelo
menos 15 miRNAs desregulados, incluindo miR-22 R-28-3p, miR-486-5p, miR-486-3p,
miR-142-3p, miR-130b e miR-423-5p. A deteccdo precde um perfil alterado de miRNAs
circulantes pode ser uma estratégia promissoraigeeméificar criancas obesas que possam vir
a sofrer de alteracdes metabdlicas.

O presente trabalho selecionou nove miRNAs cujaesgao foi avaliada em amostras
plasmaticas de criancas magras e obesas. Essacsébepaseada no padrao de miRNAs
circulantes na obesidade infantil previamente daes@or Prats-Puiget al. (11). Foram
escolhidos os sete miRNAs mais diferentemente egpseno plasma de criangcas magras e
obesas K<0,001): miR-486-5p, miR-486-3p, miR-221-3p, MIR-AB miR-142-3p, MiR-
130b-3p, miR-423-5p. O oitavo miRNA selecionadoRrii6-5p) foi baseado nos resultados
de expressao aumentada em 150 vezes no tecidsadipbcutaneo de mulheres nédo obesas
em relacdo as obesas em uma amostra da cidadetdeARgre, RS (Gasparotto et al., em
preparacao). Inicialmente, foram testados quatrotroles enddgenos como fatores
normalizadores, baseados na sua estabilidade smalde criancas, de acordo com Prats-
Puig et al. (11): miR-223-3p, miR-106a-5p, miR-148fae miR-19b. No entanto, entre os 12
miRNAs aqui analisados, trés foram selecionadodileagdos como controles enddégenos
devido & sua maior estabilidade entre todos osi@nsavaliados com o software
ExpressionSuite versdo 1.0.3: miR-223-3p, miR-1p@& miR-142-3p. Portanto, nove foram

0s miRNAs candidatos investigados neste estudo.
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O numero de criancas que estd acima do peso owlsggas vem aumentando
dramaticamente ao longo dos ultimos anos, comoecu@cia da predisposicdo genética
associada ao aumento da ingestao de alimentosealtaraléricos e a falta de atividade fisica
diaria. Essa situacdo é bastante preocupante, gaagucoloca em um risco crescente de
doencas cronicas, como doencas cardiacas, hipisterserial, dislipidemias, diabetes e
problemas emocionais na adolescéncia e na idad®@.aHatudos revelam que o excesso de
peso na infancia € fator determinante de obesitladea e que uma crianca obesa tem mais
de 50% de chances de tornar-se um adulto obes®41336).

A falta de orientacdo nutricional criada pelo desca pela auséncia de profissionais
das areas de nutricdo e endocrinologia, tanto enlasspublicas quanto privadas €, em parte,
causadora de disturbios sociais relacionados &aatda nossa populacdo. A interacdo entre
genes e ambiente é importante no desenvolvimentooloksidade e pode apresentar
importantes implicacbes em nivel de saude pubjicgue € possivel afetar a expressao dos
genes através de mudangas nos fatores ambiemigigomo atividade fisica e dieta. Essas
evidéncias podem motivar as autoridades para geevamcdes em saude sejam realizadas
nas criancas com susceptibilidade genética a damsidintervencbes com o intuito de
modificar os fatores de risco associados a dietaigam ser realizadas em fases precoces da
vida, a fim de evitar a formacdo de preferénciasgtimentos altamente cal6ricos e pobres
em nutrientes (137).

Os tratamentos atuais da obesidade incluem imtedes no estilo de vida, dieta e
agentes farmacologicos. As pesquisas visam o medmbendimento dos mecanismos
moleculares da obesidade associado ao desenvoteirdemovas estratégias terapéuticas e
de marcadores precoce para as doengas decorreasasabndicao.

A maioria das associacdes de variantes genéticassteptibilidade a obesidade foi
descrita principalmente em populacdes europeiasaticas, embora a epidemia de obesidade
infantil esteja atingindo de forma importante tamb@s paises em desenvolvimento, como o
Brasil. Segundo os ultimos dados publicados pektitiio Brasileiro de Geografia e
Estatistica, uma em cada trés criancas e um em cida adolescentes brasileiros
apresentam excesso de peso (16). Pesquisas popalsacibrasileiras mostram que a
prevaléncia de excesso de peso em criangas em &sadéar triplicou entre 1974 e 1997
(138), sendo observada uma prevaléncia de 33,5%naade 2008-2009 (16). Os desafios
atuais no tratamento da obesidade e suas comoesidacluem a busca por biomarcadores

gue sejam preditivos de saude ou doenca metabdlica.



35

Os miRNAs tém sido vistos como potenciais novosmaicadores para muitas
patologias, como consequéncia de sua express@o-especifica e associacdo com variaveis
clinico-patoldgicas. Sua descoberta na circulagfigiuenea tem levado a investigacédo de seu
uso como uma nova classe de biomarcadores minintanm@rasivos de diversas doencas
(139,140). Devido ao seu importante papel comogmatge-chave da regulacdo das
complexas vias metabdlicas no organismo humanmiBNAs associados a obesidade tém
sido alvo de diversos estudos nos ultimos anognpgroucos sao os estudos que avaliam o
seu perfil na circulacdo sanguinea em individuossaob e ainda mais escassas sao as
investigacoes em criangas.

E importante salientar que nem todos os marcadmeséticos de susceptibilidade ao
aumento do IMC em adultos identificados pelos GWiagm replicados na obesidade
infantil. Por outro lado, outrofoci foram identificados apenas em criancas com formas
extremas de obesidade ou em grandes estudos descoompilados em metanalises (19).
Além disso, os resultados encontrados em criangds jpresente grupo (54, 141-143)
evidenciam a necessidade de explorar a investigdedgenes relacionados a obesidade
visando um melhor entendimento dos mecanismos mlakes da obesidade nas criancas Sul

Riograndenses.
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O presente trabalho teve como objetivos:

3.1. Objetivo geral

Investigar a influéncia genética na obesidade titfatiizando marcadores genéticos
e epigenéticos, atraves da avaliacdo de polimosisram genes de susceptibilidade
identificados pelos estudos de varredura gendomic eerfil de expressdo de miRNAs
circulantes em criangas acompanhadas desde o ®a$cim

3.2. Objetivos especificos

3.2.1 Determinar os genoétipos de dez polimorfismgmesentando novioci de
susceptibilidade nos gen®4C4R (rs17782313) TMEM18 (rs6548238),BDNF (rs6265 e
rs10767664)KCTD15 (rs11084753)NEGR1 (rs2815752),SEC16B(rs10913469) SH2B1
(rs7498665) OLFM (rs9568856) ¢-1OXB5(rs9299) em uma amostra de criancas.

3.2.2 Analisar a associacdo das variantes nos gmiesm descritos com medidas
antropomeétricas e de ingestao alimentar ao nastime? meses e 3,5 anos de idade.

3.2.3. Avaliar a expressdo de microRNAs circularees amostras de plasma de

criancas magras e obesas e a sua correlacdo camgters antropométricos e bioquimicos.
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Os resultados obtidos a partir deste trabalho pieami a elaboracdo de dois artigos

cientificos.

Artigo 1

Validation of obesity susceptibility loci identifieby genome-wide association studies in
early childhood in South Brazilian children.

Aceito para publicacdo no peridédiPediatric Obesityem 04 de janeiro de 2016, Fator de
Impacto 4.86

Artigo 2

Differential plasma concentrations of miR-16-5p amdiR-19b in Brazilian lean and obese
children.

Submetido ao periddidmternational Journal of Obesitgm 17 de fevereiro de 2016, Fator

de Impacto 5.004
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What is already known about this subject:

- Obesity is a heritable complex trait.

- Genome-wide association studies have identifiedeal loci in the human genome
containing genetic variants conferring an increassadof developing overweight and obesity.
- Nine from the most accepted susceptibility geteobesity-related phenotypes herein

investigated have previously shown significant aggmns in adults.

What this study adds:

- Gene variants in/nedMEM18, BDNF, NEGRI1and SEC16Binfluence body mass index,
subcutaneous fat and food intake in children iy young age.

- Due to its longitudinal design, the present stpdyvides some evidence about the age at
which the action of the analyzed gene variantsrisetn be expressed on the obesity-related
phenotypes.

- Influence of genetic components on this compleer@type may be detected in young
children, where environmental exposure and its chjp@ave occurred for a relatively short

period of their lifetime.
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ABSTRACT

Background: The prevalence of childhood obesity has been diaallgt increasing in
developing countries as it has been reported feeldped nations. Identifying susceptibility
genes in early life could provide the foundatiomsifterventions in lifestyle to prevent obese
children to become obese adults.

Objectives: To evaluate the influence of genetic variants eelatio obesity identified by
genome-wide association studiegdG4R TMEM18, KCTD15, SH2B1, SEC16B, BDNF,
NEGR1, OLFM4and HOXB5 genes)on anthropometric and dietary phenotypes in two
Brazilian cohorts followed-up since birth.

Methods: 745 children were examined at birth, after 1 yeat after 3.5 years of follow-up.
Ten single nucleotide polymorphisms were genotypédithropometric and dietary
parameters were compared among genotypes. Chideea classified as overweight when
BMI-Z score was > +1.

Results: Overweight prevalence was 30.7% at 3.5 years dfghifant associations were
identified at 3.5 years foFMEM18 rs6548238NEGR1rs2815752BDNF rs10767664 and
rs6265 (1y and 3.5y) with anthropometric phenotypasd at 3.5 years foSEC16B
rs10913469 with dietary parameters.

Conclusions: Our results indicate that genetic variants in/néase genes contribute to
obesity susceptibility in childhood and highlighetage at which they begin to affect obesity-

related phenotypes.
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INTRODUCTION

Childhood obesity prevalence has increased vetyofeer recent decades and now it
represents a serious public health concern notigtest to developed nations, but in the
developing countries as well. Preventing overweiffloim early childhood is of great
importance in terms of public health since modiirags overweight tracks through adulthood
(1). This complex phenotype results from the inteom of environmental and multiple
genetic factors influencing body mass index (BMIith heritability estimations varying from
40 to 70% (2).

Genome-wide association studies (GWAS) have idedti$everal loci in the human
genome containing genetic variants associated eathmon diseases, such as obesity. More
than 97 genetic loci have been robustly associatiéid obesity-related traits (3), but, in
general, a little overlap in the results of theselies has been observed. A review of GWAS
for obesity-related traits published until Septem®@l2 (during the conception of this study)
revealed that until that moment, nine GWAS had hméslished (4-12) and their results were
compared. The ten variants which displayed sigaificsignals in a higher number of GWAS
were selected for this study.

Although associations of many common genetic vésiamith obesity have been
replicated mainly in European and Asian populatiangil now, few studies reporting the
association of genetic variants with the risk afinoeon obesity have been performed in South
American children. In this study, we evaluated itftuence of the most replicated genetic
variantsrelated to obesity previously identified through @B/ melanocortin 4 receptor
(MC4R), transmembrane protein 18MEM18, brain-derived neurotrophic fact¢BDNF),
potassium channel tetramerization domain containiig KCTD15, neuronal growth
regulator 1 NEGR2, Src-homology-2 B adaptor protein8H2B1, homolog of S. cerevisiae

Secl6 SEC16B, olfactomedin 4 QLFM4), and homeobox BEHOXBS on anthropometric
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and food intake parameters in two cohorts totalid§ Brazilian children followed-up since
birth. Our aim was to validate the role of thesesty lociin Brazilian children and to

identify at which age the genetic effect startenamifest on the phenotype.

METHODS

The study included children from two birth cohoittsm different cities in southern

Brazil:

S&o Leopoldo Cohort

This was a cohort study nested in a randomized fighl in which 500 mother-child
pairs were recruited at birth between October 28@d July 2002 in Sdo Leopoldo city, state
of Rio Grande do Sul, Brazil (13). This city is &ed on the metropolitan region of the state
and has currently about 200,000 inhabitants. Methesre recruited at the maternity wards
from the only city hospital that assists mainly tbe-income populations. The children were
randomized into intervention and control groupse Tritervention consisted of dietary advice
about breastfeeding and complementary feeding baisdte “Ten steps for healthy feeding
for Brazilian children from birth to 2 years of d4d&3, 14). HIV-positive mothers and infants
with congenital malformation were not eligible tbe study. The children were reevaluated at

the ages of 1 year and 3.9 years for the colledfahetary and anthropometric data.

Porto Alegre Cohort

This was also a cohort study nested in a randomiieddi trial performed between
April of 2008 and May of 2012. Seven hundred aftéén women were recruited during the
third trimester of pregnancy at health centershim e¢ight district areas of the city of Porto
Alegre, capital of the state of Rio Grande do Rdazil. This city has currently about

1,400,000 inhabitants and is about 40 km apart fi8&o Leopoldo. The intervention
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consisted of an update to the “Ten steps to hgadidting for children younger than two
years” (14) guide for all professionals workingtire selected health centers, in addition to
providing educational materials based on the foadley to be delivered to all mothers
undergoing prenatal and child care. HIV-positivenvem were excluded from the study.

Subsequent phases of data collection happened ag#s of 1 year and 3.2 years.

The intervention was not the primary objective be tpresent research and the
participation in intervention/control group was dsas confounding factor in statistical

analyses.
Dietary and anthropometric data collection

Fruits, vegetables, and lipid- and sugar densesf@odsumption was assessed through
dietary recalls for both cohorts. Structured questaires and two 24-hour recalls were
applied at each stage with the mother or primamegiger. The 24-hour recalls were
performed on two nonconsecutive days, irrespeativthe day of the week, and the mean

values were used in the analyses.

At 1 year children were weighed naked using a bbetaigital scale (Techline, Sao
Paulo, Brazil), and length was measured using &mnitnstadiometer (Serwital Inc, Porto
Alegre, Brazil). At 3.2 (Porto Alegre) and 3.9 (SGeopoldo) years, children were directly
weighted barefoot and wearing light clothes usirdjgatal scale (Techline), and height was
measured with children standing straight usingaaistmeter (SECA, Hamburg, Germany).
Tricipital and subscapular skinfold thicknesses wmdst circumference were also measured.
Body mass index (BMI) was calculated as [weight)fkgight (m¥], and BMI-for-age Z-
scores (BMI-Z) were estimated based on the WorléltHeOrganization standards (15).
Children were classified as overweight when BMI-Zsw> +1. We used the term overweight

referring to overweight and obese children comhined
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Ethnicity was self-defined by parents through s&otor, as whites and nonwhites
(black and brown), as officially used in demograptensuses in the country. Previous studies
performed in this geographic region show the Antkan influence is very low (16). The
children’s mothers provided informed written cortsand the studies were approved by the
Ethics Committee of the Federal University of HeaBciences of Porto Alegre. Further

details for both cohorts can be found elsewherge XT3
Molecular analyses

Ten single nucleotide polymorphisms (SNPs) wereotygred: MC4R rs17782313,
TMEM18 rs6548238, BDNF rs6265 and rs10767664KCTD15 rs11084753, NEGR1
rs2815752SH2B1rs7498665SEC16Brs109134690LFM4 rs9568856 antHOXB5rs9299.
For the S&o Leopoldo cohort DNA was extracted frohole blood, and in the Porto Alegre
cohort DNA was extracted from epithelial buccallgeboth using methods of precipitation
with a high salt concentration. The ten gene vésiamere genotyped through real-time
polymerase chain reaction using TagMaBNP genotyping assays (Applied Biosystems,

Carlsbad, CA, USA).
Statistical analysis

Categorical variables are presented as relativgquéecies (%) and continuous
variables as means and standard deviations. Genatyp allele frequencies were calculated
by gene counting. The chi-square test was usedetdyvif these frequencies were in
agreement with those expected under Hardy-Weinkerglibrium and to compare allele

frequencies between the two localities and gend@jlpée frequencies within ethnic groups.

Normality for each continuous variable was assedsgdvisual inspection using
histograms of the respective distributions. Meaniabdes with normal distribution were

compared among genotypes for each SNP using asabysvariance (ANOVA). When
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significant results were found, the post-hoc Tutest was used to identify which genotypes
had different means from the others. All continugasables were adjusted for the effects of
gender, cohort and intervention group using mudtipiear regressions without genotypes and
then adding the respective residues to the meatheofvariable before the comparisons
between genotypes by ANOVA. For those genotypesé ¥atver than 20 individuals, the
mean values for the rare genotype were combinea haterozygotes for analyses and mean
variables were compared with T-tests for indepehdeanables.

Sum of skinfolds were transformed into their ndtlogarithms prior to analysis in
order to achieve a normal distribution. When thaticmious variables were not normally
distributed even after logarithmic transformati@ugar dense foods, SDF; and lipid dense
foods, LDF), after visual inspection at histogram®& ran Kruskal-Wallis test when there
were three genotypes or Mann-Whitney test whengarotypes were present.

For longitudinal analyses, we calculated the paegchange in BMI between 1 and
3.5 years of age as [(BWH BMI1)/BMI1]x100 for each individual and compared their means
among genotypes using ANOVA or T-tests. This vdeatas also adjusted for the effects of
gender, cohort and intervention group using mudtiginear regressions before the
comparisons between genotypes, as described Hefarentinuous variables.

Control for multiple testing was performed by caofiing the false discovery rate
(FDR) at a 0.10 level as described by Benjamini Hndhberg in 1995 (18P-values were
corrected by the number of phenotypes analyzedefmh gene variant, as there was a
correlation between the phenotypes measured. Aemlfier each gene were considered as
independent hypotheses. Therefore, all corred®edhlues in Table 3 and Supporting
Information Tables S2, S3 and S4 should be evaduatng 0.10 as critical value. All
statistical analyses were performed using 8tatistical Package for the Social Sciences

(SPSS, for windows version 20.0).
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RESULTS

Seven hundred and forty five children were followgdsince birth until 3.2 years old
(Porto Alegre) and 3.9 years old (S&o Leopoldoy arere genotyped for the ten gene
polymorphisms. The average age of children at goersd evaluation was 1 year old, and at
the last one was 3.5 years old. At 1 year, 41.1%hdéiren were overweight and 13.7% were
obese. These figures diminished a little at 3.5rsyedd, when 30.7% of children were

overweight and 10.5% were obese. Descriptive datpresented in Table 1.

Minor allele frequencies (MAF) for the polymorphismtudied are shown in Table 2,
together with National Center for Biotechnologydmhation dbSNP Database for European
population (HapMap CEU: Utah residents with angeBtsm northern and western Europe),
Sub-Saharan African population (Hapmap YRI: Yoruthdbadan, Nigeria), and the Asian
populations frequencies (HapMap CHB: Han ChinesBeijing, China; and HapMap JPT:
Japanese in Tokyo, Japan). There were only mirfterehnces between allele frequencies in
the two cohorts (Table 2). The frequencies forrtfagority of variants were closer to the CEU
data NEGR1 rs2815752,TMEM18 rs6548238,BDNF rs6265 and rs10767664H2B1
rs7498665, KCTD15 rs11084753) or intermediate between CEU and YRLHM4
rs9568856,HOXB5 rs9299). FOrSEC16Brs10913469 and/iIC4R rs17782313, MAF was
lower than in both populations. Genotype and alfedguencies were not different between
ethnic groups (whites and non-whites) in our sanilgporting Information Table S1). No
differences were observed regarding either anthmgbac or dietary measurements among
ethnicities, also. Therefore, the individuals frdmath ethnicities were grouped in further
analyses.

Mean weight and length were compared among diftegenotypes at birth, and other

anthropometric and dietary variables were compateldyear and 3.5 years old (Table 3 and
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Supporting Information Tables S2, S3 and S4). Sant associations of individual SNPs
located at three of the nine genes investigateld anthropometric measurements were found
and they are summarized in Table 3. FMMEM18 rs6548238 we could observe that C/C
homozygotes presented higher BMI-Z compared tol@leatarriers P=0.007;Pcorr=0.049)
at the age of 3.5. Carriers of the minor allele ABDNF rs6265 presented lower BMI-Z at 1
year P=0.026;Pcorr=0.091) and sum of skinfolds at 3.5 years &d(Q.011;Pcorr=0.077)
than G/G homozygotes. At this same age, the minailele of BDNF rs10767664 was
associated with a reduction in the sum of skinfqfs0.009;Pcorr=0.063) when compared
to the A/A genotype. For thBIEGR1rs2815752, the A/A homozygotes presented higher
BMI-Z (P=0.042; Pcorr=0.098) and sum of skinfolds at 3.5 years ole=Q.023;
Pcorr=0.098). The post-hoc Tukey test revealed thatetltferences were due to a higher
BMI and amount of subcutaneous fat in the A/A hoygates than in the A/G heterozygotes.
Longitudinal analyses demonstrated that individuzsaring the A/A genotype had also a
lower variation in BMI from 1 to 3.5 year$£ 0.030;Pcorr=0.098). All results showed
above remained significant when corrected for mldtcomparisons using a FDR = 0.10.

Only one of the investigated genes presented aggnt with parameters related to
dietary patternsSEC16Brs10913469 (Supporting Information Table S2). THE enotype
was associated with higher intake of total eneogybohydrates, and lipids compared to C-
carriers at 3.5 year$€0.006,Pcorr=0.048;P=0.016,Pcorr=0.064;P=0.036,Pcorr=0.096;
respectively).

We did not find any significant associations betwe&H2B1, HOXB5, KCTD15,
OLFM4, SEC16BMC4Rand anthropometric parameters (Supporting Informnatiable S3),
neither forNEGR1, SH2B1, HOXB5, KCTD15, BDNF, TMEMT8 FM4 and MC4R gene

variants with dietary phenotypes (Supporting Infation Table S4).



51

DISCUSSION

The advent of GWAS has brought several advancethdoidentification of new
susceptibility loci for several complex charactiecs such as obesity. However, these studies
have been focused in populations from North Ameaicd Europe, while the South American
populations remained unexplored in this context.

In the present study, we were able to validate abgociations of five of the 10
analyzed gene variants in a cohort of children fitbim South of Brazil followed from birth
until 3.5 years of age. ThEMEM18, BDNFand NEGR1gene variants investigated were
associated with BMI-Z and subcutaneous fat in aftirgy, and th6SEC16BSNP, although
not associated with these phenotypes, was showa &ssociated with higher daily intake of
energy provided from carbohydrates and lipids atahe of 3.5. Our results also show that the
BDNF variants effect begins earlier, at the age ofhhntthe effect of thé&NEGR1 and
TMEM18gene variants, which seem to begin a little ldiemg detected after the age of 3.5.

A more recent GWAS, published in 2013 by Wheeleale{19), performed analyses
with a high number of severely obese children aodtrols, identified nine genome-wide
significant signals in eight loci, nameBTO, MC4R, TMEM18, NEGR1, PRKCH, LEPR,
PACS1 andRMST the last four being detected in GWAS for thetftime. Although their
sample is not totally comparable with ours, becabs& study focused on children in the
extreme tail of the BMI distribution (BMI-Z moredh 3 SD from the mean), we were able to
replicate half of these findings in the preseiMEM18, NEGR)L and in previous studies
performed with the same sample of childréif @ (20) andLEPR (21)). Of course, we must
take in consideration that the specific gene v#siarere not the same, although located in or
near the same genes, and that three of tiRRKCH, PACS1andRMST) were not evaluated

by us.
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From the ten polymorphisms included in the prestatly, we identified significant
associations foONEGR1rs2815752TMEM18rs6548238BDNF rs6265 and rs10767664 with
anthropometric phenotypes (Table 3) and $&C16Brs10913469 with dietary parameters
(Supporting Information Table S2). A common feathetween these genes is that they are
expressed or known to act in the central nervosgesy, highlighting the importance of the
neuronal component to the obesity susceptibilithoagh they have also peripheral functions
related to adipose tissue (6, 22).

The associations reported herein were directionatipsistent with results from
GWAS: TMEM18rs6548238 C-allele (23, 24BDNF rs6265 G-allele (25), rs10767664 A-
allele (25),NEGR1rs2815752 A-allele (26, 27). RegardiBONF, Zegerset al screened the
coding region of the gene and did not find mutatiassociated with overweight or obesity in
children and adolescents (28). On the other harddrigret al revealedBDNF promoter
methylation levels associated with satiety resparsss in female children (29).

In our study, we foundEC16Brs10913469T/T genotype associated with increased
energy, carbohydrates, and lipids intake. Otheatistualso in pediatric samples observed the
C-allele associated with BMI and risk of obesitjxeTminor allele for this SNP was found in
our sample with a lower frequency than in Européanved (CEU) or African (YRI)
population samples (Table 2). Therefore, theserejismncies may be due to population
heterogeneity and/or different linkage disequililoni patterns. It is important to notice that the
individuals studied herein are all from Rio Grartte Sul, the Brazilian southernmost state,
where the Amerindian and African influence is resthcin comparison with all other
geographic regions from Brazil. One striking diéfiece between Brazil and other countries
that congregate European and African descentsthikéJnited States of America, is the high
degree of admixture that can be found between tb#sacities, making very difficult to

determine ancestrality from phenotypic charactegst30). Therefore, the finding that most
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gene variants presented intermediate frequenciggeba Euro and Afro descendants was
expected.

A limitation to our study is that our moderated géansize may not have been large
enough to detect an influence of some of the stug@ymorphisms on obesity-related traits.
Furthermore, although we have not detected anyerdifice in genotype frequencies or
anthropometric and dietary measurements betweencgibs, our results may be interpreted
with caution due to the bi-ethnic nature of our ylagon. It is also noteworthy that this is a
longitudinal study and our two cohorts are verylwbhracterized in terms of anthropometry
and food intake, which represents an importantedbfitial factor from many other studies.
Our results suggest that the follow-up of our tvebarts may reveal other associations as the
age of the children increase and thus provideestarg information.

In conclusion, we found that among the more tharo8irthat have been reported to
associate with susceptibility to obesity, thoseated in or nealfMEM18, BDNF, NEGR1,
and SEC16Bcontribute to obesity susceptibility in childhoods demonstrated by their
associations in our two Brazilian pediatric cohoMge reasoned that it is very relevant to
detect the influence of the genetic component i; ¢bmplex phenotype in childhood, where
environmental exposure and its interaction withajgpes have occurred for a relatively short
period of their lifetime. The continuity of the folW-up of the two cohorts may, in the future,

bring more important findings in relation to thepeestions.
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Table 1 Descriptive characteristics of the two cohortsighkand over the years

Porto Alegre

Séo Leopoldo

Characteristic P-value
(n=423) (n=322)
Boy (%) 50.7 57.6 0.059
Ethnicity (whites) % 55.9 43.0 0.001
Maternal age at child’s birth < 20 years (%) 29.8 25.5 0.199
Monthly household income < $500 (%) 45.7 96.3 .08
Maternal schooling > 8 years (%) 70.2 28.3 <[r00
Employed mother (%) 33.6 35.4 0.612
Exclusive breastfeeding < 4 months (%) 74.7 66.4 0.016
At birth
Weight (kg) 3.294+0.52 3.36+0.46 0.053
Length (cm) 49.21+3.19 48.79+2.00 0.031
Length/age Z-score -0.26+1.29 -0.40+1.03 0°057
1 year
Weight (Kg) 10.12+1.29 9.92+1.19 0.033
Length (cm) 74.8+3.0 75.313.1 0.037
BMI Z-score 0.99+1.03 0.61+1.09 <0.601
Length/age Z-score -0.03+0.93 -0.32+1.09 <(?001
Overweight (%) 47.0 35.2 0.003
Obesity (%) 18.0 9.4 0.001
3.2 years*/3.9 years**
Weight (Kg) 15.80+2.32 16.82+2.58 <0.601
Height (cm) 93.8+4.4 103.1+4.6 <0.001
BMI Z-score 0.87£1.25 0.22+0.99 <0.601
Length/age Z-score -0.15+1.04 0.06+1.04 <0?006
Overweight (%) 42.3 19.1 <0.001
Obesity (%) 16.6 4.4 <0.001

Data are presented as mean + standard deviatiperoentagena, data not availabléChi square test;
bStudent’s T testMann-Whitney U test. *Porto Alegre children werdldaved-up until 3.2 years old.
**S&o Leopoldo children were followed-up until 3/8ars old. Children were classified as overweight
when BMI-Z was > +1 and obese when BMI-Z was > +2.
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Table 2 Minor allele frequencies for the polymorphismslgned

Nearest Hapmap Hapmap Hapmap Séo Porto

Gene chr SNP MA CEWR YRI®  CHB/JPT Leopoldo  Alegre Pvalué
NEGR1 1 rs2815752 G 0.36 0.47  0.08/0.05 0.34 0.33 0.811
SEC16B 1 rs10913469 C 0.25 0.34 0.24/0.26 0.17 0.18 0.755
TMEM18 2 rs6548238 T 0.15 0.10 n.a/0.18 0.15 0.12 0.276
BDNF 11 rs6265 A 0.19 0.004 0.37/0.42 0.15 0.14 0.748
BDNF 11 rs10767664 T 0.20 0.04 n.a/0.35 0.17 0.16 0.834
OLFM4 13  rs9568856 A 0.13 0.31 0.20/0.30 0.22 0.25 0.397
SH2B1 16 rs7498665 G 0.38 0.21 0.13/0.18 0.39 0.39 0.958
HOXB5 17 rs9299 C 0.37 0.90 0.39/0.49 0.43 0.47 0.397
MC4R 18 rs17782313 C 0.26 0.31  0.24/0.23 0.17 0.20 0.348
KCTD15 19 rs11084753 A 0.31 0.31 0.67/0.62 0.33 0.36 0.394

Chr, chromosome; MA, minor alleley.a, data not available®European population®Sub-Saharan African
populationAsian populationsiChi square test between Porto Alegre and Séo ll@éopacalities.
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Table 3 Associations oNEGR1, BDNFand TMEM18polymorphisms with anthropometric parameters.

Phenotype Genotype Genotype Genotype Pvalue P corrected
mean+SD mean+SD mean+SD
NEGR1rs2815752 AJA AIG G/G
At birth
Length (cm) 48.9+2.8 305 49.0+2.8 306 49.2+29 75 0.944 0.944
Weight (g) 33204525 305 33144541 306 32821597 75 0.848 0.944
1 year
BMI Z-score 0.84+1.14 291 0.83+1.09 295 0.63+1.21 73 0.355 0.497
3.5 years
BMI Z-scor€ 0.68+1.21 300 0.44+1.13 306 0.57+1.19 77 0.042 0.098*
Sum of skinfolds (mnd)  15.745.9 301 14.5+4.1 304 14.3+4.4 76 0.023 0.098*
Waist circumference (cm) 52.1+59 302 51.2+3.4 306 51.3+40 76 0.072 0.126
BMI variation 1y - 3.5y (%) -7.2+10.3 287 -9.2#85 292 -7.3t84 73 0.030 0.098*
BDNF rs6265 A-carriers GIG
At birth
Length (cm) 49.1+2.8 200 49.0+2.7 542 0.469 0.656
Weight (g) 3309455 200 3301+530 542 0.909 0.909
1 year
BMI Z-score 0.64+1.17 192 0.85+1.11 521 0.026 0.091*
3.5 years
BMI Z-score 0.48+1.14 199 0.59+1.18 538 0.330 0.588
Sum of skinfolds (mm) 14.3+4.3 196 15.4+53 541 0.01F 0.077*
Waist circumference (cm) 51.3+5.0 197 51.7+4.7 544 0.336 0.588
BMI variation 1y - 3.5y (%) -7.6+9.7 190 -7.949.3 514 0.580 0.676
BDNFrs10767664 T-carriers A/A
At birth
Length (cm) 49.1+2.8 213 49.0+2.7 522 0.692 0.884
Weight (g) 33041538 213 33031536 522 0.884 0.884
1 year
BMI Z-score 0.68+1.17 205 0.84+1.10 501 0.082 0.287
3.5 years
BMI Z-score 0.44+1.10 212 0.61+1.20 519 0.167 0.389
Sum of skinfolds (mm) 14.2+4.0 208 15.4+54 522 0.009 0.063*
Waist circumference (cm) 51.3+4.9 209 51.8+4.8 524 0.262 0.458

BMI variation 1y - 3.5y (%) -8.1+9.6 203 -7.619.5 495 0.770 0.884
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TMEM18rs6548238 T-carriers c/C
At birth
Length (cm) 49.1+2.9 189 49.0+2.7 556 0.477 0.552
Weight k(g) 32861540 189 33114531 556 0.552 0.552
1 year
BMI Z-score 0.67+1.03 180 0.83t1.15 534 0.099 0.259
3.5 years
BMI Z-score 0.33+1.16 188 0.65+1.18 552 0.007 0.049*
Sum of skinfolds (mm) 14.7+4.6 187 15.2+52 551 0.363 0.508
Waist circumference (cm) 51.1+5.1 187 51.844.6 555 0.11F 0.259
BMI variation 1y - 3.5y (%) -8.7+8.5 177 -7.4+9.8 528 0.153 0.268

Data are presented as mean * standard deviatioh. By mass index. Variables were adjusted by gentbhort and
intervention group?Oneway-ANOVA;*Student’s T testTukey test A/A x A/GP=0.052, A/A x G/GP=0.723, A/G x G/G
P=0.753;%Tukey test A/A x A/IGP=0.060, A/A x G/GP=0.071, A/G x G/GP=0.726;°Tukey test A/A x A/GP=0.031,
A/A x GIG P=0.999, A/G x G/GP=0.262. Statistical test performed with sum of &Mtk variable In-transformed.
*Significant correctedP-values according to Benjamini-Hochberg method whhfalse discovery rate of 0.10.
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Table S1Polymorphisms frequencies and anthropometric aethidi measurements according to ethnic groups.

Genotypes
NEGR1rs2815752
AIA

AIG

GIG
SEC16B10913469
T/T

CIT

C/C

TMEM18rs6548238

C/IC

CIT

T/T

BDNF rs6265

GIG

G/A

AlA
BDNFrs10767664
AlA

AIT

T/T
OLFM4rs9568856
AlA

AIG

GIG
SH2B1rs7498665

WhlteS NOI’] WhlteS Pgenotypea Pallelea
n(%) Allele Frequency n(%) Allele Frequency

157 (45.9) A 0.68 142 (42.5) A 0.65 0.220 0.264
154 (45.0) G 0.32 148 (44.3) G 0.35

31(9.1) 44 (13.2)
263(68.8) T 0.82 246 (69.7) T 0.83 0.835 0.677
104 (27.2) C 0.18 96 (27.2) C 0.17

15 (3.9) 11 (3.1)
282 (73.4) C 0.85 267 (75.6) C 0.87 0.188 0.318
92(240) T 0.15 83(235 T 0.13

10 (2.6) 3(0.8)
277 (7129) G 0.84 262 (74.0) G 0.86 0.092 0.300
87(229) A 0.16 87(246) A 0.14

16 (4.2) 5(1.4)
265 (70.3) A 0.83 255(729) A 0.85 0.584 0.339
94(249 T 0.17 83(223.7) T 0.15

18 (4.8) 12 (3.4)

16 (4.3) A 0.22 20 (5.8) A 0.25 0.336 0.204
130(35.3) G 0.78 134 (39.0) G 0.75
222 (60.3) 190 (55.2)
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AlIA 147 (38.7) A 0.60 137 (39.1) A 0.62 0.226 0.466
AIG 159 (41.8) G 0.40 161 (46.0) G 0.38

G/IG 74 (19.5) 52 (14.9)

HOXB5rs9299

CiC 72(19.3) C 0.43 79(232) C 0.47 0.074 0.139
CIT 176 (47.3) T 0.57 162 (475) T 0.53

TIT 123 (33.0) 101 (29.6)

MC4Rrs17782313

TIT 263(69.6) T 0.82 234(66.9) T 0.81 0.190 0.668
CIT 92 (243) C 0.18 102 (29.1) C 0.19

C/C 23 (6.1) 14 (4.0)

KCTD15rs11084753

AIA 55(145) A 0.35 45 (12.7) A 0.34 0.785 0.740
AIG 160 (42.1) G 0.65 152 (429) G 0.66

GIG 165 (43.4) 157 (44.4)

Anthropometric measurements meanSD  n meantSD n P>
At birth

Length (cm) 49.1+2.8 485 49.0+2.7 433 0.774
Weight (g) 32794495 485 33204553 433 0.230
1 year

BMI Z-score 0.75%£1.11 439 0.83+1.17 394 0.333
3.5 years

BMI Z-scor€ 0.67+1.12 393 0.55+1.28 362 0.207
Sum of skinfolds (mm) 15.6£4.9 390 14.845.5 363 0.077
Waist circumference (cm) 51.945.2 396 51.5+45 361 0.168
Dietary measurements

1 year

Energy intake (kcal/day) 1008+434 421 9661445 380 0.173
Carbohydrates intake(kcal/day) 575+256 424 562+273 377 0.490
Lipids intake (kcal/day) 273+137 424 257+136 377 0.103
3.5 years

Energy intake (kcal/day) 1508+427 393 15144419 353 0.850
Carbohydrates intake (kcal/day) 838+253 393 847+257 348 0.641
Lipids intake (kcal/day) 445+162 393 432+152 348 0.294
SDF intake (kcal/day) 116+108 393 114+100 353 0.822
LDF intake (kcal/day) 132+176 393 136+173 353 0.774

SDF, sugar dense foods (50% or more in 100 grani¥y, lipid dense foods (30% or more in 100 gramfShi square test;
bStudent’s T test. All statistic tests were run kewwhites and non-whites.
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Table S2Association of th6&EC16Brs10913469 polymorphism with dietary parameters.

Phenotype TIT C-carriers Pvalue P corrected
1 year meanzSD n meantSD n
Energy intake (kcal/day) 9824429 471 9821434 211  0.96F 0.985
Carbohydrates intake(kcal/day) 560+260 485561+256 218 0.885 0.985
Lipids intake (kcal/day) 2651137 485 262+136 218 0.985 0.985
3.5 years
Energy intake (kcal/day) 15414423 504 1445+418 227 0.006 0.048*
Carbohydrates intake (kcal/day) 859+252 511 808+261 232 0.016 0.064*
Lipids intake (kcal/day) 447+160 511 420+154 232 0.036 0.096*
SDF intake (kcal/day) 113+98 504 118+117 227 0.812 0.985
LDF intake (kcal/day) 141177 504 129+176 227 0.21% 0.430

Data are presented as mean * standard deviatidf. SiQar dense foods (50% or more in 100 grams);
LDF, lipid dense foods (30% or more in 100 grarf8udent’s T testtMann-Whitney test. Variables
were adjusted by gender, cohort and interventioumSignificant corrected-values according to
Benjamini-Hochberg method with the false discovertg of 0.10.
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Phenotype Genotype Genotype Genotype P-value P corrected
meantSD n mean+SD n mean+SD

SH2B1rs7498665 AlA AIG GIG

At birth

Length (cm) 49.1+2.7 283 489129 324 49.2+25 131 0.654 0.916

Weight (g) 33464517 283 32724559 324 3306515 131 0.263 0.916

1 year

BMI Z-score 0.78+1.10 275  0.79+1.16 307 0.82+1.09 126 0.950 0.951

3.5 years

BMI Z-score 0.54+1.10 282  0.53+1.20 323 0.71+1.28 128 0.495 0.916

Sum of skinfolds (mm) 14.9+4.8 277 15.1+5.1 327 15.3t5.7 128 0.95F 0.951

Waist circumference (cm) 51.6+5.7 281 51.3x3.9 326 524+46 129 0.110 0.770

BMI variation 1y - 3.5y (%) -8.0+8.8 271 -8.1+9.7 305 -6.849.8 123 0.574 0.916

HOXB5 rs9299 C/C CIT TIT

At birth

Length (cm) 49.1+43.4 151 49.0+2.6 340 48.9+25 230 0.97F 0.971

Weight (g) 32454597 151  3329+520 340 3295+511 230 0.272 0.574

1 year

BMI Z-score 0.82+1.15 142  0.79+1.15 332 0.74+1.07 218 0.773 0.901

3.5 years

BMI Z-score 0.54+1.28 151  0.58+1.16 339 0.51+1.09 227 0.586 0.820

Sum of skinfolds (mm) 147446 151 15.3t5.5 340 148444 226 0.328 0.574

Waist circumference (cm) 51.745.4 153 518451 341 51.2+43.6 226 0.272 0.574

BMI variation 1y - 3.5y (%) -8.6+10.2 140 -7.3+94 329 -8.2+85 214 0.165 0.574

KCTD15rs11084753 AlA AIG GIG

At birth

Length (cm) 48.9+2.0 101 49.0+2.8 315 49.1+29 326 0.783 0.785

Weight (g) 3350+468 101 32974505 315 3301+582 326 0.68F 0.785

1 year

BMI Z-score 0.84+1.09 97 0.73+1.10 302 0.84+1.16 313 0.45F 0.785

3.5 years

BMI Z-score 0.53+1.12 98 0.52+1.11 316 0.63+1.27 324 0.39F 0.785

Sum of skinfolds (mm) 15.2+5.2 99 14.7+4.3 312 154456 325 0.263 0.785

Waist circumference (cm) 51.6£3.9 100 51.5+5.3 315 518443 325 0.785 0.785

BMI variation 1y - 3.5y (%) -8.849.6 94 -7.948.5 300 -7.5£10.2 309 0.493 0.785



OLFM4 rs9568856 GIG A-carriers

At birth

Length (cm) 49.0£2.6 418 49.0£29 303
Weight (g) 33031507 418 3307574 303
1 year

BMI Z-score 0.80£1.11 403 0.78£1.16 289
3.5 years

BMI Z-score 0.54+1.18 415  0.55+1.16 301
Sum of skinfolds (mm) 15.1+5.1 415 14.8+4.8 300
Waist circumference (cm) 51.744.8 418 51.5+4.6 300
BMI variation 1y - 3.5y (%) -8.1+9.8 399 -7.618.9 284
SEC16Brs10913469 TIT C-carriers

At birth

Length (cm) 49.1+2.9 512 489+25 231
Weight (g) 33024536 512 33144533 231
1 year

BMI Z-score 0.83+1.07 493  0.82+1.10 220
3.5 years

BMI Z-score 0.58+1.16 512  0.54+1.23 226
Sum of skinfolds (mm) 15.0+4.7 507 15.2¢5.8 229
Waist circumference (cm) 51.6+4.9 510 51.8+445 230
BMIl variation 1y - 3.5y (%) -8.0+9.1 487 -7.5£10.2 217
MC4Rrs17782313 C-carriers T/T

At birth

Length (cm) 48.9+2.7 233 49.0£2.8 504
Weight (g) 3335+513 233 32951544 504
1 year

BMI Z-score 0.76+1.20 224  0.82+1.09 483
3.5 years

BMI Z-score 0.45+1.14 231  0.63+1.20 500
Sum of skinfolds (mm) 14.8#5.0 233 15.2+5.2 496
Waist circumference (cm) 51.5+#4.1 232 51.8451 501
BMI variation 1y - 3.5y (%) -8.249.5 223 -7.6£9.5 475

0.961
0.998

0.091

0.956
0.493
0.616
0.569

0.3%1
0.828

0.824

0.543
0.818
0.602
0.686

0.831
0.362

0.584

0.032

0.152
0.367
0.319

0.998
0.998

0.637

0.998
0.998
0.998
0.998

0.828
0.828

0.828

0.828
0.828
0.828
0.828

0.831
0.513

0.646

0.224
0.513
0.513
0.513
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Data are presented as mean + standard deviatiomablés were adjusted by gender, cohort and inteiwe
group. ®0Oneway-ANOVA,; "Student's T test. Statistical test performed withmsof skinfolds variable In-
transformed. Correctdévalues according to Benjamini-Hochberg method# wie false discovery rate of 0.10.
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Table S4 Measures of dietary parameters accordingNteGR1 SH2B1 HOXB5 KCTD15 BDNF,
TMEM18 OLFM4 andMC4Rgene variants.

Phenotype Genotype Genotype Genotype P-value P corrected
meantSD n meanzSD n meanzSD n
NEGR1rs2815752 AIA AIG GIG
1 year
Total energy intake (kcal/day) 9814423 271 962+421 287 1028+421 72 0.028 0.224
Carbohydrates (kcal/day) 557+248 281 5461247 295  588+273 77 0.456 0.812
Lipids (kcal/day) 271+145 281 255+132 295  266x127 77 0.644 0.812
3.5 years
Total energy intake (kcal/day) 1487+41800 1521+402 299 1551+444 74 0.570 0.812
Carbohydrates (kcal/day) 8351253 306 843+246 304 868+268 75 0.765 0.812
Lipids (kcal/day) 429+156 306 4471160 304  441+148 75 0.558 0.812
SDF (kcal/day) 111497 300 115+108 299 107+96 74 0.812 0.812
LDF (kcal/day) 130+170 300 151+189 299 154+184 74 0.7%4 0.812
SH2B1rs7498665 AlA AIG GIG
1 year
Total energy intake (kcal/day) 950+425 268 10201440 293 9314393 117 0.033 0.160
Carbohydrates (kcal/day) 5424252 276 579+270 306 5371224 119 0.046 0.160
Lipids (kcal/day) 256+143 276 272+133 306 251+131 119 0.060 0.160
3.5 years
Total energy intake (kcal/day) 1499+42281 15104426 317 15304416 128 0.602 0.688
Carbohydrates (kcal/day) 828+244 283 850+271 326  851+240 129 0.367 0.489
Lipids (kcal/day) 437+156 283 4361162 326  439+155 129 0.816 0.816
SDF (kcal/day) 107#90 281 122+115 317 112+#105 128 0.263 0.420
LDF (kcal/day) 151+181 281 133+175 317 116167 128 0.112 0.224
HOXB5 rs9299 C/C CIT TIT
1 year
Total energy intake (kcal/day) 1034+45740 964+409 314 9751437 205  0.45F 0.613
Carbohydrates (kcal/day) 583+279 147 5514239 321 555268 214  0.40Z2 0.613
Lipids (kcal/day) 2724144 147 259+138 321 2661131 214 0.532 0.613
3.5 years
Total energy intake (kcal/day) 157543850 1472+398 338 1530+442 221  0.045 0.122
Carbohydrates (kcal/day) 8861283 155 821+227 340 840+268 227 0.046 0.122
Lipids (kcal/day) 457+160 155 4224148 340 451+167 227 0.025 0.122
SDF (kcal/day) 120+118 150 115+101 339 110+98 221  0.849 0.849

LDF (kcal/day) 129+166 150 134+174 339  149+188 221  0.537 0.613



KCTD15rs11084753 AIA AIG GIG
1 year

Total energy intake (kcal/day) 1010+42703 9681425 292 9791434
Carbohydrates (kcal/day) 5861245 94 5544253 2995531267
Lipids (kcal/day) 2731142 94 260+139 299 262+132
3.5 years

Total energy intake (kcal/day) 1526+449D6 1512+417 313 1507+423
Carbohydrates (kcal/day) 850+264 97 8424245 3148421264
Lipids (kcal/day) 440+171 97 441+162 314 435+153
SDF (kcal/day) 101+82 96 112499 313 122+114
LDF (kcal/day) 99+139 96 144+195 313 142+166
BDNF rs6265 A-carriers GIG

1 year

Total energy intake (kcal/day) 969+443 184 989+434 497
Carbohydrates (kcal/day) 553+272 192 564+259 512

Lipids (kcal/day) 255+129 192 267+141 512

3.5 years

Total energy intake (kcal/day) 1497+40194 1516+424 536
Carbohydrates (kcal/day) 836+234 194 845+260 543

Lipids (kcal/day) 4361148 199 438+160 543

SDF (kcal/day) 113+106 194 115+103 536

LDF (kcal/day) 144+174 194 135+178 536

BDNF rs10767664 T-carriers AlA

1 year

Total energy intake (kcal/day) 971+438 197 9844425 478
Carbohydrates (kcal/day) 553+270 205 5601253 494

Lipids (kcal/day) 2581129 205 2661140 494

3.5 years

Total energy intake (kcal/day) 1513+40@07 1506422 517
Carbohydrates (kcal/day) 845+238 212 839+260 525

Lipids (kcal/day) 442+151 212 4361161 525

SDF (kcal/day) 110+104 207 1154105 517

LDF (kcal/day) 144+172 207 135+179 517

TMEM18 rs6548238 T-carriers c/C

1 year

Total energy intake (kcal/day) 958+412 175 988+443 508
Carbohydrates (kcal/day) 546+241 181 563+262 524

Lipids (kcal/day) 2531134 181 268+137 524

297
312
312

321
331
331
321
321

0.816
0.677
0.612

0.880
0.948
0.963
0.35%
0.182

0.696
0.867
0.466

0.58%1
0.659
0.856
0.568
0.747

0.759
0.962
0.604

0.928
0.872
0.422
0.397
0.785

0.627
0.768
0.359
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0.963
0.963
0.963

0.963
0.963
0.963
0.963
0.963

0.867
0.867
0.867

0.867
0.867
0.867
0.867
0.867

0.962
0.962
0.962

0.962
0.962
0.962
0.962
0.962

0.877
0.877
0.877
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3.5 years

Total energy intake (kcal/day) 146542187 15261423 546 0.074 0.296
Carbohydrates (kcal/day) 811+236 191 853+262 554 0.070 0.296
Lipids (kcal/day) 4301165 191 441+156 554 0.560 0.877
SDF (kcal/day) 111496 187 115+107 546 0.902 0.902
LDF (kcal/day) 146+180 187 134+174 546 0.663 0.877
OLFM4 rs9568856 GIG A-carriers

1 year

Total energy intake (kcal/day) 966+412 383 995+453 278 0.424 0.989
Carbohydrates (kcal/day) 553+250 398 563+272 286 0.504 0.989
Lipids (kcal/day) 261+130 398 267+146 286 0.4%1 0.989
3.5 years

Total energy intake (kcal/day) 1508+43812 1518+395 296 0.808 0.989
Carbohydrates (kcal/day) 841+258 421 847+248 299 0.874 0.989
Lipids (kcal/day) 440164 421 436+150 299 0.536 0.989
SDF (kcal/day) 1154107 412 1144101 296 0.989 0.989
LDF (kcal/day) 144+184 412 131+166 296 0.646 0.989
MC4Rrs17782313 T/T C-carriers

1 year

Total energy intake (kcal/day) 981+428 465 9791428 212 0.912 0.978
Carbohydrates (kcal/day) 5631257 476 5561253 216 0.795 0.978
Lipids (kcal/day) 2651135 476 261+139 216 0.843 0.978
3.5 years

Total energy intake (kcal/day) 151642804 14981428 221 0.607 0.978
Carbohydrates (kcal/day) 8411249 510 8421263 224 0.978 0.978
Lipids (kcal/day) 441+157 510 429+163 224 0.386 0.978
SDF (kcal/day) 1114109 504 120492 221 0.040 0.320
LDF (kcal/day) 132+170 504 148+188 221 0.579 0.978

Data are presented as mean + standard deviatidh. iQar dense foods (50% or more sugar in 100rddF, lipid
dense foods (30% or more in 100 grams). Variableswadjusted by gender, cohort and interventiongr®neway
ANOVA; Kruskal-Wallis test;*Student’s T test®™ann-Whitney test. CorrecteB-values according to Benjamini-
Hochberg method with the false discovery rate 00.
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ABSTRACT

Background/Objectives: Circulating microRNAs (miRNAs) are been considered
valuable biomarkers of many metabolic diseasesh sag& obesity, and potential
promising targets for the diagnosis and clinical nitaxing of adiposity and its
complications. Our objective was to investigate thbe circulating miRNAs differ
between lean and obese children in southern Br@aljects/Methods: Nine plasma
MIRNASs were assessed by quantitative polymerasm e¢baction in 38 children aged
6.2 years (18 lean and 20 obese). We compared miBibhession between lean and
obese children and performed correlation analysds anthropometric measurements
and biochemical variablesResults: Two circulating miRNAs were differentially
expressed in childhood, with decreased levels d&®-fr6-5p P=0.008) and miR-19b
(P=0.046) in obese children compared to the leanmgrole plasma concentrations of
these two miRNAs were inversely correlated withyaothss index, and miR-16-5p was
inversely correlated with plasma insulin leve&l®nclusions: Our findings contribute to
a better understanding of the role of miRNAs inbpgathology of obesity and suggest
a potential role of circulating miR-16-5p and miBklin childhood obesity as novel
biomarkers for the early prevention and to improive diagnostic power of obesity-
associated metabolic complications. To our knowdedbis study provides the first

evidence of obesity-related circulating miRNAs wush American children.
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INTRODUCTION

The prevalence of childhood obesity has increaseddwide over the recent
decades. Obesity is an important risk factor fornyn@hronic diseases including
hypertension, dyslipidemia, type 2 diabetes malliand premature cardiovascular
complications, which have been previously foundydnl adults. One of the greatest
present challenges is to find out early biomarkfens the diagnosis and clinical
monitoring of adiposity and its complications tle@n be used still in childhood, in
order to prevent the occurrence of asymptomatioicdl conditions such as
atherosclerosis in adulthood. Many factors such as inappropriate diet and gadgn
lifestyle are contributing to the obesity growingicemics, but it is widely recognized
as an heritable condition, with multiple genetictéas influencing its development.

MicroRNAs (miRNAs) are small non-coding RNAs thaegulate gene
expression at the post-transcriptional levelpairing with the 3' untranslated region of
messenger RNAs (mRNAs), leading to translation eggion and/or mRNA
degradatioh They are believed to play important regulatoriesoin most biological
processes, including adipocyte differentiation,ulims action and fat metabolistrand
may be modulated by inflammatory events accordinghysiological and pathological
state8. Several studies have reported evidence of miRNAredulation in obese
adipose tissue in human and animal modé€lsFurthermore, miRNAs have also been
found in body fluids, such as serum and plasma,stable and cell independent fétm
Altered expression profiles of circulating miRNAaVe been found in various diseases
such as cancer, diabetes and obesity, showing putential asnew non-invasive
biomarkers for human diseases, and making them ipiogntargets for therapeutic

strategie® 3
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Although circulating miRNAs are emerging as putatiisease biomarkers, to
our knowledge only one study investigated the aason between plasma miRNAs
expression and childhood obesity. In this crossiseal study, Prats-Puig et Hfound
differential plasma concentrations of 15 circulgtmiRNAs in lean and obese children:
miR-486-5p, miR-486-3p, miR-142-3p, miR-130b, mi&23-5p, miR-532-5p, miR-
140-5p, miR-16-1, miR-222, miR-363, miR-122, miRt2MiR- 28-3p, miR-125b and
miR-328.

Our group has been studying the influence of comigametic variants on the
risk of obesity-related phenotypes in Brazilianlatdn'*’. However, meta-analyses of
genome-wide association studies concluded thatarsmnly 2.7% of the variation in
body mass index in the general population has bgplained by gene varianté Thus,
the lack of explanation this so-called “missing itadxility” in adiposity may rely, at
least in part, on miRNASs.

These recent observations prompted us to investighether circulating levels
of miRNAs selected among those which presentedhtgker significant differences
between lean and obese children in previous stiffi@®-16-5p, miR-19b, miR-28-3p,
mMiR-130b-3p, miR-146a-5p, miR-221-3p, MiR-423-5pRM86-3p and miR-486-5p)
in childhood differ between lean and obese childresouthern Brazil. We hypothesize
thatthe very early detection of an abnormal circulatimgNA profile may allow early

prediction of metabolic comorbidities.

SUBJECTS AND METHODS
Recruitment and clinical assessments
This was a cross-sectional analysis nested in artstudy, performed between

April of 2008 and June of 2015, with children falled since birth until six years old.
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The recruitment phase occurred during the thirdester of pregnancy at health centers
in the eight district areas of the city of Portegte, state of Rio Grande do Sul, Brazil.
An intervention was carried out with primary heattire professionals, which consisted
in an update of the “Ten steps to healthy eatimgchildren younger than two years”
guide for all professionals working in the selecteealth centers, in addition to
providing educational materials based on the foadey to be delivered to all mothers
undergoing prenatal and child care. This intena@ntivas not the primary objective of
the present research and the participation in vetgron/control group was used as
confounding factor in statistical analyses. More¢adgs about data collection can be
found elsewher@ 2L The children were reevaluated at the ages ofat, 2 years and
6.2 years for the collection of dietary and antlmroptric data.

The present study assessed 40 children when they &2 years old. Children
were directly weighted barefoot and wearing liglatiees using a digital scale (Lider
Aracgatuba, Brazil), and height was measured witlidedn standing straight using a
stadiometer (Alturaexdta Belo Horizonte, Brazil). Body mass index (BMI) sva
calculated as [weight (kg)/height (fh) and BMlI-for-age Z-scores (BMI-Z) were
estimated based on the World Health Organizatiandstrd$>. From the 206 children
evaluated in this phase of follow-up of the whotdart, those 20 children with lower
BMI-Z and those 20 children with higher BMI-Z vakugvere selected for the present
study. The obese group consisted of children wth-B > +2 and the lean group was
constituted by children with BMI-Z < -1. Waist ainmference was also measured in the
supine position at the narrowest point of the truhdcipital and subscapular skinfolds
were measured using an adipometer (WCS, Cardi®me€dritiba, Brazil). Blood

pressure was measured in the supine position ongliearm after a 10-min rest, using
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an electronic sphygmomanometer (Omron HealthcaamnBckburn, USA) with cuff
size appropriate for arm circumference.

The research was approved by the Ethics Commiftdeed-ederal University of
Health Sciences of Porto Alegre. Informed writtemsent was obtained from all the
parents.

Biochemical measurements

Venous blood samples were obtained after a 12th Baschemical parameters
such as circulating glucose, total cholesterol, high giign cholesterol (HDL),
triglycerides and C-reactive protein were measuteg spectrophotometry or
turbidimetry (BS-120 Chemistry Analyzer, MindrayShenzhen, China); and low
density lipoprotein (LDL) was calculated by thedéieéwald formul&. Insulin levels
were measured by chemiluminescence (IMMULITE 10Qhmunoassay System,
Siemens Healthcare Diagnostics, Flanders, USA)tirfgagnsulin sensitivity was
estimated based on fasting insulin and glucoseldeusing the homeostasis model
assessment (HOMA IR)

Analysis of circulating miRNAs

Based on the circulating pattern of miRNAs in ¢hdod obesity previously
described by Prats-Puig et %alwe chose the seven most differentially expressed
MiRNAs between obese and lean children (miR-486+@R-486-3p, miR-221-3p,
miR-28-3p, MmiR-142-3p, miR-130b-3p, MiR-423-5p. Tdighth miRNA (miR-16-5p)
was selected based on its overexpression in theutareous adipose tissue of non-
obese women in a southern Brazilian sample (Gatparet al., personal
communication).

EDTA plasma samples were obtained by standard uantpre and immediately

centrifuged with a laboratory centrifuge at 1606r 15 min at 4 °C. Circulating RNA
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was extracted from a plasma volume of $Q0using the mirVana PARIS isolation kit
(Life Technologie8, Carlsbad, California, USA) according to the mantifear’s
instructions and stored at -80°C. RNA integrity apugntification were measured with
BioSpec-nano (ShimadZuKyoto, Japan).

Fifty microliters of RNA were eluted, and a fixedlume (3uL) was used as
input into the reverse transcription (RT) reactisith the TagMafi miRNA RT Kit
(Life Technologie8). At total of eight target miRNAs and four endogasa controls
were reverse transcribed using a pool of individiteim-loop primers of the selected
microRNA assays (Life Technologfds Multiplex RT products were preamplified
using the TagMah PreAmp Master Mix (Life Technologi®s All cDNAs were stored
at -20°C for no longer than five dayaubsequently, analysis of individual miRNAs was
performed in duplicate for relative miRNA expressiquantification using TagM&n
hydrolysis probes (Life Technologf@scarried out on a StepOnePlus™ Real-Time PCR
System (Life Technologi&} to verify the presence of the target circulatmiRNAS.

All experiments were performed following MIQE guiithes’®. Moreover, samples of
both groups were included in each batch, in ordeligcard any measurement bias.

MIRNAs expression was measured using thresholdecyCt) relative to the
geometrical mean of the endogenous control$<Y2 Initially, we tested four
endogenous controls as normalizing factors basedhen stability in plasma of
childrer®: miR-223-3p, miR-106a-5p, miR-146a-5p and miR-19bwever, among the
12 miRNAs herein analyzed, three were selectedndsgenous controls due to their
highest stability among all assays evaluated witipré&ssionSuite Software version
1.0.3 (Life technologi€y: miR-223-3p, miR-106a-5p and miR-142-3p. Therefdhe
expression of the remaining nine MiRNAs was congdretween the lean and obese

groups.
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We used the DIANA-miRPath, a free web-based contjpma tool that
performs miRNA pathway analysis using the predictadRNA targets or even
experimentally validated miRNA interactidfis and the TargetScanHunfédnand
miRTarBasé online databases to identify the target genes #mair molecular
pathways.

Statistical analysis

Demographic and clinical continuous variables wempared between the two
groups (lean and obese) using Student’s t-teshétapendent samples. Chi-squared test
with Yates continuity correction was used to corepeategorical variables between
groups. The 2° approach wasised to normalize miRNA data to the endogenous
controls and to calculate the differential expressbetween group% Differential
expression values lower than 1.0 were invertecddifate interpretation. All data were
tested for normal distribution and equivalence @friances. Student’s t-test for
independent samples was used to compare mean mEchahiRNA levels between
lean and obese children when the miRNA levels prtesea normal distribution, and
Mann-Whitney U test was used when their distributwwas asymmetric. Multiple
regression analyses adjusted for potential confimgnfhctors and Spearman’s statistic
were used to study correlations between circulatengls of individual miRNAS,
anthropometric measurements and biochemical vasaldlll statistical analyses were
performed using theéSPSS 20.0 program (SPSS Inc., Chicago, USA). Stalis

significance was defined &svalues <0.05.

RESULTS
Clinical and biochemical characteristics of theldia@in are shown in Table 1.

Forty children had plasma samples analyzed fornine candidates obesity-related
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circulating miRNAs. Due to unsuccessful RNA extiact two of the 40 children were
excluded of the analyses. The mean age of childras 6.2 + 0.2 years, and 55.3%
were boys. MIRNA concentrations were not differeaetween boys and girls.

The relative expression for each miRNA in the twoups analyzed is shown in
Table 2. Two circulating miRNAs presented signifittg different medians between
lean and obese children. Increased circulating eainations of miR-16-5p and miR-
19b (bothP < 0.05) were identified in lean children, showingexpression about 1.96
and 1.41 times, respectively, higher in plasma sesnpf lean than in the obese group
(P =0.008,P = 0.046; respectively) (Figure 1).

The relative expression of miR-16-5p and miR-19Is w@nificantly correlated
with BMI-Z (Table 3). For miR-16-5p, we found thalbwing correlation values: BMI-
Z (r =-0.443P = 0.008), skinfolds (r=-0.43%, = 0.009), waist (r = -0.404, = 0.016).
However, when adjusted by BMI-Z, the correlationshvgkinfolds and waist did not
survive P > 0.05), indicating that the correlation of thisRMNA with subcutaneous or
central fat is secondary to the correlation with IB& The same was observed with
miR-19b, significant correlations were observedhv&MI-Z (r = -0.348,P = 0.032),
skinfolds (r = -0.404P = 0.012) and waist (r = -0.378, = 0.021), and the last two
disappeared after controlling for BMI-Z (Table 3).

The correlations between biochemical variables ti(fgs glucose, total
cholesterol, HDL, LDL, triglycerides, C-reactivegpein, insulin levels and homeostasis
model assessment of insulin resistance) and miR&igsession were also evaluated.
Univariate analyses showed a significant corretatietween miR-16-5p and plasma
insulin levels (r = -0.351R = 0.039) (Table 4).

Multivariate regression analyses were also peréarrfor the identification of

combined factors associated with changes in BMP&rameters witl® values < 0.200
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in the bivariate analyses were entered into a wariite analysis model and removed
stepwise. Only those variables with significantndrdized regression coefficients
(beta) were maintained in the final model. The comth effect of circulating
concentrations of miR-16-5p, together with fastimgulin levels, contributed to
explainabout 41% of the variance in BMI (miR-16-5p, betaG=300, P= 0.042;
insulin, beta = 0.487 = 0.002; complete model # 0.413,P < 0.001). The effect of
miR-16-5p alone on BMI-Z contributed to explabout 20% of BMI variation fr=

0.196,P = 0.008).

DISCUSSION

MiRNAs research has advanced and highlighted thgortant regulatory role
in most biological processes controlling gene esgimn. Alterations in miRNAs
expression patterns have been demonstrated inugapibysiological and pathological
states. Considering the findings that miRNAs cafoo@d at stable levels in serum and
plasma, within circulating exosomes or other miesiguled’, these circulating
molecules may be useful as minimally invasive bidwaes for the diagnosis, prognosis,
and possible therapeutics of complex diseases laid ¢comorbidities. We identified
two circulating miRNAs differently expressed in heand obese children, miR-16-5p
and miR-19b, which showed decreased concentratiotise obese group and had an
inverse correlation with measures of body fat.

Our very recent findings have reported that expoesf miR-16-5p in
subcutaneous adipose tissue is higher in non-abesein obese women, suggesting a
low expression of its target genes in non-obeseigr&ince this miRNA has the
vascular endothelial growth factor (VEGF) as oneitsftarget gené§ the authors

suggested that this miRNA may be involved in thierations of angiogenesis observed
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in obesity (Gasparotto et al., unpublished resuRgcent studies have demonstrated the
effect of this proangiogenic gene in body fat regoh*. Indeed, obese children have
an increased risk for early development of metabatd cardiovascular abnormalities,
including endothelial dysfunction, which is an garlsk marker of cardiovascular
disease, even before the onset of dyslipidemiagypettension process®. In our study,
children with an increase in BMI-Z and insulin l&seshowed decreased circulating
miR-16-5p. According to our analysis silico performed with DIANA-mirPath, miR-
16-5p regulates the expression of at least 13 gemedved in insulin signaling
pathways, affecting the glucose and lipid homedstas well as the protein synthéSis
Thus, we believe that plasma level of this miRNAynfee influenced by changes in
homeostasis of insulin. It is known that obesitgde to an altered glucose metabolism
and precedes diabetes, and adiposity is involvetthenetiology of insulin resistance,
where lipid moieties from the white adipose tisslisturb insulin signalinf. The
circulating concentration of miR-16-1-3p was foundie deregulated in obese children
in the study conducted by Prats-Puig et, atho identified an increase of this miRNA
in plasma from prepubertal obese children when @etwith lean children. This is a
mature miRNA originating from the 3’ end of the préRNA, while the miRNA
investigated in the present study is the matureNARriginating from the 5’ end of the
same pre-miRNA. The two mature miRNAs could be functional, cosessed
differently from tissue to tissue and target onfetgnt mRNAS, suggesting tissue-
dependent regulatory functiofis®’. Furthermore, according to our analysissilico in
this online database, miR-16-5p and miR-19b mothiy transforming growth factor
beta (TGFB) signaling pathway targeting eight genes, modutptiangiogenic

properties, angiogenesis, apoptosis and celluldecamong othef& Members of the
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TGF{ superfamily are known to control many aspectsdip@genesis, adiposity and
energy expenditufé

Initially, we had chosen miR-19b as an endogenaudral, since a previous
study with ten healthy children had pointed it as @f the most stable circulating
miRNAs®. However, we found significant increased plasmeli of miR-19b in lean
that in obese children and an inverse correlatiomi®-19b with measures of body fat.
A recent study by Xue et al. has demonstratedrnthi@t19b also has as one of its target
genes the peroxisome proliferator-activated regepteoactivator &t (PGC-In), a
transcriptional coactivator known to be a key ragp of energy metabolism and
mitochondrial biogenesi¥ The authors concluded that this miRNA inducesoémalial
cell dysfunction by suppression of PG@-human atherosclerotic vessel samples.
Literature data and results from bioinformatics Igsia revealed that miR-19b might
also influence the expression of the adrenergieptes beta 1 (ADRB?): *° Beta-
adrenergic receptors are known to affect energy eostasis through regulation of
lipolysis and thermogenesis by catecholanfiheand ADRB1 has been involved in
both stimulation of lipolysis and the proliferation brown fat cells in animal modéfs
To our knowledge miR-19b has not been previouspomred to be related to either
adipogenesis or obesity. Most of studies have tedat deregulated in multiple tumor
types, with a tumor-promoting activify Thus, the importance of our study is that it
suggests miR-19b as a new candidate in the fietibesity.

We acknowledge there are limitations in our stude are aware that the
mMiRNAs investigated may not represent the wholé ladilcirculating miRNAs altered
in our obese children. The cross-sectional desigouo study does not allow us to
establish causative relationships between theealtaniRNAs and obesity. On the other

hand, children herein studied are enrolled in ayitoilinal study followed-up since
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birth, and likely will be re-evaluated in 3-4 yearSherefore, the circulating

concentrations of miRNAs might be analyzed agaioroter to verify possible changes
in plasma levels. Moreover, our children are vergllwcharacterized in terms of
anthropometry, which constitutes a differentialrelegeristic from other studies.

In conclusion, our findings indicate differentidapma concentrations of miR-
16-5p and miR-19b in lean and obese children, sigge a potential role of these
MiRNAs in childhood obesity as novel biomarkers tbe early prevention and to
improve the diagnostic power of obesity-associatextabolic complications. To our
knowledge, we provided the first evidence in So@itherican children about obesity-
related circulating miRNAs. These findings proviaebetter understanding regarding
the role of MiRNASs in physiopathology of obesitpimting to new signaling pathways,
and justify the need of future investigations téed@ine the prognostic value of these

circulating miRNAs.
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Figure Legend

Figure 1. Median normalized circulating concentration vali@smiR-16-5p (A) and
miR-19b (B) according to two groups: lean (BMI-Z-¥) and obese (BMI-Z > +2)
children. *P < 0.05 compared with lean group after Mann-Whithetest. Boxes show

interquartile ranges. Error bars represent lowast laghest values. Dots show outlier

values.



88

40,00000-1

30000007

20,000007]

10,00000]




Table 1. Biodemographic characteristics of thedrkih.

89

Characteristics Lean Obese P value
(n=18) (n=20)

Boys, n 13 8 0.095

Age, years 6.25+0.22 6.16 £ 0.18 0.165

Clinical parameters
BMI- Z -1.55+0.36 3.23+0.64 <0.00?
Waist circumference, cm 48.8 £3.1 65.9 + 3.7 <0.00P
Skinfolds, mm 11.69 +2.32 38.8+10.4 <0.00P
Systolic blood pressure, nmHg 93.6+12.0 101.9+12.1 0.047
Diastolic blood pressure, mm Hg59.1 + 16.3 63.7 £ 8.2 0.28%

Biochemical variables
Glucose, mmol/L 4.56 £ 0.39 4.85+0.42 0.034
Total cholesterol, mmol/L 4.23 +0.56 4.00 £ 0.80 0.31%
HDL cholesterol, mmol/L 1.78 £ 0.42 1.59 +0.33 0.144
LDL cholesterol, mmol/L 2.09 £0.55 1.96 +0.61 0.517
Triglycerides, mmol/E 0.79 +£0.48 0.95 +0.48 0.182
C-reactive protein, mg/L 2.98 £8.41 243 +£4.72 0.80%
Insulin IU/mL) 2.35+0.70 7.39+4.81 <0.00f
HOMA-IR 0.48 £0.15 1.64+1.16 <0.00f

Abbreviations: BMI-Z, body mass index for age Z+so HDL, high-density
lipoprotein; LDL, low-density lipoprotein; BP, bldopressure, HOMA-IR, homeostasis
model assessment for insulin resistance. Data asnsnt standard deviatiol? with
Yates continuity correctionStudent’st test, “Mann-Whitney U testJStatistic test

performed with triglycerides variable Ln-transfomne
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Table 2. Normalized means for the miRNAs analyzel@an and obese children.

MiRNA Lean Obese Fold change P valué
(obese/lean)
miR-16-5p 15.36 + 9.57 7.83 +3.89 -1.96 0.008
miR-486-5p 0.026 £ 0.016 0.019 + 0.009 -1.41 0%090
miR-486-3p 0.0018 + 0.00250.0007 + 0.0008 -2.55 0.086
miR-221-3p 0.020 + 0.011 0.025 +0.012 1.23 0211
miR-28-3p 0.0103 £ 0.00700.0096 + 0.0044 -1.07 0.724
miR-130b-3p  0.0049 + 0.00380.0055 + 0.0034 1.11 0.641%
miR-423-5p 0.0074 + 0.00340.0068 + 0.0027 -1.09 0.52%
miR-19b 259+1.43 1.83+£0.55 -1.41 0.046
miR-146a-5p 0.37+£0.16 0.32+0.11 -1.13 0368
miR -106a-5p 21.97 +£1.83 21.50+1.22
miR -142a-3p 24.68 +1.91 24.12 +1.27
miR-223-50 18.66 + 1.80 17.98 +1.23

aVann-Whitney U test’Student’st test,“Endogenous controls. Data aré“2means
+ standard deviation. For the endogenous contddsa are threshold cycle {C

means * standard deviati@ignificant differences are shown in bold.



Table 3. Correlation analysis between anthropomparameters and normalized miRNAs concentrations

MIiRNA BMI-z? Skinfolds' Skinfolds adjusted by BMI Waisf Waist adjusted by BMI
R P R P Beta Ppartial Rmodel Pmodel R P Beta Ppartial Rmodel Pmodel
miR-16-5p -0.443 0.008 -0.433 0.009 -0.184 0.610 0.450 0.027 -0.404 0.016 0.183 0.725 0.446 0.029

miR-486-5p -0.345 0.034 -0.343 0.035 -0.170 0.655 0.352 0.099 -0.311 0.058 0.266 0.680 0.351 0.100
miR-486-3p -0.280 0.089 -0.306 0.062 -0.295 0.449 0.306 0.179 -0.259 0.117 0.104 0.853 0.281 0.236
miR-221-3p 0.250 0.130 0.228 0.169 0.003 0.995 0.250 0.322 0.235 0.156 -0.053 0.925 0.251 0.321
miR-28-3p -0.077 0.646 -0.109 0.516 -0.222 0.583 0.121 0.774 -0.182 0.274 -1.276 0.023 0.380 0.065
miR-130b-3p  0.127 0.448 0.091 0.587 -0.138 0.733 0.139 0.710 0.123 0.463 0.017 0.976 0.127 0.753
miR-423-5p -0.038 0.521 -0.058 0.731 -0.133 0.744 0.067 0.924 -0.053 0.753 -0.194 0.739 0.068 0.922
miR-19b -0.348 0.032 -0.404 0.012 -0.501 0.183 0.406 0.042 -0.372 0.021 -0.463 0.395 0.373 0.072
miR-146a-5p -0.168 0.313 -0.241 0.145 -0.504 0.203 0.270 0.266 -0.265 0.108 -1.219 0.028 0.393 0.053

Abbreviations: BMI-Z, body mass index for age Z1&;R, correlation coefficient; Beta, partial startized regression coefficientmRe,
complete model regression coefficieRaria refers to the BetaPmodel refers to the complete modéSpearman statisti®Multiple linear
regression. Significant differences are shown iid.bo



Table 4. Correlation analysis between biochemieakbles and

normalized miRNAS concentrations

MiRNA Insulin (uIU/mL) HOMA-IR

R P R P
miR-16-5p -0.351 0.039 -0.254 0.147
miR-486-5p  -0.218 0.194  -0.148 0.389
miR-486-3p  -0.199 0.238 -0.151 0.379
miR-221-3p 0.036 0.832  -0.009 0.960
miR-28-3p 0.154 0.363 0.096 0.579
miR-130b-3p -0.010 0.951 0.037 0.831
miR-423-5p  -0.045 0.793  -0.027 0.878
miR-19b -0.140 0.408 -0.048 0.783
miR-146a-5p 0.142 0.403 0.144 0.401

Abbreviations: HOMA-IR, homeostasis model assess$riugnnsulin
resistance; R, correlation coefficieRtvalues are by Spearman
statistic. Significant difference is shown in bold.
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A investigacdo apresentada destinou-se a investigdluéncia genética na obesidade
infantil utilizando marcadores genéticos e epigenst através da avaliacao de polimorfismos
em genes de susceptibilidade identificados pelosles de varredura genémica e do perfil de
expressdo de miRNAs circulantes em criancas acdmapas desde o nascimento. Dentro do
capitulo 1, nos 5 subcapitulos, cada um com a spacHicidade, ora foi salientada a
epidemiologia da obesidade infantil (subcapitul,lora a avaliagdo nutricional na infancia
(subcapitulo 1.2), ora os aspectos genéticos eemtalis da obesidade (subcapitulo 1.3), para
depois ser realizada uma breve revisdo dos genesudeeptibilidade investigados
(subcapitulo 1.4) e, finalmente, a contribuicdo dmicroRNAs como reguladores
transcricionais na obesidade e como novos potsnigiamarcadores minimamente invasivos
encontrados na circulacdo sanguinea (subcapitjo 1.

Neste momento, a fim de concluir, torna-se utisadiar que as consideracdes desta
Tese, no sentido de efetuar um contributo paralidag@io deloci de susceptibilidade a
obesidade nas criancas Brasileiras, assim com@derno primeiro perfil de expresséo de
microRNAs, partem da crescente preocupacdo aceacapitiemia recente de obesidade
infantil em nosso pais, onde mais de 30% das @saegtre 5 e 9 anos apresentam excesso de
peso. O Brasil enfrenta, atualmente, um fenOmentagksicéo nutricional, que se caracteriza
pela presenca da deficiéncia de micronutrientesesso de peso e outras doencgas cronicas
coexistindo nas mesmas comunidades e, muitas vezesesmo domicilio.

Baseada nas consequéncias do excesso de pesf@m@airsobre a saude clinica e
publica na vida adulta, dentre elas o desenvolvimda resisténcia a insulina, dislipidemia,
hipertensé@o e doencas cardiovasculares, esta pasgilizou-se de uma abordagem genética
e epigenética, de modo a fornecer evidéncias tatdo contribuicdo genética na
susceptibilidade a obesidade em criancas de id&d®qe do sul do Brasil, em especial das
cidades de Porto Alegre e Sdo Leopoldo, quantootienpial dos microRNAs como futuros
alvos terapéuticos e marcadores precoces de poscestabdlicos.

Excesso de peso e obesidade resultam de uma ca@binde influéncia genética,
comportamental e ambiental sobre metabolismo, deetividade fisica. Quando existe
predisposicdo genética para a obesidade, o ambente estilo de vida do individuo
potencializam o seu desenvolvimento. O estilo d#auvila sociedade contemporanea €
apontado como o principal responsavel pelo rapidscimento da prevaléncia de obesidade,
onde a facilidade de acesso e 0 baixo custo deealon altamente palataveis e de grande
densidade energética, aliados ao menor requerimémtatividade fisica na vida diaria

favorecem o acumulo de gordura. Neste sentidovidéreias atuais apontam que estratégias
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de prevencdo do ganho excessivo de peso, tantoueody respeito aos habitos de

alimentacdo saudaveis quanto em relacao a pratigaente de atividade fisica, constituem a
maneira mais eficaz de evitar o acumulo excessevgatdura corporal em individuos com

predisposicdo genética, ja que as preferénciasemlares e os padrbes dietéticos se
estabelecem precocemente, principalmente em relagdoonsumo de frutas, vegetais e
alimentos de alta densidade energética e baixaddelesde nutrientes.

Neste sentido, é importante destacar a oportunidemiea que existe através do
acompanhamento das duas coortes de criancas gadsdi nesta Tese e a interacdo entre
nutricionistas e geneticistas. A criteriosa cold¢adados antropométricos e dietéticos (tanto
da gestante quanto da crianca em diferentes momeli@nte 0 seu crescimento), assim
como a avaliacdo nutricional realizada pela eqdi@enutricionistas possibilitam que essas
variaveis sejam confrontadas e discutidas juntaen@am as informacdes moleculares
geradas pela equipe da genética. A combinacao s riecnologias de biologia molecular
com estudos da nutricdo classica em uma abordagemrada e multidisciplinar tem um
objetivo comum: estudar a interacdo entre os aliose® 0s genes. Atualmente, o impacto da
variacdo genética na resposta aos alimentos, igengtica, € uma area bastante promissora,
pois tem por finalidade auxiliar a prevencdo e atammento de doencas através da
alimentacgao.

Este estudo validou as associagfes de cinco dasvalgentes genéticas mais
replicadas pelos estudos de varredura gendmicezadas em adultos em uma coorte de
criancas do Sul do Brasil acompanhadas desde ameago até os 3,5 anos de idade. As
variantes investigadas nos gefiddEM18 BDNF e NEGR1foram associadas com indice de
massa corporal e gordura subcutanea, e a variargeneSEC16B embora néo foi associada
a fendtipos antropométricos, mostrou associacdo owaior ingestdo diaria de energia
proveniente de carboidratos e lipidios na idad8,8enos. Os resultados também mostraram
que o efeito das variantes BONF comeca mais cedo, na idade de 1 ano, enquantosque
efeitos das variantes nos geMiSGR1e TMEM18 parecem comecgar um pouco mais tarde,
sendo detectados a partir dos 3,5 anos de idade.

Além disso, o0 presente trabalho identificou dois croRNAs circulantes
diferentemente expressos em criangas magras esphe#fk-16-5p e miR-19b, os quais
mostraram concentragfes diminuidas no grupo obemspresentaram correlagdes inversas
significativas com medidas de gordura corporalegsesultados, embora iniciais, sugerem
um papel potencial desses miRNAs na obesidadetinfamo novos biomarcadores para a

prevencdo precoce e para melhorar o poder de diigmddas complicacbes metabdlicas
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associadas a obesidade. Torna-se evidente a mEmbssde futuras investigagbes para
determinar o valor prognéstico desses miRNAs camigls, mas deve-se reconhecer que 0s
resultados aqui gerados fornecem uma melhor comggieesobre o papel dos miRNAs na
fisiopatologia da obesidade, apontando para novias we sinalizacdo. A0 NnO0SSO
conhecimento, este estudo forneceu a primeira eoidé@&e expressdo de miRNAs circulantes
associados a obesidade tanto em criancas quaradw@tos sul americanos.

Embora seja amplamente aceito que a obesidade €amd&do hereditaria, os mais
poderosos estudos de associacdo do genoma (GWASgtentemente estimado que apenas
2,7% da variabilidade do IMC pode ser explicadapél7loci associados a obesidade até o
momento e sugerem que apenas 21% da variagdo nosHyCexplicada por variantes
genéticas comuns (47). Apesar do pequeno tamanhefail® das variantes genéticas
associadas ao IMC, sabe-se que elas exercem efeitagativos sobre o risco de obesidade.

A chamadanissing heritabilityou herdabilidade perdida das doengas complexas tem
sido objeto de intenso debate entre os pesquisadogelltimos anos. Zuk al reconhecem
que, mesmo identificando todas as variantes gesatedacionadas a qualquer caracteristica, a
compreensao total da sua herdabilidade ndo segidstise nao forem considerados os efeitos
epistaticos (144). Para caracteristicas com infesagene-gene e gene-ambiente (que se
aplica a maioria das caracteristicas complexasgmoequando todas as variantes que
contribuem para o fenétipo forem identificadasniasing heritabilityndo sera zero (145).
Além disso, é provavel que o calculo de herdakikdde muitas caracteristicas complexas
seja superestimado, criando-se a charphdatom heritability(144) Os autores afirmam que
as caracteristicas com maior complexidade biolodemam apresentar a maiores fracdes de
missing heritabilitye ressaltam que esse fendmedo se deve apenas a interagées genéticas.
Outra hipotese proposta pelos autores grupo € euend existir inUmeras variantes causais
que seriam responsaveis por uma fracdo significdatmissing heritability Além disso,
existe outra explicacdo plausivel paranesing heritabilityda adiposidade, que pode estar
relacionada com um nivel de regulacdo génica apulzco explorado, 0os microRNAs
(miRNAS), considerado uma modificacédo epigenéfigatamente com a metilacdo do DNA e
a modificacdo das histonas (146). A programacageegtica refere-se a mudancas na
estrutura bioquimica do DNA, caracterizando um fieedo hereditario, porém reversivel que
afeta a expressao génica sem alterar a sequéndidNAo(147). Evidéncias sugerem que
mudancas epigenéticas associadas a ma nutricAmmateo estresse estdo associadas com a

programacao fetal que promove obesidade, resist@nasulina e diabetes (146).
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journal and has been conducted under internationallypaedeethical standards after relevant ethical
review. It is highly recommended you read this @oland complete any necessary documentation
prior to your submission.

This journal employs a plagiarism detection systBgnsubmitting your manuscript to this journal you
accept that your manuscript may be screened fagipissm against previously published works.

EDITORIAL POLICIES AND PROCEDURES

Acceptance of papers is based on the originalitthefobservation or investigation, the quality foé t
work described, the clarity of presentation, anel thlevance to our readership. When submitting a
manuscript it is with the understanding that thenasaript (or its essential substance) has not been
published other than as an abstract in any langoafggmat and has not been submitted elsewhere for
print or electronic publication consideration.

The journal operates a stringent peer review podls manuscripts will be reviewed by the Editor,
members of the Editorial Board, or other expertieeers. At the discretion of the Editor, the
manuscript may be returned immediately without felliew, if deemed not competitive or outside the
realm of interests of the majority of the readgrsifithe Journal. The decision (reject, invite sa,
accept) letter will be conveyed throuBediatric ObesityscholarOne Manuscripts, coming directly
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Publication ethics

Pediatric Obesitys a member of the UK Committee on Publicationiéthand subscribes to its
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Publisher's Perspective. Second Edition are availabttp://exchanges.wiley.com/ethicsguidelines
The Editors reserve the right to reject a paperthnical grounds. All authors are responsible for
adhering to guidelines on good publication practice
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The corresponding author must provide an e-maitesidfor communication with the Editors and the
Publisher.

Article types

Original Articleswhich report on clinical, population health anddeatory investigations and
observations from both human and animal studiedliareas relevant to the broad area of child and
adolescent obesity including its critical periodsdevelopment from the neonatal period to young
adulthood. Manuscripts should be between 1,500330@0 words in length (i.e. up to 6 typewritten
double-spaced pages), not including tables, fidegends, and references necessary to support the
data and their interpretation. Manuscripts shoeldegally follow the IMRAD (Introduction, Methods,
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Results, Discussion) format. They should includpdtiyesis testing, appropriate statistical methads,
clear reporting of results, and conclusions thatsaipported by the results.

Short CommunicationStudies that fall short of the criteria for fullsearch papers (e.g. preliminary
experiments limited by sample size or duration,ehdwypotheses, commentaries) may be submitted as
Short Communicationsyhich will be published online-only. They should generally contain no more
than 1,000 words of text, a maximum of two displayns (tables and/or figures) and a maximum of
20 references. Apart from the Abstract (one pagagme maximum 150 words) and Keywords, the
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Review Article®lease contact the Editor-in-Chief before subroissif a review article in order to
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currently under preparation by another author. &esi should be a maximum of 5000 words,
excluding references.

Letters to the Editoare considered for publication (subject to editmgl abridgment) provided they
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its publication.

Specific Types of Studies

Epidemiological reports

Authors should include the following informationtimeir reports:

Details of study

» Population sampled. National, regional, or specélected group. Indicate if the sample poputatio
is representative of a national or regional poparatif neither, state from what population the péen
was drawn (e.g. children from an ethnic minoritpu, children from lower socio-economic status
families, children from an urban obesity clinic)yigg details and stating why this group may be of
significance.

« Time of data collection. Indicate the time periwtien data were collected (e.g. at school entry
autumn 2003, or recruited between January 200Jalyd2002).

» Anthropometric data recorded. Indicate what messuvere taken and how (e.g. self reported in
interview, reported by parents, measured by scinoote). If measured, indicate whether weight
included clothing, shoes etc, height was in shaasot waist circumference included clothing, and
also indicate definitions of waist, hip, thigh et8kinfold measures should also be described darefu
Defining overweight and obesity

» The prevalence of overweight and obesity shoelddfined according to cut-off criteria.

« If using national or local definitions, a refecernto the source tables giving the cut-off critstiauld

be provided (also cite this in the Reference list).

« For studies reporting the prevalence of childhaeerweight and/or obesity in their population
characteristics, the journal requests that theseslaown using both the IOTF and WHO definitions.
Although these definitions produce somewhat difienerevalence rates, both definitions are being
used for international comparisons at this stage @rfficient numbers of published studies which
report both prevalence values will be needed t@gda the algorithms to estimate one from the other
The IOTF reference for children aged 2-18 year<igle TJ, Bellizzi MC, Flegal KM, Dietz WH.
Establishing a standard definition for child oveigid and obesity worldwide: international survey.
BMJ 2000; 320: 1240-5. Available lattp://bmj.bmjjournals.com/cqi/reprint/320/7244/124

The WHO reference for children aged 0-5 years iftQA\Child Growth Standards: Length/height-for-
age, weight-for-age, weight-for-length, weight-fezight and body mass index-for-age: Methods and
development. Geneva: World Health Organization, 6200 Available
athttp://www.who.int/childgrowth/standards/en/

The WHO reference for children aged 5-19 yearslésOnis M, Onyango AW, Borghi E, Siyam A,
Nishida C, Siekmann J. Development of a WHO grovéference for school-aged children and
adolescents. Bulletin of the World Health Orgarigmat 2007; 85: 660-7. Available
athttp://www.who.int/growthref/growthref _who_bull/éendex.html

« In all cases, please state clearly whether othreofigures for ‘overweight’ include those for ete’.
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Study results

The presentation of results should include, whexer@priate, age- and sex-specific results and an

indication of sample size in sub-groups.

Clinical Trials

Trial registration

«All clinical trials published in the Journal musave been prospectively registered in a publidstria

registry. The details of this policy are containedthe “Uniform Requirements for Manuscripts

Submitted to Biomedical Journalgit{p://www.ICMJE.org)

*The trial registration number should be giverhaténd of the Abstract.

Reporting of trials

Trials should be reported in accordance with theNSORT (Consolidated Standards of Reporting

Trials) statementhttp://www.consort-statement.ojgPlease also submit a checklist for editors and

reviewers (not for publication) showing that yowaaovered each of the main CONSORT reporting

points within the text of the manuscripitip://www.consort-statement.org/Downloads/Chetkl)

Manuscript format

Authors must provide their entire manuscript (irgksh) in electronic format.

General advice about the presentation of manuseript

- Provide a clear, concise and interesting title, @ostract, this helps readers quickly see the value
of your work.

« The full contact details of the corresponding autimust be included on the title page and the
covering letter.

« All pages should be numbered.

« Avoid, as much as possible, the use of abbrevistion

« All scientific units should be expressed in Sl anit

» Read these Author Guidelines carefully and follbenh as closely as you can.

Title Page

The title page should contain: (1) the title of Hréicle, (2) the name of each author (first name a

surname preferred), (3) the name of the departsieat(d institution(s) to which the authors belong,

(4) three to six keywords, (5) a running title, 6)] address including e-mail of the corresponding

author.

Main text

Original research papers should be divided into'\(that is already known about this subject’ and

‘What this study adds’ (up to three short bulletng® for each), (2) structured abstract (200 words)

comprising Background; Objectives; Methods; Resdtinclusions, (3) introduction, (4) methods, (5)

results, (6) discussion, (7) conflicts of interesatement, (8) acknowledgements (including author

contributions), (9) references.

For guidance on the content and style of the imtctidn, materials and methods, results and

discussion, please follow the International Comeaitof Medical Journal Editors (ICJME) Uniform

Requirements for Manuscripts Submitted to Biomddica

Journalghttp://www.icmje.org/manuscript_1prepare.html

Reviews should be divided into: (1) structured wdust (200 words), (2) introduction, (3) text

subdivided into paragraphs, (4) conclusion or dismn, (5) conflicts of interest statement, (6haut

contributions, (7) acknowledgements, (8) referen&a/iew authors are particularly encouraged to

use tables, diagrams and figures. Personal conalsisind practical applications are welcome.

Abbreviations

Abbreviations should be explained at the beginmihthe manuscript and listed in the order in which

they appear. Avoid abbreviations in the title amthie abstract.

Drug Names

Generic names should, in general, be used. If #mago desires, brand names may be inserted in

parentheses.

Acknowledgements
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all of these forms and each completed form mustida@ned and submitted along with the manuscript.
A Conflicts of Interest Statement including all thfe information disclosed on the forms must be
included in the manuscript, in a section placedrdfie discussion and before the acknowledgements.
If the manuscript contains a figure, table or qdatext that has been previously published, written
permission to reproduce the material must be obthifrom the copyright holder using the
official Permission Request Forrmihe completed form should be scanned and sulahadteng with

the manuscript.

The review process

All articles are subjected to full peer review. Guants and requests from the reviewers and Editor
will be sent to the corresponding author. The awtiiven edit the article and submit it in revisedh,
providing clear details of the changes made andrasgonses to the comments. The revised version
will be considered by the Editor, and if necessasythe reviewers, before a final decision is made.
The Editors retain the right to modify the styleddength of a contribution (major changes being
agreed with the corresponding author), and to @ettid time of publication. Proof editing should be
kept to a minimum.

Post acceptance

OnlineOpen

OnlineOpen is available to authors of primary redeaarticles who wish to make their article
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available to non-subscribers on publication, or séntunding agency requires grantees to archive the
final version of their article. With OnlineOpen thathor, the author's funding agency, or the alghor
institution pays a fee to ensure that the artislenade available to non-subscribers upon publicatio
vis Wiley Online Library, as well as deposited e tftunding agency's preferred archive. For the full
list of terms and conditionslick here

Prior to acceptance, there is no requirement trinfthe Editorial Office that you intend to publish
your paper OnlineOpen if you do not wish to. Alll@aOpen articles are treated in the same way as
any other article. They go through the Journatiedird peer-review process and will be accepted or
rejected based on their own merit. Any authors inghto send their paper OnlineOpen will be
required to complete a payment form and Creativen@ons License Open Access Agreement via the
Wiley Author Licensing Service (WALS).

Copyright

If your paper is accepted, the author identifiedhaesformal corresponding author for the paper will
receive an email prompting them to login into AutServices; where via the Wiley Author Licensing
Service (WALS) they will be able to complete theelise agreement on behalf of all authors on the
paper.

For authors signing the copyright transfer agreemen

If the OnlineOpen option is not selected the cqoesling author will be presented with the copyright
transfer agreement (CTA) to sign. The terms andditioms of the CTA can be previewed in the
samples associated with the Copyright FAQs below:

CTA Terms and Conditionsttp://authorservices.wiley.com/bauthor/fags _cagiytriasp

For authors choosing OnlineOpen

If the OnlineOpen option is selected the correspanéuthor will have a choice of the following
Creative Commons License Open Access Agreement&OA

Creative Commons Attribution License OAA

Creative Commons Attribution Non-Commercial Lice&A

Creative Commons Attribution Non-Commercial -NoD@srLicense OAA

To preview the terms and conditions of these opeess agreements please visit the Copyright FAQs
hosted on Wiley Author Servicéstp://authorservices.wiley.com/bauthor/fags_cagiytriasand
visit http://www.wileyopenaccess.com/details/content/5at#c87/Copyright--License.html

If you select the OnlineOpen option and your rese#s funded by The Wellcome Trust and members
of the Research Councils UK (RCUK) you will be givilne opportunity to publish your article under
a CC-BY license supporting you in complying with Mdeme Trust and Research Councils UK
requirements. For more information on this polieyl @ahe Journal's compliant self-archiving policy
please visithttp://www.wiley.com/go/funderstatement

Online production tracking viaAuthor Services

Author Servicegnables authors to track their accepted articteutih the production process to
publication online and in print. Authors can chebk status of their articles online and choose to
receive automated e-mails at key stages of pramuciihe author will receive an e-mail with a unique
link that enables them to register and have theicla automatically added to the system. Please
ensure that a complete e-mail address is providedenw submitting the manuscript.
Visithttp://authorservices.wiley.com/bautifor more details on online production tracking dada
wealth of resources including FAQs and tips orclrpreparation, submission and more.

Proofs

The corresponding author will receive an emailtatentaining a link to the online proofs. A working
e-mail address must therefore be provided for tmeesponding author. The proof can be downloaded
as a PDF (portable document format) file from tibe. $\crobat Reader is needed to read the filg, thi
software can be downloaded (free of charge) from:
http://www.adobe.com/products/acrobat/readstep2.htm

This will enable the file to be opened, read omresnrand printed out in order for any correctionsdo
added. Further instructions will be sent with tmegb email. Hardcopy proofs will be posted if no e-
mail address is available. Excessive changes madéhd author in the proofs (excluding the
correction of typesetting errors) will be chargegarately.

Offprints
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PDF offprints will be available for download thrdufuthor Servicesnce an article has been
published in print. Paper offprints may be orderaline, but please note that the cost is higher if the
order arrives too late for the main print run, bese orders are best placed around the time of
checking proofs. Offprints are normally despatcheéithin three weeks of publication of the issue in
which the paper appears. Please contact the Petdi#fhoffprints do not arrive: however, pleaseenot
that offprints are sent surface mail, so overseateres may take up to six weeks to arrive.
Storage of author submitted materials

Please note that Blackwell Publishing will dispa$ell hardcopy or electronic material submitted by
authors 2 months after publication.
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7.2 Anexo B — Instrucdes aos Autores Periddidoternational Journal of Obesity

Aims and Scope: The International Journal of Opeasita multidisciplinary forum for basic, clinical
and applied studies of the biochemical, physiolalgigenetic, molecular, metabolic, nutritional,
psychological and epidemiological aspects of opesid related disorders.

Topics Covered Molecular, cellular, animal, humapezimental and clinical studies, which address
issues related to the development and treatmeaibedity, and the functional impairments associated
with the obese state. The problems of obesity auétifactorial, and the International Journal of
Obesity will expect to publish articles with biologl, psychological, clinical, sociological and
environmental approaches to these problems.

Due to the high volume of submissions that the dalureceives, the following manuscripts will be
deemed low priorityt] Simple prevalence studies involving a single couat a single time-point.
Studies that merely confirm established facts fpmevious publications and that contain little new
information. For example, it is hard to justify pichtion space for studies that report obesity is
associated with known health risks. Therefore, istudhat replicate the findings of previously
published papers will tend to have a lower priorlfysimilar data are already published, it will be
critical for authors to explain the novelty of thehanuscript in the covering letter to the editor.
Those that involve co-morbidities of obesity (edipbetes, cardiovascular disease), without having
obesity-specific components to them. Recent exasmpldude manuscripts that look at associations
between inflammatory markers and diabetes or caadmular disease. This information is clearly of
medical relevance, but it is not necessarily a Ipigority for a journal devoted to obesity research
Those that report the absence of links betweenitylemsd a specific genotype or polymorphism; it is
possible that such work could be considered inftren of a Short Communication, but a full
manuscript is not justifiedl] Those that describe anthropometric indices of ibbdakat might
correlate with plasma markers of co-morbiditied, dunot include any data relating to outcome ef th
co-morbidities.] Retrospective studies, secondary analyses ofthataarise from studies that were
not primarily concerned with obesity or body weigbt clinical “audits” (for example of surgical
interventions) that were not designed as appragyiat

controlled clinical research interventions, unldsse is particularly novel information presenthdtt

is of importance to the medical literature. Those that claim to be pediatric articles but \wtdo not
deal specifically with children and adolescentstaiphe age of 18 years! Case reports that do not
describe a critical finding or major addition tethiterature.

If authors wish to submit articles to the Interoagél Journal of Obesity in the above areas, thayladvo
need to state clearly in the covering letter artdoduction to the manuscript what is novel and
informative about the study and why is it a valeaddidition to the scientific literature.

Original Articles: Please see ‘Preparation of Original Articles’ melior further details. Structured
abstract: Max 300 words. 4,000 words max excludiogfract, references, figures and tables. Max of 6
tables/figues. Max of 60 references.

Short Communications: These are studies that fall short of the critéigull Original Articles (e.g.
preliminary experiments limited by sample size aration, or novel hypotheses). Apart from
including an abstract, there is no obligation teddk the text into sections. Unstructured abstrsietx

200 words. 1,500 words max excluding abstractreefees, figures and tables. Max of 2 tables. Max
of 20 references.

Reviews(by Editor invitation only): Reviews are comprehigasanalyses of specific topics that are
solicited by the Editor. Proposals for reviews rbaysubmitted via the online submission system as a
presubmission enquiry. PLEASE NOTE: All reviews sldoinclude search criteria and selection
criteria in a Methods Section, along with the tatamber of articles identified and the total number
selected for inclusion in the review. All inviteeviews will undergo peer review prior to acceptance
Unstructured abstract However, if your Review istsgnatic, please provide a structured abstract.
Max 300 words. 6,000 words max excluding abstraéérences, figures and tables.

Max of 8 Max of 120

Letters to the Editor: Letters to the Editor will be considered for dobtion, subject to editing.
Letters must contain information critical to a e@mt area or must be referencing data recently
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published in 1JO. A Letter must reference the o@adjisource but can use an arbitrary title. No alostr
required. 500 words max excluding references, eigand tables. Max of 2 Max of 10.

Editorials (by Editor invitation only): Proposals for Editals may be submitted; authors should only
send an outline of the proposed paper for initelsideration.

No abstract required. 1,000 words excluding refegen figures and tables. Max of 2 Max of 10
references.

Commentaries(by Editor invitation only): Commentaries discusgaper published in a specific issue
and should set the problems addressed by the papgbhe wider context of the field. No abstract
required. 1,500 words excluding references, figarastables. Max of 1tabel. Max of 10 references.
Debates:Debates address an area of research which is jof m@sent interest, and for which there
are substantially different views. Subject and arghare chosen by the editors but proposals are
welcome. Unstructured abstract Max 100 words. 2y@6fls excluding references, figures and tables.
Max of 1 Max of 20

Technical Reports Technical:Reports are original articles that address areasooé methodological
interest. The content of these Reports must haeetdielevance to the field of Obesity and have the
same level of scientific rigour expected of themak original articles. Structured abstract Max 300
words. 2,500 words excluding references, figuras tables. Tables: Max of 4. References: Max of
25.

Expert Reports Expert: Reports are articles submitted by a consensirglfiduals expert in a given
field that opine on a topic in the field of obesifjhe article specifications listed are a guide and
prospective authors are encouraged to contact RicAtkinson via the International Journal of
Obesity Editorial Office (ijjo@nature.com) to dissutheir report before submission. Unstructured
abstract Max 100 words. 2,000 words excluding egfees, figures and tables. Max of 2 tables. Max
of 20 references.

Clinical Trials: The International Journal of Obesity is interdste attracting the submission of
manuscripts describing new therapeutic approaahasbesity treatment. These human intervention
trials of new therapies can be pharmacologicalgisal, dietary, physical activity, nutraceutical
(including herbal preparations), behavioural or samther relevant intervention, but must be novel,
include an appropriate control group and be of fficgently long duration to generate results of
clinical relevance. Trials which also consider nbairance of weight loss would be of particular
interest. With regard to the duration of such gigthe following will apply:

1. Diet / lifestyle /nutraceutical interventiondidtotal duration (weight loss plus weight mainteseg
must be at least 1 year. Anything less than thigf ibttle practical value and is highly unlikely t
reveal any novel mechanistic findings. The onlyepton would be if a shorter period of intervention
was accompanied by a truly novel mechanistic ambrokven then the study should be at least 3
months in duration and such papers normally wowdsbbmitted as Short Communications. 2.
Surgery Short term, post-surgery studies are oimaihvalue as many are likely to be in the rapid
phase of weight loss and unlikely to achieve aestdtweight maintenance. Thus, surgical studies
should be 1 year or more in duration and linkedhwibvel mechanistic/physiological measurements.
The only exceptions would be if a shorter periodntérvention were accompanied by a truly novel
mechanistic approach and such papers normally woeldubmitted as Short Communications. 3.
Drug studies 1 year or longer studies with trulyelagents are unrealistic. However, a 3 monthystud
with a truly novel agent would not normally desetaebe published as a full paper and should be
submitted as a Short Communication if it is of l#s®n 1 year duration. Any established drug being
applied to obesity (e.g. the recent applicatioramti-depressants to an obesity target) or any tybesi
drug which has already produced publications detnatirsg efficacy in humans MUST be studied for
at least 1 year.

In addition to these trials of new therapeutic apphes, the International Journal of Obesity is als
interested in publishing systematic reviews of Weipss and weight maintenance interventions in
human subjects. However, these reviews and angiasstd meta-analyses should only be concerned
with studies that are of a duration of at leaseary

See the Editorial Policy section for further inf@ton on requirements when submitting a clinical
trial.

Special Issues: Special issues are comprised @bwapf high quality, peerreviewed manuscripts
about a single specific theme / topic. Although thdividual manuscripts are stand alone, they
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collectively make an important point by offeringcamprehensive view, or by providing a diverse
perspective. The number of manuscripts in a spéssae is determined on case by case basis.
Special Issues are commissioned only by invitatorupon consultation with 1JO editorial staff.
Please contact the Editor, Special Issues, Niktur@andhar (nikhil.dhurandhar@pbrc.edu) for
preliminary inquiries about special issues. Usyallperson willing to be the Guest Editor of spkci
issue should initiate this process. This Guestdiditll act as the point of contact between 1JO and
the individual authors submitting manuscripts.

PREPARATION OF ARTICLES

Please note that original articles must containfélewing components. Please see below for further
details.

[1 Cover letter [1 Title page (excluding acknowledgements)Abstract(] Introduction(] Materials

(or Subjects) and Methods Results[] Discussion] Acknowledgements! Conflict of Interest’]
References] Figure legends] Tablesl] Figures

Cover Letter: The uploaded covering letter must state the natisr original research, has not been
previously published and has not been submitteghdibtication elsewhere while under consideration.
If the manuscript has been previously consideregddblication in another journal, please include th
previous reviewer comments, to help expedite thasten by the Editorial team. Add note about
including conflict of interest statement.

Title Page The title page should bear the title of the papher full names of all the authors and their
affiliations, together with the name, full postddaess, telephone and fax numbers and e-mail axldres
of the author to whom correspondence and offpeuests are to be sent (this information is also
asked for on the

electronic submission form). The title page musbatontain a Conflict of Interest statement (see
Editorial Policy section).

[J The title should be brief, informative, of 150 cheters or less and should not make a statement or
conclusion. [J The running title should consist of no more th@nditers and spaces. It should be as
brief as possible, convey the essential messageegiaper and contain no abbreviations Authors
should disclose the sources of any support forwiek, received in the form of grants and/or
equipment and drugs! If authors regard it as essential to indicate thet or more co-authors are
equal in status, they may be identified by an &#tesymbol with the caption ‘These authors
contributed equally to this work’ immediately undlee address list.

Abstract: Original Articles must be prepared with a struetliabstract designed to summarise the
essential features of the paper in a logical amktise sequence under the following mandatory
headings:

1 Background/Objectives: What was the main questiomypothesis tested? Subjects/Methods:
How many subjects were recruited, how many drofmpa@ Was the study randomised, casecontrolled
etc? Interventions/methods used and duration ofirdsiration. 1 Results: Indicate 95% confidence
intervals and exact P value for effects.Conclusions: Answer (significant or not) to maunegtion.
Introduction : The Introduction should assume that the reademnasviedgeable in the field and should
therefore be as brief as possible but can inclusteoa historical review where desirable.
Materials/Subjects and Methods: This section should contain sufficient detail, #uat all
experimental procedures can be reproduced, andd@ckferences. Methods, however, that have been
published in detail elsewhere should not be desdrih detail. Authors should provide the name of
the manufacturer and their location for any speaily named medical equipment and instruments,
and all drugs should be identified by their pharendical names, and by their trade name if relevant.
Results and DiscussionThe Results section should briefly present thpeerental data in text,
tables or figures. Tables and figures should notdéscribed extensively in the text, either. The
discussion should focus on the interpretation amal dignificance of the findings with concise
objective comments that describe their relationotber work in the area. It should not repeat
information in the results. The final paragraphwtichighlight the main conclusion(s), and provide
some indication of the direction future researabusdh take.

Acknowledgements: These should be brief, and should include soumesupport including
sponsorship (e.g. university, charity, commerciadamisation) and sources of material (e.g. novel
drugs) not available commercially.
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Conflict of Interest: Authors must declare whether or not there arecamypeting financial interests
in relation to the work described. This informatimnist be included at this stage and will be publish
as part of the paper. Conflict of interest showtdnbted in the cover letter and also on the tidgep
Please see the Conflict of Interest documentationthie Editorial Policy section for detailed
information.

References:Only papers directly related to the article shobéd cited. Exhaustive lists should be
avoided. References should follow the Vancouvemédr In the text they should appear as numbers
starting at one and at the end of the paper theyldibe listed (double-spaced) in numerical order
corresponding to the order of citation in the téihere a reference is to appear next to a number in
the text, for example following an equation, cheahformula or biological acronym, citations should
be written as (ref. X) and not as superscript. Eplanidetectable levels of endogenous Bcl-2 (rgf. 3
as confirmed by western blot”

All authors should be listed for papers with upsio authors; for papers with more than six authors,
the first six only should be listed, followed by &t Abbreviations for titles of medical periodisal
should conform to those used in the latest ediibimndex Medicus. The first and last page numbers
for each reference should be provided. Abstraasletters must be identified as such. Papers isspre
may be included in the list of references.

Personal communications must be allocated a nuarzemcluded in the list of references in the usual
way or simply referred to in the text; the authoray choose which method to use. In either case
authors must obtain permission from the individz@icerned to quote his/her unpublished work.
Examples: Journal article, up to six authors: Bielkd, Rouse BT. Natural regulatory T cells in
infectious disease. Nat Immunol 2005; 6: 353-360.

Journal article, e-pub ahead of print: Bonin M,d2he S, Bergeman T, Leopold T, llimer T, Ehninger
G et al. F-ara-A pharmacokinetics during reducedrnsity conditioning therapy with fludarabine and
busulfan. Bone Marrow Transplant 2007; e-pub aheafl print 8 January 2007;
doi:10.1038/sj.bmt.1705565

Journal article, in press: Gallardo RL, Juneja B&rdner FH. Normal human marrow stromal cells
induce clonal growth of human malignant Tlymphotdait J Cell Cloning (in press).

Complete book: Atkinson K, Champlin R, Ritz J, b/, Ljungman P, Brenner MK (eds). Clinical
Bone Marrow and Blood Stem Cell Transplantationd 3rdn. Cambridge University Press:
Cambridge, UK, 2004.

Chapter in book: Coccia PF. Hematopoietic cell dphantation for osteopetrosis. In: Blume KG,
Forman SJ, Appelbaum FR (eds). Thomas' Hematopdiall Transplantation, 3rd edn. Blackwell
Publishing Ltd: Malden, MA, USA, 2004, pp 1443-1454

Abstract: Syrjala KL, Abrams JR, Storer B, Heim&n Prospective risk factors for five-year sexuality
late effects in men and women after haematopougait transplantation. Bone Marrow Transplant
2006; 37(Suppl 1): S4 (abstract 107).

Correspondence: Caocci G, Pisu S. Overcoming sieebérriers and human prudence [letter]. Bone
Marrow Transplant 2006; 38: 829-830.

Figure Legends: These should be brief, specific gmpkar on a separate manuscript page after the
References section.

Tables: Tables should only be used to present essentiaj thaty should not duplicate what is written
in the text. It is imperative that any tables uaegl editable, ideally presented in Excel. Eachtrbas
uploaded as a separate workbook with a title oti@a@nd be clearly labelled, sequentially. Please
make sure each table is cited within the text anthe correct order, e.g. (Table 3). Please sawe th
files with extensions .xIs / .xIsx / .ods / or .doc.docx. Please ensure that you provide a filat’
with single values in each cell with no macros iokd to other workbooks or worksheets and no
calculations or functions.

Figures: Figures and images should be labelled sequentalllycited in the text. Figures should not
be embedded within the text but rather uploadeseparate files. Detailed guidelines for submitting
artwork can be found by downloading our Artwork @elines. The use of three-dimensional
histograms is strongly discouraged when the additdd the third dimension gives no extra
information.

Reuse of Display Items: See the Editorial Poliastisa for information on using previously published
tables or figures.
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Supplementary Information: Supplementary informati(Sl) is peer-reviewed material directly
relevant to the conclusion of an article that carmoincluded in the printed version owing to space
format constraints. The article must be complei@ selfexplanatory without the Sl, which is posted
on the journal's website and linked to the arti@e.may consist of data files, graphics, movies or
extensive tables. Please see our Artwork Guidefmeimformation on accepted file types.

Authors should submit supplementary informatioediin the FINAL format as they are not edited,
typeset or changed, and will appear online exaaflysubmitted. When submitting SI, authors are
required to:

1 Include a text summary (no more than 50 wordsbetscribe the contents of each fileldentify the
types of files (file formats) submitted. Include the text “Supplementary information is italale at
(journal name)’s website” at the end of the artaohel before the references.

Availability of Data and Materials: Please see Bditorial Policies for information regarding data,
protocols, sequences, or structures.

Subject Ontology: Choosing the most relevant aretifip subject terms from our subject ontology
will ensure that your article will be more discoakle and will appear on appropriate subject specifi
pages on nature.com, in addition to the journaks pages. Your article should be indexed with at
least one, and up to four unique subject terms dkatribe the key subjects and concepts in your
manuscript. Click here for help with this.

HOUSE STYLE [ Text should be double spaced with a wide margiill pages and lines are to be
numbered. To add page numbers in MS Word, godertrihen Page Numbers. To add line numbers
go to File, Page Setup, then click the Layout tatthe Apply to box, select Whole document, click
Line Numbers then select the Add line numberingckhmx, followed by Continuous! Do not make
rules thinner than 1pt (0.36mm). Use a coarse hatching pattern rather than shddmgnts in
graphs.

[0 Colour should be distinct when being used as antifying tool. ] Spaces, not commas should be
used to separate thousandsAt first mention of a manufacturer, the town (sstdte if USA) and
country should be providedl! Statistical methods: For normally distributed dateean (SD) is the
preferred summary statistic. Relative risks shdaddexpressed as odds ratios with 95% confidence
interval. To compare two methods for measuring iabsée the method of Bland & Altman (1986,
Lancet 1, 307-310) should be used; for this, catmn of P only is not appropriate. Units: Use
metric units (S| units) as fully as possible. Pralidy give measurements of energy in kiloJoules or
MegaJoules with kilocalories in parentheses (1 kc&l186kJ). Use % throughout! Abbreviations:

On first using an abbreviation place it in paresgseafter the full item. Very common abbreviations
such as FFA, RNA, need not be defined. Note théfeeaiations: gram g; litre I; milligram mg;
kilogram kg; kilojoule kJ; megajoule MJ; weight vgeconds s; minutes min; hours h. Do not add s for
plural units.

LANGUAGE EDITING

Authors who are not native speakers of English siones receive negative comments from referees
or editors about the language and grammar usateinmanuscripts, which can contribute to a paper
being rejected. To reduce the possibility of sudbfems, we strongly encourage such authors to take
at least one of the following steps:

[0 Have your manuscript reviewed for clarity by aleague whose native language is English.
Review the tips for technical writing here:
http://www.nature.com/authors/author_resources/lavte .html. ) Use an English language editing
service such as Nature Publishing Group LanguageéngdAn editor will improve the English to
ensure that your meaning is clear and to identiplems that require your review.

Please note that the use of a language editingceelw at the author's own expense and does not
guarantee that the article will be selected for pegiew or accepted.

Conflict of Interest

In the interests of transparency and to help reafdem their own judgments of potential bias, awho
must declare whether or not there are any compdtimancial interests in relation to the work
described. This information must be included inirttever letter and on the title page of their
manuscript. In cases where the authors declarenpeting financial interest, a statement to thageff

Is published as part of the article. If no suchflicinexists, the statement will simply read thhet
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authors have nothing to disclose. For the purpos#ss statement, competing interests are defased
those of a financial nature that, through theireptial influence on behaviour or content, or from
perception of such potential influences, could undee the objectivity, integrity or perceived value
of a publication. They can include any of the faling:

[ Funding: Research support (including salariesjpsgent, supplies, reimbursement for attending
symposia, and other expenses) by organizations rttegt gain or lose financially through this
publication. The role of the funding body in thesidg of the study, collection and analysis of datd
decision to publish should be stated Employment: Recent (while engaged in the reseprofect),
present or anticipated employment by any orgaminatiat may gain or lose financially through this
publication. [J Personal financial interests: Stocks or sharesoimpanies that may gain or lose
financially through publication; consultation feesother forms of remuneration from organizations
that may gain or lose financially; patents or patgpplications whose value may be affected by
publication.

It is difficult to specify a threshold at which adncial interest becomes significant, but notd tha
many US universities require faculty members taldse interests exceeding $10,000 or 5% equity in
a company. Any such figure is arbitrary, so we 1oHfe one possible practical alternative guideline:
"Declare all interests that could embarrass yolevileey to become publicly known after your work
was published.” We do not consider diversified rabtiunds or investment trusts to constitute a
competing financial interest.

The statement must contain an explicit and unanabigstatement describing any potential conflict of
interest, or lack thereof, for any of the authossitarelates to the subject of the report. Examples
include “Dr. Smith receives compensation as a dtarsufor XYZ Company,” “Dr. Jones and Dr.
Smith have financial holdings in ABC Company,” ddr! Jones owns a patent on the diagnostic
device described in this report.” These statemacksowledging or denying conflicts of interest must
be included in the manuscript under the headingfli€orof Interest. The Conflict of Interest
disclosure appears in the cover letter, in the reanijpt submission process and before the References
section in the manuscript.

Following the Conflict of Interest heading, theraish be a listing for each author, detailing the
professional services relevant to the submissi@ithlr the precise amount received from each entity
nor the aggregate income from these sources neduts provided. Professional services include any
activities for which the individual is, has beenwoll be compensated with cash, royalties, fetsls

or stock options in exchange for work performedyieal or counsel provided, or for other services
related to the author’s professional knowledge skillls. This would include, but not necessarily be
limited to, the identification of organizations fnowhich the author received contracts or in whieh h
or she holds an equity stake if professional ses/igere provided in conjunction with the transatctio
Examples of declarations are:

[1 Conflict of interest. The authors declare no dohif interest.[1 Conflict of interest. Dr Caron's
work has been funded by the NIH. He has receivedpemsation as a member of the scientific
advisory board of Acadia Pharmaceutical and owosksin the company. He also has consulted for
Lundbeck and received compensation. Dr Rothmanndensen declare no potential conflict of
interest.

Authorship

Requirements for all categories of articles shooatshform to the “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals,” deped by the ICMJE (www.icmje.org).

Each author must have contributed sufficiently lte tntellectual content of the submission. The
corresponding author should list all authors aredrtbontributions to the work. Any changes to the
author list after submission, such as a changkerotder of the authors, or the deletion or addlitb
authors, must be approved by a signed letter freeryeauthor. The corresponding author must
confirm that he or she has had full access to #ta th the study and final responsibility for the
decision to submit for publication. To qualify ascantributing author, one must meet all of the
following criteria:

1) Conceived and/or designed the work that lechto dubmission, acquired data, and/or played an
important role in interpreting the results. 2) Deaf or revised the manuscript. 3) Approved thel fina
version. Contributions by individuals who made direontributions to the work but do not meet all of
the above criteria should be noted in the Acknogmeents section of the manuscript. Medical writers
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and industry employees can be contributors. Tlod@sy affiliations, and potential conflicts of intst
should be included in the author list or notedha Acknowledgments and/or Contributors section
concurrent with their contribution to the work sutied. Signed statements from any medical writers
or editors declaring that they have given permissambe named as an author, as a contributor, or in
the Acknowledgments section is also required. urailto acknowledge these contributors can be
considered inappropriate, which conflicts with jbernal’s editorial policy.
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7.3 Anexo C — Aprovacio do Comité de Etica em Pedga

- COMISSAD CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE

COMITE DE ETICA EM PESQUISA CEP
UFCSPA

O Comité de Etica em Pesgusa da UFCSPA, registrado na ComissSo Nacional de £tca em Pesquisa
(CONEP) sob o n* 07505 em 2307/04, analisou © Projeto.

Projeto: 11-817 Versio do Projeto: Versio do TCLE:

Pesquisadores:

MARCIA REGINA VITOLO
SILVANA TE ALME DA
MARILA REMUZZI ZANDONA
CRISCIELE FONTANA
CARMELA FARIAS DA SLVA
RACUEL CHUSTINE KROGER
SILVIA VAL

VANESSA FIESTAUER
MARMNA EICK

VANESSA SURE MATTEVI

Tiulo: INVESTIGAGAO DA ASSOCIACAD DE VARIANTES GENETICAS COM A INGESTAO
ALIMENTAR E OBESIDADE

Esse proeo fol aprovado em seus aspecics écos e metodoldgicos conforme as Resclugbes 199/00 ¢
demas Resolupbes complementares. Toda & qualquer aheracho do projeto, 888iM COMO BVenias AOVErsos
graves, deverdo ser comunicados 8 este CEP Os TCLE, quando necessancs, somente pocerdo ser utiizados
apds prévia @ explicha sprovecio (carimbo) de sua redacdo por este CEP*

Porto Alegre, 23 ¢ abril de 2014,
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UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avﬂodlwmulut-plﬂmwnlwm.om
rudricional, bloguimico e hematolégico em alangas
Pesquisador: Sihvana de Almekda

Arca Temdtica: Gendtica Mumarna.
(Trta-se de pesquisa envolvendo Gendltica Humara que ndlo necessta de andlse
é8ca por parte da CONEP ),

Versio: 1

CAAE: 364240145 0000 5345

Instituigdo Proponente: Universidade Federnl de Cincias da Salde de Porlo Alegre
Patrocinador Principal: Firenciamerto Préprio

DADOS DO PARECER

Numero do Parecer: 836210
Data da Relatora: 16108014

Apresentagdo do Projeto:

Os presenie estudo corsiste em analisar os efelos de varkanies gendticas e epigendticas dos genes LEPA,
APM1, PPARG, FTO, MC4R, SEC16B, TMEM18, NEGR1, KCTD15, SH2B1, BONF, OLFM4, HOXBS,
DRD2, DAD4, MAOA, COMT, SLC3AS, SLBA14, SLBAS, 5-HTR2A, 5-MTR2C, TAS1R2, TAS1R3, MFE,
FPN1, DMT1, HAMP, TFR, TF, TMPRSSE e outras passivels genes candidatos em relaglio a parfimeltros
antropomélricos, Ingestiio alimentar ¢ par@metros bloguimicos e hematoldgicos em G600 criangas de &-7
anocs do municiplo de Porto Alegre, RS,

As criangas estudas pariciparfio do estudo “Impado nas condigles rtricionals e de sadde de clangas ma
Idade de &-7 anos que participaram de um ensabo de aempo randomizado por conglomerados no peimelro
ano de vida®, avaliado e aprovado pelo Comilé de Etica em Pesguisa da UFCSPA corforme parecer
consubstanciado n® 686 596 em 12062014,

A andlise molecular serd realizada no Laboratério de Blologia Molecular da UFCSPA, o qual j possul &
Infrestrutura necessaria para a malizagho das mesmas ¢ anulincia de reallagiio do projeto pelo gerente de
Labormiterios da Pos-GraduagBo. A extragiio de DNA serdt realizada segundo um protocolo padriio para
extragiio de amostras de sangue total. O DNA de cada um dos tubos serd dissolvido em 5001 de TE e
armazenado em freezer a -20°C

w Fum Sermento Lalle 245

wm Municiplo: PORTO ALEGRE
Telefone: (510508 S804 E-mal: cop@ufospa ek bt

Phgre It om T



UNIVERSIDADE FEDERAL DE

CIENCIAS DA SAUDEDE  ‘GRErad -
PORTO ALEGRE

identificados apenas nimeros. Genotipagem e andise de microRNAs: Os fragmenios de interesse serSo
analisados por reaglio em cadels da polimerase (PCR) em lempo real, uliilzando metodologla TagMan, a
gual wtiiza o sistema de sondas de hidrblse. O paddio de metiaglo serd avaliado atmvés de metodologia
de enzyme-inked immunosorbent assay (methDNA-ELISA).

Objetivo da Pesquisa:

Os objetivo primérios sSo. Fvestigar @ assoclagio de marcadores gendticos e epigenitioos ervolvidos nas
dferenies vias de controle e regulagio do peso comporal @ no metabolismo de micronutrentes, como o ferro,
com fendtipos relacionados & obesidade, iIngestio

alimentar, par@metros bloguimicos e hemaldlogioos em uma amostra de criangas de 67 anos do munkiplo
de Porfo Alegre, AS.

Como objetivos secundirios estio os seguintes: 1 Delerminar os gendtipos de polimofismos nos genes
LEPR, APM1, PPARG, FTO, MCAR, SEC16B, TMEM18, NEGR1, KCTD15, SH281,

BONF, OLFM4, HOXEBS, DRD2, DAD4, MAOA, COMT, SLC3A4, SLEA14, SLEAL, 5-MTT, 5-MTR2A, 5-
HTR2C, TAS1R2, TAS1R3 e HFE, FPN1, DMT1, HAMP, TFR, TF, TMPRSSS e outros possivels genes
candidalos em uma amostra de criangas. 2 Analisar a associagiio dessas varianies

nos genes acima descriios com medidas antropométricas e dieliticns das criangas investigadas. 3 Analisar
2 assodaclo dessas varfanies nos genes ackna descritos com par@metros bloquimicos e hemetoligloos das
crangas nvestigades. 4. Armlsar os padries globals de metiacio do genoma e em regides regulalicdas dos
penes candidalos e sua assockagfio com a amamentacdo e a parfimetros anrtropométicos nas criangas
Investigadas. 5. Avaliar a expressdo génica de microfANAs controladores dos genes candidatos e a sua
associagfio com par@metros artropométricos ras criangas investigadas.

Cornuagho 3o Pawcar 304 510

Avaliagdo dos Riscos o Beneficlos:
Os rscos em participar da pesquisa sfio minimos e estio relacionados & coleta de sangue j autorizada

anferiormernte, no projeto j§ aprovado pelo CEP, o qual prevd a coleta de amostra bloldgica e de dados. A
coleta serd leita cudadosaimente por peofissional ireinacdo e poderd causer um pegueno descorionro durarie

2 coleta @ un pequeno hematoma gue desaparecerd naturaimente. Os beneficios referidos s8o os da
melhor compreensdo dos mecanismos relacionades com cbesidade @ anemia infantil,

Comentarios e Consideragbes sobre a Pesquisa:
Estudo bastanie claro com metodologia adeguads ¢ de aka relevncis.

Enderege:  Fus Sermento Lalle 245
Bakre:

UF: S Municiple: PORTO ALEQRE
Telefone: (513508 S804 Emal: copd®uoapa edy b

Phgre = om =4
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UNIVERSIDADE FEDERAL DE

CIENCIAS DA SAUDE DE W
PORTO ALEGRE

Consideragtes sobre os Termos de apresentagdo obrigatdria:

Termo de consentimanto livie ¢ escireckio adequado. Apresents cartas de anudncia do local de reallzagho
cas andlses.

Recomendagtes:

Conclusdes ou Pendéncias e Lista de Inadequagtes:

Projelo em condigies de ser aprovado pelo CEP.

Situagdo do Parecer:

Aprovado

Necessita Apreclagdo da CONEP:

Nio

Consideragtes Finals a critério do CEP:
Término do peojelo 1272017,

Cortnuaghc 3o Pawmcer 83 510

PORTO ALEGRE, 17 de Outubiro de 2014

Assinado por:
Julla Fernanda Semmelmann Pereira Lima
(Coordenador)



7.4 Anexo D — Questionarios Aplicados

FICHA DA CRIANCA

Entrevistador

126

1. Data / /

Data3: [

Identificacao (crianca):

2.Telefones para contato

3.Numero de identificacdtdent3:
4.Nome da crianga
5.Nome da mae
6.Endereco:
7.Data de Nascimento: / /
Dados Maternos e Socioecondmicos:
8.Qual a sua idade? anos IdMae3:
09.Data de nascimento da mae / / DNm3

10.Qual o seu estado civil?

Casada/ou mora junto (1) Viuva (2) Soltédn Separada (4)

11.Vocé teve outros filhos?
(1) Sim (2) N&o (pule para a questéao 14)

12. Se sim:
Quantos:
DN / /
DN / / -
DN / /

13.Quantas pessoas moram na sua casa?

14.Qual o grau de parentesco?

EstCivil3

Filhos3
Quant3:
DNf1: [

DNf2 /| |/
DNf3 |

/

Fami3:

Adul3:
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(1) Familia nuclear
(2) Familia ndo nuclear

Parente3

15.Qual a sua ocupacdo? (1) Desempregada (2) Eadaregf carteir
assinada (3) Empregada s/ carteira assinada (9rDo
(5) Estudante

16.Qual a ocupacédo do pai do seu (sua) filho (B)Désempregado (]
Empregado c/ carteira assinada (3) Empregado tireaassinada (4
Aposentado (5) Estudante

a0cupaMae3:

PDcupaPai3:
b

(1) Sim  (2) Nao (pule paraa22) (3) Paredummar (pule para a 22

17.Qual a renda total da familia? R$ RendaTa3:
18.Qual o gasto familiar mensal com alimentaca®? R GFA:
19.Qual o gasto familiar mensal com transporte? R$ GFT:
20.Vocé é fumante? Vcfuma3:

| 21.Quantos cigarros vocé fuma por dia? \ Ncd3
22.Alguém gue mora na sua casa € fumante? Ncd3:
Sim (1) Nao (2) (Pule para a pergunta 24)

Se sim:

23.Quem é fumante na sua casa?

Pai (1) Outros moradores da casa (2) Anotar qea(@dPai e outros QuemFuma:
24 .Vocé fumou durante a gestacéo dofilho que participou do projetof?

(1) Sim (2) Nao (pule para a 26) Fgest3:

Se sim:




128

25.Quantos cigarros vocé fumava por dia? Ncfum3

26. Alguém na familia tem ou teva®ferente a criangd

Para a pergunta quem: coloque 1 quando sim e 2 qudo nao

26.a Obesidade: (1) Sim (2) N&o ou (3) Ndo Saf® IGN Obesi:

Se simQuem? ( )Pai ( )Mae ()Avos Tigs Obpai: ___

( )irmé&os (88) NSA  (99) IGN Obmae:
Obavés:
Obatio:
Obairm: __

26.b Colesterol Alto: (1) Sim  (2) N&o ou (3) N&abe (9) IGN ColAlto: _____

Se simQuem?( )Pai ()Mae ()Avés Tids Colpai: ___

( )Irméos (88)NSA (99) IGN Colmae: __
Colavos:
Colatio:
Colairm:

26.c Doenga cardiovascular: (1) Sim (2) Néo (3 Sabe (9) IGN DCV:__

Se simQuem?( )Pai ()Mae ()Avés Tids DCVpai: ____

( )Irm&os (88)NSA (99) IGN DCVmaée:
DCVavés:
DCVtio:
DCVirm:

26.d Diabetes Melitus: (1) Sim (2) N&do ou (3pNgabe) (9) IGN DM:__

Se simQuem?( ) Pai ()Mde ()Avbs () Tios DMpai:____

( )Irmé&os (88)NSA (99) IGN DMmée:_
DMavos:
DMtio:____
DMirm:____

26.e Hipertensao (Pressdo Alta):(1) Sim  (2) N&o(3) Ndo Sabe PA:

(9) IGN PApai:

Se simQuem?( )Pai ( )Mae ( )Avés ( ) Tios PAmae:__

( )Irméos (B8)NSA  (99) IGN PAavos:
PAtio:__

PAirm:
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seu filho estava com 1 ano de idade, através csprmsejeto?
Sim (1) Nao (2)

27. A crianga realizou algum exame de sangue apédiraga quando o | Exam3

Se sim anotar:

Data: /[ Data: [/ [

Hb:_ g/l Hb:_ g/dl

Ht: g/l Ht:_ g/l

VCM:___ fl VCM:__ 1l

HCM:___ pg HCM:___ pg

28. Atualmente o seu filho esta recebendo algureswgnto de ferro? |[Suple3_ |
(2)Sim (2) Nao

Se sim:

29.Qual o nome do suplemento? Qual3_
30.Qual a quantidade? gotas ou dragea 83?;33—
31.0 seu filho realmente recebe o suplementoBi()2) nao Receb3
32.Que idade a crianca tinha quando iniciou coracdesse ldade:
suplemento? meses Tempu3____
33. Tempo de uso: semanas

CONDIGOES DE SAUDE NOS ULTIMOS 6 MESES

34. Seu (sua) filho (a) foi internado no dltimomeéses? Intern3__

Sim (1) N&o(2) Nao sabe (3)

35.Seu (sua) filho (a) teve episodios de diarrém uitimos 6 meses
Sim (1) N&o (2) Nao sabe (3)

36. Seu (sua) filho (a) apresentou febre importamde Gltimos 6 mese!
Sim (1) Nao (2) Nao sabe (3)

37. Seu (sua) filho (a) teve infeccdo no udltimoedses?
Sim (1) Nao (2) Na&o sabe (3)

38. Seu (sua) filho (a) teve infeccao urinaria midtisnos 6 meses?
Sim (1) Nao (2) N&o sabe (3)

39.0 seu (sua) filho (a) apresentou algum problerspiratério?

Sim (1) Nao (2) (pule para a 67)

Diarré3

Febre3 _

Infec¢3 |

InfUri3

Resp3
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Leia as alternativas para o entrevistado

40. Qual ou quais problema (s) que seu (sua) fdhapresenta? Tosse3
Tosse () Coriza () Coriza3
Obstrucdo Nasal () Respiracao rapiddificil () Obstru3

Respd3

Para o quadro ao lado preencher 1 para sim e Zhfara

Preencher se a crianca recebe leite de vasa ndo recebe pule para a 72)

41. Qual o volume da preparacao? ml Vol3

42. Qual a frequéncia que seu filho toma leite ia@ d vezes fregleit

43. Volume total de leite ingerido no dia: ml Volleite

(descontar se sobra)

44. A crianga vai a creche? Creche3

Sim (1) Nao (2) Period3

45. Periodo: meio turno (1) dia inteiro (2)

46 Desde que idade (em meses): temp3

47.Senao, no lugar onde ela fica, tem outras criangas Junto

Sim (1) Nao (2) idcre3

ondfica3

48. O (a) seu (sua) filho (a) bebe agua? Agua3

Sim (1) Nao (2) (Pule para a pergunta 51)
Se sim:
49. Quanto bebe? Quant3
50. Qual o “tipo” da agua?
Filtrada / Fervida / Torneira tratada e fervidaihstal Tagua3
(proprias para o consumo) (1)
Torneira ndo tratada (improprias para o consum2)) (

51. Seu (sua) filho (a) comeu/come terra ou objefmsalimentares?

Sim (1) Nao (2) (pule para a 80) Néao s&)dule para a 53) Objet3

Se sim:
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52. Quais 0s objetos nao alimentares que seuffthaja) comeu?

Quais3

(1) Terra (2) Sabao/Sabonete (3) Terra + sa®aasca da mandioca

(4) Outras substancias (qual?)

Estado Nutricional:

53. Peso gramas Peso3

54. Comprimento cm Compri3
Dobra cutanea subescapular: mm Subscap3
Dobra cutanea triciptal: mm Tricip3
Hemoglobina

Valor 1: Hb13

Valor 2: Hb23
Avaliacdo da saude bucal

Numero de céries: Carie3
Numero de superficies atingidas: SAi3
Atividades diarias( ontem) :

55. Que horas foi dormir ontem __ Que horas acotupe /Hsonoit__
horas de sono:

56. O que fez ontem pela manha:

() Creche / Tempo MCrecheT
() Assistiu TV / Tempo: MTvT

() Brincou fora de casa / Tempo: MBrifT

() Brincou dentro de casa / Tempo: MBridT__
() Dormiu/ Tempo:___ MDormT
57. O que fez ontem de tarde:

() Creche / Tempo TCrecheT_
() Assistiu TV / Tempo: TTVT

() Brincou fora de casa / Tempo: TBrifT

() Brincou dentro de casa / Tempo: TBridT
() Dormiu/ Tempo:__ TDormT

58. O que fez ontem de noite:

() Assistiu TV / Tempo: NTVT

() Brincou dentro de casa / Tempo: NbrinT

() Dormiu/ Tempo:___ NdormT
OBS:Colocar sempre o tempo de HORAS

59. Tem alguma atividade fisica regular na semana:

() Sim ()Nao Ativ

Se sim qual: Qual
Frequéncia na semana: FreqS__
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60. Vocé considera seu filho:

1. muito calmo

2. calmo ConFi

3. ativo

4. muito ativo

5. agitado

INQUERITO DE FREQUENCIA DE ALIMENTOS

Com que frequiéncia o seu filho consome os seguatitegntos?

Alimentos Diaria | Quantidad| Semang Quantidad | Esporadic| Sabo | Marc
(vezes e I e a r a
) (total) (vezes) | (total)

Pao

Bolo

Biscoito recheado

Biscoito sem recheio

Mucilon/Neston/Farinh

a Lactea

Petit Suisse

Chocolate

Sorvete

Acucar

Chiclete

Balas

Doces

Gelatina () Diet ()
Normal

Salgadinho

Carne de vaca

Carne de frango

Carne de peixe

Figado

Refrigerante
() Diet () Normal

Suco artificial




133

() Diet ( )Normal

Suco natural

Folhas verdes escuras

Alimentos amarelos

Frutas

Inquérito recordatorio de 24 horas

Horario

Alimentos/e ou Preparacao

Medidas caseiras

LEMBRE-SE: ANOTE NO VERSO DESTA FOLHA A COMPOSICAO DOS

PRODUTOS INDUSTRIALIZADOS “MENOS CONHECIDOS”

Critério ABIPEME (Nova Proposta para o Critério ABYSBIPEME)

ftem
Televisor
Radio
Banheiro
Automovel

Empregada Mensalista

Posse de:
Aspirador de Po6

Maquina de Lavar Roupa
VCR - video cassete

Geladeira

Grau de instrugcéo do chefe

familia

N° de itens possuidos

o 1 2 3 |4 5 6e-t
O 4 7 11 14 18 22
0O 2 |3 5|6 8 9

O 2 5 |7 10 12 15
0O 4 |9 13 18 22 26

0 5 11 16 21 26 32

Pontos
6
28
10
7

Pontos



Analfabeto  ou primari
incompleto

Primario completo
Ginésio Completo
Colégial Completo
Superior Completo

Classe A (rica) 89 ou +

Classe B (média alta) 59 a 88
Classe C (média média) 35a58
Classe D (média pobre) 20 a 34

Classe E (pobre) 0al9

10
15
21
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