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RESUMO

BRANDAO-LIMA, PN. Associagdo entre microRNA circulantes, biomarcadores
cardiometabdlicos e dieta em individuos adultos participantes de um estudo de base
populacional — ISA-Capital. 2023. Tese (Doutorado em Nutricdo em Saude Publica) —
Faculdade de Saude Pablica, Universidade de Sao Paulo, S&o Paulo, 2023.

Os microRNA circulantes sdo pequenos RNA ndo codificantes que atuam na regulacao
epigenética, bem como apresentam padrdo de expressdo especifico de acordo com a condicao
clinica, alimentacdo e estilo de vida do individuo, o que os caracterizam como potenciais
biomarcadores de doencgas cronicas ndo transmissiveis (DCNT) e uma ferramenta para 0 manejo
terapéutico. Diante do exposto, o estudo em tela teve como objetivo avaliar o perfil de expressédo
de microRNA plasmaticos e verificar a sua relagdo com biomarcadores cardiometabolicos e a
dieta em individuos adultos participantes de um estudo de base populacional. Trata-se de um
estudo de delineamento transversal, com subamostra de 200 individuos adultos, com idade de
20 a 59 anos, participantes do estudo ISA-capital realizado em S&o Paulo, no ano de 2015.
Foram avaliados o perfil de expressao plasmatica de 21 microRNA, medidas antropomeétricas,
pressdo arterial sistémica, biomarcadores glicémicos, lipidicos e inflamatorios desses
individuos. A ingestdo alimentar foi estimada por meio de recordatorio alimentar de 24 horas.
Foram observados diferentes perfis de expressdo de microRNA no plasma de acordo com a
presenca de componentes da sindrome metabolica (SM) e o sexo dos individuos. Os miR-16 e
miR-363 apresentaram reduzida expressdo em mulheres com SM, enguanto homens com um
ou mais fatores de risco apresentaram expressdo mais elevada de miR-let-7c e miR-30a.
Circunferéncia da cintura elevada modulou positivamente a expressdo no plasma dos miR-let-
7¢, miR-122, miR-30a, miR-146a, miR-15a, miR-30d e miR-222. Similarmente, os miR-30a e
miR-122 apresentaram expressdo elevada em individuos com elevada pressdo arterial ou
glicemia de jejum / resisténcia a insulina. Em contrapartida, regulacdo negativa dos miR-16,
miR-363, miR-375 e mMiR-486 foi observada em individuos com reduzida concentracdo de
colesterol associado & HDL. A partir da construcdo de modelos lineares generalizados foi
observado associagao entre o consumo de graos integrais e a expressdo de 17 microRNA. O
consumo de oleaginosas foi associado a menor expressao plasmatica dos miR-140 e miR-139,
bem como ao aumento da expressdo dos miR-let-7c, miR-122 e miR-222. A modulacédo
plasmatica dos microRNA pode ocorrer por diferentes grupos alimentares, fato observado com
0 miR-122, que também apresentou maior expressdo associada ao consumo de leite e graos
integrais. No entanto, foi observada modulacdo oposta com o consumo de feijoes, gréos

integrais e carne processada em relacdo a expressdo do miR-30a. O consumo de frutas, carne



vermelha e bebidas agucaradas ndo apresentou associagdes com os microRNA avaliados. A
partir dos resultados apresentados é possivel concluir que a expressdo plasmaética de microRNA
é modulada por fatores de risco cardiometabolico e dieta em individuos adultos. No contexto
apresentado, foi evidenciado o papel da alimentacdo como uma ferramenta de reducéo de risco

de DCNT por meio da modulagdo da expressdo plasmatica de microRNA.

Descritores: doencas crénicas nao transmissiveis, sindrome metabolica, miRNA, inflamacéo,

dieta ocidental, acUcar de adicdo, graos integrais, leite e derivados.



ABSTRACT

BRANDAO-LIMA, PN. Association between circulating microRNA, cardiometabolic
biomarkers, and diet in adult individuals participating in a population-based study - ISA-
Capital. 2023. Tese (Doutorado em Nutri¢cdo em Salde Publica) — Faculdade de Saude Pablica,
Universidade de Sao Paulo, Séo Paulo, 2023.

Circulating microRNAs are small non-coding RNAs that play a role in epigenetic regulation
and exhibit a specific expression pattern depending on an individual's clinical condition, diet,
and lifestyle. This characteristic makes them potential biomarkers for noncommunicable
diseases (NCDs) and a tool for therapeutic management. Considering this, the present study
aimed to assess the expression profile of plasma microRNAs and examine their relationship
with cardiometabolic biomarkers and diet in adult participants of a population-based study. This
was a cross-sectional study with a subsample of 200 adults, aged 20 to 59 years, who
participated in the ISA-Capital study conducted in S&o Paulo in 2015. The study evaluated the
plasma expression profile of 21 microRNAs, anthropometric measurements, systemic blood
pressure, glycemic, lipid, and inflammatory biomarkers of these individuals. Dietary intake was
estimated through a 24-hour dietary recall. Different expression profiles of microRNAs were
observed in plasma based on the presence of components of metabolic syndrome (MetS) and
the individuals' sex. MiR-16 and miR-363 showed reduced expression in women with MetS,
while men with one or more risk factors presented higher expression of miR-let-7c and miR-
30a. Elevated waist circumference positively modulated the plasma expression of miR-let-7c,
miR-122, miR-30a, miR-146a, miR-15a, miR-30d, and miR-222. Similarly, miR-30a and miR-
122 showed elevated expression in individuals with high blood pressure or fasting
glucose/insulin resistance. Conversely, negative regulation of miR-16, miR-363, miR-375, and
miR-486 was observed in individuals with reduced high-density lipoprotein-associated
cholesterol concentration. From the analysis of generalized linear models, an association was
observed between whole grain consumption and the expression of 17 microRNAs. Nut
consumption was associated with lower plasma expression of miR-140 and miR-139, as well
as increased expression of miR-let-7c, miR-122, and miR-222. Plasma modulation of
microRNAs may occur through different food groups, as observed with miR-122, which also
showed higher expression associated with milk and whole grain consumption. However,
opposite modulation was observed with the consumption of beans, whole grains, and processed
meat in relation to miR-30a expression. The consumption of fruits, red meat, and sugary drinks
showed no associations with the evaluated microRNAs. Based on the presented results, it can

be concluded that the plasma expression of microRNAs is modulated by cardiometabolic risk



factors and diet in adults. In this context, the role of diet was highlighted as a tool for reducing
the risk of NCDs through the modulation of plasma microRNA expression.

Keywords: chronic non-communicable diseases, metabolic syndrome, miRNA, inflammation,

Western diet, added sugar, whole grains, milk, dairy products.
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1 INTRODUCAO

1.1 MicroRNA

MicroRNA sdo RNA de fita simples, ndo codificadores, contendo 18 a 25
nucleotideos, que regulam a expressdo génica pds-transcricionalmente por meio da sua ligacéo
a um RNA mensageiro (mRNA), causando tanto a inibigéo da traducdo quanto a degradacgéo
do mRNA (HA; KIM, 2014; KILIC etal., 2018; O’BRIEN et al., 2018). S&o identificados como
uma das familias primordiais de genes reguladores em organismos eucariontes (YAO; CHEN;
ZHOU, 2019). Identificados pela primeira vez, em 1993, por um grupo de pesquisadores da
Universidade de Havard, os microRNA participam de diversos processos biolégicos no
organismo humano (FEINBAUM; AMBROS; LEE, 1993). At¢ o momento, foram
identificados cerca de 4000 microRNA humanos, dos quais pelo menos 30% apresentam-se
como potenciais biomarcadores para doengas (KILIC et al., 2018).

Mais de dois tercos de todos os microRNA humanos séo codificados em regides
intervenientes (introns) de genes que codificam proteinas, bem como em RNA longos nédo
codificantes, os quais apresentam mais de 200 nucleotideos e ndo sdo traduzidos em proteinas.
Os microRNA também podem ser codificados em éxons ou introns, dependendo do processo
de splicing alternativo do pré-mRNA. Além disso, 0s microRNA podem ter origem intergénica,
ou seja, podem ser encontrados em regides cromossdmicas entre dois genes
(RANGANATHAN; SIVASANKAR, 2014). A transcricao ocorre no ndcleo celular a partir de
genes precursores de microRNA (gene mir) com auxilio da RNA polimerase 1l ou llI
(CATALANOTTO; COGONI; ZARDO, 2016; YING; CHANG; LIN, 2008). Apos a
transcricdo, ainda no nucleo celular, os microRNA primérios sdo clivados pelo complexo
formado pelas proteinas DGCR8 (DiGeorge Syndrome Critical Region 8) e Drosha
(ribonuclease 111 enzyme), originando o microRNA precursor (CATALANOTTO; COGONI,
ZARDO, 2016; RANGANATHAN; SIVASANKAR, 2014; YING; CHANG,; LIN, 2008). Este
é entdo transportado pela exportina 5 para o citoplasma onde € convertido em microRNA
maduro devido a a¢do da Dicer (RNase 11l endonuclease). As vias ndo-candnicas de biogénese
podem ocorrer por vias independentes da Drosha/DGCRS8 ou da Dicer (HA; KIM, 2014; KILIC
etal., 2018; O’BRIEN et al., 2018).

Tanto os microRNA maduros quanto os precursores podem se associar a proteinas
como, por exemplo, as argonautas (AGO), lipoproteina de alta densidade (High Density

Lipoprotein — HDL), lipoproteina de baixa densidade (Low Density Lipoprotein — LDL) e
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nucleofosmina 1 (NPM1), ou ainda, podem ser empacotados em vesiculas (exossomos,
microvesiculas e corpos apoptoticos). Ndo h& consenso acerca do tipo de microRNA circulante
mais abundante, uma vez que alguns autores sugerem que a maior parte dos microRNA
extracelulares estaria ligada a proteinas AGO, enquanto outros afirmam que seriam 0s
exossomos (O’BRIEN et al., 2018). No entanto, esse fator pode estar relacionado ao tipo de
microRNA, local de origem e as condic0es fisioldgicas do individuo (O’BRIEN et al., 2018).
Desse modo, 0os microRNA séo encontrados em todos os tecidos e em diversos fluidos corporais
(por exemplo, soro, plasma, saliva e leite materno) (CRUZ et al., 2017; QUINTANILHA et al.,
2017; TAKIZAWA; MATSUZAKI; OCHIYA, 2022).

Os microRNA podem exercer suas funcdes regulatérias no meio intracelular ou serem
secretados para os fluidos extracelulares por mecanismos ainda nédo totalmente elucidados
(CRUZ et al., 2017; O’BRIEN et al., 2018; QUINTANILHA et al., 2017). Sugere-se que 0S
microRNA sdo liberados de forma regulada (O’BRIEN et al., 2018). A secre¢do de microRNA
pode ser mediada por uma via dependente de ceramida; estimulada por moléculas sinalizadoras,
como interleucina-4 (IL-4) e &cido docosaexaenoico (DHA); devido estresse de cisalhamento
laminar ateroprotetor; liberados por exocitose por meio da fusdo de vesiculas (O’BRIEN et al.,
2018).

O mecanismo de acdo dos microRNA ocorre por intermédio de pareamento com as
regides 3’ ou 5’ ndo traduzidas (UTR), bem como com regides codificadoras do mRNA alvo.
Um tnico microRNA pode interagir com diversos alvos, sendo essa caracteristica regulada pela
seed sequence, regido localizada entre os nucleotideos 2-8, que é responsavel por definir a
funcéo e a especificidade do microRNA (O’BRIEN et al., 2018). O microRNA maduro interage
com o mRNA alvo incorporado ao complexo de silenciamento induzido por RNA (RISC)
(CATALANOTTO; COGONI; ZARDO, 2016; RANGANATHAN; SIVASANKAR, 2014).
Com isso, 0 microRNA-RISC induz a repressdo da traducdo ou aumenta a degradacdo do
mMRNA (CATALANOTTO; COGONI; ZARDO, 2016). Alguns fatores, como a
funcionalizagdo da compartimentalizagdo e o transporte do microRNA-RISC no interior das
células, desempenham papel crucial na regulacdo da expressdo génica mediada por microRNA
(O’BRIEN et al., 2018).

A atuacdo amplamente conhecida dos microRNA ¢ a de inibicdo da expressao génica,
principalmente, por meio da desestabilizagdo ou represséo traducional, tendo como alvo a
regido 3' ndo traduzida (3'UTR) dos transcritos de mRNA presentes no citoplasma (HUANG et
al., 2012; PLACE et al., 2008). N&o obstante, alguns estudos indicam que microRNA podem

também atuar positivamente na regulacdo da expressdo génica por meio da interacdo com



18

elementos promotores, sendo esse evento designado ativacdo do RNA (RNAa) (HUANG et al.,
2012; PLACE et al., 2008). Nesse contexto, em células privadas de soro, AGO?2 e outra proteina
relacionada ao complexo miRNA-proteina (microRNPs) — Proteina 1 relacionada ao retardo
mental ligado ao X fragil (FXR1) —, foram associadas a elementos ricos em AU (ARE) na
regido 3' UTR para ativar a etapa de traducdo do mRNA (VASUDEVAN; STEITZ, 2007). No
entanto, mais estudos sdo necessarios a fim de esclarecer esses mecanismos.

No meio intracelular, os microRNA sdo conhecidos por modularem a expressao génica,
por meio da regulacdo de vias de sinalizacdo (IFTIKHAR; CARNEY, 2016a; O’BRIEN et al.,
2018). Enquanto isso, no meio extracelular, os microRNA associados a vesiculas podem ser
captados por diferentes tipos celulares, possivelmente, por meio de fagocitose, endocitose ou
fusdo direta com a membrana plasmatica e, desse modo, regular a expressao génica nessas
células a partir dos mesmos mecanismos utilizados por microRNA enddgenos (CHEN et al.,
2012; IFTIKHAR; CARNEY, 2016a). J& os microRNA ligados as proteinas podem ser
captados por receptores especificos localizados na membrana celular como, por exemplo,
microRNA ligados a particula de HDL, que sdo, provavelmente, captados pelo receptor SR-BI
(scavenger receptor class B type 1) (CHEN et al., 2012; IFTIKHAR; CARNEY, 2016b).
Evidéncias apontam ainda interacdo direta de microRNA a receptores, em especial, 0s
receptores do tipo Toll, os quais apresentam papel relevante na ativacao de vias de sinalizacéo
envolvidas com a resposta inflamatéria (BAYRAKTAR; VAN ROOSBROECK; CALIN,
2017; FABBRI, 2017; IFTIKHAR; CARNEY, 2016b).

Mais recentemente, estudos identificaram a atuacdo de microRNA circulantes como
moléculas de sinalizacdo intercelular, atuando de forma autdcrina, paracrina e enddcrina
(CRUZ et al., 2017; O’BRIEN et al., 2018; OSELLA et al., 2014). Visto a capacidade de um
unico microRNA interagir com multiplos genes, as vias de atuacdo dos microRNA estabelecem
uma ampla rede entrecruzada, podendo um unico microRNA estar associado com mais de uma
via metabolica (CRUZ et al., 2017; O’BRIEN et al., 2018; OSELLA et al., 2014).

Os microRNA circulantes podem refletir condicdes fisioldgicas especificas, fato que os
tornam potenciais biomarcadores relacionados ao risco de desenvolvimento de DCNT
(BRANDAO-LIMA et al., 2022a; TAKIZAWA; MATSUZAKI; OCHIYA, 2022). Cabe
destacar que microRNA sdo resistentes a acdo de RNAses, estaveis ao aquecimento, as
alteracbes de pH e a estocagem em longo prazo (O’BRIEN et al.,, 2018; TAKIZAWA,
MATSUZAKI; OCHIYA, 2022). Contudo, é necessario considerar fatores que podem impactar
as concentragdes circulantes (TAKIZAWA; MATSUZAKI; OCHIYA, 2022). Entre eles,

podemos citar caracteristicas individuais, como idade e sexo, além de habitos de vida, como
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alimentacdo e atividade fisica (MANTILLA-ESCALANTE et al., 2019; QUINTANILHA et
al., 2017; TAKIZAWA; MATSUZAKI; OCHIYA, 2022).

Nesse sentido, o estudo de microRNA envolvidos em vias relacionadas ao
desenvolvimento de doencas cronicas nao transmissiveis (DCNT) pode tanto auxiliar na
ampliacdo do entendimento acerca dessas doencas quanto no diagndstico precoce de alteracdes
metabdlicas relacionadas (ORTEGA et al., 2014; PESCADOR et al., 2013; PRATS-PUIG et
al., 2013; WORLD HEALTH ORGANIZATION, 2018).

1.2 MicroRNA circulantes e doencas cronicas nao transmissiveis

As DCNT apresentam expressiva participacdo na morbimortalidade mundial e
representam o principal desafio do século 21, tanto para os sistemas de salde quanto para a
economia dos paises (WORLD HEALTH ORGANIZATION, 2018). De acordo com as
estimativas publicadas pela rede de colaboracdo Global Burden of Disease, as DCNTs sdo
responsaveis por 41 milhdes de mortes anualmente, das quais 77% ocorrem em na¢oes de renda
baixa e média (MURRAY et al., 2020).

Entre as DCNT, as doencas cardiovasculares lideram as estatisticas, contribuindo com
a maior parcela de 6bitos ao ano (17,9 milhGes), seguido das mortes causadas por cancer (9,3
milhdes), doencas respiratdrias crénicas (4,1 milhdes) e diabetes (2,0 milhdes) (MURRAY et
al., 2020). O atual cenario do Brasil acompanha as estimativas mundiais e, embora seja
observada reducdo nas taxas de mortalidade por doencas do aparelho circulatério, as DCNT
foram responsaveis por 55 % de todas as mortes (MANSUR; BARROSO, 2023).

As DCNT estdo intrinsecamente ligadas a sindrome metabdlica (SM), uma condicéo
multifatorial caracterizada pela presenca simultdnea de alteracGes fisiopatoldgicas que
englobam o sistema cardiovascular, metabolismo glicémico e lipidico, bem como acumulo de
gordura corporal (RAMZAN; VICKERS; MITHEN, 2021; WORLD HEALTH
ORGANIZATION, 2018). Estudos tem investigado a relagdo complexa entre as DCNTs e a
SM, a fim de esclarecer as interconexdes entre os fatores genéticos, epigenéticos e
comportamentais (BIANCHI et al., 2017; BRANDAO-LIMA etal., 2022b; FLOWERS; WON;
FUKUOKA, 2015; RAMZAN; VICKERS; MITHEN, 2021).

Nesse contexto, os microRNA surgem como uma das vias de interconexao entre esses
fatores, uma vez que estdo diretamente ligados aos fatores genéticos e epigenéticos (BIANCHI
et al., 2017; BRANDAO-LIMA et al., 2022b), e, indiretamente, aos fatores comportamentais
(FLOWERS; WON; FUKUOKA, 2015). Em termos genéticos, variagdes nos genes que
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codificam microRNA ou em seus alvos resultam na alteracdo da expressdo génica e podem
influenciar a predisposicdo para DCNT (HAJIBABAIE et al., 2022). Por outro lado, os
microRNA regulam a expressao génica por meio de alteracdes pos-transcricionais, da metilacao
do DNA e modificacdo de histonas, o que pode levar a alteracGes epigenéticas associadas a
DCNT (RAMZAN; VICKERS; MITHEN, 2021). Além disso, fatores comportamentais como
como dieta, exercicio fisico e tabagismo podem modular a expressdo de microRNA
(FLOWERS; WON; FUKUOKA, 2015).

Varios microRNA circulantes tém sido objeto de estudo no contexto das DCNT, entre
eles os 13 microRNA mais frequentemente investigados: miR-146a, miR-222, miR-126, miR-
130b, miR-142, miR-423, miR-21, miR-532, miR-28, miR-122, miR-140, miR-143 ¢ miR-486
(BRANDAO-LIMA et al., 2022b). Uma revisdo sistematica desenvolvida na tematica apontou
a associacdo do miR-222 com todos os fatores de risco para o desenvolvimento de SM
(BRANDAO-LIMA et al., 2022b). Além disso, observou-se associa¢ido dos miR-126, miR-221
e miR-423 com adiposidade, metabolismo lipidico e glicémico (BRANDAO-LIMA et al.,
2022b). Ademais, os microRNA circulantes apresentaram perfis de expressao de acordo com a
condicdo clinica dos individuos, sendo o acimulo de gordura corporal um dos principais fatores
associados (BRANDAO-LIMA et al., 2022b).

Estudos realizados em animais vém demonstrando possiveis mecanismos de acdo de
microRNA na adipogénese, entre eles a inibicdo da proteina quinase ativada por mitégeno 1
(MAPK 1), o que acarreta no aumento do tamanho e do nimero de adip6citos (CRUZ et al.,
2017; ISHIDA et al., 2014). Outro possivel mecanismo diz respeito ao aumento da expressao
da proteina CCAT/enhancer-binding o (C/EBPa) e do receptor ativado por proliferadores de
peroxissoma gama (PPARY), o que favorece a diferenciacdo de adipocitos (KARBIENER et
al., 2011). Além disso, 0 aumento da expressdo de miR-375 em adipdcitos 3T3-L1 foi
relacionado a reducdo da expressao das proteinas quinases ERK1/2 (LING et al., 2011). Outro
microRNA identificado com acéo na adipogénese, 0 miR-146b promove a diferenciacéo de
adipdcitos por meio da inibi¢do da sirtuina 1 e aumento da acetilagdo da FOXO1 (forkhead box
0O1) (AHN et al., 2013). Andlises de bioinforméatica demonstraram diferentes padrdes de
expressao de, ao menos, 16 microRNA e 192 genes no tecido adiposo de individuos com
obesidade quando comparados aos individuos n&o obesos (LI et al., 2015).

No estudo conduzido por Prats-Puig et al. (2013), individuos com obesidade
apresentaram associacdo positiva entre a expressdo plasmatica do miR-486-5p e do miR-130b,
com indicadores antropométricos e as concentra¢@es plasmaticas de proteina C reativa, HDL-c

e triacilglicerol. De maneira similar, Ma, Fu e Garvey (2018) observaram a relacdo positiva da
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expressdo no plasma dos miR-16 e miR-150 com a sensibilidade a acdo da insulina, bem como
relagdo negativa com as medidas de circunferéncia da cintura e concentragdes plasmaticas de
triacilglicerol (MA; FU; GARVEY, 2018).

A associacgdo entre a expressdo do miR-130b e obesidade em humanos também foi
demonstrada por Wang et al. (2013), sendo observada no estudo elevada expressao sérica desse
microRNA em individuos com sobrepeso/obesidade e positiva correlagdo com IMC, percentual
de gordura corporal, circunferéncia da cintura e concentracdo plasmatica de triacilglicerol.
Wang et al. (2013) afirmaram que a expressao sérica de miR-130b representa um biomarcador
para obesidade (sensibilidade de 70% e especificidade de 95%) e SM (sensibilidade de 55% e
especificidade de 96%).

Além disso, alguns microRNA modulam a infiltracdo de macréfagos no tecido adiposo
e a polarizacdo dessas células do fenotipo anti-inflamatério (M2) para o pré-inflamatorio (M1),
fatores determinantes para o desenvolvimento da inflamacé&o cronica, sistémica e de baixo grau
e resisténcia a a¢do da insulina (CRUZ et al., 2017; ZHUANG et al., 2012). Nesse contexto, a
atuacdo dos microRNA pode ocorrer por meio da reducdo da expressdo do fator regulador 4 de
interferon, reduzindo o nimero de macrofagos do tipo M2 (PRATS-PUIG et al., 2013).

Observa-se ainda o estimulo para a sintese do fator de necrose tumoral-o. (TNF-a) a
partir de adipécitos mediante ativacdo da subunidade p65 do fator de transcricdo designado
fator nuclear kappa B (NF-xB) (CRUZ et al., 2017; ZHUANG et al., 2012). Entre os microRNA
envolvidos nesses processos, encontra-se 0 miR-223, o qual apresenta expressdao plasmatica
reduzida em individuos com diabetes tipo 2 (ZAMPETAKI et al., 2010). Outro mecanismo
observado é a ativacdo da lip6lise devido a fosforilacdo da enzima lipase horménio-sensivel e
a reducdo da expressao génica da enzima fosfodiesterase 3 B, a qual esta envolvida na reducéo
das concentrages intracelulares de AMP ciclico (CRUZ et al., 2017; ZHUANG et al., 2012).

MicroRNA podem ainda aumentar a concentracao plasmatica de acidos graxos por
meio do aumento da expressao do complexo enzimatico acido graxo sintase, somado a reducdo
da expressdo do receptor da adiponectina 1 e da proteina Ets-1, promovendo a hipdxia e a
inflamacdo do tecido adiposo. Além disso, a liberagdo de citocinas pré-inflamatorias pode
induzir a expressdo de microRNA em individuos com obesidade, sendo demonstrado por alguns
autores aumento da expressdo do miR-146b, em resposta as concentracdes de TNF-a e 1L-6
(CHEN et al., 2014; GU et al., 2016; SHI et al., 2014; ZHU et al., 2013). Além disso, 0 miR-
486 esté relacionado a ativacdo da via de sinalizacdo do fator de transcricdo NF-kB e da inibigéo
do fator de transcricdo FOXO1 (PRATS-PUIG et al., 2013).
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Em individuos com SM foi observada reducéo na expressdo plasmatica do miR-16 e
miR-363, enquanto foi observado aumento da expressdo do miR-let-7c e miR-30a, quando
comparados aos individuos sem SM (BRANDAO-LIMA et al., 2022a). Conjuntamente,
verificou-se correlacdo negativa do microRNA com os valores de IMC e de circunferéncia da
cintura (BRANDAO-LIMA et al., 2022a). Resultado similar foi observado em individuos
normoglicémicos e de peso estavel, nos quais 0 miR-16 apresentou associacdo negativa com
circunferéncia da cintura e concentragdes de triglicerideos, além de correlacdo positiva com
HDL-c (MA; FU; GARVEY, 2018). Do mesmo modo, o miR-16 foi associado ao
desenvolvimento de resisténcia & acdo da insulina e a fatores de risco metabdlico que compdem
a SM (MA; FU; GARVEY, 2018).

Com relacdo ao miR-let-7c, sua elevada expressdo pode repercutir negativamente no
sistema cardiovascular, uma vez que, nessas condi¢bes, foi previamente demonstrada a
ocorréncia de apoptose das células endoteliais por meio da inibicdo da molécula Bcl-XL (QIN
et al., 2012). Outrora, Giardina et al. (2019) demonstraram associac¢ao positiva do miR-let-7¢
com as concentracdes de LDL-c, colesterol total e triglicerideos (GIARDINA, S.;
HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ, A.; SALAS-HUETOS, A.; SALAS-SALVADO,
J.; BULLO et al., 2019).

Diversas vias do metabolismo glicémico apresentam participacdo de microRNA, o que
justifica seu papel no desenvolvimento de resisténcia a acdo da insulina. Estudos em animais
foram capazes de demonstrar a acdo de microRNA na inibicdo do substrato do receptor de
insulina 1 (IRS-1), da proteina quinase B (Akt), fosfatidilinositol 3-quinase e da
fosfofrutoquinase, além da supressao dos genes da enzima glicose-6-fosfatase e do coativador
1-alfa do receptor ativado por proliferadores de peroxissoma gama (PPARC1A) (CRUZ et al.,
2017). Alternativamente, mecanismos envolvendo a reducdo da expressao do transportador de
glicose 4 (GLUT-4), proteina quinase ativada por mitdgeno 14 (MAPK14) e caveolina-1 (Cav-
1) vem sendo descobertos (KAROLINA; ARMUGAM; JEYASEELAN, 2011).

Estudos realizados em humanos, apontam para o surgimento de alteracdes no perfil
plasmatico de microRNA anteriormente ao desenvolvimento de diabetes tipo 2. Entre eles, 0s
miR-150, miR-30 e miR-15a apresentam diferengas significativas na expressdo plasmatica
qguando comparados individuos com diabetes tipo 2, pré-diabetes e sem alteracdes glicémicas
(AL-KAFAJI et al., 2015; JIMENEZ-LUCENA et al., 2018; ZAMPETAKI et al., 2010).
Jiménez-Lucena et al. (2018) demonstraram, por meio de analises de regressao, que individuos
com maior expressdo plasmatica de miR-150 e miR-30 e menor expressdo de miR-15a

apresentaram maior risco para desenvolvimento de diabetes tipo 2. Correlagdo positiva da
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expressdo plasmaética do miR-222 com glicemia de jejum e hemoglobina glicada também foi
observada em um estudo realizado com um grupo de individuos com diabetes tipo 2 (ORTEGA
et al., 2014). Em outro estudo, autores observaram a presenca do miR-126 entre os microRNA
mais associados ao diabetes tipo 2, sendo a reduzida expressdo desse microRNA relacionada
ao aumento da glicemia (ZAMPETAKI et al., 2010).

Previamente, em individuos suecos com diabetes tipo 2 (n = 33), foi demonstrada
regulacao positiva do miR-486 quando comparada ao grupo normoglicémico (n =119) (WANG
etal., 2014). No mesmo estudo, autores demonstraram associacéo desse microRNA ao aumento
da probabilidade de desenvolvimento de diabetes tipo 2 na populagéo total (WANG et al.,
2014). Em contrapartida, na analise realizada no estudo Bruneck observou-se redugdo da
expressdo plasmatica do miR-486 em individuos com diabetes tipo 2. Alem disso, foi
demonstrada correlacdo negativa do microRNA com as concentracfes de glicose tanto em
individuos com diabetes tipo 2 quanto em individuos normoglicémicos (ZAMPETAKI et al.,
2010).

Papel similar é desempenhado pelo miR-375 no desenvolvimento de DCNT, cuja
expressdo reduzida esta associada ao desenvolvimento de diabetes tipo 2 (JIMENEZ-LUCENA
et al., 2018), bem como a SM. Esse fato deve-se a sua atuacdo na regulagdo da secre¢do de
insulina pelas células beta pancreéaticas (REIS et al., 2019). Autores demonstraram a reducdo
da expressao plasmatica do miR-375 de acordo com o ganho de peso corporal e com a presenca
de SM (BRANDAO-LIMA et al., 2022a). Kong et al. (2011) observaram expressdo aumentada
desse microRNA em individuos com diabetes tipo 2 recém diagnosticada, quando comparados
aos individuos normoglicémicos. Posteriormente, Jiménez-Lucena et al. (2018) demonstraram
que a desregulacdo plasmatica do miR-375 ocorria anos antes do desenvolvimento de pré-
diabetes e diabetes tipo 2, sendo observada expressdo reduzida nos individuos com diabetes
tipo 2.

Diante do exposto, nota-se que a desregulacao da expressdo plasmatica de microRNA
estd associada a diversas alteracbes metabolicas relacionadas ao desenvolvimento de DCNT,
podendo ser identificada anos antes da instalacdo dessas doencgas. De maneira mais ampla,
observa-se a possibilidade de modulagdo do perfil de expressdo de microRNA por meio da
alteracdo de aspectos comportamentais dos individuos. Desse modo, microRNA plasmaticos
podem se apresentar como biomarcadores preditivos do risco de desenvolvimento de DCNT,
permitindo assim a utilizagdo prévia de estratégias para a reducgdo do risco e para a ampliacdo

do tratamento dessas doencas.
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1.3 Alimentacdo, estilo de vida e microRNA

A epigenética pode ser descrita como mudancas hereditarias na expressao génica,
independentes de alteraces na sequéncia de nucleotideos do DNA. Os principais mecanismos
epigenéticos conhecidos incluem a metilagdo do DNA, as modificagdes pos-transcricionais
(acetilacdo, metilagdo, fosforilagdo, entre outras) nas proteinas histonas e a atividade de RNA
ndo-codificantes, em especial os microRNA (PILETIC; KUNEJ, 2016).

Visto as funcdes exercidas pelos microRNA sem alteracdo na sequéncia de DNA,
autores os consideram moduladores epigenéticos. Da mesma maneira, 0s microRNA podem ser
alvo de modificacOes epigenéticas, modulando assim as taxas de transcricdo (OSELLA et al.,
2014; PILETIC; KUNEJ, 2016). Fatores como a hiperglicemia, hiperinsulinemia, liberacéo de
citocinas pro-inflamatorias e o aumento ou reducédo de peso corporal sdo capazes de reduzir ou
aumentar a expressdo de microRNA em individuos (CRUZ et al., 2017). Cabe destacar que 0
padrdo alimentar pode influenciar a resposta epigenética, uma vez que a sintese endégena de
microRNA pode ser modulada por nutrientes e compostos bioativos presentes nos alimentos
(BAIER et al., 2014; TARALLO et al., 2014). Estudos vém paulatinamente demonstrando
associacao entre os habitos alimentares e expressdo de microRNA em humanos (CORREA et
al.,, 2020; GIARDINA, S.; HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ, A.; SALAS-
HUETOS, A.; SALAS-SALVADO, J.; BULLO et al., 2019; HEIANZA et al., 2023; REIS et
al., 2019).

A dieta hiperlipidica, um dos modelos largamente estudados, mostrou-se capaz de
alterar a expressdo de microRNA no tecido adiposo e nas células renais, ovarianas e das ilhotas
pancreaticas, fato observado em modelos de obesidade induzida em animais (PALMER et al.,
2014). No entanto, nota-se que a caracteristica da resposta seria dependente do tipo de lipidio
consumido (PALMER et al., 2014). O consumo de &cidos graxos poli-insaturados, por
exemplo, foi associado a reducdo do risco de DCNT, visto que diminuiu a expressao de
microRNA relacionados a resposta pré-inflamatoria em estudos realizados in vitro (PALMER
etal., 2014; QUINTANILHA et al., 2017).

Em um estudo realizado com mulheres, apds o consumo de uma refeicdo com elevado
teor de gordura saturada, observou-se alteracdo na expressdo plasmatica de 33 microRNA entre
0s 752 microRNA avaliados (QUINTANILHA et al., 2020). Ademais, no mesmo estudo
verificou-se que a alteracdo da expressdo de microRNA foi acompanhada do aumento

significativo das concentracGes plasmaticas de lipopolissacarideos (LPS), TNF-a e molécula de
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adesao celular vascular-1 (VCAM-1) (QUINTANILHA et al., 2020). Entretanto, em um estudo
realizado com individuos com sobrepeso e obesidade, o consumo de uma dieta com baixo teor
de gorduras promoveu a reducdo nas concentracbes do miR-139, miR-432 e miR-423
(GIARDINA, S.; HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ, A.; SALAS-HUETOS, A;
SALAS-SALVADO, J.; BULLO et al., 2019). Autores observaram associagio entre as
alteracbes nas concentraces plasméaticas do miR-139 e miR-let-7c e mudangas no perfil
lipidico e resisténcia a insulina (GIARDINA, S.; HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ,
A.; SALAS-HUETOS, A.; SALAS-SALVADO, J.; BULLO et al., 2019).

A ingestdo de &cidos graxos trans é classicamente relacionada ao aumento da
concentracdo plasmatica de LDL-c e elevacdo do risco cardiovascular. Aliado a esse fato,
acidos graxos trans apresentam relacdo com a expressdo de microRNA quantificados em
fracBes de HDL (DESGAGNE et al., 2016). Ao ofertar dietas com elevado teor de &cidos graxos
trans, em um estudo duplo cego, Desgagné et al. (2016) verificaram correlacdo negativa entre
a expressdo do miR-223 e a concentracdo plasmatica de HDL, além de correlacdo positiva com
as concentracdes de proteina C reativa. Em adicdo, a expressdo do miR-135a nas particulas de
HDL foram positivamente correlacionadas com as concentracdes plasmaticas de triacilglicerois
e LDL-c (DESGAGNE et al., 2016).

De maneira similar, a expressao plasmatica de microRNA pode ser modulada pela
ingestdo de dietas com baixo teor de lipidios. No estudo de Assmann et al. (2020), a alteracdo
da expressao plasmatica de nove microRNA em individuos com obesidade foi associada ao
consumo de uma dieta com baixo teor de gordura por 16 semanas. Para 0 grupo que consumiu
a dieta com baixo teor de gordura, 0s autores observaram ainda que sete microRNA (miR-130a-
3p, miR-142-5p, miR-144-5p, miR-15a-5p, miR-22-3p, mMiR-221-3p e miR-29c-3p)
apresentaram valores de expressdo significativamente diferentes entre os individuos que
reduziram o peso corporal em comparacdo aos individuos que ndo reduziram apos as 16
semanas de intervencdo (ASSMANN et al., 2020).

Efeito positivo também pode ser observado a partir do consumo de dietas com alto teor
de fibras alimentares (PALMER et al., 2014). Estudo realizado em linhagem de células de
cancer de célon demonstrou que o tratamento com butirato — &cido graxo de cadeia curta
oriundo da fermentacdo de fibras dietéticas — diminuiu significativamente a expressédo do miR-
17, o qual esta relacionado ao desenvolvimento de cancer de colon e outros tipos de canceres
(HU et al., 2011). Outros compostos como resveratrol, quercetina, catequinas, vitaminas e
minerais apresentam indicios de efeitos benéficos para a salde por meio da modulacdo de
microRNA (QUINTANILHA et al., 2017).
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O resveratrol, por exemplo, promove a redugdo de mediadores lipidicos pro-
inflamatorios por meio da inibi¢do das enzimas ciclooxigenase 1 e 2 (COX-1 e 2), reducdo da
translocacédo subunidade p65 do NF-xB, bem como atenua a ativacéo da proteina quinase c-Jun
N terminal (JNK). Desse modo, células tratadas com resveratrol apresentaram aumento de
microRNA envolvidos nas vias anti-inflamatorias como miR-663, além de reducdo de
microRNA proé-inflamat6rios como o miR-155 e miR-21 (QUINTANILHA et al., 2017).

Além disso, a deficiéncia de nutrientes também pode alterar a expressao de microRNA.
Em células intestinais, a deficiéncia de selénio foi capaz de alterar negativamente a expressao
de 12 microRNA, tendo como possiveis vias de atuacdo o metabolismo do &cido araquidénico,
metabolismo da glutationa e estresse oxidativo (QUINTANILHA et al., 2017). J& a
suplementacdo de homens idosos com 200 pug selénio e 200 mg de coenzima Q10 por dia,
durante quatro anos, proporcionou alteracdo significativa na expressdo plasmatica de mais de
100 microRNA, os quais estavam relacionados a reducéo do risco cardiovascular, do estresse
oxidativo e da resposta inflamatoria (ALEHAGEN et al., 2017). O zinco também se mostra
relevante, uma vez que a sua deficiéncia pode causar aumento da expressdo de genes pro-
inflamatdrios, como, por exemplo, TNF-a, S100a8, 111b, Cxcl2, TIr4, e a alteracdo da expressdo
de microRNA em tecidos animais (ALDER et al., 2012; BECKETT et al.,, 2014;
QUINTANILHA et al., 2017). Em humanos, a expressdo de alguns microRNA foi modulada
por meio de uma dieta restrita em zinco, sendo esse efeito revertido apds a reposicdo desse
micronutriente (QUINTANILHA et al., 2017).

Ferrero et al. (2021) investigaram o efeito do consumo de 23 componentes alimentares
das classes de lipidios, microelementos e vitaminas na expressao de microRNA circulantes, em
120 individuos, sob diferentes padrdes dietéticos (onivoros, vegetarianos e veganos). As
analises demonstraram que o consumo de 13 componentes alimentares (colesterol, zinco, acido
oleico, PUFA, entre outros ) foi associado a expressdo de 78 microRNA, independente da dieta
adotada (FERRERO et al., 2021). Entre os nutrientes analisados pelos autores, o soédio, 0
colesterol, a vitamina D e a vitamina E foram os que mais se correlacionaram com os perfis de
expressdao de microRNA (FERRERO et al.,, 2021). A ingestdo de sddio foi associada a
alteracfes nas concentragdes de 16 microRNA plasmaticos, sendo destacado o miR-23a-3p,
encontrado com frequéncia em vesiculas plasmaticas e extracelulares (FERRERO et al., 2021).
Em conjunto, a ingestdo de colesterol foi inversamente correlacionada com as concentragdes
de quatro microRNA (miR-144-3p, miR-374a-5p, miR-1277-5p e miR-1273c), cujas funcdes

remetem a processos pro-inflamatérios (FERRERO et al., 2021).
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Relacionada a diversos processos metabolicos, a sintese de vitamina D pode ser
modulada pelo aumento da expressao do miR-21. A atuacdo desse microRNA ocorre por meio
da inibicdo dos genes que codificam a enzima 25(OH)D3-1a-hidrolase, a qual participa da
conversdo da vitamina D de sua forma inativa para a forma ativa (KURA et al., 2019). Nesse
contexto, associagdo positiva foi observada entre a expressdo do miR-21 e a deficiéncia de
vitamina D na doenga arterial coronariana, ao avaliar tecidos humanos provenientes da aorta
(SHEANE et al., 2015). Em humanos, a ingestdo de vitamina D esta associada a um namero
significativo de microRNA (por exemplo, 0 miR-144-3p e miR-let-7), sendo observada
frequentemente relacdo inversa com a ingestdo estimada desse nutriente (FERRERO et al.,
2021).

Ainda, fatores dietéticos como a ingestdo de carboidratos, porcGes diarias de gréos
inteiros e ingestdo de sacarose foram associados a alteracdo da expressdo de microRNA
(GIARDINA, S.; HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ, A.; SALAS-HUETOS, A,
SALAS-SALVADO, J.; BULLO et al., 2019; SLATTERY et al., 2017). A ingestio de
carboidratos e de sacarose foi capaz de alterar, respectivamente, 250 e 198 microRNA em
tecidos humanos de carcinoma de colon quando comparado ao tecido da mucosa normal
(SLATTERY et al., 2017). A adogdo de uma alimentagdo com quantidades moderadas de
carboidratos e baixo indice glicémico por individuos com sobrepeso ou obesidade foi capaz de
reduzir as concentracfes no plasma do miR-361 (GIARDINA, S.; HERNANDEZ-ALONSO,
P.; DIAZ-LOPEZ, A.; SALAS-HUETOS, A.; SALAS-SALVADO, J.; BULLO et al., 2019).
Por outro lado, a adocdo de uma dieta com quantidades moderadas de carboidratos e elevado
indice glicémico promoveu a reducdo das concentracdes no plasma do miR-139 e miR-340
(GIARDINA, S.; HERNANDEZ-ALONSO, P.; DIAZ-LOPEZ, A.; SALAS-HUETOS, A,
SALAS-SALVADO, J.; BULLO et al., 2019).

A fim de reunir evidéncias a respeito da associa¢do entre microRNA circulantes,
exercicio, dieta e perda de peso, um estudo de revisdo sistematica foi conduzido por Flowers,
Won e Fukuoka (2015). Neste estudo, os dados reunidos parecem atestar a associacdo entre
microRNA e exercicio. No entanto, os autores concluem que a evidéncia da associacdo entre
microRNA e dieta é fraca devido ao reduzido numero de estudos (FLOWERS; WON;
FUKUOKA, 2015).

Em suma, os microRNA surgem como alternativa para explicar as diferentes respostas
interpessoais observadas, podendo auxiliar na redugdo do risco e nos tratamentos especificos

para DCNT. No entanto, a relagdo entre a expressdo de microRNA circulantes e o padrdo
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alimentar, com énfase em determinados grupos alimentares, € um tépico emergente na literatura

cientifica, sendo necessaria a expansao dos estudos sobre o tema.
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2 OBJETIVOS

2.1 Objetivo geral

Analisar o perfil de expressdo de microRNA no plasma e verificar a relagdo com
biomarcadores cardiometabdlicos e dieta em individuos adultos participantes de um estudo de

base populacional ISA-Capital.

2.2 Objetivos especificos

- Verificar a relacdo entre o perfil de expressdo de 21 microRNA no plasma e o perfil
lipidico;

- Verificar a relagdo entre o perfil de expressdo de 21 microRNA no plasma e
biomarcadores do controle glicémico (glicose em jejum, insulina plasmatica e HOMA-IR);

- Verificar a relacdo entre o perfil de expressdo de 21 microRNA no plasma e
biomarcadores inflamatérios (IL-1p, IL-6, IL-10, proteina C reativa, TNF-a, proteina
quimiotética de mondcitos 1, inibidor do ativador de plasminogénio 1, adiponectina, leptina, e
moléculas de adesdo intercelular-1 e vascular-1);

- Verificar a interacdo entre o perfil de expressdao de 21 microRNA e componentes
alimentares que apesentam participacdo na reducdo ou aumento do risco de desenvolvimento

de doencas cronicas nao transmissiveis.
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3 APRESENTACAO DOS ARTIGOS QUE COMPOEM A TESE

O presente trabalho se configura na forma de coletanea de artigos, composta por quatro
trabalhos originais, dos quais dois foram publicados em periddicos indexados. A
fundamentacédo que norteou a concepcgao desses trabalhos € apresentada a seguir, e os resultados
completos estdo detalhadamente discutidos na se¢do dedicada a Resultados e Discussao.

Inicialmente, foi realizada uma busca sistematica na literatura com o propoésito de
identificar microRNA previamente quantificados e validados no plasma humano, que
apresentassem associacdo com biomarcadores cardiometabdlicos. A busca resultou na
elaboracdo de uma revisao sistematica, publicada no periédico Metabolites (manuscrito 1), em
2022, cujo objetivo foi sintetizar as evidéncias das relacbes entre microRNA circulantes e
fatores de risco para sindrome metabolica. A pesquisa serviu de fundamento para a selecdo dos
microRNA examinados no presente estudo.

Em seguida, tendo como base as lacunas identificadas na revisdo sistemética, foi
idealizado um artigo com os resultados originais. O objetivo principal do artigo foi avaliar as
concentracdes de 21 microRNA no plasma de individuos adultos, considerando os fatores de
risco associados a SM. O artigo foi publicado, no ano de 2022, no periédico Metabolites
(manuscrito 2).

A inflamacdo cronica é um dos pilares das alteracdes metabolicas relacionadas a SM.
Em conjunto, o padrdo dietético do individuo esta relacionado ao desenvolvimento de fatores
de risco como obesidade, dislipidemia e resisténcia a insulina, que por sua vez, promovem a
inflamacdo. Nesse contexto, a fim de explorar os aspectos dietéticos relacionados a inflamacgéo
na amostra estudada, foi desenvolvido um artigo cientifico em colabora¢do com pesquisadores
da Universidade de Newcastle (Inglaterra) e da Universidade da Carolina do Sul (Estados
Unidos) (manuscrito 3).

Por fim, estudos tém indicado que a dieta desempenha um papel na modulacdo da
expressao de microRNA no organismo, embora essa relacéo tenha sido pouco explorada. Desse
modo, foi investigada a relagdo entre o consumo de dez grupos alimentares e a expressao
plasmética de 21 microRNA. A selecdo dos grupos alimentares baseou-se nas alegagdes de
salde e possivel relagdo com a satude metabdlica, a resposta inflamatdria e o risco de DCNT

(manuscrito 4).
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4 MATERIAL E METODOS

O presente trabalho trata-se de um segmento do projeto de pesquisa intitulado “Estilo
de vida, marcadores bioquimicos e genéticos como fatores de risco cardiometabolico: Inquérito
de Saude na cidade de Sdo Paulo”, denominado ISA-Nutricdo 2015. O projeto foi aprovado na
modalidade Auxilio & Pesquisa — Projeto Tematico, da Fundacdo de Amparo a Pesquisa do
estado de Sao Paulo (FAPESP) (Processo 2017/05125-7).

O ISA-Nutricdo 2015 corresponde a uma subamostra da Pesquisa de Saude de S&o
Paulo 2015 (ISA-Capital 2015), que foi criada com o intuito de reunir informacdes acerca das
condicdes de vida, estado de salde, estilo de vida e uso de servicos de salde da populacdo da
cidade de Séo Paulo (FISBERG et al., 2018). O ISA-Capital trata-se de um estudo transversal
de base populacional realizado de forma periddica (aproximadamente, a cada cinco anos), que
foi criado a partir do convénio firmado entre a Secretaria Municipal da Satde de Sdo Paulo e 0
Centro de Apoio a Faculdade de Saude Publica da Universidade de Sdo Paulo (CESAR et al.,
2005).

4.1 Amostragem ISA-Nutricdo 2015

O estudo ISA-Capital 2015 utilizou amostragem probabilistica estratificada por sorteio
em varios estagios. Na primeira etapa foram selecionados aleatoriamente 30 setores censitarios
urbanos de cada area geografica para atendimento a saude (Norte, Centro-Oeste, Sudeste, Sul e
Leste), totalizando 150 unidades primarias de amostragem no municipio. Em sequéncia, foram
selecionados sistematicamente 18 domicilios particulares em cada setor censitario,
considerando cada dominio demogréfico utilizado para o planejamento da amostra (area
geogréfica de atendimento a salde, distrito/setor, faixa etaria e sexo). Desse modo, foi estimada
amostra total de 4.250 pessoas, com o nimero maximo de 850 pessoas em cada area geogréafica
para atendimento a satde. Dos individuos selecionados, o total de 4059 aceitaram participar
(FISBERG et al., 2018).

O ISA-Nutricao 2015 foi composto por uma subamostra do ISA-Capital 2015 e tinha
como objetivo incluir 900 individuos, distribuidos igualmente em trés faixas etarias:
adolescentes (idade de 12 a 19 anos), adultos (idade de 20 a 59 anos) e idosos (idade >60 anos).
O plano de amostragem estimou propor¢cdes de 0,50, com erro amostral de sete pontos
percentuais, considerando intervalo de 95% de confianca e efeito de delineamento de 1,5. Com
isso, daqueles que concordaram em participar do ISA-Capital 2015 (n = 4.059), 1.737
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individuos foram selecionados aleatoriamente para o ISA-Nutricdo 2015 e responderam ao
primeiro recordatorio alimentar de 24 horas. Esses participantes foram convidados para a
segunda fase da pesquisa, na qual, o total de 901 individuos concordaram em fazer a coleta de
sangue, realizar as avaliacOes antropométricas e de pressdo arterial e responder ao segundo
recordatdrio alimentar de 24 horas (FISBERG et al., 2018).

4.2 Delineamento do estudo

O estudo em tela apresenta delineamento transversal, de base populacional, no qual foi
avaliada uma subamostra de 200 individuos adultos, com idade de 20 a 59 anos, que
participaram do ISA-Nutricdo 2015. As coletas de dados foram realizadas no periodo de
fevereiro de 2015 a fevereiro de 2016, no municipio de Sao Paulo (FISBERG et al., 2018).

A escolha da subamostra foi realizada considerando como critérios de exclusdo a
presenca de doencas inflamatdrias agudas, cancer e o uso de medicamentos (antibioticos, anti-
inflamatorios, imunomoduladores, antirretrovirais) que possam interferir nos biomarcadores de
interesse. No estudo ISA-Capital 2015 ndo participaram individuos que faziam uso de dieta
enteral e/ou parenteral, bem como mulheres em periodo de gestacdo ou lactacdo. Além disso,
foram selecionados apenas os individuos com dados completos para as variaveis
antropométricas, pressdo arterial sisttmica e biomarcadores glicémicos, lipidicos e

inflamatorios.

4.3 Coleta de dados

4.3.1 Dados antropométricos e de pressao arterial sistémica

As medidas de peso, estatura e circunferéncia da cintura foram aferidas seguindo
metodologia proposta pela Organizacdo Mundial da Saude e adotada pelo Sistema de Vigilancia
Alimentar e Nutricional (MINISTERIO DA SAUDE, 2011). O IMC foi calculado utilizando
os valores de peso e estatura aferidos, de acordo com a formula (peso (kg)/altura (m)?) e o
resultado analisado de acordo com a classificagdo proposta pela Organizagdo Mundial de Saude
(WORLD HEALTH ORGANIZATION, 2000). Com relagdo a afericdo da pressdo arterial,
utilizou-se a técnica oscilométrica e a afericdo foi verificada em triplicata, em ambos os bracos,
com o auxilio de aparelho automatico (Omron model HEM-712C, Omron Health Care, Inc,
EUA).



33

A determinagéo da SM seguiu a classificagdo da International Diabetes Federation
(2005), sendo definida pela presenca de pelo menos trés dos cinco critérios a seguir:
circunferéncia da cintura > 80 cm para mulheres ou > 90 cm para homens, HDL-c < 50 mg/dL
para mulheres ou < 40 mg/dL para homens, triacilglicerois > 150 mg/dL, pressdo arterial
sistélica > 130 e diastolica > 85 mmHg e glicemia em jejum > 100 mg/dL. Com relacdo ao
indice de massa corporal, utilizou-se os critérios da Organiza¢do Mundial da Saude (WORLD
HEALTH ORGANIZATION, 2000).

4.3.2 Dados dietéticos

Os dados utilizados para a avaliagdo do consumo alimentar foram coletados a partir da
aplicacdo de recordatorio alimentar de 24 horas (R24h) (presencialmente e por ligacdo
telefénica) baseando-se no Multiple Pass Method e no Automated Multiple Pass Method
(AMPM), respectivamente (GUENTHER et al., 1995). Os dois R24h foram aplicados ao longo
de todo o ano, com a finalidade de minimizar o viés de mudangas alimentares nos finais de
semana e diferentes estacGes do ano.

Os valores de energia e nutrientes oriundos dos R24h foram quantificados com o
auxilio do software Nutrition Data System for Research (NCC, Minessota, USA), o qual utiliza
os valores dos nutrientes presentes na USDA National Nutrient Database Standard Reference.
Visto o programa apresentar uma base de dados americana, foi realizada a validag&o do valor
nutricional dos alimentos utilizando tabelas de composicdo de alimentos nacionais (TACO e
TBCA), sendo utilizados apenas os alimentos que obtiveram percentuais de concordancia entre
80% e 120% dos valores de energia e macronutrientes. Além disso, foram traduzidos mais de
700 itens alimentares, preparacGes e métodos de preparo, bem como incluidas, de maneira
padronizada, preparacdes tipicamente brasileiras utilizadas pela populacdo de estudo. O banco
de dados gerado foi avaliado quanto a consisténcia dos dados digitados, sendo considerados
inconsistentes valores de energia menores que 800 ou maiores que 4000 kcal/dia (FISBERG et
al., 2002; FISBERG; MARCHIONI, 2012).

4.3.3 Material bioldgico
Cerca de 30 mL de sangue foi colhido dos participantes em jejum (12 a 14 horas), por

meio de puncdo venosa, com o auxilio de seringas estéreis e descartaveis, por profissionais

especializados, no domicilio dos participantes, de acordo com agendamento prévio. Os
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participantes foram orientados a ndo consumirem bebidas alcodlicas nas 72 horas que
antecederam a coleta de sangue, bem como a evitarem exercicios fisicos intensos no dia anterior
e no dia agendado para coleta de sangue.

O sangue foi coletado em tubos secos e em tubos contendo os anticoagulantes acido
etilenodiaminotetracético (EDTA) e fluoreto de sodio, armazenados em isopor com gelo
reciclavel e transportados para o Laboratorio de Gendmica Nutricional e Inflamagdo da
Faculdade de Saude Publica da Universidade de Sdo Paulo. Aliquotas de soro e de plasma foram
separadas por meio de centrifugacdo e armazenadas em freezer -80 °C, para a posterior
determinacdo dos marcadores glicémicos, lipidicos, inflamatérios e avaliagdo da expresséo dos
microRNA de interesse.

4.4 Determinacdo de marcadores glicémicos e lipidicos

A concentracdo plasmatica de glicose em jejum foi determinada por meio do método
enzimatico colorimétrico da glicose oxidase e utilizando kits de reagentes da Cobas® (Roche
Diagnostics GmbH®, Mannheim, Alemanha). A partir do plasma extraido do tubo contendo
EDTA realizou-se a dosagem de insulina, por meio de imunoensaio multiplex, utilizando-se o
kit LINCOplex® (Linco Research Inc., St. Charles, MO, EUA). O HOMA-IR foi calculado

utilizando a seguinte férmula:

HOMA-IR = insulina plasmatica em jejum (uU/ml) x

glicose plasmatica em jejum (mmol/l) / 22,5

O ponto de corte adotado para 0 HOMA-1R foi de 2,71, como proposto no estudo de
Geloneze et al. (2009), validado para a populacéo brasileira.

A determinacdo das concentracdes de colesterol total, LDL-colesterol, HDL-colesterol
e triacilglicerdis foi realizada por meio de métodos enzimaticos colorimétricos, utilizando-se
reagentes da Cobas® (Roche Diagnostics GmbH, Mannheim, Alemanha). A concentragéo de
VLDL-colesterol (Very-low-density lipoprotein) foi calculada por meio da divisdo da

concentragdo de triacilglicerois por cinco.
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4.5 Determinacao dos biomarcadores inflamatorios

As concentragdes plasmaticas dos biomarcadores IL-1p, IL-6, IL-10, fator de necrose
tumoral alfa, proteina quimiotatica para monadcitos-1, inibidor do ativador do plasminogénio-1,
adiponectina, leptina e das moléculas de adesdo soluveis intercelular-1 e vascular-1 foram
determinadas com o auxilio de kits MILLIPLEX® map (Cat. n°®° HCYTOMAG-60K-05,
HADK1MAG-61K-02, HCVD2MAG-67K-02, EZHL-80SK; Merck Millipore Corporation,
Darmstadt, Alemanha).

A deteccdo dos biomarcadores ocorreu por meio de fluorescéncia, que € emitida apos
a ligacdo aos anticorpos especificos unidos a fluoréforos, seguida da reacdo com o anticorpo
secundario marcado com ficoeritrina. A fluorescéncia emitida é diretamente proporcional a
quantidade de analito capturado, que séo identificados por graduacgéo de cores e quantificados
baseando-se em uma curva padrdo. A quantificacdo da proteina C reativa ultrassensivel
plasmatica foi realizada por meio da técnica de ELISA (Enzyme-Linked Immunosorbent
Assay), utilizando o kit de analise (Cat. n® HEA821Hu; Cloud-Clone Corp., Houston, TX,
EUA).

4.6 Analise do perfil de expressdo de microRNA

Os microRNA analisados foram selecionados ap0s a revisao sistematica da literatura.
No total, foram selecionados 21 microRNA previamente identificados em plasma humano, o0s
quais demonstraram associacdo com biomarcadores glicémicos, lipidicos, inflamatorios e

excesso de peso/obesidade (Tabela 1).

Tabela 1 — MicroRNA avaliados no plasma de humanos associados ao excesso de peso,
obesidade, a resposta inflamatdria e ao metabolismo da glicose e de lipidios.

(Continua)
microRNA
Associacéo Referéncias
Downregulated Upregulated
. miR-16
miR-130b ; MA; FU; GARVEY, 2018; ORTEGA et
Ex/ce;so_((jje | miR-146b m'R'l‘;OZ'ZSp al., 2014; PRATS-PUIG et al., 2013;
peso/obesidade MiR-223 miR- ZHAO et al., 2017

miR-376a
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Tabela 1 — MicroRNA avaliados no plasma de humanos associados ao excesso de peso,
obesidade, a resposta inflamatdria e ao metabolismo da glicose e de lipidios.

(Concluséo)

microRNA
Associacao Referéncias
Downregulated Upregulated
) ) CANDIA et al., 2017; DONGHUI et al.,
Inflamacio miR-28-3p miR-363 2019; ORTEGA et al., 2014; PRATS-
¢ miR-126 miR-486-5p PUIG et al., 2013; WANG et al., 2014;
ZAMPETAKI et al., 2010
miR-15a miR-30 a-5p JIMENEZ-LUCENA et al., 2018; WANG
; o o - etal, ;
M;Ei%?}:'iigqo nTi:?R-3201d m:giég etal., 2014; ZAMPETAK I et al., 2010
miR-375
. miR-139-3p GIARDINA et al., 2019; ORTEGA et al.,
Metabolismo mMiR-532-5p - 2014; PRATS-PUIG et al., 2013; ZHAO
lipidico ot 7e etal., 2017

A anélise de expressdo dos 21 microRNA no plasma foi realizada por real-time qPCR,
utilizando BioMark™ 96.96 Fluidigm Dynamic Array (PJ1910334) no laboratério IntegraGen
(Evry, Franca). Todas as amostras foram controladas quanto a hemdlise por meio da medicéo
de hemoglobina livre a 414 nm utilizando placa NanoQuant em um espectrofotémetro TECAN
(Ménnedorf, Suiga). Amostras com valor de absorbancia acima de 0,22 foram identificadas
como hemolisadas e descartadas. O célculo foi baseado nos resultados do estudo de Kirschner
et al. (2013) realizado com microRNA caracteristicos de hemolise: miR-16 e miR-451.

O RNA total foi extraido de 300 uL de plasma, usando kit de purificacdo de RNA
exossdémico e de circulacdo de plasma/soro (cat.42800) Norgen® (Thorold, ON, Canadd),
seguindo o protocolo padréo do fabricante. As amostras foram enriquecidas com cel-miR-39-
3p 2,7* uM (IDT) e o RNA foi eluido em 80 pL de tamp&o de eluigio.

Para a transcricdo reversa foram utilizados 15 pL da solucdo eluida de RNA e o kit
miRCURY LNA RT (Cat.339340) da Qiagen-Franga, de acordo com as instru¢bes do
fornecedor. Para as reagdes, foi utilizado UniSP6 como controle “spike-in” (parte do kit Spike-
in Cat.339390) fornecido pela Qiagen-France (Coutaboeuf).

A pré-amplificacdo foi realizada usando iniciadores de ensaio miRCURY LNA
microRNA PCR (Cat.339306) Qiagen-Franca (Coutaboeuf), para os 21 microRNA de interesse
mais RT Spike-in UniSp6 e Extraction Spike-in cel-miR-39. O produto da transcri¢éo reversa
foi purificado com Exonuclease | (Cat. M0293) New England Biolabs France (Evry) e diluido
na concentracdo 1:10. Logo depois, 1,25 pL de cDNA diluido foi pré-amplificado usando
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Fluidigm (Les Ulis-France) PreAmp Master mix (Cat 100-5580) e mistura de primers em 5 puL
de volume de reacédo de acordo com as especificacdes do fornecedor.

O produto oriundo da pré-amplificacao foi diluido na concentracao 1:10 usando Biotium
(Fremont, CA) - Fast Probe Master Mix (Cat.310005) e adicionado (1,5 pL) em triplicata em
matrizes dindmicas 96x96 IFC (Cat. BMK-M-96.96) Biomark TM ambos da Fluidigm (Les
Ulis-France) para cada ensaio gPCR de acordo com o protocolo do fornecedor.

A amplificacdo gRT-PCR seguiu o protocolo padrdo recomendado pela Exigon
Fluidigm-BioMark e consiste no aquecimento e desnaturacédo a 95 °C por 10 minutos, 30 ciclos
a 95 °C por 10 segundos, seguido de anelamento/extensdo (60 °C, 1 minuto).

O valor do ciclo de quantificacdo (Threshold Cycle - Ct) foi definido como o numero
do ciclo na emisséo de fluorescéncia que excede o de um limite fixo. Valores de Ct no intervalo
de 15 a 30 foram considerados elevada expressao e valores Ct de 35 foram consideradas
reduzida expressdo. Valores de Ct superiores a 40 foram considerados microRNA indetectavel.
Os dados brutos foram expressos em Ct por amostra x ensaio microRNA. A normalizacéo dos
dados foi realizada usando o gerenciador RQ 1.2.1 e o Data Assist v3.0 da Applied Biosystems.

A média geométrica dos Cts obtidos na analise de cel-miR-39 e UniSp6 foi utilizada
para normalizacdo dos resultados, subtraindo o valor da média dos valores de Cts. A
quantificacdo da expresséao relativa dos microRNA estudados foi feita utilizando a equagéo,

previamente estabelecida na literatura:

2°84¢t (fold change), onde ACt = Ct (gene alvo) - Ct (gene de referéncia) e AACt = ACt

(amostra alvo) - ACt (amostra de referéncia).

4.7 Determinacéo do consumo de grupos alimentares

Foi investigado o consumo de 10 grupos de alimentos adaptados a partir do trabalho
What We Eat in America (WWEIA) (RHODES et al., 2017). Essa adaptacdo foi descrita
anteriormente por Fisberg et al. (2021), com objetivo de classificar todos os alimentos
consumidos pela populacdo latino-americana e agrupa-los nos grupos de alimentos mais
relevantes propostos pelo WWEIA.

De forma sucinta, o WWEIA foi desenvolvido para ser utilizado em conjunto com 0s
dados oriundos do National Health and Nutrition Examination Survey (NHANES) e do Food
and Nutrient Database for Dietary Studies (FNDDS), mas vem sendo aplicado em outras

populacbes (RHODES et al., 2017). O sistema de categorizacdo foi criado a fim de agrupar
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alimentos e bebidas que sdo semelhantes em termos de uso e conteddo nutricional na dieta
americana (RHODES et al., 2017). O banco de dados original do WWEIA contém
aproximadamente 8600 itens alimentares, atribuidos a uma das 153 categorias de alimentos e
organizados em 46 subgrupos e 15 categorias principais (FISBERG et al., 2021; RHODES et
al., 2017).

As 15 categorias principais do WWEIA englobam: leite e produtos l&cteos, alimentos
proteicos, frutas, vegetais, grdos, pratos mistos, gorduras e 0leos, petiscos e doces, agucares,
bebidas nédo alcodlicas, bebidas alcodlicas, agua, condimentos e molhos, formulas infantis e
comida para bebés (RHODES et al., 2017). Para a adaptacdo das categorias do WWEIA para o
contexto latino-americano, os autores avaliaram todos os alimentos consumidos em cada um
dos oito paises e os distribuiram em seus respectivos grupos de alimentos (FISBERG et al.,
2021). No caso de alimentos regionais, foram criados grupos adicionais, quando necessario,
para melhor refletir as caracteristica nutricionais (FISBERG et al., 2021). Foram mantidos 0s
alimentos originais nos seus respectivos grupos, independente do consumo e disponibilidade,
para manter a comparabilidade internacional. A adaptacdo foi verificada por um painel de
especialistas (FISBERG et al., 2021).

A escolha da utilizagdo do WWEIA ¢ fundamentada nas evidéncias desses itens
alimentares apresentarem efeitos protetores ou nocivos para a salde do individuo,
relacionando-se ao desenvolvimento de DCNT (FISBERG et al., 2021). Desse modo, foi
avaliado o consumo dos seguintes itens alimentares: frutas, vegetais, feijoes, nozes e sementes,
grdos integrais, leite, peixes, carne vermelha ndo processada, carnes processadas e bebidas
acucaradas (Tabela 2) (FISBERG et al., 2021).

Tabela 2 - Descricdo dos 10 grupos de alimentos avaliados em adultos brasileiros, adaptados
do estudo “What We Eat in America (WWEIA)”.

(Continua)
Grupos alimentares Descricao
Frutas Todos os tipos de frutas, exceto suco
Vegetais Todos os tipos de vegetais, exceto feijoes e batatas
Feijoes Feijdo carioca, feijdo preto, grdo-de-bico, ervilhas
Nozes e sementes Améndoas, castanha-do-brasil, amendoins, nozes e sementes
Gréos integrais Biscoitos integrais, paes integrais, macarrdo integral, arroz integral,
cereais matinais, aveia
Peixe Bacalhau, sardinhas, atum, peixes brancos, tilapia, salméo, frutos

do mar (frescos e enlatados)
Leite Leite, iogurtes, leite fermentado
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Tabela 2 - Descrigdo dos 10 grupos de alimentos avaliados em adultos brasileiros, adaptados
do estudo “What We Eat in America (WWEIA)”.
(Concluséo)

Grupos alimentares Descricao

Carne vermelha Carne bovina, carne moida, costelas de carne bovina, costeletas de
porco, costelas de porco, lombo de porco, exceto para aves, peixes,
0VO0s e carnes processadas

Carnes processadas Salsichas, salsichas frankfurt, nuggets, bacon, presunto, mortadela,
salame, roshife
Bebidas acucaradas Bebidas prontas para consumo com adicéo de agucar

Os grupos de alimentos foram quantificados de acordo com Rhodes et al. 2017 e Fisberg et al. 2021.

O consumo usual dos 10 grupos de alimentos foi estimado usando o método do NCI
(National Cancer Institute) (NATIONAL CANCER INSTITUTE, 2023). O método consiste
em duas partes, nas quais, primeiro utiliza-se regressdo logistica com um efeito aleatério
especifico do individuo para estimar a probabilidade de consumo, e na segunda parte, utiliza-
se regressdo linear em uma escala transformada com um efeito especifico individual
(NATIONAL CANCER INSTITUTE, 2023). Por fim, ambas as partes sdo incorporadas
permitindo a correlacdo entre os impactos individuais especificos e adicdo de covariaveis
compartilhadas em ambas as partes do modelo (NATIONAL CANCER INSTITUTE, 2023) .

4.8 Determinacéo do indice inflamatério da dieta (Dietary Inflammatory Index - DII®)

O indice inflamatério da dieta (DII®) foi desenvolvido para quantificar o potencial
inflamat6rio das dietas dos individuos, em uma escala desde méaxima anti-inflamatéria
(pontuacdo mais negativa) até maxima pré-inflamatéria (pontuacdo mais positiva). O
desenvolvimento do DIl foi descrito em detalhes previamente (SHIVAPPA et al., 2014).
Resumidamente, o algoritmo de pontuacdo do DIl foi baseado em uma revisdo cuidadosa da
literatura, por meio da qual foram selecionados 1.943 artigos e que resultou na identificacdo de
45 parametros alimentares, conforme segue: macronutrientes, incluindo categorias especificas
de &cidos graxos, carboidratos e proteinas; micronutrientes, incluindo vitaminas e minerais;
flavonoides; alimentos integrais e itens incluindo ervas e especiarias) (SHIVAPPA et al., 2014).
Esses parametros foram selecionados devido a existéncia de literatura suficientemente robusta
da relagdo com seis biomarcadores inflamatérios: interleucinas IL-1p, 1L-4, IL-6, IL-10, TNF-
a e proteina C reativa (SHIVAPPA et al., 2014).

Para o calculo do DII, no presente trabalho, foram utilizados os valores de autorrelato
para 28 desses parametros alimentares: energia, carboidratos, proteinas, gordura total, gordura
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saturada, colesterol, gordura trans, fibra, vitamina A, vitamina C, vitamina B12, vitamina D,
vitamina B6, vitamina E, beta-caroteno, &cido fdlico, ferro, magnésio, acido graxo
monoinsaturado, &cido graxo poli-insaturado, zinco, niacina, riboflavina, selénio, tiamina, ch4,
alcool, alho e cebola. Os 28 parametros alimentares utilizados foram selecionados de acordo
com o consumo habitual brasileiro e na disponibilidade da composicdo centesimal em tabelas
de composicao de alimentos.

Os valores autorrelatados foram transformados em pontuacdes Z utilizando uma base
de dados comparativa global, composta por dados de 11 paises, subtraindo do valor
autorrelatado do individuo a média da base de dados global e, posteriormente, dividindo pelo
desvio padrdo (SHIVAPPA et al., 2014). Essas pontuacOes foram entdo convertidas em
proporcoes (ou seja, com valores variando de 0 a 1) e centralizadas em zero, duplicando cada
uma e subtraindo 1. As proporcdes centralizadas foram entdo multiplicadas por seus respectivos
coeficientes (pontuacdes gerais de efeito inflamatorio especificas dos parametros alimentares)
para obter pontuacdes do DII para cada parametro alimentar. Por fim, as pontuacfes foram
somadas para obter a pontuacdo geral do DIl (SHIVAPPA et al., 2014).

As pontuacdes do DIl ajustado pela energia (E-DII) foram calculadas usando a
abordagem de densidade, calculando o DIl por consumo de 1.000 kcal. Isto empregou 0 mesmo
procedimento de pontuacdo, contudo depende de uma base de dados de comparagédo global
ajustada a energia (SHIVAPPA et al., 2014, 2019). As pontuacGes DIl e E-DII tém um intervalo
potencial de aproximadamente -9 a +8; isto €, de minimamente a maximo pro-inflamatério,
respectivamente. O DIl e o E-DII sdo pontuados de forma semelhante e dimensionados de
forma idéntica; portanto, as pontuaces sdo comparaveis entre os estudos (SHIVAPPA et al.,
2019). Para este estudo, 29 dos 45 parametros alimentares foram utilizados para calcular a
pontuacdo geral do DIl de um individuo. Para o E-DII, a energia estava no denominador; entdo,
28 parametros foram usados para calculo. A decisdo de usar o DIl ou E-DII foi baseada na

qualidade do ajuste do modelo ou na capacidade explicativa geral do modelo.

4.9 Aspectos éticos

Os participantes foram esclarecidos acerca dos aspectos metodoldgicos do estudo,
procedimentos aos quais foram submetidos, destino do material biologico coletado e do direito
de desligar-se da pesquisa em qualquer momento, sem constrangimentos. Todos 0s
participantes assinaram o Termo de Consentimento Livre e Esclarecido, elaborado de acordo
com as ResolugGes CNS n° 441/2011 e n° 466/2012 (BRASIL, 2011; 2012) que tratam da
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protecdo dos participantes e orienta procedimentos referentes as pesquisas que necessitam de
experiéncias com humanos.

O estudo foi aprovado pelo Comité de Etica em Pesquisa da Faculdade de Salde
Publica da Universidade de S&o Paulo (CAAE 43838621.7.0000.5421 e 003.0.162.000-08) e
pela Secretaria Municipal da Satde de Sao Paulo (CAAE 36607614.5.0000.5421).

4.10 Analise estatistica

As andlises estatisticas foram desenvolvidas de maneira especifica para cada manuscrito
e encontram-se integralmente descritas nos tépicos correspondentes.

Em sintese, a distribuicdo dos dados avaliados foi verificada por meio do teste de
Shapiro-Wilk e histogramas. Foram aplicados testes ndo-paramétricos, bem como, alguns dados
foram transformados em logaritmo natural quando necessario. Os dados foram apresentados
em medidas de tendéncia central (média ou mediana), de disperséo (intervalo de confianca de
95% ou erro padrdo), frequéncias absoluta e relativa.

Para a avaliacdo do perfil de expresséo plasmética de microRNA no contexto da SM, o0s
individuos foram distribuidos de acordo com a presenga ou auséncia de sindrome metabdlica,
quantidade de fatores de risco (0, 1-2 ¢ > 3), bem como, de acordo com a classifica¢do do indice
de massa corporal. No primeiro caso, utilizou-se teste de Mann-Whitney para amostras
independentes e, para os demais, o teste de Kruskal-Wallis, seguido do teste de Dunn. Para os
dados categoricos foi aplicado o teste do qui-quadrado de Pearson.

Para analise do indice inflamatorio da dieta (Dietary Inflammatory Index — DII®), os
individuos foram distribuidos em quartis da pontuacdo do DIl A diferenca entre quartis foi
avaliada pelo teste de Wald ajustado com correcdo de Bonferroni para variaveis continuas. O
teste qui-quadrado de Pearson foi utilizado para variaveis categéricas a fim de identificar
diferencas nas proporcdes.

A associacdo entre os quartis do DIl ajustado para energia e biomarcadores
inflamatdrios e consumo de grupos de alimentos foi testada utilizando modelos de regressédo
linear, ajustados para a ingestéo total de energia, sexo, idade e indice de massa corporal.

Todas as analises supracitadas foram realizadas considerando 0s pesos amostrais e 0
efeito de delineamento no Stata/SE e foram realizadas sob um nivel de significancia de 0,05.

Modelos lineares generalizados (Generalized linear models - GLMs) foram aplicados
para examinar relagfes complexas entre a concentracdo plasmatica de 21 microRNA e o

consumo de 10 grupos alimentares, com o efeito de mdltiplas covaridveis e considerando a
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distribuicdo ndo normal de algumas variaveis. Trés distribuicdes de probabilidade distintas -
normal, gama e inversa Gaussiana - foram comparadas usando diferentes fungdes de ligacéo
em um modelo GLM. O Critério de Informacéo de Akaike (AIC) foi empregado como critério
de comparacao, sendo um escore AIC menor indicativo de um melhor ajuste aos dados.
Coeficientes e seus respectivos intervalos de confianga de 95% foram aplicados para estimar o
impacto das covariaveis (idade, sexo e IMC), e a significancia estatistica das covariaveis foi
determinada usando o teste de Wald. A anélise foi realizada usando o software R verséo 4.2.3

e 0 pacote survey, com um nivel de significancia estabelecido em p < 0,05.
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5 RESULTADOS E DISCUSSAO
5.1 Primeiro Manuscrito
Circulating microRNA related to cardiometabolic risk factors for metabolic syndrome: a

systematic review

Artigo publicado no periddico Metabolites

Branddo-Lima PN, Carvalho GB, Payolla TB, Sarti FM, Rogero MM. Circulating microRNA
Related to Cardiometabolic Risk Factors for Metabolic Syndrome: A Systematic Review.
Metabolites. 2022 Oct 30;12(11):1044. doi: 10.3390/metab012111044. PMID: 36355127;
PMCID: PMC9692352.
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Abstract: MicroRMA regulates multiple pathways in inflammatory response, adipogenesis, and glu-
cose and lipid metabolism, which are involved in metabolic syndrome (MetS). Thus, this systematic
review aimed at synthesizing the evidence on the relationships between circulating microRMNA and
risk factors for MetS. The svstematic review was registered im the PROSPERO database
(CRD42020168100) and included 24 case-control studies evaluating microRMA expression in se-
rum/plasma of individuals 25 years old. Most of the studies focused on 13 microEMAs with higher
frequency and there were robust connections between mik-146a and miK-122 with risk factors for
MetS, based on average weighted degree. In addition, there was an association of mik-222 with
adiposity, lipid metabolism, glycemic metabolism, and chronic inflammation and an assedation of
mik-126, mik-221, and mik-423 with adiposity, lipid, and glycemic metabolism. A major part of
circulating microRMNA was upregulated in individuals with risk factors for MetS, showing correla-
tions with glycemic and lipid markers and body adiposity. Circulating microRMNA showed distinct
expression profiles according to the clinical condition of individuals, being particularly linked with
increased body fat. However, the exploration of factors associated with variations in microRMNA
expression was limited by the variety of microRMNAs investigated by risk factor in diverse studies
identified in this systematic review.

Keywords: miEMNA; serum; plasma; obesity; type 2 diabetes; metabolic syndrome

1. Introduction

Dwslipidemia, high blood pressure, hyperglyeemia, insulin resistance, and obesity
are cardiometabolic risk factors associated with metabolic syndrome (Met5) and noncom-
municable diseases (NCD) [1-4]. MetS is low-grade systemic inflammation, or meta in-
flammation, meaning it comprises a metabolically triggered inflammation process [2,4,5].
This condition is related to the expansion of white adipose tissue, consisting of hypertro-
phy and hyperplasia of adipocytes [2,4,5]. Exposure of adipocytes to oxidative stress and
overexpression of inflammatory cytokines induce cellular responses, mediated by cellular
kinases, i.ncludihg JNEK and IKK, which are related to the inactivation of the insulin recep-
tor substrate, resulting in impaired insulin action and sensitivity, an important risk factor
for MetS [5].

MicroRMA corresponds to small non-coding RNA molecules (21-23 nucleotides) that
regulate numerous processes related to metabolic diseases [6]. MicroENA mediates gene
expression through post-transcriptional mechanisms [6]. Circulating microRMAs are pre-
sent in extracellular fluids (e.g., plasma) and tissues and may be secreted in vesicles (exo-
somes, microvesicles, and apoptotic bodies) or combined with proteins (argonauts—
AGO, low- and high-density lipoproteins —LDL and HDL—and nucleophosmin 1—

Metabolites 2022, 12, 1044, htps:/idoi.org/10.339%0 metabo 12111044
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INFMI) [7.8]. These small ENA molecules are potential biomarkers for cardiometabolic
diseases and may comprise markers for investigation of NCD early risk [9,10].

Recent studies have fooused on the relationship of drouating microFINA in relation
to different metabolic conditions, especially obesity [11-15], type 2 diabetes (T2D) [15-15],
MetS [9,19 20], and hypertension [15,21,22], which are major risk factors for the develop-
ment of systemic complications [15]. In this context, evidence showed an association be-
tween miR-122 expression and increased risk for MetS and T2D [23,24]; higher plasma
expression of mik-222 and fasting glhicose and %eHbAlc in individuals with T2D [25]; and
potential nse of miR-130b as a biomarker for obesity [9,10].

Considering the scarcity of evidence on the link between MetS and dreulating mi-
croBIMNA, the investigation of conmections between microRNA and diabetes, hypertension,
dyslipidemia, and cbesity may shed light on pathways related to MetS. In addition, cir-
culating microRMNA may present diverse patterns during various life stages; therefore,
their connections with health conditions related to MetS may require different interpreta-
tions. Thus, the systematic review aimed to identify and integrate the evidence on the
relationships between crculating microRINA and main risk factors for Mets in diverse life
stages, highlighting the potential use of microRINA as MetS biomarkers.

2. Materials and Methods

The systematic review was prepared according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (FRISMA) [26], supplemented by the reporting of
Meta-analyses of Observational Studies in Epidemiology (MOOSE) [27]. Considering that
the analysis was based on evidence published in sdentific studies without possibility of
identification of subjects, the requirements were waived for ethical approval by Research
Ethics Committee and application of informed consent. The study protocol was registered
in the International Prospective Register of Systematic Reviews (PEOSPEREQ) database
{registration mumber CRD42020168100).

2.1, Search Strategy

The literature search was performed in March 2020 on Lilacs, FUBMED/Medline,
Embase, Web of Sdence, Scopus, and ClinicalTrials gov, and gray literature on Google
Scholar. Keywords related to glycemic and lipid metabolism, inflammation, and owver-
weight/obesity were combined using Boolean terms in the search (Supplementary Table
51). In addition, the authors performed manual search of additional studies in the refer-
ences dted in eligible studies. The search strategy was performed without restriction re-
ferring to publication date or language. However, one article published in Chinese was
excluded from the analysis due to limitations identified in the translation from Chinese to
English

2.2, Eligiility Criferia

The present systematic review focused on cross-sectional studies investigating MetS
factors {diabetes, obesity, dyslipidemia, hypertension, and/or dyslipidemia), published in
full version and induding case and control groups. Considering that individuals under 5
vears old should experience important developmental milestones that potentially affect
microFINA expression, only studies including individuals =5 years old were incuded,
evaluating the relationship between micooRINA levels in semum/plasma and biomarkers
related to glveemic and/or lipid metabolism, inflammation, and/or anthropometric varia-
bles. Eligible studies should include a control group comprising individuals without the
clinical condiion under investigation in the case group (healthy vs. unhealthy group). In
addition, studies should include only individuals with one disease or metabolic compli-
cation (Le, studies induding individuals with multiple conditions were excluded from
the analysis).
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In order to minimize wide variation in circulating microRINA expression, the follow-
ing studies were considered ineligible: studies focusing on the analysis of microRNA in
saliva/vesicles/blood cells or incduding individuals with clinical complications, such as
cancer, Kidney disease, thyroid dysfunction, AIDS, or acute inflammatory processes.

2.3. Study Seleciion and Diaia Extraction

Three researchers (PNBL, GBC, TBF) conducted the literature search and selection
stages independently: first, studies identified in the search were screened by title and ab-
stract; in sequence, full papers of studies selected in the first stage were analyzed to check
eligibility (Supplementary Table 52). Any disagreement among researchers was resolved
jointly and reviewed by a fourth researcher (MME).

The Kappa coefficient proposed by Landis and Koch [28] was used to assess the
agreement between researchers in the selection stages within a range from <0 to 1 in the
following categories: <0 = no agreement; (-0.20 = poor agreement; 0.21-0.40 = fair agree-
ment; 0.41-0 60 = moderate agreement; (.61-0.80 = substantial agreement; and 0.81-1.00=
almost perfect agreement.

Information exiracted from the studies included: country, design of study, partid-
pants’ characteristics, identification of the microBNA, and quantification method; inflam-
matory, lipid and glycemic biomarkers, and anthropometric variables. Glycemic and lipid
biomarkers were converted into mg/dL [12 21 29-34] and fasting insulin into plU/mL.

Measures of central tendency and dispersion of circulating microFINA presented in
graphs [9,12,13,16,21,30,31,33-39] were extracted using the Web Plot Digitizer software
version 4.1 (Ankit Fohatgi, Austin, TX, USA). Indirect extraction methods [40,41] were
applied to estimate mean and standard deviation if data were not informed in the studies
[9.21,30,31,33-37].

Connections between microFINA and diseases identified in studies included in the
systematic review were used to develop a complex network {graph) synthesizing the evi-
dence obtained in the analysis. The complex network encompassed nodes of origin repre-
senting the microFINA investigated in the studies, nodes of destination representing the
diseases studied, and conmections between nodes (edges) representing studies that
showed an assodation between microFINA expression and the diseases studied.

The sizes of nodes were assigned proportionally to the connections established {av-
erage degree) and the strength of connections was represented by the number of studies
linking the microFMNA expression and the diseases evaluated. The network was designed
using the Fruchterman Reingold layout, which comprises a direct force algorithm repre-
senting nodes connected with higher intensity by proxdmity and presenting uniform dis-
tribution of network nodes to mininize intersections between arcs [42].

24 Cualtty Assessment of Studies

The quality of studies included in the systematic review was independently assessed
by two researchers (FINBL and GBC) using the Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies from the MNational Institutes of Health [43], which is
based on 14 criteria for assessment of the study quality. Studies were categorized as good
{212}, fair (5-11), or poor (<3) quality [43]. Any disagreements were resolved through dis-
cussion between the researchers and reviewed by a third researcher (MME).

3. Results
3.1, Characteristics of Studies

The initial search identified 2446 studies, with 24 studies included in the systematic
review [10,12-14 16-22 2529 30-39]. Kappa coeffident indicated substantial agreement
between researchers (0.669) in the first stage (title and abstract analysis) and almost perfect
agreement ((.804) in the last stage (full-text analysis). The flowchart with details of study
selection steps is presented in Figure 1.
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Records identified from:
PubMed (n = 200) Records removed before
Scopus (n=918) scroening:
LILACS (n = 52) = Duplicate records removed
Embase (n = 479) (n=1084)
Web of Science (n = 718)
Others (n = 81)
v
Records excluded:
Records screened »| Titles and abstracts not relevant
(n=1382) (n = 1263)
v
Reports sought for retrieval o Reports not retrieved
(n=299) i (nm3)
v
Reports assessed for eligibility Reports excluded:
(n=96) | 4 Individuale had diet andior physical activity
intervention (n = 3)
Paper written in Chinese (n=1)
Thesis or work presented In conference as
abstract (n = 24)
Papers without correlations with
variables of interest (n = 12)
v Presence of diseases with complications (n =
12)
. Study with ineligible design (n= 12)
Studies '?:".";:,'" feview microRNA not assessed in plasma (n=7)
Age <Sycarsold(n=1)

Figure 1. Flowchart of search and selection of studies in the systematic review.

The maijority of studies (10 studies) was conducted in Asia: China [12,29,31,33], Tai-
wan [9], Japan [32], India [17,38], and Iran [16,39]. In addition, six studies were carried out
in the Americas: USA [18,21,30,36], Mexico [35], and Chile [19]; and five studies were per-
formed in Europe: Spain [10,25], Romania [34], Italy [37], and one multicentric study in
Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain, and Sweden [14]. Finally,
three studies were conducted in Africa (Egypt) [13,20,22].

Overall, 1656 individuals were in the case group and 1152 individuals were in the
control group. Two studies included children <10 years old [10,12], three studies included
preadolescents/adolescents [13,14,19], and the remaining 19 studies included adults and
older adults (Table 1).

Individuals were overweight or obese in 20 studies. Most studies reported glycemic,
lipid, and anthropometric markers. Two studies did not include anthropometric variables
[29,34], one study did not present body mass index (BMI) values [21], and one study did
not present glycemic markers [22]. Six studies assessed inflammatory markers
[10,13,16,34-36,39], mainly C-reactive protein (CRP) levels.

MicroRNAs were quantified in plasma (n=12) or serum (n=12) by RT-PCR and used
different methods to control expression and normalize results (Table 2). Four studies in-
formed the methodology used to control hemolysis [9,14,37,38].
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Table 1. Characterization of studies included in the systematic review.
. . Total Case  Confrol .
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- . 3 o Sedentary, non-hypertensive
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) hroni history of
w743 483:103 NEWTI2D-24382366 Bhgr aﬂgd ﬂlr‘:hg]g?;u]or © hypertension,
NGT:23.38+295 brormalities family history of
diabetes, and
spedfic

biochemical
indicators
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NGT/NW:252+18
Ogglg; [‘3‘;5";1" Spain O}zzw Not informed  93/0 58/0 350 52.1+102 NT é?fblﬁz;j; s Stabl:::tialbc'hc Age, BMI
T2D/obese: 334+ 3.3
Metformin,
nsulin, o- Age, HbAlc,
glucosidase postprandial
fggﬂ“[;;] Japan T2D SUT:::E;;S 121/83 9659 2524 58.4+142 Ig‘g': g:i%g Without renal dysfunctions T%“;;g‘i?}ﬁ' |
pioglitazone, glomerular
glinides and filtration rate
DPP-4 inhibitors
IGT:249+29
P;%‘T; E; Sa.l " India 2D Non-medicated 74/71 43/48 26/23 H3+74 T2D: 25.7+35 Newly diagnosed T2D Gender
[38] NGT: 245z 2.6
Only one of
them:
metformin, Control/lean: 22.5 £ 3.7
Lopez; sulfonylureas, Pre-T2D/lean: 21.6 £ 4.5 Without chronic or acute
Garufi; Obesity Glucagon-like ) ) T2D/lean: 23.1 £ 0.6 . . . BMI, age and
Seyhan, 2016 UsA 5D peptide-1 26/32 21/17 5/15 4524295 Control/obese: 31.9 £ 8.3 illness, major abnormalities or gender
[36] analogs and/or Pre-T2D/obese: drugs/alcohol use
Dipeptidyl T2D/obese: 41.5+21.1
peptidase IV
inhibitors
; NGT:23.7£3.3
Candia et al., . . . ) ) . )
2017 [37] Italy 2D Non-medicated 11/16 7/11 4/5 60.3x8.1 IGT: 25.§ +33 Newly diagnosed T2D Mo
T2D:29.617.8
Ghorbani et
al., 2018 [39] T2D Metformin, T2D: 28.2+4.8 Without chronic or acute  BMI age and
and Mah_d.aw Iran Obesity ) statns, . 39/50 26/21 13/ 522271 MNGT: 27339 illness or major abnormalities genier
etal, 2018« . antihypertensive

[1e]
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Oral
Sucharita et i _
Indi 2D h 1w
al, 2018 [17] a ypoglycemic
agents
Williams et Obesity ]
T -
al,, 2019 [18] USA oD Not informed
Corona- _
Meraz etal.,, Mexico I:n.su]m MNon-medicated
resistance

2019 [35]

42/18

0/67

24/56

TID: 37346 Duration of disease < 5 years,

219 219 463+7.1 without chronic or acute Age
NGT: 27.3+4.7
illness or major abnormalities
NGT: 305+6.2
Al 2 1 £ 11 2 3 3
0/44 023 6l3+1.1 TOD: 381 + 8.4 Insufficient information MNo

Non-IR young: 26.2 £5.7
Non-IR senior: 28.0£4.5  Without chronic or acute

25 55 20-59 No

IR young: 33.9+7.1  illness or major abnormalities
IR senior: 31.1 £ 6.5

Age is presented as mean + standard deviation or range. BMI Z-score: references [10,14]. NGT, Normal glucose tolerance; NW, Normal weight; T2D, type 2
diabetes; IR, Insulin resistance; HDL, high-density lipoprotein. * The study showed contradictory information regarding sample size, and did not report the
number of M/F per group. ** The study did not report the number of M/F per group. * Cross-sectional arm. * Papers with the same sample. * Belgium, Cyprus,
Estonia, Germany, Hungary, Italy, Spain, and Sweden.

Table 2. Characteristics of microRMNA evaluated in the papers included in the systematic review, according to disease.

Author/Year Disease Sample Normalization Regulation
Children
_ . - . . NP — o . P
Cui et al,, 2018 & [12] Obesity Se 2 -‘—“”glethod, using syn- T miR-222, miR-486, miR-146b, Il'l.l_R ll‘iﬁa, miR-20a, miR-15b, miR-26b
- cel-miR-39 as reference | miR-197
. : T miR-486-5p, miR-486-3p, miR-142-3p, miR-130b, miR-423-5p, miR-332-
ACt metheod, using miR- o o . o et
5p, miR-140-5p, miR-16-1, miR-222, miR-363, miR-122
Prats Puig et al,, 2013 [10] Obesity Plasma 1062, miR-146a, miR-19b, P =OP, TR, muRas 7 i
- . } miR-221, miR-28-3p, miR-125b, miR-328
and miR-223 as reference e
— miR-195
Preadolescents and adolescents
o Metabolic 2-2act method, using syn- T miR-let-7e
Kr t al., 2015 [19 F1 :
ause et ak, (191 syndrome asma cel-miR-39 as reference —miR-126, miR-132, miR-145
2=t method, using cel- . . - . -
P ) . T miR-142-3p, miR-140-5p, miR-222, miR-143, miR-130b
Al-Rawaf, 2018 [1 Ob 7 Fl RNU4 d ] _ ) ) ]
aw = oSty asma > as encogenous | miR-532-5p, miR-423-5p, miR-520c-3p, miR-146a, miR-15a
reference
Geometric mean, using . = . -
miR-501-5p, miR-351
Tacomino et al., 2019 [14] Obesity Plasma spike-in-Cel-miR-39 and f o, miErata

SNORDO5 as reference | miR-10b-5p, miR-191-3p, miR-215-5p, miR-874-3p

Adults and older adults
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Wang et al., 2015 [31]

Hijmans et al,, 2018b [30]

Wang et al., 2013 [9]
Zakiet al,, 2019 [20]
Simionescu et al., 2014 [34]
Zhou et al., 2018 [29]

Badawy;
Abo-Elmatty; Mesbah, 2018 [22]

Hijmans et al,, 2018 [21]

Rong et al., 2013 [33]

Ortega et al., 2014 [23]

Higuchi et al,, 2015 [32]

Obesity

Obesity

Metabolic
syndrome

Metabelic
Syndrome

Dyslipidemia
Hyperglycemia
L HDL-c
Hypertension
Hypertension

2D

T2D
Obesity

2D

Plasma

Plasma

Plasma

Plasma

Quantile algorithm (Gene
Spring Software 11.0—
Agent Technologies),
using SYBR green as
reference

ACt method, using cel-
milk-39 as reference

Median normalization
method, using syn-cel-
lin-4 as reference
2-222t methed, using
SNOERDGS as reference
2-22 method, using cel-
miR-39 as reference

2=t method, using miR-
191-5p as reference
2222 methed, using miR
Us as reference

ACt method, using cel-
milk-39 as reference

=222t method, using miR-
16 as reference
Geometric mean method,
using miR-106a, miR-
146a, miR-1%b, and miR-
223 as reference
Log 10 transformation,
using C. elegans

T miR-122

| miR-126, miR-146a, miRk-150
T miR-34a
— miR-181b

T miR-let-7g, miR-221

T miR-486-5p, miR-497, miR-509-5p, miR-605

T miR-125a-5p, miR-146a, miR-10a, miR-21, miR-33a
T miR-222-3p
| miR-221-3p
T miR-605, miR-623

| miR-21, miR-126, miR-146a
T miR-34a
— miR-17, miR-92a, miR-145, miR-130

T miR-146a

T miR-140-5p, miR-142-3p, miR-222

| miR-423-5p, miR-125b, miR-192, miR-195, miR-130b, miR-532-5p, miR-

126

T miR-101, ouR-375, miR-802
— miR-335
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Prabu et al.,, 2015 [38]

Lopez; Garufi; Seyhan, 2016 [36]

Candia et al,, 2017 [37]

Ghorbani et al., 2018 [39] and
Mahdavi et al,, 2016 = [16]

Sucharita et al,, 2018 [17]
Corona-Meraz et al., 2019 [35]

Williams et al., 2019 [18]

T2D

Obesity
2D

T2D

T2D
Obesity

T2D

Insulin resistance

Obesity
2D

Plasma

Plasma

Plasma

Serum

Serum

spiked-in control miRNA
and cel-miR-39 as
reference
2~ method, using RNA
spike-in control (Spé) as
reference
—AACE method,using cel-
miR39, miR-191, miR-
423-3p, and miR-451 as
reference
2iavemage Chazmay &8 and log
transformed, using
UniSp2, UniSp4, UniSp5,
and UniSpé as reference
222 method, using miR-
39 and miR-16 as
reference
ACt method, using miR-
16 as reference

2-2ct method, using hsa-
miR-320a as reference
ACt method, using cel-
hsa-miR-221-3p as
reference

* miR-128, miR-130b-3p, miR-374a-5p, miR-99b
| miR-423-5p
<+ miR-629a-5p, let-7d-3p, miR-142-3p, miR-484
1 miR-21, miR-24.1, miR-27a, miR-34a, miR-146a, miR-148a, miR-223,
miR-326, miR-152
| miR-29b, miR-126, miR-155, miR-25, miR-93, miR-150

T miR-122, miR-148, miR-99
| miR-18a, miR-18b, miR-23a, miR-24, miR-27a, miR-28, miR-30d, miR-
222, miR-let-7d
< miR-126-3p
| miR-21, miR-155
— miR-126, miR-146a

T miR-30d
+— mik-9, miR-1, miR-133a, miR-29a, miF-143

T miR-33a, miR-33b

1 miR-17

the same sample.

T2D, type 2 diabetes; HDL, high-density lipoprotein. T indicates upregulation. | indicates downregulation. + No differences. ® Cross-sectional arm. P]?al;rers with



Metabolites 2022, 12, 1044

54

11 of 24

Regarding the diseases of interest, 86 microRNAs were investigated in T2D, obesity,
dyslipidemia, hypertension, and MetS. The disease most frequently investigated in the
studies was T2D, including analysis of associations with 51 microRNAs, followed by obe-
sity (35 microRNAs) and MetS with its risk factors (20 microRN As). Considering the stud-
ies selected in the systematic review, a major part of the studies investigated the following
microRNAs: miR-146a, miR-222, miR-126, miR-130b, miR-142, miR-423, miR-21, miR-532,
miR-28, miR-122, miR-140, miR-143, and miR-486 (Figure 2), being related to three or more
diseases.
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Figure 2. Network of connections between microRNA identified in studies included in the system-
atic literature review in relation to adiposity, chronic inflammation, blood pressure, and biomarkers
related to lipid and glycemic metabolism.

The network of studies included in the systematic review showed that there was a
higher number of studies linking microRN A with adiposity, lipid metabolism, and glyce-
mic metabolism (Figure 2). Based on higher average weighted degree, robust connections
between miR-146a and miR-122 were identified in relation to the conditions studied and
miR-222 in relation to adiposity, lipid metabolism, glycemic metabolism, and low-grade
chronic inflammation. Adiposity, lipid metabolism, and glycemic metabolism were also
intensely linked to miR-126, miR-221, and miR-423. Numerous microRNAs were uncon-
nected to health conditions investigated in the systematic review (Figure 2).

The average degree (1.791) and average weighted degree (3.988) of the graph showed
that major part of the connections between nodes are still sparse and the low modularity
(0.109) indicated the absence of robust structure in the network, i.e., there is a lack of
groups of studies focusing on similar relationships between microRNA and the bi-
omarkers evaluated in the systematic review. Thus, the absence of sufficient studies pair-
ing similar microRN As and biomarkers comprised an obstacle to perform a meta-analysis.

Specific aspects regarding microRNA expression according to risk factors and age
groups are presented in subsequent sections (Table 2). Table 3 shows correlations between
microRNA most frequently investigated in the selected studies and markers related to
obesity, T2D, MetS, hypertension, and dyslipidemia.
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Table 3. Correlations between metabolic biomarkers and main microRMAs evaluated in the papers included in the systematic review.

- ] . e e Glycemic Lipid Inflammatory Anthropometric
MicroRINA Body Fluids Characteristics of the Sample Variables Variables Variables Variables References
TZD and ohesity Insulin () TC () X BMI (-) R
Se - M lations 16,39
T Adults and elderly HOMA-IR (-) HDL< (+) 0 correlations WE (5) [16,39]
Dryslipidemia and TC () CRP (4)
Serum hyperglycemia Mo correlations TG (+) IL-16 (+) Not evaluated [34]
miR-21 % Young, adult and elderly LDL-c{+)
T2D and obesity Glucose (£) o - . I -
Plasma Adults and eldexly HbAle (4) Mo correlations IL-6(+) Mo correlations [38]
Hypertension i ] .
Plasma Adulte and elderly No correlations No correlations Mot evaluated SBEP () [21]
Newly diagnosed T2D i TC(+) . . ——
Plasma Adults and elderls Mo correlations LDL-c (-) Not evaluated No correlations [37]
miE-28 . BMI (-}
Flasma g:f;:u No correlations  No correlations Adi;it[:ﬁ; ) TI-';'ISEE:]} [10]
Obesity _ _ N BMI (+)
Plasma Children No correlations No correlations Adiponectin (-) SBP (4) [10]
miR-122 * FBG (+) .
sity ) + NI (+
Serum ?/be ity Insulin (+) I—l'gil: ]._ Mot evaluated B;Pﬂ :_ ) [31]
oung HOMA-IR (+) <) )
Plas Obesity No correlations  No correlati Not evaluated BMI (- 30
ma Adults and elderls Mo correlations o correlations ot evaluate NI (-) [30]
Plasma Hypertension Mo correlations  No correlations Not evaluated SBP (-) [21]
miR-126 Adults and elderly
] ic s + C(+
Plasma \'Ietabth d;:: rome Mo correlations 1_,1.1]—;_?{][_} Mo correlations ;;; 1_; [19]
T2D and obesity FBG (-
Plasma Adh llt::;rgel dﬂlz-i'lv b Al:'; []—:I No correlations Mot evaluated No correlations [25]
miR-130b * Plasma T2D and obesity FBG (-) TG () Not evaluated No correlations [25]
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Adults and elderly HbAlc ()
Obesity BMI (+)
Plasma Children HOMA-IR (+) HDL-c(-) CEP (+) WC (4) [10]
Newly diagnosed T2D
Serum =Y Azlult:e HbAlc(+) No correlations Not evaluated No comrelations [38]
) . FBG (1) TG(t) ) .
Crerw t and obesity Adi ctim [+
Plasma ’E“'::;gll‘ t“ e Insulin () LDL-c (4) LP"’;: X *) BMI (4) [13]
olescents HOMA-R(+)  HDL-<c(#) sprn ()
) . FBG (1) TG(t) ) .
Crerw t and obesity Adi ctim [+
Plasma ’E“'::;gll‘ t“ ‘- Insulin (+) LDL-c (+) LP"’;: X *) BMI (+) [13]
olescents HOMA-IR (+) HDL-c (+) eptin (+)
s T2D and obesity FEG (+) . . )
mik-140 Plas - TG+ Not evaluated N lations 25
i Adults and elderly HbAlc (+) ) ot svanaE o comsiatons 23]
Obesity : _ _ _ ML)
Plasma . Mo correlations No correlations Adiponectin (-) WC(+) [10]
Children
EP (+)
) . FBG (1) TG(t) ) .
Crerw t and obesity Adi ctim [+
Plasma ’m'::;ill‘mm:: . Insulin (+) LDL-c (+) Lf:’:;‘i”ﬂ': ) BMI (+) 113]
i HOMA-IR (4) HDL-< (+) E
- T2D and obesity FEG (+) . . )
mik-142 Plas - TG+ Mot evaluated Mo correlations 25
e Adults and elderly HbAlc (+) ) o EvanatE o cometanons 9]
BMI (+)
Obesity . ) CEP (%) N
Plasma Children Mo correlations No correlations Adiponectin (-} WC(+) [10]
EP (+)
i . FBG (1) TG(t) ) )
Crerw t and obesity Adi ctim [+
miR-143 Plasma ’m'::;ill‘mm:: . Insulin () LDL-c (+) Lf:’:;‘i”ﬂ': ) BMI (+) 113]
i HOMA-IR (4) HDL-< (+) E
Orverweight and obesity A A
Serum Adulte and elderlv Mo correlations No correlations Mot evaluated BMI (+) [12]
miR-146a Obesity . . "
Plasma Adults and elderly Mo correlations No correlations Mot evaluated BMI (-) [30]
Plasma Arterial hypertension Mo correlations  INo correlations Not evaluated EP (+) [21]
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Adults and elderly

: i FBG () TG (#) . .
r sity +
Plasma D"E“:;g}l“f“dt‘:be iy Insulin (-) HDL-c (4) Adf"ﬁ““f': ) BMI (-) [13]
olescents HOMA-IR () DL (+) eptn (¥)
T2D and obesity
FPlasma :;1 u;::e . HOMA-B () Mo correlations Mot evaluated Mo correlations [33]
Dryslipidemia and TG+ CRP (+
Serum hyperglyeemia No correlations TC [+ -1 [_} Mot evaluated [34]
Young, adult and elderly LDLc ) P
i . FBG (+) TG (+) ) )
; sity +
Plasma D"Er"::;g}l“ ‘“‘dt"be 1y Insulin (+) HDL-c (+) Adip":;mf': ) BMI (+) [13]
olescents HOMA-IR (4) DL (4) eptin (+)
Serum D‘:z:;:iﬁﬂ:;ﬁfw Mo correlations  No correlations Not evaluated EBMI (+) [12]
T2D and obesity FBG (+) ) ) ; . s
iR-270 * Plasma Adults and eldesly HbAlc (4) Mo correlations Mot evaluated Mo correlations [25]
Obesity TG (+) BMI (+)
Plas : HOMA-IR (+ CERP (+ 10
e Children ®  HDLe( ® WC (+) tl
Newly diagnosed T2D ) ) o -
Flasma Adults and elderls HbAlc(—) No correlations Mot evaluated Mo correlations [37]
Reduced HDL
FPlasma § L::; ults & Mo correlations HDL (=) Mot evaluated Mo correlations [29]
: i FBG () TG (#) . .
r sity +
Plasma D"’“‘:;g}l“f“dt‘:be ity Insulin (-) LDL-c (+) Adf‘f;““f': ) BMI (-) [13]
olescents HOMA-R(-)  HDL-c(4) =ptn (*)
T2D and obesity FBG(-) . . i . )
miR-423 FPlasma Adults and elderlv HbAle (-) TG (-) Mot evaluated Mo correlations [25]
MNewly di sed T2D
Serum =Y ﬁzgslf"f Mo correlations HDL-c(-) Mot evaluated Mo correlations [38]
Obesity BMI (+)
5 : IA-TR (+ + I ioms
Plasma Children HOMA-IR (+) TG+ No correlations WC () [10]
miR-486 Serum Owerweight and obesity No correlations  INo correlations Mot evaluated BMI (+) [12]




Metabolites 2022, 17, 1044

58

15 of 24

Adults and elderly
BMI (+)
Obesity TG (+) CEP (+) i
Plas - HOMA-IR (+ WC(+ 10
ma Children (+) HDL-c(-) Adiponectin (-) BP t'a-]} [10]
Metabolic synd '
Serum elabo lc syndrome FEG (+) TG (4 Mot evaluated EP (-) [20]
Adults ' '
_ . FBG () TG (+) _ _
; sity - +
Plasma O""'“':::lgll‘t "’“‘dt"be 1y Insulin (-) LDLc (4) Adip"j;’:h_f': ) BMI (-) [13]
olescents HOMAIR()  HDL<() =ptmn (*)
T2D and obesity FBG (-) . .
iR-53 s - : - Not ev: ! ations
miR-532 Plasma Adults and elderlv HbAlc (-) TG () Not evaluated No correlations [25]
i BMI (+)
Obesity :
Plasma =S HOMA-TR (+) TG (+) CRP (+) WC(+) [10]
Children BP (+)

CRP, c-reactive protein. BMI, bodv mass index. 5BF, systolic blood pressure. BF, Blood pressure. WC, waist circumference.

* MicroEMNA sequence -3p or -5p. FBG, fasting blood ghicose. HOMA-IR, homeostasis model assassment of insulin resistance. HbAle, glycated hemoglobin. TG,
triacvlglycerols. VLDL, very-low-density lipoprotein. HDL, high density lipoprotein. LDL, low density lipoprotein. TC, total cholestercl. T2D, type 2 diabetes.
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3.2, Girculating microRNA Expression tn Children with Obesity

Two studies [10,12] evaluated 475 children with normal weight (NW), overweight,
and obesity (Table 1). Twenty-one microRINAs were assessed in serum and plasma, with
fifteen upregulated and five downregulated in children with obesity (Table Z). Two of
them, miR-436 and miR-222, were consistently upregulated in children with obesity in
both studies included. It is important to notice that participants did not present chronic or
acute illnesses and, therefore, did not use medication. Although the study of Prats-Puig et
al. [10] included children with higher mean age, children in the study were not under
pubertal development and the statistical analysis was adjusted by age.

Both studies showed correlations of miR-222 and miR-486 with BMI and central body
adiposity [10,12] (Table 3). In addition, miR-222 and miR-486 showed correlations with
HOMA-IR, adiponectin, and CRP [10] (Table 3). The detailed synthesis of the correlations
is presented in Table 53.

3.3. Girculating microRNA Expression tn Preadolescents and Adolescents with Obestty and
Metabolic Syndrome

Three studies included evaluated plasma microRNA expression in 597 preadoles-
cents and adelescents [13,14,19] (Table 1). The absence of other diseases associated with
obesity was confirmed in only one of the studies [13]. The pubertal development stage
was not mentioned in the studies.

Eight microRMNAs were upregulated and nine downregulated in preadolescents/ad-
olescents with obesity and/or Met5, with no overlap between studies [4,13,19] (Table 2).
Three microRMNAs (miR-126, miR-132, and miR-145) showed no differences in preadoles-
cents/adolescents with MetS when compared with the control group without metabolic
syndrome [19].

Seven microRNAs evaluated in the studies with children were replicated in preado-
lescents/adolescents, showing agreement in the upregulated expression of four (miR-142,
miR-140, miR-222, and miR-130b). In contrast, three microRINAs (miR-532, miR-423, and
miR-146a) showed downregulation in preadolescents/adolescents with obesity [13], con-
trarily to that reported in children with obesity [10,12].

Some upregulated microRNAs (miR-222, miR-140, miR-130) were positively assod-
ated with fasting blood glucose (FBG), insulin, and HOMA-IR wvalues [13], while down-
regulated microRNAs (miR-146a, miR-532, miR-15a) were negatively associated with
these variables [13] (Table 3). Positive correlations of microRNA expression were ob-
served in relation to HDL-c, triglycerides (TG), and LDL-¢ levels [13].

Among the most frequently evaluated microRNAs (miR-222, miR-532, miR-146a,
miR-130, miR-140), authors showed correlations with BMI [12,13], adiponectin [13], and
leptin [13] levels (Tables 3 and 53). There were high levels of miR-let-7e in preadolescents
with Met5, showing values twice higher in those with higher insulinemia and HOMA-IR
values. The increased levels of this microRMNA were correlated with a progressive increase
in the number of risk factors for MetS and reduced HDL-c levels [19]. Likewise, miR-126
was positively correlated with waist droumference, BMI, and TG [19] (Tables 3 and 53).

3.4 Ciradating microRNA Expression tn Adults with Obestly without Metabolic Diseases
Associafed

The evidence showed increased levels of miR-122 and miR-34a in obese compared to
normal-weight adults, whilst three microRNAs (miR-126, miR-146a and miR-150) had re-
duced levels (Table 2) [24,30,31]. Furthermore, expression of miR-181b showed no differ-
ences in different groups of individuals [30]. The expression of miR-122 in adults showed
similar patterns in relation to results reported among obese children and the opposite was
observed in relation to miR-146a.

59
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Regarding covariates, obese adults included in the studies did not present chronic or
acute illness or major abnormalities. In addition, women were not menopausal, pregnant,
or breastfeeding [20,31]. Age and gender were considered in the analysis presented by one
study [31]. Hijmans et al. 2018k did not include smokers and partidpants using medica-
tion [30].

A positive relation was observed between miR-34a and BMI, whereas miR-126, miR-
146a, and miR-150 were inversely related to BMI [30]. Circulating miR-122 was positively
correlated with BMI, body fat (%), blood pressure, and TG levels [31] and negatively cor-
related with HDL-c levels [24]. On the other hand, there were positive correlations of miR-
122 [31] with FBG, insulin, and HOMA-IR. values (Table 3).

3.5. Crradating microFNA n Metabolic Symdrome and Associated Factors

Met5 is linked fo increased central body fat, high blood pressure, insulin resistance,
and changes in the lipid profile. In this context, there were increased expressions of mik-
10a [34], miR-21 [34], miR-33a [34,35], miR-33b [35], mik-125a [34], and miR-146a [34] in
individuals with insulin resistance and/or hyperlipidemia (Table 2). In the insulin-re-
sistance condition, there were positive correlations of miR-33a with visceral fat, total cho-
lesterol (TC), and TG levels [35]. Additionally, serum miR-10a, miR-21, miR-33a, miR-
1253, and miR-146a levels were positively correlated with TC, TG, LDL-c, CEF, and IL-1p
levels in individuals with hyperglycemia and hyperlipidemda [34] (Tables 3 and 53).

Individuals with low HDL-c levels had decreased miR-221 levels and increased miR-
222 levels compared to normolipidemic individuals [29] (Table 2). Furthermore, miR-221
was positively correlated with TC levels [19] (Tables 3 and 53).

Individuals with hypertension presented reduced levels of miR-21, miR-126, and
miR-146a, whilst miR-34a was increased in hypertensive individuals [21] (Table 2). Three
of the four microRINAs evaluated (miR-21, miR-126, and miR-146a) showed negative cor-
relations with blood pressure values and only miR-34a showed positive correlation with
systolic blood pressure [21]. There were no correlations between the expression of these
microFMNAs and other cardiometabolic biomarkers [21] (Tables 3 and 53).

Owverweight/obese adults with hypertension showed increased levels of miR-605 and
miR-623 [22]. There were positive correlations between TC and LDL-c levels (miR-605)
and negative correlation with HDL-c levels (miR-623) [22] (Table 53).

Individuals with Met5 had increased levels of miR-let-7g and miR-221 compared to
individuals without MetS, expression that inoeased according to the presence of addi-
tional risk factors for MetS [9] (Table 2). The authors also indicated that the difference in
microRMNA levels was greater in women [9]. The miR-let-7g was inversely related to HDL-
¢ levels and blood pressure values [9] (Table 53).

Elevated serum levels of miR-486, miR-497, miE-509, and miE-605 were obzerved in
adult men with metabolic syndrome [20] (Table 2). In this condition, miR-4£56, miR-497,
and miR-509 were positively correlated with waist circumference, FBG, and TG levels, in
addition to negative correlation with blood pressure values [20]. Conversely, miR-605 was
negatively correlated with waist circumference and TG levels and positively correlated
with blood pressure values [20] (Table 53).

3.6. Circulating microRNA tn Adults and Older Adults wnih Type 2 Diabetes

Twenty microRNAs showed increased levels and seventeen microRINAs showed re-
duced levels in individuals with T2D. Both positive and negative regulation were ob-
served for miR-21, miR-24, miR-27a, miR-30d, miR-130b, and miK-222 (Table 2). It is im-
portant to emphasize that individuals with T2D were overweight and/or obese in the stud-
ies evaluated.

MNegative correlations between levels of miR-21, miR-27a, miR-30d, and miR-155
were observed in relation to total and central body adiposity [16,37,39] (Tables 3 and 53).
Omnly miR-101 was positively correlated with BMI in Japanese individuals with T2D [32]
(Table 53).
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Direct and inverse correlations between microRNA levels and glycemic variables
were observed in individuals with T2D and overweight/obesity (Tables 3 and 53). FBG,
insulin, HbAlc, and HOMA-IF. values showed positive correlations with miR-140 and
miR-142 [25,37] and were negatively assodated with miR-21 [16,39], miR-126 [25], miR-
146a [33], miR-423, and miR-532 [25] (Table 3).

It should be noted that positive and negative correlations were observed for miR-
130b and miR-277 in the studies evaluated (Tables 3 and 53). There was a positive corre-
lation between miR-130b and HbAlc in normoglycemic and newly diagnosed T2D adults
without the use of medication [38]; however, miR-130b was negatively correlated with
HbAlc in adults and older-adult men with T2D [25].

Adults and older adults with newly diagnosed T2D showed negative correlation be-
tween miR-222 and HbAlc [37], whilst adult and older-adult men with established T2D
had positive correlations between miR-222 and HbAlc and FBG [25].

Increaszed levels of miR-130b, miR-423, and miR-532 were related to lower TG levels
[25]. In confrast, increased levels of miR-140 and miR-142 were positively related to the
increase in TG levels [25]. Furthermore, miR-423 was negatively correlated with HDL-c
levels [38] and miR-21 showed negative correlation with total cholesterol (TC) and posi-
tive correlation with HDL-c [16,39]. On the other hand, miR-28 was positively correlated
with TC and negatively correlated with LDL-c in individuals with newly diagnosed T2D
without the use of medication [37] (Tables 3 and 53).

Only one study investigated the relationship between microRNA levels and inflam-
matory biomarkers in individuals with T2D [36]. The authors showed that miR-24 and
miR-27a presented, respectively, negative and positive correlations with IL-8 levels. Fur-
thermore, there was positive correlation between miR-34a and I -6 level and positive cor-
relations between mik-29 and miE-1355 in relation to IL-12 levels (Table 53).

Time of T2D diagnosis may influence microRNA levels [25,37] and three studies eval-
uated individuals newly diagnosed with T2D who were not using antidiabetic drugs
[33,37,38]. Mevertheless, some studies selected individuals with established T2D, contin-
uous use of medication, and the use of insulin was not an exclusion factor for subjects
[1625,32,36,39]. Only one study considered that excessive alcohol consumption (=3
drinks/day) and smoking should be exclusion criteria [35].

3.7. Assessment of the Chualtty of Studies m the Systematic Review

In this systematic review, 24 studies presented 5 to 11 points, being categorized as
fair quality [43]. The main criteria impacting the results of quality assessment were incom-
plete data on the population of study and the lack of sample size justification. In addition,
the quality assessment tool is applicable in cross-sectional and cohort studies; therefore,
some questions were not applicable to the studies induded in the systematic review.

4. Discussion

The systematic review synthesized the evidence on drculating microRMN As related to
risk factors for Met5 in individuals =5 years old. Eleven of the thirteen microRMAs most
frequently investigated were associated with lipid, anthropometric, glycemic, and inflam-
matory variables in individuals in different life stages. Overweight/obesity was often ob-
served in the studies included in the systematic review, which suggests that metabolic
alterations caused by the total (BMI) and central (waist drcumference) adiposity may be
responsible for the change in circulating microFNA levels [10,12-14.31].

The miR-130b, a potential biomarker for obesity, was related to lipid, glycemic, and
inflammatory metabolism, suggesting that miR-130b may be associated with impaired
mei‘abcrhc confrol [7]. The miR-130b is secreted by adipose fissue and mediates the meta-

lic regulatory action of TGF-, which acts on body energy homeostasis [9,44]. Other
me::ham,m..- related to body-weight gain are the _]'AK -STAT and MAPK pathways,
which the action of miR-140 is observed [45). There was no evidence of sigrﬂ.ﬁcam
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associations of miR-21 with body adiposity in humans; however, in vitro studies showed
that miR-21 was invelved both in TGF-§ pathway and adipocyte differentiation [46-43].

Likewise, some microRINAs are linked to obesity-induced inflammation through pro-
inflammatory pathways, such as NF-xB and the pro-inflammatory cytokines TINFa and
IL-6 [10,49-51]. Four of the studies identified relationships between the expression of cir-
culating microRNAs (e.g., miR-21, miR-122 miR-130b, miF-142, miR-146a miR-486, and
miR-523) and the inflammatory biomarkers CEP [10,34], IL-1f [34], IL-6 [38], adiponectin
[10,13], and leptin [13]). In vifro studies with animal and human cells showed that the ex-
pression of miR-146a, miR-456, and miR-332 was regulated in response to the NF-«B sig-
naling pathway. In addition, hyperglycemia and insulin resistance may alter levels of
miR-146a and miR-486 [10,49-51].

Indeed, miR-122 showed robust conmections with risk factors for Met5 investigated
in the systematic review, in accordance with predicted target genes, highlighting its par-
hﬂpahcrn in lipid oxddation and hepatic synthesis of fatty add and cholesterol [23,52]. In
addition, considering the correlation with adiponectin leveL which regulate the produc-
tion of TNFaw and IL-6 [33], it may play an important role in inflammatory processes. Sim-
ilarly, miR-126 had altered expression in obesity and may modulate CCL2 (chemokine
ligand 2) through genes that encode ETS1, MAX, NFEB1, RELEB, and STAT6 proteins [54—
58]. The miR-126 has been consistently associated with T2D in the literature [59] and has
been shown to regulate vascular integrity and angiogenesis [59] through Notchl inhibitor
delta-like 1 homolog (DIk1) [60] and the argonaute-2 (Ago2)/Mex3a complex [61]. The in-
teraction of miR-486 and miR-142 in the forkhead box Ol franscription factor inhibition
was also identified [10] and participation with other microRMNAs in the phosphatase and
tensin homolog protein (FTEN) pathway and consequent activation of the PISK/Akt
[62,63].

The miR-14ba showed increased levels in obese children [12], conversely to individ-
uals with overweight/obesity in different age groups [13,30], thus, demonstrating that age
may be an important factor in the evaluation of droulating microRNAs. Although the di-
rect relationship between miR-146a and aging has not been demonstrated in the studies
analyzed in the systematic review, some microRMNAs may regulate cellular senescence at
the post- t:'mphonal level For example, in human mammary epithelial cells, miR-130b
repressed p2l expression [64]. In addition, a previous study identified microRMNAs (miR-
142-5p, miR-222) related to the aging process through different cellular damage pathways
in human serum samples [65].

Different patterns of miR-130b and miR-222 were observed in individuals with obe-
sity, isolated or associated with T2D [25,37 38]. Increased levels of miR-130b were associ-
ated with long-term glycemic alterations (HbAlc) in adults with obesity and newly diag-
nosed T2D [38]. On the other hand, miR-130b levels showed negative correlations with
glycemic biomarkers in adults and older adults with obesity and established T2D [25].
Similarly, miR-222 was positively correlated with elevated glycemic biomarkers in adults
or older adults with T2D and inversely correlated in newly diagnosed individuals [37].

A potential explanation for the differences observed in the studies may be the initial
compensatory mechanisms that precede pancreatic failure, marked by increases in insulin
synthesis and release by panaeatic beta cells to re-establish glycemic homeostasis [45].
Thus, microENA involved in beta cell mass control, insulin secrefion, and signaling mech-
anisms respond fo the glycemic imbalance conditions [66—68].

The expression levels of miR-221 were increased in individuals with Met5, being pro-
portional to the number of risk factors for Met5 [9]. Based on predicted target genes, miR-
221 was related to inflammatory response, cell signaling, and insulin metabolism, present-
ing complementary action in relation to miR-222, since they are homologous microRMNAs
[29.52].

Challenges remain for the use of circulating microRINAs as biomarkers for MetS5, con-
sidering that a single microRNA may be regulated by multiple factors. An important as-
pect to be discussed is the potential influence of medical treatments on the results {Table
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1). The use of antidiabetic agents by individuals with T2D may influence the expression
of drculating microRMNA [25,69-71]. Results of one study incduded in the systematic re-
view showed that metformin altered the plasma expression of miR-140, mik -142, and
miB-222 in individuals with T2D [25]. Additionally, antihypertensives, another cass of
drugs largely utilized by individuals with Met5, have been assodated with microRINA
expression in previous studies [72,73]).

Furthermore, sex may influence gene expression and microRNA regulation under
different physiological conditions, due to genes linked to the X chromosome and action
of sexual hormones [74-76]. Potential functional variants in the genome have been identi-
fied that may justify differential gene expression between sexes [76] and sexual dimor-
phism observed in some diseases [74]. It has been suggested that sex steroid hormones
(e.g., estrogen) may regulate ribonucleases Drosha and Dicer and the expression of argo-
naut proteins, thus, indicating their role in post-transcriptional processing of microRINA
[75]. However, there was an absence of evidence on differences in circulating micoRNA
levels due to sex in the systematic review [13,14,16,22,79,31,33,36,39].

Although a considerable number of microFMNAs were assessed in studies incdluded in
the systematic review, studies were marked by high heterogeneity, with few studies iden-
tified that evaluated similar circulating microRNAs in association with the same clinical
conditions.

The studies included in the systematic review adopted several strategies for normal-
ization of microRNA expression, ranging from the use of synthetic spike-in or identifica-
tion of relatively stable endogenous circulating oligonucleotides to applying an average
of cycle thresholds. Some inconsistencies identified in studies screened in the systematic
review might be explained by the absence of a standardized normalization method [77].

Moreover, nuiritional aspects may influence the expressiom of circulating mi-
croRNAs, in addition to clinical and lifestyle characteristics considered in the systematic
review [77] and, thus, should be considered in future studies due to their role as modifia-
ble risk factors for the development of NCD.

5. Conclusions

Circulating microRNAs were mainly related to adiposity, lipid metabolism, and gly-
cemic metabolism, showing distinct expression profiles according to the clinical condition
of individuals. We highlighted the connections between miR-122, miR-126, miR-146a,
miB-27], miR-222 and mil-423 expressions and risk factors for MetS. In addition, excess
body fat was often observed in studies included in the systematic review, potentially play-
ing a key role in circulating microRMNA dysregulation.

Although there were numerous studies identified in the literature, the high hetero-
geneity of studies investigating the assodation between microFENA and Met5 risk factors
prevented further exploration of factors responsible for variations in microRNA expres-
sion. Therefore, further studies are required to allow for the identification of potential as-
sociations between circulating microRMNAs and risk factors for Met5.
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Abstract microFRNAs (miENAs) regulate several metabolic pathways and are potential biomarkers
for early risk prediction of metabolic syndrome (MetS). Our aim was to evaluate the levels of 21
miRMNAs in plasma according to Met5 components and sex in adults. We employed a cross-sectional
study of 192 adults aged 20 to 59 years old from the 2015 Health Survey of Sio Paulo with Foous in
MNutrition. Data showed reduced levels of miR-16 and miF-363 in women with MetS; however, men
with cne or more risk factors showed higher levels of miR-let-7¢ and miR-30a. Individuals with
raised waist droumference showed higher levels of miR-let-7c, miR-122, miR-30a, miR-146a, miR-
153, miF-20d and miR-222 Individuals with raised blood pressure had higher miR-30a, miE-122
and miR-20a levels. Plasma levels of four miFNAs (miF-16, miR-363, miR-375 and miR-486) were
lower in individuals with low HDL-cholestercl concentrations. In addition, plasma levels of five
miENAs (miR-122, miR-13%, miR-let-7¢, miR-126 and miR-30a) were increased in individuals with
high fasting plasma glucose and for insulin resistance. Our results suggest that the pattern of miRINA
levels in plasma may be a useful early biomarker of cardiometabolic components of Met5 and high-
light the sex differences in the plasma levels of miENAs in individuals with MetS.

Keywords: metabolic syndrome; abdominal obesity; dyslipidemia; hypertension; insulin resistance;
miENA

1. Introduction

Metabolic syndrome (MetS) represents a global dhallenge for public health, as this
clustering of risk factors increases risk of mortality and the likelihood of developing type
2 diabetes, heart attack and stroke [1]. Excess of abdominal fat and insulin resistance (IR)
are key factors for Met5, and both conditions are related to chronic inflammation in insu-
lin-responsive tissues [1]. Given the complexity of MetS [12], the use of noninvasive bi-
omarkers for early diagnosis may be useful as a strategy for both menitoring progress of
disease and for the development of treatments.

MicroRINAs (miFNAs), a subclass of short non-coding RINAs, mediate post-tran-
scriptional regulation of gene expression. The milNAs function through pairing with a
target messenger RNA inducing different responses according to the level of complemen-
tarity, resulting in degradation or translational repression [3,4]. In addition, some miR-
MNAs regulate the translation of proteins, histone modifications and DNA methylation [3].
The actions of miEMNAs are interconnected and overlapping since one miENA may affect
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the expression of several genes, and one gene may be a target of several miRNAs [3].
Moreover, miRNAs packaged within cell-secreted exosomes can modulate local or sys-
temic cell-to-cell commmmication, and regulate several metabolic pathways [3,5.6]. It
should be noted that altered miRINA levels are assodated with the development of cardi-
ometabolic risk factors [4,3].

In this context, a previous systematic review showed association of 13 miFNAs with
risk factors for MetS [7]. Some miENAs such as miR-126, miR-146a, miR-221, miR-222 and
miR-423 were assodated with adiposity, lipid and glycemic metabolism, and with chronic
inflammation [7]. Members of the Let-7 family of miFNAs play an important role in glu-
cose metabolism, and in the cardiovascular system [8], and their levels were associated
positively with plasma LDL-c and triglyceride concentrations [9]. Furthermore, miR-16
was assodated with the development of IF. and Met5 [6,7], while miR-30d, miR-122 and
miR-13% have been associated with endothelial dysfunction and inflammatory responses
[10].

MIEMNA levels may be deregulated according to dinical condition of individuals;
therefore, the clustering of risk factors for MetS may promote distinct expression profiles
[7]. In additiom, whilst it is well-known that sex is an important determinant of cardiomet-
abolic health [11], little is known about sex differences in the levels of circulating miFNAs
in individuals with MetS. Thus, the present study aims to evaluate the levels of miENAs
in plasma according to MetS components and sex in adults from a population-based
study.

2. Materials and Methods
2 1. Study Popudation and Smnpling Design

The study used data from a cross-sectional population-based survey of 200 adults,
aged 20 to 59 years, who were recruited as part of the 2015 Health Survey of 530 Paulo
with Foous in Nutrition (2015 ISA-MNutrition) (Figure 51). This survey was conducted from
February 2015 to February 2016, using stratified mulfi-stage sampling of residents from
the urban area of Sao Paulo (Brazil), whose procedures were described previously [12,13].
The study was conducted in Iine with the Declaration of Helsinki and approved by the
Research Ethics Committees of the School of Public Health, University of Sdo Paulo. In-
formed written consent was obtained from all participants.

Exclusion criteria: acute inflammatory diseases, cancer or use of medication (antibi-
otics, anti-inflammatory drugs, immunomodulators, antiretrovirals) that may interfere
with the biomarkers of interest, chronic alcoholism, use of enteral and/or parenteral diet
and pregnancy/lactation.

2 2 Clivdcal and Metabolic Measurements

Weight, height and waist droumference (WC) were measured using standardized
protocols [12]. Blood pressure was measured in triplicate in the right arm using an auto-
matic device (Omron model HEM-712C, Omron HealthCare, Inc., Kyoto, Japan).

Blood tests were performed under fasting conditions (12-14h), and participants were
instructed to refrain from alcohol in the 72 h before, and to avoid intense physical activity.

Plasma ghicose concentrations were analyzed by colorimetric enzymatic assay of ghu-
cose oxidase (Trinder reaction) (Cobas; Roche Diagnostics GmbH, Mannheim, Germany).
Flasma insulin concentrations were determined by multiplex immunoassay

(LINCOplex®, Linco Research Inc., 5t. Charles, MO, TUSA). The homeostatic model assess-
ment for IR (HOMA-IE) was calculated from fasting glucose and insulin concenirations
as: [fasting glucose (mg/dL) X fasting serum insulin (uIU/mL)/405] [14].

Serum high-density lipoprotein-chelesterol (HDL-c) concentrations were measured
by homogeneous enzymatic colorimetric assay and serum triacylglyveerol concentrations
by enzymatic colorimetric assay (glycerol phosphate peroxidase) (Cobas; Roche Diagnos-
tics GmbH, Mannheim, Germany).
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MetS was defined by the presence of central obesity (WC = 80 an for women or =230
cm for men) or Body Mass Index (BMI) = 30 kg/m? plus any two of the following four
factors: HD'L-c =50 mg/dL for women or <40 mg/dL for men, triacylglycerols = 150 mg/dL,
systolic blood pressure = 130 mmHg and diastolic = 85 mmHg and fasting blood glucose
=100 mg/dL [1].

The presence of IR was defined by HOMA-IR =2 71, using the cut-off value identified
by Geloneze et al. [15].

2.3, Plasma microRNA Levels Measurement

To select the miRMNAs used in this study, we carried out a systematic search of the
literature to identify miRMNAs shown to be present in human plasma and that were asso-
cated with overweight or obesity, inflammation, glycemia and lipid metabolism [7].

Based on findings from the systematic search, we measured levels of 21 miRMNAs
(miR-15a-5p, miR-16-5p, miR-21-5p, miR-28-3p, miR-30a-5p, miR-30d-5p, miR-122-5p,
miR-126-3p, miR-130b-3p, miR-139-3p, miR-140-5p, miR-146a-5p, miR-150-5p, miR-222-
3p, miR-223-3p, miR-363-3p, miR-375-3p, miR-376a-3p, miR-4586-5p, miR-532-5p, miR-let-
7e-5p), using Exdgon® assays on Fluidigm® technology. Samples were controlled for he-
molysis by measurement of free hemoglobin at 414 nm wsing a NanoQuant plate in a
ZQANuTECAN (Mammedort, Switzerland) spectrophotometer.

2.31. RNA Extraction

Total RNA was extracted from (300 uL) plasma using Plasma/Serum Circulating and
Exosomal BNA Purification Kit (Slurry Format) (Norgen", Thorold, ON, Canada, Cat.
42800). Samples were spiked with cel-miR-39-3p 2.7+ uM (IDT). RNA was eluted in 80 uL
of elution buffer.

232 Reverse Transcription

Reverse transcription was performed with 15 pl of RNA-eluted solution using miR-
CURY LNA RT kit (Cat. 339340, Qiagen, Marseille, France), as described in the supplier’s
instructions. UniSpé RINA spike-in was induded in the reverse-transcription reaction
(part of Spike-in kit Cat. 339390, Cagen, France).

2.3.3. Preamplification

Preamplification was performed using miRCURY LINA miFNA PCE Assay primers
(QHagen, France, Cat. 339306) for the 21 miRNAs plus RT UniSp6 Spike-in and Extraction
Spike-in cel-miR-39. The product of reverse transcription was purified with Exonuclease
I {INew England Biolabs France, Paris, France, Cat. M0293).

The product of Reverse Transcription was then diluted 1/10, and 1.25 uL of diluted
cDMA was preamplified using Fluidigm PreAmp Master mix (Paris, France, Cat. 100-
5580) and primer mix in 5 uL reaction volume according to the supplier’s specifications.

234 qPCR

For each assay, qPCR was performed in triplicate from 1.5 uL of diluted preamplifi-
cation product (1/10) using Biotium Fast Probe Master Mix (Fremont, CA, Cat. 310005) in
dynamic arrays 96 * 9% IFC (Cat. EME-M-96.96) on a Biomark™ instrument (Fluidigm,
Paris, France) according to the supplier's protocol.

Raw Ct values greater than 40 were excluded from analysis. The ACt method was
used for the estimation of relative levels” values. The first normalization step adjusted the
raw Ct values to the recovered levels of spike-in cel-miR-39 and UniSpé Spike-in. The
second normalization step subiracted the normalized Ct for the individual sample from
the mean of all individual assav for each miEMNA. The fold change values calculated from

71
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2.4, Targef Gene Prediction
The targets of each miRNA were predicted using the previously validated web soft-

ware TargetScanHuman 8.0 (hitp:/fwww.targetscanorg) [16,17] and miRDB
(http://mirdb org/) (accessed on 07 March 2022) [18].

2.5. Statistical Analyses

The sample size was estimated based on complex sampling procedures (in two
stages: census tracts and households) to obtain sufficient statistical power to represent the
population of the mumidipality of Sao Paulo, Brazil First, the sample was calculated to
allow estimation of proportions of .50 with sampling error of 0.10, considering 9% con-
fidence level and design effect of 1.5 [13]. From the initial sample, a subsample was calcu-
lated to compose the 2015 ISA-Nuifrition survey, allowing estimation of proportions of 0.5,
with sampling error of seven percentage points, considering 95% confidence level, and
design effect of 1.5 [12]. All analyses were performed using appropriate sampling weight
and complex survey procedures in Stata/SE 17.0, to ensure population-level representa-
tiveness.

The distribution of variables was assessed using histograms, and non-parametric
tests were applied as data were not normally distributed. The adjusted Wald test was per-
formed to assess differences between nested models, which provides similar outcomes to
the use of likelihood ratio. The adjusted Wald test was used to compare the plasma miR-
MAs levels of participants grouped according to Met5 status (yes/no), the number of MetS
components (0, 1-2 e = 3), the five MetS components and the IR status (yes/no). The anal-
vses were performed for the whole sample and for each sex separately. Correction for
multiple comparison was considered unmecessary, based on recommendations for analy-
sis of data from hypothesis-generating investigations [19]. Owverall, p values < 0.05 were
considered statistically significant.

3. Results

From the sample of 200 individuals, three participants were excluded due to technical
issues with miENA quantification (PCR inhibition) and five due to hemolysis in the
plasma sample. Therefore, this work evaluated findings from 192 individuals (Figure 51).
The characteristics of the study cohort according to sex and number of risk factors for
MetS are detailed in Table 1.

More than half of the study population were women (34 7%), presented with owver-
weight or obesity (58.3%) and the mean age was 40 (20 o 59) years. There were significant
increases in blood pressure, and in anthropometric, lipid and glycemic markers with an
increasing number of factors for MetS.

Table 1. Demographic and clinical characteristics of all study participants from a population-based
study and for males and females separately grouped by number of metabolic syndrome (Met5)

components.

Male (= 87) Female (n = 103)
, All Number of Risk Factors for MetS Number of Risk Factors for MetS
Variables
(n=102) 0 12 =3 var 0 12 >3 var
®=19) (n=38) =30 F " @m=100 =58 (m=3n L o=
368 396
402 318 379 453 473
s 0.001 (315,42.0) (376,415 0.001
Age (YeaIs) 395 420)(27.8,35.8) (347, 411)b(424, 482) ¢ * ( . )3 . ) 438508 °
534 68.2
735 648 79.7 863 753
Weight 0.001 (489,57.9) (632,732 0.001
wight (8) 707 76.3) (603, 69.2) 578, 845) b (816,910} ¢ ( Rt ) 703,802)c °
Height (m) 167 174 176 173 0.19 163 159 158 0.443
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(165, 1.69) (1.70, 1.79) (173,1.78) (L7 1.75) (155,170 (L57, 1.61) (155, 1.60)
266
262 211 256 287 200 , 299
BMUGe™) 354 27.1) (201, 222y (202, 26.9)b(27.2, 302)« 0001 (19_2,20_9}a{25'2;25'” (254,313 0001
102.8 740 898
Waist circum- 915 77.2 a4 98.4
1059) <0. 8) (855, 94. \
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127 1189 1228 1389 1041 1140 1320
SEP mumHlg) (1201 (1160 (1186 (316 <0001 (980 (ILL o oo <0001
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658 728
756 68.9 747 848 , 813
DEBP (mmEg) 29 77.3) (665, 71.3) *(71.3, 78.0) b(79.8, 89.8) ¢ 0001 (612;?0':'} {?0'3;?4'83 (765,862)c 0001
59.3 487
HDL-c 454 55.3 435 365 389
. 4.641) (449,52, \
(mg/dl) (432, 47.7)(50.2, 60.4) (39.048.0) b (31.3, 41.7) ¢ <0.001 (544;641} (H ;52 ?) 359,419)c 0001
Hiacodelve. 1191 e 1123 2174 53.1 a2 1455
Eml‘? EJL} (1055, 10 g 513,029 1318) (1759, <0001 (419.643) (805, (1258 1651) <0.001
mg/ 1323) 92 b 258.9) < a 103.5)® c
1016 1342 871 @3
Plasma glu- 86.4 93.0 1158
(966, e _ .. (1099, <0001 (840,902)(893,953) . <0.001
cose (mg/dL) 1007 (834,895)%(906, 953 | " i 777 (1032, 1285
Plasmainsu- 131 57 119 22 . 55 107 185 o001
lin (UUL/mL) (114 148) (3.9,74)> (8.3 155)%(157,286)c " (44 67)° (90,124)° (145, 225)c
35 12 27 7.0 12 24 5.8
HOMATR  5941) (08,16 (1936" @891 O 0914 028> @274 00

Data are presented as means with 95% confidence interval (in parenthesis). Different letters denote
difference between groups for each sex separately as assessed by the adjusted Wald test. Bold val-
ues indicate statistical significance at the p < 0.05 level. SBP: systolic blood pressure; DBP: diastolic
blood pressure.

For both males and females, individuals in the MetS group with =3 risk factors had
the highest means for all clinical variables, except height which did not differ between
Met5 groups. Met5 was observed in 30 3% of individuals, with large WC (68%) and low
HDL-c concentrations (52%) being the most prevalent risk factors (Figure 1).

There were no differences in miRNA levels according to Met5 status in the whole
cohort. However, when separated by sex, there were reduced levels of miR-16 (Figure 24)
and miR-363 (Figure 2B) in plasma from women with Met5 in comparison with women
without Met> (p = 0.05).
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Figure 1. Venn diagram of components of the metabolic syndrome (Met5) in adults from a popula-
tion-based study in urban Brazil (n= 192). The cut-offs were: large waist droumference (280 am for
women or 290 am for men); Low HDL-c¢ (<50 mg/dL for women or <40 mg/dL for men); high blood
pressure (systolic pressure = 130 and diastolic pressure = 85 mmHg) and High plasma glucose =100

mg/dL [1].
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Figure 2. Levels of miR-16 (A) and miR-363 (B) in plasma from adults according to sex and metabolic
syndrome (MetS) status. The sample sizes were as follows: male (without MetS =57 |MetS n = 30);
female (without MetS i =701 MetS n=35). The comparisons of levels in individuals with and without
MetS by sex were conducted using the adjusted Wald test. The box plots depict the 25th—75th per-
centile, and the white line represents the median for each group. p = 0.05 indicates statistically sig-
nificant differences.

Levels of miRNAs in plasma from the whole cohort, and for males and females sep-
arately according to the number of risk factors for Met5 (0, 1-2 and =3), are presented in
Table 2. Men in the groups with 1-2 and =3 risk factors had higher levels of miR-let-7c and
miR-30a than those in the group without risk factors (p = 0.003 and p = 0.029, respectively).
In women, miR-150 levels were higher in the group with 1-2 risk factors in comparison
with the group without risk factors (p = 0.029).
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Table 1. Levels of 21 miENAs in plasma for all study participants from a population-based study
and for males and females separately grouped by number of metabolic syndrome (Met5) compo-

nenits.
Male (n=287) Female irn = 105)
Fold Change T_l:rt.al Number of Risk Factors for MetST Number of Risk Factors for MetS
(re=192) 0 1-2 =3 p-Value 0 1-2 =3 p-Value

miR-152 (1:,"21_3) n:a_;ﬁ_a] {1_;,-3_3} {1_5 5 022 m_gi 2) {a_él,-i_zy (0_;,'[';.1) 0857

14 19 17 14 1.0 13 0.9
miR-16 12.16) (1324 (1320 0722 % (0714 @115 ©712 0%
miR-21 {1_1;,018.551 {ﬂ.&ﬁ.&] {1.52} {0.; g 0% [D.éj.ﬁ} {l.Ul',-i.é} (u.sl,'i.a} 0414
miR-25-3p ~ {1.3&,6;35) (ﬁ.ﬁl,-iﬁ:] {1_11,-?2_4} (1.32) 0884 (D.Enl,lll.ﬁj {1_11,-6:‘:.2} (o.;,';.sj 0.357
miR-30a-3p (1.;1.2} (u.at,l'::].u a [1.0,1-13.5} b {1.1,1 ;.m » 0029 (u.éﬁ 5) {a_sﬂ,-i.m (0.;,2.2} 0633
miR-30d (1_11,';_5) gn_ala;lf_m} {1_11,-3_0} (1_{111,2_1) 0.528 (0_;2 2) {0_91,--21_5} (0_51,41.4) 0.31e
miR-122 (1.;,2.5) m,;ﬁ_a) {1_;,-2_4} (1.53,'1_0) 0071 (0.&2.4} {a_i.n {D.iiﬁ] 0458
miR-126 (1.11,"21.3} {0_51,-11_5] {1.&,15} {0.;,'2_1} 0468 (u.éﬁ 3) {0_91,-%1.3} I:U.;,.'zl.'—ill 0827
miR-130b ¢ (1.21,'1.5) (1_:,-3_0] {1_11,-1_51 (o.éﬁ g 06 (u.;,'i_?; {l.Ul',-i.E»} (o.é,'ia) 0.2%2
miR-135-3p ¢ (0.5,%.5} {G.S,iﬁ] {0_3[.],_?15} {0.:3%.5} 0.603 (n.ii_u {c_;],_iu.m (0.5,%.5} 0.772
miR-140-5p ¢ (1_;_3) (9_;,-31_53 {n_i_ay {[}.;,.iﬁj 0525 (0_;?19) {o_eti_ag} (0_51,41.4) 0.05
miR-146a (1.31,'3.31 {a,;,-i__o) {1_3%,-?2_5} {1.32) 0384 (u.é,j']l 5) {1_11,-?3} (0.;,';.3) 0334
miR-130 (1;,"21.4) {a_;lf,-z_aj {u_:i_a} {1.3,3;_?; 0.753 m:-t,] '[?.9} a m.g,If.a} b m.s,lfz} w 002
miR-222" (1.21,'15) (ﬂ.;,-gﬁj {1_11,-?2_3} (0.;,2,3) 0114 (0.?{2 2) {1_5.6} (0.;.4) 0.275
miR-2237 (1;,'20} (o.é;g.m {1.4;_?2_24} {1_013;4;539] 0884 (n.;,é,sj {1.3{3.4} {osé;zl_?] 0.173
miR-363 (1:,"21.3) (1_3,-4;_93 {1_;,-?1_5} (1.3,'3; g 92 (o.g,i 2) {D.é,-iﬁ} (0.2,%.9) 0.0%
miR-375 (1.11,'?7; {1_{},—31_?3 {1.;,-1.8} {D.;,i.l]l 0963 (u.;,z_nj {a_el,-;zy (0.?1,'2.3} 0.0%2
miR-376a (1_;,2_3) (ﬂ_;,-i_?] {1_;-;_4} {D_;%é_?; 0448 (0_41,%7_3} {1_31,-33} (0_;,;_0) 0622

. . . . . o
miR-486-5p (1.11,"21.3) {1_{},—4{_9) {1_21,-1_?} {0.;,'31_?;. 0.767 (0.?{2 2) {a_al,-i.zy (u.g,' 19 01
miR-232-5p * (1:,'31.1} {a,;,_z_a] {1_:,_?_5} {I.ii?;.?j 0.758 (u.é,'{i 5) {a_él,_'zl.m (u.gi.zj 0388
miR-let-7e {1_1;-,3;.49) m.;?.na {1.;.;111: [1.31, é.l}h 0.003 (u..é,ji 2) {a_al,-i.zy (0.;,"21.5) 0423

T =190 (BTMF105F); & n =190 (B6M/104F); # 1 = 142 (66M/T6F); § n =177 (BIM/I5F); ¥ n =191
(B7M/104F); € o = 185 (B4M/101F). Data are presented in mean with 95% confidence interval (in
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parenthesis). Different letters denote difference between groups in each gender assessed by ad-
justed Wald test. Bold values indicate statistical significance at the p = 0.05 level.

Next, we examined miRNA levels according to each component of the MetS. We ob-
served that levels of miR-let-7c (p = 0.003) and miR-122 (p = 0.019) in plasma were higher
in those with large WC (Figure 3A,B). In addition, large WC was associated with increased
levels of miR-let-7c, miR-122 and miR-30a in men (Table 3). However, for women with
large WC, plasma levels of miR-146a, miR-15a, miR-30d and miR-222 were increased (Ta-
ble 3).

Table 3. Altered levels of miENAs according to sex and individual components of the metabolic
syndrome (Met5) in adults from a population-based study.

miRNA Sex Plasma Lev-Potential Tar- Function MetS Com-  p-
els get ponents  Value
CDKs Regulate franscription factors (SREBF, STATL)
and RNA polymerase 11
MAP farraly Cell signaling (e.g., c-Jun)
IGF2EF Nutrient metabolism
miR-let-7¢  Male Up RFX6 Regulate beta-cell maturation and function  Large WC 0015
ILI0 ERK1/2, p38 and INF-«B signaling
S0C51d Negative feedback on cytokine signaling
CCL3 Acute inflammatory state
PREAR?A PEA activation
FPRERA Response to stress Large WC 0015
R | - .
miR-122 Male Up PDE4 Regulate general metabolism High blood 0021
pressure
Mitochondrial funcHons
SIRT4 Cell signaling
miR-15a  Female Up AKT3 Regulate general metabolism Large WC  0.041
FPDE4 Cell proliferation and migration, apoptosis, per-
VEGFA meabilization
IKBEB Activation of NF-XB High triacyl- 0.038
CDKS  Regulate transcription factors (SREBP, STAT1)  8iyestol
miR-16  Male Dowm FOXO1 and RNA polymerase II
BCL?  Regulate adipocytokines and insulin signaling Low HDL-c 0.047
Regulate cell death
S0OC53/5 Negative feedback of cytokine signaling
PIK3RI Insulin metabolism
. Regulate transcription factors (SREBP, STATI1 . .
miR-222  Female Up CDES Ch and Rlquhﬁ pol}’n'ler::.e - ) Large WC <0001
MAP3E2 Cell signaling (INF-kB pathway)
IGF1 ERK signaling
TRAFS Activated TLR4 signaling, Toll-Like receptor
Signaling Pathways, NF-KB activation
miR-146a Female Up PR , mTOR signaling, AMPEK Signaling Pathway, In- Large WC  0.04%
sulin signaling
MARK] Energy metabolism
S50C51/3 Negative feedback on cytokine signaling
miE-30d Female Up RFX6 Regulate beta-cell maturation and function  Large WC  0.047

RLINX2 Eepulates osteogenesis and adipogenesis




Metabolites 2023, 13, 2

77

9 of 16

Protects mitochondria against lipid-induced ox-

LICP3 idative stress Large WC 0015
PPARGCIA Energy metabolism/blood pressure c_ontml, cel-
miR-30a Male Up ) lu.la.r cholesterol 11crmv.e_osta.5_'w _ .
50C53 Negative feedback on cytokine signaling High blood 0.001
MAP3K Cell signaling (e.g., c-Jun) pressure ’
IR51/2 Insulin signaling pathway
PREARIA PEA activation
Regulates glycogen synthase, PI3K signaling
GS5R3A .o
pathways, franscription factors (e g.. c-Jun)
miR-139 Female Down  AKTIS] O ucosemetaboliom, THTEDR mdMAPKsignal e 0016
FIK3R4 Insulin and EREK/MAPK signaling
IL10 Inflammation
MARE] Glucose metabolism
TRAF3 Toll-like receptor (TLE3 and TLR4) cascade,
miR-363 Male Down TINF signaling Low HDL-c 0026
MAPKS TLE4, TNF and IL-2 pathways
NOTCHI Notch signaling pathway
MAP3ET Cell signaling (e g, c-Jun)
iR-486 Male Dovt PIK3RI Insulin metabolism Reduced 0012
MARKI Glucose metabolism HDL-c
IGF1 ERK signaling

Adjusted Wald test was used to assess differences in miRMA levels for males and females sepa-
rately and according to individual components of the Met5. p < 0.05 indicates statistically signifi-
cant differences. Genes that are targeted by individual miRNA were predicted using the previ-
ously validated web software TargetScanHuman 8.0 and miEDB.

In addition, there were higher levels of miR-122 (p = 0.045) and lower levels of miR-
139 (p = 0.033) in individuals with high fasting glucose (Figure 3C.D). Only miR-139
showed reduced plasma levels in women (Table 3). Levels of miR-30a in plasma were
increased in individuals with high blood pressure (p = 0.005) and levels of miR-122 and
miR-30a were increased in men with high blood pressure (Table 3).

Regarding low HDL-cconcentrations, lower levels of miR-16 (p =0.036), miR-363 (p =
0.017), mdR-375 (p = 0.041) and miR-486 (p = 0.01) were observed in the whole cohort (Fig-
ure 4). Howewver, when the data were examined for males and females separately, reduced
levels were detected for miR-16, miR-363 and miR-486 in men only (Table 3). Further,
lower levels of miR-16 were observed in men with high triacylglycerol concentrations (Ta-
ble 3).
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Figure 3. Levels of miRNA in plasma according to waist circumference (WC) (A,B) and fasting glu-
cose (FG) status (C, D). The sample sizes were as follows: miR-122 and miR-let-7c (Mormal WC n =
62| Large WC n=130); miR-122 (Normal PG n =131 High FG n = 61) and miR-139 (Normal FG n =
1011High FG n = 41). Comparisons between groups in miRNA levels were conducted using the
adjusted Wald test. The box plots depict the 25th—75th percentile, and the white line represents the
median of each group. p = 0.05 indicates statistically significant differences.
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Figure 4. Levels of miENA in plasma from adults with normal or low HDL-c concentrations . The
sample sizes were as follows: miR-16, miR-375 and miR-486 (Normal HDL-c % =92 Low HDL-c n=
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100); miR-363 (Normal HDL-c n = 92 |Low HDL-c n = 59). Comparisons between individuals with
normal and low HDL-c for miEMNA levels were conducted using the adjusted Wald test. The box
plots depict the 25th—75th percentile, and the white line represents the median of each group. p =
0.05 indicates statisticallv significant differences.

Finally, we examined miRMNA levels according to the presence of IR. For the whole
cohort, we observed that there were higher levels of miR-let-7c (p = 0.005), miR-122 (p =
0.027), miR-126 (p = 0.020) and miR-30a (r = 0.026) in individuals with IR than in individ-
uals without IR (Figure >A). When stratified by sex, miR-let-7c (p = 0.002) and miR-126 (p
=0.020) showed higher levels in women with IR (Figure 5B).

There were no differences in levels of any of the 21 miENAs in our panel according
to the BMI classification (Table S1).
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Figure 5. Levels of miR-30a, miR-122, miR-126 and miR-let-7c in plasma from adults with and with-
out insulin resistance (IR) for the whole cohort (A) and by sex (B). Comparisons betwesn groups
were conducted using the adjusted Wald test. The box plots depict the 25th-75th percentile, and the
white line represents the median of each group. p <0.05 indicates statistically significant differences.

4. Disussion

To the best of our kmowledge, this is the first population-based study using data from
Brazilian individuals to evaluate droulating miRNAs in adults with MetS. Our results
propose that levels of miRINAs in plasma differ according to sex, number of MetS compo-
nents and individual risk factors for Met3. In our study, miR-16 and miR-363 were iden-
tified as potential biomarkers of MetS5 in women and the levels of miR-let-7c and miR-30a
in plasma increased with the number of Met5 components in men. MNotably, levels of eight
miFNAs were altered in the presence of four MetS components. Finally, 12 miRNAs
showed sex-specific responses according to the presence of cardiometabolic risk factors.

MetS is a multifactorial condition in which the risk of cardiometabolic disease in-
creases according to the number of MetS components [20.21]. In addition, the clustering
of risk factors for MetS promotes metabolic alterations able to change drculating mi-
croRNA levels [7]. In the present study, we provide data that corroborate these aspects
and, therefore, highlight the importance of evaluating the number of Met5 components
and each risk factor for MetS.

Levels of miR-16 and miR-363 were lower in women with MetS5 in this study. These
miRNAs present, among the potential targets, genes related to cell signaling, metabolism
regulation, mitochondrial fmction, and inflammation (Table 3).

Downregulation of miR-16 might contribute to reduced ceddative stress by positive
feedback of BCLI—the gene that encodes anti-apoptotic BCL-2 proteins [22]—and

79
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antioxddant genes CAT. 50D and GPX [23]. Downregulation of miR-16 can also protect
against cellular damage and inflammation by regulating the NF-«B pathway [24]. In ad-
dition, an inverse relationship is observed between miR-16 levels and the symthesis of
mTOR and p7056K1 [25], which may reflect on the improvement of glycemic metabolism.
At the same time, miR-363 regulates the Notch signaling pathway, being related to hy-
poxia-induced injury in cardiomyocytes [26], and glucose and lipid metabolism [27].

We observed sex-spedific differences in levels of miR-30a and miR-let-7c according
to number of Met5 components, with higher levels in men with one or more components.
Analysis of predicted gene fargets indicates a close relationship between miR-30a and in-
sulin sensitivity by targeting IR5-1/2 [28]). MiR-30a improves mitochondrial respiration in
human adlpocvter [6] and regulates differentiation and expansion of adipose tissue by
activating PPARy [29]. Also, miR-30a has been shown to directly suppress the STATI sig-
naling pathway and, consequently, an anti-inflammatory role in adipocytes [&].

In contrast, higher levels of miR-let-7c may increase the inflammatory response be-
cause it leads o reduction in plasma IL-10 concentration [30]. Furthermore, the higher
levels of miR-let-7c may suppress EFX6 levels, an essential transcription factor in the de-
velopment of islet cells and in maintenance of mature p-cells, and such reduced REX6
levels could lead to impaired insulin secretion and aberrant glucose metabolism [31]. The
Let-7 family is a well-conserved family of 12 miRNAs studied extensively because they
are linked to critical cell functions involved in several processes including development,
ageing [32] and tumor suppressor [33].

Our results are in line with other reports in which higher levels of miR-let-7e (a mem-
ber of the Let-7 family) were identified as an early marker of metabolic dysfunction in
children with Met5 [34]. In addition, we found higher levels of miE-150 in females with
1-2 MetS components. Increased levels of miR-150 were observed in acute myocardial
infarction and may be a potential biomarker for early diagnosis [35].

Three (miR-let-7c, miR-122, miR-30a) and four (miR-146a, miR-15a, miR-222, miR-
30d) miRMNAs were inreased in men and women with a large WC, respectively. Ab-
dominal obesity is an essential component of Met5, and a key risk factor for the resulting
complications [1,7], as it causes insulin resistance, lipotoxddty, hormone release and
chronic production of pro-inflammatory cytokines [3,5]. Consistent with these observa-
tions, we found that levels of four of the seven miRNAs mentioned above (miR-122, mik-
126, miR-30a and miR-let-7c) were altered in adults with insulin resistance from urban
Brazil. In addition, both miR-122 and miR-30a were increased in men with high blood
pressure relative to men with normal blood pressure. As shown in Table 3, miR-let-7c,
miR-30a and miR-122 are related to the control of energy metabolism, targeting genes
linked to insulin signaling (e.g., IRS1/2, PIE3R FOXOI), adipogenesis (FFARGCIA
FOXOI), lipid orddation (e.g., IGFI, PDE4), which strengthens the evidence for the mech-
anistic participation of these miFMNAs in the events that culminate in obesity, insulin re-
sistance and endothelial dysfumction.

New indications of the therapeutic potential of miR-122 are being discovered. For
example, Yaman et al. [36] showed that miR-122 was increased in individuals with high
postprandial response to the oral fat tolerance test, which may support elevated or pro-
longed postprandial lipemia. In addition, the miR-122/miR-30c ratio was associated with
microsomal triglyceride fransfer protein, Apo B-43, triacylglycerol concentrations and
chylomicron particles [36]. Furthermore, miR-122 may help in the early diagnosis and risk
estimation of non-alcoholic fatty liver disease in individuals with type 2 diabetes [37].
Considering the gene targets of miR-122, it seems likely that higher levels of miR-122 are
arisk factor for endothelial dysfunction [38]. Similarly, miR-30d promotes fatty acid beta-
oxidation and endothelial cell dysfunction, and increased levels were observed in coro-
nary microvascular dysfuncton [39].

Levels of miR-13% were lower in individuals with fasting blood glucose = 100 mg/dL
but did not seem to be influenced by other components of MetS. This observation agrees
with previous findings in individuals with diabetes, in which miR-132 upregulation was
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assodated with endothelial cell dysfunction by targeting c-jun-VEGF/FDGE-B pathway
[10]. In animal models, miR-139-5p directly regulates IR51 in the pancreas [40].

In addition, we observed reduced levels of miE-16, miR-375, mik-456 and miE-363
in plasma from individuals with low HDL-c concentrations, and reduced plasma levels of
miR-16 in men with higher plasma triacylglycerol concentrations. In silico bioinformatic
analysis did not reveal direct targets of lipid metabolism for either of these miFNAs. How-
ever, there is evidence for the role of these miRMNAs in the HDL-c biogenesis and hepatic
uptake, cholesterol efflioc and bile acid synthesis and secretion [41]. Since HDL-c is one of
the carriers of draulating miRNAs in cardiometabolic disorders [41], this might explain
our findings. Others have reported a positive assodation of miR-16 with insulin sensitivity
and HDL-c concentration, and a negative assodation with WC and triacylglycerols con-
centration [42].

We did not observe changes in miR-375 levels when evaluating other components
for MetS. MiR-375 is highly expressed in the pancreatic f-cell where it is responsible for
regulating insulin secretion. MiR-375 knockout mice have impaired pancreas proliferative
capacity and reduced beta cell mass, and, consequently, impaired glucose metabolism
[43]. Other authors have reported decreased miR-375 in plasma from women with MetS
[44].

Supporting findings from previous studies, we found sex-specific levels of miRNAs
in Met5. It is known that sex influences the risk of Met5-related death, gene levels and
miRNA regulation [45—47]. Sex hormenes such as estrogen regulate the action of the ribo-
mucleases Drosha and Dicer, and the levels of argonaute proteins which affect post-tran-
scriptional processing of miFINA [46].

Although a considerable number of studies in the literature have proposed a role for
drculating miRMNAs, there is limited evidence linking miRNAs and MetS5 [7,44]. In addi-
tion, findings from the available studies show high heterogeneity since they have investi-
gated drculating miFMNAs in different clinical conditions [7]. Thus, the present study
sheds light on the miFMNA profile in individuals with Met5.

This study has limitations: spedifically, we have used web-based tools to predict the
specific targets (or place of origin) of miRNAs and have not measured this directly. In
addition, the reduced number of individuals in each of the groups could limit the power
to detect possible relationships. Finally, the use of a cross-sectional study design means
that we cannot infer causality for the observed assodations.

5. Conclusions

In summary, in this representative sample of adults from urban Brazil, we have ob-
served significant associations between levels of miRNAs in plasma with abdominal obe-
sity, insulin resistance, high blood pressure, high plasma friacylglycerols and low HDL-c
concentrations. In addition, we have reported that individual miRNAs (notably miR-1232,
miR-let-7c, miR-30a and miR-16) showed specific responses according to stage of MetS
risk and sex of individuals. These findings form a basis for future research designed to
explain the participation of these miRNAs in the metabolic pathways that are dysregu-
lated in the development of cardiovascular risk.

Supplementary Materials: The following supporting information can be downloaded at:
https:/fwww mdpi com/article/10.3390/metabo13010002/51, Figure 51: Sample selaction; Table 51:
Levels of 21 miRNAs in plasma of the adults from a population-based study grouped by Body Mass
Index.
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6 CONSIDERACOES FINAIS

Os resultados apresentados evidenciaram a associacao entre a expressdo plasmatica de
microRNA e alteragdes em biomarcadores relacionados ao metabolismo da glicose e de
lipidios, a adiposidade e a resposta inflamatoria. Além disso, a investigacdo da relacdo entre a
dieta e a expressdo de microRNA circulantes lancou luz para a atuacdo chave de grupos
alimentares na modulagéo de vias relacionadas ao risco cardiovascular. No entanto, observa-se
a necessidade de estudos adicionais a fim de esclarecer as discrepancias encontradas.

Desse modo, o presente estudo reafirma o potencial dos microRNA circulantes como
biomarcadores de progressdo, diagnostico e resposta ao tratamento em diversas condi¢fes
clinicas. Somado a rapida resposta as intervencdes, a utilizacdo de microRNA como
biomarcadores apresentam como vantagens a elevada sensibilidade e especificidade, facilidade
de deteccdo por técnicas minimamente invasivas, abundancia em diversos biofluidos corporais
(soro/plasma, urina, saliva), estabilidade p6s-coleta.

Além disso, destaca-se o pioneirismo do trabalho desenvolvido, uma vez que estudos
de base populacional que relacionam o perfil plasmatico de expressdo de microRNA com
biomarcadores de risco cardiovascular e dieta em adultos sdo inexistentes na populacéo
brasileira. Os resultados apresentados podem servir de base para o desenvolvimento de estudos
de base populacional em outras regides do pais, contribuindo para o mapeamento do estado de
salde da populagdo brasileira, bem como, para a elaboragdo de intervenc¢des nutricionais mais
eficazes e direcionadas.
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7 SUGESTOES PARA TRABALHOS FUTUROS

Embora o primeiro estudo investigando microRNA seja datado de 1993, este é um campo
em evolugdo. O interesse crescente na associacdo entre microRNA e desenvolvimento de
doencas teve seu apogeu em 2021, sendo observado na base de dados cientificos da PubMed
mais de 9000 artigos publicados sobre a tematica.

No entanto, as relacfes entre microRNA, dieta e risco cardiometabolico estdo em fase
inicial de investigacdo, com poucos estudos disponiveis até 0 momento. Estudos iniciais
revelaram a associacdo entre padrdo de expressdao de microRNA e componentes alimentares,
por mecanismos ainda ndo elucidados. Sabe-se que a expressao de microRNA € influenciada
por fatores como sexo, idade, atividade fisica e condicdo clinica. Desse modo, os trabalhos
futuros devem aprofundar os mecanismos pelos quais 0s microRNA regulam os genes
associados ao risco cardiometabolico incluindo os fatores associados.

No que se refere ao padrdo alimentar, poucos estudos se concentram na identificagcdo dos
padrdes de expressdo de microRNA de acordo com o tipo de dieta adotada e consumo de
componentes isolados. Com isso, observa-se grande leque de op¢oes para trabalhos futuros que
auxiliem na identificagdo de biomarcadores especificos relacionados ao risco cardiometabdlico
e sua associacdo com o padrdo alimentar, A ampliagdo do nimero de estudos com individuos
de diferentes etnias, idades, perfis genéticos e habitos alimentares e culturais irdo agregar
informacBes importantes para o manejo dietoterapico mais preciso e eficaz para a reducédo do

risco e tratamento de DCNT.
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Area Tematica:

Versao: 1
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Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 4.604.086

Apresentagio do Projeto:

As informacdes elencadas nos campos “Apresentacio do Projeto”, “Objetivos da Pesquisa” e *Avaliacio de
Riscos e Beneficios™ foram retiradas do arquive de infoermac@es basicas do projeto
[PB_INFORMACOES_BASICAS_DO_PROQJETO_1701973.pdf], de 25/02/2021.

"O estudo, apresenta delineamento transversal, de base populacional, no gual serd avaliada uma
subamostra de 200 individuos adultos, com idade de 20 a 59 anos, que participaram do Isa-Capital 2015".

Objetivo da Pesquisa:

Objetivo Primario:

Analisar o perfil de express3o de microRNA no plasma e verificar a relacio com biomarcadores
cardiometabdlicos e dieta em individuos adultos participantes de um estudo de base populacional Isa-
Capital.

Objetivos Secundarios:

- Awvaliar o perfil de express3o no plasma de 21 microRNA relacionados ao metabolismo glicEémico e lipidico,
a obesidade e a resposta inflamatdna;

- Verficar a relag3o entre o perfil de express3o de microRMA no plasma e o estado nutricional (indice de
massa corporal e circunferéncia da cintura);
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- Venficar a relac3o entre o perfil de express3o de microRMNA no plasma e o perfil lipidico;

-Verificar a relagSo entre o perfil de express3o de microRMA no plasma e biomarcadores glicEmicos (glicose
em jejum, insulina plasmatica e HOMA-IR);

- Venficar a relagio entre o perfil de expressio de microRMNA no plasma e biomarcadores inflamatorios (IL-1,
IL-6, IL-10, proteina C reativa, TNF-, proteina gquimiotatica de mondcitos 1, inibidor do ativador de
plasminogénio 1, adiponectina, leptina, e moléculas de adesio intercelular-1 e vascular-1);- Venficar a
interacdo entre o perfil de

expressdo de microRNA e componentes alimentares que apesentam participacdo na redugdo ou aumento
do risco de desenvolvimento de doencas crdnicas ndo-transmissiveis”.

Avaliacao dos Riscos e Beneficios:

"Riscos:

A pesquisa em questdo apresenta baixos riscos por se tratar de um projeto que utilizara dados secundarios.
Tendo isto em vista, os riscos sdo a possibilidade de invas3o de privacidade efou quebra de sigilo.
Beneficios:

O estudo ndo apresenta beneficios diretos aos participantes. No entanto, a execucdo desse estudo permitira
ampliar os conhecimentos acerca das relagGes entre o perfil de expressio plasmatica de microRNA e
biomarcadores cardiometabdlicos no contexto das DCNT em uma amostra significativa da populacio
brasileira. Com isso, microRNA plasmaticos podem se apresentar como biomarcadores preditivos do nsco
de desenvolvimento de DCNT, permitindo assim a utilizac3o prévia de estratégias para a reducdo do nisco e
para a ampliag3o do tratamento dessas doengas”.

Comentarios e Consideragdes sobre a Pesquisa:

Estudo nacional com dados secundarios (200 participantes), com solicitac3o de dispensa de TCLE, o qual ja
foi assinado pelos participantes no estudo onginal (I3A-Capital 2015). A carta de anuéncia para acesso 2
uso dos dados foi apresentada.

Financiamento proprio.

Pesquisa de carater académico para obtencio do titulo Doutor em Ciéncias.

Previsio de inicio & de encerramento do estudo: 01/04/2021 e 01/01/2024, respectivamente.

Consideragies sobre os Termos de apresentacao obrigatoria:
Vide campo “Conclusdes ou Pendéncias e Lista de Inadequacdes”.
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Recomendagdes:

Vide campo “Concluses ou Pendéncias e Lista de Inadequacdes”.

Conclusdes ou Pendéncias e Lista de Inadequacdes:

Mao foram encontrados 6bices éticos neste protocolo de pesquisa.

Consideragdes Finais a critério do CEP:

Ressalta-se que cabe ao pesquisador responsavel encaminhar os relatérios parciais (de 6 em 6 meses) e
final da pesquisa, por meio da Plataforma Brasil, via notificacdo do tipo “relatdric™ para que sejam
devidamente analisados pelo CEP.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Declaragdo de Declaracao_infraestrutura_instituicao. pdff  16/02/2021 | Paula Nascimento Aceito

Instituicdo e 168:22:34 | Brand3o Lima

Infraestrutura

Felha de Rosto Folha_de_rosto_assinada_PaulaMBLimal 16/02/2021 | Paula Nascimento Aceifo

. 18:14:07 | Brand3o Lima

Solictacdo Assinada | Carta_de_encaminhamento.pdf 1210272021 | Paula Nascimento Aceito

pelo Pesquisador 16:23:45 | Brand3o Lima

Responsavel

Declaragdo de Declaracao_participacao. pdf 12/02/2021 | Paula Nascimento Aceito

Pesquisadores 16:23:20 | Branddo Lima

TCLE / Termos de  [Justificativa_ausencia_TCLE pdf 1210272021 | Paula Nascimento Aceito

Assentimento / 16:2253 | Branddo Lima

Justificativa de

Auséncia

Situacao do Parecer:

Enderego:
Bairmo: Cergueira Cesar
UF: 3P

Telefone:  (11)3061-7778

Municipio:

Ay, Doutor Arnalde, 715

CEP: [01.246-004
SAD PAULO

Fax: (11)3081-7770

E-miail:

coepififsp.usp.br
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USP - FACULDADE DE SAUDE
PUBLICA DA UNIVERSIDADE "%
DE SAO PAULO - FSP/USP

Continuagdo do Parecer: 4.504.086

Aprovado

Mecessita Apreciagdo da CONEP:
Mo

SAD PAULO, 22 de Margo de 2021

Assinado por:

José Leopoldo Ferreira Antunes
(Coordenador({a))

Enderego: Av. Doutor Arnaldo, 715
Bairro: Cerqueira Cesar

UF: sP
Telefone:

CEP: [01.248-004
Municipio: SAQ PAULD

{11)3061-7778 Fax: (11)3061-7779 E-mail: coepififsp.usp.br
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ANEXO B — Curriculo Lattes discente

Paula Nascimento Brand3o Lima

Enderego para acessar este CV: hittp://lattes.cnpg.br/7849430057205232
ID Lattes: 7849430957205232
Ultima atualizac3o do curriculo em 13/10/2023

Bacharela em Nutricdo e Mestra em Ciéncias da Salide pela Universidade Federal de Sergipe (UFS). Doutoranda no programa de pds-graduagdo Nutricdio em
Salide Plblica da Faculdade de Salde Plblica (FSP/USP). Atua nas dreas de pesquisa de doencas crnicas ndo transmissiveis, micronutrientes e gendmica

nutricional. (Texto informado pelo autor)

Identificagao

Nome
MNome em citagbes bibliograficas

Paula Nasdmento Branddo Lima
LIMA, P. N. B.;BRANDAO-LIMA, P. N;BRANDAO-LIMA, PAULA NASCIMENTO;BRANDAO-LIMA, PAULA;BRANDAO-LIMA, PAULA
N.;BRANDAC-LIMA, P.N.;BRANDAD'LIMA, PAULA NASCIMENTO

Lattes iD ®©) hitp://lattes.cnpa.br/7840430057205232
Orcid iD 2® hitps:/forcid.org/0000-0002-0040-361X
Enderego

Formag3do académica/titulacdo

2019

2016 - 2018

2011 - 2015

2008 - 2010

Doutorado em andamento em Nutricdo em Salde Publica.

Faculdade de Sadde Publica - USP, FSP - USP, Brasil.

Titulo: Associacdo entre microRNA circulantes, biomarcadores cardiometabdlicos e dieta em individuos adultos participantes de um
estudo de base populacional - ISA-Capital

Orientador: Marcelo Macedo Rogero.

Bolsista do(a): Fundac3o de Amparo a Pesquisa do Estado de S3o Paulo, FAPESP, Brasil.

Mestrado em Ciéncias da Saude.

Universidade Federal de Sergipe, UFS, Brasil.

Titulo: Polimorfismo de nucleotideo Gnico no gene do ZNTS (rs11558471) e sua relacdo com o estado nutricional relativo ao zinco &
marcadores glicdmices em individuos com diabetes mellitus tipo @ , Ano de Obtengdo: 2018.

Orientador: G Kiriaque Barra Ferreira Barbosa.

Coorientador: Liliane Viana Pires.

Bolsista do(a): Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior, CAPES, Brasil.

Graduagdo em Nutrigdo.

Universidade Federal de Sergipe, UFS, Brasil.

Titulo: BATATA DOCE (Ipomoea batatas) E MANDIOCA (Manihot esculenta Crantz) BIOFORTIFICADAS: TEORES DE PRO-VITAMINA
A E ACETTACAO POR PRE-ESCOLARES.

Orientador: Elma Regina Silva de Andrade Wartha.

Curso técnico/profissionalizante.

Instituto Federal de Sergipe, TFS, Brasil.
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ANEXO C - Curriculo Lattes orientador

Marcelo Macedo Rogero
Bolsista de Produtividade em Pesquisa do CNPq - Nivel 2

Enderaco para acessar este CV: http://lattes.cnpa.br/6607279993080828
ID Lattes: 6607279993080828
Ultima atualizacdo do curriculo em 05/09/2023

Graduado em Nutricdo pela Universidade de Sdo Paulo (1994), Mestrado em Ciéncias dos Alimentos pela Universidade de Sdo Paulo (2002) e Doutorado em
Ciéncias dos Alimentos pela Universidade de Sdo Paulo (2007). Pds-doutorado em Ciéncias dos Alimentos pela Universidade de Sdo Paulo (2007-2008). Pds-
doutorado pela Faculdade de Medicina da Universidade de Southampton, Inglaterra (2012-2013). Professor Associado 3, em Regime de Dedicacdo Integral a
Docéncia e a Pesquisa, junto ao Departamento de Nutricdo da Faculdade de Salde Plblica - USP. Vice-coordenador do Programa de Pds-graduacdo Nutricdo em
Salde Plblica da FSP-USP (PROEX, nota 6) desde 2022. Vice-presidente da Comissdo de Graduacdo da FSP-USP desde 2020. Coordenador do Laboratdrio de
Gendmica Nutricional e Inflamacgo (GENUIN) da Faculdade de Satide Piblica - USP desde 2009. E Pesquisador Principal do projeto temético (FAPESP 2017/05125-7)
intitulado “Estilo de vida, marcadores bioguimicos e genéticos como fatores de risco cardiometabdlico: Inquérito de Satide na cidade de So Paulo”. E Pesquisador
Associado do FoRC (Food Research Center), um dos Centros de Inovagdo, Pesquisa e Difusdo (CEPIDs) apoiados pela FAPESP. Obteve o primeiro lugar no Prémio
Anual de Exceléncia em Docéncia de Graduagdo na Faculdade de Saide Publica da USP (2013).0bteve o segundo lugar no Prémio Exceléncia em Docéncia de
Graduacdo da Universidade de Sdo Paulo (2013). Obteve o Prémio Dra. Eliete Salomon Tudisco, Destaque Profissional do Ano - Nutricionista na Area Académica
concedido pelo Conselho Regional de Nutricionistas, 32 regido (CRN-3). Bolsista de Produtividade do CNPq desde 2013. Tem experiéncia nas areas de Gendmica
Nutricional e Inflamagdo; Imunonutri¢io; e Metabolismo de Macronutrientes e Exercicio Fisico. (Texto informado pelo autor)

Identificagao

Nome Marcelo Macedo Rogero

Nome em citacbes bibliograficas ROGERQ, M. M.;ROGERD, MARCELO M.;Rogero, Marcelo Macedo;Rogero, Marcelo M;Rogero, Marcelo;MACEDO ROGERO,
MARCELO; MACEDO ROGERO, M.

Lattes iD © hitp://lattes.cnpq. br/6607279993080828

Orcid iD @ https://orcid.org/0000-0003-0517-1645

Enderego

Endereco Profissional Universidade de S3o Paulo, Faculdade de Satide Priblica.
Av. Dr. Amaldo, 715
Cerqueira Cesar

01246-904 - Sao Paulo, SP - Brasil
Telefone: (11) 30617850
Fax: (11) 30617705

Formac&o académica/titulacéo

2003 - 2007 Doutorado em Giéndias dos Alimentos.
Universidade de 530 Paulo, USP, Brasil.
Titulo: Efeito do desmame precoce e da suplementacdo com glutamina, in vitro e in vivo, sobre a fundonalidade de macrdfagos
peritoniais & o estado nutricional de camundongm@, Ano de obtencao: 2007.

Orientador; 0 Julio Orlando Tirapegui Toledo.
Baolsista do(a): Conselho Nacional de Desenvolvimento Clentifico & Tecnoldgico, CNPa, Brasil.
1999 - 2002 Mestrado em Ciéncias dos Alimentos.
Universidade de S30 Paulo, USP, Brasil.
Titulo: Efeitos do exercicio e da suplementagao com L-glutamina e L-alanil L-glutamina sobre as concetragbes de glutamina no
plasma, misculo e figade em ratos, Ano de Obtencdo: 2002.
Orientador: Q Julio Orlando Tirapegui Toledo.
Bolsista do(a): Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior, CAPES, Brasil.
Palavras-chave: Exercicio; suplementagdo; L-glutaminz; L-alanil-L-glutamina; Rato; Sistema Imune.
Grande adrea: Ciéncias Agrarias
1991 - 1994 Graduacao em Nutricdo.
Universidade de 530 Paulo, USP, Brasil.
Orientador: Ignez salas Martins.
Baolsista do(a): Coordenadoria de Assisténcia Sodal da Universidade de S3o Paulo, COSEAS, Brasil.

Pds-doutorado e Livre-docéncia

2017 Livre-docéndia.
Faculdade de Sadde Publica, FSP, Brasil.
Titulo: Efeito da suplementacdo com dleo de peixe sobre a expressdo e a funcdo dos receptores do tipo Toll em mendcitos do
sangue periférico em individuos obesos., Ano de obtengdo: 2017.
2012 - 2013 Pds-Doutorado.
University of Southampton, SOUTHAMPTON, Inglatera.
Bolsista do(a): Fundagdo de Amparo 4 Pesquisa do Estado de Sdo Paulo, FAPESP, Brasil.
2007 - 2008 Pds-Doutorado.
Universidade de 530 Paulo, USP, Brasil.
Bolsista do(a): Fundacdo de Amparo 3 Pesguisa do Estado de Sao Paulo, FAPESF, Brasil.
Grande drea: Ciéncias da Salde




