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RESUMO

CARRARO, Julia Cristina Cardoso, D.Sc., Universidade Federal de Vigosa,
dezembro de 2015. Biomarcadores inflamatérios e epigenéticos precoces de
componentes da sindrome metabdlica e sua associagdo com a dieta
habitual. Orientador: Josefina Bressan. Coorientadores: Fernanda de Carvalho
Vidigal e Helen Hermana Miranda Hermsdorff.

A Sindrome Metabolica (SM) é caracterizada como um conjunto de alteragbes
metabdlicas relacionadas ao maior risco de doengas cardiovasculares, diabetes, e
morte prematura. Seu desenvolvimento pode estar relacionado a varios fatores,
como o estresse oxidativo, a inflamagao, fatores ambientais (ex. dieta) e
(epi)genéticos, sendo a obesidade e a resisténcia a insulina fatores centrais em
sua fisiopatologia. Uma vez que a SM possui importantes repercussdes na
qualidade e expectativa de vida, torna-se importante o diagnostico e intervengao
precoce no intuito do aumento da sobrevida destes individuos. Assim, este estudo
teve como objetivo determinar biomarcadores inflamatérios e epigenéticos
precoces da SM, bem como avaliar a associacdo de componentes da dieta
habitual com os componentes da SM, com as concentragcbes de marcadores
inflamatoérios e com modificagdes epigenéticas. Dois estudos transversais foram
conduzidos, sendo um composto por profissionais de saude aparentemente
saudaveis do municipio de Vigosa — MG (n=226; 74% do sexo feminino; idade
média de 28,9 + 7,0 anos e média de IMC de 22,4 + 3,4 kg/m?), e o segundo por
estudantes das universidades de Navarra (UNAV) e Publica de Navarra (UPNA),
da cidade de Pamplona, Espanha (n=153; 67% do sexo feminino; idade média de
21,0 + 3,0 anos e média de IMC de 22,1 + 2,5 kg/m?). Foram avaliados indicadores
antropométricos, de composicao corporal, marcadores metabdlicos e inflamatdrios
e a metilagdo global do DNA e de promotores de genes codificadores de
marcadores inflamatérios. Os marcadores epigenéticos foram avaliados por
diferentes métodos (High Resolution Melting - HRM e MALDI-TOF-Sequenon). Em
relagado ao primeiro estudo, a hipermetilagcao global do DNA e a de promotores de
genes inflamatorios (IL-6, SERPINE1 e PCR) esteve associada a marcadores de
adiposidade, como o perimetro da cintura - PC e indice de massa corporal - IMC.

Individuos com maior metilagado global também apresentaram aumento da pressao

xii



arterial sistolica e de marcadores do metabolismo glicidico, maiores concentragoes
de TNF-o e menores de adiponectina, bem como pior qualidade da dieta. A
hipermetilagcdo dos genes inflamatérios, embora néo relacionada a concentragdes
circulantes das respectivas citocinas, esteve relacionada a componentes
especificos da dieta, como o maior consumo de calorias, de carboidratos ou de
lipidios totais. No segundo estudo, as concentragdes séricas de interleucina-6 (IL-
6) estiveram associadas a indicadores de adiposidade (PC, razao cintura quadril -
RCQ, IMC e percentual de gordura corporal), assim como ao maior risco de
ocorréncia da resisténcia a insulina e maiores concentracbes séricas de PCR,
mostrando-se melhor biomarcador precoce de desordens metabdlicas que a
interleucina-18 (IL-18). As concentragbes destas interleucinas podem ser
influenciadas pelo habito de fumar, uma vez que o maior numero de cigarros
fumados ao dia esteve associado a maiores concentragdes de IL-6 e IL-18. A
melhor qualidade da dieta, bem como o maior consumo de frutas totais, laranja,
maca, vitamina C e fibra da fruta estiveram associadas a hipometilacdo do
promotor de TNF-a. Em conjunto, os resultados dos dois estudos sugerem que as
concentragdes de citocinas inflamatérias e marcadores epigenéticos (metilagao de
DNA) podem ser bons preditores precoces de alteracbes metabdlicas, podendo
ser influenciados pela qualidade da dieta e ingestdo de nutrientes e,ou grupos

alimentares especificos, como o de frutas.
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ABSTRACT

CARRARO, Julia Cristina Cardoso, D.Sc., Universidade Federal de Vigosa,
December, 2015. Inflammatory and Epigenetic early biomarkers of Metabolic
Syndrome components and its association with habitual diet. Adviser:
Josefina Bressan. Co-advisers: Fernanda de Carvalho Vidigal and Helen Hermana
Miranda Hermsdorff.

The metabolic syndrome (MetS) is a cluster of metabolic abnormalities associated
with increased risk of cardiovascular disease, diabetes, and premature death. The
development of MetS may be related to many factors such as oxidative stress,
inflammation, environmental (eg. diet) and (epi)genetic factors, being obesity and
insulin resistance key factors in the pathophysiology. Since MetS has important
repercussions on the quality of life and life expectancy, it is very important the early
diagnosis and intervention in order to increase the survival of these subjects. Thus,
this study aimed to determine early inflammatory and epigenetic biomarkers of
MetS, and to evaluate the association of dietary components with MetS and with
the biomarkers evaluated. Two cross-sectional studies were carried out, one
composed by apparently healthy healthcare professionals from Vigosa - MG (n =
226, 74% of females, age average 28.9 + 7.0 years old and BMI average 22.4 + 3.4
kg/m?), and the second by students from the universities of Navarra (UNAV) and
Public of Navarra (UPNA), from Pamplona , Spain (n = 153, 67% of females, age
average 21.0 + 3.0 years old and BMI average 22.1 + 2.5 kg/m?).). Subjects from
the both studies were evaluated by anthropometric, body composition, metabolic
and inflammatory markers and, the global DNA methylation and methylation of
promoters of genes encoding inflammatory markers. Epigenetic markers were
evaluated by different methods (High Resolution Melting - HRM and MALDI-TOF-
Sequenon). Regarding to the first study, the global DNA and inflammatory genes
promoters hypermethylation (/L-6, SERPINE1 and PCR) have been associated to
adiposity markers such as waist circumference (WC) and body mass index (BMI).
Individuals with higher global methylation also showed an increase in systolic blood
pressure and glycemic metabolism markers, higher TNF-a concentrations and
lower adiponectin, as well as poorer quality of the diet. The hypermethylation of

inflammatory genes, though not related to circulating concentrations of the
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cytokines, was related to specific components of the diet, such as higher caloric,
carbohydrate or total fatty acids intake. About the second one, interleukin-6 (IL-6)
concentrations were associated with adiposity traits (WC, waist hip ratio- WHR,
BMI and body fat percentage), as well as the increased risk of resistance insulin
and higher serum concentrations of CRP. IL-6 has been shown to be better early
biomarker of metabolic disorders that interleukin-18 (IL-18). The concentrations of
these interleukins can be influenced by smoking, once the largest number of
cigarettes smoked per day was associated with higher concentrations of IL-6 and
IL-18. The best quality of the diet and higher consumption of total fruit, orange,
apple, vitamin C and fruit fiber were associated with hypomethylation of TNF-a
promoter. Taken together, the results of both studies suggest that the inflammatory
cytokines levels and epigenetic markers (DNA methylation) can be good predictors
of early metabolic changes, which can be influenced by the quality of diet and

intake of nutrients or specific
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1. INTRODUGAO GERAL

A Sindrome Metabdlica (SM) é caracterizada como um conjunto de
alteracdes metabdlicas relacionadas ao maior risco de doencgas cardiovasculares,
a saber, a presséo arterial aumentada, dislipidemia, obesidade central e glicemia
de jejum elevada (ALBERTI et al., 2009).

A grande relevancia dos estudos da SM se da pelo aumento do risco de
diversas doengas, como doengas coronarias, diabetes, e morte prematura
(WILLIAMS et al., 2007), sendo o risco de infarto trés vezes maior entre individuos
sindrébmicos (ISOMAA et al.,, 2001). A SM também aumenta o risco de
desenvolvimento de esteatose hepatica nao-alcodlica (ERICKSON, 2009);
sindrome do ovario policistico, aterosclerose (BRUCE; HANSON, 2010) e
hiperuricemia (KUNITSKAYA; ARIEV, 2012).

Varios fatores podem influenciar no desenvolvimento da SM, como
concentracbes hormonais, estresse oxidativo, estado pro-inflamatério, disturbios
do sono, entre outros. No entanto, a resisténcia a insulina e a obesidade tém sido
os principais fatores predisponentes (WILLIAMS et al., 2007, CAMPION et al.,
2009).

Por sua vez, os fatores genéticos sao fortes contribuintes na génese da SM,
sendo a hereditariedade responsavel por cerca de 10 a 30% das ocorréncias
(POLLEX; HEGELE, 2006). Dessa forma, cada vez mais se busca elucidar
também os mecanismos epigenéticos de regulagdo metabdlica.

Neste contexto, entende-se por epigenética, as modificacdes relativamente
estaveis e hereditarias em nivel cromossémico, sem mudangas na sequéncia de
DNA (BERGER et al.,, 2009). Tais modificagdes podem ser influenciadas pelo
ambiente (como dieta, atividade fisica, fumo, entre outros), mediante alteracbes na
metilacdo, acetilagdo ou fosforilagdo do DNA e,ou de histonas (SPOTSWOOD;
TURNER, 2002). Estas alteragdes levam a remodelacdo da cromatina,
ocasionando em aumento ou diminuicdo da expressao de genes (WATERLAND;
GARZA, 1999).



De fato, estudos de programacéo fetal em resposta a um ambiente materno
adverso em relacdo a predisposicdo de doengas crbénicas futuras tém
demonstrado o papel da epigenética na génese da SM (GALLOU-KABANI;
JUNIEN, 2005).

Ainda no contexto da relagdo obesidade/SM, sabe-se que a inflamacéao
exerce papel central entre as duas enfermidades, uma vez que a expanséo do
tecido adiposo promove o recrutamento de células imunes, aumentando assim a
producao de citocinas pro-inflamatérias (VACHHARAJANI et al., 2009). Por sua
vez, o aumento de citocinas inflamatorias favorece o desenvolvimento de
desordens metabdlicas tais como, resisténcia a insulina e doencas
cardiovasculares (CHEN et al., 2012).

A dieta também possui influéncia importante na génese das desordens
metabdlicas e aumento da inflamagcao (HERMSDORFF et al., 2009), tanto pelos
mecanismos bem estabelecidos em relacdo ao aumento de fatores risco
(SIMOPOULOS, 2008; VAN DIJK et al., 2009) quanto em termos de influéncia
sobre marcadores epigenéticos (URIARTE et al., 2013; ZHANG et al., 2012).

Neste contexto, a busca por novas e apropriadas técnicas de diagndstico
precoce, como a determinagao de biomarcadores, deve ser potencializada para a
prevencdo da SM (RYO et al.,, 2004). Esta busca pode ser de fundamental
importancia se tiver como alvo individuos jovens e saudaveis, de forma a predizer
antecipadamente a ocorréncia da enfermidade e otimizar seu tratamento
(CARRARO et al., 2015). A determinacédo de biomarcadores precoces, bem como
o efeito da dieta sobre os mecanismos epigenéticos poderdo trazer novas
perspectivas no ambito do cuidado nutricional na prevengao de doencas crénicas

nao transmissiveis.

2. HIPOTESE

A hipbtese deste estudo € que a concentracdo circulante de citocinas
inflamatorias e a metilagdo do DNA podem ser utilizados como biomarcadores

precoces do desenvolvimento de desordens metabdlicas.



3. OBJETIVOS
3.1. Objetivo Geral
Identificar biomarcadores inflamatérios e epigenéticos precoces do

desenvolvimento de componentes da Sindrome Metabdlica, bem como sua

associagdo com componentes da dieta habitual.

3.2. Objetivos Especificos

Para a realizacdo deste estudo foram desenvolvidos dois estudos transversais

com individuos, aparentemente saudaveis, de diferentes populacoes:

a) Estudo 1 — Profissionais de Saude de Vicosa — MG (Brasil)
- Avaliar indicadores antropométricos e do consumo alimentar na populacao
estudada;

- Determinar as concentragdes séricas de marcadores metabdlicos: glicose,

colesterol total e fragdes, triglicerideos, insulina e acido urico séricos;

- Determinar as concentracbes plasmaticas de biomarcadores inflamatorios:
adiponectina, IL-10, IL-6, PAI-1, TNF-a, IL-1B, proteina C reativa (PCR) e

complemento C3 dos individuos;
- Determinar as concentragdes plasmaticas de malondialdeido;

- Determinar a metilagdo de genes codificadores de marcadores inflamatérios (IL-
6, PAI-1 e PCR);



- Avaliar a associagao entre indicadores antropométricos, componentes da dieta e
de estilo de vida em relacdo ao estado inflamatério e oxidativo da populacéo

estudada;

- Avaliar a associagdo da metilacdo do DNA com a presenca de SM e seus

componentes;

- Avaliar a associacao da dieta na relagcao entre metilacdo de DNA e SM.

b) Estudo 2 — Jovens universitarios de Pamplona — Navarra (Espanha)
- Avaliar indicadores antropométricos e da dieta na populacao estudada,;

- Determinar as concentragbes de marcadores metabdlicos: glicose, colesterol

total e fragbes, triglicerideos, insulina e acidos graxos livres no plasma;

- Determinar as concentragcdes plasmaticas de biomarcadores inflamatérios: IL-6,
IL-18 e TNF-a dos individuos;

- Avaliar a expressao e a metilacdo de TNF-q;

- Avaliar a associagao entre indicadores antropométricos, dieta habitual e de estilo

de vida em relacao ao estado inflamatério;

- Avaliar a associagao da metilagdo do DNA e expressdo génica com a presenca

de SM e seus componentes;

- Avaliar a associagéo da dieta nas relagdes entre marcadores (epi)genéticos,
inflamatorios e componentes da SM.



4. REVISAO BIBLIOGRAFICA

Sindrome Metabdlica

A Sindrome Metabodlica (SM) esta caracterizada como um conjunto de
alteragbes metabodlicas responsaveis pelo maior risco de eventos
cardiovasculares. As principais alteragbes envolvidas sao: pressado arterial
aumentada, dislipidemias, obesidade central e glicemia de jejum elevada,
relacionando-se intimamente a fisiopatologia da resisténcia a insulina (ALBERT]I et
al., 2009). Alguns autores relatam ainda como fatores relacionados a SM, o
aumento das concentragbes de apolipoproteina B (ALBERTI et al., 2005),
aumento do estresse oxidativo e reducao das defesas antioxidantes (WEST, 2000;
PENCKOFER et al., 2002; STOCKER; KEANEY, 2004), aumento do acido urico
(DA SILVA et al., 2015), microalbuminuria (GRUNDY, 2005) e metabolismo de
carboidratos e lipidios prejudicados, bem como alteragdes nas fungdes dos tecidos
adiposo, cardiaco, vascular e na funcdo hemostatica (GARAULET; MADRID,
2009).

De acordo com o National Cholesterol Education Program (NCEP) Adult
Treatment Panel Ill (ATP Ill), os critérios de diagndstico da SM s&o baseados na
presenca de 3 ou mais alteragdes dentre: perimetro da cintura, triglicerideos
séricos, pressao arterial e glicose de jejum aumentados, e redugéo dos niveis de
lipoproteina de alta densidade (HDL-C). Esta classificacao tem sido amplamente
empregada na pratica clinica e em estudos epidemioldgicos (NCEP, 2001).

Segundo a Organizagdo Mundial da Saude, a SM pode ser definida pela
presenca de intolerancia a glicose, diabetes ou resisténcia a insulina, associada a
duas ou mais das seguintes alteragdes: pressao arterial e triglicerideos séricos
aumentados, reducao de HDL-C, obesidade abdominal definida pelo perimetro da
cintura aumentado e microalbuminuria (WHO, 2000).

Em 2009, uma definigdo unificada foi proposta por varias organizagdes,
com os mesmos fatores diagnosticos propostos pelo NCEP-ATP llll, exceto para a
obesidade abdominal como fator obrigatério e, sendo a resisténcia a insulina o
fator chave na fisiopatologia da doenga (ALBERTI et al, 2009).



A prevaléncia de SM tem se apresentado elevada em paises
desenvolvidos, sendo observados valores entre 14 e 41% em estudo realizado em
individuos nao diabéticos de diversos paises da Europa. O aumento da
prevaléncia mostrou-se proporcional ao aumento da idade (BALKAU et al, 2002).
Em paises em desenvolvimento estes valores também sio elevados. Estudos
realizados com a populagdo adulta da india e do Ird descreveram prevaléncias de
SM de 41% e 33,7%, respectivamente (AZIZI et al, 2003; RAMANCHANDRAN et
al, 2003). Em uma revisao sistematica Vidigal el al. (2013) estimaram uma
prevaléncia de SM de 29,6% (14,9% a 65,3%) a partir de estudos pontuais
realizados no Brasil. Estes valores podem chegar a 50%, sendo a SM considerada
0 maior problema de saude publica da sociedade moderna (CAMERON et al.,
2004). Entre caucasianos a prevaléncia € de cerca de 16%, mostrando a
interferéncia de fatores étnicos no desenvolvimento da doenga (ROSMOND, 2001;
RAMPAL et al., 2012). Outro estudo demonstrou que a prevaléncia de SM é maior
entre mulheres e entre individuos acima de 40 anos (RAMPAL et al., 2012). No
entanto, a discrepancia destes valores também pode ocorrer em funcdo de
diferentes critérios diagndsticos (TONG et al.,2007; JANGHORBANI; AMINI,
2012). Um aumento da ocorréncia de SM € observado, principalmente, durante o
periodo perimenopausal e nos primeiros anos pos-menopausa, o que pode ocorrer
em funcao da deficiéncia de estrégeno, tanto sobre a atividade ovariana, quanto
sobre 0 aumento do acumulo de gordura central (JANSEN et al., 2008).

A etiologia da SM ainda é desconhecida, mas sugere-se que seu
desenvolvimento poderia ser devido a complexa interagdo de fatores genéticos,
idade, sedentarismo e estilo de vida, em especial, a dieta (RAMIREZ -VARGAS et
al, 2007). Varios fatores podem estar envolvidos na génese ou manutengao de
alteracbes metabdlicas predisponentes da SM, sendo considerada uma doenca
multifatorial.

Existem cada vez mais evidéncias cientificas de que a inflamacao esta
diretamente associada a SM, assim, deriva-se a importancia de se conhecer
melhor os mecanismos implicados na etiologia de tais associagdes (SCHIFFRIN,
2008; WADSWORTH, 2008).



Ja esta bem elucidado que a obesidade, condicao intimamente relacionada
a presenga da SM, pode ser caracterizada como uma resposta inflamatéria
subclinica, com uma produgao anormal de adipocinas (substancias com fungdes
hormonais produzidas no tecido adiposo) e de fatores pré-inflamatérios, uma vez
que os adipdcitos apresentam algumas propriedades imunes e de ativagdo do
complemento. Ademais, a obesidade promove a atracdo de mondcitos para o
tecido adiposo (HERMSDORFF et al., 2010).

Obesidade e o risco aumentado de SM

A SM tem recebido grande atencéo nas ultimas décadas, uma vez que sua
prevaléncia tem aumentado de forma exacerbada, principalmente em paises
ocidentais. Este aumento tem ocorrido em funcdo de dietas hipercaldricas,
sedentarismo, e consequente excesso de adiposidade (CORNIER et al., 2008).
Sua prevaléncia foi estimada em 20 a 30%, crescendo paralelamente ao aumento
da obesidade (ALBERTI et al., 2005).

Cerca de 30% da populagao norte americana € obesa, sendo esta realidade
ja aplicavel também as criancas (WU; KAER, 2013). A Organizagao Mundial da
Saude relatou que a obesidade crescera de 1 bilhdo de pessoas com sobrepeso e
350 milhdes de obesos para cerca de 2,16 bilhdes de individuos com sobrepeso e
1,12 bilhdes de obesos em 2030, sendo a causa primaria desta epidemia o
desbalancgo energético (JAMES, 2008).

O peso corporal tende a ser estavel tanto em obesos quanto em magros,
em funcdo da existéncia de mecanismos regulatorios do gasto energético e, ou da
ingestéo alimentar (FRIEDMAN, HALAAS, 1998).

As adipocinas também estao relacionadas a regulagao de vias metabdlicas,
integrando o tecido adiposo a receptores de horménios nucleares e ao sistema
nervoso central (LAZAR, 2006), e agindo sobre o metabolismo de lipidio e glicose
(KERSHAW; FLIER, 2004). Uma dessa adipocinas, a adiponectina e seus
receptores tem sido considerada um possivel alvo terapéutico para a SM, em
fungdo de sua acgéo antidiabética e antiaterogénica (KADOWAKI; YAMAUCHI,
2005).



Os adipécitos sdo as células especializadas na fungado de estocagem de
lipidios, como substrato energético, em situacbes de abundéncia de nutrientes
(PELLEYMOUNTER et al., 1995).

A localizagdo do tecido adiposo, se subcutaneo ou visceral, determina
importantes diferencas metabdlicas entre estes dois compartimentos corporais de
acumulo de lipidios, em fungdo da capacidade de lipdlise e lipogénese,
sensibilidade a insulina, metabolismo energético e regulagdo endocrina
(WAJCHENBERG, 2000). O acumulo excessivo de triglicerideos no tecido adiposo
visceral tem sido descrito como mais deletério, uma vez que, por ser de mais facil
mobilizagcdo, promove um aumento de acidos graxos livres na circulagao portal,
levando a um menor clearance de insulina no figado, resisténcia a insulina,
hiperinsulinemia, hipertensdo, dislipidemias e, consequentemente, maior risco de
doencas cardiovasculares (SHANKAR, 2012).

Além disso, as células adiposas possuem capacidade limitada de
estocagem. Sendo assim, quando ocorre uma ingestdo caldrica elevada de
maneira cronica, este armazenamento pode cessar, levando ao acumulo ectopico
de lipidios. Orgédos como coracéo, musculo esquelético, figado e pancreas podem
apresentar concentragbes anormais de triglicerideos, podendo sofrer
interferéncias negativas em nivel celular e faléncia gradativa do 6rgédo (UNGER et
al., 2010). Este conceito de acumulo de lipidios em células ndo adiposas e suas
consequéncias metabodlicas € chamado de lipotoxicidade, e pode incorrer em
resisténcia a insulina, apoptose e inflamacao (VIRTUE; VIDAL-PUIG, 2010).

Desta maneira, a obesidade causa acumulo excessivo de gordura nao
somente no tecido adiposo, como em Orgaos responsivos a insulina,
principalmente o musculo esquelético e tecido hepatico, podendo levar a
resisténcia a insulina e SM, bem como ao diabetes tipo 2, esteatose hepatica ndo
alcodlica, certos tipos de cancer e redugao da expectativa de vida (ZIMMET et al.,
2001; GARNETT et al., 2007; AGIRBASLI et al., 2011).



Inflamagcédo e SM

Sabe-se que a obesidade € uma condicéo inflamatoria e esta associada a
maiores prevaléncias de SM. Sendo assim, varios marcadores inflamatérios
(Proteina C Reativa — PCR, interleucina-6 — IL-6 e adiponectina) podem
representar um elo entre a obesidade e suas complicagdes associadas, como a
resisténcia a insulina e a SM, e serem assim considerados possiveis
biomarcadores para a sindrome (DANDONA et al, 2004; CHEN et al.,, 2012;
CARRARO et al., 2015).

Os mecanismos precisos que relacionam tais eventos permanecem,
todavia, sem completa elucidagao. As relagdes de causa-efeito entre os processos
de inflamagdo com as doencgas associadas ainda nao estdo claras, mas varios
estudos tém associado a ocorréncia destas ao aumento nas concentragdes de
alguns marcadores inflamatérios (DANDONA et al, 2004; DANDONA et al,
2005; MORENO-ALIAGA et al, 2005). Sendo assim, esforgos tém sido
realizados no sentido de identificar marcadores com o objetivo de sistematizar sua
utilizacdo no diagndstico e controle de doencgas relativas ao aumento do risco
cardiovascular, como a SM.

O aumento das concentragdes de diversas citocinas pré-inflamatérias tem
sido associado as complicacbes metabdlicas (resisténcia a insulina, doencas
cardiovasculares, entre outras), como pode ser observado com o fator de necrose
tumoral (TNF-a), a interleucina 6 (IL-6), interleucina 1B (IL-1B), PAI-1 (inibidor da
ativagdo de plasminogénio 1), entre outros (FORD et al, 2003; HU et al., 2004;
UM et al., 2004, VOLP et al., 2012, LOPEZ-LAGARREA et al., 2013).

A IL-6 e o TNF-a, no entanto, s&o as citocinas mais estudadas na
obesidade e suas concentragdes se encontram elevadas em individuos deste
grupo, inclusive no plasma (HERMSDORFF et al, 2010; 2011). Estudos também
tém sido conduzidos no intuito de estabelecer relagbes inversas entre
concentragdes circulantes de citocinas anti-inflamatérias e a SM. Todavia, estas
relagdes estdo mais bem elucidadas em relacdo a resisténcia a insulina e a
obesidade, e nao diretamente a SM. A adiponectina, por exemplo, uma adipocina

anti-inflamatdria, atenua a resisténcia a insulina por meio da reducédo do conteudo
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de triglicerideos no figado e no musculo esquelético (YAMAUCHI et al., 2001).
Relagbes inversas também foram identificadas entre as concentragcbes de
interleucina 10 (IL-10) e presenga de SM em mulheres (ESPOSITO et al., 2003),
provavelmente devido a sua acao inibitdéria sobre a produgdo de citocinas
pré-inflamatérias (TEDGUI; MALLAT, 2001).

Fatores genéticos relacionados a SM

Varias evidéncias demonstram que fatores genéticos sao fortes
contribuintes no desenvolvimento da SM, sendo que a suscetibilidade genética e a
hereditariedade respondem por cerca de 10 a 30% das ocorréncias (POLLEX;
HEGELE, 2006).

Varios estudos tém demonstrado genes candidatos a relagdo com o
desenvolvimento da SM (CORELLA et al.,, 2010; POVEL et al., 2011), entre
eles, o FTO (LIGUORI et al., 2014), genes relacionados ao metabolismo lipidico
(KRISTIANSSON et al., 2012), a adipogénese (FARMER, 2006), ao controle
circadiano (DASHTI et al., 2014), a fatores de crescimento (MINA et al., 2015) e a
inflamacao (FUENTES et al., 2013). A alteracdo na expressao destes genes, bem
como a interagdo multigéncia pode interferir na ocorréncia ou ndo da doencga, no

entanto seus mecanismos de agao ainda sao pouco elucidados.

Nutriepigenética e a requlagdo da expresséo génica

O termo epigenética refere-se a modificagdes no cromossomo, sem
alteragbes na sequéncia de DNA, que podem ser hereditarias (BERGER et al.,
2009). Tais modificagdes sédo responsivas ao ambiente e compreendem diversos
mecanismos, como alteracdes na metilagado, acetilacido ou fosforilacdo do DNA
e,ou de histonas (SPOTSWOOD; TURNER, 2002). Estas alteragbes levam a
remodelagcdo da cromatina, ocasionando em aumento ou diminuigao da expressao
de genes (WATERLAND; GARZA, 1999).

A metilagdo é considerada uma das principais alteragbes epigenéticas,

sendo caracterizada pela adicdo de um grupo metil a posicdo 5 do anel
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pirimidinico de citosinas situadas préximas a uma guanina (dinucleotideos CpGs)
(JONES; TAKAI, 2001). Tais dinucleotideos, quando localizados em regibes
promotoras, regulam a transcricdo génica, de forma que, quanto mais metilado,
mais condensada a cromatina, menor acesso dos fatores de transcricdo e menor
transcricdo génica (JIRTLE; SKINNER, 2007; ROBERTSON, 2005).

Estudos epigenéticos relacionados a obesidade tém revelado alteragdes na
regulacéo da adipogénese e da inflamacgao, e que sitios CpGs especificos podem
estar relacionados a alteragdes metabdlicas (PIETILAINEN et al., 2015).

Analises globais de metilagao sao feitas por meio de elementos repetitivos
do genoma, tais como LINE-1 (long interspersed repeat sequences), cuja
hipometilacdo esta relacionada a instabilidade gendmica e anormalidades
cromossOmicas (SHARMA et al., 2010; WILSON et al., 2007). Por outro lado,
andlises de genes especificos sdo geralmente realizadas em ilhas CpGs de
promotores, os quais podem ser silenciados ou superexpressos conforme o nivel
de metilacdo (ESTELLER, 2002).

A metilacdo de ilhas CpGs pode ser alterada em fungdo da dieta, como
consumo habitual de doadores de metil (folato, betaina, vitamina B12), alcool,
dietas hiperlipidicas, entre outros (AMARAL et al., 2014; BOEKE et al., 2012; VAN
ENGELAND et al., 2003; MILAGRO et al., 2009, URIARTE et al., 2013). Padrdes
alimentares saudaveis, como a maior ingestdo de frutas e verduras tém sido
associados a modificagdes epigenéticas (DELGADO-CRUZATA et al., 2015) de
maneira dose dependente (ZHANG et al., 2011) e, consequentemente, a
alteragdes no padrao de expressao de genes alvo. Tais modificagdes epigenéticas
e de expressao génica estdo relacionadas ao desenvolvimento de varias
enfermidades (HANSEN et al., 2011; KIM et al., 2010; TOPEROFF et al., 2012),
tanto de forma a aumentar como a diminuir o risco de ocorréncia, e podem ser

analisadas globalmente ou em relagao a genes especificos de interesse.

Biomarcadores em satide cardiovascular

O termo “biomarcadores”, proveniente de marcador bioldgico, se refere a

subcategoria de sinais clinicos (indicagdes clinicas que podem ser observadas
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externamente ao paciente), que podem ser medidos com acuracia e
reprodutibilidade (STRIMBU; TAVEL, 2010). Foi definido pelo National Institutes of
Health Biomarkers Definitions Working Group como "uma caracteristica que pode
ser medida objetivamente e avaliada como indicador de processos biologicos
normais, patogénicos ou resposta farmacolégica a intervencbes terapéuticas"
(NATIONAL INSTITUTES OF HEALTH, 2001). A Organizagao Mundial da Saude,
por sua vez, define biomarcadores como "qualquer substancia, estrutura ou
processo ou seus produtos, que possam ser medidos no corpo e predizer a
incidéncia de resultados ou doengas” (WHO, 2001).

O estabelecimento de biomarcadores tem fundamental importancia no
desenvolvimento de novos medicamentos, e o entendimento das relacdes
existentes entre estes e as respostas metabdlicas pode otimizar a expansao de
tratamentos para diversas patologias (STRIMBU; TAVEL, 2010).

A busca por novos biomarcadores, especialmente os nao-invasivos, tem
sido extensivamente realizada em relagdo ao diagndstico de cancer (THOMAS;
SWEEP, 2001; DUFFY, 2007). No entanto, também tem crescido a utilizacéo e
investigacdo de biomarcadores nao-tradicionais em relagdo a doengas
cardiovasculares, e sua relacdo com a obesidade, podendo auxiliar no
entendimento de novos mecanismos que expliqguem tal inter-relacdo e na sua
prevencao (MORABIA; CONSTANZA, 2005).

Soro e plasma sanguineos tém sido alvos de extensiva investigagdo nos
ultimos anos para estabelecimento de novos biomarcadores, sendo
convencionalmente utilizadas as proteinas plasmaticas (ROULSTON, 1990;
THOMAS; SWEEP, 2001).

A identificagdo de novos biomarcadores, todavia, requer a determinacao de
sua relevancia e validade. Relevancia se refere a capacidade de fornecer
informacdes clinicamente importantes e de interesse publico. Validade, por sua
vez, se refere a necessidade de determinar a efetividade e utilidade do
biomarcador. No entanto, este ultimo parametro, longe de ser definitivo em "valido"
ou "nado valido", se comporta mais como um espectro. Neste sentido, o

desenvolvimento de novos biomarcadores, geralmente, ndo é conclusivo. Ao
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contrario, se busca progressivamente diminuir as incertezas e os erros associados
a sua utilizacdo em relacado a um desfecho clinico (STRIMBU; TAVEL, 2010).
Diante do exposto, a busca de biomarcadores precoces (em niveis
plasmaticos e moleculares) da SM se faz estritamente necessaria, para que se
possa intervir antes mesmo da instalagdo e manifestacdo clinica da doenga,
permitindo a atuacdo em niveis de prevencado e tratamento mais eficazes da

mesma.
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5. METODOLOGIA

5.1. Caracterizacao do estudo

Para o estudo de biomarcadores precoces de componentes da Sindrome
Metabdlica foram conduzidos dois estudos populacionais, de natureza transversal.
O primeiro estudo foi composto por profissionais da saude do municipio de Vigosa
— MG (Brasil), e o segundo, por estudantes universitarios da cidade de Pamplona -
Navarra (Espanha). Ambos os estudos foram realizados em 2 encontros e visaram
o estudo de pessoas aparentemente saudaveis, com o intuito de descrever
alteracdes inflamatérias e epigenéticas em estagios subclinicos. A caracterizagao

das amostras de ambos os estudos esta descrita na Tabela 1:

Tabela 1: Caracterizacdo da amostra dos estudos de Profissionais da Saude de

Vigosa — MG (estudo 1) e de Estudantes Universitarios de Pamplona — Navarra

(Estudo 2).

Variaveis Estudo 1 (n=226) Estudo 2 (n=153)
Sexo (% de sexo feminino) 74,3 67,3
Idade (anos) 28,90 + 7,00 21,00 + 3,00
Peso (kg) 63,90 + 12,76 62,53 + 11,04
Perimetro da Cintura (cm) 79,10 £ 9,91 72,75 +7,92
Razao Cintura Quadril 0,80 £ 0,07 0,74 + 0,06
indice de Massa Corporal (kg/m?) 22,40 + 3,40 22,10 £ 2,50
Gordura corporal (%) 22,65 + 6,50 20,0 £ 6,59
Pressao Arterial Sistolica (mmHg) 108,97 £ 12,35 114,93 £ 11,43
Pressao Arterial Diastdlica (mmHg) 67,19+7,72 65,16 + 7,96
Colesterol total (mg/dL) 183,96 + 36,41 174,83 + 27,69
HDL (mg/dL) 59,32 + 15,26 59,77 £ 12,78
LDL (mg/dL) 105, 79 £ 30,86 101,46 £ 24,13
CT:HDL 3,26 £ 0,93 3,02 £ 0,67
Triglicerideos (mg/dL) 95,02 + 50,45 67,99 + 26,43
Glicose de jejum (mg/dL) 87,39 + 11,81 85,09 + 7,69



Insulina de jejum (mg/dL) 7,28 £ 4,45

HOMA-IR 1,64 + 1,64
PCR (mg/L) 1,82 + 2,03
IL-6 (pg/mL) 1,36 + 0,92
TNF-a (pg/mL) 6,68 + 3,03

7,92 + 3,31
1,67 +0,73
1,10 + 0,81
1,04 + 0,40
212+219

Resultados apresentados em média + desvio padrao.
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5.2. Desenho experimental

Estudo 1: Projeto Profissionais de Saude de Vigosa

Levantamento dos
profissionais de saude do
municipio de Vigosa - MG

(n=976)

l

Divulgagdo do projeto
)

1° encontro

: - Informacgdes sociodemograficas;

: - Historia Clinica;

i - Avaliacdo dietética e de Habitos de
: vida. (n=240)

.........................................................................

- Antropometria e composi¢do corporal;
- Afericéo da pressdo arterial;

- Coleta sanguinea (n=226)

......................................................................

.......................................................................
s

Soro Glicemia, HDL-c, Colesterol total, LDL-c,
i trigliceridios, insulina, PCR, dcido (rico,
Plasma Marcadores inflamatérios (TNF-a,IL-6, IL-

: i 1B, PAI-1, adiponectina e IL-10)

N
.........................................................................

--------------------------------------------------------------------

Retorno aos voluntarios

Figura 1: Desenho experimental do estudo com profissionais da saude do

municipio de Vigosa, MG (Brasil)
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Estudo 2: Universitarios de Pamplona - Espanha

Triagem telefdnica de
estudantes das
universidades de Pamplona
(UNAV e UPNA) (n=153)

|

1° encontro

.........................................................................

: - Historia Clinica

i - Antropometria
Afericdo da pressdo arterial
Questionario dietético e de estilo de

......... L. ORISR
2° encontro
—' Coleta Sanguinea :
¥
Py ST RUTTRR, o PO AT e .
i - Recolhida de questionarios

Retorno aos voluntarios
- Entrega de resultados e aconselhamento
nutricional

.......................................................................

Glicemia, HDL-c, Colesterol total, LDL- c,
S0r0 | i trigliceridios, insulina

: Marcadores inflamatérios (TNF-a,IL-6, IL-
Plasma :18, e PCR) :

brancas Expressao (TNF-a)

-------------------------------------------------------------------

Células Extracao de DNA e RNA = Metilagdo e !

Figura 2: Desenho experimental do estudo com jovens universitarios da

cidade de Pamplona (Navarra, Espanha)
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5.3. Instrumentos e técnicas de coleta de dados

Avaliagdo antropométrica e composi¢céo corporal

O peso foi determinado com roupa leve, sem sapatos, utilizando balanca
digital (Toledo®, Brasil e Tanita Body Composition Analyzer TBF 300, Japao), com
precisao de 0,05 kg. A estatura foi determinada utilizando estadidmetro (Seca 206
®, Brasil e Seca ® 713, Alemania) com o paciente em pé, sendo lida com precisao
de 0,1 mm. O indice de massa corporal (IMC) foi calculado com o peso (kg)
dividido pela estatura (m) ao quadrado e os participantes foram classificados de
acordo com os pontos de corte da Organizagao Mundial da Saude (WHO, 2000).
O perimetro da cintura (PC) foi determinado com o individuo em pé, utilizando
uma fita métrica no ponto médio entre a ultima costela e a crista iliaca e foi
expressa em centimetros. A avaliagcdo da composicao corporal foi realizada por
meio da analise de bioimpedancia elétrica tetrapolar horizontal (BIA), utilizando o
aparelho Biodynamics modelo 310 ® no Estudo 1, e por meio de pregas cuténeas
(bicipital, trcipital, suprailiaca e subescapular) aferidas com adipdmetro Lange
(Beta Technology, EUA) no Estudo 2.

Afericdo da presséo arterial e coleta de sangue

A pressao arterial foi determinada em repouso, determinada em ftriplicata,
utilizando-se esfigmomandmetro semi-automatico (Omron HEM-705CP, Holanda),
seguindo o procedimento recomendado pela European Society of Hypertension e
pela European Society of Cardiology (MANCIA et al, 2007). As amostras de
sangue foram obtidas por puncéo venosa, apdés um minimo de 12 horas de jejum,
por técnico de enfermagem treinado. As coletas foram feitas em tubos a vacuo
sorogel para separacgao de soro, e a vacuo com EDTA para separagao de plasma.
O sangue foi centrifugado a 2500 rpm, em temperatura de 4°C, por 10 minutos,
para separacao de plasma e soro. Aos tubos cujas aliquotas de plasma foram
retiradas, adicionou-se solugdo fisioldgica, homogeneizou-se adicionando
lentamente a 13 mL de solugéo de separagao (Polymorphprep ®). Esta solugéao foi
centrifugada a 450 rpm, em temperatura ambiente, por 30 minutos para separagao

de células mononucleares. As células foram retiradas com pipetas pasteur
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esterilizadas e adicionadas a 1mL de Dulbecco’s PBS, procedendo duas
posteriores lavagens neste tampéo, ao centrifugar a 400 rpm, em temperatura
ambiente, por 10 minutos cada. As células extraidas foram armazenadas em 1,5

mL de Trizol ® a -80°C, até o momento da extracao de acidos nucléicos.

Determinagdo de marcadores metabdlicos e inflamatorios

Foram dosadas no soro a glicemia de jejum pelo método de glicose
oxidase; HDL-colesterol apds precipitagdo; colesterol total e triglicerideos por
meétodos enzimaticos, sendo calculados os valores de LDL-colesterol pelo método
de Friedewald et al. (1972). A insulina plasmatica foi determinada pelo método
ELISA (Thermo Scientific Multiskan FC) com a utilizacdo de kit para insulina
humana (Human Insulin ELISA Kit - Linco Research®). A presenca de resisténcia
a insulina foi determinada por meio do indice HOMA-IR (Homeostasis Model
Assessment - Insulin Resistance), calculado a partir da férmula sugerida por
Matthews et al (1985), bem como pelo método TyG, recentemente sugerido por
Simental-Mendia et al (2008):

HOMA-IR = IJ (uU/mL) x GJ (mmol/L)

22,5

Onde IJ corresponde a insulinemia de jejum e GJ a glicemia de jejum.

TyG: Ln [(triglicerideos de jejum (mg/dL)) x (glicemia de jejum (mg/dL))/2]

A concentracdo de PCR sérica foi determinada por ELISA (Thermo
Scientific Multiskan FC), empregando-se kit comercial especifico (DSL-10-42100
Proteina-C Reativa Ultra-Sensivel/ Linco Research S.A.). Foi utilizado o protocolo
fornecido pelo fabricante. A sensibilidade de detecg¢ao do kit foi de 1,6 ng/mL. A
leitura dos dados foi realizada em leitor de ELISA (Thermo Scientific Multiskan

FC). Os resultados foram expressos em ng/mL. O acido urico foi dosado por
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método colorimétrico enzimatico, no aparelho Cobas Mira Plus — Roche, de acordo
com recomendacgodes do fabricante.

As concentragdes das citocinas plasmaticas foram determinadas por
ELISA (Thermo Scientific Multiskan FC), empregando-se kits comerciais
especificos para cada citocina (IL-6, IL-18, PAI-1, TNF-a, II-1B e IL-10)
(Biosource/Sellex/Europe S.A.). A concentragdo de adiponectina foi determinada
por ELISA (Thermo Scientific Multiskan FC), empregando-se kit comercial
especifico (Linko Research S.A.). Foi utilizado o protocolo fornecido pelo
fabricante. A sensibilidade de deteccédo do kit foi de 0,5 ng/mL. A leitura dos
dados foi realizada em leitor de ELISA (Thermo Scientific Multiskan FC).

Analise de peroxidacéo de lipidios

Os niveis de MDA foram estimados no soro por meio do Teste de
Substancias Reativas ao Acido Tiobarbitirico — TBARS, de acordo com
metodologia descrita por Buege e Aust (1978). Aliquotas de 400 uL de soro foram
adicionadas a tubos de ensaio contendo a solucdgo de TBARS (acido
tricloroacético a 15% e acido tiobarbiturico a 0,375%, dissolvidos em HCL 0,25 N),
e entdo aquecidas em banho-maria a 90 °C por 15 minutos. Apds a incubacao, a
solugao foi resfriada e centrifugada a 1000 x g. O sobrenadante foi utilizado para a
leitura de absorbancia a 535 nm em espectrofotdémetro (Shimadzu®, modelo UV —
1601) e os resultados foram expressos em nanomol de equivalentes de MDA por

mL de plasma, utilizando-se o coeficiente de extingdo molar de 1,56 x 105 M™".cm™
1

Extragéo de acidos nucléicos

A extracdo de acidos nucléicos foi realizada por meio do MasterPure™
Complete DNA and RNA Purification Kit (Epicentre), sendo as células lisadas e os
acidos nucléicos precipitados de acordo com as determinacbées do fabricante.
Apos a extracdo de DNA e RNA, as concentragbes e grau de pureza foram
determinados em NanoDrop (NanoDrop 2000C, Thermo Scientific®, EUA), por
meio de leitura de absorbadncia a 260nm e pela razdo 260/280nm,

respectivamente.
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Retrotranscrigcéo

Aliquotas de RNA foram padronizadas a concentragdo de 2 ng/uL. Foram
adicionados 10 yL de amostra a 10 yL de master mix (2 pyL de solugdo tampéo,
0,8 uL de dNTP, 2 uL de primers randémicos, 1 uL de transcriptase reversa, 1 uL
de inibidor de RNAse e 3,2 uL de agua livre de nucleasse) e entdo incubados em
termociclador a 25 °C durante 10 minutos, 37 °C durante 120 minutos, 85 °C por 5
minutos, seguidos de resfriamento a 4 °C. Apds a sintese da dupla fita a partir do
RNA total, as concentracées de cDNA de cada amostra foram determinadas em
espectrdmetro  NanoDrop (NanoDrop 2000C, Thermo Scientific®, EUA),

posteriormente ajustadas para uma mesma concentracéo, e estocados a -80°C.

Expressédo génica — Reacgé&o da polimerase em cadeia em tempo real (QPCR)

A reacao foi realizada utilizando o cDNA sintetizado adicionado a solugao
master mix (Invitrogen®).

As reacdes foram feitas em triplicatas, pipetadas manualmente em capela
com fluxo de ar. As reacdes foram feitas por Real-Time PCR (7900 HT Fast Real-
Time PCR System — Applied Biosystem, Singapore) e analisado no programa SDS
2.4 (Apllied Biosystem software).

Os valores de Ct foram calculados por software fornecido pelo fabricante,
sendo o Cy o ciclo de amplificagdo em que o sinal de fluorescéncia emitida esta
acima dos niveis de amplificacdo inespecifica e inversamente proporcional ao
numero de cépias inicial da amostra.

Para a normalizagdo dos dados, as expressdes de cada gene foi analisada

em relagao a expressao do gene constitutivo 18S rRNA.

Metilagdo de genes

O DNA extraido foi tratado com bissulfito de sodio (EpiTect ® Fast DNA
Bisulfite Kit, Qiagen), conforme instrugdes do fabricante, para identificacdo de
citosinas metiladas e ndo metiladas. Apos este passo, foi quantificado em
NanoDrop (NanoDrop 2000C, Thermo Scientific®, EUA) e diluido a 5 ng/mL para
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andlise de metilacédo global (Line-1) e a 10 ng/mL para metilagdo de genes
especificos.

As analises de metilacdo foram realizadas pelo método High Resolution
Melting (HRM) Real Time PCR (7900 HT Fast Real-Time PCR System -
Applied Biosystem, Singapore), e analisado nos softwares SDS 2.4 e HRM v.2.0
(Apllied Biosystem software).

O DNA genbmico tratado com bissulfito foi amplificado com as seguintes

combinagdes de primers:

Tabela 2: Caracterizagdo dos oligonucletideos utilizados para a determinagéo de

metilacdo de DNA, por High Resolution Melting, em células mononucleares.

Gene ou Sequéncia do Primer Numero de
sitios CpGs
especificos analisados/

Tamanho do

amplicon
(bp)
LINE-1
Foward 5 GCGAGGTATTGTTTTATTTGGGA & 8/141
Reverse 5 CGCCGTTTCTTAAACC 3’
IL-6
Foward 5 TTATGTAGGAAAGAGAATTTGGTTTAG & 5/181
Reverse 5 AAAAAATAAAATCATCCATTCTTCAC &
IL-18
Foward 5" GAAAGAGGTATAGGTTTTGGAAGG 3’
Reverse 5 CAATTCCTTACTAACTATCCAAACAA &
TNF-a
Foward 5 TTTTGGAAAGGATATTATGAGTATTGA 3’ 4/99
Reverse 5 CTAAAACCCTAAAACCCCCCTAT 3’
CRP
Foward 5 4 /316
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GGTAATTTAGTAGTTATAGGAGTTTGTAATAAAT

37
Reverse 5" AAAACACAACAACTTCTCCATAATCA 3’
PAI-1
Foward 5 TGTGTTTGGTTGTAGGGTTAAGA 3’ 71151

Reverse 5 TTACTTTTCTCCTACCTAAAATTCTCA 3’

Anélises de consumo alimentar e de estilo de vida

O consumo habitual foi estimado por meio de questionario de frequéncia
alimentar de consumo semi-quantitativo adaptado do estudo PREDIMED, validado
para a populacdo espanhola (FERNANDEZ-BALLART et al, 2009). Escores de
ades3do ao padrdo de dieta mediterranea e de indice de Qualidade da Dieta foram
calculados para avaliar a qualidade da dieta. O padrao de dieta mediterranea foi
avaliado conforme sugerido por Trichopoulou et al. (2003), considerando-se o
consumo abaixo ou acima da mediana (categorizada por sexo) de ingestdo de
alimentos tipicos da dieta mediterranea. O indice de qualidade da dieta foi
calculado de acordo com a adaptacéo do Healthy Eating Index (GUENTHER et al.,
2008) para a populagao brasileira (PREVIDELLI et al., 2011), sendo calculado de
acordo com as recomendagdes de cada grupo alimentar. Dados sobre habito de
fumar e suplementacdo de vitaminas e minerais foram investigados em
questionarios estruturados. A pratica de atividade fisica foi avaliada por meio do
Questionario Internacional de Atividade Fisica (IPAQ) (MATSUDO et al., 2001),
sendo classificados como ativos os individuos com pratica de atividade fisica 2150

minutos/semana.
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5.4. Analises Estatisticas

Os dados registrados foram revisados com o objetivo de detectar
informacdes ausentes e inconsisténcias nos dados e excluidos os outliers. As
variaveis quantitativas com distribuicdo normal (segundo o teste de Kolmogorov-
Smirnov e Shapiro-Wilk) foram expressas em média e desvio padrao (DP) e
aquelas que nao apresentaram a distribuicdo normal foram expressas em mediana
e intervalo interquartilico. Para as variaveis qualitativas foi apresentada a
distribuicao de frequéncias.

Foi utilizado o teste de qui-quadrado de Pearson para comparagao de
proporgdes e, quando necessario, este foi substituido pelo teste exato de Fisher.
Para a comparacéo de médias foram utilizados os testes t de Student (2 grupos) e
a analise de variancia (3 ou mais grupos). No caso de variaveis cuja distribuigao
nao era normal foram utilizados os testes de Mann Whitney (para comparacao de
dois grupos independentes) e o teste de Kruskal-Wallis (3 ou mais), sendo que
para esse ultimo, uma vez detectada diferenca entre os grupos, foi aplicado o
teste post hoc de Tukey.

Para os testes de associacdes foi utilizado o coeficiente de correlacéo de
Pearson para variaveis com distribuicdo normal ou Spearman nos demais casos,

sendo corrigidos pelo meétodo de False Discovery Rate de Benjamini-Hochberg.

Modelos de regressao linear multipla e de Poison foram utilizados para
identificar fatores preditivos da metilagcdo de DNA e das concentragdes séricas ou
plasmaticas dos biomarcadores inflamatorios em relagdo aos determinantes da
SM, apds avaliagdo dos pressupostos de normalidade, homocedasticidade e
colinearidade. Variaveis cujo p<0,2 foram mantidas nos modelos de regressao
multipla.

O nivel de significancia (a) adotado para todos os testes de hipoteses foi de

5% e os contrastes foram levantados em nivel bilateral.

A analise estatistica foi realizada utilizando-se os programas STATA 9.1
(StataCorp LP, College Station, TX) e SPSS 15.0 (SPSS Inc., Chicago, IL, USA).
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5.5. Aspectos éticos

Ambos os estudos foram submetidos a avaliagao ética, sendo o primeiro
aprovado (Ref. n° 005/2011), em 18/02/2011, pelo Comité de Etica em Pesquisa
com Seres Humanos da Universidade Federal de Vigosa, e o segundo pelo
Comité Etico de Investigacdo da Clinica da Universidade de Navarra (Ref. n°
79/2005), de acordo com os principios da Declaracdo de Helsinki. Todos os
voluntarios assinaram o Termo de Consentimento Livre e Esclarecido e receberam

resultados e orientagdes individualizadas.
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6. RESULTADOS

Estudo 1

6.1. LINE-1 and inflammatory gene methylation levels are early biomarkers of

metabolic changes: association with adiposity

Estudo 2
6.2. Interleukin-6 is a better metabolic biomarker than interleukin-18 in young

healthy adults

6.3. Higher fruit intake is related to TNF-a hypomethylation and better glucose

tolerance in healthy subjects
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Abstract

We analyzed whether global and inflammatory genes methylation can be early
predictors of metabolic features and their associations with the diet, in a cross-
sectional study (n=40). Higher global methylation was associated to adiposity,
insulin resistance, and lower quality of the diet. Methylation of /IL-6, SERPINE1 and
CRP genes was related to adiposity traits and macronutrients intake. SERPINE1
higher methylation was also related to some metabolic alterations. CRP
methylation was better predictor of insulin resistance than CRP plasma
concentrations. Global and inflammatory gene promoter higher methylation can be
good early biomarkers of adiposity and metabolic changes and are associated to

the quality of the diet.

Keywords: Global DNA methylation, metabolic syndrome, healthy eating index, IL-

6, SERPINE1

29



Introduction

Epigenetics has been proposed as a possible factor for understanding
interindividual differences in the susceptibility to disease and response to therapy
(Martinez et al., 2014). Epigenetics involves heritable changes in gene expression
that cannot be explained by changes in DNA sequence, being the addition of a
methyl group to the pyrimidine ring in position 5 of cytosine in CpG dinucleotides
the most studied epigenetic mechanism (Jones and Takai, 2001). CpG islands
methylation may be increased or decreased in response to environmental factors,
such as dietary components (Uriarte et al., 2013, Amaral et al., 2014), and also to
metabolic diseases, including diabetes (Toperoff et al., 2012) and cardiovascular

diseases (Cash et al., 2011).

Studies about obesity epigenetics have reported that there is a paradoxical
downregulation of lipo/adipogenesis and upregulation of inflammation pathways in
subcutaneous adipose tissue, and that this CpG sites methylation is also correlated
to metabolic disturbances (Pietildainen et al., 2015). Moreover, differential
methylation analyzes between obese subjects with or without Metabolic Syndrome
(MetS) has showed that the most overrepresented genes were those related to
structural components of the cell membrane, cell cycle regulation and inflammation

(Guénard et al., 2014).

DNA methylation can be assessed globally, via repetitive elements of the
genome, such as the LINE-1 (long interspersed element-1) retrotransposon, which
is associated with genomic instability and chromosomal abnormalities, or in the

promoter regions of specific genes, which can be activated or silenced according to
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the level of methylation (Martin-Nufiez et al., 2014). Some investigations have
linked changes in DNA methylation to obesity and components of the MetS, even
before the onset of clinical symptoms (Lomba et al., 2010, Kulkarni et al., 2011,

Zhao et al., 2012).

LINE-1 methylation have been associated to fasting glucose, blood lipids
and a greater risk for MetS in the presence of obesity (Turcot et al., 2012), and
may be considered a good biomarker of response to treatment for weight loss in

obese (Garcia-Lacarte et al., 2015).

Since pro-inflammatory cytokines, such as Interleukin-6 (IL-6), Plasminogen
activator inhibitor 1 (PAI-1) and C reactive protein (CRP) are increased in obese
subjects, mainly in those with higher central (Hermsdorff et al., 2011, McArdle et
al., 2013, Lopez-Lagarrea et al., 2013, Paepegaey et al., 2014), it becames an
interesting point of investigation about epigenetic control. In fact, /L-6 promoter
methylation was changed after weight loss by Roux-en Y gastric bypass in a study
with obese subjects (Kirchner et al., 2013), and SERPINE1 (gene enconding PAI-
1) higher methylation was a good predictor of major reductions in body weight and
total fat mass in obese subjects with MetS that received energy-restricted diets
(Lopez-Lagarrea et al., 2013). However, a little is known about the CRP promoter

methylation.

Search for new biomarkers is interesting in order to personalize and improve
the treatment and prevention of diseases. This issue is particularly important if
determined early, before the development of the clinical features of the disease

(Carraro et al., 2015). Several early predictors of MetS had been investigated (Park
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et al.,, 2013, Liao et al.,, 2013), including in peripheral blood mononuclear cells
(PBMC) (Afman et al., 2014). In this sense, epigenetic marks can be used as
biomarkers of disease or response (Goni et al., 2014) and it is an interesting
approach, due to its reversible nature. Nutrition and lifestyle interventions could
benefit from the understanding of the methylation marks and processes in order to
improve the therapeutic management of chronic diseases. Our hypotheses is that
subjects with lower global and inflammatory genes methylation could be more
prone to develop metabolic changes and that this parameters can be used as early

biomarkers these alterations.

This study aimed to analyze the association between the methylation levels
of LINE-1 and several inflammatory genes with MetS components and habitual diet
in apparently healthy subjects, seeking the description of early epigenetic

biomarkers of metabolic outcomes.

Subjects and methods

Subjects

This is a cross-sectional study aims to evaluate determinants of MetS in
health professionals. Health professionals between 20 and 59 years old from
Vigosa (Brazil) were invited to participate in the study. The study included all those
who signed the consent, which were not in use of corticosteroids or antibiotics,
without hospitalization or serious illness in recent months and that, in the case of
females, were not pregnant or breastfeeding. A sample of 226 volunteers were
selected, from which, a group of 40 individuals was randomly selected by age and

gender, blinded to the group allocation, for the study of DNA methylation (Figure
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1). The average age of the selected group was 28.9 + 7.0 (22-53) years old,
average body mass index (BMI) was 22.4 + 3.4 kg/m?, and 79% of them were
women. This project was approved by the Ethics Committee on Human Research
of the Universidade Federal de Vigosa (Ref. No. 005/2011), according to the
principles of the Helsinki's Declaration.

Anthropometry and body fat composition

Anthropometric measurements were conducted according to routine
standardized methods and body fat content was determined by bioelectric
impedance (Biodynamics 310®, Biodynamics Corporation, Seattle, WA). The
values of BMI (kg/m?) and total body fat (%) were assessed as indicators of total
adiposity, while waist circumference (WC), assessed in the midpoint between the
last rib and the iliac crest, and waist-hip ratio (WHR) were measured as markers of
central fat accumulation.

Blood pressure and biochemical assessments

Systolic (SBP) and diastolic (DBP) blood pressures were measured,
following WHO criteria (Whitworth and Chalmers, 2004), using a digital HEM
142INT sphygmomanometer (OMROM Healthcare Co, Kyoto, Japan). Venous
blood samples were drawn after a 12-h overnight fast. Plasma (EDTA) and serum
were separated from whole blood by centrifugation at 3500 rpm, at 4° C for 10 min
(Megafuge 11R, Thermo Scientific, Waltham, MA), and were immediately frozen at
-80°C until assay. Serum levels of triglycerides, total cholesterol (TC), high density
lipoprotein—cholesterol (HDL), glucose and insulin were measured by standard
methods as previously described (Hermsdorff et al., 2011). The plasma low density

lipoprotein-cholesterol (LDL) data were calculated by the Friedewald equation
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(Friedewald et al., 1972). Insulin resistance was estimated by the HOMA-IR,
defined as fasting glucose (mmol/L) x fasting insulin (IlU/ml)}/22.5 (Matthews et al.,
1985), and the TyG index, calculated as Ln [(triglycerides (mg/dl)) x (glucose
(mg/dl))/2] (Simental-Mendia et al., 2008). Serum CRP concentrations were
determined by ELISA (Multiskan FC, Thermo Scientific) using the DSL-C-reactive
protein ultra sensitive kit (Ref. 10-42100, Linco Research Inc., St Charles, MO),
and subjects with CRP concentrations =2 10 mg/L were excluded to the sample to
avoid acute inflammation interference. Uric acid was determined by an enzymatic
colorimetric method in the Cobas Mira Plus equipment (Roche Diagnostics, Basel,
Switzerland). Plasma concentrations of different cytokines, tumor necrosis factor-
alpha (TNF-a) (Catalog number LHC3011), interleukins 1B, 6 and 10 (IL-6, IL-1j,
IL-10) (Catalog number LHC0061, LHC0011 and LHCO101, respectively), and
adiponectin (Catalog number LHP0041) were determined by multiplex ELISA,
using a commercial kit (Biosource / Sellex). PAI-1 plasma concentrations were
determined by ELISA, using a commercial kit (Invitrogen, Catalog number
KHC3071).

Dietary intake assessment

Dietary intake was assessed with a validated semi-quantitative food
frequency questionnaire with 136 food items (MARTIN-MORENO et al., 1993).
Nutrient intake was estimated using an ad hoc computer software specifically
developed for this aim, including the latest available information from Brazilian food
composition tables. Healthy Eating Index (HEI), an indicator of diet quality

developed according to current nutritional recommendations, was measured
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according by Previdelli et al. (Previdelli et al., 2011) using a specific adaptation of

HEI (Guenther et al., 2008) for the Brazilian population.

Peripheral blood mononuclear cell (PBMC) isolation

After separating the plasma by centrifugation, the remaining homogenate
(red and white cells) was diluted in saline, Polymorphprep ® (AXIS-SHIELD PoC
AS, Oslo, Norway) was added and then centrifuged at 450 rpm at room
temperature for 30 minutes. Two subsequent washes were performed with dPBS,

and the extracted cells were stored at -80 ° C until the time of analysis.

DNA isolation and methylation profile

DNA from PBMC was isolated by using the MasterPure kit (Epicenter,
Madison, WI), and its quality was assessed with PicoGreen dsDNA Quantitation
Reagent (Invitrogen, Carlsbad, CA).

The quantitative analysis of 5-methyicitosine levels in LINE-1 and three
gene promoters was determined after bisulfite treatment (EZ DNA methylation kit;
Zymo Research, Irvine, CA) by using the high-resolution melting curve analysis
(HRM) method in a 7900HT Fast Real-Time PCR System (Life Technologies Co.,
Carlsbad, CA), and analyzed by SDS 2.4 and HRM v.2.0 softwares (Life
Technologies). The genes were selected because of their influence on obesity-
related inflammation: /IL-6, SERPINE1 (encoding for the protein plasminogen
activator inhibitor-1 or PAI-1) and CRP. Bisulfite-treated genomic DNA was

amplified using the pairs of primers indicated in table 1:
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Statistical analyses

Individuals were categorized according to gene methylation medians or
global methylation medians for some analyses (Supplementary files). Results are
reported as mean £ SEM or median (Interquartile range), according to distribution
and tests were two-sized. Statistical comparisons between groups were performed
by the parametric Student’s t test or Mann—Whitney U test according to variable
distribution, which was determined by the Shapiro—Wilk test. The variance was
similar between the groups compared. Chi-square analyzes were performed to
evaluate potential associations between lifestyle features (physical activity,
smoking status, pharmacological agents (antidiabetic, antihypertensive and lipid-
lowering drugs) and nutritional supplements) and global and gene methylation
status. Pearson correlations were fitted to evaluate the potential correlations of
LINE-1 or gene promoter methylation with adiposity indicators, metabolic features,
and dietary factors. Benjamini-Hochberg method was performed to control the false
discovery rate. Multiple linear regression models were performed to analyze the
prediction of LINE-1 methylation (outcome) for selected variables (p<0.20). To
analyze the prediction of inflammatory gene promoter methylation for selected
variables, a Poisson regression was performed and adjusted by age and gender.
Non-normally distributed variables were log-transformed prior to inclusion in linear
regression analyses. Analyses of area under the curve (AUC) by ROC curve were
performed to compare methylation and plasma cytokines as biomarkers by using
the Hanley and McNeil method (JA and BJ., 1982).

Statistical analyses were performed with STATA 9.0 software (StataCorp

LP, College Station, TX). A P-value <0.05 was considered statistically significant.
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Results

Global methylation in LINE-1 was positively associated with markers of
adiposity, such as WC and BMI. These subjects evidenced higher circulating levels
of glucose, insulin and TNF-a and lower adiponectin concentration, as well as

higher HOMA-IR and lower quality of the diet (Supplementary file 1).

Global methylation levels were not influenced by gender and lifestyle
features (data not shown). Futhermore, LINE-1 methylation showed positive

correlations with adiposity features (WC and BMI) (Figure 2).

According to a multiple linear regression analysis, LINE-1 methylation was
predicted by WC, TyG index, TNF-a concentrations and HEI, being the diet quality

an independent predictor (Table 2).

Concerning methylation of the inflammatory genes, all the analyzed genes
were associated with anthropometric traits. Subjects with higher methylation of /L-6
had higher values of weight, WC, WHR and BMI. CRP was related to weight and
SERPINE1 to WC, WHR and BMI. SERPINE1 methylation also showed
correlations with plasma lipid profile, uric acid, adiponectin, HEl and potassium
intake, whereas CRP methylation was positively associated with the intake of total,
saturated and monounsaturated fatty acids (Supplementary file 2). The methylation

of inflammatory genes was not related to other lifestyle features and gender.
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The methylation levels of IL-6, SERPINE1 and CRP did not correlate with
the concentrations of these inflammatory biomarkers in plasma (Table 3).
However, these methylation levels were also associated with adiposity features.
The mainly correlations, beyond these with anthropometric and metabolic features,
are shown in Figure 3. Subjects with higher IL-6 gene methylation were more
prone to present higher WC (p<0.001), BMI (p<0.001), SBP (p=0.003) and WHR
(p=0.004). Those with higher SERPINE1 methylation had increased prevalence of
higher WC (p<0.001), WHR (p<0.001) and uric acid (p=0.004). CRP gene promoter
methylation, on the other hand, was not correlated to any variable after Benjamini-
Hochberg correction. The methylation levels of the inflammatory genes were
predictors of several MetS components, when analyzed by Poisson’s regression,
even after adjusting by age and gender. However, the prevalence ratios were not
clinically relevant (data not shown). On the other hand, CRP methylation was a

better biomarker of TyG index than CRP plasma concentrations (Figure 4).

Discussion

Epigenetic biomarkers have received attention due to new evidences about
interactions between the environment, the epigenome and metabolic conditions.
These biomarkers may contribute to personalize dietary treatments, allowing the
early detection of individuals predisposed to certain diseases, and the identification
of those patients who will respond better to an intervention (Campién et al., 2010,
Milagro et al., 2013). These epigenectics changes had already been used like good

biomarkers of cancers (Chen et al., 2014, Yang et al., 2013).
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Although the methylation levels may vary according to the tissue, several
studies have reported that blood cell samples are able to reflect epigenetic
alterations in primary tissue (Vlassov et al., 2010), as well as being easier, less
invasive and economic options (Al-Moundhri et al., 2010). In this context, LINE-1
methylation in PBMC has been studied in relation to the development of several

diseases (Piyathilake et al., 2011, Kitkumthorn et al., 2012).

In this sense, there is evidence of the importance of epigenetic programming
on obesity and MetS onset, and the relationships between global methylation and
MetS have been studied in various conditions (Gallou-Kabani and Junien, 2005,
Piyathilake et al., 2013). Animal studies described differences in gene promoter
methylation level related to obesity, for example, leptin promoter hypermethylation
in rats fed a high fat diet (Milagro et al., 2009). However, the relationship between
global methylation and MetS seems somewhat controversial. Piyathilake et al.
(Piyathilake et al., 2013) described associations between lower LINE-1 methylation
levels in PBMC and higher BMI, WC, body fat and HOMA-IR. Turcot et al. found
inverse associations between LINE-1 methylation in visceral adipose tissue of
severely obese individuals and DBP and fasting glucose (Turcot et al., 2012),
which is not in agreement with the relationships found in the current trial. On the
other hand, other study found associations between higher global methylation and

higher cardiovascular risk (Sharma et al., 2008).

Some investigations concerning the methylation patterns of specific
inflammatory genes associated with obesity or adiposity have also been performed
(Wang et al., 2010), since low-grade inflammation appears to be a link between

obesity and associated metabolic disorders (McArdle et al., 2013). DNMT inhibitors
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(Altucci and Stunnenberg, 2009) and anti-inflammatory effects of dietary
compounds (vel Szic et al., 2010) can contribute to elucidate the interrelationship
between inflammation, chronic disease and epigenetics, particularly DNA

methylation.

Fluctuations in the methylation levels of specific gene promoters regulate
the function of these regions to stimulate or inhibit the expression of genes by
modifying the interaction of transcription factors and methyl-DNA binding proteins
(Ross, 2003). Our hypothesis was that the promoters of the proinflammatory genes
should be hypomethylated in order to upregulate the expression of these genes.

However, the results have not confirmed this hypothesis.

The most plausible explanation for this unexpected finding would be that the
higher concentrations of circulating pro-inflammatory cytokines related to metabolic
disorders are, in many cases, caused by increased secretion from macrophages
infiltrated in visceral adipose tissue (Brogren et al., 2008) and not from PBMC.
Moreover, we found no correlation between promoter region methylation levels and
cytokine circulating levels, which suggests that other regulatory factors, besides
DNA methylation, may be involved. Furthermore, it is noteworthy that the
inflammatory response is a complex mechanism that requires control of many
factors, including cell type, tissue involved, type of inflammatory stimuli and the
responsiveness of different signaling pathways (Medzhitov and Horng, 2009). In
general, it has been reported that tissue-specific chronic inflammation is
characterized by histone hypoacetylation and CpG hypermethylation, which

contribute to persistent inflammatory response (Backdahl et al., 2009).
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The binding of several transcription factors to the studied genes may help to
explain part of the results. The analyzed CpGs in the promoter region of IL-6 are in
a binding site for C/EBP-f a and glucocorticoid receptor B (GR-B) isoform
(Messeguer et al., 2002). The inhibition of binding of these transcription factors to
DNA sequence due to increased methylation can lead, in the first case, to
decreased modulation of leptin gene and lower regulation of energy homeostasis
(Wang et al., 1995), and, in another case, to lower expression of anti-inflammatory
proteins (Rhen and Cidlowski, 2005). In both cases, the hypermethylation of this

region could be related to greater adiposity.

Regarding the promoter region of SERPINE1, the CpGs analyzed in this
region are located in the binding regions of C/EBP-a and AhR:Arnt (Messeguer et
al., 2002). Higher methylation of these sites may result in less control of energy
homeostasis(Wang et al., 1995). Moreover, the AhR:Arnt complex is related to the
regulation of circadian rhythms and is modulated by different food bioactive
compounds. So, the methylation of the AhR:Arnt-related CpGs might influence the

response to the beneficial actions of these compounds (Denison et al., 2002).

Finally, the CpG sites located in the CRP promoter are in the binding region
of the GR-B and XBP1 (Messeguer et al., 2002). X-box binding protein 1 (XPB1)
controls IL-6 expression and endoplasmic reticulum stress, suggesting that
changes in the functionality of this transcription factor might influence the

inflammatory processes (Kaser et al., 2008).

Since the epigenome is flexible and can change in response to the diet (vel

Szic et al., 2010), the restoration of the “healthy” epigenetic marks could be a
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therapeutic aim in order to reduce the risk of chronic disease development. Several
dietary factors have been reported to affect DNA methylation levels, such as
methyl donors (Anderson et al., 2012) and protein or caloric restriction (Amaral et
al., 2014). The intake of hypercaloric or isocaloric high fat diets are known to
promote weight gain and changes in the methylation of leptin (Milagro et al., 2009)
and fatty acid synthase promoter (Lomba et al., 2010). In addition, maternal intake
of high fat diets can promote epigenetic modifications and alter the expression of
nerohormones in the offspring, driving animals’ choice for foods rich in sugar and
fat (Vucetic et al., 2010). These epigenetic changes may be involved in the
increased prevalence of obesity in many countries, showing that obesity and its

comorbidities go beyond the simple result of energy balance (Milagro et al., 2013).

Although we can not assume a causal relationship, our results suggest that
lower quality of the diet is associated with increased global methylation and with
components of MetS. One of the nutrients that might be involved in this regulation
is vitamin B12. Vitamin B12 is an important cofactor for the resynthesis of
methionine (and, hence, of SAM) from homocysteine, and low quality diets rich in
animal foods and poor in vegetables, fruits and legumes tend to be richer in this
vitamin (Herrmann et al.,, 2001). Although this vitamin is important to
erythropoiesis, amino acid and nucleic acid metabolism, and maintenance of the
central nervous system, in excess can be related to higher DNA methylation. This
inference seems to be supported by the lower DNA methylation levels found
among vegetarians, individuals who are more prone to present low intakes of

vitamin B12 (Geisel et al., 2005).
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Despite the very clear relationships found between DNA methylation and the
quality of the diet and metabolic risk, this study has some limitations, mainly the
transversal nature of the (small) sample, which does not allow the establishment of
cause-effect relationships. However, the strongest point of this work is that the
results have been obtained from mostly healthy people, before the onset of obesity
and MetS, highlighting the putative use of these epigenetic biomarkers as early

predictors of metabolic complications.

The results reveal clear and negative relationships between diet quality and
global and SERPINE1 promoter methylation, and between the higher methylation
of LINE-1 and inflammatory gene promoters and features (mainly adiposity ones),
even in apparently healthy subjects. It is an interesting starting point to follow up
studies in order to verify if subjects with changes in DNA methylation levels will, in

fact, develop metabolic syndrome or other non-communicable diseases.
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Supplementary file 1: Anthropometric, metabolic, inflammatory and dietetic

factors of health professionals according by LINE-1 methylation median.

Variables LINE-1 (<75.8%) (n=19) LINE-1 (>75.8%) (n=21) p
Age’ (y) 26.75+ 1.30 29.67 £1.27 0.12
Anthropometric

Weight' (kg) 57.30 (53.50-66.10) 61.70 (53.00-74.75) 0.20
WC (cm) 7491 £ 1.46 80.39 £ 2.06 0.04
WHR 0.76 (0.72-0.83) 0.81 (0.75-0.86) 0.12
BMIT 20.94 (18.90-22.40) 23.55 (20.49-25.88) 0.02
BF (%) 24.81 +1.01 23.99 +1.36 0.64
Metabolic

SBPT (mmHg) 102.00 (96.00-106.30) 110.70.00 (99.65-117.60) 0.06
DBP (mmHg) 66.70 £ 1.40 68.64 + 1.61 0.37
TC (mg/dL) 181.55 £+ 5.77 180.67 + 7.96 0.93
HDLT (mg/dL) 62.00 (55.00-67.00) 58.00 (49.00-64.00) 0.17
TG (mg/dL) 79.00 (53.00-103.00) 80.00 (55.50-124.50) 0.59
CT:HDL' 3.03 (2.48-3.49) 3.07 (2.46-3.76) 0.69
Glucose' (mg/dL) 81.00 (80.00-85.00) 90.00 (79.00-94.50) 0.04
Insulin® (mU/L) 5.00 (3.10-7.50) 6.50 (4.60-11.95) 0.04
HOMA-IR' 1.06 (0.61-1.48) 1.51 (0.94-2.76) 0.03
TyG index 8.06 + 0.08 8.21 £ 0.09 0.26
Uric acid" (mg/dL) 3.40 (3.10-4.00) 4.10 (3.20-4.40) 0.35
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MDA (nmol/mL)

Inflmmatory

C3 complement (g/L)
CRPT (mg/L)

IL-10T (pg/mL)

IL-1B" (pg/mL)

IL-6" (pg/mL)

TNF-a (pg/mL)

PAI-1 (pg/mL)

Adiponectin® (ng/mL)

Sleep hours

Diet

Energy' (kcal)
Carbohydrates' (g)
Lipids ()

Protein’ (g)

Fiber' (g)
Cholesterol™ (mg)
Ca' (mg)

Mg’ (mg)

Pt (mg)

0.44 £ 0.05

103.23 + 3.42
1.20 (0.63-3.00)
1.38 (0.97-1.93)
1.08 (0.94-1.30)
1.29 (1.22-1.29)
5.38 + 0.53
1286.49 + 146.06

17.38 (13.52-26.69)

7.17 £0.26

2292.7 (1867.90- 2642.01)
264.92 (205.26-339.98)
81.87 + 6.87

98.47 (76.91-141.39)
29.96 (22.87-58.55)
350.76 (166.77-456.02)
836.05 (494.47-1306.38)
265.91 (211.29-377.19)

1422.83 (1080.70-1795.96)

0.42 £ 0.06

106.68 + 4.29
0.90 (0.75-2.00)
1.81 (1.43-3.01)
0.94 (0.94-1.08)
1.29 (1.10-1.29)
7.48 £0.55
1033.51 + 116.09

11.21 (8.60-17.54)

7.12+0.21

2216.91 (1874.18-2887.13)
284.47 (227.42-358.08)
80.21 + 6.47

106.34 (83.33-152.95)
34.82 (27.94-48.47)
327.16 (210.18-390.00)
686.45 (456.50-1189.70)
315.19 (237.06-479.18)

1386.27 (1094.17-2341.02)

0.80

0.53

0.87

0.07

0.72

0.64

0.01

0.18

0.04

0.90

0.68

0.45

0.86

0.40

0.51

1.00

0.49

0.15

0.58
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Fe (mg)
Na' (mg)

K" (mg)

Cu' (ng)
Zn' (mg)
Retinol" (ug)
B1" (mg)
B2" (mg)
B6' (mg)
Niacin (mg)
Vit Ct (mg)
SFA ()
MUFA (g)
PUFAT (g)
SFA (%)
MUFAT (%)
PUFAT (%)

Alcohol' (g)

Healthy Eating Index

10.53 (7.42-14.41)
1822.85 (1056.18-2922.99)
3074.34 (2285.03-3948.10)
1.27 (1.06-1.69)

12.13 (9.08-14.86)

404.77 (212.00-1 373.05)
1.15 (0.93-1.69)

1.63 (0.99-2.26)

1.46 (0.87-1.88)

28.20 (18.61-41.16)

124.79 (67.28-230.10)
31.09 + 3.45

27.16 + 2.82

5.72 (4.21-6.93)

12.35 £ 1.26

10.69 (6.64-12.97)

2.15 (1.64-3.44)

9.69 (0.20-72.40)

60.62 + 1.94

10.69 (9.21-15.86)
2205.01 (1000.51-3837.40)
3595.94 (2429.84-4987.17)
1.31 (1.13-2.48)

10.79 (8.52-15.21)

370.59 (198.42-559.21)
1.41 (0.89-1.84)

1.25 (0.73-2.04)

1.39 (0.74-2.01)

32.02 (21.28-41.54)
175.43 (66.42-290.18)
29.41 + 3.28

29.24 + 3.37

4.67 (3.39-7.61)

10.58 + 0.84

9.53 (7.39-12.45)
1.81(0.95-3.31)

9.48 (5.55-22.81)

51.14 £ 2.34

0.45

0.36

0.13

0.15

0.94

0.65

0.80

0.15

0.72

0.62

0.57

0.73

0.64

0.51

0.24

0.62

0.34

0.60

0.01

Mean + SEM — Student’s t test/ T Median (Interquartile range) - Mann Whitney

WC: Waist circumference, WHR: Waist Hip Ratio, BMI: Body Mass Index, BF: Body Fat, SBP:

Sistolic Blood Pressure, DBP: Diastolic Blood Pressure, TC: Total Cholesterol, TG: Triglycerides,

TyG: Triglyceride-Glucose Index, MDA: Malondialdehyde, CRP: C Reactive Protein, TNF-a: Tumor

Necrosis Factor a, PAI-1: Plasminogen Activation Inhibitor,

Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty Acids.

SFA: Saturated Fatty Acid, MUFA:
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Supplementary file 2: Anthropometric, metabolic, inflammatory and dietetic factors of health professional according to

inflammatory gene methylation medians.

Variables IL-6 (<43.37%) IL-6 (>43.37%) p CRP (=8.57%) CRP (>8.57%) p
(n=18) (n=21) (n=17) (n=17)

Age’ (y) 26.31 £ 1.02 30.14 £ 1.46 0.04 28.06 + 1.62 28.39 + 1.33 0.76
Anthropometric

Weight' (kg) 55.80 (51.60-63.18) 61.70 (55.10-76.65)  0.04 59.00 (52.95-73.60)  59.30 (53.35-72.80) 0.02
WC (cm) 73.38£1.43 81.83 £ 1.89 0.00 77.03£1.72 78.47 £ 2.54 0.65
WHR 0.75 (0.72-0.78) 0.82 (0.77-0.86) 0.02 0.79 (0.74-0.83) 0.77 (0.72-0.86) 0.83
BMIT 20.41 (18.90-22.69) 22.97 (20.98-25.88)  0.01 21.41 (19.65-26.03)  21.74 (20.20-24.15) 0.80
BF (%) 23.88 +1.03 24.81 +1.37 0.59 24.25+1.04 2474 £ 1.45 0.79
Metabolic

SBPT (mmHg) 104.00 (96.16- 106.30 (101.75- 0.14 107.50 (100.45- 101.40 (96.65- 0.26
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107.50) 121.25) 117.85) 105.98)

DBP (mmHg) 66.87 + 1.28 69.00+ 1.64 0.32 66.16 + 1.33 68.95 + 1.88 0.24

TC (mg/dL) 172.74 + 6.83 188.90 + 7.02 0.11 176.82 £ 7.79 191.05 + 7.67 0.20

HDL' (mg/dL) 60.50 (55.50-66.25) 55.00 (48.00-66.50) 0.35  59.00 (50.50-68.50)  55.00 (51.00-65.75)  0.68

TG (mg/dL) 79.00 (57.50- 80.00 (53.50- 0.72  93.00 (51.50-103.00) 71.50 (55.25-107.75)  0.09
118.00) 103.00)

CT:HDL! 2.99 (2.36-3.20) 3.29 (2.77-3.90)  0.09 2.98 (2.40-3.90) 3.05 (2.74-3.40) 0.19

Glucose (mg/dL)  83.50 (78.50-91.25) 85.00 (79.50-91.50) 0.76  84.00 (78.00-88.50)  81.50 (79.00-91.25)  0.93

Insulin™ (mU/L) 5.45 (3.48-11.30) 5.70 (4.60-8.95) 0.48 6.30 (3.95-8.95) 5.45 (3.83-7.93) 0.13
HOMA-IR" 1.08 (0.66-2.37) 1.20 (0.94-1.78) 0.44 1.36 (0.80-1.78) 1.10 (0.81-1.59) 0.19
TyG 8.12+0.09 8.13+0.09 0.96 8.10+0.10 8.27 £ 0.09 0.22
Uric Acid® (mg/dL) 3.40 (2.95-4.00) 4.10 (3.40-4.47) 0.11 3.65 (3.40-4.38) 3.65(3.13-4.18) 0.09
MDA (nmol/mL) 0.44 £ 0.06 0.42 +0.05 0.76 0.39+£0.05 0.44 +0.06 0.62
Inflmmatory

C3 complement 99.28 £ 2.95 109.39 £ 4.27 0.06 105.29 + 3.53 108.02 £+ 4.03 0.62
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(9/L)

CRPT (mg/L)
IL-10" (pg/mL)
IL-1BT (pg/mL)
IL-6" (pg/mL)
TNF-a (pg/mL)
PAI-1 (pg/mL)
Adiponectin®

(ng/mL)

Sleep hours

Diet

Energy" (kcal)

Carbohydrates' (g)

0.85 (0.59-2.00)
1.57 (1.21-2.04)
1.01 (0.94-1.30)
1.29 (1.28-1.29)
6.69 + 0.66

1085.49 + 117.31

17.42 (14.11-26.26)

7.30+£0.24

2031.20 (1660.87-
2433.61)

228.09 (199.94-

2.00 (0.77-3.00)
1.72 (1.13-2.48)
0.94 (0.94-1.08)
1.29 (0.93-1.29)

6.25 + 0.55

1165.72 £ 140.98

11.21 (8.60-20.91)

7.13+0.20

2555.93 (2044.38-
2859.75)

325.83 (259.91-

0.13

0.64

0.60

0.56

0.60

0.67

0.11

0.59

0.03

0.01

1.02 (0.71-2.00)
1.82 (1.25-2.38)
1.08 (1.00-1.30)
1.28 (0.93-1.29)

6.54 £ 0.76

1354.88 + 136.11

16.20 (11.49-25.98)

7.00 £0.22

2216.91 (1874.18-

2675.63)

293.49 (205.43-

1.50 (0.72-3.00)
1.50 (1.15-1.79)
0.94 (0.94-1.08)
1.29 (1.23-1.29)

6.17 £ 0.45

1186.67 + 125.13

14.68 (9.06-19.46)

7.28 £0.28

2086.43 (1859.79-

2675.22)

255.97 (204.44-

0.82

0.72

0.44

0.93

0.67

0.37

0.55

0.44

0.13

0.97
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Lipids (9)

Protein® (g)

Fiber' (g)

Cholesterol™ (mg)

Ca' (mg)

Mg' (mg)

PT(mg)

Fe™(mg)

Na' (mg)

300.14)
74.95 + 6.32
96.43 (74.11-

119.99)

35.20 (19.91-64.11)  31.49 (27.93-40.03)

332.98 (210.96-
409.58)
657.75 (563.48-
873.94)
283.57 (208.73-
433.06)
1256.94 (1078.16-
1794.30)
10.38 (8.51-16.99)
1514.44 (816.70-

2088.36)

350.19)
85.33 + 6.93
106.36 (83.33-

162.06)

354.10 (172.12-
535.96)
1086.28 (445.19-
1782.14)
315.17 (237.06-
437.12)
1695.01 (1131.35-
2231.25)
10.60 (8.64-14.62)
2417.99 (1422.65-

3617.56)

0.28

0.23

0.74

0.47

0.16

0.29

0.17

0.92

0.15

332.03)
69.49 + 5.48
106.34 (84.48-
151.37)
38.46 (28.24-52.34)
354.87 (161.08-
429.22)
656.42 (465.51-
1421.72)
308.80 (243.34-
371.56)
1539.68 (1050.40-
2060.21)
10.56 (8.55-14.61)
2018.70 (1080.37-

3216.41)

369.41)
95.42 + 7.69

99.30 (71.31-131.13)

29.68 (21.59-37.82)
260.26 (194.60-
460.00)
755.06 (572.28-
988.70)
309.02 (212.45-
412.17)
1362.92 (1108.53-
1723.20)
9.53 (7.09-12.39)
2096.77 (978.98-

3573.17)

0.01

0.25

0.45

0.51

0.19

0.70

0.11

0.77

0.29

54



K" (mg)

Cu' (ng)
Zn' (mg)

Retinoic acid' (ug)

Vitamin B1T (mg)
Vitamin B2T (mg)
Vitamin B6T (mg)
Niacin' (mg)

Vitamin C' (mg)

SFA (g)
MUFA (g)
PUFAT (g)

SFA (%)

3085.86 (2168.02-
3847.54)
1.42 (1.11-2.63)
12.46 (9.58-15.04)
312.05 (153.13-
1124.39)
1.00 (0.84-1.44)
1.16 (0.76-1.45)

1.11 (0.71-1.53)

28.11 (21.16-33.74) 35.44 (19.63-62.21)

186.59 (71.91-
290.87)
25.95 + 2.99
28.18 + 3.48
5.88 (4.10-7.48)

11.05+1.25

3595.94 (2570.30-
4653.79)
1.27 (1.09-2.22)
10.83 (7.99-15.91)
404.77 (232.47-
900.95)

1.68 (1.13-2.30)
1.71 (1.06-2.69)

1.53 (0.91-3.07)

138.66 (64.68-
234.68)
34.20 + 3.56
28.29 + 2.97
4.50 (3.26-6.96)

11.78 £ 0.97

0.16

0.79

0.52

0.34

0.01

0.01

0.06

0.25

0.68

0.09

0.98

0.28

0.64

2992.83 (2407.10-
3907.06)
1.19 (1.07-1.44)
11.14 (8.50-15.22)
381.76 (216.28-
782.31)

1.31 (0.89-1.68)
1.21 (0.87-1.97)
1.38 (0.77-1.81)
35.44 (22.42-42.11)
136.14 (67.07-
178.73)
24.44 +2.37
23.84 +2.77
5.61 (3.79-7.38)

9.99+0.77

3112.20 (2078.47-
4068.97)
1.27 (0.84-1.95)
10.83 (7.95-15.01)
404.77 (149.64-
1304.12)
1.15 (0.96-2.07)
1.52 (0.98-2.42)
1.46 (0.89-2.51)
28.01 (19.59-48.04)
100.80 (56.75-
303.26)
37.84 + 3.96
33.47 + 3.69
5.66 (3.41-8.04)

13.13+1.24

0.79

0.59

0.97

0.72

0.41

0.42

0.80

0.55

0.41

0.01

0.04

0.39

0.04
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MUFAT (%) 11.01 (9.13-13.66)  9.12(6.78-11.61)  0.09 9.70 (6.48-14.15) 10.51 (6.97-13.27)  0.31

PUFAT (%) 2.50 (1.59-3.69) 1.65 (0.98-3.64) 0.03 1.99 (1.52-3.30) 2.58 (1.04-3.54) 0.22
Alcohol' (g) 7.78 (0.28-22.78)  11.49 (6.41-119.70)  0.21 8.04 (0.21-56.28) 22.22 (8.25-349.10) 0.97
Healthy Eating 58.38 + 3.67 53.92 +2.23 0.31 57.36 £ 2.34 56.28 + 2.57 0.76
Index

Continuation...

Variables SERPINE-1 (£8.52%) (n=18) SERPINE-1 (>8.52%) (n=19) o]
Age' (y) 25.31 £ 0.69 30.68 £ 1.57 0.01
Anthropometric

Weight' (kg) 57.60 (51.98-63.18) 64.80 (53.60-74.80) 0.08
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WC (cm)
WHRT
BMIT

BF (%)

Metabolic

PAST (mmHg)
PAD (mmHg)

TC (mg/dL)
HDL' (mg/dL)
TG' (mg/dL)
CT:HDL'
Glucose' (mg/dL)
Insulin® (mU/L)
HOMA-IR'

TyG index

72.29 +1.42
0.73 (0.72-0.76)
20.93 (19.10-22.48)

23.93 +0.96

103.15 (97.55-106.60)
67.38 + 1.29
167.37 + 6.37

60.50 (53.30-67.50)
86.00 (55.25-108.00)
2.80 (2.30-3.14)
82.50 (78.50-91.25)
5.60 (3.58-9.73)
1.12 (0.69-1.89)

8.14 £ 0.09

82.96 + 1.81
0.82 (0.78-0.87)
24.12 (20.94-25.85)

25.18 £1.43

105.00 (98.30-120.70)
68.97 + 1.72
191.63 + 6.99

56.00 (51.00-65.00)
80.00 (55.00-124.00)
3.29 (2.85-3.91)
85.00 (79.00-93.00)
6.20 (4.40-9.70)
1.32 (0.94-2.39)

8.15+0.11

0.00

0.00

0.02

0.47

0.41

0.47

0.02

0.39

0.86

0.03

0.44

0.53

0.46

0.92
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Uric acid' (mg/dL)

MDA (nmol/mL)

Inflmmatory

C3 complement (g/L)
CRPT (mg/L)

IL-10" (pg/mL)

IL-1BT (pg/mL)

IL-6" (pg/mL)

TNF-a (pg/mL)

PAI-1 (pg/mL)

Adiponectin® (ng/mL)

Sleep hours

Diet

3.40 (3.03-3.65)

0.47 +0.06

103.29 + 3.41
1.20 (0.70-2.00)
1.43 (1.07-2.05)
1.01 (0.94-1.30)
1.29 (1.28-1.29)

6.44 + 0.68

1178.99 + 156.77

17.70 (14.15-26.96)

7.23+£0.23

4.20 (3.60-4.50)

0.41+0.05

106.52 + 4.74
1.42 (0.75-2.72)
1.72 (1.38-2.15)
1.06 (0.94-1.08)
1.29 (0.93-1.29)

6.59 + 0.57

1105.13 % 120.01

11.21 (8.83-17.53)

7.20 £0.22

0.03

0.46

0.58

0.82

0.38

0.58

0.33

0.87

0.709

0.02

0.93
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Energy' (kcal)
CHO' (g)

LIP (g)
PTN'(g)
Fiber (g)
Cholesterol (mg)
Ca' (mg)

Mg' (mg)
P*(mg)
Fe(mg)

Na' (mg)

K" (mg)

Cu' (ug)

Zn' (mg)

Ret' (ug)

Vitamin B1" (mg)

2031.20 (1660.87-2721.12)
243.34 (206.97-327.54)
76.23 +7.77
97.43 (65.12-129.36)
35.19 (23.40-59.32)
243.34 (206.97-327.54)
657.75 (482.89-886.70)
261.97 (209.26-390.32)
1244.11 (968.51-1902.28)
11.16 (8.63-16.99)
2150.89 (1087.94-3697.07)
2665.85 (1896.54-3841.45)
1.23 (1.08-1.97)
12.46 (8.55-15.04)
357.79 (171.91-663.12)

1.15 (0.84-1.65)

2292.75 (2020.42-2882.06)
322.42 (226.46-376.92)
84.64 + 6.29
106.39 (84.40-161.84)
31.51 (27.63-40.82)
338.80 (197.43-377.57)
836.05 (517.09-1575.07)
315.17 (240.53-465.39)
1434.82 (1199.75-2193.59)
10.12 (8.47-14.82)
2043.99 (939.98-3423.96)
3595.94 (2619.78-4787.82)
1.27 (1.11-2.35)
10.47 (8.25-15.61)
381.76 (214.48-1373.05)

1.60 (0.96-2.34)

0.09

0.11

0.41

0.10

0.79

0.67

0.14

0.18

0.12

0.85

0.87

0.03

0.62

0.80

0.50

0.17
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Vitamin B2 (mg)
Vitamin B6 (mg)
Niacin' (mg)
Vitamin CT (mg)
SFA (9)

MUFA (g)
PUFAT(g)

SFA (%)

MUFAT (%)
PUFAT (%)
Alcohol' (g)

Healthy Eating Index

1.25 (0.92-1.64)
1.38 (0.83-1.53)
26.04 (18.59-38.94)
130.47 (71.91-235.88)
27.35 + 3.56
25.31 + 3.01
5.64 (3.43-7.15)
11.21+1.24
10.48 (6.85-13.06)
2.13 (1.59-3.55)
8.21 (3.77-72.40)

62.11 £1.97

1.52 (0.85-2.55)
1.53 (0.75-2.28)
33.09 (20.78-45.72)
147.39 (62.50-282.86)
32.90 + 3.56
31.22 + 3.59
4.50 (3.14-7.36)
11.55 + 1.07
9.75 (7.20-12.51)
1.65 (0.94-3.15)
12.41 (7.78-24.57)

52.53 £ 2.07

0.35

0.40

0.39

0.74

0.28

0.22

0.44

0.84

0.96

0.09

0.29

0.01

Mean +SEM — Student’s t Test/ T Median (Interquartile range) - Mann Whitney

WC: Waist circumference, WHR: Waist Hip Ratio, BMI: Body Mass Index, BF: Body Fat, SBP: Sistolic Blood Pressure, DBP: Diastolic

Blood Pressure, TC: Total Cholesterol, TG: Triglycerides, TyG: Triglyceride-Glucose Index, MDA: Malondialdehyde, CRP: C Reactive
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Protein, TNF-a: Tumor Necrosis Factor a, PAI-1: Plasminogen Activation Inhibitor,

Fatty Acids, PUFA: Polyunsaturated Fatty Acids

SFA: Saturated Fatty Acid, MUFA: Monounsaturated
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Table 1: Primers used in the quantification of the methylation levels of the four

genomic regions analyzed in PBMC.

Gene or

specific sites

Primer sequence

Screened
CpGs/

Amplicon size

(bp)
LINE-1
Foward 5 GCGAGGTATTGTTTTATTTGGGA 3 8 /141
Reverse 5 CGCCGTTTCTTAAACC 3
IL-6
Foward 5 TTATGTAGGAAAGAGAATTTGGTTTAG ¥ 5/181
Reverse 5 AAAAAATAAAATCATCCATTCTTCAC 3
CRP
Foward 5 GGTAATTTAGTAGTTATAGGAGTTTGTAATAAAT 3’ 4 /316
Reverse 5 AAAACACAACAACTTCTCCATAATCA 3
SERPINE-1
Foward 5 TGTGTTTGGTTGTAGGGTTAAGA 3 71151
Reverse 5 TTACTTTTCTCCTACCTAAAATTCTCA 3
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Table 2: Multiple linear regression model with LINE-1 methylation (global

methylation) as a dependent variable

Variables B coefficient (Cl1 95%) P-value

Global methylation as

dependent

WC (cm) 0.01 (0.00; 0.01) 0.57
TyG index 0.07 (-0.03; 0.17) 0.15
TNF-a (mg/L) 0.01 (-0.01; 0.03) 0.37
HEI -0.01 (-0.01; 0.00) 0.02

R?=0.50 (p= 0.04)

Table 3: Spearman’s correlations between inflammatory genes promoter

methylation and its plasma concentration.

Analysis performed R? p
IL-6 (pg/mL) versus IL-6 methylation -0.057 0.728
PAI-1 (pg/mL) versus SERPINE-1 methylation -0.047 0.784
CRP (mg/L) versus CRP methylation 0.003 0.989
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Figure 1: Diagram of study volunteers.
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Figure 2: LINE-1 correlations with anthropometric features.
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Figure 4: Comparison between area under the curve (ROC curve) of CRP plasma

concentrations and CRP gene promoter methylation in relation to insulin

resistance, analyzed by TyG index.
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Introduction

Inflammation is a physiological defense response to
injury and foreign substances, in order to maintain body
homeostasis [27]. However, it can also be triggered by
disorders, such as obesity or diabetes, in metabolically
active tissues [4].

Obesity and excessive body fat content are associated
with increased circulating levels of proinflammatory
cytokines [47, 18], supporting a link between chronic
low-grade inflammation and diseases such as diabetes
and insulin resistance [41], dyslipidemia [18], and, con-
sequently, metabolic syndrome (MetS) features [36]. In
addition, previous studies have reported that weight loss
leads to a reduction of these proinflammatory molecules
[17], making the cytokines an interesting biomarker to
follow changes associated to cardiometabolic risk and
obesity management. On the other hand, it has been
postulated that inflammation could trigger obesity
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[28]. Thaler and Schwartz (2010) proposed that inflam-
mation in hypothalamic cells, caused by excess of nu-
trients (mainly fatty acids), can promote resistance to
insulin or leptin actions, driving to excessive weight
gain [38].

Therefore, the identification of early biomarkers to
metabolic disturbances with diagnostic value, including
inflammatory markers, in order to prevent future dam-
ages and facilitate early treatments is still a great chal-
lenge, mainly in young subjects.

In this context, interleukin 6 (IL-6) is a proinflamma-
tory cytokine whose levels have been reported to in-
crease in proportion to the degree of obesity, particularly
central adiposity, and to insulin resistance [23]. The
levels of IL-6 are often increased in obese subjects, both
in adipose tissue and in the blood [11], decreasing in
patients undergoing exercise and after caloric restriction
[13]. IL-6 levels have been associated with the percent-
age of total body fat, waist circumference (WC), waist-
hip ratio (WHR), and total cholesterol:HDL ratio
(TC:HDL ratio), [18] as well as the development of
chronic disorders, such as cardiovascular diseases [44].

Another cytokine associated with obesity is interleu-
kin 18 (IL-18). IL-18 is produced by macrophages and
Kupffer cells, and was first described as an interferon-y-
inducer factor (IGIF) in T and natural killer cells from
mice infected with Propionibacterium acnes [10]. The
secondary structure of IL-18 in the form of (3-sheet
folded makes it more closely related to IL-1{3 than any
other cytokine [10]. Increased levels of this cytokine
have been related to obesity, type 2 diabetes [45], insulin
resistance [1], and atherogenesis [12].
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In turn, it is recognized that lifestyle factors, such as
dietary pattern, physical activity, and smoking, can in-
terfere with inflammatory marker concentrations [24,
16, 21, 14]. However, little is known about the relation-
ships between inflammatory markers and metabolic
traits in young healthy subjects.

The hypothesis of the present study is that subtle
changes may occur in healthy people long time before
the onset of the disorders, and may increase the risk to
develop metabolic complications. Therefore, we aimed
to assess the potential value of IL-6 and IL-18 as early
biomarkers of metabolic disorders, as well as to identify
the determinants of variation in the concentrations of
these cytokines in young healthy adults, with emphasis
in metabolic and lifestyle variables.

Materials and methods
Subjects

In this study, 153 apparently healthy young adults (50
males, 103 females), with a mean age of 21+3 (range:
18-34 years old) and a mean body mass index (BMI) of
22.142.5 (range 17.4-29.3 kg/m?), were recruited
through magazines, radio, web page, and intranet tools
from the Universities of Navarra (UNAV) and Public of
Navarra (UPNA). In the recruitment message, the age
range (18-35 years old) was mentioned, as well as
relevant clinical information for those interested in par-
ticipating in this nutritional survey. The enrollment
questionnaire was devised to assess the nutritional status
and to provide appropriate dietary advises to the partic-
ipants. In addition, a phone number and an e-mail ad-
dress were provided for a continuous contact. Exclusion
criteria included pregnancy, inflammatory, heart and
respiratory diseases, hormonal treatments, or prescribed
drugs that could affect glucose metabolism, alcohol and
drug dependence, recent follow-up of diets designed to
weight loss, or unstable weight in the last 3 months.
These exclusion criteria were screened firstly by phone,
and those that passed this step were further screened by
a questionnaire fulfilled by a trained physician. Each
volunteer signed a written informed consent, which was
previously approved by the Investigation Ethics Com-
mittee of the Clinica Universidad de Navarra (ref num-
ber 79/2005), in accordance with the principles of the
Helsinki Declaration.
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Anthropometry and body fat distribution

Anthropometric determinations, such as weight, height,
waist and hip circumferences, and skinfold thickness, as
well as calculated indexes, were taken using standard
measurement procedures [20]. BMI (kg/m”) and total
BF (%) were used as indicators of total adiposity, while
measurements of WC (cm) and WHR were used as
indicators of central fat accumulation [20].

Blood pressure and biochemical assessments

Systolic (SBP) and diastolic blood pressures (DBP)
were measured following World Health Organization
guidelines [42]. Venous blood samples were drawn after
a 12 h overnight fast by venipuncture. The EDTA—
plasma and serum samples were obtained by centrifu-
gation (3500 rpmx 15 min at 4 °C), and frozen imme-
diately at —80 °C until assay. Serum concentrations of
triglycerides, total cholesterol (TC), high-density lipo-
protein-cholesterol (HDL-c), Complement C3 (C3), and
glucose and insulin were measured by standard methods
as previously described [18]. Insulin resistance was
calculated as homeostasis model assessment-estimated
insulin (HOMA-IR) according to Matthews et al. [25].
Another index used to estimate insulin resistance was
the triglyceride-glucose index (TyG), calculated accord-
ing to Simental-Mendia et al. [37]. Plasma circulating
concentrations of C-reactive protein (CRP,
Immundiagnostik AG, Bensheim, Germany), high-
sensitivity IL-6 (hs-IL-6; R&D Systems, Minneapolis,
MN, USA), high-sensitivity tumor necrosis factor-alpha
(hs-TNF-«; R&D Systems, Minneapolis, MN, USA),
and IL-18 (Medical & Biological Laboratories Co.,
Naka-ku Nagoya, Japan) were evaluated by specific
commercial enzyme-linked immunosorbent assay pro-
cedures in an automated analyzer system (Triturus,
Grifols, Barcelona, Spain) as described by the manufac-
turer. In our laboratory, the inter- and intra-assay coeffi-
cients of variability were <10 %.

Lifestyle features

The participants were asked about smoking status (nev-
er, former, or current smokers), smoking time in life-
course, and number of cigarettes per day. With respect to
physical activity, the participants informed whether they
performed regular physical activity (yes/no), and if so,
the type and the physical activity (h/week) [16]. To
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quantify the volume of activity, a metabolic equivalent
index was also computed by assigning a multiple of
resting metabolic rate to each activity [8].

Statistical analyses

Results are reported as mean+SEM and variable distri-
bution was determined by the Shapiro—Wilk test. In
order to analyze anthropometric, biochemical, inflam-
matory, and dietary pattern and lifestyle characteristics
with respect to IL-6 and IL-18 concentrations, these
cytokines were taken as suitable variables considering
their medians as cutoff values (1.07 pg/mL and
180.0 ng/uL, respectively). Statistical comparisons be-
tween groups were performed by the parametric Student
t test, Mann—Whitney U test, or x” test, as appropriate.
In order to analyze inflammatory marker concentrations
with respect to anthropometrical and metabolic data of
the study participants, BMI, WC, WHR, HOMA-IR,
and TyG index were distributed into tertiles in order to
assess trends. Finally, multiple linear regression models
were performed to analyze the prediction of plasma IL-6
and IL-18 concentrations (outcome) for selected vari-
ables and using both cytokines as predictors of metabol-
ic and inflammatory traits related to the MetS. Non-
normally distributed variables were log-transformed pri-
or to inclusion in linear regression analyses. Statistical
analyses were performed with SPSS 15.0 software
(SPSS Inc., Chicago, IL, USA). A P value <0.05 was
considered as statistically significant.

Results

Anthropometric, metabolic, inflammatory, and lifestyle
characteristics are described according to the medians of
IL-6 and IL-18 (Tables 1 and 2). Gender distribution
(data not shown) and age did not differ between the
lower and higher IL-6 or IL-18 groups. Individuals with
higher concentrations of IL-6 had higher values of BMI,
WC, WHR, body fat percentage, and plasma CRP con-
centration, as well as higher TyG index. Those subjects
with higher concentrations of IL-18, in turn, showed an
increased TC:HDL ratio (Table 1).

When evaluated by lifestyle, individuals with higher
concentrations of both cytokines showed higher fre-
quency of smoking or higher daily number of cigarettes
(Table 2). No significant differences were found with
regard to physical activity between groups (Table 2). IL-

6, but not IL-18, showed a trend to increase with the rise
of WC and TyG index (Fig. 1).

When using multiple linear regression models to
analyze the factors that contribute to the variations in
the studied interleukins (Table 3), age, BMI, glucose,
triglycerides, C3, CRP, number of cigarettes smoked per
day, and physical activity level contributed with approx-
imately 24 % to IL-6 variation. Age, BMI, triglycerides,
glucose, and CRP were independent predictors
(P<0.005). In turn, BMI, total cholesterol, triglyceride,
C3, HOMA-IR, and number of cigarettes smoked per
day contributed to a variation of 19 % in plasma IL-18.
BMI, C3, HOMA-IR and smoking habits were indepen-
dent predictors (P<0.005).

Furthermore, IL-6 was able to predict the concentra-
tions of TyG index, CRP, Total cholesterol and C3.
However, once have been found that IL-6 levels are
correlated to number of cigarettes smoked per day, the
regressions were adjusted by number of cigarettes and
others confounding variables. The relationship between
IL-6 levels and TyG index and CRP remained signifi-
cant even after adjustment for age and BMI and number
of cigarettes smoked per day (p adjusted) as shown in
Fig. 2. IL-18 predicted HOMA-IR and insulin and tri-
glyceride concentrations, even after the adjustments
(data not shown), but this influence was very poor in
relation to the biological effects. All models were also
further adjusted by sex, daily energy intake, and physi-
cal activity level (metabolic equivalents/day) without
changing the associations (data not shown).

Discussion

Inflammation appears to be a defense metabolic
process that links obesity onset and the develop-
ment of MetS features [47]. Inflammatory bio-
marker concentrations, such as those of CRP,
TNF-«, IL-6, and IL-18, are often elevated in
obese individuals, and associated to higher cardio-
vascular risks and insulin resistance [1, 2].

The expansion of adipose tissue promotes the recruit-
ment of immune cells, enhancing the production of
proinflammatory cytokines, as well as the density of
macrophages in visceral adipose tissue [39]. Further-
more, hypoxia, promoted by the expansion of adipose
tissue, leads to increased production of these cytokines
in order to trigger angiogenesis and improve the blood
flow to the tissue [34]. However, the increase in the
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Table 1 Anthropometric and clinical characteristics of the participants (#=153), according to the median of plasma IL-6 (1.07 pg/mL) and
IL-18 (180.0 ng/uL) concentrations

Descriptive means All Lower IL-6 Higher IL-6 P value Lower IL-18 Higher IL-18 P value
(n=153) (n=76) (n=77) (n=176) (n=77)

Age (years) 20.8+0.2 20.7+0.2 20.9+0.3 0.572 21.0+0.3 21.0+0.3 0.614
BMI (kg/m?) 22.0+0.2 21.4+0.2 22.7+0.3 0.001 21.94+0.3 22.24+0.3 0.622
WC (cm) 72.7+0.6 70.7+0.7 74.8+0.9 0.001 72.8+£0.9 72.7+0.8 0.957
WHR 0.74+0.00 0.73+0.00 0.75+0.01 0.024 0.742+0.01 0.741+0.00 0912
Body fat (%) 20.0+0.5 18.8+0.7 21.2+0.8 0.002 19.6+0.8 20.4+0.7 0.956
Systolic BP (mmHg) 114.9+0.9 1143+14 115.6+1.2 0.481 1161 114+1 0.439
Diastolic BP (mmHg) 65.2+0.6 64.5+£0.9 65.6+£0.9 0.335 66+1 64+1 0.204
Glucose (mg/dL) 85.1+£0.6 84.3+0.8 85.9+0.9 0.181 84.2+0.8 86.0+0.9 0.138
Insulin (U/L) 7.94+0.3 7.7+0.4 8.1+0.4 0.516 7.7+0.3 8.1+0.42 0.515
HOMA-IR 1.7+0.0 1.6+0.1 1.7+0.1 0.376 1.6+0.1 1.7+0.1 0.354
TyG index 8.0+£0.0 7.99+0.2 8.06+£0.2 0.004 8.02+0.2 8.04+0.2 0.438
Total cholesterol (mg/dL) 174.8+2.2 176.1+3.2 173.5+3.1 0.566 172.1+£32 177.5+3.1 0.228
HDL-c (mg/dL) 59.8+1.0 60.3+1.5 59.2+1.4 0.605 614+1.4 58.1+13.0 0.111
TC: HDL-c 3.0+0.1 3.0+0.1 3.0+0.1 0.948 2.9+0.1 32+1.5 0.008
Triglycerides (mg/dL) 67.9+2.1 70.3+3.3 65.6+2.6 0.267 64.0+2.8 71.9+3.2 0.066
Complement C3 (g/L) 1.1£0.0 1.0£0.0 1.1+0.0 0.082 1.1+£0.2 1.1£0.2 0.179
CRP (mg/L) 1.1£0.1 0.9+0.1 1.3+0.1 <0.001  1.1£0.1 1.120.1 0.621
TNFo (pg/mL) 2.1+0.2 1.9+0.2 2.3+0.3 0.190 2.0+0.3 22402 0.657
IL-6 (pg/mL) 1.2+0.1 0.75+0.0 1.8+0.1 N/A 1.2+0.1 1.3+£0.1 0.573
IL-18 (ng/uL) 484.1+65.2 563.6+£99.5 403.6+83.7 0.220 130.2+3.8 833.4+116.8 N/A

P value from Student ¢ test or Mann—Whitney U test (to non-normally distributed variables), when groups were compared
Data are mean+SEM

BP blood pressure, CRP C-reactive protein, HOMA-IR insulin resistance index, HDL-c high-density lipoprotein-cholesterol, 7C total
cholesterol, N/A not available

In italics are p values <0.05

circulating levels of these cytokines interferes with the IL-6 is a cytokine produced by many cell types and
insulin signaling pathway, leading to resistance to the elicit paracrine, autocrine, and endocrine effects, acting
action of this hormone in target tissues [47]. as a mediator of the acute response and determining the

Table 2 Lifestyle features of the participants (n=153), according to the medians of plasma IL-6 (1.07 pg/mL) and IL-18 (180.0 ng/uL)
concentrations

Characteristics All Lower IL-6  Higher IL-6 P value Lower IL-18 Higher [L-18 P value
(n=153)  (n=77) (n=176) (n=76) (n=177)

Self-reported physical active practice (yes) 82 (53.6) 38 (46.3) 44 (53.7) 0.289 41 (50) 41 (50) 0.930

Metabolic equivalents (h/week) 37.6+2.3 415434 36.6+3.0 0213 39.843.3 3544322 0.188

Smokers (yes) 50(32.7) 23 (46) 27 (54) 0.556 19 (38) 31(62) 0.044

Smoking time (years) 1.3£0.2 12403 1.4+0.2 0.497 0.8+0.2 1.8+0.3 0.019

Cigarettes (n/day) 25+04  1.9+0.5 3.2+0.6 0.003 1.6+0.5 3.5+0.7 0.021

P values from Mann-Whitney U test to continuous variables and x* test to dichotomy variables, when groups were compared
Data are mean+SEM or n (frequency in percents) to continuous or dichotomy variables

In italics are p values <0.05
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increase of plasma concentrations of acute phase pro-
teins, such as CRP [44, 9]. As in this study, the correla-
tion between IL-6 and abdominal adiposity has been
previously documented [18, 21], and chronic elevations
of IL-6 concentration have been associated with both
obesity and insulin resistance [32]. IL-6, produced in
large scale in adipose tissue macrophages, may have a
pivotal role in obesity and insulin resistance, impairing
insulin sensitivity by reducing tyrosine phosphorylation
and increasing serine phosphorylation of key molecules
in the insulin signaling pathway, leading to resistance to
its action in target tissues, increasing lipolysis and de-
creasing glucose uptake in the adipose tissue [15]. Al-
though in this study IL-6 levels were not associated with
insulin resistance when measured as HOMA index,
subjects with higher IL-6 concentration showed a higher
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distribution of TyG index into tertiles. Data are expressed as
median (interquartile range)

TyG index. In this sense, Vasques et al. [40] suggested
that the TyG index was a better predictor of insulin
resistance than the HOMA-IR.

Regarding inflammatory markers, plasma concentration
of IL-6 was a predictor of CRP, as has been reported in the
scientific literature [43], even after adjustment for factors
related to the lifestyle. Other studies have suggested that
CRP concentrations were independently associated to insu-
lin resistance [31], even in a healthy population [43],
strengthening the relationship between IL-6 concentrations
and insulin resistance. However, the predictive power of IL-
6 in relation to C3 and total cholesterol was not significant
after adjusting for the daily number of cigarettes smoked. In
fact, it has been reported that smoking is associated with
elevated levels of plasma IL-6 [16], and high concentrations
of IL-6 may be a central mediator of the association between
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Table 3 Multiple linear regression analyses showing the independent contributions of variables of studied domains to the variation of the

plasma IL-6 and IL-18 concentrations

Variables B coefticient 95 % Confidence interval P value

Plasma IL-6 as dependent
Age (years) —0.015 (=0.030; 0.000) 0.043
BMI (kg/m?) 0.025 (0.008; 0.042) 0.003
Triglycerides (mg/dL) —-0.002 (=0.003; 0.000) 0.013
Glucose (mg/dL) 0.006 (0.000; 0.011) 0.040
C3 complement (g/1) 0.215 (=0.019; 0.449) 0.072
CRP (mg/L) 0.118 (0.065; 0.170) <0.001
Cigarette (n/day) 0.002 (-0.006; 0.011) 0.610
Physical activity (metabolic equivalents h/week) —0.001 (=0.002; 0.000) 0.157

R*=0.242 (P<0.001)

Plasma IL-18 as dependent
BMI (kg/m?) —0.032 (=0.059; —0.005) 0.021
Total cholestero/HDL 0.008 (=0.101; 0.117) 0.879
Triglycerides (mg/dL) 0.002 (=0.001; 0.005) 0.113
C3 complement (g/1) 0.563 (0.188; 0.938) 0.003
HOMA-IR 0.119 (0.030; 0.208) 0.009
Smoking time (years) 0.038 (0.010; 0.066) 0.008

R*=0.193 (P<0.001)

Domains are adiposity indicator, lipid markers, glucose marker, inflammatory marker and lifestyle features

Adjusted R* and all independent variables included in each model are presented in the table. Non-normally distributed variables were log-

transformed prior to inclusion in linear regression

In italics are p values <0.05

smoking and cardiovascular risk [26]. On the other hand,
IL-6 elicited in exercise has been proposed to have an anti-
inflammatory effect and to regulate the food intake by the
sensitization of insulin and leptin central action [35]. In
general, the increase in IL-6 production in skeletal muscle
occurs concomitantly to a decrease in TNF-x secretion,
resulting in an anti-inflammatory effect [33]. However, in
this case, IL-6 levels were neither related to physical activity
nor to TNF-« concentration, suggesting a classical proin-
flammatory role of IL-6 in relation to obesity.

In this study, although higher plasma concentrations
of IL-18 were not associated with increased central
adiposity, this cytokine was related with a higher
TC:HDL ratio, considered a surrogate of cardiovascular
risk. It was also observed that insulin and triglycerides
levels, and insulin resistance assessed as HOMA-IR,
were influenced by IL-18 levels, even after adjusting
for age and lifestyle. These predictions, although statis-
tically significant, seem to have little biologic impor-
tance, once IL-18 has a very small influence in the
values of metabolic and inflammatory traits.

@ Springer

IL-18 has been previously related to obesity and type 2
diabetes [45], atherosclerosis [12], and MetS [22]. Zorrilla
et al. [46] reported that IL-18 modulates food intake,
metabolism, and adiposity, suggesting a protective effect
of this interleukin in obesity. These data were confirmed
by Netea et al. [29] who, using genetically modified mice,
observed that the absence of IL-18 induced hyperphagia,
hyperglycemia, obesity, and insulin resistance, whereas the
administration of recombinant IL-18 improved such met-
abolic defects. Taken together, these outcomes suggest that
elevated levels of IL-18 associated with adiposity may
occur due to resistance to the action of this interleukin,
such occurs with insulin or leptin [45]. Studies correlating
the plasma concentration of IL-18 to individual compo-
nents of MetS have been previously reported [6], as well as
the progressive increase in the levels of IL-18 in relation to
the number of MetS components, regardless adjusting for
age, gender, BMI, and insulin levels [22]. However, in the
present study, IL-18 did not appear to be a good biomarker
of MetS components in young healthy subjects as it was
not able to detect early changes in metabolic features.
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Fig. 2 Multiple linear regression analyses with IL-6 concentrations (pg/mL) as a predictor of total cholesterol, TyG index, CRP, and C3
complement adjusted by number of cigarettes smoked per day (n=153)

Regarding lipid metabolism, Blankenberg et al. [3]
reported a positive correlation between IL-18 and serum
triglycerides and a negative correlation with HDL. Al-
though we have not observed a negative correlation
between IL-18 and HDL, the higher TC:HDL ratio
among individuals with higher circulating levels of IL-
18 suggests a comparable cardiometabolic risk. As ob-
served in our results, Blankenberg et al. [3] also found
that smoking interfered in the concentrations of IL-6,
but not in those of IL-18 [3].

In this study, differences in cytokine concentrations
between genders were not observed. Men had a trend to
higher levels of IL-6 but not significant. This result was
similar to other results obtained in previous reports [5].
However, concerning IL-18, we have not observed dif-
ferences between both genders. Although most of the
studies have observed higher levels of IL-18 in men
[30], Chen et al. [7] found similar levels of IL-18 be-
tween healthy men and women, but higher levels in men
with MetS.

It is known that some components of the diet [19] and
physical activity [24] can influence the inflammatory sta-
tus. However, these relationships were not observed in the
current study. The exception was the lowest phosphorus
intake among individuals with higher levels of IL-6.

This study has some limitations, since relationships
of cause and effect between the associations cannot be
assumed due to the cross-sectional nature of the study.
The sample composition (only young and apparently
healthy volunteers, not including individuals with MetS
diagnoses) does not allow the evaluation of potential
associations of IL-6 and IL-18 with the disease. In fact,
this experimental design was conducted in order to
analyze these inflammatory mediators as early bio-
markers of metabolic features/disorders even in young
healthy subjects. A future research with this same pop-
ulation might help to clarify if these subjects with trend
to insulin resistance really developed this disturbance.

In conclusion, the results of this study suggest that
IL-6 concentrations may be linked to adiposity traits and
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increased risk of insulin resistance, measured by TyG
index, in young healthy subjects. Thus, IL-6 can be an
early risk factor for the development of chronic diseases.
In any case, such effects may be influenced by smoking
habit, once the number of cigarette smoked per day was
associated to higher concentrations of IL-6. Moreover,
IL-6 seems to be a better early biomarker of metabolic
traits in young healthy subjects than IL-18.
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ABSTRACT

Background/Aim: This study hypothesized an association between healthy dietary patterns,
hypermethylation of tumor necrosis factor-alpha (T&yFpromotor and decreased risks of
metabolic changes. Methods: 40 normal-weight young women encompassed this cross-sectional
study. DNA was isolated from white blood cells and CpG site methylation inalMiere
analyzed by Sequenom EpiTyper. Results: Contradicting our hypothesis, Healthy Eating Index
score was negatively associated with CpG5 (r=-0.460, p=0.003) andx Tollal methylation
(r=-0.355, p=0.026). A higher intake of fruits was related to lower insulin, HOMA-IR, dNF-
total methylation and methylation at CpG5. No other dietary pattern was related ta TNF-
methylation. TNFe total methylation correlated positively with systolic blood pressure (r=0.323;
p=0.042) and CpG5 methylation with body mass index (r=0.333, p=0.036). Furthermore, fiber
intake was negatively associated with the methylation of CpG5 (r=-0.324, p=0.041) and the
whole TNF« sequence (r=-0.434, p=0.005), whereas vitamin C intake was negatively associated
with TNF-« total methylation (r=-0.411, p=0.009). Intakes of apples and citrus fruits were
negatively associated with TNk-total methylation. Conclusion: A healthy dietary pattern and
higher fruit intake (particularly apples and citrus fruits) were related to better glucose tolerance

in healthy subjects, which could be mediated by lower &NRethylation.

Keywords: Biomarker; inflammation; epigenetic; DNA methylation; diet; fiber; vitamin C
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1. INTRODUCTION

Healthy dietary patterns and diets rich in fruits and vegetables (FV) are widely
recommended as a health promotion strategy due to high concentrations of vitamins, minerals,
antioxidants, phytochemicals and dietary fiber [1]. The occurrence of these foods in the habitual
diet contributes to explain the "fiber hypothesis,"” which states that increased fiber intake protects
against Western diseases [2]. In this context, several studies have reported an association
between FV intake and lower risk of chronic illnesses, such as cardiovascular diseases [3]
oxidative stress [4] including lower DNA oxidation [5], and inflammation, being the expression
of inflammatory genes inversely proportional to the consumption of fruits [6]. A dietary pattern
rich in fruits and dairy products has also been related to decreased odds of impaired blood
glucose, hypertryglicerydemia and metabolic syndrome (MetS) risks [7]. In addition, fruits and

vegetables have low energy density, making them interesting for body weight management [8].

MetS has been defined as a cluster of medical disturbances related not only to increased
cardiovascular risk and type 2 diabetes, but also to higher mortality [9]. MetS risk factors include
diet [10], lifestyle [11], oxidative stress [12], genetics [13] and epigenetic mechanismsssuch a

DNA methylation [14, 15].

Chronic inflammation has been proposed as a potential link between excessive weight
and adiposity and metabolic complications of obesity [16]. Indeed, tumor necrosis dactor
(TNF-a), one of the major mediators of inflammatory response [17], is usually overexpressed in
obesity and with the number of MetS components [18], and is upregulated in white adipose

tissue in obese individuals with insulin resistance [19].

80



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

On the other hand, several nutrients and bioactive compounds have been reported to
affect epigenetic mechanisms involved in gene expression regulation, such as DNA methylation,
contributing thus to the prevention of the development of metabolic disorders [20]. In fact, DNA
methylation can be related to MetS phenotypes, and these relationships among epigenetics, diet

and disease may be a cyclic interplay [21].

Overall, we hypothesized that healthy dietary patterns can change the relationship
between epigenetic signature and metabolic traits, increasing the DNA methylation of TNF-
promotor, and hence, decreasing its expression. Thus, this study aimed to evaluate the effect of
healthy dietary patterns and food intake on DNA methylation of dgene in white blood cells
in normal-weight healthy subjects, and the interactions between dietp Thithylation and the

main features of MetS.

2. SUBJECTS AND METHODS

2.1.Subject

This cross-sectional study included 40 normal-weight healthy women, university students
of Pamplona (Navarra, Spain), with a mean age of 21 + 3 (rang28 }J@ars) and a mean body
mass index (BMI) of 21.0 + 1.7 (range: 1&8.9 kg/nf). Initial enrollment screening
evaluations consisted of a medical history, physical examination, and fasting blood biochemistry,
to exclude subjects with evidence of any chronic inflammatory, heart, or respiratory diseases, as
detailed elsewhere [22]. Other exclusion criteria were hormonal treatment or drug prescription
affecting glucose metabolism, alcohol and drug dependence, history of recent diet for weight

loss, or unstable weight in the last 6 months. All followed procedures were in accordance with
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the ethical requirements of the responsible committee on human experimentation (Investigation
Ethics Committee of the Clinica Universidad de Navarra, n° 79/2005), and with the Helsinki
Declaration of 1975, as revised in 2000 and later years. An informed consent was obtained from

all patients for being included in the study.

2.2.Anthropometry and body fat composition

Anthropometric measurements were conducted according to previously described
procedures [22]. BMI (kg/R) was calculated as the ratio between weight (kg) and the squared
height (nf). Total body fat (%) was estimated by the equations of Durnin and Womersley [23],

using four skinfold thicknesses (biceps, triceps, subscapular, and suprailiac).

2.3.Dietary intake assessment

Dietary intake was assessed with a semi-quantitative food frequency questionnaire (136
food-items) validated for Spanish people [24]. Nutrient intake was estimated using an ad hoc
computer program specifically developed for this purpose, including the latest available
information included in the food composition tables for Spain [25, 26]. Daily energy and fat
intake were calculated as frequency nutrient composition of each portion size for each consumed
food item, where frequencies were measured in nine frequency categories {&+#dd,243/d,

1/d, 5-6/wk, 2-4/wk, 1/wk, 1-3/mo, never or almost never) for each food item.

The participants were assigned into two groups (low and high fruit intake) according to
the median of fruit intake (293.4 g/day). The median cutoff criteria have been previously applied
[27] based on a valid and reliable method to assign two groups of risk in epidemiological studies
[28]. Mediterranean dietary pattern [29] and Healthy Eating Index (HEI) scores [38] we

calculated to evaluate the quality of diet. Healthy Eating Index is a measure of digt lnamsdid
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on the food-group recommendations, such as fruit, vegetables, grains, dairy foods, meat and

beans, oils, saturated fat, sodium and calories of fats, alcohol and added sugar [30].

2.4.Blood pressure and biochemical assessments

Systolic and diastolic blood pressures were measured following WHO criteria [31]
Venous blood samples were drawn after a 12-h overnight fast. EDTA (ethylenediamine
tetraacetic acidplasma and white blood cells (WBC) were separated from whole blood by
centrifugation at 3500 rpm, at 5°C for 15 min (Model 5804R, Eppendorf, Germany), and
immediately frozen at-80°C until assay (WBC in buffy-coat). Serum concentrations of
triglycerides, total cholesterol (TC), high density lipoproteholesterol (HDL-c), glucose and
insulin were measured by standard methods as previously described [32]. The plasma low
density lipoproteincholesterol (LDL-c) data were calculated by the Friedewald equation [33]
Insulin resistance was estimated by the HOMA-IR (Homeostatic model assessinsntin
resistance), through calculations as follows: HOMA-IR = [fasting glucose (mmol/L) x fasting
insulin (IU/ml)]/22.5 as described elsewhere [34]. Plasma concentrations of high-sensitive TNF-
o (hs-TNF-0) were measured using enzyme immunoassay based kits (R&D Systems,
Minneapolis, MN, USA) by means of an automated analyzer system (Triturus, Grifols,

Barcelona, Spain).

2.5.DNAisolation and methylation assays

DNA from WBC was isolated by using the Master Pure kit (Epicenter, Madison, WI,
USA). DNA quality was assessed with PicoGreen dsDNA Quantitation Reagent (Invitrogen,
Carlsbad, CA, USA) and treated with sodium bisulfite (EZ DNA methylation kit; Zymo

Researh, Orange, CA) following the manufacturer’s protocols.
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143 The quantitative analysis of 5-methylcytosine levels of TNigene promoter was

144  performed with Sequenom EpiTyper (Sequenom, San Diego, CA, USA), which relies on base-
145  specific cleavage followed by MALDI-TOF mass spectrometry, as described elsewhere [35]
146  Bisulfite-treated genomic DNA was amplified using two pairs of primers: 5’-

147 GGGTATTTTTGATGTTTGTGTGTTTS’ (forward) and 5-

148 AAAAA TCTCCCTTCTCCACTCACAA3’ (reverse), designed to amplify 20 CpG sites located

149  between nucleotides -170 to +359 of the TiNGene [36].

150 2.6.RNA extraction and expression analysis

151 Total RNA from WBC was extracted with Trizol reagent (Invitrogen) and subsequently
152 treated with DNase (DNA-free kit, Ambion/Applied Biosystems, Austin, TX, USA) as
153  previously described [37]. Quantitative real-time PCR was performed in an ABI PRISM 7000
154  HT Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Tagman probes
155  for TNF-a were also supplied by Applied Biosystems. Gene expression levels were normalized

156 by using 18s rRNA as internal control and calculated with tHé'2Znethod [38].

157 2.7.Statistical Analysis

158 Results are reported as mean £SD and normality condition was determined by Shapiro-
159  Wilk test. Statistical comparisons between groups were performed by Student’s t-test or Mann

160 Whitney U test, as appropriate. Pearson and Spearman correlations were fitted to evaluate the
161  potential correlations of TN-promoter methylation with anthropometric or metabolic features

162  and dietary factors. Chi-square test was used to evaluate the association between low/high intake
163  of fruits and categorical variables of interest (vitamin and mineral supplementation and physical
164  activity). Subjects were also categorized according to tertiles of orange/tangerine @rake.

165 way ANOVA was performed to determine means differences, and polynomial contrasts for trend
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analyses. Statistical analyses were performed with SPSS 15.0 software (SPSS Inc., Chicago, IL,

USA). A P-value < 0.05 was considered as statistically significant.

3. RESULTS

Subject’s features below or above the median of fruit intake per day were similar in
relation to age, vitamin and mineral supplementation and physical activity practice. However,
those with higher FV intake showed lower fasting insulin concentration and HOMA-IR. There
was no difference in TNle-expression in relation to fruit intake or another group of foods (Table

1).

Subjects with higher intake of fruit showed lower total methylation percentage of TNF-
gene and CpG5 of the region analyzed (Figure 1). A trend towards significance (p<0.1) was also
observed in CpGs 14 and 19. TMFtotal methylation (TNFx total) was related to higher
systolic blood pressure, and CpG5 methylation was associated with higher BMI values (Figure

1).

TNF-o total methylation was inversely correlated with fruit fiber and vitamin C (p=0.005
and 0.009, respectively), while the methylation levels of CpG5 were correlated with fiber (Figure

2).

Other food groups and nutrients did not correlate with CpG5 and olNbtal
methylation, except for HEI, which was negatively associated with the methylation levels of both
regions, and whole cereals, which showed a trend towards significance (Table 2).

Orange/tangerine and apple intakes were particularly closely associated with mblifRylation
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(Figure 3). In fact, orange/tangerine and apple were the most consumed fruits by these

participants (83.1 and 74.1 g/day, respectively).

4. DISCUSSION

The encouragement of higher consumption of fruits and vegetables is not a new strategy
for health promotion39]. In this sense, our results reveal that the higher intake of fruits was
related to lower fasting insulin levels and HOMA-IR values, which means a better glucose
tolerance in these healthy subjects. FV intake has been previously related to lower insulin
resistance and MetS [40], and several biomarkers of FV intake, such as carotenoids and vitamin
C, have been negatively associated with glycemia, serum insulin concentrations and glycosylated

hemoglobin (HbA 1c) levels [41, 42].

As low-grade inflammation is involved in the development of insulin resistance, the
effect of changing dietary habits (particularly higher consumption of fruits) on chronic
inflammation may be one of the protective mechanisms regarding metabolic disorders [43]
Hotamisligil [44] reported that insulin receptor is an important target for dN#d that this
cytokine may be involved in the switch of tyrosine to serine phosphorylation. In this context, a
beneficial effect of FV, in particular fruits, has been already described in relation to oxidative
stress [5, 45] and inflammation [6,46]. For example, it has been reported that a high FV intake
reduces interleukin-6 and TN#-concentrations and is associated with higher antioxidant
capacity in plasma [46-48]. These effects are mainly attributed to antioxidants and bioactive
compounds found in fruits and vegetables, especially vitamin C and fiber [49], which

corroborates our results.
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The beneficial effect of FV consumption on inflammation can be observed even at the
molecular level, for example with a reduced expression of inflammatory markers [6], and could
be regulated by epigenetic factors. For example, changes in dietary habits includingakait int
have been positively associated with epigenetic modifications, such as changes in LINE-1 DNA
methylation [50] or a lower prevalence of DNA hypomethylation, an association that was dose-
dependent [51]. Changes in the methylation levels of specific gene promoters may regulate the
expression of genes by modifying the interaction of transcription factors and methyl-DNA
binding proteins [52]. In this sense, our results reveal that dNFomoter methylation is related
to healthy dietary patterns, in special, to higher fruit intake. Citrus fruits and apple were the main
fruits involved, being fiber and vitamin C particularly related. Dietary fiber content is considered
to have a beneficial effect on inflammation [53]. Krishnamurthy et5d]. fpund that, for each
10-g/day increase in total fiber intake, the odds of elevated serum C-reactive protein (CRP)
levels were decreased by 11% and 38% in those subjects without and with chronic kidney
disease, respectively. Fiber intake was negatively associated with visceral adipose tissue, CRP
and fibrinogen, and positively associated with adiponectin in adolescents [55]. Fiber intake can
even reverse the side effects of a high-fat, high-carbohydrate meal on inflammatory markers,
endotoxemia and oxidative stress in normal-weight subjects [56]. However, no other food groups
also rich in dietary fiber, such as vegetables, legumes, nuts and whole cereals, were associated
with TNF-a methylation, showing a specific effect of fruit intake, and maybe, an interaction
between nutrients in the food matrix. Several dietary components found in vegetables, such as
sulforaphane and flavonoids, have been reported to influence DNA methylation levels [57, 58]

On the other hand, some polyphenols like curcumin, resveratrol and catechin can modulate NF-

87



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

kB action and chromatin remodeling and, hence, the inflammatory response through DNA

methyltransferase (DNMT) action [59].

Our hypothesis was that the higher intake of “healthy food”, like FV, could result in a
hypermethylation of TNFx promoter, and hence, in a lower expression of this cytokine.
However, we found the opposite outcome, since the higher intake of fruit was related to positive
metabolic effects but no changes in circulating TdNkrd TNF-a mRNA levels, and TNF
promoter hypomethylation in WBC. It is not known whether these mechanisms are similar in
patients with established metabolic disorders and healthy subjects. Moreover, some studies have
also reported that, although DNA methylation of the cytosine in the CpG dinucleotide is
typically associated with gene silencing, CpG promoters can be both methylated and
transcriptionally active due to an increase in binding of transcription factors in a methylation-
dependent manner [60, 61], and that promoter sequence and gene function are major predictors
of promoter methylation states [62]. In this sense, a study that evaluated the effect of Roux-en Y
gastric bypass on TNE-methylation reported a decrease in Télpromoter methylation in
whole blood that was accompanied by a reduction in &Nfasma levels, with no significant
correlation between both features [63]. A bioinformatic analysis [64] revealed that the CpG5 site
in the promoter of TNFx comprises the binding sequences of STAT4, that regulates the
differentiation of T CD4 cells; c-ETS, that controls the expression of cytokines and chemokines;

and ELK, an ETS family member.

Confirming these findings, there was no difference in PNFRRNA and TNFe plasma
concentration between the groups, and neither fruit intake nor DNA methylation status were
related to TNFx expression, showing that TNkpromoter hypomethylation was not followed

by an increase in TNE-expression in WBC, and that other regulatory mechanisms could be
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involved, such as histone modifications [65], non-coding RNA, enhancer function [66], and
others. In fact, several investigations reported that there is not a simple association between DNA
methylation and gene expression [67, 68] and that dietary influence on DNA methylation, and
hence on metabolic features, can result unexpected [69]. In fact, two possible DNA methylation
regulatory mechanisms with opposite modes of gene expression regulation have been proposed
[70]: 1) tissue-specific differentially methylated regions are negatively correlated with the
expression of their associated genes, and 2) the occurrence of negative regulators, such as
transcriptional repressors that exhibit specific binding activity to methylated DNA motifs, causes

a positive correlation between gene methylation and gene expression.

Specific foods and nutrients found in FV can also influence DNA methylation [20]. In the
current study, promising effects were found in relation to the consumption of apple and,
specially, orange/tangerine/grapefruit group. In this context, it has been described that apple
polyphenol dietary supplementation in rats inhibited adipocyte hypertrophy and enhanced
lipolytic response through the regulation of genes involved in adipogenesis, lipolysis and fatty
acid oxidation, which could be mediated, in part, by changes in DNA methylation [71]. The anti-
inflammatory effects of orange juice were reviewed by Coelho and colleagues [72], who reported
that the modulation of inflammatory markers by orange juice consumption can be due to
bioactive compounds, such as the flavonoids hesperidin and naringenin. On the other hand, mice
supplemented with grapefruit extract (rich in naringenin and kaempferol) showed a significant
decrease in fasting glucose levels, which was accompanied by lower mRNA expression of some
proinflammatory genes (monocyte chemoattractant proteifCP-1, TNFe, cyclooxygenase-

2, nuclear factor kappa B\F-«xB) in liver and epididymal adipose tissue [69]. In that study, the

CpG3 site of TNF& showed higher methylation in the grapefruit group compared with the non-
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treated group, suggesting that DNA methylation changes in ofNF-adipose tissue might
contribute to reduce the inflammation associated with diabetes and obesity [69], which

corroborates our findings.

The present study has some limitations, such as the sample size, the lack of data about
WBC distribution (granulocytes, monocytes and lymphocytes) and the cross-sectional design,
but is very conclusive in determining the positive effects of fruit intake even in apparently
healthy normal-weight subjects and the occurrence of epigenetic changes in proinflammatory
genes that could be related to these beneficial effects. However, this relationship between fruit
intake and DNA methylation in inflammation-related genes should also be investigated in

longitudinal and clinical studies.

In conclusion, a healthy dietary pattern and higher daily fruit intake are related to bette
glucose tolerance and lower methylation of Ték white blood cells, being fiber and vitamin

C from fruits putatively involved in this relationship.
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Table 1: Sample characterization according to median of fruit intake per day and
associations between fruit intake and supplementation and physical activity.
Variables Low intake High intake P values
(£293.4 g/day) (>293.4 g/day)
Age (y) 20.7+2.5 20.7+23 0.948
Body mass index (kg/m?) 21.2+1.6 20.8+1.9 0.433
Body fat (%) 222147 20.7£5.1 0.344
Waist circumference (cm) 68.3+4.6 67.8+4.9 0.717
Glucose (mg/dL) 80973 78457 0.237
Insulin (WU/L) 8.36 £ 2.72 6.01 £ 3.39 0.020*
HOMA-IR index 1.69 £ 0.60 1.16 £ 0.68 0.014*
Total Cholesterol (mg/dL) 178 + 25 183 + 28 0.618
LDL-cholesterol (mg/dL) 102 £19 106 £ 25 0.536
HDL-cholesterol (mg/dL) 64 £ 13 63 +12 0.830
TC/HDL ratio 2.85+0.54 2.96 £ 0.59 0.545
Triglycerides (mg/dL) 62.9 + 23 65.9+ 234 0.687
NEFA (mmol/L) 0.48 £ 0.25 0.42+0.18 0.382
Systolic BP (mmHg) 113.2£10.0 107.2+9.8 0.063
Diastolic BP (mmHg) 63.5+6.3 64.5 + 8.7 0.680
TNF-a (pg/mL) 2.36 £3.90 2371271 0.992
TNF-a mRNA (RE) 1.87 £ 0.53 1.81 £ 0.56 0.712
Vitamin/Mineral suppl (Yes) 5 11 0.053
Physical activity (Yes) 8 13 0.113

486
487

488
489

490

491

NEFA: non-esterified fatty acids; TC: Total cholesterol; BP: Blood pressure; TNF-a: Tumor necrosis factor
a; RE: relative expression; suppl: Supplementation.

Results are shown as Mean = SD or frequency (n) of occurrence. P values from Student’s f-tests for

means tests and from Chi-Square test for associations. * Indicates statistical significance (p<0.05).
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Table 2: Correlations between healthy food groups and CpGS5 and TNF-a total

methylation.
Food Group Intake CpG5 Methylation (%)  Total methylation (%)
R p R p

Vegetables (g/day) -0.143 0.379 -0.216 0.180
Legumes (g/day) -0.245 0.128 -0.137 0.400
Nuts (g/day) -0.104 0.523 -0.014 0.932
Natural juice (g/day) -0.037 0.822 -0.030 0.855
Cereals (g/day) -0.022 0.894 -0.116 0.477
Whole cereals (g/day) -0.195 0.227 -0.276 0.084
Mediterranean Dietary Pattern -0.162 0.318 -0.227 0.159
Healthy Eating Index -0.460 0.003* -0.355 0.026*

P values from Spearman or Pearson coefficient correlations, as appropriate. * Indicates statistical

significance (p<0.05).

Figure Captions

Figure 1: Methylation (%) of 17 CpGs sites located in Tumor Necrosis Factor-a gene.
(A) DNA methylation according to the median of fruit intake (293.4 g/day). (B)
Correlation of the methylation levels of different CpGs and anthropometric/metabolic

features.

Figure 2: Correlations between TNF-a total methylation (%) and some nutrients present

in fruits.

Figure 3: CpG5 and TNF-a total methylation in relation to tertiles of orange/tangerine
daily intake. Different letter indicates statistical differences between tertiles of intake. P
for trend was determined by ANOVA with polynomial contrasts. Statistical significance

<0.05.
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7. CONCLUSOES GERAIS

As concentragcbes de citocinas inflamatérias circulantes e marcadores
epigenéticos (metilagdo de DNA) podem ser bons preditores precoces de
alteragbes metabdlicas, ja que se encontram alterados antes mesmo do
desenvolvimento da enfermidade. A IL-6, melhor que a IL-18, esta associada a
maior adiposidade e ao maior risco de resisténcia a insulina, podendo ser
influenciada pelo habito de fumar. O nivel de metilacdo global (LINE-1) e dos
promotores de genes inflamatdrios especificos (IL-6, SERPINE1, PCR e TNF-a),
estdo associados a componentes de risco metabdlico e podem ser influenciados
pela qualidade da dieta e ingestdo de nutrientes e,ou grupos alimentares

especificos, como o de frutas.
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