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RESUMO



A obesidade em criangas e adolescentes constitui-se num importante fator de
risco para doencas cardiovasculares, em especial, aterosclerose. Esta condigdo é
caracterizada por acumulo de lipideos e elementos fibrosos em artérias de grande
calibre em que mecanismos inflamatoérios e remodelamento vascular estao
envolvidos. Neste contexto, a metaloproteinase-9 de matriz extracelular (MMP-9) -
endopeptidase capaz de degradar componentes da matriz extracelular - e seu
inibidor enddégeno preferencial, inibidor tecidual de MMP (TIMP-1) sao importantes
mediadores deste remodelamento e um equilibrio entre MMP-9 e TIMP-1 deve
existir a fim de manter a integridade do sistema cardiovascular. Ademais,
niveis aumentados de MMP-9 sdo observados em pacientes com doencas
cardiovasculares e estudos genéticos tém mostrado ainda que polimorfismos
funcionais no gene da MMP-9 tém sido relacionados a presenca e severidade de
doencas cardiovasculares. Contudo, ainda ndao se sabe como a associacao
desses polimorfismos com a obesidade infantil pode afetar as concentragdes de
MMP-9 no plasma. Logo, os objetivos desse trabalho foram: 1) comparar as
concentragdes plasmaticas de MMP-9, TIMP-1 e razdo MMP-9/TIMP-1 (atividade
liguida da MMP-9) entre criancas e adolescentes obesos e controles; 2) comparar
as frequéncias genotipicas e haplotipicas dos polimorfismos C'°%T, -90(CA)14.24 €
Q279R da MMP-9 entre obesos e controles e 3) correlacionar as concentracoes
de MMP-9 aos gendtipos e haplétipos da MMP-9. Inicialmente, determinaram-se
0os niveis de pro-MMP-9 e no plasma, por zimografia, e as concentracdes
plasmaticas de MMP-9 e TIMP-1 em obesos e controles por ELISA.
Nés ndo encontramos diferencas nas concentracdes plasmaticas de MMP-9 e
razao MMP-9/TIMP-1 entre obesos e controles. No entanto, nossos resultados
revelaram que em obesos houve diminuicdo de TIMP-1. Em seguida, extraiu-se o
DNA dos voluntarios e determinaram-se as frequéncias genotipicas dos
polimorfismos C'°%*T e (CA)n, por PCR seguida de eletroforese, do polimorfismo
Q279R, por PCR em tempo real, e as frequéncias haplotipicas, pelo programas
PHASE. Nao houve diferencas nas frequéncias genotipicas e haplotipicas entre os
grupos. Nés avaliamos a relevancia de diferentes gendtipos e haplétipos nas
concentracdes plasmaticas de MMP-9. Para os polimorfismos C'°%*T e Q279R,
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nds encontramos que no grupo de obesos, portadores dos gendtipos CC
apresentaram menores niveis de MMP-9 quando comparados aos portadores dos
genodtipos CT+TT e aos controles com mesmo gendtipo. No grupo de obesos,
portadores do genétipo QQ apresentaram menores niveis de MMP-9 quando
comparados aos portadores do genoétipo RR e aos controles com mesmo
gendtipo. Para o polimorfismo -90(CA) 1424, N0 observamos diferencas nos niveis
de MMP-9 entre os grupos genotipicos. Em relacdo aos haplétipos, no grupo de
obesos, portadores do haplétipo H2 apresentaram menores concentragdes de
MMP-9 e da razdo MMP-9/TIMP-1 (atividade liquida de MMP-9) quando
comparados aos outros haplétipos e aos controles com mesmo haplétipo.
No grupo controle, ndo observamos influéncia dos gendétipos e haplétipos nas
concentracoes plasmaticas de MMP-9. Portanto, nossos achados que sugerem
que gendtipos (CC e QQ) e o haplétipo H2 podem diminuir os niveis circulantes de
MMP-9 em criancas e adolescentes obesos, mas ndo em criancas saudaveis,
consequentemente, estes gendtipos e haplétipo poderiam oferecer protecao

contra doencgas cardiovasculares somente em criangas obesas.

Palavras-chave: Metaloproteinase da matriz, polimorfismo, haplétipos,
farmacogenética, aterosclerose.
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ABSTRACT



The childhood obesity is important risk factor for cardiovascular diseases,
in particular, atherosclerose. This condition is characterized by the accumulation of
lipids and fibrous elements in the large arteries in which inflammatory mechanisms
and vascular remodeling are involved. In this context, matrix metalloproteinase
9 (MMP-9) - endopeptidade capable of degrading components of extracellular
matrix - and its endogenous inhibitor preferential, the tissue inhibitors of MMP
(TIMP-1) are important mediators of this remodeling and a critical equilibrium
between MMP-9 and TIMP-1 must exist in order to maintain the integrity of
cardiovascular system. Moreover, elevated levels of MMP-9 have been reported in
patients with cardiovascular diseases, and genetic studies showing that functional
polymorphism MMP-9 gene were related to presence and severity of
cardiovascular diseases. However, it remains unclear how the association of these
polymorphisms with childhood obesity can affect MMP-9 plasma concentrations.
Thus, the objectives of this study were: 1) to compare plasma MMP-9, TIMP-1 and
MMP-9/TIMP-1(activity) ratio between obese and control groups; 2) to compare the
genotype and haplotype frequencies of MMP-9 polymorphisms (C'°*T and
(CA)14-24 and Q279R) between obese and control and, 3) correlate the MMP-9
concentrations with MMP-9 genotypes and haplotypes. To achieve our first goal,
we determined the plasma pro-MMP-9 levels by zymography, and plasma MMP-9
and TIMP-1 concentrations by ELISA in obese and control. We not found
differences in MMP-9 plasma concentratios and MMP-9/TIMP-1 between obese
and control. However, our results showed that obese had lower plasma TIMP-1
concentrations than control. Moreover, to achieve our second goal, we firstly
extracted DNA from volunteers, and then we determined the genotype frequencies
of C"*®2T and (CA)14.24 polymorphisms by PCR followed by electrophoresis, of and
Q279R polymorphism by real time PCR, and the haplotype frequencies by the
programs PHASE. We found similar genotype and allelic distribution for the three
polymorphisms when study groups were compared. We evaluated the relevance of
different genotypes in plasma MMP-9 concentrations in study groups.
To the C'®T and Q279R polymorphisms, we found that in the obese group,
CC genotype carries had lower MMP-9 levels when compared with CT+TT
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genotype carries and control with the same genotype. In the obese group,
QQ genotype carries had lower MMP-9 levels when compared with RR genotype
carries and control the same genotype. To the -90(CA)14.24 polymorphism, we did
not observe differences in the MMP-9 levels among different genotypic groups. In
relation to haplotypes, we found that in the obese group, H2 haplotype carriers had
lower MMP-9 levels and MMP-9/TIMP-1 ratio when compared other haplotypes
and control with the same haplotype. Therefore, our findings suggest that (CC and
QQ) genotypes and H2 haplotype decrease circulating MMP-9 levels in obese but
not in healthy children, thus genotypes and haplotype could offer protection against
cardiovascular diseases in those children.

Key-words: Matrix metalloproteinase, polymorphism, haplotype, pharmacogenetic,

atherosclerosis.
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LISTA DE SIGLAS E ABREVIATURAS

%- porcentagem

H- High - alto; conjunto de alelos do microssatélite -90 CA (14-24) da
MMP-9 englobando todos os alelos acima de 21 repeticoes do
dinucleotideo

HOMA Homeostasis model assessment insulin resistance index - indice
IR- de resisténcia a insulina

IBGE- Instituto Brasileiro de Pesquisa e Estatistica

IL-6- Interleucina 6

IL-8- Interleucina 8

IMC- indice de massa corporea

L- low - baixo; alelo do microssatélite -90 CA (14-24) da MMP-9

englobando todos os alelos abaixo de 21 repeticbes do
dinucleotideo

mmHg- Milimetros de mercurio

MMPs- Metaloproteinases de Matriz Extracelular

MT-MMP- Metaloproteinase de matriz extracelular do tipo membrana
OMS- Organizag¢ao Mundial da Saude

PCR- Polimerase chain reaction - reagcao em cadeia da polimerase

SNP- Single nucleotide polymorphism - polimorfismo de base Unica
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TBARs- Thiobarbituric acid-reactive species - epécies reativas de acido
tiobarbiturico

TIMPs- Tissue inhibitors of metalloproteinases - inibidores teciduais de
metaloproteinases

TNF-a- Tumor necrose factor alfa - Fator de necrose tumoral alfa

VCAM-1- Vascular cell adhesion molecule - 1- molécula de adesao a
leucocitos
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1.1- Obesidade: um problema de saude publica

A prevaléncia da obesidade tem crescido rapidamente e representa um
dos principais desafios de saude publica neste inicio de século. Segundo a
Organizacao Mundial de Saude (OMS) [1], cerca de 300 milhées de pessoas
atualmente sao consideradas obesas e a estimativa € que em 2015 este numero
chegue a 700 milhdées de pessoas. Devido a sua alta prevaléncia,
a OMS considera a obesidade um dos dez principais problemas de saude publica
do mundo, classificando-a como epidemia. No Brasil, observa-se 0 mesmo cenario
preocupante. De acordo com estudos do Instituto Brasileiro de Geografia e
Estatistica (IBGE) [2] sdo cerca de 17 milhdes de obesos no pais. Ademais,
a obesidade que antes era mais frequente em adultos, hoje pode ser observada
comumente em criancas e adolescentes cuja prevaléncia é cerca de 16% entre os
meninos € 11% entre as meninas com faixa etaria de 5 a 8 anos. Esta epidemia
reflete, principalmente, mudangas no estilo de vida e habitos alimentares,
com diminuig&o das atividades fisicas e consumo de alimentos com alta densidade

energética [3].

Segundo a OMS, a obesidade é definida como excesso de gordura
corporal acumulada no tecido adiposo, com complicacbes para a saude.
Um adulto é considerado obeso quando seu indice de massa corpérea (IMC)
estiver acima ou igual a 30 kg/m?. Em criancas e adolescentes, a classificacdo de
sobrepeso e obesidade a partir do indice de massa corpérea € mais arbitraria, e
néo se correlaciona com morbidade e mortalidade, da forma em que se define
obesidade em adultos [4]. Cole et al. (2000) [5] definiram sobrepeso como um
indice situado na curva de percentil de indice de massa corp6rea entre os valores

85 % a 95 % para cada faixa etaria e obesidade para valores acima de 95 %.

Essa desordem metabdlica é frequentemente associada a resisténcia a
insulina, dislipidemia, hipertenséo e intolerancia a glicose, considerados fatores de
risco para o diabetes mellitus tipo 2 e as doencas cardiovasculares [6, 7].
Dentre essas, a aterosclerose é importante causa de mortalidade em todo mundo
[8] e pode ser considerada um fenémeno precoce. Estudo mostrou que lesdes
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ateroscleroticas podem ser observadas em criangas e jovens e a extensado dessas
lesbes correlaciona-se positiva e significativamente com indice de massa corpérea
(IMC) [9]. Como as criangas obesas apresentam um maior risco de se tornarem
adultos obesos [10], isso pode gerar impactos profundos na saude publica nos
préximos anos. Portanto, a busca por marcadores genéticos torna-se de grande
valor prognéstico para doencgas cardiovasculares que podem ter inicio ainda na

infancia.

1.2- Obesidade e doencas cardiovasculares

Além de sua funcdo classica de armazenamento de triglicérides,
o tecido adiposo tem importantes fungdes como 6rgdo endocrino ao liberar
mediadores sollveis que sao principalmente, mas nao exclusivamente, produzidos
pelos adip6citos chamados adipocinas. Essas adipocinas exercem suas funcoes
bioldgicas de maneira autdcrina, paracrina e sistémica modulando a sensibilidade
a insulina, homeostase cardiovascular, inflamacdo e ganho de peso corporal
[6, 11, 12]. Dentre estas moléculas secretadas responsaveis pelas funcdes
mencionadas acima, podemos citar: leptina, adiponectina, visfatina, interleucinas 6
e 8 (IL-6 e IL-8) e fator de necrose tumoral (TNF-a) [13, 14].

Durante a expansao do tecido adiposo, ocorre liberagdo de adipocinas
de forma desregulada, observa-se aumento da liberagdo de &cidos graxos nao
esterificados que irdo se acumular, principalmente, no figado, pancreas e muasculo
esquelético, esse acumulo de lipideo ectdpico altera o metabolismo de glicose e
lipideos ocasionando resisténcia a insulina [15, 16]. A leptina encontra-se
aumentada na obesidade o que pode tornar individuos obesos resistentes aos
seus efeitos hipotalamicos, efeitos esses de inibir o apetite e estimular o gasto de
energia [17, 18]. Niveis elevados de leptina podem ter ainda efeitos estimulatorios
de células imunes contribuindo para o aumento de risco cardiovascular [18].
Observa-se também aumento e citocinas pré-inflamatérias tais como: TNF-a., IL-6

e IL-8 e plasminogénio, o que caracteriza a obesidade como um estado
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pro-inflamatoério e pro-trombatico [19]. Esse estado inflamatdrio cronico estimula as
células endoteliais a expressarem moléculas para adesdo para leucécitos
(VCAM-1) que se ligam a mondcitos presentes na corrente sanguinea que por
diapedese penetram no endotélio e dao inicio ao processo aterosclerético [20].
Por outro lado, ocorre diminuicdo de adiponectina, importante em sensibilizar o
corpo a insulina e tem propriedades anti-aterogénicas e anti-inflamatérias
[12, 19, 21, 22]. Toda essa alteracdo no perfil de secrecdo de adipocinas pode
levar a resisténcia a insulina, disfuncdo vascular e, finalmente,

aterosclerose [6, 14, 20].

O desenvolvimento da obesidade também é associado a modificacdes
no tecido adiposo envolvendo aumento do numero e tamanho dos adipdcitos,
angiogénese e remodelamento da matriz extracelular. Metaloproteinases de matriz
(MMPs) podem contribuir para o remodelamento tecidual por degradar
componentes da matriz extracelular e membrana basal ou ativar fatores de
crescimento latentes [23, 24]. Evidéncias sugerem participacdo da
metaloproteinase-9 de matriz (MMP-9) no desenvolvimento do tecido adiposo ao
contribuir na diferenciacdo dos adipécitos [25] e sua atividade no tecido adiposo
visceral correlaciona-se positivamente com IMC [26]. Aumento nos niveis
circulantes desta enzima foi relatado em adultos e criangas obesos [27, 28] e
diminuicao nos niveis MMP-9 foi observada ap6és reducao de peso [29, 30].

1.3- Metaloproteinases e seus inibidores endogenos (TIMPs)

As  metaloproteinases da matriz (MMPs) sdo enzimas
zinco-dependentes que degradam varias proteinas da matriz extracelular
(colageno, elastina, proteoglicanas) e tém importantes papéis em varios processos
fisiologicos e patoldgicos. A familia das MMPs consiste atualmente em mais de
20 tipos que apresentam diferentes substratos, os quais incluem: colagenases
(MMP-1, MMP-8 e MMP-13), gelatinases (MMP-2 e MMP-9), estromelisinas
(MMP-3, MMP-10 e MMP-11) e as MMPs tipo membrana (ex.: MT1-MMP) [24, 31].
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Entre as MMPs destacam-se MMP-2, MMP-8 e MMP-9 que desempenham
importante fungdo na patologia de diversas doencas cardiovasculares [32-34].

MMPs sao secretadas na forma de precursores inativos (zimogénios)
cuja laténcia € mantida através da interagdo entre o residuo de cisteina presente
no dominio pré-peptidico com o zinco presente no dominio catalitico, bloqueando
0 acesso deste ao substrato. Sao ativadas no tecido por clivagem do dominio pro-
peptidico que vai deixar o sitio catalitico livre para interacdo com o substrato [24].
A regulacdo da atividade proteolitica dessas enzimas pode ocorrer em varios
niveis: 1) transcricdo; 2) traducao; 3) secrecdo dos zimogénios; 4) ativacao dos
zimogénios nos tecidos; 5) interacdo das MMPs com inibidores teciduais de
metaloproteinases (TIMPs) [24, 35].

Os TIMPs sé&o um grupo de inibidores endégenos de MMPs capazes de
inibir e modular a atividade proteolitica dessas enzimas, sendo TIMP-1 inibidor
endégeno de MMP-9. Eles agem formando um complexo 1:1 com o zinco do
dominio catalitico das MMPs e o impedimento estérico resultante bloqueia a
interacdo das MMPs com seus substratos [24]. O equilibrio tecidual entre TIMPs e
MMPs € fundamental para a manutengcdo da homeostase dos tecidos, resultando

em remodelamento altamente regulado da matriz extracelular [36].

1.4- MMP-9 e doencas cardiovasculares

A MMP-9 (gelatinase B) degrada principalmente colagenos tipo IV e V e
gelatina [24]. Esta envolvida ainda na migracdo e proliferacdo de células
musculares lisas vasculares, pois permitem que essas células rompam a barreira
de tecido conjuntivo ao redor [37, 38]. A MMP-9 é expressa, sintetizada e
secretada por fibroblastos e uma grande variedade de células inflamatérias

(macrofagos, neutréfilos e eosindfilos) [32].

A MMP-9 tem surgido como potencial marcador para doengas
cardiovasculares, principalmente aquelas com componente inflamatério,

como aterosclerose. De fato, essa metaloproteinase estd altamente expressa em
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regides vulneraveis de placas ateroscleréticas e, por esta razédo, acredita-se ser
responsavel pela ruptura dessas placas culminando em eventos cardiovasculares
fatais como infarto [20, 32, 33]. Corroborando estes achados, concentracao
plasmatica de MMP-9 foi encontrada aumentada em pacientes que
subsequentemente apresentaram um evento cardiovascular fatal [39]. Niveis
elevados desta enzima também foram relatados em pacientes com angina instavel
[40] e aneurisma de aorta [41] em que inflamacdo e aterosclerose estédo

presentes.

A hipétese de um papel causal da MMP-9 em doencgas cardiovasculares
€ suportada também por estudos genéticos mostrando que polimorfismos
funcionais no gene da MMP-9 estdao associados a presenca e severidade de

doencas cardiovasculares [42-44].

O gene da MMP-9 encontra-se no cromossomo 20 na regiao
20911.2-q13.1 e apresenta polimorfismos genéticos que afetam a expresséo e o
nivel de atividade desta enzima. Varios polimorfismos ja foram descritos,
sendo que dois deles, presentes na regido promotora, e um, presente no exon 6,
sdo funcionalmente importantes. Um deles € um polimorfismo de base Unica
(single nucleotide polymorphism-SNP) funcional localizado na posi¢cdo -1562 da
regiao promotora do gene onde ha uma substituicdo de C por T. Estudos in vitro
mostraram que esta substituicdo resulta na perda da ligacdo de uma proteina
nuclear repressora de transcricdo a esta regido e, portanto, em aumento da
transcricdo, resultando em expressdo aumentada desta enzima [42].
O outro polimorfismo de interesse € um microssatélite (CA)n na posicao -90 que
apresenta uma distribuicdo bi-modal de frequéncias alélicas, com o primeiro pico
(numero de repeticdes) no alelo (CA)14 e o segundo pico nos alelos (CA)21 e
(CA)22. Estudos in vitro demonstraram que diferentes numeros de repeticoes CA
parecem controlar a expressao do gene, sendo que 14 repeticbes, comparado
com 21, conduzem a reducgao da expressao em 40% [45]. Por dltimo, um SNP no
exon 6 do gene, onde ocorre a troca de uma adenina por uma guanina na posi¢ao
855 que por sua vez gera a substituicdo de um aminoacido Glutamina por Arginina
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na posigcao 279 afetando a atividade da enzima [46]. Todos esses polimorfismos ja
foram associados a susceptibilidade a uma ampla variedade de doencas
cardiovasculares como hipertrofia cardiaca [47], hipertensdo gestacional [48],
aterosclerose [49, 50] e também podem modular as concentracdes plasmaticas de

MMP-9 em pacientes com doencga da artéria coronaria [39].

A analise global do exposto acima sugere uma importante participacao
da MMP-9 em doengas cardiovasculares, o que seria influenciado (modulado)
pelos polimorfismos genéticos citados. Entretanto, ndo existe nenhum trabalho
que tenha avaliado como (e se) polimorfismos do gene da MMP-9 modulam as
concentragbes circulantes de MMP-9 em criancas e adolescentes obesos.
Desta forma, a deteminacdo de possiveis associacbes desses polimorfismos
genéticos da MMP-9 com a obesidade infantii pode nos fornecer dados
clinicamente relevantes sobre quais individuos obesos estariam mais expostos a

risco aumentado de desenvolvimento precoce de doencgas cardiovasculares.
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2- OBJETIVOS



Os objetivos foram:

1) Comparar as concentracées plasmaticas de metaloproteinase-9 de matriz
extracelular MMP-2, MMP-8, MMP-9, inibidor tecidual-1 de metaloproteinase

(TIMP-1) e TIMP-2 entre criangas e adolescentes obesos e ndo obesos;

2) Comparar as frequéncias genotipicas e haplotipicas dos polimorfismos
(C®2T, (CA)1424 Q279R) da MMP-9 entre criancas e adolescentes obesos e

nao obesos;

3) Avaliar os efeitos de genétipos e haplétipos sobre as concentracoes
plasmaticas de MMP-9.

Objetivos
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Abstract

Objectives: To compare the circulating levels of matrix metalloproteinase (MMP)-8, pro-MMP-2, pro-MMP-9, and total MMP-9, their
endogenous inhibitors, the tissue inhibitors of metalloproteinases (TIMP)-1 and TIMP-2, and the MMP-8/TIMP-1, MMP-9/TIMP-1, and MMP-2/
TIMP-2 ratios in normotensive obese children and adolescents with those found in non obese children and adolescents.

Design and methods: We studied 40 obese and 40 non obese (controls) children and adolescents in this cross-sectional study. MMP and TIMP
concentrations were measured in plasma samples by gelatin zymography and ELISA.

Results: Obese children and adolescents had higher circulating MMP-8 concentrations, lower plasma TIMP-1 concentrations, and higher
MMP-8/TIMP-1 ratios than non obese controls (£<0.05). We found no differences in pro-MMP-9 or total MMP-9 levels, or in MMP-9/TIMP-1
ratios between groups (£>0.05). While we found no significant differences in pro-MMP-2 levels (7>0.05) obese subjects had higher TIMP-2
concentrations and lower pro-MMP-2/TIMP-2 ratios (P<0.05) than non obese controls.

Conclusions: In conclusion, we found evidence indicating higher net MMP-8 (but not MMP-9 and MMP-2) activity in childhood obesity. The
increased MMP-8 levels found in obese children suggest a possibly relevant pathophysiological mechanism that may be involved in the increase
of cardiovascular risk associated with childhood obesity.
© 2009 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Keywords: Adolescents; Children; M

proteinases; Obesity; TIMPs

Introduction discases leading to premature death [3]. Indeed, the adipose
tissue is an active endocrine and paracrine organ that releases a
large number of bioactive mediators that influence not only
body weight homeostasis but also insulin resistance, circulating
lipid levels, arterial blood pressure, coagulation, and inflam-

matory mediators that are relevant to atherosclerosis [4].

Obesity is reaching epidemic proportions worldwide, and is
now oceurring at younger ages [1,2]. It is well-established that
this metabolic disorder increases the risk of cardiovascular

* Comesponding author. Fax: +55 16 3633 2301.
E-mail addresses: tanus(@ fmrp.usp.br, tanussantos(ayahoo.com
(J.E. Tanus-Santos).

There is clear evidence that inflammatory mechanisms play a
role in atherogenesis, which is a process characterized by
vascular remodeling and accumulation of lipids and fibrous

0009-9120/% - see front matter © 2009 The Canadian Socicty of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

doi:10.1016/j.clinbiochem.2009.03.025
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elements in the large arteries [5]. In this context, several
members of the matrix metalloproteinase (MMP) family and
their endogenous inhibitors, the tissue inhibitors of MMPs
(TIMPs), have been implicated as primary mediators of this
remodeling, and a critical equilibrium between MMPs and
TIMPs must exist in order to maintain the integrity of
cardiovascular system [6]. Indeed, experimental and clinical
studies have shown that altered expression or activity of MMPs
and/or TIMPs is an important mechanism implicated in the
pathophysiology of a variety of cardiovascular diseases [7-12].

Despite the major relevance of MMPs/TIMPs to the
pathophysiology of cardiovascular diseases, little information
is available so far with respect to the possible alterations in
MMPs/TIMPs levels in obese children and adolescents.
Although two studies [13,14] by the same group described
increased circulating levels of MMP-9 and TIMP-1 in obese
children with coexisting hypertension, and decreased MMP-2
levels in obese children, no previous work has studied the
circulating levels of TIMP-2, and the MMP-9/TIMP-1 and
MMP-2/TIMP-2 ratios in obese children and adolescents. This
is important because the MMP-9/TIMP-1 and MMP-2/TIMP-2
ratios may be better indexes of net MMP9 and MMP-2 activity,
tespectively, because TIMP-1 and TIMP-2 are major inhibitors
of MMP-9 and MMP-2, respectively [15]. In addition, no
previous study has examined the circulating levels of MMP-8 in
obese children. This is of major importance because MMP-8
levels were positively associated with subelinical and clinical
atherosclerosis [11,12,16], thus suggesting that circulating
MMP-R may be a marker of atherosclerosis, a condition that
beging early in life and gradually progresses through adoles-
cence and youth at an accelerated rate in children in whom risk
tactors are present [17].

In the present study, we aimed at comparing the plasma
concentrations of MMP-8, pro-MMP-9, total MMP-9, and pro-
MMP-2, as well as the plasma concentrations of TIMP-1 and
TIMP-2, and MMP-8/TIMP-1, MMP-%/TIMP-1, and pro-
MMP-2/TIMP-2 rations in normotensive obese children with
those found in non obese normotensive children.

Methods
Subjects

Approval for use of human subjects in this cross-sectional
study was obtained from the Institutional Review Board at the
Federal University of Juiz de Fora, Brazil. Parents and children
were informed as to nature and purpose of the study. Parents
gave their written consent and children gave their verbal
consent.

The study population consisted 40 normotensive obese
children and adolescents (18 boys and 22 girls, aged 9.9+
1.7 years) recruited from the Endoerinology Ambulatory of the
Adolescent and Child Institute at Juiz de Fora and from the
Childhood Endoeerinology Ambulatory of the IMEPEN Foun-
dation at Juiz de Fora. The control group consisted of40 healthy
children and adolescents (20 boys and 20 girls, aged 10.2+1.7)
recruited from local community,

All children underwent thorough physical examination.
Height was measured to the nearest 0.1 cm by using a wall-
mounted stadiometer. Body weight was measured with a digital
scale to the nearest 0.1 kg. BMI was calculated as the weight in
kilograms divided by height in meters squared. Obesity was
defined as BMI greater than the 95th percentile, matched
according to age and sex [18].

Systolic (SBP) and diastolic (DBP) were measured at least 3
times and the presence of hypertension was defined as SBP and/
or DPB exceeding the 95th percentile [19]. Children with hyper-
tension were not included in the study because there is evidence
that hypertension may affect MMP concentrations [20].

Laboratory analyses

Glucose concentrations and lipid parameters (total choles-
terol, iglycerides, high-density lipoprotein [HDL| cholesterol)
were determined in plasma and serum, respectively, with
routine enzymatic methods using commercial kits (Labtest
Diagnostic, SA, Lagoa Santa, Brazil). Low-density lipoprotein
{LDL) concentration was calculated according to the Friede-
wald formula.

Enzyme immunoassays of MMP-8, MMP-9, TIMP-1, and
TIMP-2

Venous blood samples were collected into tubes containing
EDTA in the morning before breakfast after an overnight (R
12 h) fast, centrifuged immediately at 2000 =g for 10 min at
room temperature and plasma samples were stored for about 3
4 months at —70 °C until analyzed. Concentrations MMP-8,
MMP-9, TIMP-1, and TIMP-2 were measured in plasma using
an commercially available enzyme-linked immunosorbent
(ELISA) assay kits (R&D Systems, Minneapolis, MN, [USA)
[21,22] according to the manufacturer’s instructions.

SDS-polyacrylamide gel electrophoresis (PAGE) gelatin
zymography of MMP-9 and MMP-2

Gelatin zymography of MMP-9 and MMP-2 from plasma
samples was performed as previously deseribed [23-26].
Briefly, plasma samples were subjected to electrophoresis on
7% SDS-PAGE co-polymerized with gelatin (1%) as the
substrate. Afier electrophoresis was complete, the gel was
incubated for 1 h at room temperature in a 2% Triton X-100
solution, and incubated at 37 °C for 16 h in Tris— HCI buffer,
pH 7.4, containing 10 mmol/L. CaCl,. The gels were stained
with 0.05% Coomassie Brilliant Blue G-250, and then destained
with 30% methanol and 10% acetic acid. Gelatinolytic activities
were detected as unstained bands against the background of
Coomassie blue-stained gelatin, Enzyme activity was assayed
by densitometry using a Kodak Electrophoresis Documentation
and Analysis System (EDAS) 290 (Kodak, Rochester, NY). The
pro form of MMP-2 and MMP-9 were identified as bands at 72
and 92 kDa, respectively, by the relation of log Mr to the relative
mability of Sigma SDS-PAGE LMW marker proteins. A repre-
sentative zymogram of plasma samples is shown in Fig. 1.
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Statistical analysis

All the results were expressed as mean=SD (Table 1) or are
shown as scatter plots and the median (Figs. 1, 3, and 4). The
unpaired Student ¢ test was used to compare normally
distributed variables. The Mann—Whimey U test was used to
compare non normally distributed variables.

Results

The clinical and laboratorial characteristics of the study
groups are presented in Table 1. As expected, subjects in the
normotensive obese group had higher BMI than non obese
controls (P<0.05; Table 1). Obese subjects had higher total
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Fig. 1. Plasma MMP-8 concentrations (panel A), TIMP-1 concentrations (panel
B), and MMP-8/TIMP-1 ratio (panel C) in control (N=40} and obese (N=40)
children and adolescents The bar shows the median value. *P<0.05 . control
children and adolescents by Mann—Whitney test (non normally distributed).
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Table 1
Demographic and laboratorial characteristics of study particiy

Control Obese
N 40 A0
Bovs 20 18
Giirls 20 22
Age (years) 102£1.7 9.9£1.7
BMI (kg/m’) 168+23 29.1+54*
Total cholesterol (mg/dL) 128.5£25.9 152.2£40.3 %
LDL cholesterol (mg/dl) 70.5£214 06843747
HDL cholesteral (mp/dl) 433+96 38.1+£7.5
Triglycerides (mg/dL) 77.1£31.0 §6.8£43.9
SBEP (mm Hg) Q74489 111.3£74%
DEP (mm Hg) 62183 T2.1£69*
Fasting glucose (mp/idl) 804+102 BT.8+08¥%

BMI: body mass index; SBP: systolic blood pressure; DBF: diastolic blood
pressure. Values are the mean+38.I) and analyzed using unpaired Student ¢ test.
* P<0.05 vy, control group,

cholesterol, LDL cholesterol, arterial blood pressure, and
fasting glucose than control subjects (all P<0.05; Table 1).

‘We found no significant differences in MMP-8, pro-MMP-9,
MMP-9, MMP-2, TIMP-1, and TIMP-2 levels when gitls wete
compared with boys (£>0.05; Table 2).

Obese children and adolescents had higher circulating MMP-
8 concentrations than controls (P<0.03; Fig. 1A). In addition,
obese subjects had lower plasma TIMP-1 concentrations than
control subjects (P<0.05; Fig. 1B), thus leading to higher
MMP-8/TIMP-1 ratios in obese subjects compared with
controls (P<0.05; Fig. 1C).

Table 2

Plasma MMP and TIMP concentrations in girls and boys,

Control P Ohbese P
MMP-8 {ngimlL)

Girls 68.3 (4.6-412.1) ns. 1962 (40.0-880.1) s,
Boys 137.3 (174-301.4) 2211 {66.1-1038.9)
Pro-MMP-9 (4.0}

Girls 0.99 (0.37-3.26) LS. 0.86 (0.24-2.81) 1S,
Boys 0.76 (0.27-2.04) 0.55 (0.14-2.39)

MMP-9 (ng/mL)

Giirls 84.8 (582-211.3) s, 79.5 (36.4-2423) ns.
Boys 68.3 (30.6-134.1) 73.6 (40.2-338.9)

MMP-2 (4.1])

Giirls 1.59 (0.82-3.0) ns. 145 (0.57-22) ns.
Boys 1.59 (0.82-3.0) 1.31 (0.98-2.6)

TIMP-T (ng/mL)
Girls 390.3 (234.8-893.0)
Boys 3564 (170.3-456.8)

ns. 287.8 (76.9-856.8)

264.4 (222.6-676.5)

TIMP-2 (ng/imd.)
Girls 110.2 (61.9-166.8)
Boys 101.2 (74.7-143 3)

ns. 117.2 (73.5-162.5)

131.0 (88.2-180.5)

MMP: matrix metalloproteinase; TIMP: tissue inhibitor of matrix metallopro-
teinase; AL arbitrary units; n.s.: non significant. Values are the median
(interquartile range) and were analyzed by unpaired Student ¢ test or by Mann—
Whitney test.
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Fig. 2. Representative zymogram of plasma samples. The Marker lane shows the hands corresponding to gelatinases (225 kDa, 130 kDa, 92 kDa, and 72 kDa) in whole
blood. Std shows the 72 kDa band (pro-MMP-2) from fetal bovine serum, whickh was used as a standard to normalize the data from all the gels, thus allowing between
gels comparisons. Ob and C correspond to plasma samples from obese and control children and adolescents, respectively.

Gelatin zymography of plasma samples showed all forms of
MMPs usually found in human plasma, including the homo-
dimer of the pro-MMP-9 form (225 kDa), the pro-MMP-9
complexed with neutrophil gelatinase-associated lipocalin form
(130 kDa), the pro-MMP-9 form (92 kDa) and the pro-MMP-2
(72 kDa) form (Fig. 2). Gelatinolytic activity was completely
inhibited by 5 mM EDTA or 1 mM 1, 10-phenantroline (data
not shown), thus confirming that these bands correspond to
MMP activity. In addition, we have also found some bands
between 92 and 72 kDa which were not inhibited by
phenantroline and correspond to non MMP gelatinases present
in human plasma [27].

We found no significant differences in pro-MMP-9 levels
measured by zymography or in pro-MMP-9/TIMP-1 ratios
when obese subjects were compared with non obese controls
(P>0.05; Figs. 3A and C, respectively). Confirming these
findings, we found no significant differences in MMP-9
concentrations measured by ELISA (P>(.05; Fig. 3B), or in
MMP-9/TIMP-1 ratios (P> 0.05; data not shown) when obese
subjects were compared with non obese controls.

While we found no significant differences in pro-MMP-2
levels measured by zymography (P=0.05; Fig. 4A), obese
subjects had higher TIMP-2 concentrations (7<0.05; Fig. 4B)
and lower pro-MMP-2/TIMP-2 ratios (P<0.05; Fig. 4C) than

non obese controls.
Discussion

This is the first study reporting that obese children and
adolescents, a group at increased risk of cardiovascular disease,
have elevated cireulating levels of MMP-8 and increased MMP-
&/ TIMP-1 ratios compared with non obese subjects.

MMP-8, also known as neutrophil collagenase or collage-
nase-2, is produced by neutrophils and endothelial cells, and
may be involved in collagen breakdown leading to increased
vulnerability of atherosclerotic plaques [28]. Importantly, two
recent large studies reported that plasma MMP-8 concentrations
are positively associated with presence and severity of coronary
artery disease [21] and with carotid artery plaque progression

[12]. Giving support to the increased MMP-8 levels that we
found in obese children and adolescents, mounting evidence
indicates that MMP-8 is implicated in the pathogenesis chronic
flammatory disorders associated with cardiovascular diseases,
such as metabolic syndrome [29], and elevated circulating
MMP-8 concentrations wetre reported in non diabetic subjects
without symptomatic cardiovascular disease [30]. Moreover,
the increased MMP-8/TIMP-1 ratios that we found in obese
children and adolescents compared with non obese subjects
indicates that these children and adolescents have increased net
MMP-8 activity. This is because MMP-8/TIMP-1 ratio is a
better indicator of net MMP-8 activity that the circulating
MMP-8 levels, although a previous study showed that both
MMP-8 levels and MMP-8/TIMP-1 ratios (but not TIMP-1
concentrations) predicted the worst cardiovascular outcome in
subjects with subclinical atherosclerosis [16]. Together, these
findings are consistent with the suggestion that the obese
subjects included in the present study are at increased
cardiovascular risk, at least in part, because they have increased
MMP-8 levels. Further prospective studies should be done to
validate MMP-8 in plasma as a diagnostic and prognostic
biomarker of value in predicting the incidence of cardiovascular
events.

The comparable pro-MMP-9/TIMP-1 ratios in obese and
non obese children and adolescents reported here suggest that
there are no differences in net MMP-9 activity between these
groups. However, the lack of significant differences in MMP-9
levels between obese and non obese children and adolescents,
and the decreased TIMP-1 concentrations in obese subjects
reported here are in contrast with previous findings [13]. While
methodological differences (zymography vs. ELISA used to
measure MMP-9) could explain the differences between
studies, we found similar MMP-9 results using two different
techniques (zymography and ELISA) to measwe MMP-9
levels. However, altered MMP-9 and TIMP-1 levels were
reported i hypertensive patients compared with normotensive
controls [20,31,32], and the previous study showing in-
creased MMP-9 and TIMP-1 concentrations in obese children
and adolescents included hypertensive obese subjects [13].
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Therefore, a possible explanation for contrasting resulis is that
our study has not included hypertensive obese children and
adolescents.

Our MMP-9 results are in contrast with another recent study
showing increased circulating MMP-9 levels in obese adults
[33]. However, TIMP-1 concentrations and MMP-9/TIMP-1
ratios were not examined in that study [33], and MMPs/TIMPs
levels in children and adolescents may differ significantly from
those found in adults. Further studies are needed to confirm
these findings and 1o explore whether childhood obesity differs
from obesity in adults in terms of MMPs/TIMPs levels.

Interestingly, we found lower plasma TIMP-1 concentrations
in obese children and adolescents compared with the control
group. Although we have no precise explanation for this result,
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Fig. 3. Plasma pro-MMP-9 levels measured by gel zymography (panel A).
Plasma MMP-9 concentrations measured by ELISA (panel B), and MMP-9/
TIMP-1 ratio (panel C) in control (N=40) and obese (N=40) children and
adolescents. The bar shows the median value.

VA, Belo et al. / Clinical Riochemistry 42 (2009} 984-990

A
4_
&
E 34 .
£ s
<8, 4
*E sih
= A
ELs
E 14 aadintd
1 A
0
Control Obese
B
200+ &
E
£ 100
- 4
o
=
E
0
Control Obese
C
o 0.04-
® *
2 0.03- e
g -
& 0.024 -
o fhinas
E 0.014 ‘n‘:l..a
[} !5!
o
0.00
Control Obese

Fig. 4. Plasma pro-MMP-2 levels measured by gel zymography (panel A).
Plasma TIMP-2 concentrations measured by ELISA (panel B), and pro-MMP-2/
TIMP-2 ratio (panel C) in control (N=40) and obese (N=40) children and
adolescents. The bar shows the median value. «P<0.05 vs. control children and
adolescents, by unpaired ¢ test (normally distributed).

obesity is associated with hypoadiponectinemia in both adults
and in children [34-37], and a recent study showed that
adiponectin (an adipose-specific protein and antiatherogenic
factor [38]) increased TIMP-1 expression in macrophages [39].
Therefore, we could speculate that obesity-associated hypoadi-
ponectinemia may have decreased the circulating TIMP-1 levels
in obese children and adolescents enrolled in the present study.
However, this hypothesis remains to be proved.

Although no significant differences were found in pro-
MMP-2 levels in the present study, we found that childhood
obesity is associated with higher circulating TIMP-2 levels and
lower pro-MMP-2/TIMP-2 ratio compared with those found in
control group, These findings suggest lower net MMP-2 activity
i childhood obesity, and are in line with previous findings
showing lower circulating MMP-2 levels in obese children and
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adolescents [40], although TIMP-2 concentrations and MMP-2/
TIMP-2 have not been examined in this previous study [40].
Conversely, another study reported increased cireulating MMP-
2 levels in obese adults [33]. Again, MMPs/TIMPs levels in
children and adolescents may differ significantly from those
found in adults, and further studies are needed to clarify this
issue.

In our study, we found no differences in MMP-8, pro-MMP-
9, MMP-9, MMP-2, TIMP-1, and TIMP-2 levels when girls and
boys were compared (both in control and obese groups). These
results are in line with previous findings showing no influence
of gender on circulating levels of several MMPs m healthy adult
volunteers [41]. However, further studies are required to clarify
possible sex-related differences in more detail.

Some potential limitations of the present study are: i) we
have studied a relatively small number of subjects. The study of
a huge number of subjects could help to define provisional
upper limits for the analytes studied here, and could be used to
figure out how many of the obese children showed increased
values; ii) it would be interesting to study obese children with
hypertension or other components of metabolic syndrome,
which has been associated with increased eirculating MMPs
levels [42].

In conclusion, we found evidence indicating higher net
MMP-8 (but not MMP-9 and MMP-2) activity in childhood
obesity compared with that found in non obese children and
adolescents. The increased MMP-8 levels found in obese
children suggest a possibly relevant pathophysiological
mechanism that may be involved in the increase of cardiovas-
cular risk associated with childhood obesity.
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Abstract

Matrix metalloproteinase-9 (MMP-9) is involved in the atherosclerotic process,
and functional polymorphisms in the MMP-9 gene affect MMP-9 expression/activity
and are associated with cardiovascular diseases. However, no study has tested
the hypothesis that functional MMP-9 polymorphisms could affect MMP-9 levels in
obese children. We investigated whether three MMP-9 gene polymorphisms
(C-1562T (rs3918242), 90(CA)(14-24y (rs2234681) and Q279R (rs17576)) or
haplotypes affect MMP-9 levels in obese children. We studied 175 healthy control
children and 127 obese children. Plasma MMP-9, tissue inhibitor of MMPs
(TIMP)-1 and adiponectin concentrations were measured using ELISA. We found
similar MMP-9 genotypes, allelic, and haplotypes distributions in the two study
groups (P>0.05). However, we found lower plasma MMP-9 concentrations in obese
subjects carrying the CC or the QQ genotypes for the C-1562T and the Q279R
polymorphisms, respectively, in obese children compared with children with the
other genotypes, or with non obese children with the same genotypes (all P<0.05).
Moreover, we found lower MMP-9 levels and lower MMP-9/TIMP-1 ratios
(which reflect net MMP-9 activity) in obese children carrying the H2 haplotype
(which combines the C, H, and Q alleles for the three polymorphisms, respectively)
when compared with obese children carrying the other haplotypes or when
compared with non obese children carrying the same haplotype (P<0.05).
Our findings show that MMP-9 genotypes and haplotypes affect MMP-9 levels in
obese children and adolescents and suggest that genetic factors may modify
relevant pathogenetic mechanisms involved in the development of cardiovascular

complications associated with obesity in childhood.

Key words: Matrix metalloproteinase-9, childhood obesity, polymorphisms and

haplotype.
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Introduction

Obesity is reaching epidemic proportions worldwide, and its prevalence
is increasing among children and adolescents, likely accelerating the development
of cardiovascular diseases and promoting premature death in adults [1]. There is
now evidence indicating that the extent of atherosclerotic lesions in children and
young adults correlate positively with body mass index [2]. Therefore, the
identification of key pathogenetic mechanisms and genetic markers underlying
such mechanisms may help to prevent the cardiovascular complications

associated with obesity.

Matrix metalloproteinase-9 (MMP-9) is an endopeptidase capable of
degrading components of extracellular matrix (ECM) and other substrates.
Altered expression and activity of MMP-9 and its major endogenous inhibitor,
the tissue inhibitor of MMPs (TIMP)-1, have been implicated in atherosclerotic
vascular remodeling [3]. In fact, experimental and clinical studies have clearly
shown that MMP-9 is highly expressed in the atherosclerotic plaques [4, 5],
and elevated MMP-9 levels have been shown in patients with atherosclerotic
diseases [6, 7]. Importantly, functional genetic polymorphisms in the MMP-9
gene modify MMP-9 levels and prognosis of patients with cardiovascular diseases
[6, 8, 9].

Although MMP-9 is a major player in cardiovascular diseases, there are
few studies examining possible alterations in MMP-9 and TIMP-1 levels in obese
children [10-12]. In addition, no previous study has tested the hypothesis that
functional MMP-9 polymorphisms could affect MMP-9 levels in obese children and
adolescents. In the present study, we aimed at investigating whether MMP-9 gene
polymorphisms or haplotypes (combinations of genetic markers) affect MMP-9
levels in obese children and adolescents. We studied three functional MMP-9
polymorphisms that are known to modify MMP-9 expression or activity [8, 13, 14]
and have been associated with cardiovascular diseases [6, 8, 9, 15, 16]:
the C-1562T (rs3918242) single nucleotide polymorphism (SNP) and the
microssatellite (CA)14.24 at -90 position (rs2234681), both in the promoter region of
the MMP-9 gene, and the Q279R SNP (rs17576) in the exon 6.
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Methods
Subjects

This study was approved by the Institutional Review Board at the
Federal University of Juiz de Fora, Brazil. Parents and children were informed as to
nature and purpose of the study. Parents gave their written consent and children

gave their verbal consent.

Study populations consisted of 127 normotensive obese subjects
recruited from the Endocrinology Ambulatory of the Adolescent and Child Institute
at Juiz de Fora and from the Childhood Endocrinology Ambulatory of the IMEPEN
Foundation at Juiz de Fora. The control group consisted of 175 healthy children
and adolescents recruited from the local community, and unrelated to the obese

patients.

All children underwent through physical examination. Height was
measured to the nearest 0.1cm by using a wall-mounted stadiometer. Body weight
was measured with a digital scale to the nearest 0.1Kg. BMI was calculated as the
weight in kilograms divided by height in meters squared. Obesity was defined as
BMI greater than the 95" percentile, matched according to age and sex [17].
Systolic (SBP) and diastolic (DBP) blood pressures were measured at least 3 times
and the presence of hypertension was defined as SBP and/or DBP exceeding the
95" percentile [18]. Children with hypertension were not included in this study

because hypertension may affect MMPs concentrations [19].

At the time of clinical attendance, venous blood samples were collected
and genomic DNA was extracted from the cellular component of 1mL of whole

blood by a salting-out method and stored at -20°C until analyzed.
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Laboratory analyses

Glucose concentrations and lipid parameters (total cholesterol,
triglycerides, high-density lipoprotein [HDL] cholesterol) were determined in plasma
and serum, respectively, with routine enzymatic methods using commercial kits
(Labtest Diagnostic, SA, Lagoa Santa, Brazil). Low-density lipoprotein (LDL)
concentration was calculated according to the Friedewald formula. To evaluate
oxidative stress, plasma thiobarbituric acid-reactive species (TBARS) levels were

determined by a fluorimetric method as previously described [20].

Enzyme immunoassays of MMP-9, TIMP-1, adiponectin, and insulin

Venous blood samples were collected after overnight (8-12 hours)
fasting, immediately centrifuged at 2000g for 10 min at room temperature,
and plasma samples were stored at -70°C until analyzed. MMP-9, TIMP-1,
and adiponectin concentrations were measured in EDTA-plasma using
commercially available enzyme-linked immunosorbent (ELISA) assay kits (R&D
Systems, Minneapolis, MN, USA) according to manufacturer’s instructions. Insulin
concentrations were measured in EDTA-plasma using a kit (Genese Produtos
Diagnosticos, Sao Paulo, Brazil). The estimate of insulin resistance obtained by
homeostasis model assessment index (HOMA IR) was calculated as previously
described [21].

DNA isolation and genotype analyses

Genomic DNA was extracted from the cellular component of 1mL of
whole blood by a salting-out method and stored at -20°C until analyzed. Genotypes
for the (C-1562T) polymorphism of MMP-9 were determined by polymerase chain
reaction (PCR) amplification using the primers 5’-GCC TGG CAC ATA GTA GGC
CC-3" (sense) and 5 -CTT CCT AGC CAG CCG GCA TC-3'(antisense) and PCR
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conditions as previously described [22, 23]. The amplified products were digested
with Sph | (New England Biolabs, Ipswich, MA, USA) overnight at 37°C, producing
fragments of 247bp and 188bp in the case of a polymorphic variant (allele T),
or an undigested 435bp fragment in the case of a wild type allele (allele C).
Fragments were separated by electrophoresis in 12% polyacrylamide gels and

visualized by silver staining.

To determine the genotypes for the -90(CA)14-24 polymorphism, a PCR
was carried out using the primers: 5- GAC TTG GCA GTG GAG ACT GCG GGC
A - 3" (sense) e 5- GAC CCC ACC CCT CCT TGA CAG GCA A -3’ (antisense).
The PCR conditions were performed as previously described [22, 23],
and the amplified products were separated in a 7% polyacrylamide-urea gel and
visualized by silver staining. Differences in molecular weight (or number of bases),
from 146bp (CA 14 repeats) to 166bp (CA 24 repeats) were determined by
comparison with migration of a 10bp DNA ladder (Invitrogen, Carlsbad, CA, USA)
and with some samples from homozygotes that were sequenced. The alleles for
the microsatellite -90(CA)14-24 polymorphism were classified as “low” (L) count
when the number of CA repeats was less than 21, and as “high” (H) when the
number of CA repeats was 21 or more. Genotypes of Q279R (rs17576) were
determined using TagMan® Allele Discrimination assay (Applied Biosystems,
Foster City, CA). The PCR conditions were performed according to appointed by

manufacturer’s instructions.

Statistical analysis

The clinical and laboratorial characteristics of obese patients and
controls were compared by unpaired t test (normally distributed variables) or
Mann-Whitney test (not normally distributed variables). The categorical variables
were compared between groups by x2-tests. The distribution of genotypes for each
polymorphism was assessed for deviation from the Hardy-Weinberg equilibrium,

and differences in genotype frequency and in allele frequency between groups
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were assessed using x2-tests. A value of P<0.05 was considered statistically

significant.

The Haplo.stats package (version 1.4.4,
http://cran.r-project.org/web/packages/haplo.stats/index.html) was used to estimate
the haplotype frequencies. The haplo.em function computes maximum likelihood
estimates of haplotype probabilities using the progressive insertion algorithm.
The haplo.score function was used to compute haplotype-specific score statistics
to test for association [24]. Only the haplotypes with frequencies greater than
2% were taken into consideration for the haplotype-specific score analysis.
The haplo.cc function was also used to calculate odds ratio (OR) and
95% confidence intervals for each haplotype. The haplotypes including genetic
variants of three MMP-9 polymorphisms (C-1562T, -90(CA)424 and Q279R)
were: H1 (CLQ); H2 (CHQ); H3 (CHR); H4 (THR); H5 (TLR); H6 (CLR); H7 (THQ),
and H8 (TLQ). Differences in haplotype frequency were further tested using a
contingency table, and a value of P<0.00625 (0.05/number of haplotypes, 8)

was considered significant to correct for the number of comparisons made.

To examine the effects of genotypes and haplotype on circulating levels
of MMP-9, TIMP-1,and on MMP-9/TIMP-1 ratios, adiponectin, insulin and TBARs
levels in the two study groups, we used the Kruskall-Wallis test followed by Dunn's
Multiple Comparison test (not normally distributed variables) or ANOVA followed by
Tukey’s test (normally distributed variables). However, the H5, H6, H7 and H8

haplotypes we excluded from this analysis because they were very rare.

Finally, in order to further examine the effects of MMP-9 haplotypes on
MMP-9 levels, we also have performed an additional analysis. We compared
MMP-9 haplotypes distributions in two groups of obese subjects: the lower quartile
(LOWER-Q) group, which included subjects in the lower quartile of plasma MMP-9
distribution, and the upper group quartile (UPPER-Q) group, which included
subjects in the upper quartile of plasma MMP-9 distribution. We hypothesized that
the haplotypes associated with lower MMP-9 levels in our initial analysis would be

more commonly found in the LOWER-Q group than in the UPPER-Q group.
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Results

The clinical and laboratorial characteristics of the study groups are
presented in Table 1. As expected, subjects in the obese group had higher BMI
than non obese controls (P<0.05; Table 1). Obese subjects had higher arterial
blood pressure, fasting insulin, HOMA IR index, TBARS, LDL cholesterol and
tryglicerides, and lower adiponectin and HDL cholesterol than control subjects
(all P<0.05; Table 1).

We found no significant differences in MMP-9 concentrations and in
MMP-9/TIMP-1 ratios when obese subjects were compared with controls (P>0.05;
Figs. 1A or 1C). However, obese subjects had lower plasma TIMP-1

concentrations than control subjects (P<0.05; Fig. 1B).

Supplementary Table 1 shows MMP-9 genotypes and alleles frequency
distributions in the two study groups. The distribution of genotypes for each
polymorphism studied here showed no deviation from Hardy-Weinberg equilibrium
(HWE), except for the Q279R SNP in obese patients, a finding that may be

expected in cases of case-control studies [25].

To examine possible effects of ethnicity on MMP-9 genotypes
distribution, we carried out two different analyses. The first analysis included black
and white children and adolescents, whereas the second analysis took into
consideration only white children and adolescents, which corresponded to 48-56%
of the subjects. Both analyses showed no significant differences in genotypes and
alleles distributions for the three MMP-9 polymorphisms between the control group
and obese group (all P>0.05; Supplementary Table 1), except for the Q279R
polymorphism. The QR genotype was found with lower frequency in the obese
group compared with controls (P=0.038; Supplementary Table 1), and this finding
could be due to significant deviation from HWE observed in this group. We found
no significant differences in haplotype frequency distributions when both groups

were compared (P<0.05; Supplementary Table 2).

Capitulo 2
42



Importantly, we examined the effects of MMP-9 genotypes on plasma
MMP-9 concentrations. With respect to the C-1562T polymorphism, we found that
obese patients with the CC genotype had lower MMP-9 levels than control subjects
with the same genotype, and lower MMP-9 levels than obese patients with the CT
or TT genotypes (Fig. 2A; both P<0.05). With respect to the -90(CA)14-24
polymorphism, we found that obese patients with the HL genotype had lower
MMP-9 levels than control subjects with the same genotype genotypes (Fig. 2B;
P<0.05). Finally, with respect to the Q279R polymorphism, we found that obese
patients with the QQ genotype had lower MMP-9 levels than control subjects with
the same genotype, and lower MMP-9 levels than obese patients with the RR
genotype (Fig. 2C; both P<0.05).

In addition, we studied the effects of MMP-9 haplotypes on MMP-9 and
TIMP-1 levels, and on MMP-9/TIMP-1 ratios. While no significant differences were
found in TIMP-1 levels when the different haplotype groups were compared
(Fig. 3B; P>0.05), we found lower MMP-9 levels and lower MMP-9/TIMP-1 ratios in
obese subjects with the H2 haplotype compared with control subjects carrying the
H2 haplotype or with obese subjects with the H1, H3 or H4 haplotypes (Figs. 3A
and 3C; all P<0.05).

Further confirming the haplotype effects on MMP-9 levels, we found that
the H2 haplotype was more commonly found in obese children and adolescents
with lower MMP-9 levels than in obese subjects with higher MMP-9 levels (Table 2;
P=0.001).

Finally, we found that MMP-9 genotypes for the three MMP-9
polymorphisms had no effects on TIMP-1, MMP-9/TIMP-1, adiponectin, insulin,
HOMA IR index, and TBARS levels (Supplementary Table 3; P>0.05). Moreover,
MMP-9 haplotypes had no effects on adiponectin, insulin, and TBARS levels, and
on the HOMA IR index (Supplementary Table 3; P>0.05).
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Discussion

The main novel finding reported here was that two functional MMP-9
genetic polymorphisms affect the circulating MMP-9 levels in obese children and
adolescents, either when considered their single effects or when MMP-9
polymorphisms exert their combined effects within MMP-9 haplotypes.
Particularly, lower MMP-9 levels were found in obese children with the CC
genotype for C-1562T polymorphism, or with the QQ genotype for Q279R
polymorphism, or in subjects carrying the H2 (C H Q) haplotype. Because MMP-9
levels are associated with cardiovascular diseases [6, 7], our findings suggest that
obese children with these particular MMP-9 genotypes or haplotype may be at
lower risk of developing cardiovascular diseases.

While increased MMP-9 levels were shown in cardiovascular diseases
[4-7], we found similar MMP-9 concentrations and MMP-9/TIMP-1 in obese
compared with non obese children. Although this finding confirms previous results
[12], some authors found increased circulating MMP-9 and TIMP-1 levels in obese
children with coexisting hypertension [10, 11]. It is possible that hypertension may
explain the discrepancies between studies because hypertension may increase
MMP-9 levels [19]. Interestingly, we found lower TIMP-1 concentrations and lower
adiponectinemia in obese compared with non obese children, and these findings
are consistent with the idea that adiponectin (an adipose-specific protein and

antiatherogenic factor) modulates TIMP-1 expression by macrophages [26].

While several polymorphisms have been detected in the MMP-9 gene,
the C-1562T polymorphism increases MMP-9 expression as a result of loss of a
nuclear repressor protein binding site when the T allele is present [8]. The lower
MMP-9 levels that we found in obese subjects not carrying the T allele is supported
by this previous finding. Conversely, the lack of significant effects of this
polymorphism in non obese subjects is in line with previous findings showing that
this polymorphism does not affect MMP-9 levels in healthy subjects [22, 23].
In addition, we found that absence of R allele for the Q279R polymorphism was

associated with lower MMP-9 levels in obese children, and this finding agrees with
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previous results showing that this polymorphism affects MMP-9 activity [14].
Finally, we found no effects of the (CA)is24 polymorphism on MMP-9 levels,
although there is evidence that this polymorphism affects MMP-9 expression [13].
Although it is clear that the adipose tissue is an active endocrine and paracrine
organ that releases a large number of bioactive mediators that could modulate the
expression of MMP-9 gene [27], the present study has not been design to define
the mechanisms explaining the interactions of MMP-9 polymorphisms with

childhood obesity.

The analysis of haplotypes rather than single polymorphisms may
provide improved genetic information. Here, we show for the first time that MMP-9
haplotypes may modulate the circulating MMP-9 levels in obese children and
adolescents. Particularly, obese children carrying the H2 (C H Q) haplotype had
lower MMP-9 levels and lower MMP-9/TIMP-1 ratios (an index of net MMP-9
activity [28]) than those without these genetic markers. Furhter supporting this
finding, the comparison of extreme quartiles of MMP-9 levels confirmed that the
H2 haplotype is associated with lower circulating MMP-9 levels. Interestingly, these
results are in line with a previous study showing that the H2 haplotype protects
against the development of hypertensive left ventricle hypertrophy [9].
Together, these findings suggest that lower MMP-9 levels associated with the
H2 haplotype could be associated with protective effects against cardiovascular

diseases.

In the present study, we found no association between MMP-9
genotypes or haplotypes and childhood obesity, except for the QR genotype,
which was apparently more common in non obese than in obese subjects.
Although this result is not statistically significant after correction for multiple
comparisons, it could be explained by Hardy-Weinberg deviation for this
polymorphism in obese subjects, and this finding may be expected in cases of
case-control studies [25]. The essentially negative results with respect to the
possible association between MMP-9 polymorphisms and obesity suggest that,

although MMPs play an important role in the expansion of adipose tissue mass,
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with intense extracellular matrix remodeling in obesity [29], genetic markers

involving MMP-9 may not be very relevant to the development of childhood obesity.

We found that obese children and adolescents had higher TBARSs levels
(@ marker of oxidative stress) when compared with non obese controls.
These results confirm that obesity is associated with increased oxidative stress and
may have important implications. In fact, oxidative stress is a major MMPs activator
[30] and therefore may potentiate MMPs activities in obese subjects. However,
the lack of significant differences between genotypes or haplotypes groups,
as reported here, suggest that MMP-9 polymorphisms do not interact significantly

with oxidative stress to modulate MMP-9 levels in obese subjects.

In conclusion, we found evidence indicating that MMP-9 genotypes and
haplotypes affect MMP-9 levels in obese children. Our findings are consistent with
the idea that genetic factors may modify relevant pathogenetic mechanisms
involved in the development of cardiovascular complications associated with
obesity in childhood. Further studies examining the effects of MMP-9

polymorphisms on the incidence of clinical events in obese children are warranted.
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Figure Legends

Figure 1- Plasma MMP-9 concentrations (panel A), TIMP-1 concentrations
(Panel B), and MMP-9/TIMP-1 ratios (panel C) in controls (N=175) and obese
(N=127) children and adolescents. The box and whiskers plots show range and
quartiles. The boxes extend from the 25" percentile to the 75" percentile,

with a line at the median. The whiskers show the highest and the lowest values.

*P<0.05 vs. Control group.

Figure 2- Plasma MMP-9 levels in the Control group (C) and in obese children and
adolescents (O) with different genotypes for MMP-9 polymorphisms. Subjects were
grouped according to MMP-9 genotypes for the C-1562T (Panel A),
the -90(CA)14.24 (Panel B), and the Q279R (Panel C) MMP-9 polymorphisms.
The box and whiskers plots show range and quartiles. The boxes extend from the
25" percentile to the 75" percentile, with a line at the median. The whiskers show

the highest and the lowest values.

*P<0.05 vs. the respective Control group.

#P<0.05 vs.obese patients with the CT+TT genotypes (Panel A), or vs. obese patients with the RR
genotype (Panel C).

Figure 3- Plasma MMP-9 (Panel A) and TIMP-1 (Panel B) levels, and MMP-
9/TIMP-1 ratios (Panel C) in the Control group (C) and in obese children and
adolescents (O) with different MMP-9 haplotypes. The box and whiskers plots
show range and quartiles. The boxes extend from the 25" percentile to the 75"
percentile, with a line at the median. The whiskers show the highest and the lowest

values.

*P<0.05 vs. the respective Control group.

#P<0.05 vs. obese patients with the H1, H3, or H4 haplotypes.
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Table 1- Clinical characteristics of study participants.

Variable Control Obese
N 175 127
Age (years) 11.9+3.1 10.3+.2.7*
Ethnicity (% white) 56 48
BMI (Kg/m?) 18.312.9 26.1+4.3%
SBP (mmHg) 105.6£11.5 111.2£10.0*
DPB (mmHg) 65.619.0 70.7+8.8*
Fasting glucose (mmol/L) 4.6+0.6 4.7+0.5
Fasting Insulin (uU/L) 9.314.2 13.016.7*
HOMA RI index 1.810.9 2.811.6
Adiponectin (pg/mL) 137301578 11570+617*
TBARS (nmoL/mL) 3.9+2.1 5.0+2.3*
Total cholesterol (mg/dL) 141.9+42.6 147.3140.1
LDL cholesterol (mg/dL) 74.5+23.1 89.0+31.4*
HDL cholesterol (mg/dL) 43.6+8.9 39.1£10.2*
Triglycerides (mg/dL) 76.8128.7 88.2143.6*

BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood

Pressure. HOMA IR: Homeostasis Model Assessment Insulin Resistance Index;

TBARS: thiobarbituric acid-reactive species. Values are the mean + S.D.

*P<0.05 vs. control.
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Table 2- MMP-9 haplotypes frequencies distributions in the Lower-Q and in the

Upper-Q groups of obese patients.

Haplotype Hap-Score P Frequency Lower-Q Upper-Q OR (95% CI)

H1 CLQ -0.019 0.985 0.422 0.427 0.422 1.000 (Reference)
H2 CHQ -3.443 0.001* 0.230 0.322 0.127 0.433 (0.211-0.891)*
H3 CHR 1.155 0.248 0.226 0.201 0.261 1.091 (0.539-2.206)
H4 THR 2313 0.021 0.087 0.048 0.121 2.663 (0.899-7.886)
H5 TLR NA NA - NA 0 -

H6 CLR 1.682 0.093 0.021 0.000 0.037 -

H7 THQ NA NA - NA 0 -

H8 TLQ NA NA - NA 0 NA

OR: Odds Ratio; NA: not available. Global-stat=20.178, df=5, P=0.0011573*.

A value of P<0.00625 (0.05/number of haplotypes) was considered

significant to correct for the number of comparisons made in haplotype analysis

(Bonferroni’s correction).

The lower quartile (Lower-Q) group included obese subjects in the lower

quartile of plasma MMP-9 distribution, whereas the upper group quartile (Upper-Q)

group included obese subjects in the upper quartile of plasma MMP-9 distribution.
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SUPPLEMENTARY APPENDIXES:

Supplementary Table 1- MMP-9 genotypes and allele relative frequencies in

obese children and adolescents and in the Control

group.
All patients (White and black) White patients only
Control Obese P OR Control Obese P OR
N(%) N(%) (95% Cl) N(%) N(%) (95% Cl)
Genotypes
149 102 - 1.000 80 46 - 1.000
c-1562T ce (0.85) (0.80) (Reference) (0.83) (0.81) (Reference)
cT 25 25 NS 1.461 15 11 NS 1.275
(0.14)  (0.20) (0.794-2.686) (0.16) (0.19) (0.540-3.010)
T 1 0 NS 0.486 1 0 NS 0.577
(0.01)  (0.00) (0.019-12.06) (0.01) (0.00) (0.023-14.47)
(CA) LL 25 28 - 1.000 18 17 - 1.000
14-24 (0.14)  (0.22) (Reference) (0.19) (0.30) (Reference)
LH 95 59 NS 0.554 52 24 NS 0.488
(0.54)  (0.46) (0.295-1.041) (0.54) (0.42) (0.215-1.110)
HH 55 40 NS 0.649 26 16 NS 0.651
(0.31)  (0.31) (0.330-1.277) (0.27) (0.28) (0.262-1.618)
66 62 - 1.000 38 25 - 1.000
Q279R QQ (0.38) (0.49) (Reference) (0.40) (0.44) (Reference)
QR 83 46 0.038* 0.590 41 22 NS 0.815
(0.47)  (0.36) (0.357-0.972) (0.43) (0.39) (0.395-1.681)
RR 26 19 NS 0.777 17 10 NS 0.894
(0.15)  (0.15) (0.391-1.544) (0.18) (0.18) (0.352-2.267)
Alleles
323 229 - 1.000 175 103 - 1.000
C1562T  C 592y  (0.90) (Reference) (0.91) (0.90) (Reference)
T 27 25 NS 1.306 17 11 NS 1.099
(0.08)  (0.10) (0.738-2.309) (0.09) (0.10) (0.495-2.439)
(CA) L 145 115 - 1.000 88 58 - 1.000
14-24 (0.41)  (0.45) (Reference) (0.46) (0.51) (Reference)
H 205 139 NS 0.854 104 56 NS 0.817
(0.59)  (0.55) (0.617-1.185) (0.54) (0.49) (0.513-1.300)
215 170 - 1.000 117 72 - 1.000
Q279R Q (0.61) (0.67) (Reference) (0.61) (0.63) (Reference)
R 135 84 NS 0.786 75 42 NS 0.910
(0.39)  (0.33) (0.560-1.104) (0.39) (0,37) (0.563-1.468)

P: P value for Control versus Obese. OR: Odds Ratio

Confidence Interval; NS: not significant.

for Control versus Obese. Cl: 95%
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Supplementary Table 2- MMP-9 haplotypes frequencies in obese children and
adolescents and in the control group.

Haplotype All patients (White and black) White patients only
CT CA QR Control Obese OR (CI Control Obese OR (CI
n (n=350) (n=254) P (Ch (n=192)  (n=114) )

H1 133 109 1.000 86 55 1,000

C L Q@ 038 (043 NS  (Reference) (045)  (048) NS (Reference)
H2 77 58 0.957 31 17 0.916

C H Q022 023 NS (06051515 (0.16) (015 NS (0.429-1.956)
H3 102 56 0.665 58 27 0.774

C H R 029 (0220 %% (0436-1016) (030) (024) NS (0.444-1348)
H4 21 20 1.281 17 11 1.074

T H R 008 (008 NS (06502523 (0.09) (0.10) NS (0.457-2.524)
H5 4 0 0.927 0 0

T L R wony ooy N (018646120 (000) (000)
H6 7 5 0.846 2 3 2.946

¢ L R 002 002 NS (02502863 (001) (003 N (0.380-22.796)
H7 4 3 0.927 0 0

T H Q@ pwon ©ony M (018646120 (000)  (000) "
H8 0 0 0 0

T L Q@ o0 (oo N - 0.00)  (0.00) NA NA

P- P value for Control versus Obese. OR- Odds Ratio for Control versus Obese. Cl- 95% Confidence

Interval.

A value of P;,= 0.00625 (0.05/number of haplotypes) was considered significant to correct for the

number of comparisons made in haplotype analysis (Bonferroni's correction).

NS: not significant;

NA: not available.
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Supplementary Table 3- Biochemical characteristics of obese children and

adolescents grouped by

haplotypes.

MMP-9 genotypes or

Biochemical Characteristics

TIMP-1 MMP9/ Adiponectin Insulin HOMA IR TBARS
Genotype

(ng/mL) TIMP-1 (pg/mL) (CU/L) index (ng/mL)
C-1562T CcC 247.6x78.2  0.48+0.30 11545+£7091  12.746.7 2.7£1.6 4.9+2.4
CT+TT 244.1+65.6  0.59+0.25 1167915872  14.246.8 3.0£1.6 5.4+1.9
(CA)14.24 HH 268.7+80.3  0.48+0.23 11144+6930 12.5+54 2.841.3 4.9+1.8
HL 238.8+72.8  0.54+0.25 12215+6455  13.417.5 2.841.6 4.9+1.6
LL 241.1+68.8  0.61+0.41 10872+7588 13.116.8 2.841.8 4.5+1.1
Q279R QQ 253.4+78.7  0.47+0.32 1135447235 13.446.5 2.811.5 4.7+1.8
QR 231.3£70.4  0.55+0.25 11181£6151  13.117.7 2.8+1.7 5.0£1.6
RR 265.0£73.9  0.58+0.26 13176£7251  11.7+4.8 2.5+1.1 5.0£1.1

Haplotype
HA1 238.7£74.0  0.57+0.40 11651£7066  13.7+8.7 2.9+1.7 4.8+1.9
H2 263.4+81.1 0.39+0.20* 10697+6739 12.6+6.7 3.0£1.7 5.1£1.3
H3 248.1+£77.4  0.55+0.26 122957047  13.7%7.1 2.6+1.3 5.4+3.5
H4 244.0+70.0 0.5410.21 11632+6157  12.845.6 2.841.2 5.1+0.9

HOMA IR: Homeostasis Model Assessment Insulin Resistance Index; TBARS: thiobarbituric

acid-reactive species.

Values are the mean + S.D.
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1-

Os principais resultados deste trabalho foram:

Nao ha diferenca nas concentragdes plasmaticas de MMP-9 e relacéo
MMP-9/TIMP-1 entre criancas e adolescentes obesos e controles; no entanto,
no grupo de obesos, as concentragdes plasmaticas de TIMP-1 estdo

diminuidas.

Nao ha diferenga na frequéncia de gendtipos e haplétipos entre os grupos
obesos e controles, ndo ha relagcdo entre polimorfismos de MMP-9 e

susceptibilidade a obesidade.

Sugere-se genodtipos da MMP-9 podem ter efeitos protetores somente em
criancas e adolescentes obesos; mais especificamente, criancas e
adolescentes obesos portadores do gendtipo CC apresentam menores
concentragbes plasmaticas de MMP-9, assim como criangas e adolescentes

obesos portadores do gendtipo QQ.

Sugere-se haploétipos da MMP-9 podem ter efeitos protetores somente em
criangas e adolescentes obesos; mais especificamente, criangcas e
adolescentes obesos portadores do haplétipo H2 apresentam menores

concentragdes plasmaticas de MMP-9.

Criancas e adolescentes obesos apresentam concentragdes plasmaticas de
MMP-8 e razdo MMP-8/TIMP-1 maiores quando comparados aos controles.
Embora TIMP-2 esteja aumentada em criangas obesas a MMP-2 e razéo

MMP-2/TIMP-2 nao séao diferentes entre os grupos.

Nossos achados mostram que a razdo MMP-9/TIMP-1 ndo difere

significativamente entre criancas e adolescentes obesos e n&o obesos sugerindo

que nao ha diferengas na atividade de MMP-9 nestes grupos. Entretanto,

a auséncia de diferenga significativa nos niveis de MMP-9 e diminuigdo das

concentracdes plasmaticas de TIMP-1 em criangcas obesas reportados aqui estao
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em contraste com um estudo anterior [28]. Enquanto diferengas metodolégicas
(zimografia vs ELISA usadas para dosar MMP-9) poderiam explicar esta
divergéncia de resultados, nos encontramos resultados similares utilizando estas
duas diferentes técnicas. Uma possivel explicagdo para este conflito seria a
presenca de criangcas e adolescentes obesos e hipertensos no estudo anterior
[28], e niveis alterados de MMP-9 ja foram reportados em pacientes hipertensos
comparados a normotensos [51-53].

Nossos resultados de MMP-9 estdo em contraste com outro recente
estudo que mostra aumento dos niveis plasmaticos de MMP-9 em adultos obesos
[27]. Entretanto, concentragdes de TIMP-1 e razées MMP-9/TIMP-1 nao foram
examinadas neste estudo, e os niveis de MMPs/TIMPs em criangas e
adolescentes podem diferir significantemente daqueles encontrados em adultos.
Estudos futuros sdo necessarios para esclarecer se a obesidade na infancia difere
da obesidade em adultos em termos de niveis MMPs/TIMPs. Sabe-se ainda que
concentragbes circulantes de MMP-9 podem estar aumentadas em diversas
condigdes patologicas, muitas delas, frequentemente associadas a obesidade:
como diabetes [54, 55] e dislipidemias [56]. Provavelmente, a obesidade em
adultos, associada a uma maior resisténcia a insulina e alteragcbes mais
significativas do perfil lipidico quando comparado a obesidade em criangas,

poderiam estar envolvidas no aumento dos niveis de MMP-9.

Curiosamente, nés encontramos baixas concentracées de TIMP-1 em
criangas e adolescentes obesos comparados ao grupo controle. Embora nao
tenhamos uma explicacdo precisa para este resultado, obesidade é associada
com hipoadiponectinemia em adultos e criancas [57-60] e recente estudo
demonstrou que adiponectina (proteina especifica do tecido adiposo e fator
antiaterogénico [21]) aumentou a expressdao de TIMP-1 em macréfagos [61].
Consequentemente, ndés sugerimos que hipoadiponectinemia associada a
obesidade poderia ter diminuido os niveis circulantes de TIMP-1 em criancgas e
adolescentes obesos do presente estudo. Entretanto, esta hipdtese nao foi

confirmada, pois ndo observamos correlagdo negativa entre os niveis de TIMP-1 e
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adiponectina (resultados nao mostrados). Concentragdes de adiponectina foram
menores em criangas e adolescentes obesos como esperado [22], predispondo
essas criangas a sindrome metabdlica e doencas cardiovasculares [21, 62].
Estudos futuros sdo necessarios para elucidar as possiveis causas para as

concentragdes de TIMP-1 diminuidas em criangas e adolescentes obesos.

Apesar de nao ser o foco principal de nosso trabalho, nés avaliamos as
concentracdes plasmaticas de MMP-2 e MMP-8 por se tratarem de duas MMPs
importantes em doencas cardiovasculares. Um achado importante foi que criangas
e adolescentes obesos, um grupo de risco para doengas cardiovasculares,
apresentam niveis de MMP-8 e razao MMP-8/TIMP-1 aumentados comparados ao
grupo controle. MMP-8 (colagenase de neutrofilos) é produzida por neutréfilos e
células endoteliais, e pode estar envolvida na degradacao de colageno levando ao
aumento da vulnerabilidade de placas ateroscleréticas [63]. Dois recentes estudos
demonstraram que concentracbes plasmaticas aumentadas de MMP-8 estao
associadas positivamente com presenca e severidade de doenca da artéria
coronaria [64] e progressdao de placas aterosclerdticas [65]. Portanto,
estes achados sao consistentes com a sugestdao que criangas e adolescentes
obesos do presente estudo apresentam aumento do risco cardiovascular,
em parte, devido ao aumento de MMP-8 e MMP-8/TIMP-1.

N&o encontramos diferenga significativa nos niveis de pro-MMP-2 no
presente estudo, no entanto, nés observamos que criangas e adolescentes obesos
apresentam altas concentragdes de TIMP-2 e baixas razées pro-MMP-2/TIMP-2
comparados com o grupo controle. Estes achados sugerem baixa atividade de
MMP-2 na obesidade infantil, corroborando estudo anterior mostrando baixos
niveis circulantes de MMP-2 em criangas e adolescentes obesos [66], embora as
concentragbes de TIMP-2 e razdo MMP-2/TIMP-2 nao tenham sido avaliadas
neste estudo [66]. Contrariando estes resultados, outro estudo demonstrou
aumento nos niveis de MMP-2 em adultos obesos [27]. Novamente, niveis de
MMPs/TIMPs podem diferir significantemente entre criangas e adultos, estudos

futuros sdo necessarios para esclarecer esta questao.
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Apesar de nossos resultados sugerirem que a obesidade nao afeta os
niveis circulantes de MMP-9 em criangas e adolescentes obesos, sabe-se que
polimorfismos genéticos de MMP-9 tém sido associados a um aumento de
transcricdo génica e, consequentemente, a uma concentragdo elevada desta
enzima no plasma, o que sugere uma maior susceptibilidade a doengas
cardiovasculares. O SNP C'°?T que resulta na perda do sitio de ligagdo de uma
proteina nuclear supressora ocasiona um aumento de expressdo de MMP-9
quando o alelo T esta presente [42]. NOs encontramos que auséncia do alelo T foi
associada a concentragcbes menores de MMP-9 no grupo de criangas e
adolescentes obesos portadores do gendtipo CC. Entretanto, em criancas
saudaveis ndés nao observamos influéncia desse polimorfismo nas concentracdes
plasmaticas de MMP-9, consistente com esse achado, estudos anteriores
mostram que tal polimorfismo ndo afeta as concentragdes plasmaticas de MMP-9
em adultos saudaveis [67, 68]. No SNP Q279 no exon 6 da MMP-9 ocorre a troca
de uma adenina por uma guanina na posigao 855 leva a substituicdo de uma
aminoacido Glutamina por Arginina dentro de um dominio tipo fibronectina,
responsavel pelo reconhecimento ao colageno tipo IV. A substituicdo de
aminoacido nesse dominio altamente conservado resulta em uma enzima com
baixa afinidade pelo colageno tipo IV [46]. Apesar de n&o haver evidéncias nesse
estudo de que o polimorfismo altere e expressdao de MMP-9, nds observamos que
a auséncia do alelo polimérfico R em criangas e adolescentes foi associada a
concentracbes menores de MMP-9 no grupo de obesos e 0 mesmo nao foi
observado para o grupo controle. Nossos resultados sugerem que em O0s
gendtipos CC e QQ em criangas e adolescentes obesos conferem prote¢cao contra
doencgas cardiovasculares por estarem associados a menores concentragbes de
MMP-9. Blankenberg et al. [39] mostraram que a presenca dos alelos T e R foram
relacionados a elevadas concentracbées de MMP-9 no plasma de pacientes com
doenca da artéria coronaria. Outro estudo reportou que pacientes com AIDS
tratados com antiretrovirais portadores do alelo T tinham maiores concentragdes
plasmaticas de MMP-9 [69]. N6s ndo encontramos niveis aumentados de MMP-9

em obesos portadores do alelo T ou R, entretanto, a auséncia desses alelos foi
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associada a menores concentragcdes plasmaticas de MMP-9 em criangas e
adolescentes obesos. Nossos achados sugerem que esses polimorfismos
funcionais podem depender da associagao com outros fatores como, por exemplo,
doencga. Sabe-se que o tecido adiposo € um 6rgado enddcrino que libera uma
variedade de mediadores bioativos [11] que poderiam modular a expressao e
consequente concentracdo de MMP-9 no plasma. De fato, recente estudo mostrou
que visfatina, uma adipocina aumentada na obesidade [70-72], induziu a produg¢ao
MMP-9 em células endoteliais [73], no entanto, o impacto dessa regulagdo nas

concentragdes plasmaticas de MMP-9 necessita ser avaliado.

O polimorfismo (CA)1424 na regido promtora é um microssatélite
constituido de repeticoes CA, em que as sequéncias de 14 repeticdes, chamadas
neste trabalho de Low (L) e de 21 a 24 repetigdes, chamadas de High (H), séo as
mais frequentes. Estudos in vitro mostraram que alelos com repeticdes em torno
de 21 tém maior expressao de MMP-9, provalvemente por facilitar a abertura da
dupla-fita e, consequentemente, a transcricdo génica [45]. Entretanto, nés nao
encontramos influéncia desse polimorfismo nos niveis circulantes de MMP-9 nos
grupos de obesos e controles. No entanto, estudos tém mostrado a importancia
desse polimorfismo em doengas cardiovasculares ao constatar que numeros de

repeticoes = 21 estdo associados a aterosclerose [49, 50].

A analise de haplétipos - combinagao de polimorfismos no mesmo gene
- constitui-se uma ferramenta muito mais informativa que a analise de gendtipos
individuais [74], e n6és mostramos pela primeira vez que haplotipos de MMP-9
podem modular as concentragdes plasmaticas de MMP-9 em criangas e
adolescentes obesos. Particularmente, criancas e adolescentes obesos portadores
do haplétipo H2 (C H Q) apresentaram menores concentragbes plasmaticas de
MMP-9 e razdao MMP-9/TIMP-1 (melhor indicativo da atividade de MMP-9 [75]).
Adicionalmente, analisamos os extremos de fendtipo de concentracdes
plasmaticas de MMP-9, comparamos a distribuicdo de haplotipos no quartil de
maiores valores de concentracbes de MMP-9 contra o quartil de menores valores

de concentragbes de MMP-9. Nessa analise, nds confirmamos maior frequéncia
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do haplétipo H2 em obesos com menores concentracbes de MMP-9.
Curiosamente, estudo anterior reportou que o mesmo haplotipo protege contra
hipertrofia ventricular esquerda [47], nds poderiamos sugerir que menores niveis
de MMP-9 observados neste haplétipo estariam associados a efeitos protetores

em doencas cardiovasculares.

Os polimorfismos da MMP-9 estudados aqui tém sido associados a
susceptibilidade a uma variedade de doencas [43, 76, 77] e, recentemente,
haplétipos de MMP-9 tém sido associados a doencas cardiovasculares [47].
Nés ndo encontramos associagao entre gendtipos e haplétipos de MMP-9 com
obesidade embora as MMPs tenham um importante papel nessa condi¢cao
caracterizada por expansao do tecido adiposo com intenso remodelamento da
matriz extracelular [23]. A unica diferenga encontrada foi no gendtipo QR,
no entanto, essa pode ser explicada pelo desvio no equilibrio de Hardy-Weinberg
observado na distribuicdo genotipica para esse polimorfismo no grupo de obesos.
A conformidade das frequéncias genotipicas no grupo controle com o equlibrio de
Hardy-Weinberg é um indicativo da qualidade do desenho experimental e boa
amostragem em estudos de associagbes genéticos [78]. Entretanto,
desvio significativo do equilibrio de Hardy-Weinberg é esperado no grupo de casos

em locus de susceptibilidade a doengas comuns [79].

Finalmente, nés avaliamos se parametros bioquimicos poderiam estar
associados aos polimorfismos funcionais de MMP-9 e nos fornecer informacdes
que possam direcionar os estudos futuros a fim de entender as possiveis causas
das menores concentragdes de MMP-9 em obesos portadores dos gendtipos CC e
QQ e haplétipo H2. Para tanto, nés agrupamos as criangas e adolescentes obesos
de acordo com os gendtipos e haplétipos. Os parametros bioquimicos avaliados
foram: adiponectina em que observamos diminuigdo no grupo de obesos; insulina,
HOMA IR (Homeostasis Model Assessment Insulin Resistance Index) e TBARs
(thiobarbituric acid-reactive species) em que observamos aumento no grupo de
obesos. Os niveis de TBARs sdo uma medida indireta do stress oxidativo

conhecido ativador de MMPs [32] e também estda aumentado na obesidade [80].
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Adicionalmente, no6s avaliamos TIMP-1 e razdo MMP-9/TIMP-1. Nés néao
encontramos diferengas significativas entre os grupos, exceto para os portadores
do haplétipo H2 que apresentaram menor razdo MMP-9/TIMP-1 quando
comparado aos outros hapldtipos, resultado esse discutido anteriormente.
Consequentemente, esses parametros avaliados nao estdo associados as
menores concentragdes de MMP-9 observadas em criangas e adolescentes
obesos portadores dos gendétipos CC e QQ e haplétipo H2.
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5- CONCLUSAO GERAL
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Embora nossos resultados mostrem que a obesidade ndo afeta os
niveis circulantes de MMP-9, ndés encontramos evidéncias que gendétipos e
haplétipos de MMP-9 poderiam modular as concentracoes plasmaticas de MMP-9
em criangas e adolescentes obesos, mas ndo em criangcas e adolescentes
saudaveis. Gendtipos CC e QQ estdo associados a menores concentragdes

plasmaticas assim como o haplétipo H2 (C H Q).

Esses resultados sugerem que os genoétipos CC e QQ e haplétipo H2
poderiam oferecer protecdo contra doencas cardiovasculares, em especial,
aterosclerose, em criangas e adolescentes obesos. Estudos futuros examinando
as possiveis relagdes entre gendtipos e haplétipos de MMP-9 com fatores
ambientais e outros marcadores genéticos envolvidos no desenvolvimento da

obesidade e suas complicagdes sdo necessarios.
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clareza do obisto a ser iInvestigado. pertinéncla & valor clertifico do estudg proposto,
Chjetivo(s) venlicar se palimarfismos a haplétpos de genes oe relavéndcia cardovascular
{citados na introdugdo) 28130 assaciados com mpartensas artonal o/ ou cbhosidace om
criancas & adolescentos. Também, avaliaremos 3 correlacao dos polmorfismas estudades
g as concenracoes de peramsatres Dioguimicos nos grupos em cstuds  Séo comoative s
com a proposla
Mciodologio a ser empregada Serdo estudados quatro grupos de volunldnos (apas
caclarecmento & assinalura de termo de consenfiments pelos seus responsaves) 100
criangasfadolescentes hipertensas 100 criangas/ adolescentes normotensas [conirole)
100 criangas/adolescentes hipedensas obesas e 100 crangas/ adnolescentes obesas
(controbe),. Para a nveshgacdo lemn por andlise sus ad=quacdc pars alendsr aofs)
abjetvols) propestals) e ainda citar (procedirmentes que serdo uliizados. bipo de 2siudo
fase da pasquisa e analisar compafibilifade satre eles)
Revisao e refarBncias susientam os objetivos do estudo
Caracteristicas da populacdo As crangas e adolescenles normolensas, de ambos os
sex0s, serdo recruladas a parlin ds comunidade local As criancas e adolescantes
hiperensas, hiperensas obesas @ obesas serdo recruladas denlre as acomoarhadas no
Ambulativio de Endcerinolega Infantil do instiiute da Cranca & de Adolescenta - SUS
Juiz de Fora, como também aguslags acompannadas no Ambulatono de Metralogia Infarn
o3 Fundacio IMEPEMN — UFJF Serfo gvaliadas cnangas com dade entre b & 12 anos &
adolescentas com dade antre 13 & 18 anos, de ambos o3 toxos Apoe corsenimento doa
responsdveis serdo preenchidas as ficha ¢linica com o5 £ados 9o individus {anamnese) g,
@ seguxda, reahzado exame climco com afzngdo da pressac artenal em 3 medidas
realizadas em tempos diferentes
Orcamente detalhado ¢ respanzavel pelo fnanciamento da peaquisa scra o laboratdnic de
farmacaologa cardiovascular da Faculdace Se Medona de Riberas Preto- U\}P corforme

declaracan do pesquisador @ do respactivo Ishorator o T ow
£ ]
’m\ﬁfﬁmn

Ceardonadore CERL LS.
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USIVERSIDADE FEDERAL DE ILIE DE FORA
‘I'I{IJ REITORLA DE PEMBNSA
COMITE DE ETICA EM PESDUIES « CEMLIEAS =
JoA g9 JULE DE FORA « NG - BRATIE

Instrumento de coleta de dados: serdo coletades 30 mLs de sangus venoso, em jejum de
12 horas, no periodo da manh@ Nas criangas abaixo de 30 Kg serd realizada coleta de
sangue em dias diferentes 10 mls em cada dia com espago enfre os dias da coleta

- Cronegrama 19 semestre. fnagem dos voluntanios; 2° e 3° semestres genofipagens &
analises bioguimicas, £° semestre. andlise dos resultados e elaboragao do manusonilo e a
coleta de dados s6 podera ocomrer apds aprovacio do projeto pelo comité)
Relata a pesguisadora que 3 participagdc do clente nag mplica em rscos por estar
participando do protocolo. Observa-se cue todes procedimentos em pesquisa de coleta de
sangue existe pelo Menas fsco mimma.
Termo de Consentimento Livre e Esclarecido - TCLE, 2513 em linguagem adequada, clara
para compreensac do sueilo, descngao suficente dos orocodimentos contatos com o
pesquisader informando que esld de acordo com a Res, 196/96 CNS
Qualficagdo dofa) pesquisadoria) um pesquisador e Graduado e farmacia e Bioquimica
outro e Graduada em Medicina e ambos possuem @ curso de Doutorado

- Salentamos que o pesquisador devera encaminhar a este comité o relatono final da

pesquisa

Diante do exposio, o Comité de Ftica em Pesquisa - CEP/IUFJIF de acordo com as
atribuigies definidas na Res CNS 196/96 manilesta-se pela aprovagao do prolocolo de pesqusa
propasto

Situagdo: Projeto Agrovado
Juiz de Fora, 18 de abril de 2007

Profa Ura. Ar@fnm Maria ﬁnff;e
Coordannd“’qu CEP/UFJ

i RECLEBI
| AT 11:1&5 *{; T 7

Coy Jw
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

1 = Identifcacan do Resprnsavel pela execucio da pesquiss

Nome: CARLA MARCIA MOREIRA LANNA
Titulo: Madica, Prof  Agjunto | do Departamento de Fisiologia da UFJF

Enderego do pesquisador

1) Departamento de Fiziologia = UFJE = Instiuto de Cencias Bologoas — ICB — Campus
Universiario — Barro Martelos, Juiz de Fora - MG

Telefornes de contato do posguisador: (320 3220-3211

Coordenador do Projeto Frof Debora Cnstine Souza da Costa
Identidade PMG- 10289744

Enderego do coordenador

1) Departamento de Fisiologia = UFJF = Insttulo de Ciéncias Biologicas - ICB - Campus
Universitano — Bairre Manelos, Juiz de Fora - MG

Telefones de contato do pesquisador. (32 32249-3210

Endarece do Comité de Etica em Pesquisa Universidade Federzl oe Juiz de Fora - Fro
Reitona e Pesquusa (Prapes) — Campus Universitano s/n® - Barro Martelos. Juiz de Fora - MG
Cep 36030-500

Telafone (37} 3229.1708

nformagdas Ao partcipants ou responsavel:
Voce esta sendo convidade a panicipar de uma pesquisa - ASSQCIAGAQ DE POLIMORFISMOS
DE RELEVANCIA CﬁRUIDUASCULAH [IDM HIPERTENSAQ ARTERIAL SISTEMICA E
OBESIDADE NA INFANCIA E ADOLESCENCIA que tem como objetivos a avalagao fatores
genélices associados A hiperensao artenal sislemica e obesdade na infancia e adolescénca 2 a
avalagio de substancias como enzimas e hormonios envolvidos com a hipertensao arterial e
cbesidade infantl.
Antes do acotar panicipar da pasquisa, lea atemaments as expicafécs abamo gus nformam
sobre o orocediments:

A grianga ou adolescente sob sua responsabilidade serd chamada para 3 consultas médicas
onde sera avaliada selicitando nfermagdes sobre a crianga ou adeolesconte, sora cxaminada
com medida da pressio artenal ¢ na uitima consulta sera marcada um diafhorario para coleta
de sangue. O incdmodo serd apenas o da coleta de sangue, nao usaremos procedimentos
outros capazes do causar dor na crianga ou ainda wso de medicagoes ou exames com efeitos
colaterais [outros efeitos ).

;]

\océ podera recusar a parbcipar da pesquisa e podera abandorar o procediments em qualquer
momento, sem nenhuma penalizacio cu prejuizo

A sua perticipacgo como woluntério, ndo wa confenr nenhum privikbgo, seja ele da carater
financeiro ou de gualguer natwieza, podends se retrar do projetc em qualguer momento sem
orejuizo a V. 5A

4 sua parbcipagdo ndo implica em nscos por estar participando do protocolo

Serfo garantidos o sigile 2 prvacdads, sendo reservado 20 panmicipante ou seu responsavel o
dirento de omissao de sua khentficagad ou dé dados gua possam comprometa-io

Ma gpresentagdc dos resultados ndo serdo citados os nomes dos participantas.

Esteg TCLE serd assinado em duas vias, sendo que uma sera entrejue a vocd [(paricipante ou
responsavel) e a 2° via 5era arquivada com © pesgquisadaor

Confirmo ter conhecmento de conteude deste termo. A minha assingtura abaixo indica que
concordo em participar desta pesquisa e por 550 dou meu consentimento

Juiz de Fora de de 20

Nome do paciente

Endereco:

Asginaiura:

MNome do pesgquisador
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