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Atualmente, a aterosclerose é definida como uma doenga crénica inflamatéria
caracterizada por elevado estresse oxidativo gerado por células da parede
vascular. Neste estudo foi avaliada, em monécitos humanos, a contribuicdo de
espécies reativas de oxigénio (EROs) mitocondrial nos processos do estresse
oxidativo e inflamatério de pacientes dislipidémicos. Vinte e nove individuos
hiperlipidémicos primarios, sendo catorze portadores de hipercolesterolemia e
quinze com hiperlipidemia mista (ambos sem uso de farmacos) e dezoito
individuos normocolesterolémicos, ndo tabagistas foram selecionados para este
estudo. A geracdo de EROs e o potencial de membrana mitocondrial foram
determinados em células mononucleares intactas, por meio de citometria de fluxo
e a concentracdo plasmatica de LDL oxidada (LDL-ox) por meio de ELISA. Apenas
0os mondcitos isolados de individuos hipercolesterolémicos apresentaram maior
geracao de EROs, porém ambos 0s grupos apresentaram concentracao sérica de
colesterol da LDL, LDL-ox e apolipoproteina B maiores do que o grupo-controle.
Presenca de LDL pequenas e densas também foi encontrada nos
hiperlipidémicos. Nos pacientes com hiperlipidemia mista igualmente foram
detectadas, adicionalmente, concentracdes significativamente maiores de insulina,
triglicérides, colesterol de VLDL e acidos graxos livres. Correlagdes positivas e
significativas entre a geracdo de EROs mitocondrial com as concentragbes séricas
de LDL-oxidada e da proteina quimiotatica para mondcito-1 (MCP-1), foram
encontradas. Esses resultados sugerem que a geracao de EROs mitocondrial por
mondcitos circulantes em pacientes hiperlipidémicos primarios contribui para o
estresse oxidativo e, portanto, para o desenvolvimento da aterosclerose, patologia
comum nestes individuos. A hiperlipidemia estd também acompanhada da
elevacao de marcadores inflamatoérios séricos (acido urico e contagem global dos
leucdcitos). A correlacdo negativa encontrada entre a concentragdo sérica da
interleucina 6 (IL-6) e da proteina induzida pelo IFN-y 10 (IP-10), nos pacientes
hiperlipidémicos, sugere que a IL-6 possa estar agindo como uma citocina

antiinflamatéria.

Palavras-chave: EROs, LDL-oxidada, dislipidemia, marcadores inflamatorios,

citocinas
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Actually, atherosclerosis is characterized like an inflammatory chronic disease due
to a high oxidative stress state generated by vascular wall cells. In present study,
we investigated the contribution of reactive oxygen species (ROS) generation by
circulating monocyte mitochondria to the oxidative stress frequently observed in
high risk hyperlipidemic subjects. Twenty-nine primary hyperlipidemic subjects
(14 hypercholesterolemic and 15 combined hyperlipidemic) and 18 normolipidemic
individuals, without any drug treatment and non-smokers, were enrolled in this
study. The mitochondrial monocyte ROS generation and the mitochondrial
electrical transmembrane potential in intact polymorphonuclear cells were
estimated by flow cytometry and plasma oxidized LDL (ox-LDL) was measured by
ELISA. The hypercholesterolemic, but not the combined hypelipidemic subjects
presented higher levels of monocyte ROS generation when compared to control
group. Both hyperlipidemic subjects presented elevated plasma levels of total LDL,
oxidized LDL and apolipoprotein B. Combined hyperlipidemic individuals presented
additionally increased levels of small dense LDL particles, insulin, triglycerides,
VLDL-cholesterol and free fatty acids. Furthermore, highly significants positives
correlations between monocyte ROS generation with oxidized LDL and monocyte
chemotactic protein 1 (MCP-1) levels, were found. These data suggest that
mitochondrial ROS production by circulating monocytes from primary
hyperlipidemic subjects can contribute to the oxidative stress and hence to
atherosclerosis, disease frequently found in this group. The hyperlipidemia is also
associated with high levels of inflammatory markers (uric acid and leukocyte global
count). A significant negative correlation between interleukin-6 (IL-6) and
interferon-inducible protein 10 (IP-10) levels found in hyperlipidemic individuals

may suggest an antinflamatory propertie of citokine IL-6.

Key words: ROS, oxidized-LDL, dyslipidemia, inflammatory markers, cytokine
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As dislipidemias séo alteragdes decorrentes de disturbios em qualquer
fase do metabolismo lipidico, com repercussdo nos niveis séricos das
lipoproteinas. Podem ser classificadas em primarias e secundérias
(Rifai et al., 1999).

As dislipidemias primarias, de origem genética, podem ser decorrentes
da integracdo de multiplos genes com fatores ambientais (dieta, alcool ou
sedentarismo) e hormonais levando a hiperlipidemia multifatorial, que € a forma
mais freqUente da hiperlipidemia primaria. Na hiperlipidemia primaria o individuo
apresenta concentracdes elevadas de lipides, com pouca ou nenhuma presenca
de sinais fisicos (xantomas ou arco corneo). Em alguns casos, a anormalidade
metabdlica leva ao agravamento de uma tendéncia genética dormente para o
desenvolvimento da dislipidemia primaria (Carmena, 2000). As principais causas
de dislipidemias primarias sdo: deficiéncia familiar de lipoproteina lipase (LPL),
deficiéncia familiar de apolipoproteina C-IlI (apo-Cll), hipercolesterolemia familiar,
deficiéncia familiar de apo-B100, hiperlipoproteinemia Tipo IlI, hiperlipidemia

familiar combinada e hipertriacilglicerolemia familiar (Mahley et al., 1998).

A hipercolesterolemia familiar é uma alteragdo freqiente do
metabolismo lipidico originada por mutagéo no gene do receptor de lipoproteina de
baixa densidade (Low Density Lipoprotein-LDL) ou por sua auséncia em células
hepaticas e tecidos periféricos, levando ao aumento na concentracao do colesterol
da LDL e colesterol plasmatico (Mahley et al., 1998). A prevaléncia da forma
heterozigética é de 1:500 na maioria das populagdes do mundo enquanto que a
homozigética €& mais rara (1:1.000.000) (Motulsky, 1989). Individuos
heterozigéticos apresentam concentracdes séricas de colesterol duas a trés vezes
acima da média enquanto que os homozigotos apresentam colesterolemia trés a
seis vezes acima da média. Os portadores de hipercolesterolemia familiar
desenvolvem doenca aterosclerética de forma prematura (Mahley et al., 1998).
Outra forma de desenvolvimento da hipercolesterolemia familiar € por deficiéncia
de apoB-100, caracterizada por mutacao neste gene (proteina ligante do receptor
de LDL), que acarreta elevados niveis séricos de colesterol total e de colesterol da
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LDL e aumento da susceptibilidade dos individuos desenvolverem doencas
cardiovasculares (Mahley et al., 1998).

A hiperlipidemia familiar combinada é caracterizada por elevagao
plasmatica de colesterol total e de LDL colesterol (tipo Il a) ou aumento de
triglicérides (tipo IV) ou ambos (tipo Il b). A associacao da hiperlipidemia familiar
combinada com a incidéncia de doenca aterosclerética coronariana € alta
(Mahley et al., 1998).

As dislipidemias sao um dos fatores de riscos mais importantes para o
desenvolvimento da aterosclerose, elevando assim o risco para eventos
cardiovasculares, sendo esta a principal causa de morte no mundo (NCEP, 2001).
O Brasil acompanha este fendbmeno internacional sendo as doengas
cardiovasculares responsaveis por cerca de 250.000 mortes/ano (Brasil-Ministério
da Saude, 2006).

A aterosclerose € uma doenga complexa que se desenvolve lentamente
por décadas. E definida como um conjunto de modificagdes que ocorrem na intima
arterial, especialmente nas grandes artérias, consistindo de acumulo focal de
lipides e de varios outros tipos celulares como macrofagos, células musculares
lisas, linfcitos, fibroblastos e aumento da expressdo das moléculas de adesao. E
acompanhada de modificacoes proliferativas resultantes da interacao de multiplos
processos associados tais como hiperlipidemia, lesdo endotelial e resposta
inflamatéria (Schwartz et al., 1993; Li et al., 2000; Jessup et al., 2004). Em 1989,
Steinberg et al. postularam que a oxidagdo da LDL representava uma modificagéo
quimica, responsavel pelo inicio da formagédo das células espumosas. Sawamura
et al. (1997) identificaram um receptor para a LDL-oxidada (LDL-ox), pertencente a
familia das lectinas, denominado de receptor lectina “like” para LDL-ox 1 (LOX-1)”,
em cultura de células endoteliais. Este receptor atua sobre a captacédo e
internalizacdo da LDL-ox pelas células endoteliais ativadas. A expressdo do
LOX-1 em células endoteliais pode ser regulada por estimulos inflamatérios
(Kume et al., 1998). Os macrofagos, presentes no espaco intimal, expressam os
receptores membros da familia dos "Scavengers" (SRA-I e RA-1l) que fagocitam a
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LDL quimicamente modificada. Entretanto, diferentemente da maioria das células
onde a expressao do receptor de LDL é regulada pelo conteudo intracelular de
ésteres de colesterol, a expressao dos receptores "Scavenger" ndo é inibida pela
alta concentracao de colesterol intracelular (Goldstein et al., 1979; Kodama et al.,
1988; Rifai et al., 1999). A manutencdo de altas concentracées de LDL-ox
promove a formacdo das células espumosas, macréfagos carregados de lipidios,
que exercem acao inflamatéria e induzem proliferagdo celular no espaco
subendotelial (Rifai et al., 1999). Portanto, a aterosclerose ¢é iniciada pelo acumulo
das LDL plasmaticas na camada subendotelial, sua oxidagao e recrutamento de
mondcitos circulantes (Jessup et al., 2004; Li et al., 2000; Schwartz et al., 1993).

Diversos tipos celulares, na parede arterial contribuem para a formagao
da LDL-ox (Steinberg et al., 1989). Existem evidéncias de que ions metalicos
(como o cobre e o ferro), lipoxigenases, cicloxigenases, mieloperoxidases e
radicais livres desempenham um papel importante neste processo
(Bea et al., 2003).

Radicais livres sdo espécies quimicas que possuem um ou mais
elétrons desemparelhados. No sistema biolégico, uma variedade de radicais livres
pode ser gerada. Assim, um radical pode ser um agente oxidante, aceitando um
unico elétron, ou um agente redutor doando um elétron (Stocker e Keaney, 2004).
Nas células aerébicas, a cadeia de transporte de elétrons mitocondrial representa
o principal local de geracdo de espécies reativas de oxigénio (EROs)
(Zmijewsk et al., 2005).

Na membrana interna das mitocéndrias estao localizadas as proteinas
que sao essenciais para a fosforilagao oxidativa que incluem os complexos I-1V da
cadeia de transporte de elétrons, a ATP sintase (complexo V) e o translocador
adenina de nucleotideos (Nicholls e Fergunson, 2002,). Durante a fosforilagéo
oxidativa ha um bombeamento de prétons pela cadeia respiratéria, criando um
fluxo da matriz para a membrana mitocondrial interna que, por ser impermeavel a

protons, impede o retorno destes a matriz, criando-se um gradiente eletroquimico
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(AP). O O, tem preferéncia por uma via gradual univalente de redugao que leva a
geracao de intermediarios parcialmente reduzidos que sdo as espécies reativas de
oxigénio. Entre as espécies reativas de oxigénio mais comuns, podemos citar o
anion superoxido (O2") e o radical hidroxila (OH") (Nicholls e Fergunson, 2002y).
Embora o peréxido de hidrogénio (H205), produto da dismutacao do O2", ndo seja
um radical livre ele é altamente téxico para as células, sendo convertido a OH" na
presenca de varios ions metalicos, especialmente o Fe*? e o Cu* (Knight, 1999). O
estresse oxidativo € um termo usado para definir o desequilibrio entre o sistema
de defesa antioxidante e a producao de radicais livres. Quando nao neutralizados,
os radicais livres tém a capacidade de alterar a integridade de inUmeras moléculas
tais como as proteinas e os lipides. A peroxidagédo lipidica e a oxidacdo de
lipoproteinas sdo muitas vezes usadas como marcadores do estresse oxidativo
(Heinecke et al., 1986).

Cathcart et al. (1985), Parthasarathy et al. (1986) e Hiramatsu et al.
(1987) demonstraram que mondécitos/macrofagos sdo capazes de oxidar a LDL
através de mecanismos dependentes da geragdo de radicais livres, mas o
mecanismo pelo qual este fenbmeno ocorre ainda n&o esta totalmente elucidado.
A LDL-ox contém varias substancias toxicas tais como perdxidos lipidicos,
oxiesterdis e aldeidos. Os lipides oxidados presentes nas LDL-ox produzem
modificacdes nas estruturas das proteinas celulares, induzem a geragao de EROs,
a peroxidagcdo de lipides celulares e alteram a regulacdo de varias vias de
sinalizacao (apoptose) e da expressao de varios genes (Napoli, 2003).

O processo de oxidacdo aumenta a aterogenicidade da LDL
(Zhao e Shen, 2005) por: favorecer o recrutamento dos mondécitos circulantes para
0 espaco intimal, inibir a capacidade dos macréfagos residentes deixarem a
intima, promover a formacdo das células espumosas, e causar disfuncao
endotelial (Stocker e Keaney, 2004; Knight, 1999).

A LDL humana é um complexo de elevado peso molecular, possui
subfragdes que sdo designadas como: LDL1, LDL2 e LDL3. As LDL1 e 2 séo
particulas grandes e leves enquanto que as LDL3 sdo menores e mais densas. A
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particula LDL3, também chamada de LDL subclasse B, tem diametro menor do
que 25,5 nm e fica retida por mais tempo na parede arterial em razdo de sua
menor afinidade pelos receptores de LDL sendo, por isso, mais susceptivel a
oxidacao. Este ultimo fenétipo esta fortemente associado com o desenvolvimento
de doencga arterial coronariana (Hirano et al., 2005; Maruyama et al., 2003;
Yoshino et al., 2003).

O processo inflamatério também tem significante papel na patogénese
da aterosclerose e a identificacdo e a quantificacdo da concentracdo sérica de
marcadores inflamatérios é importante na avaliacgdo do risco para eventos

cardiovasculares agudos (Sesmilo et al., 2001).

A proteina C reativa (PCR) é um marcador inflamatério e preditor de
risco independente para doencas cardiovasculares O aumento sérico da PCR
pode estar associado ao inicio e progressao da doenca aterosclerética por varios
mecanismos: aumento da reatividade dos leucécitos, da fixacdo do complemento,
da agregacao e modulagao da ativacao plaquetaria, ligacdo a LDL-ox, inducao da
expressao de varias moléculas de adeséo, atuacao na captagéo do colesterol por
macréfagos, inducéo do recrutamento de mondcitos para o espaco subendolial por
aumento de producao de MCP-1 (proteina quimiotatica para mondcitos) e
regulacdo positiva do receptor de angiotensina (Bhakdi et al., 1999;
Torzewski et al., 2000; Pasceri et al., 2001; Zwaka et al., 2001, Wang et al., 2003).
A sintese hepatica da PCR é regulada pela citocina interleucina-6 (Cohen e
Cohen, 1996). A PCR é atualmente considerada um potente marcador
independente do aumento da taxa de mortalidade por doencga arterial coronariana
e identifica pacientes que podem se beneficiar de manipulagdes invasivas
precoces (Lubrano et al., 2005).

As citocinas sao proteinas nao estruturais, pequenas, com peso
molecular entre 8-40 KDa. Quando produzidas por fagécitos mononucleares sao
chamadas de monocinas. Com o advento dos clones moleculares ficou claro que a
mesma proteina pode ser sintetizada por linfocitos, mondcitos e uma variedade de

células, incluindo as endoteliais e algumas epiteliais. Assim, o termo genérico
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citocina tem sido utilizado para essa classe de mediadores. Pelo fato de muitas
citocinas serem produzidas por leucécitos e terem acao sobre outros leucécitos,
sdao chamados de interleucinas. Existem 18 citocinas com a caracteristica de
interleucinas (IL), dentre elas a IL-6 que é sintetizada por células mononucleares,
células do endotélio vascular e fibroblastos em resposta a agentes microbianos e
a outras citocinas, tais como a IL-1 e o fator de necrose tumoral (TNF). As
quimiocinas pertencem a uma grande familia de citocinas, estruturalmente
homdélogas, capazes de estimular e atrair os leucécitos para os sitios da
inflamacéo, tendo sido identificadas aproximadamente 50 tipos. S&o subdivididas
em 4 subfamilias (CXC, CC, C e CX3C), com base na posi¢cao dos residuos de
cisteina em sua molécula e exercem suas fungbes através da ligacdo com
receptores constituidos de sete dominios transmembréanicos acoplados a proteina
G. As CXC-quimiocinas tém um aminoacido separando os dois primeiros residuos
de cisteina proxima a extremidade aminoterminal da molécula (Abbas et al., 2000,
Clark-Lewis et al., 2003). As quimiocinas atuam no recrutamento e na ativacao de
mondcitos e linfocitos para o local da inflamacao (Shanmugam et al., 2006)

O interferon-y (IFN-y) é uma citocina pleiotrépica sendo considerada
uma citocina pro-inflamatéria porque aumenta a atividade do TNF e induz a
producdo do 6xido nitrico (Dinarello, 2000). A proteina induzida pelo IFN-y 10
(IP-10/CXCL10) e a monocina induzida pelo IFN-y (Mig/CXCL9) sdo quimiocinas
pertencentes a subfamilia CXC que compartiham o mesmo receptor CXCRj3
acoplado a proteina G. A IP-10 e a Mig s&o expressas por mondcitos ativados,
células endoteliais e células musculares lisas de lesdes ateroscleroticas. Durante
a progressao da lesao a IP-10 e a Mig induzem a migracao de células, via receptor
CXCR3; expresso principalmente em linfécito T ativados e células NK ("natural
killer"), levando ao aumento de células inflamatérias no local e subseqUente injaria
tecidual, indicando, portanto, que a IP-10 e a Mig desempenham um importante
papel na resposta imune mediada pela célula T e nas reacdes inflamatérias
(Mach et al., 1999; Clark-Lewis et al., 2003; Yang et al., 2006).
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A proteina quimiotatica para monocito 1 (MCP-1/CCL2) é uma
quimiocina responsavel pelo recrutamento dos monécitos para os sitios de
inflamacdo. A MCP-1 parece desempenhar um importante papel nos multiplos
estagios da aterosclerose podendo ser, portanto utilizada como um biomarcador
(Lemos et al., 2003).

A utilizacdo da determinacdo da concentragdo sérica de acido urico
como marcador inflamatério de risco para as doengas coronarianas e
cerebrovascular, descrita na literatura (Culleton et al., 1999; Fang e Alderman,
2000) é controversa (Culleton et al., 1999, Hayden, 2004). Seu papel seria atuar
na transcricao do fator nuclear kappa-p (NF-xf) e na MCP-1 (Kanellis et al., 2003),
estimulando as células mononucleares humanas a produzir interleucina-1p, IL-6 e
TNF-a (Johnson et al., 2003).

A morte dos macrofagos em lesdes ateroscleréticas avancadas é uma
caracteristica importante, pois pode afetar a progressédo da placa aterosclerotica,
atuando na liberacdo de moléculas desestabilizantes (como as “heat schok
proteins”) e substancias trombogénicas (Fuster et al., 1992; Ball et al., 1995;
Mitchinson et al., 1996). Yao e Tabas (2000) mostraram que o excesso de
colesterol livre é responsavel pela apoptose de macrofagos, sendo que 50% do
processo é mediado pela ativacao das proteinas de membrana FasL, seguida pela
via Fas. Mais recentemente, esses mesmos autores demonstraram uma via
complementar da via Fas para explicar a morte celular de macréfagos
enriquecidos em colesterol livre: a apoptose desencadeada por disfuncao
mitocontrial, avaliada por meio da variagdo do potencial de membrana da
mitocondria de macréfagos, diminuiu entre 3 e 6 horas apds a incubacao das

células mononucleares com colesterol livre (Yao e Tabas, 2001).

Sendo a lesdo aterosclerética caracterizada, inicialmente, por
macréfagos sobrecarregados com lipides/proteinas oxidadas na camada
subendotelial, este estudo teve como objetivo avaliar a contribuicdo da geracao

das espécies reativas de oxigénio em células mononucleares de individuos
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portadores de hipercolesterolemias primarias (isoladas ou mistas) para o estresse
oxidativo, freqliientemente presente nesses individuos e compara-la a individuos
normolipidémicos. Para esta avaliagcdo foram determinadas as taxas de producao
de EROs mitocondrial em mondcitos, a concentragdo sérica de LDL-ox e dos
marcadores inflamatérios (PCRus, &cido urico, IL-6, IP-10, Mig, MCP-1 e
contagem global dos leucdcitos) destes individuos, bem como as possiveis

correlagdes entre esses parametros.
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Objetivo artigo 1

O objetivo do presente estudo foi avaliar a contribuicdo da geragao das
espécies reativas de oxigénio mitocondrial em mondcitos de pacientes
hiperlipidémicos primarios (hipercolesterolémicos e com dislipidemia mista) para o
processo de estresse oxidativo. Também foi avaliado o potencial elétrico de
membrana mitocondrial (A¥m) em células mononucleares intactas e as
correlagdes desses parametros de estresse oxidativo com a concentracédo sérica

da LDL oxidada e com outros parametros bioquimicos.

Objetivo artigo 2

O objetivo do presente estudo foi comparar a concentragdo sérica dos
marcadores inflamatérios PCRus, IL-6, IP-10, MCP-1, Mig, acido urico e a
contagem global de leucdcitos, de pacientes hiperlipidémicos e de individuos
controles, bem como avaliar a associagao destes parametros com os indicadores

de estresse oxidativo.
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ABSTRACT

Experimental and in vitro evidences have established that reactive
oxygen species (ROS) generated by vascular wall cells play a key role in the
genesis of the inflammatory process of atherosclerotic lesions. Several intracellular
sources of ROS in several cell types may contribute to increase atherogenesis. In
the present study, we investigated the contribution of mitochondrial ROS
generation by circulating monocyte to the oxidative stress frequently observed in
high-risk hyperlipidemic subjects. Fourteen primaries hypercholesterolemic, 15
combined hyperlipidemic and 18 normolipidemic individuals, without any drug
treatment, were enrolled in this study. The mitochondrial monocyte ROS
generation and the mitochondrial electrical transmembrane potential in intact
mononuclear cells were estimated by flow cytometry and plasma oxidized LDL
(ox-LDL) was measured by ELISA. The hypercholesterolemic subjects presented
higher levels of monocyte ROS generation. Combined hyperlipidemic subjects
presented increased levels of small dense LDL and insulin. Both hyperlipidemic
groups presented elevated plasma levels of oxidized LDL. Furthermore, a highly
significant positive correlation between monocyte ROS generation and ox-LDL
concentrations was found when control and hyperlipidemic data were grouped.
These data provide evidence that mitochondrial ROS production by circulating
monocytes from hypercholesterolemic subjects may contribute to the oxidative

stress and possibly to atherogenesis in these subjects.

Keywords: Reactive oxygen species; mitochondria; monocytes; hyperlipidemia;

oxidized low-density lipoprotein
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INTRODUCTION

Atherosclerosis is characterized by low density lipoprotein (LDL)
deposition in the arterial wall. It is initiated by the recruitment of circulating
monocytes into the vascular intima with their subsequent transformation in foam
cells. Foam cell formation is a result of monocyte derived macrophage scavenging
of modified lipoproteins that have undergone oxidative modification in the vascular
wall [1,2]. The scavenger receptor (SR) and CD36 mediated ox-LDL uptake by
macrophages leads to the initial formation of the well-defined fatty streaks in the
arterial intima. Such lesions then progress to more complex ones and are prone to

rupture precipitating clinical events such as heart attack and stroke [2].

Clinical studies have shown that traditional risk factors for
atherosclerosis predispose to endothelial dysfunction [3,4]. One of the most
consistent proposed mechanisms for endothelial dysfunction involves oxidative
stress [4]. Reactive oxygen species (ROS) can be generated by aerobic cells
during reduction of molecular oxygen by enzymatic reactions (NADH/NADPH
oxidase, xanthine oxidase, lipoxygenase, and cyclooxygenase systems),
mitochondrial electron transport chain and autoxidation of diverse substances [5].
Mitochondria represents a major intracellular source of ROS [6,7,8] and may
mediate cellular oxidative stress leading to cell death [9]. Oxidative stress causes

damage in nucleic acids, lipids and proteins [2,10,11].

ROS and their non-physiological derivatives may oxidize LDL in vitro or
in vivo. Oxidation process increases the atherogenic potential of LDL [1] by 1)
favoring the recruitment of circulating monocytes into the intimal space, 2)
inhibiting the ability of resident macrophages to leave the intima, 3) enhancing the
rate of lipoprotein uptake leading to foam cell formation, and 4) being cytotoxic,

leading to dysfunction endothelial [2].

Oxidized LDL contains various toxic lipids such as lipid peroxides,
oxysterols and aldehydes that can induce modifications in protein structure, and

further increase cell ROS generation in a vicious cycle manner [3]. Defective
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catabolism of LDL and other lipoproteins in hypercholesterolemic and
hypertriglyceridemic states results in a prolonged half-life of these particles in the
circulation, increasing the possibility of these lipoproteins to be exposed to ROS

generated by circulating and vascular cells.

Although it is well established that ox-LDL undergoes oxidation and that
oxidized LDL is present in the blood stream and in arterial lesions, the issues of
how and when LDL become oxidized in vivo and whether all in vitro effects of
ox-LDL are relevant to atherogenesis in vivo are still not clarified [1]. In this work,
we investigated the contribution of ROS generation by circulating monocyte
mitochondria to the oxidative stress frequently observed in high-risk hyperlipidemic
subjects. In addition, we determined the mitochondrial electrical transmembrane
potential (AWm) in intact polymorphonuclear cells from these individuals and
checked the association of these findings with oxidized LDL levels and other

biochemical parameters.

MATERIAL AND METHODS

This study was approved by the Medical Ethics Committee of the
Medical Sciences Faculty of the University of Campinas. Written consent was

obtained from the patients or their relatives.

Fourteen primary hypercholesterolemic aged 37 + 12y (29% male and
71% female), 15 combined hyperlipidemic patients aged 42 + 12y (60% male and
40% female), with high cholesterol (> 200 mg/dL) and triglycerides (>150 mg/dL)
levels, according to National Cholesterol Education Program (NCEP) [12] and 18
normolipidemic individuals (controls) aged 32 + 6 y (33% male and 67% female)
non-smokers, who have never received lipid-lowering or other treatment during the
period study, were enrolled. Secondary causes of hyperlipoproteinemia, individuals
with one or more myocardial infarction, coronary artery bypass grafting,
percutaneous transluminal coronary angioplasty, stroke, transient ischemic attack

and peripheral arterial disease were excluded from the study. The measurements
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of fasting (12 hours) serum cholesterol (Chol), HDL-cholesterol (HDL-chol),
triglycerides (TG) and glucose were made by enzymatic colorimetric methods in an
automated system (Roche, Germany). The LDL-cholesterol (LDL-chol) and
VLDL-cholesterol (VLDL-chol) were calculated by Friedewald’s formula (only if TG
levels <400 mg/dL). The apolipoproteins A1 (Apo A1), B100 (Apo B) and
lipoprotein “a” [Lp (a)] were measured by nephelometric methods (Dade-Behring,
USA). Free fatty acids (FFA) and free cholesterol (FC) were determined by
enzymatic colorimetric methods (Wako Chemicals GmbH, Japan), ox-LDL by
enzyme immunoassay (Mercodia Oxidized LDL ELISA, Sweden) and insulin by

chemiluminescence assay (DPC MEDLAB, USA).

LDL particle size was estimated by LDL-chol/apo B-100 and
TG/HDL-chol ratios [13,14]. The Homeostasis Model Assessment (HOMA), that
estimates the insulin resistance, was calculated using the formula: fasting glucose

level (mmol/L) x fasting insulin level (uU/mL)/22.5 [14].

Red and white blood cell counts were made in automated system
(SYSMEX SE or SYSMEX XE).

For evaluation of ROS generation and mitochondrial membrane
potential (Aym) the mononuclear cells were isolated by Ficoll-Hypaque gradient
adjusted to 1.076 g/mL [15]. Cellular viability was done by trypan blue stain (used
when the viability was >98%). The samples were analyzed in flow cytometer
(FACSCalibur - Becton & Dickinson) equipped with an argon laser and CellQuest
software. Ten thousand events were collected for each sample.

Determination of intracellular ROS levels was made in mononuclear
cells (10° cells/mL) pre-incubated in RPMI 1640 medium supplemented with 1%
bovine fetal serum (FBS) and glutamine 200 mM (Cutilab, Campinas, Brazil) at
37°C in a humidified CO, incubator (5% CO,) for 30 min. After, the cells were
incubated with 5 yM dihydroethidium (DHE, Molecular Probes Inc., Eugene, OR,
USA) at 37°C in a humidified CO; incubator (5% CO,) for 70 min. The fluorescent

probe DHE, a membrane-permeant cation that accumulates in higher
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concentrations preferentially in the mitochondrial matrix than in the cell nucleus
[16], after oxidation by ROS (particularly superoxide) is converted to ethidium that
was measured by flow cytometry in FL2 channel (FACSCalibur - Becton &
Dickinson) [17].

Mitochondrial electrical transmembrane potential was measures in intact
mononuclear cells. Mononuclear cells (10° cells/mL) were incubated with 0.2 nM
3,3’-dihexyloxacarbocyanine iodide [DiOCg(3), Molecular Probes Inc., Eugene, OR,
USA], with or without 1 pg/mL oligomycin (Sigma, St.Louis, MO, USA), in RPMI
1640 medium supplemented with 1% FBS and glutamine 200 mM at 37°C in a
humidified CO; incubator (5% CO;) for 20 min. One half of each cell sample
(200 pL) was separated and 50 yM carbonyl cyanide m-chlorophenyl-hydrazone
(CCCP, Sigma, St.Louis, MO, USA) was added and incubated for further 10 min.
After both incubation periods, the cells were stained with fluorescein isothiocyanate
(FITC) labeled anti-human CD14 or isotype-matched control (BD Pharmingen, San
Diego, USA) for additional 10 minutes incubation. The samples were analyzed in a
FACSCalibur flow cytometer. The lymphocytes and monocytes populations were
identified by their light-scattering characteristics, enclosed in electronic gates, and
analyzed for the intensity of the fluorescent probe signal. DioCg(3), at
nonsaturating concentration, binds preferentially to mitochondria, since the
magnitude of mitochondrial electrical membrane potential is much higher (=180
mV) than plasma membrane potential (-60 mV). Results from experiments were
normalized using F/Fcccp ratio where F is the mean fluorescence intensity of
DioCeg(3) (maximum fluorescence) and Fcccp is the mean fluorescence intensity in
the presence of CCCP (minimum fluorescence). CCCP, a protonophore, is an
uncoupling agent that dissipates the mitochondrial electrical membrane potential
[18].

The comparisons between the groups were done by the Analysis of
Covariance (ANCOVA) in ranks, using age, sex and BMI as covariates. The
Tukey-Kramer post-hoc test was used for multiple comparisons. The correlations
were calculated by Spearman partial correlation coefficient. The differences were

considered significant when p< 0.05.
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RESULTS

Biochemical and anthropometric data are reported in Table |. Both
hyperlipidemic groups of patients presented elevated total cholesterol,
LDL-cholesterol, VLDL-cholesterol, triglycerides, apolipoprotein B, and the insulin
resistance index (HOMA) when compared to normolipidemic subjects. As
expected, VLDL-cholesterol and triglycerides were higher in combined
hyperlipidemia than in hypercholesterolemia. Combined hyperlipidemic patients

presented additionally increased insulin and free fatty acids levels.

The two ratios that estimate the presence of small dense atherogenic
LDL particles indicated significantly higher levels of this type of LDL in combined
hyperlipidemic but not in hypercholesterolemic patients: LDL-chol/Apo B-100
(1.32+0.17, 1.34+0.13, 1.12+0.20 for normolipidemic, hypercholesterolemic and
combined hyperlipidemic, respectively. p=0.0325). On the other hand, the
TG/HDL-chol ratio (1.39+0.82, 2.03+0.81, 9.8349.46 for normolipidemic,
hypercholesterolemic and combined hyperlipidemic, respectively. p<0.0001)
indicated that small dense LDL levels are significantly higher in both hyperlipidemic

patients (Table 1).

The ROS generation by monocyte mitochondria and serum levels of
ox-LDL were significantly higher in hypercholesterolemic patients (p=0.0491 and
p=0.0003, respectively) when compared to normolipidemic individuals (Figures 1
and 2). However, in the combined hyperlipidemic subjects only ox-LDL levels was
significantly higher than normolipidemic individuals. When controls and
hyperlipidemic individuals were grouped for adjusted correlation analyses (age, sex
and body mass index as covariables), a significant positive correlation
(r=0.35, p= 0.0385) between monocytes ROS generation and serum concentration
of ox-LDL (Figure 3) was found. Also, a significant positive correlation between
TG/HDL-chol and ox-LDL (r=0.56, p=0.0002) was found when normolipidemic and
hyperlipidemic individuals were grouped. No significant correlations were found
between HOMA index, FFA and HDL-chol levels with monocyte ROS generation
and oxidized LDL.
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Mitochondrial electrical transmembrane potential in monocytes and
lymphocytes did not differ between groups and the inhibition of ATP-synthase by
oligomycin increased the fluorescence ratio in all groups in a similar manner,

indicating preserved oxidative phosphorylation (Figure 4).

The hematologic profiles of normolipidemic, hypercholesterolemic and
combined hyperlipidemic patients were similar (data not shown). However, when
hyperlipidemic subjects were grouped, significantly higher global counts of
erythrocyte and leukocyte (p=0.024 e p=0.037, respectively) were detected when
compared with the normolipidemic group. However, no statistical association was
found between white cell count and monocyte ROS generation or oxidized LDL,
suggesting that this condition of oxidative stress has no impact on the blood cell

number.

DISCUSSION

A major target for oxidation in vascular atherosclerotic areas is the
intimal low-density lipoproteins. The ox-LDL exhibits pro-inflammatory properties
and is thought to lead to plaque formation and progression [19,20]. Ehara et al [21]
found that plasma ox-LDL levels were higher in patients with coronary syndromes
than in control subjects and these concentrations were directly related to the

severity of disease.

Several studies have shown that LDL become oxidized when incubated
with vascular wall cells [1,22]. Mitochondria are considered the most important
cellular source of ROS and are also the main targets of their toxic actions
[2,23,24]. In this work, we demonstrated that mitochondrial monocyte ROS
generation was significantly higher in naive hypercholesterolemic patients.
Considering that monocyte ROS production was not significantly elevated in
combined hyperlipidemic patients, these results suggest that the causes of

hypercholesterolemia, more than the hypertriglyceridemia, are responsible for the
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mitochondrial ROS generation. Differently, Araujo and collaborators [25], that
measured ROS release from mononuclear cells using the luminol-sensitized
chemiluminescence method, observed a greater ROS production in combined
hyperlipidemic than in normal and hypercholesterolemic patients. The reason for
this discrepancy may be related to the methodology: while luminol signal is
associated with the overall cell ROS, the DHE probe is preferentially attacked by
mitochondrial source of ROS.

Small dense LDL, which is independently associated with the incidence
and extent of coronary artery disease [26], is more susceptible to oxidation than
the native LDL [27]. In the present study, we found increased levels of small dense
LDL particles in combined hyperlipidemic subjects and increased levels of ox-LDL
in both hyperlipidemic groups of patients when compared to normolipidemic
individuals. Both, small dense LDL and ox-LDL, were positively correlated with
ROS production by circulating monocytes in data grouped analysis. These

analyses were possible because the variables distribution was uniform.

Our results are in agreement with an experimental study in the
hypercholesterolemic LDL receptor knockout mice [28] that showed higher ROS
production by isolated mitochondria from several tissues like liver, heart, brain and
spleen intact mononuclear cells. They showed that mice liver mitochondria did not
sustain a reduced state of matrix NADPH, the main source of mitochondrial
antioxidant defense. The authors suggested that this mitochondrially mediated
redox imbalance could explain LDL oxidation seen in familiar
hypercholesterolemia. On the other hand, several in vitro studies showed that
oxidized LDL can increase mitochondrial ROS generation [3,29]. Together these
evidences suggest the existence of a vicious cycle in hypercholesterolemia, i.e.,
ROS may increase LDL oxidation, and ox-LDL in its turn stimulates ROS
generation. This concerted action leads to cell death and may be an important part

of the pathogenesis of atherosclerosis.
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Mitochondrial electrical transmembrane potential in monocytes and
lymphocytes did not differ between groups. Increased fluorescence ratio after
inhibition of ATP-synthase by olygomicin indicates preserved oxidative
phosphorylation in all groups, suggesting that the raised serum ox-LDL in
hyperlipidemic patients does not affect this mitochondrial function. Our results are
different from that obtained by Ou et al. [30] that observed a depolarization of the
mitochondrial transmembrane electric potential in endothelial cell culture from
human umbilical vein induced by ox-LDL. These results may reflect cell specific

differential responses.

In summary, we found that besides the expected atherogenic lipoprotein
profile of both hyperlipidemic groups, they presented increased ROS production by
circulating monocytes which correlated positively with the levels of oxidized LDL.
These data provide evidence that mitochondrial ROS production by circulating
monocytes from hypercholesterolemic subjects may contribute to the oxidative

stress and possibly to atherogenesis in these subjects.
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Table 1- Physics and chemical characteristics of lipoproteins, biochemical and anthropometric

profiles of normolipidemic, hypercholesterolemic and combined hyperlipidemic individuals

Variables Normolipidemic Hypercholesterolemic Combined p value
hyperlipidemic
(n=18) (n=14) (n=15)
Cholesterol 168.1+28.3° 244.1+30.5° 274.3+84.8° <0.0001
(mg/dL)
HDL-cholesterol 57.8+13.0 62.9+13.8 50.7+14.6 0.5819
(mg/dL)
LDL-cholesterol 110.1+28.2° 169.4+30.5° 156.0+45.6° <0.0001
(mg/dL)
VLDL- cholesterol 14.7+5.6° 23.7+4.8° 52.9+11.1° <0.0001
(mg/dL)
TG 73.5+28.9° 118.9+24.0° 445.5+400.2° <0.0001
(mg/dL)
Apolipoprotein A1 152.2+20.6 167.9+23.2 154.7+33.8 0.0768
(mg/dL)
Apolipoprotein B 83.0+20.4° 126.6+17.3° 137.8424.8° <0.0001
(mg/dL)
Lipoprotein “a” 13.4+16.4 43.8+55.8 34.7+31.5 0.2392
(mg/dL)
Free fatty acids 0.47+0.2° 0.5+0.2° 1.4+0.6° <0.0001
(mEq/L)
Free cholesterol 33.0+7.3° 456+7.7° 73.1453.6° <0.0001
(mg/dL)
Cholesteryl ester 132.9424.0° 194.0+18.0° 219.1+70.0° <0.0001
(mg/dL)
Ox-LDL 52.2+27.5° 74.4+11.8"° 80.9+17.3° 0.0003
(UIL)
LDL-chol/Apo B 1.3+0.2°2 1.3+0.1° 1.1+0.2° 0.0325
TG/HDL-chol 1.4+0.82 2.0+0.8" 9.8+9.5° <0.0001
Glucose 80.9+8.8 83.615.6 91.7+15.4 0.3553
(mg/dL)
Insulin 6.6+2.8° 8.5+4.0° 17.5+9.4° 0.0002
(nUI/mL)
HOMA 1.2+0.5° 1.8+0.9° 3.4+2.0° 0.0003
Weight 62.8+12.2° 64.4+13.2° 77.6+15.9° <0.001
(Kg)
BMI 22.5+2.4° 23.843.1° 27.2+45° <0.001
(kg/m?)
WC 80.8+10.6° 86.4+10.8"° 99.2+11.0°¢ <0.001
(cm)

Values are expressed as mean + standard deviation. HOMA: Homeostasis Model Assessment;

waist circumference: WC; body mass index : BMI. Statistical analyses by ANCOVA (age, sex and

BMI as covariable) for biochemical analyses and ANOVA for anthropometric measurement, both

with Tukey-Kramer’ post test. Different letters indicate significant differences between groups.
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Figure 1
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Figure 3
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LEGENDS FOR THE FIGURES

Figure 1. Mitochondrial ROS generation in monocytes of normolipidemic (n=17),
hypercholestrolemic (n=12) and combined hiperlipidemic patients (n=12) measured by flow
citometry. Monocytes were loaded with DHE (5uM) for 70 minutes. The DHE was oxidized by
mitochondrial monocytes ROS and the average of ethidium fluorescence intensity was detected in
FL2 channel (arbitrary unit - a.u.). ANCOVA (age, sex and BMI as covariable) with Tukey-

Kramer'post test. Data expressed as median and interquartile range. Different letters mean p<0.05

Figure 2. Oxidized LDL serum levels in normolipidemic, hypercholesterolemic and combined
hyperlipidemic individuals. ANCOVA (age, sex and BMI as covariable) with Tukey- Kramer' post

test. Data expressed as median and interquartile range. Different letters mean p<0.05.

Figure 3. Correlation between monocyte ROS generation and serum ox-LDL (n=38). Spearman's

test (corrected for age, sex and BMI), r= 0.35 and p=0.04.

Figure 4. Mitochondrial electrical transmembrane potential evaluation, measured by flow citometry,
in lymphocytes (panel A) and monocytes (panel B) of normolipidemic (NL), hyipercholesterolemic
(HC) and combined hyperlipidemic (CH) groups. The ratio of DiOCg(3) fluorescence in the absence
and in the presence of 50 uM CCCP , experiments performed without (gray bars) or with
1 uM oligomycin (white bars) was measured to estimate changes in Ay;,. ANCOVA (age, sex and

BMI as covariables) with Tukey- Kramer' post test. Data expressed as standard error mean (SEM).
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ABSTRACT

Inflammation plays an important role in pathogenesis of atherosclerosis and serum
inflammatory markers have been shown to predict the risk of acute cardiovascular
events. The aim of the present study was to evaluate the possible correlations
between serum inflammatory markers levels and oxidative stress parameters in
hyperlipidemia. The serum concentrations of inflammatory markers like
interleukin-6  (IL-6), high-sensitivity C-reactive protein (hs-CRP), monocyte
chemoattractant protein-1 (MCP-1), interferon-inducible protein 10 (IP-10),
monokine induced by interferon-y (Mig) and uric acid were determined by
chemiluminescence turbidimetry, enzyme immunoassay and enzymatic
colorimetric method respectively, in 18 normolipidemic and 29 hyperlipidemic
individuals. The mitochondrial monocyte reactive oxygen species (ROS)
generation and serum oxidized LDL (ox-LDL) were measured by flow cytometry
and enzyme immunoassay, respectively. Besides of high levels of total, free and
esterified cholesterol, LDL-chol, VLDL-chol and triglycerides, hyperlipidemic
subjects presented significantly high monocyte ROS generation, ox-LDL, uric acid
levels and leukocyte count. Chemokines (MCP-1, IP-10 and Mig) and IL-6 levels
were similar between hyperlipidemic and normolipidemic subjects, although ROS
generation has been positively associated with MCP-1 and IL-6 negatively
correlated with IP-10 concentrations. The high mitochondrial ROS generation by
circulating monocytes in hyperlipidemic individuals and its positive association with
MCP-1 levels indicate the importance of oxidative stress in modulating
immunological response in these patients. Moreover, the highly significant negative
correlation detected between serum IL-6 and IP-10 may indicate an anti-

inflammatory role of IL-6, in hyperlipidemia.
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INTRODUCTION

Atherosclerosis is an inflammatory disease of the vascular wall that
leads to acute cardiovascular events [1]. It is characterized by low density
lipoprotein (LDL) deposition and oxidation in the arterial wall [2,3] and recruitment
of circulating monocytes into the vascular intima, with their subsequent
transformation in foam cells [3]. The reactive oxygen species (ROS) generation by
monocytes/macrophages appears to be essential for LDL oxidation [4]. Cytokines
and other biomolecules are implicated in atherosclerosis process and are

considered markers to identify and monitor the different stages of disease [5].

Interleukin-6 (IL-6) has been associated with the inflammatory events in
coronary artery disease (CAD) [6]. IL-6 is a pleiotropic cytokine that is commonly
produced at local tissue sites and released into circulation in almost all situations of
homeostatic perturbation such as atherosclerosis, coronary artery disease,
endotoxemia and trauma [7,8]. IL-6 is a pro-inflammatory cytokine induced by LPS,
TNF-y and IL-1. Although it is a potent inducer of the acute-phase protein
response, it has anti-inflammatory properties [9]. Schieffer et al. [10] verified that in
ApoE/IL-6 double-knockout mice, the IL-6 deficiency enhances atherosclerotic
plaque formation and baseline levels of IL-6 are required to modulate lipid

homeostasis, vascular remodeling, and plaque inflammation in atherosclerosis.

C-reactive protein (CRP), an acute-phase reactant biomolecule, is
produced in the liver in response to acute injury or other inflammatory stimuli [11]
and is the most widely studied marker of inflammation in atherosclerosis [5]. In
addition to its role as an inflammatory marker, it has been demonstrated that CRP
deposition in the arterial wall is involved in stimulation of monocyte chemotaxis,
inhibition of neutrophil chemotaxis and promotes the progression of inflammatory

areas into manifest early atherosclerosis lesions [12,13].

Proinfammatory chemokines have also been implicated in the
pathogenesis of atherosclerosis. The chemokines are a family of potent

chemotactic cytokines that regulate leukocyte trafficking and are rapidly up
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regulated at sites of vascular inflammation [14]. Monocyte chemoattractant
protein-1 (MCP-1/CCL2), a chemokine produced by a variety of cells including
leucocytes, endothelial cells and fibroblasts, is responsible for the recruitment of
monocytes and lymphocytes to inflammatory areas [15] and appears to play an
important role in intimal hyperplasia formation after arterial injury. Many studies
[14,15,16] have addressed the role of MCP- 1 in atherosclerosis, however this
mechanism is still unclear. Acute thrombosis is an often fatal complication of
atherosclerotic plaque rupture and recent evidence suggests that MCP-1
contributes to thrombin generation and thrombus formation by generating tissue
factor [14]. In addition to MCP-1, interferon-y induced CXC chemokines (IP-10 and
Mig) also participate of cell recruitment in atherosclerosis. IP-10 and Mig share the
same G-protein-coupled receptor CXCR3, and selectively attract activated T
lymphocytes to arterial intima [17]. Mach at al. [18] demonstrated expression of

IP-10 and Mig in human atherosclerotic plaques but not in normal vessel wall.

The hyperuricaemia in chronic heart failure is associated with chronic
inflammation due its association with circulating intercellular adhesion molecule-1
(ICAM-1) and tumour necrosis factor-a (TNF-a) [19]. Uric acid induced
inflammation is mediated by the activation of the nuclear transcription factor-«B

(NF-xB) and also by increasing MCP-1 expression [20].

Since atherosclerosis is early characterized by macrophage overload
with oxidized lipids in the vascular intima and increased serum levels of
inflammatory markers, the aim of the present study was to compare the serum
levels of inflammatory markers in normolipidemic and hyperlipidemic individuals
and to evaluate its association with reactive oxygen species generation by

circulating monocytes and serum oxidized-LDL.
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MATERIAL AND METHODS

This study was approved by the Medical Ethics Committee of the

Medical Sciences Faculty of the University of Campinas.

Twenty nine hyperlipidemic (HL) patients aged 39 £ 12y (45% male and
55% female) with high cholesterol (>200 mg/dL) and triglycerides (>150 mg/dL)
levels, according to National Cholesterol Education Program-NCEP [21] and 18
normolipidemic (NL) individuals aged 32 + 6 y (33% male and 67% female),
non-smokers, who have never received lipid-lowering or other treatment during the
period study, were enrolled. Secondary causes of hyperlipoproteinemia, individuals
with one or more myocardial infarction, coronary artery bypass grafting,
percutaneous transluminal coronary angioplasty, stroke, transient ischemic attack
and peripheral arterial disease were excluded from the study. The fasting (12
hours) serum cholesterol (Chol), HDL-cholesterol (HDL-chol), triglycerides (TG),
uric acid (URAC) and glucose were measured by enzymatic colorimetric methods
in an automated system (Roche, Germany). The LDL-cholesterol (LDL-chol) and
VLDL-cholesterol (VLDL-chol) were calculated by Friedewald’s formula (only if TG
levels <400 mg/dL). The apolipoproteins A1 (Apo A1), B100 (Apo B) and
lipoprotein “a” [Lp (a)] were measured by nephelometric methods (Dade-Behring,
USA) and serum oxidized-LDL (ox-LDL) level was determined by enzyme
immunoassay (Mercodia Oxidized LDL ELISA, Sweden).

Serum concentration of IL-6 was determined by chemiluminescence
(Immulite-USA) and high sensitive C reactive protein (hs-CRP) by turbidimetryc
method in an automated system (Roche- Germany). MCP-1, IP-10 and Mig serum
concentrations were measured by EIA (R&D systems, USA). To minimize
run-to-run variability, all samples from a given patient were analyzed in the same

micro-titre plate.

Red and white blood cell counts were made in an automated cell
counting system (SYSMEX SE or SYSMEX XE).
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For evaluation of ROS generation the mononuclear cells were isolated
by Ficoll-Hypaque (Becton Dickinson Biosciences, San Jose, CA, USA), gradient
adjusted to 1.076 g/mL [22]. Cellular viability was done by trypan blue stain (used
when the viability was >98%). Mononuclear cells (10° cells/mL) were pre-incubated
in RPMI 1640 medium supplemented with 1% FBS and glutamine 200 mM
(Cutilab, Campinas, Brazil) at 37°C in a humidified CO, incubator (5% CO,) for
30 min. After, the cells were incubated with 5 yM dihydroethidium (DHE, Molecular
Probes Inc., Eugene, OR, USA) at 37°C in a humidified CO; incubator (5% CO,) for
70 min. The fluorescent probe DHE, a membrane-permeant cation that
accumulates in higher concentrations preferentially in the mitochondrial matrix than
in the cell nucleus [23], after oxidation by ROS (particularly superoxide) is
converted to ethidium that was measured by flow cytometry in FL2 channel
(FACSCalibur - Becton & Dickinson) [24].

The comparisons between the groups were done by the Analysis of
Covariance (ANCOVA) in ranks using age, sex and body mass index (BMI) as
covariates. The Tukey-Kramer post-hoc test was used for multiple comparisons.
The correlations were calculated by Spearman partial correlation coefficient. The

differences were considered significant when p< 0.05.

RESULTS

Biochemical data are reported in Table 1. Except for HDL-chol and Lp
"a" and glucose, all serum parameters were significantly higher in hyperlipidemic
patients. Also the mitochondrial monocyte ROS generation was significantly higher

in HL when compared with NL subjects.

A tendency of a positive correlation (r=0.30, p=0.0678) between serum
uric acid levels and monocytes mitochondrial ROS generation was found when NL

and HL data were grouped (data not shown).
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The immunological markers CRP, IL-6, MCP-1, IP-10 and Mig were
similar in both groups (Table 2). However, a highly significant positive correlation
between MCP-1 serum level and monocytes mitochondrial ROS generation
(Figure 1; r=0.84, p=0.0187) and also a tendency of positive correlation with ox-
LDL (r=0.66, p=0.0746), in HL patients were found (data not shown). Differently, a
significant negative correlation between serum IL-6 and IP-10 levels
(Figure 2; r=-0.71, p=0.0473) was found in HL patients. There was a tendency of a
negative correlation (r=-0.73, p=0.0533) between serum Mig levels and monocytes

mitochondrial ROS generation, in hyperlipidemic patients (data not shown).

The hematologic profile of hyperlipidemic subjects (Table 2) showed a
significantly higher global count of erythrocytes and leukocytes (p=0.0240 and

p=0.0366, respectively) when compared to normolipidemic ones.

DISCUSSION

In this work, we demonstrated that monocyte ROS generation and
oxidized LDL were significantly higher in naive hyperlipidemic patients. ROS
generation and ox-LDL have been show to play an important role in the
pathogenesis of atherosclerosis [25,26]. ROS may oxidize LDL in vitro or in vivo
and increases the atherogenic potential of LDL [1] favoring the recruitment of
circulating monocytes into the intimal space, inhibiting the ability of resident
macrophages to leave the intima, enhancing the rate of lipoprotein uptake leading

to foam cell formation and leading to loss of endothelial integrity [2].

Inflammation has become an important topic in the pathogenesis of
heart disease over past decade [27] and is accompanied by cytokine-induced
alterations in lipid and lipoprotein metabolism and acute-phase protein synthesis
[28].

The role of uric acid as a risk marker or risk factor to cardiovascular
disease remains controversial [29,30]. In the present study we found higher levels

of uric acid in HL subjects, when compared to NL individuals and a tendency of
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positive correlation with mitochondrial ROS generation by monocytes. Uric acid
level upper 1/3 of normal range becomes prooxidant [30]. Mellin et al. [31]
observed a transitory reduction of myocardial ROS production and a diminished
myocardial inflammatory response in rats with chronic heart failure after long-term
treatment with xanthine oxidase inhibitor. In accordance with our results we

speculate that uric acid has an oxidative capacity, in hyperlipidemia.

The association between leukocytosis and increased morbidity and
mortality of ischemic vascular disease has been observed for more than half a
century [32]. Prospective study by Grau et al. [33] showed that in a high-risk
population, elevated leukocyte count independently predicts ischemic events and is
also associated with the risk of stroke and vascular death in patients with previous
ischemic diseases. Here, we found that leukocyte count was significantly higher in
HL patients, however the mechanisms linking leukocyte counts to cardiovascular
risk are insufficiently understood. Such a predictive value of white blood cell count
is plausible and satisfying because stronger activation of circulating leukocytes
could actively contribute to atherogenesis and organ ischemia by increased
adhesion to and damage of the endothelium and by disturbance of microvascular
flow [34].

The most relevant use of hs-CRP remains in the setting of primary
prevention to arterial coronary disease by risk stratification that is classified as high
risk patients when hs-CRP levels is above 3.0 mg/L [13]. Both groups presented
serum concentrations of hs-CRP below 3.0 mg/L and no significant differences
were found between them, although higher levels have been observed in HL
group. Recently Lee at al. [6] does not find statistically differences in hs-CRP and

IL-6 in patients with or without coronary artery disease.

Our results showed that the circulating levels of cytokines IL-6, MCP-1,
IP-10 and Mig were similar in HL and NL groups. Also Holven et al do not found
significant  differences in serum concentration of MCP-1 in familial
hypercholesterolaemia patients and control subjects [35]. However our results are

different from that obtained in patients with coronary artery disease by Oliveira [36]
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that observed higher serum levels of IP-10 and Mig in patients with unstable
angine when compared with healthy individuals. Differently Fernandes at al. [37]
found lowest levels of IP-10, Mig and CXCR3 receptor in circulating leukocytes in
patients with acute coronary syndromes and speculate a possible migration of

these cells to atherosclerotic plaques.

Mach at al. [18] found that lesional T lymphocytes express CXCR3,
which is in agreement with the concept that Mig and IP-10 play a role in the
recruitment and retention of activated T lymphocytes in vascular wall lesions. The
neutralization of this pathway in vivo can modulate the immune migration of cells
inside of the vascular wall during the atherogenesis. In Klebsiella-infected mice the
neutralization of IP-10 by a specific antibody lead to a significant reduction in the
number or activation status of IFN-y-producing cells and decrease IFN-y mRNA
expression [38]. Also a study with ApoE”" CXCL10”" mice fed a Western-style diet
showed that the absence of the CXCL10 gene confers a 2-fold reduction in early

lesion in all regions of the aorta when compared with ApoE"' control mice [39].

In present study a significant negative correlation was found between
IL-6 and IP-10 in HL individuals. It has been proposed that IL-6 may act as an
anti-inflammatory and immunossupressive cytokine since it induced IL-1 receptor
antagonist and the release of soluble TNF receptor p55 in macrophages in vivo
[39]. Moreover, it was reported that TNF levels were elevated in IL-6 deficient mice
and anti-IL-6 treated mice [40]. Recently it was demonstrated that IL-6 impairs
functional maturation of dendritic cells suppressing maturation of chemokine
receptor CCR7 as well as inhibiting the production of NF-[1B dependent factors like
TNF-[1 and IP-10 [41]. A negative association between IL-6 and IP-10 found in our
study may suggest an antiinflammatory property of IL-6 in modulating the migration

of activated T lymphocytes to the sub endothelial space.

A highly positive correlation between MCP-1 serum levels and
monocytes ROS generation was found in HL. As these patients present higher

monocytes ROS generation but similar MCP-1 levels, when compared with NL
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individuals, we hypothesize that HL patients could be in the early stage of the
inflammatory process. A tendency of a positive correlation between MCP-1 and
ox-LDL serum levels can reinforce this hypothesis. Chen et al. [42] reported that
ROS generation plays an important role in MCP-1 gene expression in endothelial
cells demonstrating that the activation of MCP-1 is mediated by oxi-reduction
mechanisms. Studies by Cushing et al. [43] showed that minimally oxidized LDL
induced MCP-1 production by endothelial and smooth muscle cells. Thus MCP-1
emerges as a possible molecular link between oxidized lipoproteins and foam cell

recruitment to the vessel wall [14].

Monocytes mitochondrial ROS generation in HL patients showed a
tendency of negative correlation with serum Mig levels. Results presented by
Fulkerson et al. [44], in experiments in vitro with eosinophils, showed that Mig is
capable to inhibit superoxide anion formation through the inhibition of eosinophil
oxidase activity, providing evidence that Mig blocks the effector function of this
leukocyte. Probably in advanced stages of inflammatory process the same action

may occur with monocytes cells.

Concluding, in hyperlipidemia the association of circulating MCP-1 with
ROS generation by monocyte and ox-LDL levels may demonstrate the importance
of oxidative stress in modulating the immunological response and establish a direct
link between MCP-1 and oxidized LDL and foam cell formation in the vessel wall.
In addition, a highly negative correlation detected between serum IL-6 and IP-10

can show an antiinflammatory property of IL-6, present in these patients.

Capitulos
57



REFERENCES

[1] Libby P, Theroux P. Pathophysiology of coronary artery disease. Circulation
2005; 111: 3481-8.

[2] Chisolm GM, Steinberg D. The oxidative modification hypothesis of
atherogenesis: an overview. Free Radic Biol Med 2000; 28(12): 1815-2186.

[3] Stocker R, Keaney-Jr JF. Role of oxidative modifications in atherosclerosis.
Physiol Rev 2004; (84): 1381-478.

[4] Chisolm 3™ GM, Hazen SL, Fox PL, Cathcart MK. The oxidation of lipoproteins
by monocyts-macrophages. Journal of Biological Chemistry, 1999; 274: 25959-62.

[5] Pinon P, Kaski JC. Inflammation, atherosclerosis and cardiovascular disease
risk: PAPP-A, Lp-PLA2 and cystatin C. New insight or redundant information? Rev
Esp Cardiol 2006; 59: 247-58.

[6] Lee KWJ, Hill JS, Walley KR, Frohlich JJ. Relative value of multiple plasma
biomarkers as risk factors for coronary artery disease and death in an angiography
cohort. CMAJ 2006; 174(4): 461-6.

[7] Bermudez EA, Rifai N, Buring J, Manson JE, Ridker PM. Interrelationships
among circulating interleukin-6, C-reactive protein, and traditional cardiovascular
risk factors in women. Arterioscler Thromb Vasc Biol 2002; 22:1668-73.

[8] Francisco G, Hernandez C, Simé Rafael. Serum Markers of vascular
inflammation in dyslipemia. Clin Chim Acta 2006; 369: 1-16.

[9] Opal SM, DePalo VA. Anti-inflamatory cytokines. Chest 2000; 117: 1162-72.

[10] Schieffer B, Selle T, Hilfiker A, Hilfiker-Kleiner D, Grote K, Tietge UJF, et al.
Impact of interleukin-6 on plaque development and morphology in experimentl
atherosclerosis. Circulation 2004; 110: 3493-500.

Capitulos
58



[11] Ballantyne C, Nambi V. Markers inflammation and their clinical significance.
Atherosclerosis 2005; suppl 6: 21-9.

[12] Torzewski M, Rist C, Mortensen RF, Zwaka TP, Bienek M, Waltenberger J. C-
reactive protein in the arterial intima: role of C-reactive protein receptor-dependent
monocyte recruitment in atherogenesis. Arterioscler Thromb Vasc Biol 2000; 20:
2094-9.

[13] Pearson TA, Mensah GA, Alexander RW, Anderson JL, Ill Cannon RO, Criqui
M, et al. Markers of inflamation and cardiovascular disease apllication to clinical
and public health pratice a steatment for healthcare professional from the centers
for disease control and prevent and the American Heart Association. Circulation
2003; 107: 499-511.

[14] Charo IF, Taubman MB. Chemokines in the pathogenesis of vascular disease.
Circ Res 2004; 95: 858-66.

[15] Lemos JA, Morrow DA, Sabatine MS, Murphy SA, Gibson CM, Antman EM, et
al. Association Between plasma levels of monocyte chemoattractant protein-1 and
long-term clinical outcomes in patients with acute coronary syndromes. Circulation
2003; 107: 690-5.

[16] Namiki M, Kawashima S, Yamashita T, Ozaki M, Hirase T, Ishida T, et al.
Local overexpression of monocyte chemoattractant protein-1 at vessel wall induces
infiltration of macrophage and formation of atherosclerosis lesion. Synergism with
hypercholesterolemia. Arteriscler Thromb Vasc Biol 2002; 22: 115-20.

[17] Clark-Lewis |, Mattioli I, Gong JH, Loetscher P. Structure-function relationship
between the human chemokine receptor CXCR3 and its ligands. J Biol Chem
2003; 278 (1): 289-95.

[18] Mach F, A Sauty A, Larossi AS, Sukhova GK, Neote K, Libby P et al.
Differential expression of three T lymphocyte-activating CXC chemokines by

human atheroma-associated cells. J Clin Invest 1999; 104:1041-50.

Capitulos
59



[19] Levya F, Anker SD, Godsland IF, Teixeira M, Hellwell PG, Kox WJ, et al. Uric
acid chronic heart failure: a marker of chronic inflammation. Eur Heart J 1998; 19:
1746-7.

[20] Kanellis J, Watanabe S, Li JH, Kang DH, Li P.; Nakagawa T, et al. Uric acid
stimulates monocyte chemoattractant protein-1 production in vascular smooth
muscle cells via mitogen-activated protein kinase and cyclooxygenase-2.
Hypertension 2003; 41(6): 1287-1293.

[21] National Cholesterol Education Program. Executive summary of the third
report the National Cholesterol Education Program. Expert Panel on Detection,
Evaluation and Treatment of High Blood Cholesterol in Adults (Adults Treatment
). JAMA 2001; 285: 2486-97.

[22] Boyum A. Isolation of lymphocytes, granulocytes and macrophages. Scand J
Immunol 1976; 5: 9-15.

[23] Nicholls G, Fergunson SJ. Mitochondria in the cell. Nicholls G, Fergunson SJ.
Bioenergetics 3. Second edition. London: Academic Press Elsevier; 2002. p.250-
70.

[24] Becker LB, Hoek TLV, Shao Z-H, Li C-Q, Schumacker PT. Generation of
superoxide in cardiomyocytes during ischemia before reperfusion. Am J Physiol
1999; 277:H2240-6.

[25] Heinecke JW, Baker L, Rosen H, Chait A. Superoxide-mediated modification
of low density lipoprotein by arterial smooth muscle cells. J Clin Invest 1986;
77(3): 757-61.

[26] Steinberg D, Parthasaraty S, Crew TE, Khoo JC, Witztum JL. Beyond
cholesterol: modification of low-density lipoprotein that increase its atherogenicuty.
N Engl J Med 1989, 320: 915-24.

[27] Mehra VC, Ramgolam VS, Bender JR. Cytokines and cardiovascular disease.
J Leukoc Biol 2005; 78:805-18.

Capitulos
60



[28] Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, Feingold KR
et al. Effects of infection and inflammation on lipid and lipoprotein metabolism:

mechanisms and consequences to the host. Lipid Res. 2004; 45: 1169-96.
[29] Culleton BF, Larson MG, Kannel WB, Levy D. Serum uric acid and risk for

cardiovascular disease and death: the Framingham Heart Study. Ann Intern Med
1999; 131(1): 7-13.

[30] Hayden MR, Tyagi SC. Uric acid: a new look at an old risk marker for
cardiovascular disease, metabolic syndrome, and type 2 diabetes mellitus: the
urate redox shuttle. Nutr Metab 2004; 1(1):10.

[31] Mellin M, Isabelle M, Oudot A, Vergely-Vandriesse C, Monteil C, Di Meglio B,
et al. Transient reduction in myocardial free oxygen radical levels is involved in the
improved cardiac function and structure after long-term allopurinol treatment
initiated in established chronic heart failure. Eur Heart J 2005; 26: 1544-50. 2004;
101(7): 1987-92.

[32] Coller BS. Leukocytosis and ischemic vascular disease morbidity and
mortality: is it time to intervene? Arterioscler Thromb Vasc Biol 2005; 25:658-70.

[33] Grau JA, Boddy AW, Dukovic DA, Buggle F, Lichy C , Brandt T, et al.
Leukocyte count as an independent predictor of recurrent ischemic events. Stroke
2004; 35: 1147-52.

[34] Ernst E, Hammerschmidt DE, Bagge U, Matrai A, Dormandy JA. Leukocytes
and the risk of ischemic diseases. JAMA. 1987; 257: 2318-24.

[35] Holven KB, Myhre AM, Aukrust P, Hagve TA, Ose L, Nenseter MS. Patients
with familial hypercholesterolaemia show enhanced spontaneous chemokine
release from peripheral blood mononuclear cells ex vivo. Dependency of
xanthomas/xanthelasms, smoking and gender. Eur Heart J 2003; 24: 1756—62.

[36] Oliveira RTD. [Expression of cytokines, chemokines and chemokines
receptors in peripheral blood mononuclear cells in patients with coronary artery
disease.Port.]. [dissertation]. Campinas (SP): Universidade Estadual de Campinas;
2006.

Capitulos
61



[37] Fernandes JL, Mamoni RL, Orford JL, Garcia C, Selwyn AP, Coelho OR,
et al. Increased Th1 activity in patients with coronary artery disease. Cytokine
2004; 26: 131-7.

[38] Zeng X, Moore TA, Newstead MW, Deng JC, Kunkel SL, Luster AD, et al.
Interferon-inducible protein 10, but not monokine induced by gamma interferon,
promotes protective type 1 immunity in murine Klebsiella pneumoniae pneumonia.
Infect immun 2005; 73(12):8226-36.

[39] Heller EA, Liu E, Tager AM, Yuan Q, Lin AY, Ahluwalia N, et al. Chemokine
CXCL10 promotes atherogenesis by modulating the local balance of effector and
regulatory T cells. Circulation 2006; 113: 2301-12.

[40] Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: anti-inflammatory and

immunosuppressive mediators. Immunol Today 1997; 18:428-32.

[41] Hegde S, Pahne J, Smola-Hess Sigrun. Novel immunosuppressive properties
of interleukin-6 in dendritic cells: inhibition of NF-kappaB binding activity and CCR7
expression. FASEB J 2004; 18:1439-41.

[42] Chen XL, Zhang Q, Zhao R, Medford RM. Superoxide, H,O,, and iron are
required for TNF-alpha-induced MCP-1 gene expression in endothelial cells: role of
Rac1 and NADPH oxidase. AM J Physiol Heart Circ Physiol 2004; 286: H1001-7.

[43] Cushing SD, Berlinert JA, Valentet AJ, Territo MC, Navab M, Parhamit F.
Minimally modified low density lipoprotein induces monocyte chemotactic protein 1
in human endothelial cells and smooth muscle cells. Proc Natl Acad Sci USA 1990;
87: 5134-8.

[44] Fulkerson PC, Zimmermann N, Brandt EB, Muntel EE, Doepker MP,
Kavanaugh JL, et al. Negative regulation of eosinophil recruitment to the lung by
the chemokine monokine induced by IFN-(Mig, CXCL9). Proc Natl Acad Sci U S A

Capitulos
62



Acknowledgments

Financial support for the study was provided by FAPESP (Fundacao de
Amparo a Pesquisa do Estado de Sédo Paulo) and Fundo de Apoio ao Ensino, a
Pesquisa e a Extensao (FAEPEX/FCM)). The authors are grateful to Helymar da
Costa Machado (Statistical Research Group of UNICAMP), Giovanna Rosa
Degasperi (graduate student), Larissa Sayuri Kato (undergraduate student) and

Aparecida Sousa Pereira for their excellent technical assistance.

Capitulos
63



Table 1- Biochemical data of normolipidemic (NL) and hyperlipidemic (HL) individuals

NL HL p-valor
(n=18) (n=29)

Cholesterol (mg/dL) 168.1£28.3 259.7465.3 <0.0001
HDL-cholesterol (mg/dL) 57.8£13.0 56.6+15.2 0.3690
LDL-cholesterol (mg/dL) 110.11£28.2 163.0+38.4 <0.0001
VLDL- cholesterol (mg/dL) 14.745.6 36.6+16.8 <0.0001
TG (mg/dL) 73.5:28.9 287.8+328.6  <0.0001
Apolipoprotein A1 (mg/dL) 152.2+20.6 161.1£29.4 0.0229
Apolipoprotein B (mg/dL) 83.0+20.4 132.4+21.9 <0.0001
Lipoprotein “a” (mg/dL) 13.4£16.4 39.2+44.7 0.0969
Ox-LDL (U/L). 52.2427.5 77.6114.9 <0.0001
Glucose (mg/dL) 80.9+8.8 87.5+11.8 0.1514
Uric acid (mg/dL) 4.4+1.6 5.9+1.8 0.039
ROS (fluorescence-a.u.) 270.5+78 462.3+236.9 0.0138

Values are expressed as mean + standard deviation. OX-LDL - oxidized-LDL; ROS - Reactive
Species Generation; a.u.-arbitrary units. Statistical analyses by ANCOVA in ranks (age, sex and
BMI as covariables).

Table 2- Immunological and hematological profiles in normolipidemic (NL) and hyperlipidemic (HL)

individuals
NL HL P value
(n=18) (n=29)

IL-6 (pg/mL) 0.4+0.3 0.640.6 0.9480
CRP (mg/L) 0.5+0.5 0.6+0.9 0.2607
MCP-1(ng/mL)* 45.8+23.1 115.14251.1 0.7478
IP-10 (ng/mL)* 117.0+130.3 143.4+91.7 0.4358
Mig (ng/mL)* 554.2+334.9 635.0+148.6 0.1198
Erythrocyte (10%mm?) 4.6+0.6 4.8+0.5 0.0240
Hemoglobin (g/dL) 13.7+1.5 14.5+1.8 0.3050
Hematocrit (%) 40.8+3.5 42.7+4.0 0.1789
Leukocyte (10°/mm?°) 5.410.9 6.4+1.4 0.0366
Lymphocyte (10°/mm®) 2.0:0.4 2.440.7 0.0530
Monocyte (10°/mm?) 0.440.1 0.4+0.1 0.6413

Statistical analyses by ANCOVA in ranks (age, sex and BMI as covariables)

Values are expressed as mean + standard deviation. *NL group (n=10-18) and HL group (n=12-29).
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LEGENDS FOR THE FIGURES

Figure 1. Correlation between monocyte ROS generation and serum MCP-1 in HL
group (n=10). Spearman's test (corrected for age, sex and BMI), arbitrary units:

values of ROS generation and MCP-1 level adjusted by ranks, r=0.84, p=0.01.

Figure 2. Correlation between IL-6 and IP-10 serum in HL group (n=11).
Spearman's test (corrected for age, sex and BMI), arbitrary units: values adjusted
by ranks, r=-0.71, p=0.0473.
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Atualmente, sabe-se que a aterosclerose € resultante da complexa
interacdo entre fatores genéticos (diabetes e dislipidemia) e ambientais como
idade, habito de fumar e estilo de vida (Spence et al., 1999; Libby, 2000). Varios
estudos mostram que ha uma correlagao positiva entre a concentracido plasmatica
de lipoproteinas remanescentes do catabolismo das VLDL, bem como uma
correlagdo inversa com a concentragao sérica da HDL e a suscetibilidade para o
desenvolvimento da aterosclerose (Castelli et al., 1986; Ng e Hegele, 1993;
Kihouche et al., 1998; Klhouche et al., 2000; Robbesyn et al., 2003; Barter, 2005).
Além disso, o papel da inflamagao na patogénese da aterosclerose tem sido bem
estabelecido com o passar dos anos, bem como o aumento da atividade
inflamatoria no sangue periférico associado ao desenvolvimento de doengas

cardiovasculares (Pearson et al., 2003; Nijm et al., 2005).

A “teoria da oxidagao” proposta por Steinberg et al. (1989) mostrou que
os produtos da oxidacao dos lipides/proteinas sao os responsaveis pela formagao
e desenvolvimento da aterosclerose. A LDL intimal € considerada o principal alvo
para a oxidagcdo (Jessup et al., 2004), tendo sido detectada nas lesdes
aterosclerdticas, exibindo varias propriedades pré-inflamatérias, desempenhando
um importante papel na formacdo e progressdo da placa aterosclerética
(Robbesyn et al., 2003). Ehara et al. (2001) observaram que a concentragc&o
plasmatica da LDL-ox encontrava-se significativamente mais elevada em
pacientes com doencga arterial coronariana do que nos individuos controles e que
também havia uma correlagdo positiva com a gravidade da doencga, isto €, os
pacientes com infarto do miocardio apresentavam concentracbes séricas mais
elevadas de LDL-ox do que os pacientes com angina instavel e com angina
estavel. No presente trabalho, os pacientes hipercolesterolémicos (HC) e com
dislipidemia mista (DLM) apresentaram maior concentragcdo sérica de LDL-ox do
que os individuos controle (CTR) (p=0,0003).

A importancia do tamanho e da composi¢cado da LDL na progresséo das
doencgas cardiovasculares tem sido descrita na literatura. As particulas de LDL

pequenas e densas e as LDL-oxidadas estado, independentemente, associadas ao
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aumento do risco para o desenvolvimento da aterosclerose (Austin et al., 1988;
Yoshino et al., 2003). Ao estimarmos o tamanho das LDL, usando a razado
TG/HDL-col, foi constatado que os pacientes hiperlipidémicos apresentavam a
razao significativamente mais elevada (p<0,0001) quando comparados ao grupo
CTR e, em média, superior a dois, segundo Maruyama et al. (2003) o valor desta
razao esta associado a altas concentragdes séricas de LDL pequenas e densas.
No presente trabalho, uma correlagdo positiva entre a razdo TG/HDL-col e a
concentracio sérica da LDL-ox foi encontrada, mostrando que as LDL pequenas e
densas sao mais suscetiveis ao estresse oxidativo. Segundo Hirano et al. (2005)
as LDL com didmetro inferior a 25,5 nm e, portanto mais aterogénicas,
apresentam a razao LDL-col/Apo B-100 menor do que 1,2. Ao utilizar este indice,
observamos que os pacientes com DLM apresentavam esta razdo, em média,
inferior a 1,2 e, significativamente, mais baixa do que os individuos CTR e HC,
confirmando a presenca de LDL pequenas e densas no soro desses pacientes.
Além disso, os pacientes com DLM apresentaram a concentracdo sérica de
VLDL-colesterol significativamente mais elevada, quando comparados aos HC e
aos CTR (p<0,0001). Segundo Nakajima et al. (2006) as VLDL também podem ter
acesso ao espaco subendotelial e, sem sofrer modificagdes oxidativas, exercem

importante papel no processo inicial da aterogénese.

A mitocdndria é considerada a mais importante fonte de radicais livres,
bem como o principal alvo para o processo regulatério dos radicais livres e suas
acgdes toxicas (Cadenas, 2004). A taxa de producdo de EROs mitocondrial esta
elevada em diversas condi¢gdes patoldgicas, incluindo hipdxia, isquemia,
reperfusdo e inibicdo da respiragdo mitocondrial (Chen et al., 2003). Trabalhos
realizados por Chen et al. (2003) e Zmijewski et al. (2005) demonstraram que
geracao de EROs pela cadeia de transporte de elétrons mitocondrial se da nos

complexos I, Il e lll.

A probe fluorescente diidroetidio, um cation permeavel a membrana que
se acumula em altas concentragdes, preferencialmente, na matriz mitocondrial em

relacdo ao nucleo celular (Nicholls e Fergunson, 2002,) foi utilizada neste trabalho
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para medir a geracao de EROs pelos mondcitos. A geragao de EROs mitocondrial
foi significativamente maior nos individuos HC (p=0,0491) do que nos CTR.
Diferentemente, Araujo et al. (1995) ao medirem a geragdo de EROs em células
mononucleares ativadas, usando o método de quimioluminescéncia, observaram
uma maior produgdao de EROs em pacientes com dislipidemia mista do que em
pacientes hipercolesterolémicos. A razdo para esta discrepancia pode estar
relacionada a metodologia utilizada isto €, o luminol mede preferencialmente
EROs extracelular enquanto que o DHE mede o intracelular (Rinaldi, 2006).
Entretanto, nossos resultados sdo semelhantes aos observados por Oliveira e t. al.
(2005) que ao estudarem mitocéndrias isoladas de figado, coragao e cérebro e
células mononucleares intactas de baco verificaram maior geracdo de EROs nos
camundongos hipercolesterolémicos ("knock-out" para receptor de LDL) quando
comparadas com camundongos "wild-type". Por outro lado, estudo realizado por
Alberici (2006) demonstrou que a geragao de EROs por células mononucleares de
camundongos hipertrigliceridémicos é semelhante a de camundongos
normolipidémicos. Estes resultados sugerem que a hipercolesterolemia mais do
que a hipertrigliceridemia é responsavel pela geragdo de EROs mitocondrial. Além
disso, o estudo realizado por Oliveira et al. (2005) constatou que mitocondria de
figado de camundongos hipercolesterolémicos ndo mantém o estado reduzido do
NADPH da matriz, a principal defesa antioxidante da mitocéndria. Portanto, a
maior geracdo de EROs por nés observada, nos individuos com
hipercolesterolemia familiar, pode ser consequéncia da reducdo da defesa
antioxidante destes individuos, sendo porém necessarios estudos que confirmem
esta hipdtese. Segundo estudo realizado por Furukawa et al. (2004) o acumulo de
gordura pode levar ao aumento da geragdao de EROS. No presente estudo, os
pacientes hipercolesterolémicos possuiam, em média, IMC maior do que o
grupo-controle, porém dentro do intervalo considerado saudavel (20-25 Kg/m?) e

inferior aos individuos com dislipidemia mista.

Nessa pesquisa, uma correlagéo positiva e significativa entre a geragao
mitocondrial de EROs pelos mondcitos com a LDL-ox plasmatica foi encontrada,

quando os individuos controles e hiperlipidémicos foram analisados em conjunto
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(r=0.35, p=0.0385). Estes resultados sao concordantes com a proposta de
Chisolm et al. (1999) de que os mondcitos/macrofagos s&o fortes candidatos a
mediadores da oxidagao in vivo das lipoproteinas através da acao das proteinas
ceruloplasmina, 15-lipoxigenase e mieloperoxidase. Também é sabido que o anion
superoéxido (O27) é o principal agente promotor da oxidagado da LDL mediada por
macrofagos e células musculares lisas (Heinecke et al., 1986). A LDL-ox, por outro
lado, € capaz de induzir a geragdo de EROs pela mitocondria por meio de um
mecanismo que requer ferro, ativagdo da enzima 6xido nitrico sintase endotelial
(ONSe) e a atividade do complexo Il (Zmijewsk et al., 2005). Em um estudo com
25 individuos saudaveis, submetidos a intensa atividade fisica, Wang et al. (2006)
demonstraram que a LDL-ox induziu a geragdo de EROs pelos mondcitos atraves
da diminuicdo da atividade das enzimas superdoxido dismutase citosélica e
mitocondrial e que a utilizagcao de inibidores da NADPH oxidase e do complexo
mitocondrial | e Il impediram a geragdo de EROs mitocondrial pelos mondcitos,
induzida pela LDL-ox. Juntas essas evidéncias sugerem a existéncia de um ciclo
vicioso no desenvolvimento do estresse oxidativo na hipercolesterolemia, ou seja,
as espécies reativas de oxigénio geradas pela mitocdndria sdo deletérias para a
célula, aumentando a oxidagao da LDL e esta, por sua vez, também pode causar
danos a mitocéndria. A associag¢ao destes processos leva a morte celular e pode

ser parte importante da patogénese da aterosclerose.

O potencial de membrana mitocondrial (A ym) representa a expressao
funcional da cadeia respiratéria e a integridade da membrana interna da
mitocdndria (Yao e Tabas, 2001). Nao foram encontradas, no presente trabalho,
diferencas estatisticamente significativas entre os potenciais de membrana
mitocondrial, avaliados em mondécitos e linfécitos de individuos normo e
hiperlipidémicos. Houve, entretanto, aumento da fluorescéncia apos a adigao da
oligomicina (um inibidor da ATP sintase), sugerindo que a fosforilagdo oxidativa
estava preservada em ambos os grupos, apesar dos pacientes hiperlipidémicos
apresentarem maior geragdo de EROs e maior concentragdo sérica da LDL-ox.
Nossos resultados diferem do estudo in vitro, com cultura de células endoteliais de

veias umbilicais humanas, efetuado por Ou et al. (2006), onde foi detectada
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despolarizacdo do AWm na presenga de LDL-ox. Essas diferencas podem ser,
provavelmente, em virtude das especificidades de respostas por diferentes tipos

celulares.

Nenhuma associagao foi encontrada entre o numero de leucécitos e a
geracao de EROs mitocondrial ou LDL-o0x, sugerindo que a condicdo de estresse

oxidativo n&o tem influéncia sobre o numero destas células no sangue periférico.

Os pacientes portadores de DLM apresentaram maior concentragcio
sérica de insulina (p=0,0002), quando comparados aos controles e
hipercolestolémicos. O indice que avalia a resisténcia a insulina (Homeostasis
Model Assessment-HOMA-R) foi maior tanto nos pacientes com DLM quanto nos
HC, quando comparado ao grupo-controle (p=0,0003). Apesar de nao ter sido
encontrada correlagdo entre a concentragdo sérica da insulina e a geragéo de
EROs, a insulina poderia estar contribuindo para o aumento da geragdo de
radicais livres por meio da ativacdo do sistema renina—angiotensina que leva ao
aumento do angiotensinogénio Il, um potente indutor endégeno da NADPH
oxidase, aumentando a sintese de NAD(P)H (Hayden e Tyagi, 2004;
Higashi et al., 2005). Ceolotto et al. (2004), trabalhando com cultura de
fibroblastos humanos, constataram que a concentracado elevada da insulina gera
O," via NAD(P)H através de um mecanismo que envolve a ativacdo da
fosfatidilinositol 3’-kinase. O HOMA-R correlacionou-se, positivamente, com a
presenca de LDL pequenas e densas (razdo TG/HDLcol, r= 0,6404) que sao mais
suscetiveis a oxidagdo. Reaven (2002) obteve resultados semelhantes ao
correlacionar a razao TG/HDLcol e a concentragao plasmatica da insulina apds

sobrecarga de glicose, em 400 individuos saudaveis.

O processo inflamatério tem se tornado um dos temas centrais na
patogénese das doengas cardiovasculares nas ultimas décadas (Mehra et al.,
2005). Atualmente € pratica clinica corrente usar a redugédo do colesterol da LDL
como uma estratégia efetiva para reduzir (ou reverter) o processo aterosclerético e

inibir a inflamacgéao associada a esta condi¢ao (Barter, 2005).
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O papel do acido urico como marcador de risco de doengas
cardiovasculares & controverso (Hayden e Tyagi, 2004). Culleton et al. (1999) ao
analisarem os dados obtidos no estudo prospectivo de Framinghan realizado em
6.763 adultos, demonstraram n&o haver associacido entre a concentracédo elevada
do acido urico e a elevagao do risco para o desenvolvimento de doengas arteriais
coronarianas ou morte por doencas cardiovasculares. No presente trabalho, foi
encontrado que os pacientes hiperlipidémicos tém maior concentragao sérica de
acido urico (p=0,039), quando comparados aos individuos normolipidémicos. A
analise conjunta dos dados dos pacientes hiperlipidémicos e controle mostrou uma
tendéncia de correlacdo positiva entre a geracdo de EROs e a concentragao
plasmatica de acido urico (r=0,30, p=0,0678). Estes resultados estdo de acordo
com observagdes contidas no estudo de revisdo realizado por Hayden e Tyagi
(2004) ao mostrar que em humanos, quando as concentragdes séricas de acido
urico estao elevadas (>6,5 a 7 mg/dL para homens e > 6 mg/dL para mulheres)
este metabdlito pode passar a exibir propriedades pré-oxidantes em determinadas
condigdes: pH acido, diminuicdo do sistema de defesa e aumento da geragao de
EROs. O estudo realizado por Mellin et al. (2005) mostrou que ratos com
insuficiéncia cardiaca cronica, quando tratados em longo prazo com a xantina
oxidase (uma enzima importante no metabolismo das purinas e sintese do acido
urico) melhoram a hemodinamica cardiaca, tém redugao da dilatagdo ventricular
esquerda, hipertrofia e acumulo do colageno, e assim tém melhora das fungdes
cardiacas sistdlicas e diastdlicas. Os autores concluem que estes efeitos do
tratamento podem estar relacionados com a reducio transitéria da produgdo de

EROs pelo miocardio e/ou diminuicdo da resposta inflamatdria miocardica.

A associagcdo entre a leucocitose e o aumento da morbidez e
mortalidade das doencgas vasculares isquémicas tem sido observada desde a
metade do século passado (Coller, 2005). Estudo prospectivo realizado por Grau
et al. (2004) mostrou que, em populagdo de alto risco, a contagem global de
leucécitos € um preditor independente de eventos de isquemia e que também esta
associada ao risco de morte por doengas vasculares, em pacientes com historia

prévia de doencas isquémicas. Neste trabalho, nés demonstramos que a
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contagem global de leucdcitos foi significativamente mais elevada nos pacientes
hiperlipidémcos (p=0,0366). Os mecanismos que ligam a contagem global de
leucocitos ao risco de desenvolvimento de doencas cardiovasculares ndo sao
totalmente compreendidos. A ativacdo dos leucdcitos circulantes pode contribuir
para a aterogénese e para a isquemia de orgaos por aumentar a adesao e o dano

endotelial e causar disturbio no fluxo microvascular (Ernst et al., 1987).

A PCR-us parece ser util na estratificagdo do risco de eventos
coronarianos. Sao considerados de alto risco, individuos com valores sérico de
PCR-us acima de 3,0 mg/L (Pearson et al, 2003). No presente trabalho, todos os
grupos estudados tiveram concentragao sérica da PCR-us inferior a 3,0 mg/dL e
nenhuma diferenga estatisticamente significativa foi encontrada entre os grupos,
embora concentragdes mais altas nos pacientes com dislipidemia mista tenham
sido detectadas. Lee et al. (2006) ao compararem as concentragdes séricas de
PCR-us e IL-6 de pacientes com e sem DAC nao encontraram diferenca

estatisticamente significante entre os grupos.

No presente estudo, ndo foram encontradas diferengas significativas
entre as concentragbes séricas da MCP-1, IP-10, Mig e IL-6 entre os grupos
hiperlipidémicos e controles. Holven et al. (2003) também nao encontraram
diferenca significante entre as concentragdes séricas de MCP-1 de pacientes com
hipercolesterolemia familiar e a de individuos-controle. Entretanto, em estudo
realizado por Oliveira (2006) foi encontrada maior concentragdo plasmatica de
IP-10 e Mig em pacientes com angina estavel e uma tendéncia de maior
concentragdo de Mig em pacientes com angina instavel, quando comparados a
individuos controles. A razido para essa diferenga entre os resultados pode estar
relacionada ao fato de que os pacientes, nos dois estudos, possuiam condi¢des

clinicas e terapéuticas diferentes.

Observamos que, quando somente o0s dados dos pacientes
hiperlipidémicos foram analisados, notou-se uma correlagdo positiva significativa
entre a concentragdo plasmatica da MCP-1 e a geragdao mitocondrial pelos

mondcitos (r=0,84, p= 0,0187) e uma tendéncia de correlagdo positiva com a
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concentracao sérica da LDL-ox (r=0,66, p=0,0746). Estes resultados estdo de
acordo com os estudos realizados por Chen et al. (2004) que, ao trabalharem com
cultura de células endoteliais de aorta humana demonstraram que a geracao de
EROs (H»,O, e 0O,7), pela NADPH-oxidase, aumenta a expressédo da MCP-1
induzida pelo TNF-a confirmando, portanto, que a ativagdo da expressao do gene
da MCP-1 é mediada por mecanismos de oxi-redugdo e com o estudo in vitro
conduzido por Li e Mehta (2000) que mostraram que a incubagao de células
endoteliais de artéria coronariana humana com LDL-ox levou a um aumento tanto
da expressdo do MCP-1 RNAm quanto da proteina. Estudos in vitro também
demonstraram a inducéo da expressao de MCP-1 em células endoteliais e células
musculares lisas, por LDL minimamente modificadas (Cushing et al., 1990;
Rajavashisth et al., 1990). Assim a MCP-1surge como uma possivel ligagdo entre
a LDL-oxidada e a formacdo de células espumosas na parede arterial
(Charo e Taubman, 2004).

Estudo in vitro demonstrou importancia da IP-10 e Mig na regulagao do
recrutamento dos linfécitos para a area da lesdo (Mach et al.,, 1999). A
neutralizagdo destas vias in vivo poderia modular a migragdo de células imunes
para esta regido vascular, durante a aterogénese. No presente estudo, quando
somente os pacientes hiperlipidémicos foram analisados, foi observada uma
significativa correlagdo negativa entre as concentragdes séricas da IL-6 e da IP-10
(r=-0,71, p=0,0473). A IL-6 tem sido considerada, ha muito tempo, como uma
citocina proé-inflamatéria induzida pelo lipopolissacarideo (LPS). Como muitas
outras citocinas a IL-6 tem ambas as propriedades pré e antiinflamatdrias, embora
seja um potente indutor das proteinas de fase aguda. E descrito na literatura que a
IL-6 inibe a producdo das citocinas pré-inflamatodrias, porém tem pouco efeito
sobre as interleucinas antiinflamatérias, além de induzir a sintese de
glicocorticéides. Todos esses efeitos imunolégicos fazem com que a IL-6 pertencga
ao grupo de citocinas antiinflamatodrias (Tilg et al., 1994; Xing et al., 1998; Opal e
DePalo, 2000). A correlagdo negativa obtida entre a IL-6 e a IP-10, nos pacientes
hiperlipidémicos, talvez possa indicar que a IL-6 esteja exercendo um papel

antiinflamatério, atuando na modulagdo da migragdo de células imunes para o
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subendotélio. Entretanto, sdo necessarios mais estudos que comprovem a agao

antiinflamatoria da IL-6 na aterogénese.

No presente trabalho, uma tendéncia de correlacdo negativa
(r=-0,73, p=0,0533) foi encontrada entre a concentragao sérica da Mig e a geragao
mitocondrial de EROs Este resultado € concordante com o resultado obtido por
Fulkerson et al. (2004) que constataram que a Mig é capaz de inibir a geracéo de
anion superoxido pelos eosindfilos, por meio da inibicdo da atividade da oxidase
eosinofilica, bloqueando, desta forma, a fungao efetora destes leucécitos, e, além
disso, observaram que esta quimiocina € uma inibidora natural do recrutamento

dos eosindfilos

A correlagdo positiva entre a concentragdo plasmatica de IL-6 e a
medida de circunferéncia da cintura (r=0,58, p=0,0002), observada no presente
estudo, sugere que a IL-6 participa de processos regulatorios do peso corporal,
uma vez que o tecido adiposo libera grande quantidade desta citocina
(Mohamed-Ali et al., 1997).
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A geragéo mitocondrial de EROs, avaliada em mondcitos isolados de
pacientes hipercolesterolémicos, € maior do que a dos individuos

normolipidémicos

Maiores concentracbes séricas de LDL-oxidada e de presenca de
LDL pequenas e densas, foram encontradas nos pacientes
hiperlipidémicos

Provavelmente, existe um ciclo vicioso entre a geragao mitocondrial

de EROs e a concentragao sérica de LDL-oxidada

A producdo de EROs pelos mondcitos circulantes dos individuos
hiperlipidémicos pode contribuir para o estresse oxidativo e,

possivelmente, para a aterogénese nestes individuos

Na presente condicdo de hiperlipidemia primaria, a elevagdo da
LDL-ox sérica nao afetou a funcao mitocondrial

Na hiperlipidemia primdria, a associa¢ao da gera¢cdo mitocondrial de
EROs em mondcitos circulantes com a concentragdo sérica da
MCP-1 demonstra a importancia do estresse oxidativo na modulacao
da resposta imunoldgica e estabelece uma ligacdo direta entre a
MCP-1 e a LDL-oxidada

A correlacdo negativa entre a concentragcéao sérica da IL-6 e da IP-10
pode demonstrar uma propriedade antiinflamatéria da IL-6, presente
nestes pacientes
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Figura 1- A hiperlipidemia primaria leva a maior produgdo mitocondrial de espécies reativas de
oxigénio (EROs) em mondcitos circulantes e ao aumento da concentracéo sérica da LDL
oxidada (LDL-ox), que estdo positivamente correlacionados, criando, portanto, um ciclo
vicioso. As correlagdes positivas detectadas entre a concentracdo sérica MCP-1
(monocina induzida pelo interferon-gama) com a geracdo de EROs pelos monécitos e
com a concentragao sérica da LDL-ox podem indicar que esses parametros podem ser
0s responsaveis pela ativacdo das células endoteliais assim como pela lesdo do
endotélio, uma vez que a MCP-1 é responsavel pelo recrutamento dos mondcitos
circulantes para a area de lesao endotelial, dando inicio ao processo aterosclerético. A
aterosclerose, processo imunoinflamatério complexo e continuo, também é
caracterizada pela presenca de linfocitos T atraidos para a area de lesao pela acao da
IP-10 (proteina induzida pelo interferon gama) e da Mig (monocina induzida pelo
interferon-gama), liberadas pelas células endoteliais ativadas. A forte correlagdo
negativa entre a IL-6 e a IP-10 pode ser indicativa do papel modulador da IL-6 sobre a
migracao dos linfocitos T para a area de lesdo, levantando a possibilidade de que,
nestes pacientes, a IL-6 esteja exercendo um papel antiinflamatério.
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