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RESUMO

O estresse oxidativo esta envolvido com o deseimelvo de doenca cardiovascular
(CV) em pacientes com doenca renal cronica (DRCauento da atividade de enzimas
como a nicotinamida adenina dinucleotideo fosf&lAPH) oxidase e a mieloperoxidase
(MPO) leva ao estresse oxidativo. Neste estudoliaavas a hipotese de que variacbes
genéticas funcionais no sistema NADPH/MPO podegrr esisociadas com estresse oxidativo
e consequentemente com o desenvolvimento de daangevascular em pacientes renais
cronicos. O objetivo deste estudo prospectivo ®iagtaliar a influéncia do polimorfismo
242C/T CYBA (gene codificador da subunidade p22pbdaxNADPH) e do polimorfismo
-463G/A da MPO, sobre o nivel plasmatico de manssmiode estresse oxidativo,
caracteristicas clinicas de doenga cardiovasculasce de mortalidade em um grupo de
pacientes apresentando doenca renal cronica dgeStéao iniciarem a terapia de reposicao
da funcéo renal. A populacdo estudada foi de 2%fepies com doenca renal crbnica de
estagio 5 (idade média 55 anos — entre 22 a 70; &8¢ sexo masculino), que foram
recrutados e acompanhados em meédia por 42 mesesvéds de plasmalogénio eritrocitario
(DMA 16/C16:0), pentosidina e 8-oxoDG foram utililos como marcadores de estresse
oxidativo. A doenca cardiovascular foi determinatiavés do histérico e sintomas clinicos
dos pacientes. A mortalidade cardiovascular foiitoozada durante o seguimento do estudo.
A genotipagem foi realizada por PirosequenciameBto. uma avaliacdo transversal, no
momento do recrutamento (tomado como periodo Inesé estudo) a prevaléncia de doenca
cardiovascular em pacientes com o genoétipo GG @aralimorfismo -463G/A da MPO foi
significativamente mais alta (35%) quando compaKama 0s pacientes com gendtipos AG
(26%) e AA (0%) (p<0.01). Pacientes com 0 genof}id para o polimorfismo 242C/T do
gene CYBA apresentaram niveis mais baixos de DMAC16.0 (0.071+0.003) quando
comparados com 0s pacientes com genoétipo TT (0@B8O&) (p<0.05). Estes pacientes
também apresentaram maior mortalidade cardiovasguéndo comparados aos pacientes de
gendtipos CT e TT (Qui-quadrado 2.19; p<0.05). Gdnws que as variagbes genéticas no
sistema NADPH/MPO estdo associadas com estress#ation, presenca de doenca
cardiovascular e mortalidade (relacionada a doeardiovascular) em pacientes com doenca

renal cronica.



ABSTRACT

Oxidative stress (OS) is involved in the developtwdrcardiovascular disease (CVD)
in chronic kidney disease (CKD) patients. Up-regiata of enzymes such as nicotinamide
adenine dinucleotide phosphate (NADPH) oxidaserapeloperoxidase (MPO) results in OS.
We hypothesize that functional genetic variationsthie NADPH/MPO system may be
associated with oxidative stress and as a consegueith the development of CVD in CKD
patients. In the present study, we evaluated ttheeimce of 242C/T CYBA (gene encoding a
subunit of NADPH) and MPO -463G/A polymorphisms ©8 and clinical overt CVD and
CVD mortality in a group of incident patients wisttage 5 CKD starting renal replacement
therapy. Two hundred fifty seven stage 5 CKD pasigi56 males, mean age of 55 years;
range 22-70 years) were recruited and followedan@afmean of 42 months. The fasting ratio
of erythrocyte levels of plasmalogen (DMA 16/C16®ntosidine and 8-OHdG were used as
OS markers. CVD was assessed from patient histaychnical symptoms. Genotyping was
performed using Pyrosequencing. By cross-sectianalysis at recruitment time (defined in
this study as the baseline), the prevalence ofcelirovert CVD at the baseline in patients
with the GG genotype for the MPO G-463A polymorphisias significantly higher (35%)
when compared to patients with the AG (26%) and (@86) genotypes (p<0.01). Patients
with the CC genotype for the CYBA 242C/T polymogrhi presented lower levels of DMA
16/C16:0 (0.071+£0.003) when compared to patienth whe TT genotype (0.089+0.006)
(p<0.05). These patients also had an increasedowastular mortality when compared to
patients with the CT and TT genotypes (Chi squat8;20<0.05). We conclude that genetic
variations in the NADPH/MPO system are associatikd exidative stress, presence of CVD,

and CVD-related mortality in CKD patients.
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INTRODUCAO

Ao desempenhar normalmente sua funcéo de filtramarmgue, o0 rim excreta 0s
residuos metabdlicos, regula a concentracdo cdrgeragua e sais, mantém o equilibrio
acido apropriado do plasma e ainda funciona como dugéo endocrino, secretando
hormoénios tais como eritropoetina, renina e pradatatinas (1). A doenca renal crbnica
(DRC) consiste de uma lesao renal e perda progeessirreversivel da funcdo dos rins, e
pode ser dividida em estagios funcionais (de 0 @e5cordo com o grau da fungéo renal. A
DRC de estagio 5 é uma desordem multifatorial cergplcom uma elevada taxa de
mortalidade, e caracteriza pacientes com insufi@émenal terminal ou dialitica e com
filtracdo glomerular menor que 15 ml/min. A taxa dertalidade devido a doenca
cardiovascular (DCV) em pacientes com DRC é muitiomdo que na populagdo geral,
mesmo quando ajustadas para idade, sexo, racaenpeede diabetes mellitus (2). Fatores de
risco classicos para DCV como dislipidemia, hipesé® arterial e tabagismo sdo de alta
prevaléncia em pacientes com doenca renal créaioartal, porém estudos tém demonstrado
gue estes fatores sozinhos ndo conseguem explalta taxa de mortalidade cardiovascular
observada nesta populacdo (3). De acordo com escavidéncias, fatores de risco néo
tradicionais como estresse oxidativo (um demometrato desequilibrio entre a producéo de
radicais livres e a capacidade antioxidante) panegesempenhar um papel fundamental no
desenvolvimento da DCV neste grupo de pacientes (4)

Fatores genéticos envolvidos nas vias relacionagagstresse oxidativo parecem

exercer um papel relevante mediando o risco dgsteientes em desenvolver complicacdes
(5).

A coexisténcia de alelos multiplos em um lécus daagna humano € chamada de
polimorfismo genético. Qualquer sitio no qual existalelos multiplos como componentes
estaveis da populacéo €, por definicdo, polimérfidm alelo € geralmente definido como
polimorfico se ele estiver presente em uma fregaénd % na populacéo (6). Um fendtipo
especifico pode ser resultante do impacto de pdiisnoos como, por exemplo, certos SNPs
(polimorfismos de troca de base Unica). Sendo a DR@ desordem multifatorial, onde
varias condi¢cdes e complicacdes contribuem pamenétipo observado, de forma geral um

anico polimorfismo deve ter um efeito modesto, pose exposto a uma condicdo especifica



e adversa podera talvez apresentar um efeito rekevBara determinar se um polimorfismo
realmente interfere em um fendtipo, estudos furarevem ser realizados, como 0s
estudos de express#o vitro e estudos em animais de experimentacdo. Em umoestud
associacdo, a escolha de um gene e SNP candiddéot@o como base a analise da via
fisiopatoldgica associada a doenca (estratégiaede gandidato). Na anélise de complicagfes
da DRC, inumeros genes podem ser consideradosdeanslidevido a complexa interacédo
génica envolvida. Com base na literatura foram |Ibgbms para este estudo dois SNPs

relacionados ao estresse oxidativo.

Tem se tornado claro que o estresse oxidativo t@pontante contribuicdo na
morbidade e mortalidade cardiovascular em pacietwes DRC (7). Espécies reativas de
oxigénio (ERO), como superéxido, perdxido de hiérig e o radical hidroxila, s&o
metabolitos intermediarios normalmente produzidosacte o metabolismo do oxigénio, e
gue podem reagir avidamente com proteinas, ligidsrboidratos, acidos nucléicos e outras
moléculas desnaturando-os. Em condicfes normaigspécies reativas de oxigénio séo
contidas naturalmente pelo sistema antioxidanteirfeas antioxidantes e antioxidantes
endogenos e exdgenos capazes de reagir com ER@xando sua inativacdo) que protege
as moléculas estruturais e funcionais contra giéemmediadas por EROs, prevenindo assim
citotoxicidade e dano tecidual. Além disso, espeosativas de oxigénio desempenham um
papel importante como moléculas sinalizadoras, @d%£Rroduzidas por leucdcitos e
macrofagos ativados sé@o essenciais na defesa eoitti@organismos invasores. Porém sob
uma série de condi¢cdes anormais, a taxa de espécittgas de oxigénio produzidas pode
exceder a capacidade natural dos antioxidantesuzortb ao estresse oxidativo, onde as
EROs podem atacar moléculas estruturais ou funisianassim produzir dano e disfungéo
tecidual. Na DRC, o estresse oxidativo esta engolna patogénese de disturbios a ela
associados, como a hipertenséo (inativacdo do Gxitico e oxidacdo acido araquidonico)
(8, 9), desordens neuroldgicas (nitracdo de praseaerebrais, oxidacdo da mielina) (10),
anemia (reducéo do tempo de vida dos eritrocittk), (nflamacéo (ativacao do fator kappa B
nuclear) e doenca cardiovascular (oxidacdo de dgiephas, aterogénese) (7). O desequilibrio
entre o dano endotelial e a capacidade de repgparéde vascular faz parte da fisiopatologia
de vérias doengas, mas se torna particularmenteriampe na DRC, dado que o ambiente
urémico por si s6 deve aumentar a geracdo de pd&es e diminuir 0s niveis séricos de



antioxidantes que por sua vez aumenta a cargatwdadaom a progressao da faléncia renal
(7).

Embora varias substancias e produtos metabdlicdsnjdam sido descritos como
marcadores de estresse oxidativo, ndo ha um marpadcéo estabelecido. A 8-hidréxi-2’-
deoxiguanosina (8-OHdG) resulta da oxidacdo da paseina e é um dos produtos mais
comuns do dano oxidativo do DNA, podendo ser usadao um indicador deste dano (12).
Na DRC o dano oxidativo no &cido nucléico de leuio8cfoi demonstrado através da
mensuracdo da 8-OHdG por cromatografia liquida lde eficiéncia (HPLC), que se
encontrava mais elevada em pacientes com DRC cangar individuos saudaveis (13). A
pentosidina pode ser gerada como resultado do d@angenatividade da mieloperoxidase
através do aumento da producédo de aldeidos (1dgnpo assim ser utilizada como um
marcador indireto do dano oxidativo de proteinanA disso, os plasmalogénios séo
subgrupos de fosfolipidios encontrados na memizah#ar e em lipoproteinas plasmaticas,
e estudos sugerem que eles tenham efeito protetando como anti-oxidantes durante a
oxidacdo de lipoproteinas (15), e que atuem conemnahtos estruturais estabilizando
proteinas transmembréanicas (16). Concentracdesinuimas de plasmalogénios
fosfolipidicos foram relatadas em pacientes com DPR@hfirmando a presenca de um
aumento no estresse oxidativo em tal grupo de p@siee validando seu uso como marcador

de estresse oxidativo nestes pacientes (17, 18).

Tem sido descrito recentemente que o aumento saade de enzimas como a
NADPH oxidase e da MPO resultam na producao dedgrgonantidade de oxidantes, e por
isso levariam ao estresse oxidativo. Além disste esmplexo enzimatico foi descrito como
sendo o maior sistema oxidante em neutréfilos AYIPO é uma hemoproteina abundante
encontrada em neutrofilos e em menor quantidadbéanmem mondcitos. A principal funcéo
biologica da MPO é a defesa do organismo, catalsan producdo de acido hipocloroso
(HOCI) para eliminar microorganismos invasores. $grcanismo de acao se baseia no
seguinte ciclo de eventos: o neutréfilo sintetizadgido de hidrogénio por acdo da enzima
superoxido desmutase (SOD) a partir de duas male@é superdxido. A MPO converte o
perdxido de hidrogénio em presenca de ions hateto® o cloreto (C) em HOCI-, que € um
poderoso oxidante. Isto leva a destruicdo do agemasor por oxidar sua membrana
plasmatica e criar ligacdes moleculares prejudicjtaz unido dos radicais sulfidrila dos

aminoacidos cisteina das proteinas superficididglPO tem atraido significativa atencao



recentemente, pois parece estar envolvida em gumai@idade de doencgas néo infecciosas
como o cancer de pulméo, doenca de Alzheimer,reselendultipla, aterosclerose e vasculite
(20). O gene MPO, que codifica a proteina mieloxdese, esta localizado em 17g23.1 no
genoma humano. Na regido promotora do gene MPQd#mitificado um importante e
funcional polimorfismo em um Unico nucleotideo (SN$endo este SNP a substituicdo de
uma guanina (G) por uma adenosina (A) na regia8 {(463G/A). Estudos demonstraram
que o alelo G (em contraste ao alelo A) cria untefaitio de ligacdo SP1, que esta
relacionado com a dobra transcricional do gene amdalelo alternativo confere uma
transcricdo reduzida (21). Existem crescentes auidé de que a MPO esta envolvida na
patogénese da aterosclerose, iniciando com a fidegho desta enzima em placas
ateroscleroticas, onde € cataliticamente ativasporesavel pela oxidacao de lipoproteinas de
baixa densidade (22). De fato, varios produtosnicst da MPO, como a 3-clorotirosina, sao
abundantes em lesbes ateroscleréticas humanas Bp@pnoteinas de baixa densidade
recuperadas de ateroma humano (23). Além dissonemstudo recente a MPO foi associada
a modulacédo da sinalizacéo vascular e funcdes Natatbras do oxido nitrico (NO) (24),
enquanto seu genotipo tem demonstrado influenciaisap cardiovascular em pacientes
renais e nao-renais (25, 26), sendo que em pasieate DRC, foi descrito que a presenca do
alelo G esta associada com o aumento da preval@eciBCV e dos sinais de estresse
oxidativo (27).

A NADPH oxidase € um complexo enzimatico que csdal reducdo univalente do
oxigénio usando NADPH como doador de elétrons dedaccom a reaca®ADPH + 202 -
NADP+ + H+ + 20z-. O anion superéxido () formado atua como oxidante no sistema
microbicida fagocitério, prosseguindo por uma ségereacfes de transferéncia de elétrons
que constitui 0 metabolismo oxidativob(lrst oxidativd) que € caracterizado por um
aumento abrupto no consumo de oxigénig) @sua reducao parcial a anguperoxido (&

). O - ao agir como um oxidante, é reduzido para peooxie hidrogénio (kD2), que é

diretamente téxico para os microorganismos. Alérstadéuncdo da NADPH oxidase nos
fagodcitos, onde esta enzima produz grandes qudesdde superoxido, a NADPH oxidase
vascular € uma enzima analoga a NADPH oxidase facmcporém estimativas de producéo
de @- em células vasculares sugerem que a capacidatieatezima é aproximadamente um
terco da dos neutrofilos (28), e que possui umac&oanprimariamente sinalizadora.

Diferentemente da NADPH oxidase leucocitaria, qumente € ativa quando estimulada e



que tem uma producdo abrupta de EROs, a NADPH sxidascular € de baixa
produtividade e de liberacdo branda, e tem umadfurgpnstitutiva que € ausente nos
fagodcitos (29). O complexo NADPH oxidase consistedeias subunidades de membrana do
citocromo b558, a subunidade gp91phox (Cybb) e smtainidade menor p22phox (Cyba),
servindo como transportadores de elétrons da entidsgcomponentes citossélicos que sao
p47phox Ncfl), p67phox Ncf2 e p40phox Kcf4), e duas proteinas G (proteinas de baixo
peso molecular que se ligam ao nucleotideo guanR&}2 (em algumas células Racl) e
RaplA. O gene CYBA, codificante da subunidade p@2pHa NADPH oxidase, esta
localizado em 16924 no genoma humano. A subunigd@dphox é componente essencial da
NADPH oxidase, indispensavel na producdo de sumyd@m células fagocitarias, e estudos
demonstraram que esta subunidade também € expeassautros tipos celulares como
fibroblastos, células endoteliais, e em célulasndssculatura lisa vascular (30) onde a
inibicdo da expressao da p22phox reduz a produedsuperoxido (31). O SNP C242T no
exon 4 do gen€YBA que resulta na substituicdo de uma histidina ysoa tirosina no
aminoacido 72 (His72Tyr) do sitio de ligacdo herfa, descrito estar associado com
atividade alterada da oxidase (32). Como a higtiddnconsiderada ligante para o grupo
prostético heme do citocromo b, foi sugerido qui gmlimorfismo esteja diretamente
relacionado com a func¢do da subunidade p22phoxAd2PH oxidase (33). Sendo a p22phox
um componente essencial da NADPH oxidase, foi desgue o polimorfismo C242T est4
associado com uma menor producao vascular de sughem pacientes com doenca arterial
coronariana (32). Neste estudo, o risco de doeriedah coronariana mostrou-se menor em
individuos carregando o alelo “T”, porém outrosudet revelaram resultados contraditorios
em pacientes com doenca arterial coronariana &84 8oenca cerebrovascular (36). Existem
diversos estudos caso-controle envolvendo o polismeo C242T da NADPH oxidase, mas
eles apresentam conflito entre seus resultadoseXanplo, os resultados de Renner et al.
(37) mostraram que nao existe uma associagao @piémorfismo C242T e doencga arterial
periférica oclusiva. Em contraste, outros estudogeem que este polimorfismo esta
associado com um aumento do risco de doenca éartammanariana (38) e de doenca
cerebrovascular (36) em pacientes jovens, além edeassociar com a progressdo da
aterosclerose coronariana (35). O efeito do pofisao C242T do gene CYBA sobre a
atividade da NADPH oxidase ainda nao esta totalenestlarecido, mas em estudos que

investigaram os efeitos deste polimorfismo nasdesge células vasculares e endoteliais, os



resultados trazem que este polimorfismo leva a penda de atividade da NADPH oxidase

em vasos humanos (32, 39).

Como os genes codificantes da MPO e da NADPH oegid@® conhecidamente
polimorficos, e variagdes genéticas funcionais istesia NADPH/MPO podem interferir na
producdo de espécies reativas de oxigénio (ER@pséivel que polimorfismos em genes
relacionados ao sistema possam estar associadosstmsse oxidativo e consequentemente

ao desenvolvimento de DCV em pacientes com DRC.



OBJETIVO

Analisar as associacdes entre polimorfismos gesgtrelacionados a MPO e a
NADPH oxidase e niveis plasmaticos de marcadoresstiesse oxidativo, prevaléncia de

DCV e mortalidade em pacientes portadores de DRC.
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Abstract

Oxidative stress (OS) is linked to cardiovasculesedse (CVD) in chronic kidney disease
(CKD) patients. Up-regulation of enzymes such asotmamide adenine dinucleotide

phosphate (NADPH) oxidase and myeloperoxidase (MiQ)lts in increased OS. Functional
genetic variations in the NADPH/MPO system migladeto altered transcription and/or
activity of these enzymes, and thus to altered faskOS and CVD in CKD patients. We

evaluated the impact of the 242CGZ¥BA(gene encoding a subunit of NADPH) and -463G/A
MPO polymorphisms on OS and CVD mortality in stageKDJoatients starting dialysis.

Two hundred and fifty-seven patients (156 malesanmage of 55 years; range 22-70 years)
with mean GFR 7.0 mL/min were followed up for a med 42 months. The fasting ratio of
erythrocyte levels of plasmalogen (DMA 16/C16:0)sweed as marker of OS. CVD was
assessed from patient history and clinical sympto@snotyping was performed using

Pyrosequencing.

By cross-sectional analysis at recruitment timefifee in this study as the baseline), the
prevalence of overt CVD was higher (35%) in pasewith the GG genotype dIPO G-
463A polymorphism as compared to patients with Alig (26%) and AA (0%) genotypes
(p<0.01). Patients with the CC genotype for ¥BA 242C/T polymorphism had lower
levels of DMA 16/C16:0 (ratio 0.071+£0.003) as comggato patients with the TT genotype
(0.089£0.006; p<0.05). These patients also hachareased CVD mortality when compared
to patients with the CT and TT genotypes (Chi sguarn9; p<0.05). We conclude that
genetic variations in the NADPH/MPO system are essed with oxidative stress, presence
of CVD and CVD-related mortality in CKD patients.

Key words: oxidative stress, NADPH oxidase, MPO, cardiovaacdlsease, mortality, CKD

patients.
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Introduction

The mortality rate of chronic kidney disease (CKfatients due to cardiovascular disease
(CVD) is several-fold higher than in the generapylation, even after adjustment for age,
gender, race and diabetes mellitus (1, 2). Oxidasitress is a reflection of the imbalance
between then vivo generation of free radicals and the anti-oxidatigpacity of surrounding
tissue and has emerged as a contributor to vasdialeease (3). Furthermore, oxidative stress
is a constant feature of CKD, as evidenced by amdédnce of lipid, carbohydrate, and
protein oxidation products in the plasma and tissofeuremic patients, although the causes
and consequences of these findings are still tcnbestigated (4). Indeed, oxidative stress
may be an important contributor to cardiovascularbidity and mortality in CKD patients
(5). Thus, it is of interest that recent studievehghown that up-regulation of enzymes
involved in the controlled production of oxygen icas inherent to normal physiology,
including Nicotinamide Adenine Dinucleotide Phoggeh#®xidase (NADPH-oxidase) and
myeloperoxidase (MPQO) are major contributors tdesysc oxidative stress in vivo (6, 7) .

MPO is an abundant hemoprotein found mainly intmoghils but to a lower extent
also in monocytes (7). The main biological functadrMPO is the defense of the organism by
catalyzing the production of hypochlorous acid (HQ@ potent pro-oxidant used in host
defense. MPO has recently attracted significanenéitin, since it seems to play a
pathophysiological role in a broad range of nomatibus diseases, including lung cancer,
Alzheimer's disease, multiple sclerosis, atherossie, and vasculitis (7). A well-
characterized and functional single nucleotide magphism (SNP) in the promoter region of
the MPO gene, consisting of a G to A substitution (-463§3tas been shown to be correlated
with a 25-fold difference in transcriptional actwi with the greatest transcription in GG
homozygotes (8). Also, the presence of the G allele shown by our group to be associated
with increased prevalence of CVD and increasedss@noxidative stress in stage 5 CKD

patients (9).

NADPH-oxidase is a plasma membrane-associated enxymplex that catalyzes the
univalent reduction of oxygen using NADPH as arctt donor. The superoxide anion
formed acts as an oxidant in the phagocyte micrddlicystem, proceeding through a series
of electron transfer reactions that form the respny burst. In contrast to the high-output
phagocytic oxidase, the vascular NADPH-oxidasedaweoutput, slow-release enzymes and
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have a moderate constitutive activity, which iseadtsn phagocytes (10). It is a multisubunit
enzyme complex that comprisasplasma membrane composed of two subunits, gp81pho
(Cybb) and p22 phox (Cyba), serving as the electransfer components of the enzyme,
three cytosolic components, and two binding pratdi@ proteins). TheCYBA gene thus
encodes the p22 subunit, and the C242T SNP in éxarthat gene has been shown to result
in the replacement of histidine by tyrosine at amacid 72 (His72Tyr) of the potential heme
binding site, which appears to result in reducedlase activity (11). Thus, as MPO and
NADPH are both involved in generating oxidativeess, and as oxidative stress is linked to
CVD, we hypothesized that tHeYBAC242T andVIPO G-463A functional polymorphisms
could lead to clinically significant differences oxidative stress and thus modulate CVD

morbidity and mortality in patients with stage 5 CBK

Material and Methods
Study subjects

Two hundred fifty seven stage 5 CKD patients (158as, mean age of 55 years - range 22-
70 years) from the Karolinska University HospitalHuddinge (Stockholm, Sweden) were
studied close to the start of renal replacementathe (RRT). Exclusion criteria were age
above 70 years, clinical signs of overt infectiomd/ar acute vasculitis, liver dysfunction,
known malignancy and unwillingness to participatehis study. Part of this patient material
has been described previously (12, 13). The cauE&RD was chronic glomerulonephritis in
22% of the patients, diabetic nephropathy in 2384, @her or unknown causes in 55% of the
patients. Forty eight percent started hemodialfls[3) whereas 52% had peritoneal dialysis
(PD) as initial RRT. Many patients were on antihypesive medications, such as angiotensin
converting enzyme inhibitors (50%), beta-blocke&l%) and calcium-blockers (38%).
Subjective global nutritional assessment (SGA) waed to evaluate the overall protein-
energy nutritional status. SGA includes six sulpyectassessments, three based on the
patient’s history of weight loss, incidence of amoa and incidence of vomiting and three
based on the subjective grading of muscle wastprgsence of oedema and loss of
subcutaneous fat. Based on these assessmentqatiech was given a score which reflected

the nutritional status (14), and malnutrition wasfimed as a subjective global assessment
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(SGA) score >1. Demographic data of the patients giwven in Table 1. The Ethics
Committee of the Karolinska Institutet at Huddindeiversity Hospital approved the study

protocol, and informed consent was obtained frdmatients and control subjects.

Clinical cardiovascular disease at baseline and suival analysis

Clinical cardiovascular diseaseas defined by clinical symptoms or findings, opravious
history of congestive heart failure, myocardiabkitions, angina, peripheral vascular disease,
or cerebrovascular disease. The median follow-upogewas 42 months (range, 1-126
months). CVD-related mortality was defined by dea#ittributed to CVD (cardiovascular,
cerebrovascular, peripheral vascular disease arttt ameurysm). Patients submitted to a

renal transplant were also followed up for the onte analysis.

Blood sampling and laboratory analysis

Within one week of inclusion, blood samples wertaoted on the morning after an overnight
fast. Blood hemoglobin (Hb) and serum albumin (gghre bromocresol purple method) were
analyzed by routine procedures at the DepartmentCliiical Chemistry, Karolinska

University Hospital Huddinge.
Oxidative stress markers

Baseline plasma pentosidine was measured in 24énpausing reverse phase high-pressure
liquid chromatography (HPLC) and adjusted for semlbumin concentration (expressed as
pMol/mg alb), while levels of 8-hydroxy-2'deoxyguasine (8-OHdG) were measured in 151
patients using a commercially available competiigSA kit (Japan Institute for the Control
of Aging, Shizuoka, Japan). The kit can measureH8l@ values ranging from 0.125 to 10
ng/ml using a monoclonal specific antibody, N45his antibody does not cross-react with
the original four deoxyribonucleosides, 2" -deoxyiine, 8-hydroxy-27-deoxyadenine or O6-
methyl-2”-deoxyguanosine. Also, the fasting rafienythrocyte levels of plasmalogen (DMA
16/C16:0) was determined in only 72 patients, dudifficulties in sample logistics. Blood
was drawn into tubes containing EDTA, and erythtesywere separated from plasma by
centrifugation and immediately frozen and store€/@tC or analyzed. The analysis was done
essentially as described by Bjorkhem et al (15pgugas-liquid chromatography. The relative

plasmalogen level was calculated from the pealogsatif 16:0 dimethylacetal (DMA) to

13



methyl palmitate. The precision of the assay wéshased from five replicate measurements
of one blood sample. The interassay coefficientanfation for DMA 16:0/C16:0 was 4%.

Genotyping methods

A 5 ml EDTA sample of peripheral blood was obtairesddescribed above, and leukocyte
DNA was extracted using a QlIAamp® DNA kit. DNA wstered at -20°C.

Myeloperoxidase (-463G/A SNP):

As previously described by Pecoits-Filho et al (B design of the sequencing primers was
performed using the software Primer Designer 4Vfoandows, version 4.1© (Scientific and
educational software Inc., Durham, NC) and all ahgcleotides were synthesized by
Interactiva® (Ulm, Germany). Sequence amplificatwas performed using the polymerase
chain reaction (PCR) on a PTC-225 Thermocycler ®&kearch, Inc., Cambridge, MA,
USA). The PCR reaction volume was 50 pL, contairZ@gto 50 ng of DNA, 10 pmol of
forward and reverse primers, 0.2 mM of each dNTB, O of DyNAzyme™ 1|l (DNA
Polymerase; Finnzymes, California, USA), 10 mM a&3HCI, 1.5 mM of MgC}, 50 mM of
KCI, and 0.1% Triton X-100. The primers used fore tiPCR reaction were 5'-
CGGTATAGGCACACAATGGTGAG-3’ (forward primer) and 5'-
GCAATGGTTCAAGCGATTCTT-3 (reverse primer). After ettrophoresis size separation,
the PCR product was confirmed by ultraviolet (Uxgrsillumination of gels stained by EtBr
(1.5% agarose). The pyrosequencing reaction wdsrpeed on a PSQ98 Instrument from
Pyrosequencing AB (Uppsala, Sweden) as describsglvbere (16), and the sequencing
primer used was 5'-CCTGACCTCAAGTGATCCACC-3..

NADPH Oxidase (242C/T CYBA SNP):

Amplimers and sequencing primer were designed ubi@Byrosequencing™ Assay Design
Software (Uppsala, Sweden), and all oligonucleotides wergh®sized by Thermo Electron
Corporation® (Ulm, Germany). The DNA fragment conitag the C242T polymorphic site
was amplified from genomic DNA by polymerase chagaction (PCR) on a PTC-225
Thermocycler (MJ Research, Inc., Cambridge, MA, YISFie PCR reaction volume was 50
pL, containing 10 pL of DNA, 31.6 pL of @, 1uL of forward and reverse primers, 1 puL of
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each dNTP, 0.4 puL of DyNAzyme™ [l (DNA Polymerasénnzymes, California, USA), and
5 pL of the 10 x Reaction buffer (1 x is 10 mM afsfHCI, 1.5 mM of MgCI2, 50 mM of
KCI, and 0.1% Triton X-100). The amplimers usedaev@rAGGAGTCCCGAGTGGGAGA-

3’ (forward primer) and 5-ACGGCCCGAACATAGTAATTCC:3reverse primer). After
electrophoresis size separation, the PCR produc wenfirmed by ultraviolet (UV)
transillumination of gels stained by EtBr (1% agap The pyrosequencing reaction was
performed on a PSQ96 Instrument from Pyrosequencing AB (Uppsala, Swgdas
described elsewhere (16), and the sequencing pusesnt was 5'-TCACCACGGCGGTCA-
3.

Statistical analysis

Data are presented as mean £ SEM or median and esngppropriate. A P-value of less than
0.05 was considered to be statistically significabBifferences between the different
genotypes were analyzed by analysis of variance Q¥AN) using the non-parametric
Kruskal-Wallis test whenever appropriated, with Bnvalue less than 0.05 indicating
significance. Survival analyses were made with @@ proportional hazard model. The
relative risks for mortality were determined by wariate and multivariate Cox regression
analysis and presented as hazard ratio (HR; 95%idemce intervals (Cl)). The Cox
proportional-hazards model (the PHREG procedutbenSAS System Release 8.2) was used to
examine the effects of baseline and follow-up \@&g on the outcome variables. The goal of
the analysis was to assess the hazard ratio (HEgous to risk ratio or relative risk) of the
particular value compared with a reference valuB<H). Plots of log [-log (survival rate)]
against log (survival time) were performed to dshbthe validity of the proportionality
assumption. Since the proportional-hazards modslinass a constant HR over time, the
assumption for each baseline covariate of the Copgstional-hazards model was tested before
the final analysis by evaluating a time-covariatgeraction term (SAS Institute, Inc., 2001).
The maximume-likelihood test at p<0.05 was considigce accept that the HR of the particular
variable depended on time. Survival was measumd the day of examination until death or
censoring, which was made at the end of the follpwNo patient was lost to follow-up. The
statistical analysis was performed using statissofiware SAS version 9.1 and JMP (version
5.1) for Windows (SAS Campus Drive, Cary, NC, USA523). The Hardy-Weinberg
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equilibrium for the genotypes distributions wasireated using software available at the
Institute of Human Genetics-Munich Website (httpwiv.ihg.gsf.de).

Results
Main characteristics of the population

The study population consisted of 257 incidentguasi (61% males) with a median age of 55
(range 22-70) years. Seventy-four patients (29%gweagnosed with either type 1 or type 2
diabetes mellitus. Clinically overt CVD was presen81 (31%) patients. The baseline values
of measured markers of oxidative stress were edevas compared to normal values reported
previously, and are shown in Table 1 and Table Belcomparing diabetic and non-diabetic
patients, there were no significant differenceithex pentosidine or 8-OHdG levels. Diabetic
patients presented lower levels of S-albumin (30.7}than the non-diabetic (33.9+0.4;
p<0.05).

Characteristics of the population according to gsmpe

Of the 257 CKD patients tested for tiPO -463G/A polymorphism, 173 (67%) were
homozygous for the GG genotype, 7 (3%) for the Aéngype, and 77 (30%) were
heterozygous. ThEYBAC242T polymorphism, was analyzed in the same migti@nd 122
(47%) had CC genotype, 23 (9%) TT genotype, and(44%0) were heterozygous. Genotype
distribution for each polymorphism followed the Hg\Weinberg equilibrium. Clinical
characteristics divided by genotype group appedraibles 3 and 4. Importantly, there were
no significant differences in prevalence of diabeteellitus, smoking or malnutrition (defined
as SGA>1). ICYBAC242T groups, there were significantly differemtdls of the oxidative
stress marker DMA 16/C16:0, with higher levelshe TT group as compared to compared to
CC and CT. Finally, there was a significant diffeze in CVD prevalence betwednPO
genotypes (Table 3).

Survival analysis

During the follow-up period, patients with theYBA CC genotype had an increased
cardiovascular mortality when compared to patiesiith the CT and TT genotypes (Chi
square 2.19; p<0.05) (Figure 2). After adjustmemtdge, DM and gender, ti@YBACC
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genotype was still significantly associated witlhigher CV mortality (Table 5), while we
could not find a similar difference betwebtfO genotypes (Chi square 0.71, p=ns — Figure
1). Furthermore, there was no significant impactween any genotype and all cause

mortality survival analysis.

Discussion

In this study, we analyzed the impact of genetilyorphisms in the NADPH/MPO system
on oxidative stress and clinical outcome of CKDigraets and observed that genetic variation
in the NADPH oxidase’ CYBA gene is associated wathidative stress and CVD-related
mortality, and in the MPO gene with the presencewvefit CVD in CKD patients.

The likely explanation for this impact on survivabst likely lies in the observed
differences in pro-oxidative capacity between plgmes. Oxidative stress appears to be
intimately linked to the pathophysiology of CVD (Jarticularly in patients such CKD
patients, with high production of free radicals do& redox capacity (4). Indeed, it has
previously been demonstrated that OS plays an it@pbrole in the pathogenesis of several
complications of CKD, including hypertension (ingation of nitric oxide and oxidation
arachidonic acid) (17, 18), neurologic dysfuncti{mitration of brain proteins, oxidation of
myelin) (19), anemia (reduction of erythrocyte dif@n) (20-23) and chronic inflammation
(through nuclear factor kappa B activation) (5).

In CKD, oxidative stress is likely caused by npl#i factors, including insulin
resistance, chronic inflammation, uncontrolled hgresion and dialysis treatment, as well as
through acute and chronic infections and excesgpagenteral iron administration.
Furthermore, anti-oxidative defenses are reducedKkD, both as a result of loss of water-

soluble vitamins during dialysis and because @ivgel mass of erythrocytes.

There is growing evidence that MPO is involved tihe pathogenesis of
atherosclerosis, starting with the identificatidnttte enzyme in the atherosclerotic plaques,
where it is catalytically active and responsible floee oxidation of low-density lipoprotein
(LDL) (24). In fact, multiple distinct products PO, such as 3-chlorotyrosine, are enriched
in human atherosclerotic lesions and LDL recovérech human atheroma (25). Moreover, in
a recent study MPO was linked to the modulatiothefvascular signaling and vasodilatory
functions of nitric oxide (NO) (26), while MPO gdgype has been shown to influence
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cardiovascular risk in both non-renal (27, 28) amodll patients. Indeed, we have previously
shown (9) an association between genetic variatieteged to lower activity of MPO and
lower plasma levels of pentosidine and cardiovascutk in ESRD patients. In the present
study, we are thus surprised that we could not &ndifference in oxidative stress markers
betweenMPO genotypes, although significant differences in pinevalence of CVD were
confirmed. A possible explanation for this obseosatis that oxidative stress is a highly
localized process subject to very rapid changes,itas possible that the methods used could
not accurately reflect systemically the local effeof differences in MPO activity in

atherosclerotic lesions.

NADPH oxidase is an important source of reactivggex species (ROS) in the
vasculature and its p22phox (CYBA) subunit, whighnsfers electrons between other
subunits of the NADPH oxidase, plays an importate in the @- production process (29).
In fact, this enzyme, present in vascular smootkateucells and endothelial cells, seems to
be a major source of superoxide production in ahim@dels of vascular disease (30) and in
human atherosclerosis (31, 32). The biologicalo$f@f NADPH oxidase in cardiovascular
cells were first described by Griendlieg al (32). Production of & in the vessel wall has
been shown to inactivate nitric oxide, leadinghe production of peroxynitrite and impaired
endothelium-dependent vasodilatation (33, 34); @adis also involved in oxidizing LDL
(35); increases adhesion molecule expression inrEg€ldting in monocyte infiltration (36);
and activates matrix metalloproteinases, leadingvascular remodeling (37). NADPH
oxidase-derived & and HO, are intimately involved in the growth response/&MCs and
fibroblasts (38-42) and also participate in VSMCgration and, in some cases, cellular
apoptosis (43). These ROS function as signalingeoudés to initiate specific cellular
responses (32). ThReYBAC242T polymorphism has been studied in differesppyations,
and the T-allele appears to act in a dominant nraf#. Guzik et al (11) demonstrated that
the presence of at least one T allele is associaigdreduced NADPH oxidase activity in
human blood vessels and several studies have @&en performed in different patient
populations (45-49). In our study, the higher lsxa& DMA 16/C16:0 observed in patients
carrying the T allele may be an indirect sign tthas genetic variation could result in lower
expression of the enzyme (leading to lesser pranluadf ROS), diminished OS and as
consequence preserving the plasmalogen in erytteongmbranes in CKD patients. Indeed,
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CKD patients with low levels of DMA 16/C16:0 (highexidative stress) presented worse
survival than patients with high DMA 16/C16:0 lev@h previous studies.

A study by Kirket al (50) showed that a deficiency in NADPH oxidaselfgocytes
fails to inhibit atherosclerosis in mice with eithéiet-induced or genetic forms of
hypercholesterolemia, indicating that ROS derivexninf vascular NADPH oxidase might be
more important in the pathogenesis of atherosdkertsgan leukocyte NADPH oxidase-
derived ROS. Therefore, one could speculate tHagtier CVD-related-outcome in those T
allele carrying patients in the CYBA polymorphismijght be due to their lower vascular-
NADPH oxidase activity and subsequent reduced 8mgndunction of vascular NADPH
oxidase-derived ROS in mediating redox-sensitiveegexpression in the vasculature, such as
vascular inflammatory genes like VCAM-1 and MCPHatt represent a subset of genes
implicated in the pathogenesis of atherosclerdsiy. (Furthermore, Zhangt al (52) have
demonstrated that MPO could use the vascular NADRidase-derived D, to produce
HOCI and its chlorinating species, and that thepldrad the HO,-induced vascular injury
by additional impairment of endothelium-dependatéxation, showing that MPO-vascular
NADPH oxidase-HOCI-chlorinating species may repnésecommon pathogenic pathway in
vascular diseases and a mechanism involved in eataen of vascular diseases under

inflammatory conditions.

The main finding of our study was the descriptianking the CYBA genotype to
cardiovascular and total mortality, since the pmeseof the C allele was associated with
increased CVD mortality, even after adjusting fgeagender and DM. Our findings,
however, contrast with reports from other grouplsp\Wwave associated the T allele with worse
progression of atherosclerosis (44), cerebrovasditease (53) and an increased risk for
coronary artery disease in young individuals (5%)erefore, further studies must replicate

our results in other group of CKD patients in ortteconfirm our findings.

There are some limitations of the present studyclimeed to be emphasized. First,
the number of patients included and the number wnis are relatively small. The
biochemical markers utilized are not a direct measi the systemic oxidative stress, partly
because such a methodology is not yet developetll¥i evaluation of oxidative stress
markers was only performed at baseline, while keneasurements would have been more

informative when looking at the effect of the stligenetic variations.
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In summary, we reported that common genetic vamatiin the NADPH/MPO
system are associated with higher prevalence of Bifihs of oxidative stress and confer a
higher risk of CVD mortality in a group of CKD patits. Our data provide epidemiological
support for the hypothesis that increased oxidasivess is associated with atherosclerotic
CVD in CKD patients. We hypothesize that this i da direct affects on oxidative stress
generation on the vascular tissue, suggestingthiese genotypes may be of clinical interest

in risk stratification and future clinical trial$ antioxidative interventions.
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Table 1.Baseline characteristics of the study population.

Number of patientsn)

Male patients (%)

Age (years)

Diabetes mellitus (%)

Malnutrition (SGA >1; %)

History of cardiovascular disease (%)
Systolic blood pressure (mmHY)
Diastolic blood pressure (mmHY)
Hemoglobin (g/L)’

Glomerular filtration rate (mL/min)°
Pentosidinggmol/mg albumirt

DMA 16/C 16:0*

8-OHdG*

Serum albumin (g/L)

257
61%
55 (22-70) *
29%
29%
31%
151+1 **
8821
103 (67-145) *
7+0.15 **
31.7 (7.5-384.2) *
0.071+0.002 **
0.83+0.03 **

33.0+£0.3 **

* Number of patientsn) = 246;°° n = 229;°n = 250;°°n = 226;* n = 245;** n = 72;4n = 151.

*Median (range); ** meanzSEM. SGA indicates subjeetglobal assessment; DMA dimethylacetate;

8-OHdG, 8-hydroxy-2'deoxyguanosine.
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Table 2.Differences in oxidative stress markers in CVD and-CVD patients.

CVD patients Non-CVD patients P value
Number of patientsn] 81 176
Age (years) 62 (31-70) * 50 (22-70) * <0.05
Prevalence of DM (%) 46% 21% <0.05
Smoking (%)’ 71% 38% <0.05
Prevalence of malnutrition (%) 44% 22% <0.05
Serum albumin (g/L) 31.0+0.6 ** 33.91£0.4 ** <0.05
Oxidative stress markers
Pentosidinggmol/mg albumirt 35.8 (11.7-92.3) * 28.3 (7.5-384.2) * <0.05
DMA 16/C16:0°° 0.070+0.003 ** 0.071+0.002 ** NS
8-OHdG* 0.976+0.079 ** 0.757+0.028 ** <0.05

°Number of patientsnj =230;°° n =246° n= 245:**n=72;*n=151.

*Median (range); ** mean+SEM. DM indicates Diabetasllitus; DMA dimethylacetate; 8-OHdG,

8-hydroxy-2'deoxyguanosine.
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Table 3.Characteristics of the study population dividedoadimng to MPO genotypes.

Genotype groups

GG GA AA P value
Number of patientsn) 173 77 7
Age (years) 53 (22-70) * 56 (25-70) * 50 (25-66) * NS
Diabetes mellitus (%) 30% 27% 14% NS
Smoking (%) 46% 57% 43% NS
Malnutrition (SGA >1; %) 29% 32% 14% NS
CVD (%) 35% 26% 0% <0.05
Pentosidine 32.3 28.8 36.4 NS
pmol/mg albumirt® (8.5-123.6) * (7.5-384.2) * (12.9-45.2) *
DMA 16/C16:0° 0.071+0.002 **  0.069+0.004**  0.072+0.018** NS
8-OHdG* 0.806+0.026 **  0.883+0.083 **  0.774%0.348 ** NS
Serum albumin (g/L) 32.840.4 ** 33.7£0.7 ** 30.283* NS

°Number of patientsn = 230;° n= 246;** n=245;" n=72;4n = 151.

*Median (range); ** meanzSEM. CVD indicates cardigeular disease; DMA, dimethylacetate;

8-OHdG, 8-hydroxy-2'deoxyguanosine.
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Table 4.Characteristics of the study population dividedoading to CYBA genotypes.

Genotype groups

P
CcC CT TT value
Number of patientsn) 122 112 23
Age (years) 56 (22-70) * 54 (23-70) * 50 (25-69) * NS
Diabetes mellitus (%) 27% 33% 17% NS
Smoking (%)’ 53% 46% 45% NS
Malnutrition (SGA >1;%) 32% 27% 28% NS
CVD (%) 32% 32% 26% NS
Pentosidine 36.2 29.2 35.7 NS
pmol/mg albumirt® (8.2-123.6) * (7.5-94.3) * (14.5-384.2) *
DMA 16/C16:0° 0.071+0.003 **  0.067+0.003 **  0.089+0.006 ** <0.05
8-OHdG (ng/mL)* 0.836+0.052 **  0.821+0.048 **  0.862+0.103 ** NS
Serum albumin (g/L) 33.1+0.5 ** 33.5+0.5 ** 30+1*8 NS

° Number of patients (n) = 230)n = 246;°° n = 245 n = 72;%n = 151.

*Median (range); ** meanzSEM. CVD indicates cardigeular disease; DMA, dimethylacetate;

8-OHdG, 8-hydroxy-2'deoxyguanosine.
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Table 5. Adjusted hazard ratios for cardiovascular mortailitypatients divided int€YBA

genotypes.

Variables

Age, years
Gender, female
Diabetes Mellitus

CYBAgenotype

Adjusted relative risk (95% CI)  P-value

1.10 (1.06-1.14) <0.0001
1.32 (0.71-2.45) 0.37
5.1 (2.78-9.36) <0.0001
2.14 (1.18-3.89) 0.012
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Figure 1: Kaplan Meier survival analysis for cardiovasculaortality in patients divided
according taVIPO genotypes.
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Figure 2: Kaplan Meier survival curve for cardiovascular mabty in patients divided
according taCYBAgenotypes.
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CONCLUSAO

Em resumo, nosso estudo demonstrou que variacGeliges comuns no sistema
NADPH/MPO estao associadas com risco elevado decdoeardiovascular, sinais de
estresse oxidativo e conferem um risco aumentadmai¢alidade cardiovascular em um
grupo de pacientes com doenca renal cronica. Bsss fornecem suporte epidemioldgico
para a hipotese de que o aumento do estresse ieaidedta associado com doenca
cardiovascular aterosclerdtica em pacientes rengigicos. Concluimos que variacdes
genéticas no sistema NADPH/MPO estdo associadasestrasse oxidativo, presenca de
DCV, e mortalidade DCV-relacionada em pacientes BRI e levantamos a hipotese de que
isto se deve a efeitos diretos na geracédo de estoegdativo, sugerindo que estes genotipos

podem ser de interesse clinico em futuros ensHigsas de intervengfes antioxidativas.
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CONSIDERACOES FINAIS

Algumas informacdes geradas neste estudo merecemreftaxdo critica. Devemos
ressaltar que este € um estudo de associacdoosnpelimorfismos 242C/T CYBA (gene
codificador da subunidade p22phox da NADPH) e -483@» promotor da MPO em relacao
a niveis circulantes de marcadores de estressatimxida prevaléncia de DCV clinicamente
detectavel, e mortalidade por doenca cardiovascaefar um grupo de 257 pacientes
caucasianos (Suecos, da regido de Estocolmo) cancdorenal crénica de estagio 5,
avaliados do ponto de vista laboratorial e genmaipio iniciarem a terapia de reposi¢do da
funcéo renal. A frequiéncia genotipica observadapacgentes deste estudo para as variantes
do polimorfismo do gene MPO e do CYBA foram respachente, GG:0,67; GA:0,3 e
AA:0,03 e, CC:0,48; CT:0,43 e TT:0,09, sendo gueegliéncia dos alelos raros tanto do
MPO (A:0,18) quanto do CYBA (T:0,31) foi similar am pouco menor do que a frequéncia
destes alelos em outras populagbes caucasianasmpegeNe descrita, como por exemplo,
A:0,20(40) e T:0,33(38).

Primeiramente, chama atencao a dificuldade de amrapéo de funcionalidade dos
polimorfismos em estudos clinicos com um numerctsuizial de pacientes analisados. No
presente estudo, ndo foi possivel mensurar diretEnae atividade da NADPH oxidase e da
MPO ou a expresséo de seus RNAs mensageiros. Arevadde que as variacdes genotipicas
em questdo afetam a funcionalidade destas enziondm$eada em estudos de modetos
vitro previamente realizados por outros grupos (21, 32)falta de comprovacdo de
funcionalidade observada em nosso estudo podens@iimitacdo, porque ndo nos permite
excluir a possibilidade de que os SNBYBA C242T e MPO -463G/A estejam em
desequilibrio de ligacdo com outros polimorfismas sgus respectivos genes ou de genes
vizinhos. Neste caso, outros polimorfismos podenmeamealidade estar afetando o padréao de
transcricdo ou a proépria atividade da enzima, &ésirde serem diretamente os SNPs aqui
analisados. Em estudos futuros poderédo ser utgzaambém outras ferramentas, como a
analise de expressao em tecidos (por imunohistogaienWestern blotting) e a manipulagéo
in vitro da sequéncia de DNA (utilizando DNA plasmidial etores de expresséo) que tem

sido estratégias usadas para analisar a funciadalide um SNP. Da mesma forma, o uso de
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outros marcadores genéticos que possam cobrir rdeafmais ampla a regido do genoma
relacionada ao gene podera trazer informacgéo awdilcam nosso trabalho.

O estresse oxidativo parece estar intimamentedigadn a fisiopatologia da doenca
cardiovascular (41), especialmente em situacogzatiicdo elevada de radicais livres e de
baixa capacidade antioxidante como na DRC (42)odkinacdo do nivel de atividade da
NADPH oxidase e da MPO, por representar o0 maidersig oxidativo de neutrdfilos, pode
gerar uma grande variacdo na quantidade de oxgldPte isso, mesmo pequenas variacoes
genéticas funcionais que afetam a expresséo géestas enzimas (como no caso a alteracéo
estrutural por SNPs), podem estar relacionadas mioeis plasméticos de marcadores de
estresse oxidativo e com o desenvolvimento de doagdles a ele ligadas. Em nosso estudo
analisamos trés diferentes marcadores de estrggiaivo: a pentosidina, o plasmalogénio
eritrocitario (DMA 16/C16:0) e a 8-hidroxi-2'deoxignosina (8-OHdG), mas estes
marcadores bioquimicos ndo pareceram ser eficaaes s dar uma medida direta do
estresse oxidativo, embora ndo exista na literatmr&onsenso sobre um marcador especifico
de estresse oxidativo. Surpreendentemente nesidoestdo se encontrou diferenca nos
marcadores de estresse oxidativo entre os genddpodIPO, apesar da diferenca na
prevaléncia de DCV. O estresse oxidativo ser uncgaso altamente localizado e sujeito a
alteracdes muito rapidas, wma possivel explicacdo para isto. Também podegseros
métodos utilizados ndo puderam refletir precisamestefeitos em longo prazo da atividade
aumentada da MPO em lesdes ateroscleroticas. Tedwveente com a iniciacao da dialise este
fator apareca. Além disso, muitos dados sao disp@ém apenas um subgrupo de pacientes.
Ainda fica uma indefinicdo sobre qual seria o melmarcador de estresse oxidativo, bem
com também esta indefinida a melhor forma de sdiaava funcionalidade dos SNPs
analisados. Também seria interessante a avalidgdestresse oxidativo em medicdes
periodicas (e em diferentes fases da doenca) ganéificar verdadeiramente a funcionalidade

das variacBes genéticas.

Outro ponto a ser enfatizado é a diferenca dosdashantre a andlise transversal e
longitudinal observada em nosso estudo. Em umasan#édansversal, foram verificadas
diferencas significativas na prevaléncia de DC\eenks gendtipos da MPO, porém para o
polimorfismoCYBAC242T nao foi constatada uma associacéo entresarmga do alelo T e a
prevaléncia de doencga cardiovascular. Ja sob uno plenvista longitudinal, €YBAC242T

foi o unico polimorfismo a influenciar significaimmente a analise da sobrevida, onde se
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observou um aumento significativo no risco de niioidde cardiovascular em pacientes
homozigoticos para o alelo C, mesmo depois deegysdra idade, sexo e DM. Esta diferenca
nos resultados das analises para os dois polimwéipode ser atribuida ao fato de que ainda
sao desconhecidas as reacOes especificas de cattzsganes analisados em nosso estudo a
estimulos diferentes. E possivel que na trajetdaigprogresséo da DRC, fatores presentes
nesta fase da doenca possam gerar respostas iesgedé uma enzima com impacto na
prevaléncia da DCV na avaliacdo basal. Na fasasaal no seguimento prospectivo destes
pacientes (avaliacdo de mortalidade) outros fatdeegeracdo de estresse oxidativo estaréo
presentes, e é possivel que outro sistema enzomnggja relevante na dependéncia de um
estimulo especifico. Especialmente na respostagimismo a terapia dialitica, outros fatores

podem ser mais relevantes a ativacao de outreevigeihcdo de estresse oxidativo.

Na DRC o estresse oxidativo é aparentemente dea caustifatorial, incluindo
resisténcia insulinica, inflamacgédo cronica, hipesf® n&o controlada e tratamento dialitico,
bem como através de infec¢des agudas e cronicasadndinistracdo parenteral excessiva de
ferro, e por isto, € de se esperar que um SNP, mesm comprovada funcionalidade em
uma via fisiopatologica inerente a doenca, tenhaimmpacto pequeno em uma doenca
complexa como a DRC, diferentemente do que oconrdesordens monogénicas, ou mesmo
em doencas complexas com menor numero de fat@iepdioldgicos envolvidos. Ainda
assim, encontramos aspectos fundamentais realizzstddos de associagdo como este para
doencas poligénicas ou complexas, por exemplousoponto de vista da genética podemos
citar a possibilidade de se ter uma estratificadgoisco utilizando genética de populacoes,
compreender o funcionamento da interacdo de \s8asphtoldgicas e aplicacdes da gendmica
funcional, e futuramente poder utilizar conhecimesmniroduzidos por estes estudos talvez em

aplicacdes clinicas mais diretas através da fargesmica.
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