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Lista de abreviaturas utilizadas

DAC- doenca arterial coronariana

DCV- doenca cardiovascular

PON- paraoxonase

PON1- paraoxonase1

PON2- paraoxonase2

PON3- paraoxonase3

HDL-C- colesterol de lipoproteina de alta densidade
LDL-C- colesterol de lipoproteina de baixa densidade
LDLox- lipoproteina de baixa densidade oxidada
VLDL- lipoproteina de muito baixa densidade

TG- triglicerideo

CT- colesterol total

HMG-CoA- 3-hidroxi-3-metil-glutaril coenzima A
FR- fator de risco

SNP- polimorfismo de nucleotideo unico

APO A-I- Apolipoproteina A-

PCR- reagdo em cadeia de polimerase



Resumo da Dissertagao

Introdugdo: Elevagdo nos niveis de LDL-C €& determinante para o
aparecimento da aterosclerose. Como abordagem terapéutica as estatinas se
destacam, uma vez que regulam a velocidade de sintese do colesterol. As
paraoxonases humanas sdo uma familia de enzimas polimoérficas, sintetizadas
e secretadas pelo figado, que se ligam fortemente ao HDL-C, conferindo-lhe
maior potencial antioxidante e diminuindo a acumulacao de peroxidacéo lipidica

do LDL-C.

Objetivo: Estudar a influéncia de variantes no gene PON17 na resposta a
hipolipemiante ao tratamento com sinvastatina e atorvastatina em individuos

habitantes de Porto Alegre.

Material e Métodos: Nossa coorte foi composta por 643 pacientes
dislipidémicos com prescricdo médica de uso de estatinas. Niveis séricos de
CT, HDL-C, LDL-C e TG foram mensurados antes e apds aproximadamente 6
meses de tratamento com sinvastatina ou atorvastatina. As genotipagens foram
realizadas através da técnica de PCR em tempo real para dois polimorfismos

do gene PON1, Q192R (rs662) e L55M (rs854560).

Resultados: Quanto ao polimorfismo Q192R (rs662), pacientes que possuem
o alelo Q alcangcaram mais a meta lipidica de HDL-C quando comparado aos

homozigotos RR (x? P=0.009, analise de ajuste residual P=0.003). Em relag&o



Vi

ao polimorfismo L55M (rs854560), os homozigotos LL foram sub-representados
entre os sujeitos que atingiram a meta do HDL-C (X2 P=0.026, analise de ajuste
residual P=0.008). Através de uma analise logistica multivariada observamos
que o sexo feminino (OR=1.71, CI95%=1.04-2.83, P=0.036), os niveis basais
de HDL-C (OR=1.13, CI95%=1.10-1.16, P<0.001) e os gendtipos QQ/QR +
MM/ML aumentam a chance de atingir a meta de HDL-C (OR=2.81,

Cl95%=1.35-5.85, P=0.006).
Conclusoes: Nosso estudo observou que os polimorfismos estudados, Q192R
(rs662) e L55M (rs854560) possuem um papel importante na resposta

interindividual em alcangar a meta dos niveis de HDL-C.

Palavras-chave: Dislipidemia; HDL-C, LDL-C; Paraoxonase; PON1; Estatinas.



1 Introducgao

1.1 Doenga Cardiovascular e Dislipidemia

A doenca arterial coronariana (DAC), juntamente com as outras doengas
do aparelho circulatério constituem as principais causas de morbimortalidade
nas diversas regides do mundo (Nicholls e cols., 2012; Go e cols., 2013; Hsu e
cols., 2013). No Brasil, dados mostram que 31,8% de mortes em adultos foram
ocasionadas por doengas cardiovasculares (Ministério da Saude, 2013).

O aparecimento dessas doengas se deve a presenga da aterosclerose,
doenca cronica de etiologia multifatorial (Watanabe e cols., 1996; Barton, 2013)
que se caracteriza pelo acumulo de gorduras na parede dos vasos sanguineos,
um processo que tem inicio numa fase precoce da vida e progride durante
anos, apresentando-se em estado ja avangado no momento em que surgem as
primeiras manifestagdes clinicas (Stary e cols., 1995). A aterosclerose envolve
dois processos, o de aterose, que é a acumulagdo de gordura formado por
varios macrofagos, e a esclerose, que compreende os leucocitos, fibrose das
células musculares lisas e tecido conjuntivo (Ross, 1999; Rahimi, 2012). Esta
doenca € caracterizada como uma inflamacao crénica resultante de interacdes
entre elementos normais da parede arterial, células T, macrofagos derivados
de monacitos e lipoproteinas modificadas, acarretando em lesdes (placas) que
migram em direcdo ao lumen arterial (Navab e cols., 1996; Ross, 1999; Sposito

e cols., 2007) gerando diversas complicagbes circulatorias, como infarto do



miocardio, infarto cerebral e aneurisma adrtico (Gimbrone, 1999; Montenegro,
1999).

Diversos estudos em humanos e animais apontam que a aterosclerose é
uma resposta do organismo a injuria tecidual e sugerem que elevados niveis de
lipoproteina de baixa densidade (LDL) (Steinberg, 1997; Tavafi, 2013)
contribuem para o desencadeamento da lesdao aterosclerética (Steinberg e
cols., 1989; Libby e cols., 2011) e aumento de doengas cardiovasculares
(Glass e Witztum, 2001). Os achados de lipidios oxidados em lesbes
ateroscleréticas mostram uma relagdo com a progressao da aterogénese (Yla-
Herttuala e cols., 1989; Aviram e cols., 1995) e uma das explicagdes para os
eventos iniciais da aterosclerose € a oxidagao da LDL (Steinberg e cols., 1989;
Esterbauer, 1990; Tavafi, 2013) que desencadeiam eventos pré-inflamatdrios
que iniciarao todo o processo de formagao do ateroma (Steinberg, 1997; Libby,
2002).

Existem varios fatores que podem aumentar a probabilidade da
ocorréncia das doengas cardiovasculares (DCV), chamados fatores de risco
cardiovasculares (FR). Entre os FR bem estabelecidos pela literatura médica,
destacam-se: niveis elevados de colesterol sérico (CT) e de triglicerideos (TG),
baixos niveis de lipoproteinas de alta densidade (HDL-C), altos niveis de
lipoproteinas de baixa densidade (LDL-C), antecedentes familiares, diabetes
mellitus, hipertensao arterial sistémica, idade, sexo, obesidade, sedentarismo,
tabagismo, estresse, dieta aterogénica, agentes infecciosos, entre outros (lzar
e cols., 2003; Piegas e cols., 2003; Avezum e cols., 2005; Balagopal e cols.,

2011).



Dos fatores de risco acima elencados, a dislipidemia € predominante e a
associagao desta com os demais fatores, aumenta de maneira significativa o
risco de ocorréncia de doengas do aparelho circulatério (Sposito e cols., 2007;
Redberg e cols., 2009). Varios estudos mostram que ha uma forte relagéo
inversa entre as concentragdes séricas de HDL-C e a suscetibilidade de
desenvolver aterosclerose e que niveis de HDL-C elevado protegem contra a
aterosclerose, mesmo com concentragdes elevadas de LDL-C (Durrington,
1989; Nicholls e cols., 2007). Gotto e Brinton (2004) mostraram que a cada
aumento de 1mg/dL de HDL, reduz em até 3% o risco de eventos
cardiovasculares.

A lipoproteina de alta densidade possui a capacidade de transportar
lipidios através do transporte reverso de colesterol, propriedade antiaterogénica
(deGoma e cols., 2008; Rader e cols., 2009) onde ocorre o controle da
inflamacdo e do processo oxidativo através da inibicdo das moléculas de
adesao nas células edoteliais, no fator nuclear Kappa B e nas quimiocinas
(Navab e cols., 2001; Barter e cols., 2002; Barter e cols., 2004), em que o
excesso de colesterol é captado e transportado dos tecidos periféricos para o
figado (Navab e cols., 2004; Rader e cols., 2009), através do plasma, sendo
excretado pela bile ou incorporado na lipoproteina de muito baixa densidade
(VLDL) (Ansell e cols., 2005). Outra propriedade antioxidante e anti-inflamatdria
da HDL é realizada pela inibicdo da LDL oxidada (LDLox) e reducdo da
atividade biolégica da LDLox, inibindo desta forma o inicio ou a progressao da
aterosclerose (Navab e cols., 2000 ; Mackness e cols., 2002; Marchegiani e

cols., 2008) (Figura 1).
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Figura 1. Transporte reverso de colesterol com o transporte de colesterol das
células periféricas para o figado e posterior excregao na bile. O transportador
adenosina trifosfato cassete de ligagdo (ABC) -A1 medeia o efluxo de colesterol
livre das células periféricas e macréfagos para apolipoproteina (apo) A-l rica
em lipoproteinas nascente de alta densidade (HDL). A esterificagédo por lecitina:
colesterol aciltransferase (LCAT) resulta na formagao de particulas esféricas de
HDL, maduras. Na sequéncia, a proteina de transferéncia de colesteril éster
(CETP) promove a troca de colesteril éster (CE) por triglicéridos, que sao
hidrolisados pela lipase hepatica (LH). O CE ainda associado com HDL, s&o
seletivamente removidos pelo plasma sanguineo através do receptor
scavenger B1 (SR-B1) e transportados até o figado (transporte reverso de
colesterol direto [TRC]), resultando em pequenos lipidios pobres em apo A-l
(HDL senescente) que sao suscetiveis a filtragao glomerular e endocitose pelos
receptores cubilina/megalina no tubulo proximal renal. Uma por¢do do CE é
transferido por particulas apo B contendo particulas (lipoproteina de muito

baixa densidade [VLDL], lipoproteina de densidade intermediaria [IDL] e
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lipoproteina de baixa densidade [LDL]) que séo transportados para o figado
para absorcao através do receptor de LDL (TRC "indireto"). FONTE: Gotto e

Brinton, 2004.

1.2 Terapia Hipolipemiante

A hipercolesterolemia se constitui num dos importantes fatores de risco
para a aterosclerose e, por conseguinte, para a DCV (Sposito e cols., 2007).
Por isso, reduzir os niveis séricos de LDL-C, tem se constituido importante
medida de prevengao primaria e secundaria para a DCV (Dembowski e
Davidson, 2009).

Segundo orientagao contida na IV Diretriz Brasileira Sobre Dislipidemias
e Prevencao da Aterosclerose (2007), se ndo houver controle desejavel dos
niveis de colesterol com a mudancga no estilo de vida do paciente ou no caso
deste ndo poder esperar os resultados advindos desta mudancga, a adicdo de
farmacos hipolipemiantes deve ser empregada como estratégia para reduzir o
LDL-C.

Como abordagem terapéutica tem se destacado o grupo farmacologico
das estatinas, agentes hipolipemiantes, cuja agao inibe a 3-hidroxi-3-metil-
glutaril coenzima A redutase (HMG-CoA), enzima que regula a velocidade de
sintese do colesterol, reduzindo seus niveis séricos (Evans e Mcleod, 2003;
Tunon e cols., 2007). Apds diversos estudos e evidéncias sobre a redugao de

eventos de DAC e reducdo dos niveis de LDL-C, a terapia com estatinas vem
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sendo considerada de primeira linha (Baigent e cols., 2010; Perk e cols., 2012;
Anderson e cols., 2013; Grundy, 2013; Stone e cols., 2013).

O desenvolvimento das estatinas se deu apés a compreensao dos
mecanismos moleculares que regulam tanto a biossintese, quanto os niveis de
colesterol sérico (Gould e cols., 1998). Esta potente classe de farmacos, possui
a capacidade de reduzir de forma significativa a mortalidade e eventos
cardiovasculares em pacientes com hipercolesterolemia ou doencga arterial
coronariana (Lim, 2013; Stone e cols., 2013). Dados sugerem que em
pacientes com mais idade, o tratamento com estatina € seguro quanto aos
beneficios clinicos (risco de morbidade e mortalidade por DAC) (Berthold e
Gouni-Berthold, 2011; Athyros e cols., 2013).

Estudos randomizados que envolvem a utilizagdo das estatinas
mostraram que estes farmacos sdo os mais eficientes em reduzir os niveis de
colesterol total (18 a 25%) e LDL-C (25 a 55%), além de reduzirem
moderadamente os niveis de triglicerideos (10 a 15%) e elevarem os niveis de
HDL-C (5 a 10%) (Gotto, 2001; Waters, 2001; Kreisberg e Oberman, 2002).

Estudos também mostraram que estes farmacos apresentam efeitos
adicionais além de sua acdo hipocolesterolemiante. Estes beneficios
independentes do colesterol sdo chamados efeitos pleitropicos (Tziomalos e
cols., 2014) e incluem a melhoria da fungdo endotelial, a diminuicdo da
migragéo e proliferagcdo das células musculares lisas vasculares, a atenuagao
da remodelagem vascular e miocardica, a inibicdo da agregacao plaquetaria, a

diminuicdo da inflamagao vascular e da oxidagao e a estabilizacdo de placas
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aterosclerdticas (Ridker e cols., 1998; Dupuis e cols., 1999; Fuhrman e cols.,
2002; Ridker e cols., 2008).

Apesar da comprovacdo da eficacia das estatinas no combate a
dislipidemia, foram relatados alguns efeitos secundarios graves, como a
miotoxicidade, hepatotoxicidade e neuropatia periférica, levando a suspensao
da medicacgao (Sikka e cols., 2011).

Outro aspecto importante a considerar é o fato de muitos pacientes nao
atingirem as metas de perfil lipidico estando em tratamento com estes
farmacos, o que demonstra haver uma variabilidade interindividual na resposta,
fator este que limita a acdo benéfica desta classe farmacoldgica (Evans e
Mcleod, 2003; Pang e cols., 2009).

Estudos mostram diversos motivos que levam as variagbes na resposta
ao tratamento, tais como: doencas, diferencas na famacocinética e na
farmacodindmica dos medicamentos, fatores ambientais e fatores genéticos

(Shastry, 2006).

1.3 Farmacogenética

Pesquisas revelam que os individuos podem reagir diferentemente ao
mesmo tipo de medicamento. A resposta podera ser benéfica, nula ou
desfavoravel. A razao desta variabilidade nas respostas se deve, em parte, a
fatores genéticos (Kurtz, 2004). Essa constatacéo fez surgir a farmacogenética,
ciéncia que se ocupa em conhecer melhor a influéncia genética sobre a

variabilidade de respostas aos farmacos (Roses, 2001).
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Em Jdltima analise a farmacogenética visa colaborar para a
individualizagdo da terapéutica, isto €, a prescricao do medicamento correto e
na dosagem adequada para cada individuo, com base nas suas caracteristicas
genéticas (Chowbay e cols., 2005; Shastry, 2006).

Os resultados observados no tratamento farmacolégico com estatinas
demonstram que estes farmacos sao bem tolerados, entretanto podem ocorrer
numa minoria de pacientes, efeitos adversos graves (Humphries e Hingorani,
2006; Schmitz e Langmann, 2006) e nem todos os pacientes apresentam a
mesma eficacia farmacolégica. Parte desta variabilidade de resposta, como ja
descrito, esta associada a variabilidade genética individual. Ja foram descritos
diversos genes que podem estar associados a farmacogenética de estatinas
(Fiegenbaum e cols. 2005a; Fiegenbaum e cols. 2005b; Fiegenbaum e cols.
2005c; Sortica e cols., 2012; Lima e cols., 2013), mas como a resposta
terapéutica € uma resposta multifatorial, novos genes candidatos podem ser
investigados. Entre eles, estdo os genes que codificam as paraoxonases 1, 2 e
3 (PON1, PON2 e PONQ3), responsaveis pela modulagdo do perfil lipidico e
também pela ativagdo da sinvastatina, que é um pro-farmaco (Draganov e

cols., 2005).

1.4 Paraoxonases

A paraoxonase humana é uma familia multigénica de enzimas

polimorficas, constituida de trés diferentes genes: PON1, PON2 e PON3 (La

Du, 1988). Os trés membros da familia PON se localizam adjacentemente no
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braco longo do cromossomo 7 (entre q21.3 e g22.1) em humanos e no
cromossomo 6 em ratos (Primo-Parmo e cols., 1996; Perla-Kajan e
Jakubowski, 2010) (Figura 2). Nos humanos, os genes compartiiham ~70% da
sequéncia de nucleotideos, possuindo aproximadamente o mesmo peso
molecular, sendo muito semelhantes (Primo-Parmo e cols., 1996; Boright e
cols., 1998; Mackness e cols., 2002; Campo e cols., 2004). Estes genes
possuem também nove éxons, oito introns e promotores TATA-less (La Du e
cols., 1999; Campo e cols., 2004). Estudos mostram que essa semelhanca
estrutural entre os genes da PON, poderia estar vinculada a existéncia de um
precursor evolutivo comum (Primo-Parmo e cols., 1996; Hegele, 1999;

Sorenson e cols., 1999; Draganov e cols., 2000).

— — —

Dﬂm;l;p_;g,n; [ PON1 | PON3 | [ PON2 | 11000

=4dkb =27kb =35kb =36kb =9kb =30kb

al IRI SN D

Figura 2. Mapa genético da familia de genes PON em humanos. FONTE: Li e
cols., 2003 (modificado).

Mazur, em 1946, descreveu pela primeira vez a hidrélise enzimatica de
compostos organofosforados em tecidos animais, e nos anos de 1950, Aldridge
e colaboradores (1953a, 1953b) identificaram as esterases de PONs, baseado
na capacidade de hidrolisar o substrato paraoxon, produto do catabolismo do
inseticida paration em soros humanos e de diversas espécies de mamiferos

(Costa e cols., 2003, Khersonsky e cols., 2005). Somente em 1996 foi
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descoberto que o gene PON/atividade arilesterase pertence a uma familia
multigene de esterases (PON1, PON2 e PON3) nomedas conforme a ordem de
descoberta. Desde entdo, a PON é foco de estudo de diferentes areas da
pesquisa (Van Himbergen e cols., 2006; Goswami e cols., 2009) e pode estar
associada a eventos fisiopatoldgicos como a sindrome metabdlica (Flekac e
cols., 2008; Kordi-Tamandani e cols., 2011), doenga aterosclerética
coronariana (Pérez-Herrera e cols., 2008; Shin, 2009; Précourt e cols., 2011) e
disturbios neuroldgicos (Lawlor e cols., 2007; Kucukali e cols., 2008).

Inicialmente a PON foi caracterizada como uma organofosfato-hidrolase,
sendo considerada uma enzima de protecdo do sistema nervoso, pois pode
desintoxicar os derivados oxon e diazoxon de alguns pesticidas
organofosforados (Costa e cols., 2003; Li e cols., 2003; Costa e cols., 2005).
Pesquisas revelaram que tanto a PON2 quanto a PON3 possuem apenas a
atividade lactonase (Camps, 2009), entretanto, somente a PON1 possui a
capacidade de metabolizar organosfosfatos, toxinas nervosas (sarin, soman),
ésteres aromaticos (fenilacetato, tiofenilacetato e 2-naftilacetato) e lactonas
alifaticas e aromaticas (homocisteina tiolactona, dihidrocumarina (Draganov e
cols., 2004; Costa e cols., 2005). Desta forma, alguns estudos consideram o
nome PON inadequado, pois ndao possui ligacdo com a atividade paraoxonase
(Watson e cols., 1995, Aviram e cols., 2000, Draganov e cols., 2004).

A primeira enzima da familia descoberta foi a paraoxonase1 em 1946,
entretanto, somente no ano de 1991 intensificou-se o interesse em estuda-la,
apds resultados mostrarem a associagdo da atividade da PON1 a DCV

(Mackness e cols., 1991). Pesquisas tém confirmado que a atividade sérica da
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PON1 esta inversamente correlacionada com a doenga cardiovascular, ou seja,
individuos portadores de doengas das carotideas, coronarianas e infarto do
miocardio, apresentam uma menor atividade da PON1 (Jarvik e cols., 2002;
Mohamed e cols., 2010). A PON1 é uma esterase sintetizada e secretada pelo
figado e é calcio-dependente (Gan e cols., 1991; Furlong e cols., 1991;
Goswami e cols. 2009), possui 355 aminoacidos com peso molecular de 43-45
kDa formada de trés cadeias de carboidratos correspondendo a 15,8% do seu
peso (La Du, 1996; Mackness e cols., 1998; Lu e cols., 2006; Marsillach e cols.,
2008). Na regiao central da PON1 encontram-se dois atomos de caélcio, sendo
um para estabilizagdo e outro para a sua atividade catalitica (Harel e cols.,
2004). A estrutura tridimensional auxilia na determinagdo do papel fisiolégico
da PON1 e na andlise do modo que a enzima liga-se a HDL-C (Figura 3)
(Aviram e cols., 2005), esta lipoproteina contém a apolipoproteina A-l (Apo A-l)
e a apoliproteina J, conferindo maior potencial antioxidante ao HDL-C e
diminuindo a acumulagdo de peroxidacdo lipidica (Mackness e cols., 1991;

Kleemola e cols., 2002).

Figura 3: Estrutura tridimensional da PON1 com dois atomos de calcio na sua

regido central (vermelho e verde). FONTE: Harel e cols., 2004 (adaptado).
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A PON1 nao interage com lipoproteinas de baixa densidade ou em
lipoproteinas de densidade muito baixas, porém ocorre uma interagao
especifica entre a PON e o HDL-C, possivelmente pela sua associacdo com a
Apo A-l, conforme acima citado (Ahmed e cols., 2001; Blatter e cols., 2006).

A reacao de antioxidagado promovida pela paraoxonase s € possivel a
partir da interagcao especifica entre a PON e os lipidios oxidados. Duas
hipbteses provaveis foram formuladas para explicar sua atuagao: na primeira, a
acao protetora seria difundida durante a interagdo entre HDL-C/LDL-C e a
PON, na segunda hipotese, considerada a mais provavel, os lipidios oxidados
do LDL-C devem ser primeiramente capturados pelo HDL-C (James e Deakin,
2004).

Estudos complementares demonstram que a PON1 ndo apenas previne
a formagao de LDL-C oxidada por inativar os fosfolipidios oxidados derivados
da LDL-C (Costa e cols., 2005; Navab e cols., 1996), mas também protege os
fosfolipidios presentes na HDL do processo de oxidacdo, ampliando a
eficiéncia em sua agao antioxidante (Aviram e cols., 1998).

Desta forma, o PON1 é apontado como gene candidato para explicar a
propensao para doenga cardiovascular, embora se acredite que polimorfismos
no gene PON1 contribuem apenas com um pequeno grau de protegéo, pois as
modula¢des da PON1 decorrentes do estilo de vida, dieta, uso de estatinas,
terapia de reposicdo hormonal e outras, alteram os niveis da enzima, podendo
agir também como protetores contra DCV (Ferre e cols., 2002; Jarvik e cols.,
2002; Costa e cols., 2005). A PON1 em humanos pode sofrer influéncias de

varios fatores, podendo inibir ou estimular sua expressdo e atividade. Em



19

recém-nascidos, a atividade enzimatica sérica da PON1 é baixa, aumenta no
decorrer da vida e volta a reduzir com o envelhecimento, provavelmente devido
ao desenvolvimento de condi¢des relacionadas ao estresse oxidativo (Seres e
cols., 2004; Lescai e cols., 2009).

Existem diferencas na atividade e expressdo da PON entre os sexos,
mulheres apresentam niveis significativamente maiores quando comparadas as
médias de atividade em homens (Faggioni, 2003; Costa e cols., 2005;
Sumegova e cols., 2006), mostrando a existéncia de uma relagdo sexo-
dependente justificada por fatores hormonais (Rios e cols., 2007; Costa e cols.,
2005). Também existem variagdes na atividade enzimatica da PON1 entre
individuos de diferentes etnias, podendo variar de 10 a 40 vezes (Catano e
cols., 2006; Elkiran e cols., 2007; Eng e cols., 2009; Eom e cols., 2011).

Mais de 200 polimorfismos de nucleotideo unico (SNPs) foram
identificados no gene PON71 humano (Richter e cols., 2010), localizados em
regides codificadoras, intronicas e reguladoras (La Du e cols., 2003; Costa e
cols., 2011). Os SNPs mais estudados do PONT estdo localizados nas
posicdes 192 do gene, onde ocorre uma substituicdo do aminoacido Glutamina
(GlIn) por Arginina (Arg) (Q—R) e na posigdo 55, com a substituicdo de uma
Leucina (Leu) por Metionina (Met) (L—M) (Leviev e James, 2000; Li e cols.,
2003; Draganov e La Du, 2004; Ng e cols., 2005). Estudos mostram que no
polimorfismo Q192R a aloenzima Q é mais eficiente em proteger as
lipoproteinas contra oxidagcdo e consequente associacdo com menor risco de

desenvolver DAC (Durrington e cols., 2001). Desta forma, o alelo Q possui um
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papel protetor para as DCV e o alelo R um efeito deletério (Lakshmy e cols.,
2010; Liu e cols., 2014).

A substituicdo L55M esta associada de forma independente com a
formacdo de placas aterosclerdticas (Fortunato e cols., 2003), sendo
determinante para diferentes concentragdes séricas de proteina PON1 (Brophy
e cols., 2001). Portadores do alelo M possuem altas concentragcbées enzimaticas
de PON1, portanto o genétipo MM é um preditor significativo de CAD (Oliveira
e cols., 2004). Individuos homozigotos QQ(192) e MM(55) possuem uma maior
eficiéncia contra a oxidagdo da LDL (Jaouad e cols., 2003; Lakshmy e cols.,
2010).

Conforme exposto, a PON1 esta relacionada com a protecido contra as
doencas cardiovasculares, agindo como agente antioxidante e anti-inflamatario.
Por esta razao, se justifica o interesse e a relevancia da pesquisa relacionada
aos polimorfismos deste gene para conhecer a influéncia genética sobre a
variabilidade das respostas ao tratamento com estatinas, objetivando otimizar

os efeitos da medicagao através da personalizagao terapéutica.
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2 Objetivos

2.1 Objetivo Geral

Estudar a influéncia de variantes no gene PON7T na resposta
hipolipemiante ao tratamento com sinvastatina e atorvastatina, por via oral, em

amostras de individuos habitantes de Porto Alegre.

2.2 Objetivos Especificos

2.2.1 Analisar as frequéncias genotipicas dos polimorfismos rs662 e rs854560
do gene PON1 em amostras de pacientes usuarios de sinvastatina e

atorvastatina.

2.2.2 Investigar a associagao dos diferentes polimorfismos no gene PON1 com
a resposta hipolipemiante (eficacia) ao tratamento com sinvastatina e

atorvastatina.
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Glossary

CAD- coronary artery disease

CVD- cardiovascular disease

PON- paraoxonase

PON1- paraoxonase1

PON2- paraoxonase2

PON3- paraoxonase3

HDL-C- high-density lipoprotein cholesterol
LDL-C- low-density lipoprotein cholesterol
TG- triglyceride

TC- total cholesterol

HMG-CoA- 3-hydroxymethyl-3-methylglutaryl coenzyme A
SNP- single nucleotide polymorphism

PCR- polymerase chain reaction
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ABSTRACT:

Objectives: PON1 plays an important role in inhibiting LDL-C oxidation, which
reduces atherosclerosis and cardiovascular disease. Elevated PON1 activity or
levels may contribute to increased HDL-C levels, but controversy exists over the
hypothesis that genetic variation in the PON1 gene locus modulates HDL-C
levels and responses to statin treatment. Therefore, the objective of this study
was to investigate the association between two polymorphisms in the PON1
gene and statin responses in a south Brazilian population.

Design and Methods: The study population included 433 dyslipidemic patients
who were prescribed statins. Total cholesterol, triglyceride, HDL-C and LDL-C
levels were measured in these patients both before and after approximately 6
months of treatment with simvastatin/atorvastatin. Genotypes were assessed by
real-time PCR for two PONT polymorphisms, Q192R (rs662) and L55M
(rs854560).

Results: Baseline lipid levels were not associated with Q192R or L55M
polymorphisms. For the Q192R (rs662) polymorphism, we observed that HDL-C
goals were attained less often in patients with RR homozygosity than in Q allele
carriers (y?> P=0.009, adjusted residual analysis P=0.003). For the L55M
(rs854560) polymorphism, LL homozygotes were underrepresented among
subjects that achieved the HDL-C goal (X2 P=0.026, adjusted residual analysis
P=0.008). Analysis by univariate logistic regression confirmed that QQ/QR and
MM/ML carriers had an increased chance of attaining HDL-C goals (OR=2.41,

Cl95%=1.32-4.40, P=0.004 and OR=1.68, Cl95%1.15-2.45, P=0.008). In a



38

multivariate logistic analysis used to assess predictors of attaining an HDL-C
goal > 1.55 mmol/L, we observed that gender (OR=1.71, Cl95%=1.04-2.83,
P=0.036), baseline HDL-C levels (OR=1.13, CI95%=1.10-1.16, P<0.001) and
the QQ/QR + MM/ML genotypes increased the chance of achieving HDL-C
goals (OR=2.81, Cl95%=1.35-5.85, P=0.006).

Conclusions: The results of this study show that the Q192R (rs662) and L55M
(rs854560) polymorphisms may play a role in interindividual variation in
achievement of HDL-C goals in response to statins.

Keywords: Dyslipidemia; HDL-C, LDL-C; Paraoxonase; PON1; Statins.
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1 Introduction

Coronary artery disease (CAD) and other cardiovascular diseases are
the leading causes of morbidity and mortality in different regions of the world
[1,2]. In Brazil, approximately 32% of all adult deaths are due to cardiovascular
disease (CVD) [3]. The onset of these diseases is related to the presence of
atherosclerosis, a chronic disease with multifactorial etiology [4,5]. Among the
factors contributing to risk for CVD, dyslipidemia has been shown to be
prevalent and its association with other factors significantly increases the risk of
developing cardiovascular diseases [6].

With regards to genetic influences on coronary heart disease
development, there is evidence indicating that changes in paraoxonase family
(PON) genes contribute to CVD pathogenesis [7,8,9]. Studies have shown that
the paraoxonase1 (PON1) enzyme is associated with the inhibition of lipid
peroxidation of high-density lipoprotein cholesterol (HDL-C), reduced oxidative
modification of low-density lipoprotein cholesterol (LDL-C) [10,11], and
preservation of HDL-C and LDL-C function [12,13]. Serum PON1 activity is also
inversely correlated with cardiovascular disease in that individuals with diseases
of the carotid artery or coronary and myocardial infarction display lower PON1
activity [14,15]. Thus, paraoxonase 1 has been identified as a candidate gene
that may explain individual propensity for cardiovascular disease [16,17].

Human paraoxonases are a multigene family of polymorphic enzymes
that consists of three different genes, PON1, PON2 and PON3, which are
located adjacent to each other on the long arm of chromosome 7 (between

g21.3 and g22.1) in humans [18]. Although many modulators of PON1 have
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been identified, by far the biggest effect on PON1 activity occurs through PON1
genetic polymorphisms [19]. The purification and cloning of human PON1
revealed two common polymorphisms (L55M and Q192R) that have been
extensively investigated [20]. The Q192R (rs662) polymorphism is more widely
recognized and is a missense substitution that changes a glutamine (Q) to an
arginine (R) [21]. It has been shown that the 192R allele is less effective at
inhibiting the oxidation of LDL and has a substrate-dependent effect on activity
[22]. Furthermore, lower HDL-C and higher LDL-C and triglyceride
concentrations were observed in RR homozygous patients [23]. The L55M
(rs854560) polymorphism involves the conversion of a leucine (L) to a
methionine (M). The 55M allele results in significantly higher PON1 mRNA and
serum protein levels [24] and has been associated with lipid profiles, but these
results have been inconsistent [23,25].

Statins are 3-hydroxymethyl-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors that are widely used to treat dyslipidemic patients, where
they have been shown to lower LDL-C and triglyceride levels and slightly
increase HDL-C levels [26]. Although statins are usually highly effective and are
generally well tolerated, interindividual variation in efficacy has been observed.
Considering that 1) lipid and lipoprotein homeostasis gene polymorphisms may
be related to drug-response differences, 2) high levels of PON1 activity [27] or
levels [28] contribute to increased levels of HDL-C, and 3) Q192R and L55M
polymorphisms at PON1 gene locus are responsible for 48% and 4% of PON1
phenotypic variance, respectively [29], our hypothesis is that these SNPs may

modulate lipid levels, and especially HDL-C levels, in patients treated with
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statins. Thus, the objective of this study was to evaluate the influence of two
functional polymorphisms in the PON7 gene (Q192R and L55M) on the

therapeutic efficacy of simvastatin/atorvastatin in a cohort of Southern Brazil.

2 Methods
2.1 Study population

The study population for this analysis consisted of 643 patients with
dyslipidemia who received lipid-lowering simvastatin/atorvastatin therapy after
medical evaluation. All patients invited to participate in this study were screened
with a physical examination, provided a medical history and underwent a clinical
laboratory evaluation. The individuals were of European descent and residents
in the city of Porto Alegre, Brazil. Exclusion criteria were: age < 20 years, a
triglyceride (TG) concentration = 4.52 mmol/L, altered thyroid stimulating
hormone levels, impaired hepatic or renal function, the presence of an unstable
or uncontrolled disease that influences lipid metabolism, and previous therapy
with other lipid-lowering drugs. Physical examinations, clinical data, and clinical
laboratory data were obtained by a physician, and the doses administered were
determined by a physician according to the clinical characteristics of each
patient. Biochemical measurements were analyzed prior to the initiation of
treatment with statins (simvastatin/atorvastatin) and approximately six months
later to evaluate therapeutic efficacy. Other prescribed medications, such as
calcium channel blockers, diuretics, and antithrombotic agents, were continued

throughout the study.
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After the application of exclusion criteria, four hundred thirty-three
patients were analyzed for the lipid-lowering efficacy of the therapy. Therapeutic
responses were measured at baseline and after approximately 6 months (6.2 £
3.2) of treatment. This protocol was approved by the Ethics Committee of
Federal University of Health Sciences of Porto Alegre. All participants in the

study gave written informed consent.

2.2 Biochemical analyses

Peripheral blood samples were collected after 12 h of fasting. Total
cholesterol (TC), triglyceride (TG), and glucose concentrations were determined
using conventional enzymatic methods on a Mega Merck Analyzer (Merck
Darmstadt, Germany), and with specific kits supplied by Labtest (Brazil). HDL-C
was determined using a selective immunoseparation-based homogeneous
assay, followed by colorimetric quantification. LDL-C was calculated according
to Friedewald et al [30].

Patients with normalized lipid profiles after statin therapy were evaluated
according to the following criteria and recommendations of the V Brazilian
Guidelines on Dyslipidemia and Prevention of Atherosclerosis [31] for primary
prevention of CVD: TC < 5.18 mmol/L, LDL-C < 2.59 mmol/L, HDL-C > 1.55

mmol/L, and TG < 1.70 mmol/L.

2.3 DNA extraction and PON1 genotyping
Genomic DNA was isolated from peripheral blood samples using a

technique described by Lahiri and Nurnberger [32]. The genotyping of the
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Q192R (rs662) and L55M (rs854560) polymorphisms in the PON1 gene was
performed by allelic discrimination real-time PCR using TagMan SNP
Genotyping assays from Applied Biosystems Inc., California, USA, according to

the manufacturer's recommended protocol.

2.4 Statistical analysis

Continuous variables are expressed as the mean t standard deviation.
TG levels were log-transformed before analyses due to their skewed
distribution, although non-transformed values are shown in the Results section.
Allele frequencies were estimated by gene counting. The agreement of
genotype frequencies with Hardy—Weinberg equilibrium expectations was
tested using chi-square tests. Haplotype frequencies and linkage disequilibrium
were estimated with Multiple Locus Haplotype Analysis version 2.0 and
ARLEQUIN software version 3.1. Based on the findings of Kivisto et al. [33], the
daily doses of simvastatin were transformed to equivalent doses of atorvastatin
at a ratio of 2:1. The mean percentage of change in plasma lipid levels was
obtained by taking the difference between pre- and post-treatment lipid levels,
multiplying by 100 and then dividing by the pre-treatment level for each
parameter. To determine the association between genotypes and baseline lipid
levels or mean percentage of change in plasma lipid levels, the means for each
variable were compared with a General Linear Model using the type Ill sums of
squares. Age (years), gender, smoking status, standardized statin dosage (mg),
treatment period (months), and baseline lipid levels (mmol/L) were included in

each model as covariates for follow-up lipid levels and for lipid-lowering
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response (% of change in plasma lipid levels). For baseline lipid levels, age
(years), gender, and smoking status variables were used as covariates. The
distribution of genotypes between groups was evaluated by chi-square test, and
adjusted residual values [cell-by-cell analyses] were assessed by WINPEPI 2.1,
when appropriate. Multiple logistic regression was performed to assess the
variables associated with achievement of lipid level goals. A p-value of <0.05
was considered statistically significant. Statistical analysis was performed using

SPSS 19.0 for Windows.

3 Results
3.1 Characteristics of the study population

We evaluated a cohort of 433 individuals of European descent who were
residents of southern Brazil and who used simvastatin/atorvastatin lipid-
lowering therapy. The main characteristics of the study population are
presented in Table 1. The subjects in the study were aged between 25 and 88
years (61.6 £ 10.9 years); 33.3% were males, 83.1% of participants were on
simvastatin treatment, and 16.9% participants were atorvastatin users. The
average treatment duration was approximately 6.2 + 3.2 months and did not
differ between simvastatin users (6.2 £ 3.2 months) and atorvastatin users (6.3
+ 3.3 months) (P = 0.827). The average standardized dose of statins was 10.3
4.6 mg, and this also did not differ between simvastatin users (10.1 £ 4.35 mg,
atorvastatin converted range 2.5-20 mg) and atorvastatin users (11.0 £ 5.7 mg,
range 10-40 mg) (P = 0.125). Most patients never smoked (79.7%), while

13.2% of patients were ex-smokers and 6.9% were current smokers. A total of
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32.6% of subjects had prior cardiovascular disease, 72.1% of subjects had
hypertension, and 16.6% had diabetes. Concomitant therapies used by patients
throughout the study were calcium channel blockers (18.0%), diuretics (40.4%),
antithrombotic drugs (27.5%), beta-blockers (32.6%) and ACE inhibitors

(22.6%).

3.2 Association between Q192R and L55M polymorphisms and statin efficacy

Genotype frequencies were not significantly different than those
expected under Hardy-Weinberg equilibrium. The baseline and mean percent
reductions of lipid and lipoprotein levels, by PON71 Q192R (rs662) and L55M
(rs854560) genotypes, are shown in Table 2. Overall, statin treatment
significantly reduced plasma levels of total cholesterol (-26.4%, P<0.0001),
LDL-C (-36.4%, P < 0.0001) and triglyceride levels (-11.9%, P<0.001), while the
increase in HDL-C did not reach statistical significance (+3.7%, P = 0.08).
Baseline lipid levels and percentage of change in TC, HDL-C, LDL-C and TG
levels were not associated with PON1 gene polymorphisms.

When rates of achievement of lipid goals were analyzed (Table 3) for
patients with Q192R (rs662) polymorphism, we observed that HDL-C goal was
less likely to be achieved in RR homozygous patients than in Q allele carriers
(x> P=0.009, adjusted residual analysis P=0.003). The L55M (rs854560)
polymorphism was significantly associated with attainment of HDL-C and total
cholesterol goals. For HDL-C, LL homozygous patients were underrepresented
among subjects that achieved the HDL-C goal (XZ P=0.026, adjusted residual

analysis P=0.008). For total cholesterol levels, MM homozygous patients were
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more frequently observed to achieve goals (X2 P=0.040, adjusted residual
analysis P=0.017). Univariate logistic regression confirmed that QQ/QR and
MM/ML carriers had an increased likelihood of achieving HDL-C goals
(OR=2.41, CIl95%=1.32-4.40, P=0.004 and OR=1.68, CIl95%1.15-2.45,
P=0.008, respectively). Considering these results, we performed a multivariate
logistic analysis to assess the predictors of achieving HDL-C > 60 mmol/L. In
this analysis, gender (female), treatment time (months), age (years), standard
statin dose (mg) and baseline HDL-C levels (mmol/L) were entered as
covariates and genotypes were grouped into reference group (RR and LL
homozygotes), QQ/QR carriers, MM/ML carriers and QQ/QR + MM/ML carriers.
In this analysis, we observed that female gender (OR=1.71, Cl95%=1.04-2.83,
P=0.036), baseline HDL-C levels (OR=1.13, CI95%=1.10-1.16, P<0.001) and
being in the QQ/QR + MM/ML group increased the chance of HDL-C goal

achievement (OR=2.81, Cl95%=1.35-5.85, P=0.006) (Table 4).

4 Discussion

Low levels of HDL-C and high levels of TC, TG and LDL-C are significant
predictors of atherosclerosis and CVD throughout the population [34]. In this
study, we examined the influence of polymorphisms at Q192R (rs662) and
L55M (rs854560) in the PONT gene on responses to simvastatin and
atorvastatin treatment. Our main finding was an association between
polymorphisms Q192R (rs662) and L55M (rs854560) with patient attainment of

HDL-C goals.
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Statins are widely used, effective drugs for the treatment and prevention
of dyslipidemia and CVD [35]. Studies assessing patients treated with statins
have demonstrated significant reductions in LDL-C, TG and TC levels and
increases in HDL-C levels and a reduced incidence of cardiovascular events
and mortality. One study showed that LDL-C was reduced by 55% and that
cardiovascular events were decreased from 20-30% [36,37]. There is
interindividual variability in extent to which statins are clinically effective at
lowering LDL-C levels and reducing cardiovascular events [38,39]. Some of this
variability may be due to pharmacogenetic variation, and this is supported by
studies that have identified genetic variations that are associated with
differences in responses in LDL-C levels to statin therapy [39].

Results of epidemiological studies have also shown that future
cardiovascular events can be reduced by 2% to 3% for every 1 mg/dL (0.0259
mmol/L) increase in HDL-C levels [40]. These data show that HDL-C is an
important, independent marker for atherosclerosis and for CVD. However,
although there is data showing that HDL-C is important, few pharmacological
strategies are available to increase HDL-C levels and few studies have
identified pharmacogenetic markers useful for tracking statin therapies and
HDL-C levels [41-44]. Regarding PON1 gene polymorphisms, the Q192R SNP
was associated with HDL-C changes in two studies: Malin et al [41]
demonstrated that pravastatin increased HDL-C in R allele carriers but not in
QQ homozygous patients (p=0.095), and Fu et al [44] demonstrated that RR

homozygous patients showed a greater increase in HDL-C levels after
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simvastatin therapy. However, this association was not found in patients treated
with fluvastatin [43].

PONT1 is a calcium-dependent hydrolytic enzyme that is associated with
HDL [25,45]. This enzyme plays an important role in the regulation of HDL
antioxidant and anti-inflammatory activities [46], and elevated PON1 activity [27]
or levels [28] may contribute to increased levels of HDL-C and Apo A-l. PON1
inhibits the oxidation of LDL-C and prevents the accumulation of oxidized lipids
in vessels, thereby inhibiting the progression of atherosclerosis and
consequently reducing the development of CVDs [10,47]. Studies in animals
have shown that in mice that lack the PON1 gene, atherosclerosis developed
more rapidly than in wild-type animals [48]. In humans, results have shown that
reduced PON1 activity is associated with increased incidence of atherosclerosis
and cardiovascular diseases [49].

Our results demonstrate that, for the Q192R polymorphism, RR
homozygous patients less frequently reached their HDL-C lipid target than did
carriers of the Q allele. These findings are in apparent contrast with those
observed by Malin et al [41] and Fu et al [44], but our results corroborate data
regarding CVD risk showing an association between Q192R polymorphisms
and CVD, reporting that the Q allele protected against CVD while the R allele
had a deleterious effect [8,50,51]. For the L55M polymorphism, we found that
carriers of the M allele reached their HDL-C lipid target more often than patients
who were homozygous LL, and these data also corroborate the studies

supporting an association with CVD [50-53].
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Because HDL-C levels and statin responses are complex phenotypes,
we also performed a multivariate logistic regression and included covariates in
the final model that may have influenced the analyzed outcome. These included
age, sex, duration of treatment, baseline HDL-C, standard dose of statin and
genotype. As expected, this analysis showed that sex and baseline HDL-C
levels are also associated with success in reaching a goal of HDL> 1.55
mmol/L. Our results show that the analyzed polymorphisms maintain their
statistical associations with reaching the HDL-C goal even after adjustment for
these covariates, indicating that they are markers of the analyzed outcome.
Furthermore, analysis of the data revealed a combined effect, where both
polymorphisms increase the chance of achieving the outcome analyzed.

This study also has some limitations. It was an observational study with
no placebo control. All patients were advised to begin physical activity and diet
control, but monitoring and evaluation of these activities were not part of this
study. Moreover, while we chose two functional polymorphisms that are often
evaluated in cardiovascular outcomes, this study does not cover all variability in
the PON1 gene. Other variants and situations may therefore also influence the
activity of paraoxonase 1 and its lipid-lowering efficacy. The effectiveness of
statins is affected by multifactorial characteristics. We believe that other genes
that we have not studied may also be important contributors to the observed
variation in patient responses to treatment with statins. Moreover, the results
found for TC goal in our study might be spurious, since there is only a direct
interaction of PON1 with HDL and LDL molecules and other studies found no

relationship between PON17 polymorphisms and TC or TG levels.
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In conclusion, the present study suggests that the Q192R (rs662) and
L55M (rs854560) polymorphisms in the PON1 gene contribute to interindividual
variation in responses to statin and the ability to achieve HDL-C goals in a
Brazilian population. In the literature, one can find several studies that show
evidence of a relationship between PON1 and modifications of lipoproteins, as
well as the development of CVD. However, studies that specifically address
relationships between HDL-C responses in statin-treated patients and PON1
gene variability are limited. Our results therefore highlight the importance of

analyzing patient PON1 genotypes during statin treatment.

Acknowledgments
The authors are thankful for the financial support provided by Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq, Brazil), PROAP-

CAPES, FINEP.



51

References:

[1] Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, et al.
American Heart Association Statistics Committee and Stroke Statistics
Subcommittee. Executive summary: heart disease and stroke statistics - 2013
update: a report from the American Heart Association. Circulation.
2013;127(1):143-52. doi: 10.1161/CIR.0b013e318282ab8f

[2] Hsu S, Ton VK, Dominique Ashen M, Martin SS, Gluckman TJ, Kohli P, et al.
A clinician's guide to the ABCs of cardiovascular disease prevention: the Johns
Hopkins Ciccarone Center for the Prevention of Heart Disease and American
College of Cardiology Cardiosource Approach to the Million Hearts Initiative.
Clin Cardiol. 2013;36:383-93. doi: 10.1002/clc.22137

[3] Ministério da Saude. Indicadores de mortalidade. Secretaria de Vigilancia
em Saude. [Acesso em 2013 fev 10]. Disponivel em: http://tabnet.datasus.
gov.br/cgi/deftohtm.exe?idb2011/c08.def

[4] Barton M. Prevention and endothelial therapy of coronary artery disease.
Curr Opin Pharmacol. 2013;13:226-41. doi: 10.1016/j.coph.2013.05.005

[5] Watanabe T, Haraoka S, Shimokama T. Inflammatory and immunological
nature of atherosclerosis. Int J Cardiol. 1996;54(suppl):S25-34. doi:
10.1016/S0167-5273(96)88773-0

[6] Redberg RF, Benjamin EJ, Bittner V, Braun LT, Goff DC, Jr, Havas S, et al.
ACCF/AHA 2009 performance measures for primary prevention of
cardiovascular disease in adults: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Performance Measures
(Writing Committee to Develop Performance Measures for Primary Prevention
of Cardiovascular Disease) developed in collaboration with the American
Academy of Family Physicians; American Association of Cardiovascular and
Pulmonary Rehabilitation; and Preventive Cardiovascular Nurses Association:
endorsed by the American College of Preventive Medicine, American College of
Sports Medicine, and Society for Women's Health Research. J Am Coll Cardiol.
2009;54(14):1364-1405. doi: 0.1161/circulationaha.109.192617

[7] Eom SY, Kim YS, Lee CJ, Lee CH, Kim YD, Kim H. Effects of intronic and
exonic polymorphisms of paraoxonase 1 (PON1) gene on serum PON1 activity
in a Korean population. J Korean Med Sci. 2011;26(6):720-5. doi:
10.3346/jkms.2011.26.6.720

[8] Bhattacharyya T, Nicholls SJ, Topol EJ, Zhang R, Yang X, Schmitt D, et al.
Relationship of paraoxonase 1 (PON1) gene polymorphisms oxidative stress
and functional activity with systemic cardiovascular risk. JAMA. 2008;299:1265-
76. doi: 10.1001/jama.299.11.1265



52

[9] Ito T, Yasue H, Yoshimura M, Nakamura S, Nakayama M, Shimasaki Y, et
al. Paraoxonase gene GIn192Arg (Q192R) polymorphism is associated with
coronary artery spasm. Hum Genet. 2002;110:89-94. doi: 10.1007/s00439-001-
0654-6

[10] Wang M, Zou L, Huang S, Xu Z. Four genetic polymorphisms of
paraoxonase gene and risk of coronary heart disease: a meta-analysis based
on 88 case—control studies. Atherosclerosis. 2011;21(2):377-85. doi:
10.1016/j.atherosclerosis.2010.11.028

[11] Mackness MI, Arrol S, Abbott CA, Durrington PN. Protection of low-density
lipoprotein against oxidative modification by high-density lipoprotein associated
paraoxonase. Atherosclerosis.  1993;104:129-35. doi: 10.1016/0021-
9150(93)90183-U

[12] Ruperez Al, Lopez-Guarnido O, Gil F, Olza J, Gil-Campos M, Leis R, et al.
Paraoxonase 1 activities and genetic variation in childhood obesity Br J Nutr.
2013;110:1639-47. doi: 10.1017/S0007114513001967

[13] Aviram M, Rosenblat M, Bisgaier CL, Newton RS, Primo-Parmo SL, La Du
BN. Paraoxonase inhibits high density lipoprotein (HDL) oxidation and
preserves its functions: a possible peroxidative role for paraoxonase. J Clin
Invest. 1998;101:1581-90. doi: 10.1172/JC11649

[14] Shekhanawar M, Shekhanawar SM, Krisnaswamy D, Indumati V,
Satishkumar D, Vijay V, et al. The role of “paraoxonase-1 activity” as an
antioxidante in coronary artery diseases. J Clin Diagn Res. 2013;7:1284-87. doi:
10.7860/JCDR/2013/5144.3118

[15] Jayakumari N, Thejaseebai G. High prevalence of low serum paraoxonase-
1 in subjects with coronary artery disease. J Clin Biochem Nutr. 2009;45:278-
84. doi: 10.3164/jcbn.08-255

[16] Precourt LP, Amre D, Denis MC, Lavoie JC, Delvin E, Seidman E, Levy E.
The three-gene paraoxonase family: Physiologic roles, actions and regulation.
Atherosclerosis. 2011;214(1):20-36. doi: 10.1016/j.atherosclerosis.2010.08.076

[17] Soran H, Younis NN, Charlton-Menys V, Durrington P: Variation in
paraoxonase-1 activity and atherosclerosis. Curr Opin Lipidol. 2009;20(4):265-
74. doi: 10.1097/MOL.0b013e32832ec141

[18] Primo-Parma SL, Sorenson RC, Teiber J, La Du BN. The human serum
paraoxonase/arylesterase gene (PON1) is one member of a multigene family.
Genomics. 1996;33:498-509. doi: 10.1006/geno0.1996.0225

[19] Deakin SP, James RW. Genetic and environmental factors modulating
serum concentrations and activities of the antioxidant enzyme paraoxonase-1.
Clin Sci (Lond). 2004;107:435-47.



53

[20] Hassett C, Richter RJ, Humbert R, Chapline C, Crabb JW, Omiecinski CJ,
Furlong CE. Characterization of cDNA clones encoding rabbit and human
serum paraoxonase: the mature protein retains its signal sequence.
Biochemistry. 1991;30:10141-9.

[21] Draganov DI, La Du BN. Pharmacogenetics of paraoxonases: a brief
review. Naunyn Schmiedebergs Arch Pharmacol. 2004;369:78-88.
doi:10.1007/s00210-003-0833-1

[22] Mackness B, Durrington PN, Mackness MIl. Human serum paraoxonase.
Gen Pharmacol. 1998;31:329-36. doi:10.1016/S0306-3623(98)00028-7

[23] Kowalska K, Socha E, Milnerowicz H. Review: the role of paraoxonase in
cardiovascular diseases. Ann Clin Lab Sci. 2015;45:226-33.

[24] Leviev |, Negro F, James RW. Two alleles of the human paraoxonase gene
produce different amounts of mMRNA. An explanation for differences in serum
concentrations of paraoxonase associated with the (Leu-Met54) polymorphism.
Arterioscler Thromb Vasc Biol. 1997;17:2935-9. doi:
10.1161/01.ATV.17.11.2935

[25] Mackness M, Mackness B. Human paraoxonase-1 (PON1): Gene structure
and expression, promiscuous activities and multiple physiological roles. Gene.
2015;pii:S0378-1119(15)00573-9. doi: 10.1016/j.gene.2015.04.088

[26] Tufiodn J, Martin-Ventura JL, Blanco-Colio LM, Egido J. Mechanisms of
action of statins in stroke. Expert Opin Ther Targets. 2007;11:273-8.
doi:10.1517/14728222.11.3.273

[27] Saha N, Roy AC, Teo SH, Tay JS, Ratham SS. Influence of serum
paraoxonase polymorphism on serum lipids and apolipoproteins. Clin Genet.
1991;40:277-82.

[28] Blatter MC, James RW, Messmer S, Barja F, Pometta D. Identification of a
distinct human high-density lipoprotein subspecies defined by a lipoprotein-
associated protein, K-45. Identity of K-45 with paraoxonase. Eur J Biochem.
1993;211:871-9. doi: 10.1111/j.1432-1033.1993.tb17620.x

[29] Harangi M, Seres |, Harangi J, Paragh G. Benefits and difficulties in
measuring HDL subfractions and human paraoxonase-1 activity during statin
treatment. Cardiovasc Drugs Ther. 2009;23:501-10. doi: 10.1007/s10557-009-
6205-4

[30] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration
of low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972; 18:499-502.



54

[31] Xavier HT, Izar MC, Faria Neto JR, Assad MH, Rocha VZ, Sposito AC, et
al. V Diretriz brasileira de dislipidemias e prevencao da aterosclerose. Arq Bras
Cardiol. 2013;101(4Supl.1):1-22. doi: 10.5935/abc.2013S010

[32] Lahiri DK, Nurnberger JI Jr. A rapid non-enzymatic method for the
preparation of HMW DNA from blood for RFLP studies. Nucleic Acids Res.
1991;19:5444.

[33] Kivistd KT , Niemi M, Schaeffeler E, Pitkala K, Tilvis R, Fromm MF, Schwab
M, Eichelbaum M, Strandberg T. Lipid-lowering response to statins is affected
by CYP3A5 polymorphism. Pharmacogenetics. 2004;14:523-5. doi:
10.1097/01.fpc.0000114762.78957.a5

[34] Pilote L, Dasgudta K, Guru V, Humphries KH, McGrath J, Norris C, et al. A
comprehensive view of sex-specific issues related to cardiovascular disease.
CMAJ. 2007;176(6):S1-44. doi: 10.1503/cmaj.051455

[35] Cholesterol Treatment Trialists’ (CTT) Collaboration, Baigent C, Blackwell
L, Emberson J, Holland LE, Reith C, Bhala N, Peto R, Barnes EH, Keech A,
Simes J, Collins R. Efficacy and safety of more intensive lowering of LDL
cholesterol: a meta-analysis of data from 170000 participants in 26 randomized
trials. Lancet. 2010;376:1670-81. doi: 10.1016/S0140-6736(10)61350-5

[36] Davidson MH, Toth PP. Comparative effects of lipid-lowering therapies.
Prog Cardiovasc Dis. 2004;47:73-104. doi: 10.1016/j.pcad.2004.04.007

[37] Baigent C, Blackwell L, Emberson J, Holland LE, Reith C, Bhala N, et al.
Efficacy and safety of more intensive lowering of LDL cholesterol: a meta-
analysis of data from 170,000 participants in 26 randomised trials. Lancet
2010;376:1670-81. doi: 10.1016/S0140-6736(10)61350-5

[38] Mangravite LM, Thorn CF, Krauss RM. Clinical implications of
pharmacogenomics of statin treatment. Pharmacogenomics J. 2006;6:360-74.
doi: 10.1038/sj.tpj.6500384

[39] Gryn SE, Hegele RA. Pharmacogenomics, lipid disorders, and treatment
options. Clin Pharmacol Ther. 2014;96:36-47. doi: 10.1038/clpt.2014.82

[40] Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD, Castelli WP, Knoke
JD, et al. High-density lipoprotein cholesterol and cardiovascular disease. Four
prospective American studies. Circulation. 1989;79:8-15. doi:
10.1161/01.CIR.79.1.8

[41] Malin R, Laaksonen R, Knuuti J, Janatuinen T, Vesalainen R, Nuutila P,
Lehtimaki T. Paraoxonase genotype modifies the effect of pravastatin on high-
density lipoprotein cholesterol. Pharmacogenetics. 2001;11:625-33.

[42] Fiegenbaum M, da Silveira FR, Van der Sand CR, Van der Sand LC,
Ferreira ME, Pires RC, Hutz MH. Pharmacogenetic study of apolipoprotein E,



55

cholesteryl ester transfer protein and hepatic lipase genes and simvastatin
therapy in Brazilian subjects. Clin Chim Acta. 2005;362:182-8.
doi:10.1016/j.cccn.2005.06.005

[43] Christidis DS, Liberopoulos EN, Kakafika Al, Miltiadous GA, Liamis GL,
Kakaidi B, Tselepis AD, Cariolou MA, Elisaf MS. Effect of paraoxonase 1
polymorphisms on the response of lipids and lipoprotein-associated enzymes to
treatment with fluvastatin. Arch Med Res. 2007;38:403-10.
doi:10.1016/j.arcmed.2007.01.006

[44] Fu R, Sun YM, Su Y, Wu Y, Luan Y. Effect of statin therapy on plasma
high-density lipoprotein-cholesterol levels is modified by paraoxonase 1 in
Chinese patients with coronary heart disease. Clin Exp Pharmacol Physiol.
2008;35:982-3. doi: 10.1111/j.1440-1681.2008.04941.x

[45] Goswami B, Tayal D, Gupta N, Mallika V. Paraoxonase: a multifaceted
biomolecule. Clin Chim Acta. 2009;410(1-2):1-12. doi:
10.1016/j.cca.2009.09.025

[46] Loued S, Berrougui H, Componova P, lkhlef S, Helal O, Khalil A. Extra-
virgin olive oil consumption reduces the age-related decrease in HDL and
paraoxonase 1 anti-inflammatory activities. Br J Nutr. 2013;110(7):1272-84. doi:
10.1017/S0007114513000482

[47] Berrougui H, Loued S, Khalil A. Purified human paraoxonase-1 interacts
with plasma membrane lipid rafts and mediates cholesterol efflux from
macrophages. Free Radic Biol Med. 2012;52:1372-1381. doi:
10.1016/j.freeradbiomed.2012.01.019

[48] Shih DM, Xia YR, Wang XP, Miller E, Castellani LW, Subbanagounder G,
et al. Combined serum paraoxonase knockout/apolipoprotein E knockout mice
exhibit increased lipoprotein oxidation and atherosclerosis. J Biol Chem.
2000;275(17) 527-35. doi: 10.1074/jbc.M910376199

[49] Mackness B, Durrington P, McElduff P, Yarnell J, Azam N, Watt M et al.
Low paraoxonase activity predicts coronary events in the Caerphilly Prospective
Study. Circulation. 2003;107:2775-9. doi:
10.1161/01.CIR.0000070954.00271.13

[50] Liu, T. Zhang X. Zhang J. Liang Z. Cai W. Huang M, et al. Association
between PON1 rs662 polymorphism and coronary artery disease. Eur J Clin
Nutr. 2014;68:1029-35. doi: 10.1038/ejcn.2014.105

[51] Lakshmy R, Ahmad D, Abraham RA, Sharma M, Vemparala K, Das S, et
al. Paraoxonase gene Q192R & L55M polymorphisms in Indians with acute
myocardial infarction & association with oxidized low density lipoprotein. Indian
J Med Res. 2010;131:522-29.



56

[52] Oliveira SA, Mansur AP, Ribeiro CC, Ramires JAF, Annichino-Bizzacchi
JM. PON1 M/L55 mutation protects high-risk patients against coronary artery
disease. Int J Cardiol. 2004;94:73-77. doi: 10.1016/j.ijjcard.2003.05.011

[53] Domagata TB, tacinski M, Trzeciak WH, Mackness B, Mackness MI,
Jakubowski H. The correlation of homocysteine-thiolactonase activity of the
paraoxonase (PON1) protein with coronary heart disease status. Cell Mol Biol.
2006;52:4-10.



Table 1- Patient characteristics
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Characteristics

Number

Age (years)
Sex, male (%)
Statin Use (%)
Simvastatin
Atorvastatin

Treatment time (months)

Overall statin standard dose (mg)*

Simvastatin standard dose (mg)

Atorvastatin dose (mg)
Smoking (%)

Past

Current

Never

Prior CVD (%)

CVD Family history (%)
Diabetes (%)
Hypertension (%)
Concomitant therapy use (%)
Calcium channel blockers
Diuretics

Antithrombotic

ACE inhibitor

B-blocker

CYP3A4 substrates
CYP3A4 inducers
CYP3A4 inhibitors

433
61.6+11.0
33.3

83.1
16.9
6.2+3.2
10.3+4.60
10.1 +4.35
11.0+5.70

13.2
6.9
79.7
32.6
16.4
16.6
721

18.0
40.4
275
22.6
32.6
18.0
1.4
21.0

Values for age, treatment duration and statin standard dose are expressed as the

mean = standard deviation; CVD, Cardiovascular disease; ACE, angiotensin-converting

enzyme. * Simvastatin dose was transformed to equivalent doses of atorvastatin at a

ratio of 2:1.
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Table 2- Baseline, follow-up and mean percent change in lipid and lipoprotein levels

after statin treatment, according PON1 polymorphisms

SNP n Total HDL-C LDL-C Triglycerides
cholesterol
rs662 (Q192R)
Baseline lipid levels
(mmol/L)
TT (QQ) 200 6.43 +1.02 1.35+0.36 4.26 £ 0.92 1.79+£0.95
CT (QR) 178 6.37 £ 1.06 1.33+£0.33 4.25+0.92 1.70+£0.73
CC (RR) 55 6.35+0.98 1.26 £ 0.27 4.29+0.84 1.76 £ 0.73
p 0.949 0.305 0.931 0.882
Lipid change (%)
TT (QQ) 200 -26.3+12.8 29+225 -356.5+189 -12.7+30.8
CT (QR) 178 -25.8+12.3 53+21.9 -37.0+£17.7 -11.3+31.3
CC (RR) 55 -27.7+9.9 2.8+19.3 -37.2+13.6 -16.6+28.4
p 0.552 0.366 0.658 0.583
rs854560 (L55M)
Baseline lipid levels
(mmol/L)
AA (LL) 194 6.38 £ 0.99 1.32+£0.33 4.24 £ 0.92 1.75 £ 0.96
AT (LM) 187 6.42 + 1.08 1.34 £ 0.36 4.28 £ 0.90 1.75+£0.77
TT (MM) 52 6.47 £ 0.96 1.35+£0.27 4.33 £0.92 1.73 £ 0.56
p 0.770 0.786 0.766 0.968
Lipid change (%)
AA (LL) 194 -25.8+12.5 341240 -354+179 -10.2+32.6
AT (LM) 187 -26.1+11.8 4.8+20.3 -36.1+17.4 -14.6+30.6
TT (MM) 52 -29.5+13.0 21+21.9 -40.8+19.0 -14.9+23.9
p 0.146 0.572 0.142 0.163

Values are means * standard deviations; HDL-C, high-density lipoprotein cholesterol;

LDL-C, low-density lipoprotein cholesterol.
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Table 4 — Predictors for HDL >1.55 mmol/L.
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Variable OR Cl 95% p

Age (years) 0.99 0.97-1.02 0.603
Sex, female 1.71 1.04-2.83 0.036
Treatment time (months) 1.02 0.94-1.10 0.590
Baseline HDL-C levels (mmol/L) 1.13 1.10-1.16 <0.001
Standard dose (mg) 1.01 0.96-1.06 0.746
QQ/QR genotype 1.72 0.80-3.71 0.165
MM/ML genotype 1.33 0.14-12.31 0.800
QQ/QR and MM/ML genotypes 2.81 1.35-5.85 0.006

HDL-C, high-density lipoprotein cholesterol.
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4. Consideragoées finais

O presente estudo faz parte de um projeto maior intitulado “Estudo da
influéncia da variabilidade genética em fatores de risco cardiovascular e
na farmacogenética de hipolipemiantes”, aprovado pelos Comités de Etica
em Pesquisa (CEP) da UFCSPA (Parecer N° 075/05).

E sabido que a dislipidemia é um fator de risco classico para o
desenvolvimento de doencgas cardiovasculares, responsavel por uma grande
morbimortalidade. As estatinas sdo amplamente utilizadas no tratamento da
dislipidemia e é observado uma ampla variagao na resposta a estes farmacos.
Dentre os fatores responsaveis por estas variacbes na resposta, estdo os
fatores genéticos. A farmacogenética estuda polimorfismos genéticos que
podem afetar as respostas a terapia medicamentosa, podendo o paciente
apresentar uma maior eficacia e menor risco de efeitos adversos. Nosso
trabalho visa contribuir para um maior conhecimento da farmacogenética no
tratamento com estatinas, onde analisamos dois polimorfismos do gene PON1
e observamos que o gendtipo possui influéncia na resposta ao tratamento com
estatinas. A identificagdo de polimorfismos, bem como o conhecimento do
gendtipo dos pacientes, contribui para uma terapia mais individualizada,
buscando encontrar a melhor dose, o melhor tratamento e evitando efeitos

adversos para o individuo.
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5. Anexo

5.1. Parecer do Comité de Etica da UFCSPA

COMISSAO CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE

COMITE DE ETICA EM PESQUISA - CEP
UFCSPA

O Comité de Etica em Pesquisa da UFCSPA, registrado na Comiss&o Nacional de Etica em Pesquisa
(CONEP) sob o n° 075/05 em 23/07/04, analisou o Projeto:

Projeto: 10-686 Versao do Projeto: Versao do TCLE:

Pesquisadores:
MARILU FIEGENBAUM
SILVANA DE ALMEIDA
MARA HELENA HUTZ
LISIANE SMIDERLE
LUCIANA OTERO LIMA
RENATA BIANCHI MARIAN

Titulo: ESTUDO DA INLFUENCIA DA VARIABILIDADE GENETICA EM FATORES DE RISCO
CARDIOVASCULAR E NA FARMACOGENETICA DE HIPOLIPEMIANTES.

Esse projeto foi aprovado em seus aspectos éticos e metodologicos conforme as Resolugdes 196/09 e
demais Resolugdes complementares. Toda e qualquer alteragdo do projeto, assim como eventos adversos
graves, deverdo ser comunicados a este CEP. Os TCLE, quando necessarios, somente poderao ser
utilizados apds prévia e explicita aprovagéo (carimbo) de sua redagao por este CEP":

Porto Alegre, 28 de outu de/2010.

5 Geraldo Vernet Taborda
annrdspador do CEP/UFCSPA




