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RESUMO

Introdugao: As doengas cardiovasculares (DCV) sdo a maior causa de morte
em todo o mundo, e um dos principais fatores de risco associados a elas sao
as dislipidemias, alteracdes do colesterol circulante e suas fragdes. Farmacos
hipolipemiantes, como as estatinas, sdo usados amplamente no tratamento e
prevencao de agravos cardiovasculares. As estatinas s&o inibidores da enzima
HMG-CoA redutase, responsavel pela biossintese do colesterol, sendo as mais
comuns a sinvastatina e a atorvastatina. Apesar da boa tolerabilidade das
estatinas e 6timos resultados na redugao do perfil lipidico, existe uma grande
variabilidade de resposta, que pode ser explicado por variantes polimérficas em
genes de transportadores dos farmacos e receptores nucleares que controlam
a expressao de proteinas da via metabdlica. Dentre esses genes destacam-se
o SLCO1B1 e o SLCO1B3 com grande variabilidade genética e associagdes
comprovados com a resposta a estatinas, bem como o NR1/2, que codifica o
receptor nuclear PXR e controla diversos fatores de transcricdo importantes,
como os genes da familia CYP. O objetivo deste estudo foi avaliar a
associagado de variantes genéticas nos genes descritos com a resposta
terapéutica e ocorréncia de irregularidades no tratamento.

Materiais e métodos: A amostra consistiu de uma coorte de 477 pacientes
com dislipidemia em uso de estatinas. Os pacientes foram avaliados quanto a
resposta ao tratamento - medida através da reducdo percentual do perfil
lipidico - e a regularidade do tratamento, caracterizada por intercorréncias,
como troca de medicagbes, suspensao e ajustes de dose. Essas variaveis
foram associadas através de testes estatisticos por meio do programa
SPSS19.0, com os gendtipos para polimorfismos nos genes estudados:
SLCO1B1 (rs2306283, rs11045819, rs4149056), SLCO1B3 (rs41491177) e
NR1I12 (rs3814057, rs6785049, rs3814055, rs7643645, rs2461817). A
genotipagem foi realizada por PCR em tempo real com uso de sondas Tagman.
Além disso, realizou-se analise de bioinformatica com softwares livres, como o
Polyphen-2, o SIFT e o Snpinfo, para avaliagdo de predicdo funcional dos
polimorfismos sobre as proteinas resultantes.

Resultados: Encontrou-se associagdo da variante rs2306283 (388A>G -
SLCO1B1) com irregularidade ao tratamento, especificamente com troca de

medicamento e suspensao do tratamento. As variantes rs3814055 e rs3804057



do gene NR1/2 foram associadas com a modulagédo da reducao de colesterol
total e LDL-colesterol, mas n&o com regularidade ao tratamento. A analise de
funcionalidade dos polimorfismos do gene NR7/2 mostraram que a variante
rs3814055 esta localizada em um sitio de ligagao de fatores de transcrigdo e a
variante rs3814057 em sitio de ligacdo de miRNAs.

Conclusoées: Variantes genéticas em transportadores de farmacos e moléculas
endogenas, como os OATPs, e receptores nucleares, como o PXR, sao
capazes de modular a resposta ao tratamento, bem como predizer os riscos de
intercorréncias ao tratamento. O melhor conhecimento dessas variantes é
importante na orientacdo da prescricdo meédica e entendimento das diferentes

respostas apresentadas pelos pacientes.

Palavras-chave: estatinas, polimorfismos, SLCO1B1, NR1I2, PXR.



1 INTRODUCAO

1.1 Doencgas cardiovasculares (DCV)

1.1.1 Epidemiologia

No Brasil, as doengas cardiovasculares (DCV) sdo a primeira causa de
morte, principalmente entre homens com mais de 50 anos (Piuvezam e cols.,
2015). Porém, a taxa desses eventos em jovens adultos (20 a 40 anos)
também é preocupante, ja que soma 12% de todos ocorridos, segundo o
Ministério da Saude (2016). As regides com maior prevaléncia s&o a sul e a
sudeste. No entanto, a partir de 2000, todas as regides tém tido quedas nestes
numeros, com excec¢ao dos Estados da regido nordeste, nos quais o numero
de mortes por DCV aumentou em 13% (Piuvezam e cols., 2015; Guimaréaes,
2015).

Em ambito global, as DCVs sao responsaveis por 47% dos o&bitos
registrados em todo o mundo (Kaiser, 2004). Dentre as DCVs, os eventos mais
frequentes séo o infarto agudo do miocardio (IAM) e os relacionados com a
aterosclerose, que é a base dessas doencgas, devido a obstrugcao do fluxo
sanguineo (Ministério da Saude do Brasil, 2013).

Willrich  (2011) e Mansur e Favarato (2016) trazem dados
epidemiologicos da Organizagdo Mundial da Saude (OMS), mostrando que,
desde 1990, as DCVs matam mais do que qualquer outra causa, sendo o
numero anual de mortes estimado em 17 milhdes. Nas ultimas décadas, devido
ao trabalho de prevengdo, essas estimativas diminuiram nos paises
desenvolvidos, e atualmente 80% dos &bitos sdo de habitantes de paises em

desenvolvimento, de baixa e média renda (Wiilrich, 2011; Mansur e Favarato,
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2016). Esta situagcao remete bastante a realidade do Brasil, onde essa € a
causa de 33% de todas as mortes registradas, ou seja, cerca de 308 mil mortes
por ano, segundo dados do Ministério da Saude do Brasil (2013).

Em 2009, no estado do Rio Grande do Sul, conforme dados preliminares
do Ministério da Saude, em relatério de situagdo da Secretaria de Vigilancia de
2011, a taxa de mortes por DCV estava préxima de 150 por 100.000
habitantes, uma frequéncia bastante semelhante as médias da regido sul e
nacional. Conforme dados da OMS e do IBGE, esse quadro tende a persistir,
agravando os dados de mortalidade do nosso Estado e do pais. Sposito e cols.
(2007), na IV Diretriz Brasileira Sobre Dislipidemias e Prevengcdo da
Aterosclerose, bem como Steffens (2003), trazem estimativas apontando que
em 2020 o total de mortes anuais por DCV chegara a 25 milhdes, numeros
esses, que ja hoje oneram o Sistema Unico de Saude (SUS). No nosso pais,
este destina 17% do seu orcamento as DCVs, sendo o custo estimado, em
2004, de R$30,8 bilhdes (Filho, 2013). Além disso, as DCVs sdo responsaveis
por 10,74 milhdes de dias de internagdes, e também por um terco das
aposentadorias por invalidez, trazendo prejuizos a previdéncia social (Steffens,
2003).

Entre os diversos fatores de risco para o desenvolvimento dessas
doencas, como ser fumante, portador de diabetes mellitus ou hipertenso, esta
também o colesterol alto, sendo que o aumento da lipoproteina de baixa
densidade (LDL) e a diminuigdo dos niveis da lipoproteina de alta densidade
(HDL) sdo comprovadamente prejudiciais a saude, figurando entre os principais
fatores de risco, conforme dados do National Cholesterol Education Program,

NCEP (2001), e reafirmado em 2013, por Xavier e cols., na V Diretriz Brasileira
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de Dislipidemias e Prevencao de Aterosclerose. No Brasil, 35,8% da populagéo
€ composta de fumantes, 32% de obesos, 15% de hipertensos, 7,6% de
diabéticos, e 42% de dislipidémicos (Gus, 1998; Sposito e cols., 2007).

O entendimento desses fatores de risco, através da pesquisa cientifica,
tem possibilitado o tratamento precoce, aumentando o investimento em
prevencao primaria e secundaria, e a consequente diminuicdo, nas ultimas
décadas, do numero de mortes. Consoante a isso, com o crescimento da
farmacogenética nessa area, permitiu-se também o desenvolvimento de uma
visdo mais individualizada do tratamento da dislipidemia (Pereira e cols., 2015;

Pléthner e cols., 2016).

1.1.2 A dislipidemia e seu tratamento farmacoldgico

“Doencgas cardiovasculares” € um termo amplo para designar alteragcbes
fisiolégicas dos vasos, plaquetas e coragdo, tanto estruturais, quanto
funcionais. A aterosclerose, processo de formacdo de placas densas nos
vasos, contribui de forma significativa para a maioria das DCV, como a doencga
arterial coronariana e a doenga cerebrovascular e de vasos periféricos,
incluindo a aorta, a artéria renal e as artérias presentes nos membros. Existem
diversos fatores de risco que contribuem para o aumento do risco para as DCV,
como idade, hipertensdo e obesidade (Ministério de Saude, 2006; Xavier e
cols., 2013).

A aterosclerose tem origem multifatorial e caracteristica de doenga
inflamatdria cronica, pois ocorre a formacdo de placas ateroscleréticas no
endotélio vascular, alterando a estrutura do tecido que se torna imunogénico.

Isto leva ao acumulo de células de defesa do organismo, o que contribui para o
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espessamento da placa. As células fagocitarias ficam repletas de lipidios e séo
chamadas de células espumosas. Elas continuam secretando citocinas, o que
amplifica o processo. A placa aterosclerética desenvolvida é formada por
células, matriz celular, lipidios e massa necrética de células mortas. Essas
placas podem obstruir o vaso, lentificar o fluxo sanguineo ou desencadear a
formacdo de trombos — ja que sua superficie estranha ao organismo é
trombogénica — sendo observadas caracteristicas clinicas decorrentes da
aterogénese (Xavier e cols., 2013).

AV Diretriz Brasileira de Dislipidemias e Prevencao de Aterosclerose € a
orientagcdo mais atual para o manejo de pacientes dislipidémicos, ela foi
publicada em 2013 e traz mudangas na pratica clinica que objetivam inferir
sobre os desfechos saude-doencga. A diretriz aborda toda a fisiopatologia das
dislipidemias, descreve fatores de risco e busca fazer uma estratificagéo pratica
do risco do paciente, para que o médico possa aplicar no seu consultério. O
documento traz também alternativas de tratamento ndo-medicamentosas e
com farmacos hipolipemiantes (Xavier e cols., 2013).

A principal alteracédo desta diretriz em relagao a IV Diretriz de 2007 foi a
reducdo dos valores desejaveis para a fragdo LDL do colesterol, passando de
100mg/dL para 70mg/dL. Dessa forma, aumentou-se o numero de pessoas
consideradas dislipidémicas, bem como aquelas em uso de alguma medida
farmacolégica para redugéo do colesterol (Xavier e cols., 2013).

A farmacoterapia indicada nos casos de dislipidemia consiste no uso de
diferentes farmacos escolhidos entre as classes existentes: sequestradores de
acidos biliares, fitoesterdis, acido nicotinico, fibratos, inibidores seletivos da

absorcdo de colesterol e inibidores da HMG-CoA redutase, sendo a ultima
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classe formada pelas estatinas (Xavier e cols., 2013; Pereira e cols.,2015;
Kotlega e cols.,2016). As estatinas atuam na diminuicdo da produgao
enddégena de colesterol através da inibicdo competitiva da 3-hidroxi-3-metil-
glutaril-Coenzima A redutase (HMG-CoA), que é responsavel pela produgao de
mevalonato, precursor do colesterol (Sposito e cols., 2007; Willrich, 2011;
Kotlega e cols., 2016). A redugcdo do colesterol intracelular promove o
incremento da expressao de receptores a LDL (LDL-R) na superficie do
hepatdcito, captando a LDL circulante e diminuindo consideravelmente o seu
nivel sérico (Christians e cols., 1998; Sortica e cols., 2012). Além disso, as
estatinas promovem uma queda na producdo € um aumento do catabolismo
das lipoproteinas de muito baixa densidade (VLDL), que, como precursores da
LDL, contribuem de forma secundaria para a redu¢cao da mesma e atenuam a
ativacdo de proteinas pré-inflamatérias e a biodisponibiliade do éxido nitrico
(Xavier e cols., 2013). Considerando que a via de biossintese é responsavel
por até 70% do colesterol total circulante, torna-se justificavel o impacto
benéfico desses medicamentos e o fato dos mesmos serem o0s mais
comumente prescritos na pratica terapéutica (Kotlega e cols., 2016).
Atualmente, existem seis estatinas disponiveis no mercado brasileiro, sendo a
mais comumente prescrita a sinvastatina, no entanto existem outras como: a
atorvastatina, a fluvastatina, a lovastatina, a pravastatina e a rosuvastatina
(Marques, 2011). O governo brasileiro disponibiliza as estatinas para os
pacientes que apresentam um alto risco de DCV, sendo o uso cronico destes
medicamentos uma preocupagao econdémica, mesmo com diversos estudos

comprovando seu custo-efetividade (Wannmacher, 2004).
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Dados de estudos randomizados mostram um efeito redutor de 18 a
25% sobre o colesterol total (CT), e de 25 a 55% sobre os niveis de LDL
(Wannmacher, 2004). Férmulas mais modernas, das estatinas, sdo capazes
também de reduzir o nivel de triglicerideos em até 15% e aumentar os niveis
da HDL na mesma proporg¢ao (Kajinami e cols., 2003; Pereira e cols., 2015). Os
dados compilados pela literatura mostram que as estatinas reduzem os riscos
de eventos vasculares, independentemente de outros fatores de risco (Hutz e
Fiegenbaum, 2008), sendo que uma meta-andlise de cinco estudos,
envolvendo 30.817 participantes, mostrou reducdo de 31% em eventos
coronarianos maiores e de 21% da mortalidade total, de forma similar nos
diferentes sexos e faixas etarias (Larosa e cols., 1999). Mesmo assim, deve-se
considerar que 1 a 5% dos pacientes que fazem uso das estatinas apresentam
reagcdes adversas comuns como mialgia, fraqueza, nausea, diarréia ou
constipagao, e mais raramente, pacientes apresentam reagbes graves, como
dano muscular e hepatotoxicidade, sendo que a frequéncia destas é dose-
dependente (Wiilrich, 2011; Talameh e Kitzmiller, 2014). Cerca de 25 a 50%
desses pacientes interrompem o tratamento em um periodo menor de 12
meses devido a algum tipo de efeito adverso ou falsa de resposta (Jiang e

cols., 2016).

1.2 A farmacogenética das estatinas

A ciéncia que investiga a influéncia de genes especificos e isolados

sobre a atuacdo de farmacos €& chamada de Farmacogenética, ou

farmacogendmica, que busca a individualizagdo da prescrigdo terapéutica
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considerando fatores genéticos (Metzger, 2006; Pereira e cols., 2015). O
principal alvo de estudo desta area sao os polimorfismos genéticos, ou seja,
versdes diferentes de um mesmo gene que ocorrem de forma aleatéria no
genoma, sendo que as mais comuns sao: a delecéo, a insergao, a substituigao
de base unica (SNP) e a variagdo do numero de sequéncias repetidas, de
micro e de minisatélites. Esses polimorfismos podem alterar a atividade da
proteina traduzida e esta podera ndo exercer corretamente sua funcio
(Metzger, 2006).

Nos Estados Unidos da América, a cada ano sao registradas 106.000
mortes por intoxicagdo medicamentosa e efeitos adversos, fato que suscita o
interesse no entendimento maior da relagcdo gendtipo-fendtipo, e na
individualizacdo das terapias, podendo aumentar sua eficacia e seguranca
(Pléthner e cols., 2016). Neste contexto, o objetivo da farmacogenética é
identificar o farmaco “certo” para o paciente “certo” (Pereira e cols., 2015),
permitindo selegao da melhor droga, dose e duragao do tratamento, prevenindo
efeitos adversos e melhorando a eficacia (Plothner e cols.,2016).

Os genes de interesse da farmacogenética podem ser divididos em trés
categorias: genes que codificam proteinas envolvidas no metabolismo e/ou
transporte do farmaco, atuando sobre aspectos farmacocinéticos; genes
codificantes de proteinas envolvidas no mecanismo de acdo do farmaco,
atuando sobre parametros de farmacodinadmica, ou ainda genes que codificam
proteinas envolvidas diretamente na patogénese das DCV (Hutz, Fiegenbaum,
2008). Os marcadores encontrados sao capazes de interferir em fungdes
moleculares, genéticas e celulares, e sdo importantes por possuirem valor

diagndstico, prognostico e preditivo (Plothner e cols.,2016).
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Dentro da cardiologia, a pesquisa farmacogenética € um campo de
muitas apostas. No entanto, seus beneficios clinicos ainda nao sao totalmente
claros. Os estudos objetivam identificar, previamente a prescri¢cao, os pacientes
que possuem maior risco de sofrerem com efeitos adversos e de orientar as
decisdes médicas, que, atualmente, sdo tomadas de forma empirica (Joseph e
cols., 2014). Dentre os grupos de grande interesse estdo os anticoagulantes
como a varfarina; os B-bloqueadores; o acido acetilsalicilico; os inibidores da
ECA (enzima conversora de angiotensina) e as estatinas (Joseph e cols.,
2014). Evidéncias de variabilidade interindividual (como na varfarina), de falta
de resposta (como nas estatinas e nos B-bloqueadores), e de toxicidade ao
farmaco (como na toxicidade muscular induzida por estatina), levam a suspeita
de uma influéncia genética, segundo Pereira e cols. (2015).

Apesar dos beneficios comprovados da terapia com estatinas, a
resposta ao tratamento apresenta grande variabilidade individual, podendo
variar entre 15 e 30% entre diferentes individuos submetidos ao mesmo
tratamento (Fiegenbaum e cols., 2005; Lima e cols., 2012). Recentemente,
essa variabilidade tem sido alvo de muitos estudos de farmacogenética, sendo
que, até o momento, cerca de 40 genes foram associados a eficacia da terapia
com hipolipemiantes. A grande maioria dos mesmos foi identificada pela
abordagem “gene-candidato”, que considera a via de biossintese do colesterol
e aspectos farmacocinéticos e dinamicos dos farmacos, como por exemplo:
transportadores — OATPs e ABC, receptores de LDL, apolipoproteinas,
enzimas do citocromo P450, entre outros (Hu e Tomlinson, 2013; Patel e cols.,
2014; Pereira e cols., 2015). Os transportadores, como os OATPs, estédo

envolvidos na absorgao intestinal, na distribuicdo para os tecidos, na excregao
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e na concentracado sérica, regulando fortemente a exposi¢cdo sistémica aos
agentes farmacolégicos. Assim, eles podem determinar os efeitos
farmacoldgicos e toxicos do farmaco (Shitara e cols., 2013; Kotlega e cols.,

2016).

1.2.1 Os genes SLCO1B1e SLCO1B3

Os genes da familia SLCO — solute carrier organic anion transport —
codificam transportadores de captagdo, como o OATP1B1, codificado por
SLCO1B1 e envolvido na captagdo hepatica e intestinal, facilitando a entrada
dos farmacos nas células (Kalliokoski e Niemi, 2009; Wiilrich, 2011). Os
transportadores do tipo OATPs captam os compostos enddgenos, como as
estatinas do sangue, e os carregam para dentro das células, como os
hepatdcitos (Klotega e cols., 2016). Os OATPs sao transportadores
independentes de sodio que atuam por mecanismo ainda nao bem
estabelecido na membrana basolateral dos hepatécitos, ndo sofrendo influéncia
dos gradientes de soédio, cloreto ou potassio, e independentemente do
potencial de membrana ou dos niveis de ATP (Klotega e cols., 2016). A familia
dos OATPs é composta por 11 membros, designados com um numero arabico
e a subfamilia representada por letras do alfabeto, com localizagdes diversas
como cérebro, intestino, figado, rim e placenta. Eles sao codificados por genes
localizados nos cromossomos 3, 5, 8, 12, 15 e 20 (Kalliokoski e Niemi, 2009;
Shitara e cols., 2013).

Dentre esses transportadores, os de maior relevancia na farmacocinética

sdo o OATPB1 e OATPB3, codificados pelos genes SLCO1B1 e SLCO1B3,
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respectivamente, ambos localizados no brago curto do cromossomo 12. Sua
importancia se da pela localizagdo no figado, atuando no transporte de
substancias endogenas e exdgenas para o meio intracelular (Kalliokoski e
Niemi, 2009; Shitara e cols., 2013). Entre as substadncias exogenas
transportadas por esse carreador estdo a sinvastatina, a atorvastatina, a
pravastatina e a rosuvastatina. A sinvastatina nao é transportada em sua forma
inativada; porém, a sua forma ativa apresenta grande afinidade pelos OATPs
(Sortica e cols., 2012).

Diversos polimorfismos ja foram descritos no gene SLCO71B71 com
alguma associagao a variacdo de resposta. No entanto, as variantes 388A>G
(rs2306283: Asn130Asp), 463C>A (rs11045819: Pro155Thr) e 521T>C
(rs4149056: Val174Ala) sdo foco de varios estudos sobre a eficacia e a
segurancga do uso de estatinas (Bailey e cols., 2010; Sortica e cols., 2012;
Shitara e cols., 2013). Em especial, os polimorfismos 521T>C e 388A>G ja
foram associados a uma diminuicdo da funcado do transportador, bem como a
ocorréncia de miopatias em uso de sinvastatina (Bailey e cols., 2010; Sortica e
cols., 2012; Shitara e cols., 2013), de pravastatina (Akao e cols., 2012), e de
rosuvastatina (Danik e cols., 2013). Contudo, sua influéncia sobre a efetividade
da atorvastatina permanece controversa (Rodrigues e cols., 2011; Santos e
cols., 2012).

Recentemente, Keyser e cols. (2014), propuseram uma analise mais
ampla, onde além de considerar a ocorréncia de efeito adverso, os mesmos
relacionaram os portadores do alelo C — polimorfismo 521T>C — a um maior
risco de falha terapéutica, sendo a falha definida como a necessidade de

reducado da dose prescrita inicialmente da estatina de escolha. Trompet e cols.
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(2016), fizeram uma analise semelhante, sendo que compararam os resultados
incluindo e excluindo os nao-responsivos. Os autores viram que os resultados
eram mais robustos quando excluidos esses pacientes. No entanto, ha uma
diferenga entre eles e aqueles que respondem ao tratamento, o que justifica
sua inclusdo nos estudos, buscando um maior entendimento e um melhor
manejo desses pacientes que apresentam problemas com a terapia.

De modo semelhante, os portadores do alelo G em 388A>G possuem
menor atividade do transportador, estando 0 mesmo associado a uma pior
resposta, com menores efeitos sobre o perfil lipidico, e sobre a ocorréncia de
efeitos adversos (Kalliokoski e Niemi, 2009; Shitara e cols., 2013; Klotega e
cols., 2016). Entretanto, os resultados sobre essa variante ainda sé&o
controversos, Jiang e cols. (2016), em uma meta-analise, ndo encontraram
uma associagao significativa da variante 388A>G com a resposta terapéutica a
estatinas, sendo que apontaram como principal limitagdo o pequeno numero de
estudos publicados com a variante 388 A>G.

O transportador OATP1B3, codificado pelo gene SLCO71B3, é muito
similar ao OATP1B1, sendo que suas sequéncias de aminoacidos apresentam
uma homologia de 80%, e seus substratos s&o essencialmente os mesmos,
com a diferenca de que o OATP1B3 é menos seletivo, carreando outras
moléculas enddgenas, como a colecistinina, bem como uma variedade maior
de farmacos. No entanto, ndo ha divergéncias quanto a sua seletividade em
relacdo as estatinas. O gene SLCO1B3 é polimorfico e algumas sequéncias ja
foram associadas com o decaimento da funcéo do transportador (Kalliokoski e
Niemi, 2009). Ainda sao limitados os estudos sobre esse gene. No entanto, a

variante 334 T>G (rs4149117: Ser112Ala) foi associada com concentragoes
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aumentadas do farmaco no sangue, sendo que os portadores do alelo T
apresentaram fungao diminuida do transportador (Shitara e cols., 2013).

Sortica e cols., 2012, apresentou dados com parte dessa amostra, no
entanto no periodo que se seguiu, a amostra teve um aumento significativo,
foram incluidas novas variantes genéticas, e desenvolvida uma nova
abordagem estatistica, baseada no trabalho de Keyser e cols., 2014, que
considera os pacientes irregulares.

As Tabelas 1 e 2, respectivamente, descrevem os dados sobre a
frequéncia dos polimorfismos em SLCO71B1 e SLCO1B3 e os estudos ja

realizados com estatinas.

Tabela 1. Informagdes de posicao, de efeito e de frequéncia dos polimorfismos

estudados nos genes SLCO1B71 e SLCO1B3.

SNPrs# Posicao Gene/Efeito Troca de Frequéncia do alelos mais
na proteina alelo raro (MAF)

AFR! EUR2 AMR3

rs4149117 12:20858546 SLCO1B3 T>G 0,36 0,86 0,84
Ser112Ala

rs2306283 12:21176804 SLCO1B1 A>G 0,82 0,40 0,47
Asn130Asp

rs11045819 12:21176879 SLCO1B1 C>A 0,06 0,14 0,10
Pro155Thr

rs4149056 12:21178615 SLCO1B1 T>C 0,01 0,16 0,13
Val174Ala

"Frequéncia em Africanos (AFR), 2 Europeus (EUR) e 2 Americanos (AMR).
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1.2.2 O gene NR1/2

O gene NR112, localizado no brago curto do cromossomo 3 humano, &
composto por 10 éxons e codifica o receptor PXR (pregnance X receptor),
também conhecido como SXR ou PAR, uma proteina de 434 aminoacidos e de
aproximadamente 50-kDa, com sitio de ligagado bastante flexivel (Goodwin e
cols., 2001; Tolson e Wang, 2010). O PXR atua como um importante regulador
do sistema de defesa do corpo humano contra xenobidticos, expresso de forma
intensa no intestino e no figado. A proteina PXR faz parte de uma superfamilia
formada por 48 diferentes receptores nucleares, os NRs — Nuclear Hormone
Receptors- - que desempenham diversas fungdes reguladoras sobre diferentes
genes. Essas proteinas apresentam estrutura de aminoacidos bastante
conservada, havendo partes comuns, como a por¢ao N-terminal com fungéo
ativadora de transcrigdo (Garattini e cols., 2016).

Dentre esses receptores, o PXR esta envolvido no metabolismo de
xenobioticos, controlando genes envolvidos no metabolismo desses ligantes e
no transporte de substancias (Garattini e cols., 2016). A expressao da PXR e
sua ativagao estdo intimamente relacionadas com a expressdo de genes da
grande familia CYP, que codifica enzimas do citocromo P450, responsaveis
pela detoxificagdo do organismo (Willson e Kliewer, 2001). Estudos em ratos
geneticamente modificados — linhagem knockout para os genes codificadores
da PXR - demonstraram que a expressao do receptor € um importante
regulador das enzimas do citocromo P450 in vivo, interferindo em fungdes

como oxidagéo, conjugacao e transporte, sendo que os animais knockout nao
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foram capazes de aumentar a expressao de enzimas do citocromo P450
guando expostos a xenobidticos (Goodwin e cols., 2001; Kliewer e cols., 2002).

O receptor PXR ¢é ativado por diversas moléculas quimicas que possuem
potencial nocivo ao organismo, que podem ser exdgenas ou endoégenas, como
0s sais biliares, os horménios e muitos medicamentos (Kliewer e cols., 2002;
Gotoh e Negish, 2015). O sistema de detecgao de xenobidticos no qual o PXR
esta inserido € muito importante, havendo evidéncias de que também influencia
no metabolismo e na homeostase dos lipidios e de sais biliares, bem como
pode explicar os efeitos adversos de muitos farmacos, principalmente quando
ha politerapia (Willson e Kliewer, 2001; Lima e cols., 2013).

O receptor PXR regula diferentes etapas da metabolizagdo, incluindo a
fase |, as enzimas do citocromo P450 (CYP) 2B6, CYP2B9, CYP2C9, CYP3A4
e CYP3A7; na fase Il, enzimas como a glutationa-S-transferase (GSTs), a
UDP- glucoronosyltransferases (UGTs) e as sulfotransferases (SUTs) e alguns
transportadores como o MDR1 (multidrug resistance protein 1) e o tipo OATP
(organic anion transporter protein) (Goodwin e cols., 2001; Wang e cols., 2014).

A indugédo da CYP3A4 ja é bem documentada na literatura, sendo um
alvo de grande interesse pela diversidade de compostos que s&o
metabolizados por essa enzima, dentre estas moléculas estdo a maioria das
estatinas, como a sinvastatina, que € a mais popular. Essa relagcédo ja foi
estudada em farmacos para depressao e inflamagdo, imunossupressores,
anticoagulantes, hipolipemiantes e anticoncepcionais orais, e as mesmas
relagdes foram encontradas, de modo que é provavel que qualquer farmaco
metabolizado por ela tera influéncia da acédo do PXR (Kliewer e cols., 2002;

Wang e cols., 2014). Por seus efeitos, 0 PXR é reconhecido como um fator de
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variagao individual de respostas a medicamentos, com influéncia no surgimento
de algumas doengas (Liu e cols., 2016).

O receptor PXR quando ativado por um ligante se transloca do
citoplasma para o nucleo da célula, onde estabelece pontes — através de duas
regides de dedos de zinco - com regides especificas do DNA promotoras de
outros genes. Além disso, ele é capaz de recrutar co-ativadores que
intensificam esta ligacdo (lunnahah, 2011). Deste modo, o PXR tem a
capacidade de interagir com regides flanqueadoras do gene CYP3A4 e outros
sobre o qual exerce regulagdo (Goodwin e cols., 2001).

Além disso, estudos demonstram que as estatinas se ligam diretamente
aos receptores do tipo PXR, alterando suas vias de sinalizagdo, uma delas que
€ ativada é a de gliconeogénese no figado, o que poderia relacionar o uso das
estatinas com um aumento da glicose no sangue, e com o risco aumentado de
desenvolvimento de diabetes do tipo 2 (Gotoh e Negish, 2015). Outra
importante relagcéo é ressaltada por Stanley e cols. (2015), em um estudo onde
os autores demonstraram que as estatinas poderiam alterar a produg¢ao de uma
proteina inflamatdria de fase aguda, efeito este mediado por ela. Essa relagéo,
que nao esta clara se é de inibicdo ou de ativacéo, poderia elucidar as causas
dos efeitos adversos das estatinas e limitacbes do seu uso.

Devido ao fato das estatinas serem metabolizadas por enzimas do
citocromo P450 e transportadas tanto pelo MDR1 quanto por transportadores
OATPs é plausivel inferir que a expressao do PXR possa interferir na resposta
ao tratamento com esta classe de medicamentos, bem como estar associada a
casos de falha terapéutica e de efeitos adversos. A capacidade de ligagcdo das

estatinas aos receptores do tipo PXR chamam atencao para as vias que podem
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ser moduladas por esse receptor e, indiretamente, pelo préprio farmaco
(Stanley e cols., 2015).

O gene NR1I2 controla diversas vias, levando a transcrigdo de enzimas
do metabolismo hepatico e do ciclo celular, envolvidas na proliferacdo das
células e em rotas de uso de diferentes substratos. Por isso os estudos de suas
variantes possuem objetivos bem amplos, n&o limitando-se apenas a
farmacogenética. A variabilidade do NR17/2 ja foi associada com disfungbes
inflamatdrias em animais e humanos, como a doenca inflamatoria dos ossos, a
ulcera crénica e a doencga de Chron. Dentre as variantes do PXR estudadas, o
gendtipo GG da variante rs6785049 (7635A>G) mostrou-se relacionado com
inducdo aumentada da CYP3A4 apds o tratamento com rifampicina, € a um
maior risco de ulcera cronica (Andersen e cols., 2011).

Variantes polimoérficas no NR7/2 sdo também estudadas em oncologia,
ja que controlam diversas rotas do ciclo celular e da proliferagéo celular. Um
estudo com pacientes com cancer de prostata mostrou associacido da
gravidade dos casos com a variante rs7643645 (A>G), onde pacientes com o
alelo variante tiveram alteracdo do sitio de ligagcao da proteina e diminuigdo da
expressao basal do mRNA do CYP3A4 e consequentemente da atividade da
enzima. A frequéncia do alelo G nos controles foi semelhante a da populacao
em geral (0,37), em contraste com a frequéncia do mesmo nos pacientes com
cancer de prostata (0,56) (Reyes-Hernandez, 2014).

Em outro estudo, investigou-se a influéncia de variantes do gene NR1/2
em casos de hepatoxicidade medicamentosa desencadeada por tratamento
para tuberculose, devido a sua relagdo na inducdo de enzimas do citocromo

P450. Observou-se que pacientes com gendétipo AA para a variante rs2461823
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apresentavam maior risco de toxicidade, enquanto que pacientes com o
gendtipo AA para a variante rs7643645 tiveram menor risco de toxicidade em
decorréncia do tratamento (Wang e cols., 2015). Resisténcia medicamentosa
também foi relacionada com polimorfismos em NR7/2 em um estudo com
colelitiase. Observou-se que para a variante rs6785049 havia diferentes
patdégenos envolvidos no processo de acordo com o genétipo, e que 0s
portadores do alelo A para essa variante tinham um risco maior de desenvolver
célculos na vesicula. Para as variantes rs2276707 e rs3814055 nao foram
encontradas associagdes significativas (Xie e cols., 2016).

Lima e cols. (2013) estudaram a influéncia de diversos genes, entre eles
as variantes rs1523130 e rs2472677 do gene NR1/2, na farmacogenética de
estatinas, e encontraram associagcao da variante rs1523130 com os niveis
basais de colesterol total e de LDL. Em nosso estudo, tivemos o aumento do
numero amostral, o incremento de novas variantes genéticas na andlise, e o
uso de abordagem estatistica diferenciada, que considera os pacientes
irregulares. S&o varios os alvos e os objetivos de estudo das variantes de
NR112, e os resultados se mostram controversos, mas sua influéncia é clara.
Por isso, se torna importante o estudo e a validacdo desses polimorfismos em
diferentes situagoes.

No presente estudo foram escolhidas 5 variantes genéticas distribuidas

ao longo do gene (Figura 1 e Tabela 3).

Gene NR112

rs3814055 157643645 1s3814057
‘ 1 ' 1 1 1l [N I‘
— 1 T | B LLn | T

5' UTR ' ' 3'UTR

rs2461817 rs6785049

Figura 1. Distribuicdo dos polimorfismos estudados ao longo do gene NR1/2 (PXR)
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Tabela 3. Informacgdes de posicao, de efeito e de frequéncia dos polimorfismos

estudados no gene NR1/2.

SNP rs# Posicao no Posicao no Troca Frequéncia do alelo mais raro
Cromossomo gene de Alelo (MAF)

AFR! EUR? AMR3
rs3814055 3:119781188 5UTR C>T 0,31 0,37 0,40
rs2461817 3:119805804 2° Intron A>C 0,39 0,67 0,49
rs7643645 3:119806650 2° Intron A>G 0,06 0,34 0,50
rs6785049 3:119814886 6° Intron G>A 0,04 0,62 0,62
rs3814057 3:119818407 3UTR A>C 0,52 0,17 0,19

' Frequéncia em Africanos (AFR), 2 Europeus (EUR) e 2 Americanos (AMR).

1.3 Analise de predicao de substituicao de aminoacidos

Com o acumulo de sequéncias de DNA, a informag&o genética tornou-se
muito mais acessivel. No entanto, viu-se que apenas identificar variacdes
genéticas nao era suficiente para relaciona-las com doengas mendelianas.
Para isso, era necessario conseguir correlacionar quais dessas variantes
apresentavam um valor funcional, e preferencialmente, fazer isto de uma
maneira rapida, eficiente e de baixo custo. Por isso, foram desenvolvidas
diversas ferramentas computacionais com esse intuito (Zhou e cols., 2016).

Atualmente, existem varias ferramentas do tipo software livre disponiveis
para avaliagdo de AAS (Amino Acid Substitution), que tém como principio
fundamental o alinhamento das sequéncias, originais € mutadas, avaliando o
possivel impacto da alteragao sobre a funcionalidade da proteina em analise. A
maioria das mutacdes existentes € neutra. No entanto, quando ha, na

substituicdo dos aminoacidos, diferencas fisico-quimicas, isso pode resultar em
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dano funcional (Ng e Henikoff, 2006). Estas ferramentas utilizam diferentes
algoritmos para avaliar o impacto das alteragbes, considerando fatores como
carga elétrica, polaridade, afinidade com a agua, formacdo de pontes de
hidrogénio e sulfeto, alteragdes conformacionais e rigidez estrutural (Yue e
cols., 2006).

Uma comparagéao das ferramentas disponiveis na Web para este tipo de
analise mostra que o Polyphen é o método de maior confianga (81%), seguido
pelo snps3d (71%) e pelo SIFT (60%) (Ng e Henikoff, 2006). O Polyphen-2 é
uma ferramenta computacional livre disponivel em

http://genetics.bwh.harvard.edu/pph2/  desenvolvida por  Adzhubei e

colaboradores, em conjunto com a Universidade de Harvard, com objetivo de
predizer o possivel impacto funcional causado por uma mutagao missense, ou
seja, que resulta em troca de aminoacidos na estrutura primaria proteica
(Adzhubei e cols., 2010; Adzhubei e cols., 2013).

O programa utiliza a sequéncia FASTA da proteina de interesse ou a
identificacdo do polimorfismo (exemplo: rs2306283). Com os dados de
localizagdo da mutagédo e quais aminoacidos sdo modificados (Aa'e Aa?), ele
realiza um alinhamento das sequéncias buscando em repositérios de
estruturas, e prevé as modificagdes estruturais e suas consequéncias para a
funcdo da proteina estudada (Adzhubei e cols., 2010). O algoritmo de
Polyphen-2 apresenta duas variagdes, a especificacdo “HumDiv’ — modelo
classico para predigao, preferivel para analises de alelos raros, de efeito
menor, relacionados a sele¢ao natural ou localizados em regides densas do
genoma — e a especificacdo “HumVar’ — sendo esta mais adequada para

doengas Mendelianas, onde é necessario distinguir mutagdes com efeitos
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drasticos. De acordo com o algoritmo utilizado pelo software, o mesmo
apresenta os resultados na forma de um escore que varia de 0,0 a 1,0, onde
0,0 é considerado uma mutacado benéfica e 1,0 representa dano a fungéo da
proteina (Adzhubei e cols., 2010).

O Snps3d é um software desenvolvido por Peng Yue e colaboradores,

da Universidade de Maryland (USA), disponivel em http://www.snps3d.org, que

permite a pesquisa de genes candidatos de acordo com a doenga de interesse
e analise de substituicdo de aminoacidos. Os escores sdo dados em numeros
inteiros, sendo que valores positivos representam mutacdes toleradas e valores
negativos, dano funcional. O SIFT (Human Splicing finder 3.0), software
desenvolvido por Pauline C. Ng e Steven Henikoff, da Universidade de
Washington (USA), disponivel em sift.bii.a-star.edu.sg, permite a pesquisa de
genes candidatos de acordo com a doenga de interesse e a analise de
substituicdo de aminoacidos. Os escores sdo dados em um intervalo entre 0 e
1, sendo que o valor 0 representa dano funcional e o valor 1, mutacao toleravel,

sem prejuizo (Adzhubei e cols., 2010).
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2 OBJETIVOS

2.1. Objetivo geral:

Investigar a associagéo das variantes no gene NR1/2 (rs3814057, rs6785049,
rs3814055, rs7643645, rs2461817), SLCO1B1 (rs2306283, rs11045819,
rs4149056) e SLCO1B3 (rs41491177) com a eficacia ao tratamento com

atorvastatina/sinvastatina.

2.2. Objetivos especificos:

» Investigar a associagdo destas variantes com o desenvolvimento de efeitos

adversos ao tratamento com atorvastatina/sinvastatina;

» Investigar a associagao destas variantes com o desenvolvimento de falha

terapéutica ao tratamento com atorvastatina/sinvastatina;

> Investigar, através de ferramentas de bioinformatica, a possivel implicagéo

funcional das variantes genéticas estudadas.
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Molecular markers of treatment irregularity of statins:
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SLCO1Ba3.
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Summary

Aims: The SLCO gene family encodes OATP-like transporters that have affinity for
statins and may interfere with their effectiveness. Therefore, they are targets of
pharmacogenetic studies, in which SLCOIB]1 associations with the therapeutic response
of statins have already demonstrated. The aim of the study was to evaluate the
association between rs2306283, rs11045819, rs4149056 in SLCOIBI and rs41491177
SLCOIB3 gene polymorphisms , and regularity of statin treatment. Methods: A cohort
study carried out by reviewing patients' medical records and genotyping them for the
study variants. The measurements of the lipid profile of the patients with the specific
genotypes were compared. General linear model (to evaluate the differences between
groups) and Cox regression (to evaluate regularity of treatment) were adopted in
statistics. Results: For 1s2306283, G allele carriers had greater risk of irregularities in
the treatment (Hazard ratio: 1.50 - 95% CI: 1.05 to 2.13, p = 0.024). For rs4149056, CC
homozygotes presented greater risk of statin exchange and treatment withdrawal
(Hazard ratio: 2.16 - 95% CI: 1.04 to 4.44, p = 0.037). Conclusion: Our results suggest
an association between genetic variants and therapeutic efficacy, what may allow
definition of response profiles, enabling corroboration with other studies, to reach the

therapy individualization.

What is known about this subject

Statins are drugs used in the prevention of cardiovascular diseases, but they present a
variability of response associated with the individual genetics of the patient. One of the
targets of these studies are the SLCO genes, genes known to have influence over the

therapeutic response.
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What this study adds

This study showed that SLCOIBI polymorphisms are not only involved in the lipid
profile modulation and adverse drug reaction development, but also can be associated to
intercurrences in the treatment. Many patients have irregular treatment, and statin
replacement and discontinuation of the treatment may be related to patient-specific

genotypes.
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Introduction

Cardiovascular diseases (CVD) are at the top of the list of causes of death. It is
estimated that, in 2020, the number of deaths will exceed 25 million/year [1-3].
Cardiovascular risk factors are smoking, physical inactivity, diabetes, hypertension,
obesity, and with great importance as an independent factor, increased cholesterol,
especially the LDL fraction [2,4,5]. Despite the negative estimates, in recent decades the
number of deaths decreased in developed countries, in part due to greater understanding
of the pathophysiological mechanisms and disease risk factors and also by investing in
primary prevention [3,6].

Statins are the most commonly prescribed lipid-lowering drugs due to its high
efficacy and tolerability in the general population. Statins are competitive inhibitors of
HMG-CoA enzyme - 3-hydroxy-3-methylglutaryl-coenzyme A reductase - a key
enzyme of endogenous cholesterol synthesis [7,8]. The inhibition of this pathway
prevents the production of mevalonate, the precursor of cholesterol. Furthermore, statins
are able to induce increased expression of LDL receptors, decreasing the circulating
fraction [6,8].

Despite the proven efficacy, statin treatment may have an individual efficacy
variability of 15-30%, which explains the recent interest in the mechanisms that
contribute to this variability [2,6]. Among patient factors, many studies have focused on
pharmacogenetics, and several genes involved in the metabolism and transport of statins
have been associated with therapeutic response and the occurrence of adverse effects [1,
6, 9].

Among the studied genes, special attention is given to the coding genes of
organic solute carriers as OATPs, encoded by SLCO gene family, since they are directly

involved in drug serum and hepatic concentrations [8-13]. The main transporters
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responsible for cell influx in the liver are OATP1B1 (SLCOIBI) and OATP1B3
(SLCOI1B3), with polymorphic variants associated with decreased function and statin
therapeutic response or induced myopathy. Among the most studied variants are
¢.388A>G (rs2306283: Asn130Asp), c.462C>A (rs11045819: Pro155Thr) and ¢.521T>
C (rs4149056: Vall74Ala) in SLCOIBI gene, and ¢.334T> G (rs4149117: Serl12Ala)
in SLCO1B3 gene. All these alleles have showed decrease protein function on in vitro e
in vivo studies, specifically, the 388A> G variant was associated with increased protein
function. [12-16].

In 2012, our research group published results of a study of the association
among 154149056, rs11045819 and rs2306283 polymorphisms in SLCOIB1 with statin
treatment response [17]. In this paper, were analyzed part of the present sample (216
hypercholesterolemic patients) and an association of the variant rs2306283 (SLCO1BI -
388A> G) with the percentage reduction in total cholesterol and LDL-C fraction was
found. Based on previous study of our group and literature data, this study aims to test
the association between polymorphic variants rs4149056, rs11045819 and rs2306283 in
SLCOIBI and rs4149117 in SLCO1B3 genes and the occurrence of adverse effect and

treatment irregularity, seeking potential molecular markers of the treatment.

Methods

Subjects and study design

This study is a cohort of hypercholesterolemic patients sampled from a
cardiovascular clinic of south Brazil, and included those patients with statin prescription
(simvastatin or atorvastatin) that kept the medical follow-up for six months or more.
The inclusion criteria were the use of simvastatin or atorvastatin and European

ascendancy (ascertained by skin color and morphological characteristics). Exclusion
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criteria were uncontrolled hypothyroidism or diabetes, abnormal liver or renal function,
irregular treatment adhesion (forgetfulness, carelessness or other reasons). Adopting
these criteria, the sample consisted of 477 patients of both sexes. The clinician defined
the statin and doses, according to patient’s clinical characteristics and existing clinical
guidelines.

The therapeutic efficacy was measured by percent change in lipid levels after
approximately six months of treatment compared to baseline. A standardized statin
dosage variable was created to avoid bias in evaluating the efficacy of lipid-lowering
therapy. The daily doses of simvastatin were converted to equivalent doses of
atorvastatin at a ratio of 2:1 [18]. The subjects included in the study were taking other
medications concomitantly with the statins use. Subjects were maintained on other
medication schemes throughout the study without change. Furthermore, as
recommended by the Brazilian guidelines of dyslipidemia and prevention of
atherosclerosis, were dosed creatine phosphokinase (CPK), glutamic oxaloacetic
transaminase/ aspartate transaminase (SGOT/AST) and oxaloacetic pyruvate
transaminase/ alanine transaminase (SGPT/ALT) during follow-up. Biochemical
analyzes were performed by conventional enzymatic methods in blood samples
collected with 12-hour fast at two different times - before prescribing the statin and after
six months or more of use. The LDL cholesterol levels were calculated according to the
Friedewald formula if triglycerides were lower than 4.52mmol/L [5].

Other data (age, sex, other drugs or concomitant diseases and smoking) were
obtained from medical records. The monitoring of patients allowed the creation of
groups according to the regularity of treatment and changes over time. Patients were
considered on “regular treatment” when the treatment was initiated and sustained over

time with the same statin and at the same dosage. The remaining patients were divided
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into the following groups: 1) dose increase, 2) dose reduction, 3) treatment withdrawal
and 4) statin exchange. Additionally, we evaluated the development of adverse effects,
considering one or more myalgia simultaneous events to the use of statins, increased
CPK levels, abnormal liver function (measured by SGOT and SGPT levels), or
myopathy.

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 for primary prevention of CVD:
Total Cholesterol (TC) < 5.18 mmol/L, LDL-C < 2.59 mmol/L, HDL-C>1.55 mmol/L,
and Triglicerydes (TG) <1.70 mmol/L [5].

Parts of this sample have already analyzed in previous studies’”!'"!” and all
subjects who agreed to participate in this study provided informed consent. This study
was approved by the Federal University of Health Sciences of Porto Alegre Ethics

Committee, under opinion number 075/05 of 2004.

DNA extraction and genotyping

The molecular analyzes were performed for five polymorphisms covering the
SLCOIBI and SLCOIB3 genes, namely: 152306282 (SLCO1B1 388A>G), rs11045819
(SLCOIB1 463C>A), 154149056 (SLCOIBI 521T>C) and rs4149117 (SLCOIB3
334T>G). Genes were chosen for their relevance in drug transport. All polymorphisms
are located in exons leading in amino acid changes with change function. These
polymorphisms were also the target of several studies, which justifies its validation as
biomarkers of statin therapeutic response. For this analysis, genomic DNA was

extracted by salting-out process, described by Lahiri and Nurnberger (1991) and the
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genotypes determined by TagMan genotyping assays, using Real Time Technology

PCR (Applied Biosystems, California, USA).

Statistical analysis

Continuous variables were expressed as the mean + 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 and the agreement of the genotype frequencies with the
Hardy-Weinberg equilibrium was tested using the chi-square test. 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. 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. The comparison between existing groups considering
the occurrence of treatment failure was carried out through Cox regression, allowing an
estimate of the cumulative risk - hazard - to develop the outcome. The variables age
(years), sex, statin dose (mg), treatment time (month), and baseline lipid levels
(mmol/L) were included as covariates in all analyzes. A p-value of <0.05 was
considered statistically significant. Statistical analysis was performed using SPSS 19.0

for Windows.

Results
Sample description
The sample consists of 477 patients, of whom 67.1% were female, with a mean

age 61.9 + 10.9 years. From all participants, 80.1% were on simvastatin treatment and
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19.9% participants were atorvastatin users. The average treatment duration was
approximately 16.8 £ 17.0 months and did not differ between simvastatin and
atorvastatin users (p=0.083). The average standardized dose of statins was 10.3 £ 4.5mg
and was lower between simvastatin users (9.6 £ 3.9mg) than in atorvastatin users (12.9
+ 6.8 mg, p <0.001).

From all patients, 333 have follow-up lipid profile data (average treatment for
lipid profile follow-up 6.2 + 3.2 months). Overall, statin therapy significantly reduced
the plasma levels of total cholesterol (-25.6 %, P<0.001), LDL-C (-35.9%, P<0.001) and
triglyceride (-13.1%, P<0.001), and increase HDL-C levels (5.9%, P=0.002).
Comparing simvastatin and atorvastatin treatment groups, patients on atorvastatin
treatment showed higher baseline triglyceride levels than those in the simvastatin group,
and also a greater percentage reduction of triglyceride after follow-up (Table 1).

Of the patients, 59.8% showed irregularities in the course of treatment, a fact
that appeared closely related to the occurrence of adverse effects, present in 50.5% of
patients with irregular treatment (P<0.0001) and with not reach LDL-C goal (53.5 %,
P<0.001). The most frequent event in patients with irregularity was the exchange of the

prescribed statin (45.6%, Table 2)

Association of polymorphisms with irregular treatment

All genotyped polymorphisms were in agreement with the Hardy-Weinberg
Equilibrium. Grouping the patients according treatment regularity in regular statin users
(same dose on follow-up) and irregular statin users (patients with dose increase or dose
reduction or treatment withdrawal or statin exchange), only rs2306283 (388 A>G,

SLCOIBI) was associated with treatment irregularity. In a multivariate Cox regression,
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the G allele carriers were more likely to develop treatment irregularity (HR=1.50
CI95%=1.05 to 2.13, P=0.024) (Table 3).

Considering that the statin exchange and treatment withdrawal are directly
associated with the development of adverse events (Table 2), we carried out a
multivariate Cox regression using only statin exchange or treatment withdrawal as the
outcome. In this analysis, it was verified that G allele carriers of rs2306283 were more
likely to develop adverse side effect (HR=1.55 C195%=1.03 to 2.33, P=0.036). We also
observed the association of these specific events with rs4149056 (521T>C SLCOI1BI),
CC homozygotes showed a higher risk of having statin exchange or treatment
withdrawal in the treatment over time (HR=2.16, CI95%=1.04 to 4.44, P=0.037) (Table

3). No found associations with polymorphisms in SLCO1B3 gene.

Discussion

Genetic testing is being developed to study and validate variants related to
pharmacological treatments, but it is still difficult to evaluate the impact of some of
these data in clinical outcomes and practice [16]. Additionally, the application of
pharmacogenetic in clinical practice might avoid possible damage to individuals with a
more vulnerabe genetic profile. It is therefore justified the numerous studies that aim to
validate genetic variants as markers of therapeutic response in different populations. In
our study, we focused the investigation of two well-studied genes related to statin
pharmacogenetics. Our results indicate an association of rs2306283 (SLCOIBI)
polymorphism with treatment irregularity. We also confirm the association of
154149056 (SLCOI1BI, 521T>C) with statin exchange and treatment withdrawal, an

indirect measure of adverse drug reaction development.
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The SLCOIBI and SLCOIB3 genes encode important carriers in the
metabolizing process of drugs that have affinity for statins and are decisive in intra and
extracellular concentration of the drug. Their genetic variants have previously been
associated with therapeutic response and the induction of myopathy [8,13,16,17,19,20].
In addition, the studied polymorphisms are located in coding regions, being responsible
for amino acids changes with a capacity to modify the affinity and transporter function
[8,11-13,15,19].

In the present study, carriers of the G allele (rs2306283) had higher risk of
irregularity in the treatment (P=0.024) and were more susceptible to statin exchange or
treatment withdrawal (P=0.036). Our results are supported by data of OATP1B1 mRNA
and protein levels analysis. Nies et al (2013) demonstrated an increased OATP1B1
expression associated with 388A>G variant, and that haplotypes harboring 388A>G but
not the functional rs4149056 were associated with myopathy [22].

The rs4149056 polymorphism (SLCOIBI - 521T> C) was subject of several
studies, however data presents conflicting results, with some able to demonstrate
influence of variation on reducing the lipid profile [19,21], while other studies in
different samples, did not find such association [11,20,24,25]. Two meta-analyzes,
published in 2015, by Dou et al. and Dai et al., analyzed studies with conflicting results
and have concluded that there is no significant association for this variant [24,25].
However, both emphasize the possibility that the impact could be influenced by diverse
factors: overall small effect on statin treatment, only significant in long-term treatment,
subject of differences according to the analyzed drug (simvastatin or atorvastatin) and
population. This hypothesis is endorsed by the study of Nagy et al., which demonstrated
the existence of significant differences in the frequency of C and T alleles of the variant

521 C> T in the Roman and Hungarian population [26]; this difference may explain the
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discrepancy of the results, which are likely the origin of the sample under study [26]. In
caucasians the estimated frequency of C allele is about 15%, but varies according to the
ancestry of the studied population [13,17,27]. Differing results can also be justified due
to statin choice, since associations were found in samples from patients with
simvastatin, but not with atorvastatin [28]. Nevertheless, another meta-analysis found an
association of the same variant with myopathy induction [29] and Clinical
Pharmacogenetics Implementation Consortium has issued a guideline recommending
the screening of this variant in myopathy prediction in patients using simvastatin, based
on pharmacokinetics and published studies [30]. This justifies and encourages further
studies with this polymorphism to elucidate its real relevance in the clinical context.
This observation and the literature data are supported by amino acid substitution
analysis that predicts functional damage to the protein by mutation, a fact mentioned in
other studies [31], and confirms the fact that the carriers of the T allele have a protective
effect as regards the irregularities of treatment (P=0.032).

In 2014, Keyser et al. also evaluated the association with the rs4149056 variant
(SLCOIBI - 521T>C) and found an association with the same therapeutic response with
induction to myopathy and also the need to exchange or reduction of the initial statin
dose prescribed to patients. In our study, only the relationship with irregularities of the
treatment was observed, but the study Keyser et al has great importance because it is the
basis of the approach used considering the irregular treatment [32]. In this study,, only
the exchange of drug and dose reduction were considered, however, during the review
of the medical records of the sample, it was checked for other fault profiles, such as
increasing the dose and discontinuation of treatment, and these variables were also

included in the study.
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This study showed that polymorphisms in genes directly involved with the
transport mechanism of statins could determine the presence or absence of adverse
effects and irregularities in the course of treatment. In previous study of our research
group it was found an association with the variant 388A>G and modification of the lipid
profile, and in the present studywe observed a relation with the presence of irregular
treatment. These data were similar to the variant 521T> C (rs4149056), both found in
SLCOIBI gene [17].

This study has some limitations, because it is an observational study, and due to
the small sample size, especially for some genotypes, what could affect the visualization
of known associations. However, it brings a different statistical approach, which does
not exclude irregular patients, as most studies made this because we think it is important
to see the genetic profile behind those patients who do not adapt to the treatment. These
data are important for the validation of these variants in the population and proposes the
use of a broader approach in pharmacogenetic studies, including patients with stroke

treated differently than expected.
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Table 1. Sample description according to this used statin.

Variable Overall Simvastatin Atorvastatin P

Total sample

n (%) 477 382 (80.1) 95 (19.9)

Sex, female (%) 320 (67.1) 264 (69.1) 56 (58.9) 0.067
Age (years) 61.9+10.9 61.5+10.6 63.4+12.1 0.129
Follow-up (months) 16.8£17.0 16.1 £15.9 19.5+£21.3  0.083
Dose (mg) 179+7.6 192+7.8 129+6.8 <0.0001
Standard dose (mg) 10.3+£4.5 9.6+3.9 129 +£6.8 <0.0001
Prior CVD (%) 150 (31.4) 94 (24.6) 56 (58.9) <0.0001
Hypertension (%) 319 (66.9) 288 (75.4) 31(32.6) <0.0001
Patients with follow-up 333 268 65

lipid levels

Baseline lipid levels

(mmol/L)

TC 6.33£1.01 6.32+1.03 6.38+0.94  0.669
HDL-C 1.32+0.34 1.32+0.35 1.34+£031 0.673
LDL-C 4.18+0.92 4.20+0.92 4.11+£090 0478
TG 1.79 +£0.92 1.73 £ 0.86 2.02+1.15 0.023
Follow-up lipid levels

(mmol/L)

TC 4.66 = 0.99 4.66 + 0.89 4.64+141 0.886
HDL-C 1.37+0.36 1.36 £ 0.34 1.41+£046 0.324
LDL-C 2.63+0.75 2.64 £0.78 261064 0.774



TG

Lipid levels change (%)
TC

HDL-C

LDL-C

TG

1.43 £0.64

-25.6+12.9

5.9+22.6

-35.9+18.9

-13.11+£31.3

1.43+0.63

-25.6+13.0

55+21.0

-35.9+19.1

-10.8 +33.4

1.41 £0.66

-25.6 £12.6

7.5+29.0

-35.8+18.4

-22.4+22.8

0.820

1.000

0.525

0.969

0.008

64
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Table 2. Distribution of the patients according to the type of treatment and association

with development of adverse effect and scope of LDL-C goal (mmol/L).

Total Adverse effect ocurrence LDL-C goal (mmol/L)
No Yes No Yes
Regular treamtent 190 (40.2%) 171 (90%) 19 (10%) 43 (29.1%) 105 (70.9%)
Irregular treatment 283 (59.8%) 140 (49.5%) 143 (50.5%) 108 (53.5%) 94 (46.5%)
P <0.0001 <0.001
Irregular treatment ?
Statin exchange 129 (45.6%) 52 (37.1%) 77 (53.8%)" 27 (40.3%) 60 (44.7%)

Dose reduction 66 (23.3%)

Dose increase 48 (17.0%)
Treatment 40 (14.1%)
withdrawal

P

37 (26.4%) 29 (20.3%)°

44 314%)  4(2.8%)
7(5.0%) 33 (23.1%)°

<0.0001

13 (19.4%) 31 (23.1%)

13 (19.4%) 20 (14.9%)
14 (20.9%) 23 (17.3%)

0.708

Data presented as n (%). n and% calculated on the total of subjects with treatment

irregularity.® analysis performed with irregular patients ‘residue +2.82. P=0.005;

°residue -1.22. P=0.221; residue -6.42. P<0.0001; ¢ residue +4.36. P<0.0001.
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Table 3. Relationship between studied polymorphisms and occurrence of irregularity in

the treatment obtained by Cox regression.

Irregular treatment

Statin exchange and treatment

withdrawal
Adjusted CI95% P Adjusted CI95% P
Hazard Hazard

SLCOIBI 388A>G
(rs23006283)
AA 1.00 - - 1.00 - -
AG +GG 1.50 1.05-2.13  0.024 1.55 1.03-2.33 0.036
SLCOIBI 521 T>C
(rs4149056)
CT+TT 1.00 - - 1.00 - -
CcC 1.51 0.74-3.08 0.260 2.16 1.04 - 4.44 0.037
SLCOIBI 463C>A
(rs11045819)
AA 1.00 - - 1.00 - -
AC+CC 1.32 0.49-3.58  0.586 1.33 0.42-4.23 0.160
SLCOIB3 334 T>G
(rs4149117)
GG 1.00 - - 1.00 - -
GT+TT 1.29 092-1.80 0.139 1.34 0.89-2.01 0.119
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Abstract: NR112 encodes the nuclear receptor PXR (pregnane X receptor), a
transcription factor that regulates the expression of various cell pathways, and
inducer of CYP3A, the major route of metabolism of statins. This study was
composed by a cohort of 477 dyslipidemic patients on statin treatment. Statin
effectiveness, which was evaluated according to the therapeutic response -
measured by changes in the lipid profile - and the presence of treatment
irregularity, was compared between different NR7/2 genotypes (rs3814055,
rs2461817, rs7643645, rs6785049 and rs3814057). When comparing the
percentage of changes of Cholesterol Total (TC), HDL-C, LDL-C and
Triglycerides (TG), after correcting for multiple comparisons, rs3814055 and
rs3804057 were associated with total cholesterol and LDL-cholesterol changes.
Additionally, the rs3814057 was associated with a variable reduction of
triglyceride levels. Grouping the patients according to treatment regularity in
regular statin users (same dose on follow-up) and irregular statin users (patients
with dose increase or dose reduction or treatment withdrawal or statin
exchange), no association was found between the investigated polymorphisms.
These data indicate the possible importance of individual knowledge of genetics
in the medical prescription, and the influence of NR1/2 genetic variability on

statin effectiveness.
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Introduction

The NR1I/2 gene, located on chromosome 3g13.33, encodes the PXR
receptor (pregnane X receptor), a nuclear receptor family (NR) protein that acts
as an important regulator of defense of the human body system against
xenobiotics, expressed intensely in the intestine and liver’2. The PXR is
activated by various endogenous or exogenous chemical molecules, which are
potentially harmful to the body, such as bile salts, hormones and many

drugs3#°,

The expression of PXR and its activation are closely correlated to the
gene expression of the cytochrome P450 enzymes family, responsible for
detoxification of the body3. The PXR receptor regulates the three stages of
metabolism - Phase [, Il and Il - including phase | enzymes [cytochrome P450
(CYP) 2B6, CYP2B9, CYP2C9, CYP3A4 and CYP3A7), phase Il [glutathione-S-
transferase (GST), UDP-glucoronosyltransferases (UGTs) and
sulfotransferases (SUTs)] and some transporters, as MDR1 (multidrug

resistance protein 1) and OATP (organic anion transporter protein)8.

Due to its function within the cells, PXR receptor is recognized as an
interindividual variation factor related to responses to drugs, with potential
influence over the development of some diseases and adverse effects’.
Because statins are metabolized by cytochrome P450 enzymes® and
transported both by MDR1 and OATPs carriers®'0 is plausible to infer that the
PXR expression and genetic variability may interfere with the response to
treatment with this class of drugs, as well as be associated with cases of

treatment failure and adverse effects.
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Several polymorphisms have already been described in the NR7/2 gene,
some of them can alter its function, as well as CYPs, MDR and OATPS
expression and therefore alter different pharmacokinetics pathways'".
Therefore, the present study aims to evaluate the association of polymorphisms
in the gene NR1I2 (rs3814055, rs2461817, rs7643645, rs6785049 and
rs3814057) with the effectiveness and the irregularity of treatment with statins in

a Brazilian cohort.

Material and Methods

Subjects and study design

This study was composed by a cohort of hypercholesterolemic patients
sampled (n=643) from a cardiovascular clinic of South of Brazil, and included
those patients with statin prescription that kept the medical follow-up. The
inclusion criteria were the use of simvastatin or atorvastatin and European
ascendancy (ascertained by skin color and morphological characteristics).
Exclusion criteria were uncontrolled hypothyroidism or diabetes, abnormal liver
or renal function, irregular treatment due forgetfulness or carelessness).
Adopting these criteria, the final sample consisted of 477 patients of both sexes.
The clinician defined the statin and doses, according to patient's clinical
characteristics and existing clinical guidelines.

The therapeutic efficacy was measured by percent change in lipid levels
after approximately six months of treatment compared to baseline for 445 that
completed follow-up. For the evaluation of pre and post treatment lipid follow-up

data, the lipid profile was measured prior to exchange or suspension of
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treatment. A standardized statin dosage variable was created to avoid bias in
evaluating the efficacy of lipid-lowering therapy. The daily doses of simvastatin
were converted to equivalent doses of atorvastatin at a ratio of 2:1'2. The
subjects included in the study were taking other medications concomitantly with
the statins use. Subjects were maintained on other medication schemes
throughout the study without change. Furthermore, as recommended by the
Brazilian Guidelines of Dyslipidemia and Prevention of Atherosclerosis, were
dosed creatine phosphokinase (CPK), glutamic oxaloacetic transaminase /
aspartate transaminase (SGOT/AST) and oxaloacetic pyruvate transaminase /
alanine transaminase (SGPT/ALT) during follow-up. Biochemical analyzes were
performed by conventional enzymatic methods in blood samples collected with
12-hour fast at two different times - before prescribing the statin and on follow-
up. The LDL-cholesterol levels were calculated according to the Friedewald
formula if triglycerides were lower than 4.52 mmol/L"3.

Other data (age, sex, other drugs or concomitant diseases and smoking)
were obtained from medical records. The monitoring of all 477 patients allowed
the creation of groups according to the regularity of treatment and changes over
time. Patients were considered on “regular treatment” when the treatment was
initiated and sustained over time with the same statin and at the same dosage.
The remaining patients were divided into the following groups: 1) dose increase,
2) dose reduction, 3) treatment withdrawal and 4) statin exchange. Additionally,
we evaluated the development of adverse effects, considering one or more
episodes of myalgia simultaneously to the use of statins, increased CPK levels,

abnormal liver function (measured by SGOT and SGPT levels), or myopathy.
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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 cardiovascular disease (CVD): total cholesterol (TC) < 5.18
mmol/L, LDL-C < 2.59 mmol/L, HDL-C > 1.55 mmol/L, and triglycerides (TG) <
1.70 mmol/L.

All subjects who agreed to participate in this study provided informed
consent. This study was approved by the Federal University of Health Sciences
of Porto Alegre Ethics Committee. Parts of this sample have already analyzed

in previous studies®14.15.16.17,18

DNA extraction and genotyping

The molecular analyzes were performed for five polymorphisms covering
the PXR gene, rs3814055 (Chr.3: 119781188C>T, 5'UTR), rs2461817 (Chr.3:
119805804A>C, 2" intron), rs7643645 (Chr.3: 119806650A>G, 2" intron),
rs6785049  (Chr.3: 119814886G>A, 6" intron) and rs3814057
(Chr.3:119818407A>C, 3'UTR). For these analyses, genomic DNA was
extracted by salting-out process, described by Lahiri and Nurnberger (1991)
and the genotypes determined by TagMan genotyping assays, using Real Time
Technology PCR (Applied Biosystems, California, USA). Approximately 10% of

the samples were double analyzed for all SNPs, aiming better quality control.

Statistical analysis
Continuous variables were expressed as the mean + standard deviation.

TG levels were log-transformed before analyses due to their skewed
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distribution, although non-transformed values are shown in the Results section.
Allele frequencies were estimated by gene counting and the agreement of the
genotype frequencies with the Hardy-Weinberg equilibrium was tested using the
chi-square test. 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 mean
percentage of change in plasma lipid levels, the means for each variable were
compared with a General Linear Model using the type Il sums of squares. Age
(years), sex, smoking status, standardized statin dosage (mg), treatment period
(months), and baseline lipid levels (mmol/L) were included in each model as
covariates for lipid-lowering response (% of change in plasma lipid levels). 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. The comparison between existing groups considering the
occurrence of treatment irregularity was carried out through Cox regression,
allowing an estimate of the cumulative risk - hazard - to develop the outcome.
The variables age (years), sex, statin dose (mg), treatment time (month), and
baseline lipid levels (mmol/L) were included as covariates in all analyzes. A p-
value of <0.05 was considered statistically significant. False discovery rate
(FDR) procedure was used to adjust p-values for multiple comparisons.

Statistical analysis was performed using SPSS 19.0 for Windows.

Results

Sample description
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In the study sample, there was a predominance of women, totaling
67.4% of the sample, and the age range is quite large - 25 to 88 years -
however, the average age was 62 + 10.9 years. The vast majority (76.5%) of
the patients used simvastatin doses ranging from 5 to 40 mg/day. The average
treatment duration was approximately 6.2 + 3.2 months and the average of
standard dose of statins was 11.1 £ 5.6 mg. The standard dose of statins did
not differ between simvastatin users (10.2 £ 4.45 mg) and atorvastatin users
(11.0 £ 5.7 mg) (p=0.125). We verified in 60.2% of patients some kind of
treatment irregularity (exchange statin, reduction or increase of dose or
withdrawal of treatment) and only 50% reached the desirable lipid levels
(measured by LDL-C levels). The target of LDL-C was used as a variable to
define effectiveness of treatment, established as 2.586 mmol/L (100 mg/dL) for
all patients, except for patients with a history of cardiovascular disease and

diabetes, and for these the ideal goal was of 1.810 mmol/L (70 mg/dL) (Table
1).

NR112 polymorphisms, linkage disequilibrium and haplotype frequencies

NR1I2 is about 38kb in length, and five SNPs, including rs3814055
(located in 5’UTR), rs2461817, rs7643645 and rs6785049 (located in intronic
regions) and rs3814057 located in 3'UTR region of NR1/2, were genotyped.
The minor allele frequencies for the investigated polymorphisms were 0.38
(rs3814055), 0.39 (rs2461817), 0.34 (rs7643645), 0.42 (rs6785049) and 0.22
(rs3814057). The current study showed similar Minor Allele Frequency (MAF) to
Europeans according to the 1000 genomes data. The genotype frequencies did

not show statistically significant differences compared with those expected
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under the Hardy—Weinberg equilibrium (p>0.05 for all SNPs). Only rs6785049
and rs3814057 SNPs were in linkage disequilibrium (D’=0.98), but the
determination coefficient was low (r>=0.34). Three haplotypes were derived
according to the linkage disequilibrium structure between rs6785049-

rs3814057: AA (55.7%), GA (22.2%) and GC (22.1%), respectively.

Association between NR112 polymorphisms and statin efficacy

Table 2 shows the mean change in percentage on lipid levels
concentration in all patients investigated for lipid-lowering response after
simvastatin/atorvastatin treatment, according to NR7/2 genotypes. When
comparing percentage of changes of TC, HDL-C, LDL-C and TG, after
correcting for multiple comparisons, rs3814055 and rs6785049 were associated
with total cholesterol and LDL-cholesterol changes. For rs3814055, CC and CT
carriers presented an increased response than TT homozygotes for total
cholesterol (CC: -25.1% + 13.0%; CT: -27.2% + 11.4% and TT: -21.3% + 12.7,
corrected p-value=0.024) and for LDL-cholesterol levels (CC: -35.5% £ 17.9%;
CT: -37.9% £ 16.7% and TT: -27.9% + 19.0, corrected p-value=0.004). For
rs6785049, homozygous AA showed a more effective reduction than GG or GA
genotypes of total cholesterol (AA: -27.3% £ 11.4%, GA: -24.7% £ 13.3%, GG: -
25.2% £ 12.6%, corrected p-value=0.028) and LDL-cholesterol (AA: -38.7% =
15.5%, GA: -35.0% = 18.4%, GG: -34.1% + 20.9%, corrected p-value=0.028).
Additionally, the rs3814057 was associated with a variable reduction of
triglyceride levels, with CC homozygotes showing an increased response
(corrected p-value=0.044). The association of NR7/2 with baseline and follow-

up lipid and lipoprotein levels is shown in Supplementary Table 1.
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Association of polymorphisms with irregular treatment

Grouping the patients according to treatment regularity in regular statin
users (same dose on follow-up) and irregular statin users (patients with dose
increase or dose reduction or treatment withdrawal or statin exchange), no

association was found among the investigated polymorphisms (Table 3).

Functionality prediction analysis

We also performed a functionality prediction analysis through SNPinfo
tool and rs3814055 and rs3814057 were predicted as functional. The
rs3814055 was predicted as a potential transcription factor binding site (TFBS).
It is possible that changes in the ligation of several transcription factors, such as
GATA4 (GATA binding protein 4), HAND1 (heart and neural crest derivatives
expressed 1), HNF4A (hepatocyte nuclear factor 4 alpha), PPARA/G
(peroxisome proliferator activated receptor alpha and gama), and SREBF1
(sterol regulatory element binding transcription factor 1), related to cholesterol
and drugs metabolism and diseases such as atherosclerosis. The rs3814057,
located in the 3'UTR was predicted as potential microRNA binding site for
several described miRNAs (hsa-miR-1244, hsa-miR-1323, hsa-miR-384, hsa-

miR-548a-3p, hsa-miR-5480 and hsa-miR-221).

Discussion
The present study sought associations between the effectiveness of
statin therapy, as measured by altered lipid profile, and polymorphisms in the

NR1I2 gene, which encodes the nuclear PXR receptor. These same variants



78

were also tested with treatment irregularity development. In addition, we used
bioinformatics tools to perform a functional prediction analysis to describe the
impact of these variants on the action of the normal protein. This approach
allowed us to find associations of the polymorphic variants with clinical aspects
of the treatment with statins. We found an association of rs3814055 and
rs6785049 with reduction of the total cholesterol and LDL-cholesterol and the
variant rs3814057 with reduction of triglycerides. These same variants were not
associated with irregularity of treatment, defined as the change of statin, dose
adjustment or treatment suspension. In addition, the variant rs3814055 may be
associated with the modification of binding of various transcription factors to the
NR1I2 gene, some involved in cardiac system development, and drug
metabolism; and variant the rs3814057 demonstrates association with the
modification of the binding of micro RNAs to the gene.

The associations between NR1/2 polymorphisms and changes in the lipid
profile can be explained by the potent induction of cytochrome P450 enzymes
produced by PXR, especially on CYP3A4, and this is a widely studied
association’ %20, The CYP3A gene has a basal expression, which can be
modulated or induced by xenobiotics. It was observed that PXR has the
capacity to bind to the promoter region of the gene amplifying the expression of
CYP3A42'. This action also depends on a balance of nuclear receptors and
other chemical mediators, which showed that the PXR activation action can be
balanced by inhibitory action of the type CAR proteins, which also complexed to
RXR and interact with the promoter CYP3A. PXR is also involved in the
regulation of drug transporters, such as ABC family (specially MDR1) and

SLCO family, all carriers that have high affinity for statins®. It was observed that
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PXR activation decreases the function of ABC type transporters in hepatocytes
and that drugs that activate PXR could cause dyslipidemias’-?2. Therefore, the
understanding of cytochrome P450 and drug carriers modulation by PXR is key
to understand the metabolism and transport of drugs??2.

Besides acting regulating statin metabolism and transport, the NR1/2
gene also acts on cholesterol metabolism and can regulate the expression of
HMG-CoA reductase, enzyme responsible for endogenous cholesterol
synthesis and the main target of statins?2. Hoffart et al. (2011) showed the effect
of atorvastatin on PXR, stating that hypolipidemic metabolites are capable of
increasing the expression of the nuclear receptor and consequently CYP3AZ,
Korhonova et al. (2015) showed that not only atorvastatin, but also optical
isomers of fluvastatin and rosuvastatin interfere with the expression of PXR,
which is directly related to the effectiveness of the treatment and also with the
occurrence of adverse effects?.

Lamba et al. (2008) identified about 90 polymorphisms in the promoter
and intron 1 of NR1/2 gene and showed that the majority were associated with
expression of inducible and constitutive system CYP3A425, According to Lamba
et al. (2008), the rs3814055 polymorphism is associated with the regulation of
inflammatory proteins, rs2461817 is associated with the expression of DR3 and
EBP and the rs7643645 polymorphism with the expression of HNF4, where the
carrier of the G allele loses the transcription control site of that protein?°. In our
study, through computational prediction made by Snpinfo.org tool, rs3814055 is
a transcription factors binding site (TFBS) and, therefore, could affect the
transcription of NR17/2. In this analysis was also found the rs3814057 as

potential miRNA binding site, possibly affecting NR1/2 mRNA stability.



80

The study presents limitations inherent to its design, because it is an
observational study based on information obtained from medical records.
Inadequate filing of medical records leads to data loss, and, therefore,
exclusion of some patients. In addition, we should consider the limited sample
size and the limitations of the used technique, which uses the candidate gene
approach, investigating only a limited number of variants previously selected.

The knowledge of new genes that influence the metabolism of statins is
very important for the pharmacogenetic study of these drugs. Nuclear receptors
have great importance in the control of gene expression, and therefore indirectly
influence several protein routes. The PXR receptor is capable of altering the
expression of cytochrome P450 enzymes and therefore influences the
metabolism of statins. With this study, we could show that polymorphisms in the
NR1I2 gene seemd to be important variables in the final effectiveness of the
treatment with statins, being able to be related to the reduction of the lipid
profile. Currently, there are several bioinformatics tools that allow us to further
explore the gene sequences and their variations, simulating the effect of these
polymorphisms on the final protein and its function, elucidating the mechanisms
by which they cause clinical changes. Further studies in the field of
pharmacogenetics of statins with different populations and polymorphisms are
very important for the validation of these variants and the demonstration of their

correlation with the clinic.
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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

LDL-C (mmol/L) goal achievement (%)

477

62.0 £ 10.9

67.4

83.4

16.6

6.2+3.2

10.5 £ 4.62

10.2 £4.45

11.1 +5.60

14.4

7.1

78.5

33.5

19.4

16.6

73.9

17.5

42.6

235

243

31.6

50
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Irregularity on statin treatment (%) 60.2
CYP3A4 substrates 17.0
CYP3A4 inducers 23
CYP3A4 inhibitors 21.0

Values for age, treatment duration and statin standard dose were expressed as 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. Mean percentage change of lipid and lipoprotein levels after statin

treatment according to the NR/12 genotypes.

n TC LDL-C HDL-C TG

rs3814055 414

cC 155 -25.1 +13.0 -35.5+17.9 22+189 -12.3+30.7
CT 207 -27.2+11.4 -37.9+16.7 4.6 +24.7 -11.4 +33.3
TT 52 -21.3+12.7 -27.9 £19.0 42+223 -9.0 £ 39.6
P 0.012 0.001 0.435 0.703
pPe 0.024 0.004 0.580 0.703
rs2461817 442

AA 68 -246+12.6 -34.5+18.6 2.6+18.6 -14.6 +32.4
AC 212 -26.4+12.9 -37.4 +16.6 1.0+£20.2 -7.6 £ 36.2
cC 162 254 +12.2 -35.3+19.7 7.6+25.1 -15.2+28.7
P 0.598 0.605 0.017 0.135
pPe 0.797 0.605 0.068 0.270
rs7643645 444

AA 198 -25.1£12.6 -33.8+£18.5 44+214 -13.2 £ 32.6
AT 187 -26.3 £12.7 -38.6 £ 17.6 3.9+235 -9.7 £33.5
TT 59 -26.6 £12.2 -36.7 £ 16.6 1.4+19.7 -12.8 £ 32.3
P 0.610 0.026 0.852 0.561

pe 0.813 0.104 0.852 1.000
rs6785049 440

GG 84 -25.2+12.6 -34.1 £20.9 4.4 + 24 .1 -12.7 £ 33.1
GA 205 -24.7 £ 13.34 -35.0 £ 18.4 4.4 +20.3 -11.6 £ 33.4
AA 151 273 +11.4 -38.7 £ 15.5 2.6 £234 -10.6 £ 32.6



P

PC

rs3814057

AA

AC

CcC

P

PC

445

270

156

19

0.014

0.028

-26.6 +11.9

-24.1 £13.1

-25.7 £ 16.8

0.220

0.293

0.007

0.028

-37.8 £16.2

-34.4 +19.0

-27.5+28.7

0.081

0.162

0.812

1.000

40+213

29+220

8.9+31.9

0.665

0.665

90

0.939

0.939

-12.8 +32.6

-7.4 +£33.4

-28.6 £ 26.8

0.011

0.044

Covariates included in the model:

Age, gender, standardized statin dosage (mg),

treatment period (months), baseline lipid levels (mmol/L). Values are expressed as

mean * SD; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C:

high-density lipoprotein cholesterol; TG: triglycerides.

corrected P-value

multiple comparisons
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Table 3. Relationship between studied polymorphisms and occurrence of irregularity in the

treatment obtained by Cox regression.

Irregular treatment

Statin exchange and Treatment

withdrawal
Adjusted Cl95% P Adjusted Cl95% P
Hazard Hazard

rs3814055
CC 1.00 - - 1.00 - -
CT 0.99 0.69-1.42 0.958 0.93 0.64-1.35 0.704
TT 1.54 0.93-2.54  0.094 1.19 0.53-2.66 0.674
rs2461817
AA 1.00 - - 1.00 - -
AC 0.79 0.50-1.24  0.308 0.75 0.45-1.27 0.287
cC 0.78 0.49-1.24  0.779 0.73 0.43-1.25 0.251
rs7643645
AA 1.00 - - 1.00 - -
AG 1.05 0.75-1.47  0.767 1.08 0.75-1.58 0.670
GG 1.05 0.62-1.78 0.864 0.95 0.49-1.82 0.884
rs6784049
GG 1.00 - - 1.00 - -
GA 1.07 0.71-1.61 0.737 0.92 0.58-1.45 0.711
AA 1.01 0.65-1.58  0.962 0.92 0.56-1.51 0.742
rs3814057
AA 1.00 - - 1.00 - -
AC 1.05 0.76-1.45 0.770 0.93 0.64-1.35 0.704
cC 0.89 0.41-1.96 0.777 1.19 0.53-2.66 0.674
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CONSIDERAGOES 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 pelo Comité de Etica em
Pesquisa (CEP) da UFCSPA (Parecer N° 075/05). Deste projeto maior estao
sendo desenvolvidos diversos outros trabalhos e projetos, incluindo essa
dissertacao de mestrado.

Em paralelo a realizagdo do projeto de mestrado, foi conduzida uma
pesquisa de variantes polimérficas em uma amostra de pacientes HIV+. O
objetivo dessa pesquisa foi relacionar variantes polimérficas em SEP15 e
NR112 com o tempo de progressao a AIDS. Apesar da pesquisa nao abordar o
mesmo tema do estudo apresentado, trazemos em anexo (anexo 3) as
publicagdes relacionadas, ja que as mesmas também se referem a variantes
polimorficas e utilizam as mesmas técnicas de analise.

O aprimoramento do conhecimento genético sobre variantes
polimérficas comuns permite uma melhor compreensao dos mecanismos de
variagao de resposta e da ocorréncia de efeitos adversos em pacientes, bem
como também dos fatores progndsticos, e efetividade da intervencdo, o que
pode contribuir para uma prescricdo médica melhor orientada e melhores

resultados para o paciente.
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ANEXOS
Anexo 1: Instrugdes para submissao revista a British Journal Of Clinical

Pharmacology

Instructions to Authors: British Journal of Clinical Pharmacology (BJCP)

Papers will be considered for publication if they are relevant to any aspect of drug
action in humans. Submission of a manuscript to BJCP will be taken to indicate that

the content of the manuscript is original and that it has not been published or accepted
for publication, either in whole or in part, other than as short abstracts, communications
or conference proceedings;

no part of the manuscript is currently under consideration for publication elsewhere;
all authors have seen and approved the final version of the submitted paper;

authors have, if necessary, obtained permission to publish from their employers or
institutions;

approvals are held from any persons acknowledged, or cited as having provided
personal communication; and

permission has been obtained to use any copyrighted material, such as reproducing a
figure from another article, in print and electronic forms, and that the source of the
material has been acknowledged.

BIJCP publishes papers of various kinds including Original Research Articles, Methods
in Clinical Pharmacology, Reviews (including Systematic Reviews), Commentaries,
Opinion, Education papers and Letters to the Editor.

Original research articles are grouped under headings, including Clinical trials, Drugs in
Pregnancy and Lactation, Drug Interactions, Drug Metabolism, Drug Safety, Human
Toxicology,Methods in Clinical Pharmacology, New Drug Mechanism, Paediatric
Clinical Pharmacology, Pharmacodynamics (PD), Pharmacoeconomics,
Pharmacoepidemiology, Pharmacogenetics, Pharmacokinetics (PK), PK-PD
relationships, Therapeutics, and Translational Research. Authors are invited to suggest
which heading they feel their manuscript would best fit, and may suggest additional
headings if they so wish.

Investigations of human subjects will usually be expected to have been conducted in
accordance with good clinical practice, which defines investigator responsibilities,
including, among others, qualifications, resources, providing medical care to trial
participants, communication with the research ethics committee, protocol, informed
consent, data integrity and reporting (http://ichgcp.net/4-investigator). Where this is the
case we would expect the principal investigator to be an author.

Tips for authors on how to navigate the peer review process can be found here.

PREPARING AND SUBMITTING A MANUSCRIPT
Once you have read these guidelines in full, please go here to submit your manuscript.

You will need to submit three documents:
a. manuscript;
b. covering letter that includes specific statements; and
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c. a competing interests statement formatted as per our guidelines.

If your paper is accepted, you will subsequently be required to submit both a table of
key links (targets and ligands) to the BPH/IUPHAR Guide to Pharmacology, and a
copyright transfer agreement form signed by the corresponding author. You will be
taken to the Wiley Author Licensing Service to complete this, and full guidance is given
there. Please see more below.

Papers must be written in clear, concise UK English. Avoid jargon and neologisms.

Regrettably, the Journal is unable to undertake major corrections to language, which is
the responsibility of the author. Because there should be no barriers to getting your
research published, however, manuscripts are often returned for English language and
formatting issues. Thus, a pre-acceptance Editing Service (comprising English language
editing, translation services, manuscript formatting and preparation) is available and can
provide you, the author, with expert help to ensure your manuscript is ready for
submission. Japanese authors can also find a list of local English improvement services
at http://www.wiley.co.jp/journals/editcontribute.html . All services are paid for and
arranged by the author, and use of one of these services does not guarantee acceptance
or preference for publication.

Note that Japanese fonts must not be used in the creation of files (the standard Adobe
Acrobat program is not compatible with these fonts).

Manuscript documents should be typed in double spacing and should be page
numbered. Line numbers must also be added to your manuscript before submission.

A separate title page should be included (see below). The submitting author need not be
the same as the corresponding author.

Authors must have contributed directly to the paper submitted, according to ICMJE
guidelines on authorship. For a description of the roles and responsibilities of authors
and contributors see here.

Authors may find this resource useful.
AUTHORS' CHECKLIST

Authors should ensure that they have provided the following information, when
appropriate:

A cover letter detailing originality of the manuscript and agreement of all authors and
also identifying the Principal Investigator who undertook any human studies reported.
A title page including a title of no more than 150 characters, all author names and
affiliations, and the corresponding author contact information. Also including a running
head, keywords and word count.

A structured summary of no more than 250 words, including estimates of relevant
treatment effects, along with 95% CIs or other measures of variability, when
appropriate.
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‘What is known about this subject’ and ‘What this study adds’ statements (up to three
bullet point sentences for each).

A statement (in Methods) of ethics committee approval and subject consent including
the name of the ethics committee and the approval number or identification code.
Confidence intervals (CI) of relevant differences between major end points.

Details of precision, accuracy, sensitivity, and specificity for drug/metabolite assays.
A statement declaring any competing interests, or declaring that there are no competing
interests.

Acknowledgement of financial and other support.

Preprints of relevant unpublished papers.

Figures and tables must be submitted as separate files, and guidance on preparing
artwork can be found here. The following formats are accepted: gif, jpg, bmp, tif, pic
(figures) and as Word and Excel files (tables). PDF and Powerpoint files are not
accepted.

The main text file must contain the title page, summary, text, references, and figure
legends.

Manuscripts in rich text format should not contain word processor styles (for example
bold, italics, justification).

For more information about the online submission system, please see here or email the
Editorial Assistant.

Covering letter
Please include in your covering letter the following:

Statements regarding the originality of the work and agreement of all authors to its
publication

Papers will not be approved for review unless accompanied by a statement, in the
covering letter, that they have not been, and will not be published, in whole, or in part,
in any other journal, and that all the authors have agreed to the contents of the
manuscript in its submitted form. If authors have a problem in contacting a co-author
for approval, the reason for this should be explained in the letter and may subsequently
be discussed via email with the relevant Senior Editor.

If there is any overlap between a submitted manuscript of an original paper and a paper
that is being submitted elsewhere, the submitting author should draw this to the
attention of the Editors in the submission covering letter and enclose a copy of the
relevant submitted paper(s).

If there is any overlap with a paper that has already been published elsewhere (including
online publication), including use of the same subjects or repetition of any data, that
paper must be referred to and cited in full.

If your manuscript refers to unpublished data (see section below “References to data on
file”), you should obtain (and provide the Editorial Office with a copy) written
permission to mention a responsible individual (e.g. “Prof X...contact address
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a.x(@kcl.ac.uk) or should identify a department in a company that can be contacted,
with a contact address.

Principal Investigator

For ALL papers describing investigations of human subjects (e.g. Research Papers)
please indicate which of the authors was the Principal Investigator. (If the Principal
Investigator is not an author of the paper, please explain why not.) BICP has a policy of
not accepting papers of which a person with final medical responsibility is not an
author: please see the recent Editor’s View.

Reviewers

Authors can, if they choose, facilitate the review process by providing, as part of the
electronic submission process via ScholarOne, the names, institutions and email
addresses of up to two suggested reviewers, on the understanding that the Editors are
not bound by any such nomination, and that the Editors will check the credentials of
these nominated individuals carefully to ensure optimum ethical standards. Opposed
reviewers may also be supplied.

Conflicts of interest

All authors must declare any potential conflicts of interest. The corresponding author of
an article acts as guarantor and must ensure that this is criterion is fulfilled and a full
conflicts of interest statement is supplied to the Publisher.

Papers will not be rejected because there is a competing interest: the aim of funding and
conflicts of interest statements is not to eradicate conflicts of interest (they are
common); it is so that BICP articles are fully transparent and ethical.

A conflict of interest exists when a primary interest (such as the validity of research)
might be influenced by a secondary interest (such as financial gain or personal rivalry).
It may arise for the authors of a BJCP article when they have a financial interest that
may influence their interpretation of their results or those of others. Financial interests
are the easiest to define and they have the greatest potential to influence the objectivity,
integrity or perceived value of a publication. They may include any or all, but are not
limited to, the following:

Personal financial interests: Stocks or shares in companies that may gain or lose
financially through publication; consultant or speaker fees; other forms of remuneration
from organisations that may gain or lose financially; patents or patent applications
whose value may be affected by publication.

Employment: Recent, present or anticipated employment of you or a family member by
any organization that may gain or lose financially through publication of the paper.
Gifted drugs, materials or devices not commercially available

Patent rights

Consultancy work (past or present).

Examples of appropriate conflicts of interest statements would be

This work was supported by the NIH (grant to AB and CD).
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This work was supported by a grant from Big Pharma Inc. (to AB) and equipment was
donated by Small Pharma Inc. EF received a graduate studentship award from the
University of XXxxX.

AB declared no other relationships or activities that could appear to have influenced the
submitted work.

This work was supported by a grant from the National Institutes of Health, USA
(DKxxxx to AB).

This work was supported by the NIH (grant to AB and CD).

This work was supported by a grant from Big Pharma Inc. (to AB) and equipment was
donated by Small Pharma Inc. EF received a graduate studentship award from the
University of XXxxX.

For papers where no conflicts of interest or funding are declared, a default statement is
added to that paper.’

The peer and publication process

BJCP operates a single-blind peer-review process using a body of expert peer reviewers.
Correspondence related to published research in BJCP is not usually subject to peer
review, but is shared with the authors of the original paper prior to any publication, with
a right to reply. All substantive papers — ie original research and reviews
(commissioned and non-commissioned), including those published under our open
access programme OnlineOpen — undergo the same rigorous and consistent peer
review process.

Once submitted, a manuscript will first be checked by the Editorial Office to ensure all
elements have been submitted. If any required documentation is not present, the
Editorial Office will return the manuscript to the authors and request any missing
information or material.

Once a paper is accepted, it is published within a few days on the journal website in the
format of the final accepted version, i.e. as a PDF of the Word version. This final
accepted version, known as an ‘Accepted Article’ is fully citable (and has a perpetual
Digital Object Identifier [DOI]). Accepted articles are replaced by Early View (see
below) and then the final version of record once published in an issue.

Please note submissions are checked using the iThenticate® anti-plagiarism software.
Please sechere for a quick guide on plagiarism, and here for a full guide.

BJCP publishes Early View articles, which are complete full-text articles published
online in advance of their publication in an issue. Articles are therefore available as
soon as they are ready, rather than having to wait for the next scheduled issue. Early
View articles are complete and final. They have been fully reviewed, revised and edited
for publication, and the authors’ final corrections have been incorporated. Because they
are in final form, no changes can be made after online publication. The nature of Early
View articles means that they do not yet have volume, issue or page numbers, so Early
View articles cannot be cited in the traditional way. They have the same a DOI as their
Accepted Article counterpart, which allows the article to be cited and tracked before it
is allocated to an issue. After issue publication, the DOI remains constant and valid and
can continue to be used to cite and access the article.

ORCID
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We strongly encourage all authors to register with ORCID, which provides a persistent
digital identifier for individual researchers that, through integration in key research
workflows such as manuscript and grant submission, supports automated links between
a researcher and his/her professional activities, ensuring that his/her work is recognised.
On submission, you will be given an opportunity to link your ORCID number with your
Scholar One account.

Publishing your paper open access

OnlineOpen, Wiley’s open access programme , is available to BJCP authors who wish
to make their article available (immediately) to non-subscribers on publication, or
whose funding agency requires grantees to archive the final version of their article. With
OnlineOpen, the author, the author's funding agency, or the author's institution pays a
fee to ensure that the article is made available to non-subscribers upon publication via
Wiley Online Library, as well as deposited in the funding agency's preferred archive.
Please see here a helpful guide to compliance. See here for open access policies by
funder, and please see below more on copyright.

Prior to acceptance there is no requirement to inform the Editorial Office that you intend
to publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are
treated in the same way as any other article. They go through the Journal's standard
peer-review process and will be accepted or rejected based on their own merit.

Any authors wishing to have their paper published Online Open will be required to
complete the payment form.

Copyright — using the Wiley Author Licensing Service

The author identified as the formal corresponding author for an accepted paper will, on
acceptance of their article, receive an email prompting them to login into Author
Services, where, via the Wiley Author Licensing Service (WALS), he/she will be able
to complete the relevant copyright or licence agreement on behalf of all authors on the

paper.
For authors signing the copyright transfer agreement

If the corresponding author does not select the OnlineOpen option in WALS, he/she
will be presented with the copyright transfer agreement (CTA) to sign. (See here for
further details.)

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons Licences

Creative Commons Licence Open Access Agreements (OAA)

Creative Commons Attribution Non-Commercial Licence OAA

Creative Commons Attribution Non-Commercial -NoDerivs Licence OAA

If a corresponding author selects the OnlineOpen option and his/her research is funded
by The Wellcome Trust and members of the Research Councils UK (RCUK) he/she will
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be given the opportunity to publish the article under a CC-BY licence supporting
compliance with Wellcome Trust and Research Councils UK requirements. For more
information on funder policies, please see here andhere. For a useful guide to ensuring
compliance, see here.

Using copyrighted material

It is the author’s sole responsibility to obtain permission to use copyrighted material,
including print and electronic forms, in a paper, in advance of submission and to
acknowledge fully the source of the material.

Original Research Articles

Papers should be concise and consideration should be given to using supporting
information (see http://authorservices.wiley.com/bauthor/suppmat.asp for more
information about our Supporting Information service). Most original research articles
published in BJCP are between 3000 and 4000 words (for Introduction, Methods,
Results and Discussion only). Please refer to a recent issue for examples of length that
we regard as appropriate, which varies with the complexity and importance of the study.
If you believe your original research paper is going to significantly exceed 4000 words,
we require justification for this with your submission letter.

When writing your paper, original research papers should generally be divided into the
following sections: Title Page (including PI Statement), Structured Summary,
Introduction, Methods, Results, Discussion, Acknowledgements, References, tables and
legends to figures (Please remember that figures must be submitted as separate files). In
addition authors should provide material for the following 2 sections, placing this after
the Structured Summary:

Section 1: What is already known about this subject: In up to three short bullet point
sentences (not more than 50 words in total) summarise the state of scientific knowledge
on this subject before you did your study and say why this study needed to be done.

Section 2: What this study adds: In up to three short bullet point sentences (not more
than 50 words in total) give a simple answer to the questions “What do we now know as
a result of this study that we did not know before?”” and “What take-home-message do
you want to impart to the readers?”

These two statements should be succinct, accurate and specific.
All Research Papers require a list of author contributions.

Review articles

Review articles on a wide range of topics appear regularly in the Journal. Articles may
be unsolicited, or may be commissioned by the Reviews Editor. Either kind may be
single papers or, by prior agreement with the Editor, part of a themed series.
Contributors are welcome to submit single review articles directly (systematic reviews
are especially welcome). Most reviews should be between 2500 and 3000 words, should
be fully referenced, and if judged potentially suitable will undergo peer review. Each
review should include a summary but not the boxes (“what is known”/ “what this adds™)
that are required only for original research articles. They will be subject to the other
requirements of an original research paper.
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From time to time the Journal will publish themed issues, including review articles and
related original research papers. Authors who want to suggest a theme for a special
issue should contact the Editor-in-Chief.

Systematic reviews

The Journal welcomes systematic reviews. The manuscript should provide a concise
account of the methods used, and concentrate on highlighting key aspects of interest and
relevance to clinical pharmacologists, under the following headings: Structured
Summary, Introduction, Methods, Results, Discussion, and Conclusion.

Introduction This should describe the background (e.g. relevant clinical and
pharmacological issues) and the scope and aim of the review. What was the reason for
the review? The strengths and weaknesses of the existing literature should be briefly
defined, earlier reviews identified and the need for the present paper explained.
Methods Study selection is particularly important (search strategy, type of
intervention/exposure, types of studies included, types of outcomes, types of
participants); include information on any data extraction and synthesis (statistical
techniques and use of a quality assessment tool, if any).

Results The key characteristics of the included studies and the main outcome measures;
discuss variation within and between studies.

Discussion Compare the findings with existing knowledge; outline the limitations of the
review.

Conclusion Summarize the key findings and the implications for clinical pharmacology
and/or practical drug therapy.

Letter to the Editor

Comments on previously published papers, items of topical interest, and brief original
communications will be considered under this heading. The length, including
references, should not exceed 800 words, plus one figure or table. The letter should
NOT be divided into sections.

Case reports (must be submitted as Letter to the Editor)

The Journal generally does not publish case reports as full papers but may do so as
Letters to the Editor. As for other letters the length, including references, should not
exceed 800 words, plus one figure or table. Such case reports (for example adverse drug
reactions or interactions) should include some novel aspect of drug action in man (for
example a new adverse reaction or one that gives insight into a mechanism or method of
management). Such reports may include single cases or short case series. Notes and
guidelines on the format for publishing such reports, including a structured summary,
will be found at http://www.bmj.com/content/suppl/2003/06/19/326.7403.1346.DCI1.

Short Reports are published by the journal. These are short original articles, with a
maximum word count of 1.500 to 2,000 words. The summary should be unstructured
and comprise no more than 150 words. There should be no more than 3 figures and
tables (in any combination). Short Reports should be structured in the same way as
original articles (Introduction, Methods, Results, Discussion) and should include
statements on What is already known about this subject and What this study adds.

TERMINOLOGY
Stereoisomers
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When a drug can exist as stereoisomers or diastereomers (for example geometrical
isomers), the form of compound studied must be designated as follows in the methods
section.

In the case of racemates the prefix rac- should precede the drug name (for example rac-
propranolol).

When possible the absolute configuration of enantiomers should be indicated (for
example (S)-warfarin).

Similarly, geometrical isomerism should be indicated by the prefixes Z/E or cis/trans.
When appropriate, the interpretation of data obtained using mixtures of isomers should
take account of stereochemical aspects.

Drug names

Prescribed drugs should be designated by an International Non-proprietary Name
(recommended, rINN, or proposed, pINN). If such a name is not available, a drug
should be designated by its British Approved Name (BAN; for example hyoscyamine)
or its chemical name (for example glyceryl trinitrate).

When a mixture of drugs has a combination BAN (for example co-trimoxazole, co-
fluampicil), that should be used.

For brevity, a company's code name may be used, but in that case the full chemical
name or a figure showing the structure of the drug should be given in the introduction or
a reference provided that gives this information.

Some mediators with well established common names (e.g. prostacyclin) are also
prescribed as licensed preparations with an rINN (e. g. epoprostenol). In such cases the
rINN should be used in the context of therapeutic use. Sometimes English and
American usage varies, as with adrenaline / epinephrine and noradrenaline /
norepinephrine. “Adrenaline / noradrenaline” relate clearly to terms such as

“noradrenergic”, “adrenergic” and “adrenal gland” but we will accept the term preferred
by authors.

Units
SI units (mass or molar units) should be used. If other units are used, a conversion
factor should be included in the Methods section.

Symbols
A set of standard symbols in pharmacokinetics and pharmacodynamics can be found
here.

STRUCTURE
Title page
The title page should include

the title giving an informative and accurate indication of the content of the paper. It
should be no longer than 150 characters, including spaces;
the names, positions, and addresses of the authors;
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the name and e-mail address of the submitting author and the corresponding author, if
different;

a running head of no more than 75 characters, including spaces;

keywords (these are used to identify potential referees and as indexing terms);

the word count, excluding the title page, summary, references, tables, and figures;

the numbers of tables and figures.

In order to ensure correct citation of your article on PubMed, should your article be
accepted for publication, please include spaces in-between author's initials on the title
page of your manuscript, e.g2. A E Smith. If author's initials do not appear on the title
page of your manuscript according to these guidelines they may appear incorrectly on
PubMed until your article has been typeset and published in an issue.

Summary
The text must be preceded by a structured summary, including the following headings:

Aim(s)

Methods

Results (some numerical data, including confidence intervals on differences, when
appropriate, must be included)

Conclusions

The summary should be a maximum of 250 words; abstracting services truncate
summaries that are longer. It should be couched in terms that will be understood by
most readers of the Journal.

Analytical methods

Authors should include details of the precision, accuracy, sensitivity, and specificity of
an analytical method used to measure drugs, metabolites or biomarkers or refer to other
publications in which the information is given.

Precision is a measure of random error, usually expressed as the coefficient of variation.
Accuracy is a measure of systematic error, also called bias; it can be expressed as the
percentage difference between the result for a test sample and the reference value for
that compound.

Sensitivity or lower limit of quantification.

Specificity is the extent to which the method does not detect compounds other than
those intended.

Statistical methods

In the Methods section statistical methods should be described clearly, in particular for
the main analyses. Authors should state which data they had planned to analyse as
primary endpoints to investigate their primary objective, and whether they had been
analysed as inferential analysis (i.e. with a pre-specified statistical hypothesis) or for
exploratory reasons.

Derivations of endpoints, e.g. change from baseline or relative frequencies, should be
clearly specified. Covariates that have been used in the statistical analysis (e.g.
ANCOVA) should be identified, with a justification for their inclusion (e.g. a
reference).
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The statistical section should clarify whether the aim of the study was exploratory or
confirmatory. In confirmatory trials, a detailed sample size determination should be
provided. Strategies to account for multiple testing should be outlined where relevant.

In exploratory trials, the sample size may be justified in terms of expected precision of
the estimates parameters of interest. If study size has been chosen based on other criteria
(e.g. practical constraints), this should be stated.

In the Results section, measures of variability/uncertainty, such as confidence intervals,
should be provided, where relevant for important endpoints. The use of p-values to
demonstrate statistical significance should be limited to key endpoints.

Equivalence or non-inferiority of treatments should only be claimed if a statistical
margin (e.g. bioequivalence margins of 80%-125%) had been pre-specified in the
protocol, and the study had been powered to demonstrate these objectives. It should be
avoided to interpret the absence of statistically significant differences as equivalence
between treatments.

The Editors may utilize specialist statistical referees for manuscript review where
necessary.

Tables

Tables should generally not have more than 85 characters to a line (counting spaces
between columns as 4 characters) and certainly not more than 110 characters to a line,
unless absolutely unavoidable. Each table should be typed on a separate page and be in
an editable format (doc or xIs).

Figures and Use of Colour

Please provide high quality figures suitable for the journal’s production processes. Use
of colour (free to authors) is encouraged when it improves the clarity of the message
conveyed.

Authors should consider presenting data on the same scale as the statistical analysis, i.e.
when the logarithmic transformation was used during the analysis, the corresponding
data should also be presented on logarithmic scale. For concentration-time profiles it
might sometimes be useful to present both the initial and the terminal phase using a
larger graph as well as an inset. In multi-panel figures it is recommended to align the
corresponding axes.

To enhance the presentation of their articles, authors are encouraged to use colours as
presented in the examples. The suggested colours all work together and should be clear
to those readers who are colour-blind. With certain figures when it is helpful to strongly
differentiate between sets of results, the first colour of each pair should initially be used
(example), with the corresponding extra colours introduced as necessary. Although
white backgrounds are generally advisable, if necessary a suggested background colour
that works both with the overall look of the journal, and the proposed colour palette is
illustrated (example).

Digital files should be prepared in accordance with the instructions that will be found at
http://authorservices.wiley.com/bauthor/illustration.asp. The eps format (illustrations,
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graphs, annotated artwork; minimum resolution 800 dpi) and tif format (micrographs,
photographs; minimum resolutions 300 dpi) are recommended, although in some cases
other formats can be used.

References

References should be cited using the Vancouver style (see examples below; for detailed
instructions see http://www.icmje.org).

References in the manuscript text should appear as numbers in square brackets.

The reference list should show the references in numerical and not alphabetical order,
and should include the names of the first six authors (plus et al if there are more than
six), the full title of the article, the title of the publication (abbreviated as in Medline or
PubMed), the year, the volume number, and the first and last page numbers.

References to books should include the names of the editors, the edition number, when
appropriate, and the place of origin and the name of the publisher.

The accuracy of the references is the responsibility of the author. Referencing should be
thorough but not excessive. Older literature that has been well reviewed can be referred
to indirectly by citing the review(s).

Examples:

Johnson TN, Rostami-Hodjegan A, Tucker GT. A comparison of methods to predict
drug clearance in neonates, infants and children. Br J Clin Pharmacol 2004; 57: 677-8.
Metters J (editor). Independent Steering Committee Report of an Independent Review
of Access to the Yellow Card Scheme. London: The Stationery Office, 2004.
Hoffman BB, Lefkowitz RJ. Beta-adrenergic receptor antagonists. In: The
Pharmacological Basis of Therapeutics, Eighth Edition, eds Gilman AG, Rail TW, Nies
AS, New York: Pergamon Press, 1990: 229-43.

Accepted articles and Early view

References to papers published as Accepted Articles should be cited thus: Ferro A.
Paediatric prescribing: why children are not small adults. Br J Clin Pharmacol 2015.
doi: 10.1111/bcp.12540.

Archived data

References to archived data supporting the publication should be cited thus: Brown, LJ;
Year. Dataset title; Data repository or archive; Version (if any); Persistent identifier
(e.g. DOI).

References to data on file

Any assertions within a submitted manuscript that are backed up by reference to
unpublished data should be clearly noted as such in the body of the manuscript and
should give a clear direction to the reader as to how they might request this data: e.g.
‘ACME34178 is not metabolised by CYP3A4 (unpublished data on file, ACME Drug
Co. Ltd., Didcot, UK)’, ‘Drug Z is known to partition extensively into erythrocytes
(personal communication from Prof. X, University of Y)’

If making such a reference to unpublished data the author should obtain (and provide
the Editorial Office with a copy) written permission to mention an individual (Prof X)
or should identify a department in a company that can be contacted with an address
(Department of Drug Metabolism, ACME Drug Co, drugmet@acme.com) and the
permission should come from the head of that department or their designate.
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page. This includes CRO contributions to any trials, and support with medical writing,
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Supporting Information

Supporting Information can be a useful way for an author to include important but
ancillary information with the online version of an article. Examples of Supporting
Information include additional tables, data sets, figures, movie files, audio clips, 3D
structures, and other related nonessential multimedia files. Supporting Information
should be cited within the article text, and a descriptive legend should be included. It is
published as supplied by the author, and a proof is not made available prior to
publication; for these reasons, authors should provide any Supporting Information in the
desired final format.

For further information on recommended file types and requirements for submission,
please visit: http://authorservices.wiley.com/bauthor/suppinfo.asp

ONCE YOUR ARTICLE IS ACCEPTED

If your article is accepted, you will be asked to submit both a copyright form (see
above) and a table of links to the table of links to the BPS/IUPHAR Guide to
Pharmacology.

Creating and submitting tables of links to the BPS/IUPHAR Guide to Pharmacology
Nomenclature used in your article should follow that of the BPS/TUPHAR Guide to
Pharmacology. Should your manuscript be accepted, the main pharmacological targets
discussed in your manuscript will ultimately be listed as two tables of links (for key [but
not all] targets and ligands). You are not required to include these tables of links at
submission - this will be requested should your manuscript move forward in the review
process, and you will be supplied with full instructions on how to do so. Your tables of
links will also be checked by the copy editors. For an example of these tables, please
see here.

Proofs

Proofs will be sent to the corresponding author and should be returned within 3 days of
receipt to the Production Editor. The corresponding author will receive an e-mail alert
containing a link to a secure web site. A working e-mail address must therefore be
provided for the corresponding author. In the absence of the corresponding author,
please arrange for a colleague to access the e-mail to retrieve the proofs.

Acrobat Reader will be required in order to read the proof file and can be downloaded
(free of charge) from the following website:
http://www.adobe.com/products/acrobat/readstep2.html. This will enable the file to be
opened, read on screen, and printed out in order that corrections can be made.
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Further instructions will be sent with the proof. In your absence, please arrange for a
colleague to access your e-mail to retrieve the proofs.

Corrections should be kept to a minimum. Extensive changes may be charged to the
author.

Once proofs have been corrected the paper will be published online in the next available
issue. The online version is definitive and there will be no further opportunity for
correction. The date of publication of the article is the date of its first appearance online
as an Accepted Article.

Author Services

Author Services enables authors to track their article once it has been accepted through
the production process to publication online and in print. Submitting authors can check
the status of their articles online and choose to receive automated e-mails at key stages
of production, so that they don’t need to contact the production editor to check progress.
Visit http://authorservices.wiley.com/bauthor for more details on online production
tracking and for a wealth of resources, including FAQs, tips on article preparation,
submission, and more.

Through Author Services, all successful authors will be invited to join Kudos, to assist
with enhancing the value of their research, and they will also have the opportunity to
share the version of record of their accepted article with up to ten colleagues.

Offprints

Free access to the final PDF offprint of your article will be available via author services
only. Please therefore sign up for Author Services if you would like to access your
article PDF offprint and enjoy the many other benefits the service offers. Although the
journal is now published online only, paper offprints can be ordered at prices quoted on
the order form that accompanies the proofs, provided that the form is returned with the
proofs.

These are normally dispatched within 3 weeks of publication of the issue in which the
paper appears; however please note that they are sent by surface mail, so overseas
orders may take up to 6 weeks to arrive. PDF offprints are sent to the requesting author
at his/her first e-mail address on the title page of the paper, unless advised otherwise;
please therefore ensure that the name, address and e-mail address of the corresponding
author are clearly indicated on the manuscript title page if he or she is not the first
author of the paper.

The BJCP Annual Prize for Authors in Training

The British Pharmacological Society awards an annual prize of £1,000 for the best
paper published in BJCP during an academic year. Those eligible will be Registrars in
Clinical Pharmacology and Therapeutics (usually ST3s and above) registered for Higher
Medical Training in the UK and the Republic of Ireland and those in comparable
training schemes (including PhD schemes) elsewhere. Potentially eligible authors will
be contacted by the Editorial Office at the end of each academic year and invited to
complete an application form, giving information about the provenance of the work and
the precise role played by the potential award winner.
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The Editors will judge all entries, but they may call for expert assistance in making their
decision. Their decision is final.

Transfer to other British Pharmacological Society (BPS) journals

Pharmacology Research & Perspectives (PR&P), an open access journal, is jointly
edited on behalf of the BPS and the American Society of Pharmacology and
Experimental Therapeutics (ASPET). The BPS also publishes British Journal of
Pharmacology (BJP). The Editors of BJCP might consider that a submitted manuscript
is out of scope and more suitable for consideration by BJP or PR&P. If so, the Editors
will offer authors the opportunity to transfer their manuscript to the Editorial office of
its sister journals for consideration.

ETHICS

Please see above and here for full guidance on all issues related to Publication Ethics.
The Journal subscribes to COPE's code of conduct and its Ethical Policy is based on
COPE guidelines. The journal will adhere to COPE flowcharts for all matters related to
research misconduct.

Informed consent

Consent must be informed. The ethical aspects of all studies involving human subjects
will be particularly noted when assessing manuscripts. The methods section should
include a statement that the subjects consented to the study after full explanation of
what was involved; it should indicate whether or not consent was obtained in writing.

The Methods section should contain a statement that, when applicable, explicit patient
consent was obtained for the use of tissue for research. Local laws (e.g. the Human
Tissue Act) should be adhered to. Where potentially relevant (e.g. functional
investigations) details of the donors’ drug histories must be provided. Drug history must
include any anaesthetic used for the biopsy.

Clinical Trials

BIJCP requires that clinical trials are prospectively registered in a publicly accessible
database. Please include the name of the trial register and your clinical trial registration
number at the end of your abstract. If your trial is not registered, or was registered
retrospectively, please explain the reasons for this.

Images of, or information about, identifiable individuals

It is the author’s responsibility to obtain consent from patients and other individuals for
use of information, images, audio files, interview transcripts, and video clips from
which they may be identified. To ensure we have the rights we require, please provide a
signed Patient consent form in all instances. If the person is a minor, consent must be
obtained from the child’s parents or guardians.

If the person is deceased, it is both essential and ethical that you obtain consent for use
from the next of kin. If this is impractical you need to balance the need to use the photo
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against the risk of causing offence. In all cases ensure you obscure the identity of the
deceased.

If using older material, or for material obtained in the field, for which signed release
forms are, for practical purposes, unobtainable, you will need to confirm in writing that
the material in question was obtained with the person’s understanding that it might be
published.

Ethics Committee Approval

Details should be given in the methods section of the approval of the study protocol by
an ethics committee or similar body and the approval number or identification code
should be provided. The ethics committee that approved the protocol should be
described in sufficient detail to allow the committee to be identified.

Useful resources

Guidelines on Publication Ethics
For full guidance on all aspects of Publication Ethics, please see here.

Guidelines on Reporting
For guidance on how to enhance the quality and transparency of health research, please
see here.
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Anexo 2: Instrugoes para submissao a revista Pharmacogenomics

Journal

Aims and Scope

The Pharmacogenomics Journal is dedicated to the rapid publication of original research
on pharmacogenomics and its clinical applications. It is essential reading for geneticists,
molecular biologists, clinical and molecular pharmacologists, as well as the
biotechnology and pharmaceutical industries. Topics of interest include but are not
limited to: * Effects of genetic variability on drug toxicity and efficacy * Identification
and functional characterization of polymorphisms relevant to drug action ¢
Pharmacodynamic variation and drug efficacy ¢« Pharmacokinetic variation and drug
toxicity * Integration of new developments in the genome project and proteomics into
clinical medicine, pharmacology, and therapeutics ¢ Clinical applications of genomic
science * Identification of novel genomic targets for drug development ¢ Potential
benefits of pharmacogenomics Editorial Note Authors will be notified of acceptance,
rejection or request for revision. When a manuscript is returned to the corresponding
author for revision, it should be resubmitted to The Pharmacogenomics Journal within
three months, and it should be accompanied by a covering letter detailing the response
to each point raised by the Editor/reviewers. Manuscripts not returned within this time
frame will be considered as new submissions.

Journal Details Editor: Professor Julio Licinio, MD Editorial office: Nature Publishing
Group One New York Plaza, Suite 4500 New York, NY 10004-1562
ThePharmacogenomicsJournal@nature.com Impact factor: 3.784 (2015 Journal Citation
Reports, Thomson Reuters, 2016) Frequency: 6 issues a year Abstracted in: BIOSIS
Biotechnology Abstracts Cambridge Scientific Abstracts Embase/Excerpta Medica
Index Medicus/Medline PubMed Revised 23 Aug 2016 2

ARTICLE TYPE SPECIFICATIONS Article Description Abstract Word Limit Tables/
Figures References Original Articles These are reports whose conclusions represent a
substantial advance in the understanding of an important issue.

Please see ‘Preparation of Articles’ below for further details. Unstructured abstract
Abstract: 150 words Article: 3,500 words max excluding references. No limit No limit

Reviews These survey recent developments in topical areas of scientific research or, on
occasion, more wide-ranging subjects. Authors are encouraged to include tables and
figures, and if desired, call-out material for text boxes (to highlight salient points of the
paper or expand on certain concepts) and a glossary of specialist terms. Feature Reviews
(by Editor invitation only) These reviews are more comprehensive than Review articles
and are submitted by invitation only. Unstructured abstract Unstructured abstract
Abstract: 150 words Article: 4,000 words Abstract: 150 words Article: 5,000 words No
limit No limit No limit No limit

News and Commentaries These are short overviews of new original work, or a scientific
perspective on a topical issue of international public interest. News & Commentary

should contain no original or novel data. Generally commissioned, but a limited number
of unsolicited manuscripts are considered. No abstract required Opening paragraph: 20-
30 words Article: 1,500 words Max 2 of each Max of 15 Ethical, Economics, Legal, and
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Social (EELS) Present well-argued, thought-provoking analysis of issues and
considerations involved in both basic research and in practice. No abstract required.
Article: 2,000 words Max of 2 Max of 30 Letters to the Editor Letters to the Editor
should contain no original or novel data. These must respond to an original research
article published in The PharmacogenomicsJournal no earlier than six months prior to
the proposed letter’s submission. Original authors will have the opportunity to respond
to the letter, should it be chosen for acceptance. This response will be published
alongside the correspondence. Contributions should start with a two- or three-sentence
paragraph that contains the message of the article without specialized terminology. In
consultation with the authors, titles may be changed by the editors. Joint first authors
are not allowed. No abstract required. 700 words (900 if no image) Max of 1 Max of 10
Revised 23 Aug 2016 3

PREPARATION OF ARTICLES Please note that original articles must contain the
following components. Please see below for further details.
* Cover letter

» Title page (excluding acknowledgements)

* Abstract ¢ Introduction

* Materials (or Subjects) and Methods

* Results

* Discussion

» Acknowledgements

* Conflict of Interest

* References

* Figure legends

* Tables

* Figures

Cover Letter: The uploaded cover letter must state the material is original research, has
not been previously published and has not been submitted for publication elsewhere
while under consideration. The cover letter must also include a Conflict of Interest
statement, which is also included in the text of the manuscript (see Editorial Policy
section). Please note: As with Nature titles, TPJ does not collect keywords. Keywords
that are provided to us will not be published. If a term is important in the discoverability
of the paper, it should be in the title or abstract of the paper.

Title Page: The title page should bear the title of the paper, the full names of all the
authors, highest academic degree obtained, and their affiliations; also, the name, full
postal address, telephone and fax numbers and e-mail address of the author to whom
correspondence and offprint requests are to be sent (This information is also asked for
on the electronic submission site). The title should be brief, informative, of 150
characters or less and should not make a statement or conclusion. The running title
should consist of not more than 50 letters and spaces. It should be as brief as possible,
convey the essential message of the paper and contain no abbreviations.

Abstract: The Abstract should consist of one, single, continuous paragraph of 150-250
words in length. In The Pharmacogenomics Journal abstracts do NOT have paragraph
breaks, headings or subheadings (such as methods, results, etc) in the abstract.
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Introduction: The Introduction should assume that the reader is knowledgeable in the
field and should therefore be as brief as possible but can include a short historical
review where desirable.

Materials/Subjects and Methods: This section should contain sufficient detail such that
experimental procedures can be reproduced. For methods that have been published in
detail elsewhere, authors can reference more full descriptions in other publications, but
should still make effort to describe adequately in the main body of the text (not
supplemental files). Authors should provide the name of the manufacturer and their
location for any specifically named medical equipment and instruments, and all drugs
should be identified by their pharmaceutical names, and by their trade name if relevant.

Results and Discussion: The Results section should briefly present the experimental
data in text, tables or figures. Tables and figures should not be described extensively in
the text, either. The discussion should focus on the interpretation and the significance of
the findings with concise objective comments that describe their relation to other work
in the area. It should not repeat information in the results. The final paragraph should
highlight the main conclusion(s), and provide some indication of the direction future
research should take.

Acknowledgements: These should be brief, and should include sources of support
including sponsorship (e.g. university, charity, commercial organization) and sources of
material (e.g. novel drugs) not available commercially.

Conflict of Interest: Authors must declare whether or not there are any competing
financial interests in relation to the work described. This information must be included
at this stage and will be published as part of the paper. Conflict of interest should be
noted in the cover letter and as part of the submission process. Please see the Conflict of
Interest documentation in the Editorial Policy section for detailed information.

References: Only papers directly related to the article should be cited. Exhaustive lists
should be avoided. References should follow the Vancouver format. In the text they
should appear as numbers, and at the end of the paper they should be listed (double-
spaced) in numerical order corresponding to the order of citation in the text. All authors
should be quoted for papers with up to six authors; for papers with more than six
authors, the first six only should be quoted, followed by et al. Abbreviations for titles of
medical periodicals should conform to those used in the latest edition of Index Medicus.
The first and last page numbers for each reference should be provided. Abstracts and
letters must be identified as such. Papers in press and papers already submitted for
publication may be included in the list of references, but no citation is required for work
that is not yet submitted for publication. Personal communications must be allocated a
number and included in the list of references in the usual way or simply referred t o in
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If a case of plagiarism comes to light after a paper is published, the Journal will conduct
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agencies as appropriate. The paper containing the plagiarism may also be formally
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manuscript evaluation may be stalled until the issue is resolved. A certain degree of
image processing is acceptable for publication, but the final image must correctly
represent the original data and conform to community standards. The guidelines below
will aid in accurate data presentation at the image processing level: « Authors should list
all image acquisition tools and image processing software packages used. Authors
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Methods section. Revised 13 April 2016 10  Images gathered at different times or from
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full range of the data. * Processing software should be named and manipulations
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should state the measure resolution at which an image was acquired and any
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manuscripts relevant details about several elements of experimental and analytical
design. This initiative aims to improve the transparency of reporting and the
reproducibility of published results, focusing on elements of methodological
information that are frequently poorly reported. Authors being asked to resubmit a
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checklist that will be made available to the editor and reviewers. Research Data Policy
We strongly encourage that all datasets on which the conclusions of the paper rely
should be available to readers. We encourage authors to ensure that their datasets are
either deposited in publicly available repositories (where available and appropriate) or
presented in the main manuscript or additional supporting files whenever possible.
Where one does not exist, the information must be made available to referees at
submission and to readers promptly upon request. Any restrictions on material
availability or other relevant information must be disclosed in the manuscript’s Methods
section and should include details of how materials and information may be obtained.
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and “Omics™ Papers reporting protein or DNA sequences and molecular structures will
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DataBank, SWISSPROT or other publicly available database in general use in the field
that gives free access to researchers from the date of publication. Authors of papers
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Approved mouse symbols are provided by The Jackson Laboratory,
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For primary research manuscripts reporting experiments on live vertebrates and/or
higher invertebrates, the corresponding author must confirm that all experiments were
performed in accordance with relevant guidelines and regulations. The manuscript must
include in the Methods section a statement identifying the institutional and/or licensing
committee approving the experiments, including any relevant details regarding animal
welfare, patient anonymity, drug side effects and informed consent. For experiments
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involving human subjects, authors must identify the committee approving the
experiments, and include with their submission a statement confirming that informed
consent was obtained from all subjects. For The Pharmacogenomics Journal’s policy
regarding clinical trials, please see here. Biosecurity Policy The Editor may seek advice
about submitted papers not only from technical reviewers but also on any aspect of a
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society of publishing a paper, including threats to security. In such circumstances,
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in all publishing decisions, the ultimate decision whether to publish is the responsibility
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welcome to suggest independent reviewers to evaluate their manuscript, as well as
request individuals or laboratories. All recommendations are considered, but it is at the
Editor’s discretion their choice of reviewers. To expedite the review process, only
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Aims: HIV infection is a chronic disease that requires intensive treatment in its later phases, including dietary
supplementation. Several studies have suggested clinical improvements in patients with high levels of selenium,
linking these levels with a longer progression to AIDS. The objective of this study was to verify the association of
two polymorphisms in the SEPI5 gene, which encodes a selenoprotein that is responsible for the transport of
selenium in cells, with the time of progression to AIDS in HIV- l-infected patients. Methods: Blood samples were
obtained from 139 HIV-1-positive individuals after they provided informed consent. DNA was isolated and
genotyped using real-time polymerase chain reaction for the presence of SEP 15 single nucleotide polymorphisms
(rs5839 and rs561 104). Questionnaires on sociedemographic features and behavior were answered, and the time of
progression to AIDS was estimated based on a medical chart analysis. Resulrs: The allelic and genotypic fre-
quencies did not differ between rapid and nonrapid progressors; however, the presence of the AA genotype of the
55859 polymorphism was associated with a shorter time of progression to AIDS compared with GG homozygotes
(hazard ratio=3.62, 95% CI=1.55-8.43, p=0.003). Conclusion: These findings show the importance of genetic

analysis of the SEPI5 gene in individual patients with regard to predicting time of progression to AIDS.

Introduction

IV INFECTION IS A CHRONIC DISEASE that reguires in-
tensive treatment and can present a variable clinical
course. Several factors are involved in the progression to
AIDS. For example, the patient’s condition is aggravated by
nutritional deficiencies that can affect the responsive capacity
of the immune system. Among the essential micronutrients,
selenium plays a key role in the activation of immune cells
{Hoffmann et al.. 2010; Huang er al., 2012). HIV infection
simultaneously increases the demand for micronutrients and
causes their loss, which leads to a deficiency that can be
improved with micronutrient supplementation (Bogden and
Oleske. 2007: Chandrasekha and Gupta. 2011). Low sele-
nium levels are associated with a lower number of CD4*
cells, faster progression to AIDS, and 19.9% increase in the
risk of death (Bogden and Oleske. 2007; Pitney et af.. 2000).
In animal studies. it was shown that selenium inhibits HIV
reverse transcriptase. thus reducing the ability of the virus to
replicate { Schravzer and Sacher. 1994). Lower levels of viral

RNA have been found in the plasma of infected children with
high levels of selenium (Bunupuradah et al.. 2012). Fur-
thermore, selenium is required for the proliferation and dif-
ferentiation of lymphocytes and for the activation of
macrophages and NK cells (Schrauzer and Sacher, 1994:
Huang er al.. 2012). However, an excessive amount of sele-
nium has adverse effects (Bogden and Oleske, 2007 ). such as
an increased risk of type 2 diabetes and acute intoxication
(Pitney et al., 2009). These data underscore the importance
for an appropriate micronutrient supplementation that targets
each patient’s condition by considering both nutritional status
and genetic background and that modulates the activity of
selenium (Schrauzer and Sacher, 1994).

Studies have shown that single nucleotide polymorphisms
(SNPs) in gene encoding selenoproteins modify the expres-
sion or function of these proteins, thus affecting the clinical
characteristics of patients with different diseases (Penney
ei al., 2010). The SEP!5 gene encodes a 15-kDa human se-
lenoprotein (Hu et al, 2001) that is the fourth most abundant
selenoprotein in the body. The expression of SEPI5 is
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proportional to the amount of selenium circulating in plasma
{Huang et al, 2012}

Considering that selenium levels affect viml replication and
the expression of SEFIS is associated with selenium levels,
our hypothesis is that genetic variants in SEPIS can affect the
progression o AIDS in HIV-positive patients. The SEPIS
gene 15 located on chromosome 1. and among the polymos-
phisms described, 15859, which is located in the 3UTR re-
gion. and rs561 104, which is located in an intron, were the
targets of this study because of their effects in decreasing the
efficiency of the selenocysteine insertion sequence element at
high selenium concentrations (Hu er all, 2001). Our research
group also demonstrated that rs561104 15 associated with
the serum selenium concentration. In addition, we have also
demonstrated a genotype-dependent correlation of nucro-
nuirient mtake and the serum seleniom concentration for
ra3859 (da Rocha et al, 2014). Therefore. this study aims
o investigate the association between these two well-
characterized SNPs and the time of progression to AIDS.

Materials and Methods

Study sampia

Following a stnngent review of 3500 medical charts in o
hospital located in Porto Alegre. Brazil, 139 blood samples
were oblained from HIV-positive patients. For these 139 pa-
tients, it was possible to clearly characterize the time of pro-
gression (0 AIDS (fime from the date of negaiive serology 1o
the start date of antiretroviral treatment) through retrospective
analysis of their medical records. It 15 impaortant to note that in
Brazil, the Minisiry of Health Guidelines for Antiretrovical
Treatment indicates that the initation of Highly Active An-
tiretroviral Therapy (HAART) should occur for both symp-
tomatic and asymptomatic HIV-1 patients with CD4™ T-cell
counts below 350 cellsimm” andior a persistently high viral
load (National Program for STD and AIDS, 2012).

Data obtained from medical records, soch as the date of
seroconversion, HIV-negative serology date, HIV-positive
serology date. date of antiretroviral treatment initiation. and
Iymphocyte count CD47, were used o classify patients ac-
cording to the following criteria: (| ) rapid progressors, the time
between seroconversion and AIDS diagnosis was less than
three years, with at least two consecutive counts of CD4™ < 350
cellsfmm® before data collection; and (2) nomrapid pro-
gressors, me after seroconversion was greater than 9 years
without a diagnosis of AIDS, with at least three consecutive
counts of CD4™ T lymphocytes =500 cellsfmm® before data
collection. In addition, the time of progression o AIDS (in
vears) was estimated for these patients using the dates of the
antiretroviral freatment initiation and seroconversion. Sub-
sequent analyses were performed for the ime of progression Lo
AIDS and the type of progression (rapid or nonrapid).

Data reparding the individual feastures of subjects were
obtained through a sociodemographic questionnaire. The
Ethics Committee of the Conceiglio Hospital Group (Porto
Alegre City) approved the study protocol. Informed consent
was obtained from each subject included in the study.

DNA extraction and genolyping

Total DNA éxtraction from blood samplés was performed
using the salting-out method, as described by Lahin and
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Murnherg (1991). From the extracted DNA, genotypes were
determined using real-time polymerase chain reaction (PCR)
with validated Taghlan assays (o assess the following two
SNPs located in SEPIS: 85859 (A>G) and 3561 104 (C>T)
{Applied Biosystems). This method uses the 5° nuclease ue-
tivity of Tag polymerase to cleave a nonextendible hvbnd-
ization probe during the extension phase of PCR. The
CCR3del32 (rs333) vanant was evaluated by PCR and vi-
sualized on 3% agarose gel, as described by Chies and Hutz
{2003). and used to control for known genetic factors in-
volved in the progression o AIDS.

Statistical analyses

Categorical varinbles are described in proportions and
continuous variables are expressed as the mean (standard
deviation [SD]) or median (interguartile range [IQR]). Allelic
frequencies were calculated using the gene counting method.
The agreement of the genotypic frequencies with the Hardy—
Weinberg equilibnum expectations was tested using chi-
suare ests,

After the subjects were classified as rapid or nonrapid
progressors according to the mitiation of HAART and the
seroconversion date, the CD4" T-cell slope values before
HAART for each group were estimated using linear regres-
sion with the square root of the CD4™ T-cell count (Wolbers
et al., 20100, The sonparametric Mann—Whitney test and
Fisher’s exact test were wsed to characterize samples ac-
cording to the AIDS progression classificaion (rapid and
nonrapid progression ). The genotype and allelic disinbutions
among rapid and nonmpid progressors wene compared using
Fisher's exact test,

In addition, a Cox regression analysis was performed using
the time of progression o AIDS in years os the dependent
variable. To estimate the hazard ratio (HR), vanables that
could influence the course of the disease were tested using
Cox regression in a univariate model. The following van-
ables were included: viral coinfection (hepatitis C/B andfor
HTLV}). sex, ethnicity. and the genotypes for CCRSdel32.
Variables with 2 p<(.1 were maintained in the multivariate
mindel (o address the effect of SEFIS polymorphisms. All
statistical analyses were performed with IBM SP5S Suatistics
for Windows, version 190 (IBM Corp.). and a p<0.05 in-
dicated statistical significance.

Results
Charactaristics of the sludy population

The characrerstics of the study popalation are shown in
Table 1. The median time of progression (o AIDS i the rapad
progressors group was 2 years (IQR = 1-3 years ), whereas the
nonrapid group was 11 vears (IQR=9-17 years). Twenty-
three patients in the nonrapid group did not start antiretroviral
therapy at the time of swdy completion (follow-up medi-
an=%75 years; IQR=8.25-1225 vears). The charactenza-
tion of the disease progression included sigmaficant differences
in the values of CD4" T-cell slopes, baseline CD4™ T-cell
counts, and baseline HIV-RNA copies (p<0.001 for all
variables). The number of CD4" T cells decreased more
abrupdy in the rapid progressors (median slope=-=0.65:
IQR==1.28 w =027) than they did in the nonrapid
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TABLE 1. SOCIODEMOGRAPHIC AND CLINICAL FEATURES OF THE STUDY SAMPLE

Type of progression

Variable Rapid (47) Nonrapid (92) P
Time to AIDS (years)* 2(1-3) 11 (9-17)°
Female 68.1% 76.1% 0.319
Age (years)® 40.02 (11.33) 42.72 (10.62) 0.169
Baseline CD4" T cell (cells/pL)* 4745 (306; 577.5) 588 (463: 783) <0.001
Baseline HIV-RNA log10 (copies/mL)* 4.28 (3.90: 4.70) 3.71 (2.67; 4.20) <0.001
CD4 slope* =0.65 (=1.28; =0.27) 0.40 (0.22; 0.53) <0.001
Transmission 0.647

Het (%) 80.9 76.1

MSM (%) 12.8 9.8

IDU (%) 43 76

Others (%) Z1 6.5
Ethnicity 0.096

White (%) 276 434

Non-white (%) 724 56.6
Coinfection (yes) 149 244 0.272

*Median (interquartile range).

"Data for 69 patients who progressed to AIDS.
‘Mm(mndaldckﬁnﬁon{m

Exposure category: Het, heterosexual: MSM, men who have sex with men; IDU, injection drug user; others include vertical transmission
and occupational accident. Coinfections include hepatitis C/B and HTLV.

progressors (median slope=040; IQR=0.22-0.53). Other
variables did not differ between rapid and nonrapid pro-
Lressors.

Association of SEP15 gene polymorphisms
and the time of progression to AIDS

The genotype frequencies did not show statistically sig-
nificant differences compared with those expected under the
Hardy—Weinberg equilibrium (p=0.07 for rs5859 and
p=0.84 for rs561104). No association was found when the
genotypic and allelic frequencies were compared between
rapid and nonrapid progressors (p>0.05, data not shown).
Considering that sex (HR=057, 95% CI=035-0093,
p=0.025) and ethnicity (HR=0.62, 95% CI=0.39-0.99,
p=0.044) were significant factors in the univariate Cox re-

gression, a multivariate Cox regression was performed using
these variables and each polymorphism. Through this analy-
sis, we observed an association between the rs5859 poly-
morphism (Table 2 and Fig. 1) and the time of progression to
AIDS. in which the progression was faster for AA homozy-
gotes than for GG homozygotes (HR=3.62, 95% CI=1.55-
8.43, p=0.003). GA heterozygotes showed no difference
from the reference group (GG homozygotes: HR=1.21, 95%
CI=0.80-1.83, p=0.360). No associations were found for the
other polymorphism analyzed.

Discussion

The purpose of the present study was to determine whether
polymorphisms on the SEPI5 gene, which encodes a sele-
noprotein that is responsible for the transport of selenium in

TABLE 2. MULTIVARIATE CoX PROPORTIONAL HAZARDS REGRESSION ANALYSIS TO ASSESS THE INDEPENDENT
EFFECTS OF THE SEPI5 rs5859 anD Rs561104 PoLymMorPHISMS ON THE TIME TO PROGRESSION TO AIDS

Adjusted
HR* 95% CI p HR® 95% ClI p

s5859

Ethnics (white) 0.62 0.39-0.99 0.044 1.92 1.26-2.95 0.003

Sex (male) 0.57 0.35-093 0.025 L.75 1.11-2.75 0.015

GA genotype 1.23 0.83-1.82 0.308 1.21 0.80-1.83 0.360

AA genotype 2.40 1.06-5.43 0.035 362 1.55-8.43 0.003
561104

Ethnics (white) 0.62 0.39-0.99 0.044 1.71 1.11-2.64 0.015

Sex (male) 0.57 0.35-093 0.025 2,14 1.32-3.47 0.002

TC genotype 0.84 0.55-1.28 0417 0.79 0.52-1.23 0.309

CC genotype 0.75 0.38-1.49 0412 0.75 0.36-1.56 0.440

*“Univariate model.

"Multivariate model.

HR. Hazard ratio; CI, Confidence interval.
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FIG. 1. Cox regression analysis for 1853859 showing the

time of progression w0 AIDS in individuals with the AA geno-
type (Hazard rtio=3.62, 95% CI=1.55-8.43, p=0.003)
and GA genotvpe (Hazard ratio= 1.21, 95% CI=0.80-1 83,
p=0360) compared o GG homozy poles.

cells, are msociated with the time of progression to AIDS in
HIV-1-infected patients. Our major finding indicates that
ra3859 is associated with a faster progression to AIDS. To the
best of our knowledge. there are no studies that have identi-
fied an association between the genotypes of SEPIS and the
time of progression to AIDS in humans. However, it is known
that the 58359 polymorphism can functionally modily the
15-kDa human selenoprotein (Geyvbels er al, 2003). Fur-
thermore, it has been broadly illusirated in the literature that
low selenivm concentrations are associated with increased
morbidity and mortality more than other micronuinents and
that selenium deficiency is more common due to unknown
mechanisms (Singhal and Austin, 2002; Xu er ai., 2002).

Several studies have established a relationship between a
rapid progression of the disease and micronutrient defi-
ciencies or a decline in the number of CD4" cells (Kupka
et al., 2004:; Pitney er al, 2009). Anantioxidant deficiency in
HIV infection facilitates the development of injury by oxi-
dative stress, which contributes to deregulation of the im-
mune system, T lymphocyte death, and viral replication
(Hurwitz et al., 2007; Stone et al_, 2010, Baum et al., 200 3).
In this context. selenum plays a key role in antioxidant de-
fense, acting as a cofactor of glutathione peroxidase (Kupka
etal., 2004; Reshi er al., 2014).

In North America, ~70% of HIV-infected patients are
receiving vitamin supplements; however, -~ 30% of the pa-
tients still have a deficiency of ot least one micronutrient,
which demonstrates the importance of individualized treat-
ment and raises questions about the mechanisms that lead toa
disability in nutritional deficiency (Chandrasekha and Gupta,
200 1. A micronutnent deficiency in patients with HIV has a
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synergistic effect, with one exacerbating the other (Kupka
et al., 2004). However, when this deficit can be comected,
there is evidence that the disease progression is slowed
(Singhal and Austin, 2002: Hurwitz et al., 2007). The bene-
ficial effects of selenium supplementation were recently
demonstrated by an increase in the tme of progression to
AIDS and an indirect increase in the number of CD4Y cells.
which reinforce the benefits of using this simple and inex-
pensive therapeutic measure in patients with HIV (Hurwitz
et al. 2007; Baum e al.. 2013; Kamwesiga er al, 2015).
Despite the evidence of the benefits of selenium supplemen-
tation, Hurwite et al. reported the existence of two groups that
incleded individuals who were either responders or nonre-
sponders (o selenium. The nonresponders group had a lower
concentration of selenium, and thus, experienced fewer ben-
efits from the supplementation than did the responders. even
though the groups received the same therapeotic dose. This
result suggests and we hypothesize that selenium deficiency is
due o poor nuintion and absorption and to the association of
polymorphizms in gene encoding selenoproteins. which could
have deleterious effects on the transport and incorporation of
this micronutrient.

Dhata from genetic association studies connecting variants
in the SEPI5 gene with the nsk of diseases have shown that
the investigated SNPs aliered the expression or function of
selenoproteins and may increase the risk of developing dis-
eases, such as breast cancer risk (Ho et all, 2001 ), lung cancer
in smokers { Jablonska et al., 2008, rectal cancer risk in men
(Sutherland er al.. 2000), and prostate cancer risk and sur-
vival (Penney et al.. 2000). However, the only published
study that found a relationship among the SEPIS gene, se-
lenium levels, and the development of scquired immunode-
ficiency was performed in Rhesus monkeys. In that study,
infected monkeys showed selective expression of selem-
proteins and decreased expression of SEP{S, which is pos-
sibly the mechanism responsible for the reduction in
selenium in the body (Xo er all, 2002).

The present study has some limitations, which includes a
small sample size, limited number of SNPs, and lack of se-
lenium concentration and intake datn, However, the findings
of the present study support the hypothesis that selenium and,
possibly, genetic variants affecting selenium levels are in-
volved in the progression to AIDS. Therefore, consistent with
the findings of other sindies, a patient’s treatment can be
talored 1o their specific genetic profile and nsk of progression
to AIDS, thus allowing an improvement in the patient’s sur-
vival fime. Other studies may help o esablish the genetc
profiles in the different categories so that we can better un-
derstand the mechanisms of slow progressors and try 1o apply
these mechanisms in patients with a higher sk of progression
o AIDS. Genes involved in encoding selenoproteins, such as
SEPIS, are potential candidates for the continuation of this
research.
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BACKCROUND The time of progression towards AIDS can vary greatly among seropositive patients, and may be associated
with host genetic varation, The NRIZ (PXR) gene, a hgand-activated transcription factor, regulates the transcriptson immune
pathway genes and can therefore be targets of viral replicetion mechanisms influencing time of progression to A1DS.

OBECTIVE To verify the association of single nucleotide polvmorphisms (SN Ps) rs3814057, et 785049, rs7643645, and rs2461817
in the NRI2 (PXR) pene with progression to AIDS in HIV-1 infected patients,

METHODS Blood samples were obtamed from 96 HIV-1 positive indiveduals followmg mformed consent. DNA was solated and
genotyped through real tme polymerase chain reaction (PCR) for the presence of SMPs i the NEZ, Questionnaires on socico-
demographic features and behaviors were answered and time of progression to ALDS was estimated based on medical chart analysis.

FINDINGS Patients with the GG genotvpe for rs7643645 were shown to be related with & more rapid disease progression when
compared to GA and A A penotypes. This result was mamntained by the Multivariate Cox Regression considering sex, ethnieity,
and presence of HLA-B%57, HLA-8%27, and CCRSdel32 polymorphisms,

MAIN CONCLUSIONS Recent studics reported the expression of the nuclear receptors in T-Lymphocytes, suggesting their
passible role in the immune response. In addition, nuclear receptors have been shown to inhibi the HIY replication, although
no such mechanism has been thoroughly elucidated to date, This s the first time an association between NRIZ polymorphism
and time of progression to A DS 15 reported and supports an apparent relationship between the pene in the immune response and
identifies another genetic factor influencing A1DS progression.

Koy wonds: AIDS progression - penelic polymorphisms - nuckear moeptons - NRT2

The time of progression towards AIDS can vary
greatly among seropositive patients, ranging from as
little as three to as long as 20 vears after infection. Previ-
ous studies estimated that 10% of HIV positive patients
develop AIDS within two to three years (rapid progres-
sors), and 3-15% will remain AIDS-free after 20 years
{slow progressors) (Casado etal. 2010}, Several attempts
o explain differential progression towards AIDS have
been made, and so far multiple genes have been shown
to play a role in shaping individual time of progression,
affecting susceptibility, transmission, and course of dis-
ease, ultimately determining viral set points, rate of de-
cline of CD4+ T-cells, level of viremia and cytotoxic T
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Iymphocytes escape (Kaur & Mehra 2009), The extent
to which each of those genes influences AIDS onset is
not clear, but it is understood to be the result of mul-
tiple small factors combined. Nuclear receptors (NR),
a family of transcription factors (TF) which comprise
the so called orphan receptors, are among the host fac-
tors currently known to have some influence in AIDS
progression {Hanley et al. 2004} Hanley et al (2010)
and his team have shown two specific MRs that play
an import role in diminishing HIV replication through
spectfic mechanisms in vitro, The NRIZ (PXR) gene,
ligand-activated TFs, regulate the transeription of a
wide range of genes (Xie & Evans 2001, Urquhart et
al. 2007), including immune pathways {Martinez et al.
2007) and can therefore be targeis of viral replication
mechanisms influencing time of progression o AIDS.
The NRII2 (PXR) is also a key to gene regulation, in-
fluencing morphogenesis and differentiation, and it may
also play a role in the cell cyele progression (Schote et
al. 2007, Zhou 2016). Currently available studies also
indicate that PXR regulates CYP3A4 expression { Urgu-
hart et al. 2007}, which is involved in the metabolism of
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antiretrovirals and therefore could be a key predictor of
drug responsiveness and toxicity (Schipam et al. 2000,
Sinxadi et al. 2015, Cusato et al, 2016). This study aims
o investigate an association of polymorphisms in the
PXR gene with time of progression to AIDS.

MATERIALS AND METHODS

Stusefy samiple - Ninetv-six blood samples were obtained
from HIV-positive patients following stringent review of
3300 medical charts between 2011-2013 in the hospital lo-
cated in Porto Alegre city, Southernmost Brazil.

For these patients; it was possible to clearly deter-
mine the time of progression for AIDS, considering the
middle time between HI V-negative and HIV-positive se-
rology, using the retrospective data of their medical re-
cords, It is important to note that this parameter is in ac-
cordance with the prevailing Brazilian guidelines for the
management of HIV# patients in the country affective
in 2013. The Ministry of Health Guidelines for Antiret-
roviral Treatment indicates that the initiation of Highly
Active Amtiretroviral Therapy (HAART) should occur
for both symptomatic and asvmptomatic HIV-1 patients
with CDM+ T-cell counts below 350 cells/mm3 andfor a
persistently high viral load (NP 2012),

Data available in the medical records, such as the
date of seroconversion, HIV-negative serology date,
HIV-positive serology date, date of antiretroviral treat-
ment initiation, and lvmphocyte count CD4+, were used
to elassify patients according to the following criteria:
(i} rapid progressors, the period from seroconversion
(considering middle ume between HIV-negative and
HIV-positive serology) to the beginning of treatment for
AIDS of up to three vears, with at least two consecu-
tive CD4+ counis < 350 cells/mm? before data collection
and HAART medical recommendation; (1) typical pro-
gressors, the pericd from HIV-positive serology (with
clinical monitoring) to the treatment for AIDS of over
four vears, with at least three consecutive CD4+ T lym-
phocytes counts > 500 cells/mm® before data collection
and HAART medical recommendation; (iu) slow pro-
gressors, the period from HIV-positive serology exceed-
ing nine years, with CD4+ T lymphoeytes counts > 500
cellsfmm® and without requiring treatment for AIDS.
The analyses were performed using this classification in
rapid, chronic, and slow progressors.

Other data concerming the individual features of pa-
tients were obtaned through a sociodemographic ques-
tionnaire. The individuals were classified as of European
or African ancestry, according to the phenotypic charae-
teristics of individuals, as judged by the researcher at the
time of data collection, and from data about the ethnicity
of the parentsferandparents reported by the participants.
According to Pena et al. (2011), the Brazil Southemmost
Region showed reduced mixing compared to the rest of the
country, due to preat geographical variances and cultural
differences in the country. The issue concerning the skin-
color-based classification critena used in this geographical
area of Brazil 15 well documented and has already been as-
sessed in previous studies (da Silva etal. 2011),

DNA extraction and genotping - Total DNA extrac-
tion freom blood samples collected was performed through

the well-established technique of salting out described by
Lahiri and Nurnberger (1991). Genoty ping of four single
nucleotide  polymorphisms (SNPs) in the NRJIZ gene
rs3814057 (A > C; mRNA 3UTR), rs6785049 (G > A,
intronic region), r7643045 (A > () intronic regeon), and
rs2461817 (A = C; intronic region), were performed by real
time polymerase chain reaction (PCR) and validated by
TagMan assays {Applied Biosystems, California, USA)
The SNPs evalusted here were selected using the Hap-
Map tool (www hapmap.org) with the following annotate
TagSNP Pucker features: European population (CEL),
minimum frequency of the rarest allele of 10% and a de-
termination coefficient (R7) equal to 80%. HLA-8%27, and
HILA-B*57 and OCR3e(32 genoty pes were available for
the sample and used to control for known genetic factors in-
volved in the progression to AIDS. The CCR3de/32 (rs333)
variant was previously evaluated by PCR and visualised
on 3% agarose gel, as described by Chies and Hutz {2003},
The presence of HLA-B*27 and HILA-B*7 were previously
genodyped according Cesbron-Cautier et al. (2004),

Statistical analysis - Categorweal variables are de-
scribed in proportions and continuous variables and
are expressed as the mean [standard deviation (D)) or
median [interquartile range (IQR)], Allelic frequencies
were estimated through gene counting. The agreement
of genotype frequencies with Hardy-Wemnberg equilib-
riim expectations was tested using Chi-square tests,

Initially, patients enrolled were grouped as rapid,
chronic, and slow progressors aceording to the data ob-
tained from the questionnaire and review of the subjects
medical charts. Their CD4+ T-cell slope values before
HAART were estimated by linear regression with the
square root of the CD4+ T-cell count and a non-para-
metric Mann-Whitney and exact Fisher test were used
to characterise the progression of the patients accord-
ing socio-demographic characteristics of patients. After
characterisation of the sample, all variables were tested
using Cox regression in a univariate model. Multivar-
ate Cox regression was performed considering a forward
stepwise model and all three models with statistical sig-
nificance are shown on results. Genetie recessive models
for NRIZ2 polymorphisms were assumed. All statistical
analyses were performed with IBM SPSS Statistics for
Windows, version 19.0 (IBM Corp, Armonk, NY)and p
< (103 was considered 1o indicate statistical significance.

Ethics - The study protocol was approved by the Eth-
ical Committees of the Conceiglio Hospital Group { Porto
Alegre) (approval number 10-213) and Fundagio Estad-
ual de Produgio e Pesquisa (FEPPS) (approval number
1320100, Written informed consent was obtained from
each subject included in the study.

RESULTS

Characteristics of study population - Table 1 con-
tains data regarding sample description and comparison
of clinical and socio-demographic variables between
slow, typical, and rapid progressors. Female sex was
slightly more frequently observed among slow and ty pi-
cal progressors than in rapid progressors (p = 0.067)
Characterisation of disease progression included sig-
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TABLE|
Socio-demographic and clinical festures of study sample
Type of progressson

Variahle Tostal (96} Rapad (20) Typcal (40) Slow (36) p value
Time to ALDS [years) 70 (1-15) L.55(1-3) 5.804-5) 1L2149-15) <001
Slope CD4+ (cellimm?) - -OL9EE (-2424; -00399) -10%0 (<2649, -0427) -0473 (0881 -0060) = 0.001
Female 7505 35.0% BLO% Bl 5% 06T
Age (years) 40.81{10.21) 4272 {11.06) 40.07 (11.83) 40052 (R.43) {640
Transmission
Het 6.0 75.0% 80.0% T2 2% 0725
MEM 53% 15.0% T5% 5.5% (438
1o 8.3% S0P 5.0% 14.0% {312
(Mhers fi_3% 500 50% #.3% 0.808
Ethnicity
White S58.3% 379% T4.3% 45,00, 0.025
MNon-white 41.7% 42.1% 25 % F3.0%
Co-nfection (ves) 34.5% 351005 3T1% 3L.5% 0194

Except for age imeanftandard devistion) and time to AIDS (median/mmim and maxam), data are shown as a percentage (%),
Exposure category: Het = heterosexual; MSM, = men who have sex with men; 1DU = mjection drug user; others includes vertical
transmussion and occupational secident. Co-infectsons include bepatstss C/B and HTLY,

TABLE 1l
Genotypie distribution of AR 2 simgle

nucleotide polymorphisms (SNPs) among rapd,
twpical, and slow progressors

Tvpe of progression

SNP Rapid Typecal Slow  pvalue
2461817

AA 41200%)  TOTY%) 3 (00.T%)

AC 10 (526%) 19 (48.8%) 15 (53.7%) 0866
o 5(26.3%) 13(33.3%) 10(35.6%)
rs3RI4057

AA T(35.0%) 16 (400%) 15 (51.8%)

AG 1 55.00) 20 (50.0%) 11 (37.9%) 0781
G 2(100%) 4 (10.0%) 3 (10.3%)
rsh7R3(044

A 1(5.0%) 8 (20.5%) 8 (27.6%)

Al 13 p5.0%) 1B (46.2%) 12 (41.4%) 0321
Gili G{30.0%) 13(333%) 9i(31.0%)

a7 3645%

AA 8 (40.0%) 14 (350%) 17 (58.6%)

AG I (50.0%) 18 (45.00) 12 (41.4%) 00T7*
GG 2100%) 8 (200M%)  O(0%)

* rapud plus tvpical versus slow progressors, p-value = (00026

nificant differences (p < 0.001) in the values af CD4+ T-
cells slopes: the number of CD4+ T-cells decreased more
abruptly in rapid progressors (median slope -0.988, IQR
-2.424 1o -0.399) and typical progressors (median slope

<100, IOR -2.649 1o -(0427) than in the slow progres-
sors (median slope -0.473;, IQR -0,881 to -0.160). Twen-
ty-three patients in the slow group did not start antireteo-
viral therapy at the time of study completion (follow-up
median= 975 years; QR = §.25-12.75 years).

Assocurion of NRIZ gene polymorphisms and time
af progression to AIDS - Table 11 shiws the comparison
of NRIf2 SNPs among rapid, typical, and slow progres-
sors. Although no association was detected for any SNP,
an association with the rs7643645 GG genotype was ob-
served when the comparison of rapid plus typical versus
slow progressors was performed (p = 0L0216). Consider-
ing that sex [hazard ratio (HRE) = 1,608, confidence nter-
val (C1395% 1.000-2 587, p = 0.050] and ethnicity (HR =
L6537, C195% 1.0534-2.606, p=0.029) showed significance
in Cox Regression Umivaniate test (Table [11), and that
HILA-B*37, HLA-B*27, and CCRS del32 polymorphisms
are well known factors that affect time to progress to
AIDS, a multivariate stepwise Cox regression was per-
formed, In this analysis, three models were generated. In
maodel three (step 3 on Table 111} our results evidenced an
association of rs7643645 GG genotvpe to a shorter time of
progression (HR = 2,029, C195% 1.036-3.975, p = 0039)
when compared to GA and AA penctypes (Table 111). No
other polymorphisms were significantlyv associated with
ume of progression towards AIDS.

DISCUSSION

This study evaluated the possible influence of four
commaon SNPs from MRIZ gene in the time of progres-
sion 10 AIDS. The major finding of this study was the
significant association of the rs7643645 polymorphism,
gender, and ethnicity with a shorter time of progression
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TABLELI

Univariate and multivarte Cox propostional
hazards regression analysis concerning rs 7643645
SNP and nisk for progression o ALDS

Univanate analysis

HE 95%] p value
Sex (male) LA0E 1000 2587 0050
Ethnscity (white) 1657 L0534 2606 0029
G homoeygosis L& 0915 3789 0083
CCR5del32 0.792 0352 1742 (L5388
HLA-B*57/B*27 (L5458 0452 2189 (1803
Forward stepwise multivarime analysis
HR 95%C1 p value
Srep 1*
Ethmcety (white) 1631 1041 2789 (037
Srep 2 4#
Sex (male) 1.734 1053 2915 028
Ethnicity fwhite) 1710 1.136 2803 0,021
Srep 3 4es
Sex male) 1945  LI6l 3238 00N
Ethmicity (white) 1710 1003 2614 49
(i homozvzosis 2029 1036 3975 (035

Cl: confidence interval; HR: hazard ratio; *: -2 Log likelihood
= 576,94, chi-square = 4.01, p-value = 0,055, **: -2 Log likel-
hood = 372,50, chi-sgquare = B89, p-value = 00017, *** -2 Log
likelihood = 568 50, chi-square = 12.77, p-value = 0,007,

towards AIDS. In the rs7a43645 polymorphism, the
genotype GO has a major risk o progression for disease.

The characterisation of AIDS progression is diverse in
[iterature (Kaur & Mehra 2009, Casado et al. 2000), and
presence of A1DS symptoms, CD4+ T-cell counts and plas-
ma HIV RNA levels already were considered by different
authors to classify the AIDS progression | Nakaiama et al.
2002, Okulicz et al. 2009). This study used retrospective
CDd+ T-cell counts to assess the progression to AIDS, so
nitially the patients’ progression was validated by the sig-
nificant difference in the slope of decline in CD4+ T-cell
numbers between rapid progressors (-0.988, steep slope)
and slow progressors {-0.473, sentle slope),

The analysis on the socio-demographic features of
patients showed a positive association between female
gender and slow progression ta AIDS (p-value = 0.019).
This finding is in agreement with other studies, which
found higher CD4+ TL counts in females than in male
HIV-patients (Jarrin et al. 2008). However, a recent study
by Thorsteinsson et al, (2012) found no association be-
tween sex and onset of AIDS. It is imporiant to also
conswler the influence of the patient’s selection mode to
reach our results. Patients enrofled were those whe vol-
untarily sought health care, which can constitute a bias,
since usually in Brazil more women look for health care
services than men { Ribeiro et al. 2006) and our collection

site (Conceigio Hospital Group) has specific health ser-
vice for pregnont women. Moreover, a positive associa-
tion between non-white individuals and slow progression
to AIDS was also encountered { p-value = 0.053), Okulicz
et al, (2009} showed an increased frequency of African-
American individuals among long-term non-progressors
in-a USA cohaort. Further, an earlier study of Anastos et
al. (2000) had observed an association between slower
decline in CD4+ TL and non-white individuals. Despite
of the small sample size investigated due the limited data
about progression to AIDS and the ethnic composition
of Brazilian population, the results show that investiga-
tions including populations of different ancestries and
geographic regions are important to understand how ge-
netic background can influence immune responses and
modulate HIV infection and progression. HIV affects
the entire immune svstem of the patient, so the pathways
and genes studied are those associated with the immune
system. However, it 15 increasingly recognised that gene
regulation should be mediated, for example, for nuclear
transcription factors such as PXR family receptors en-
coded by NRII2. These receptors form a network, which
influences the expression of many other genes. These in-
teractions are complex and may be simulated using func-
tion prediction analysis tools made with an online tool
(available at httpfsnpinfoniehs.nihogov). The mterac-
tions of NRIZ involve tumor suppressor genes, cell cycle
regulators and differentiation, inflammatory response
promoters, genes involved in production of blood cells
and the response of cells to retroviral infection. A recent
study demonstrated that PXR expression on peripheral
blood cells is different in tissue expression, and this vari-
able in combination with other markers can modulate the
immune response of human body to the tumor cells. Fol-
lowing this reasoning, considering that the receptor PXR
is able to modulate the recogmition of abnormal cells, it is
questionable and important to study its real relevance in
cells infected with HIV (Kong et al. 2016),

The findings in this study regarding the association of
allele G homozygosis in 137643643 and a rapid progres-
sion to AIDS are in agreement with Schote et al. (2007),
who suggested an apparent role for PXR in immune re-
sponse. In that study, it was observed that PXRs, among
others NRs, are expressed in CD4+ TL, CDE+TL, CDI4+
TL and CDI%+ TL, which suggests their function influ-
ences expression of molecules involved in immune mech-
anisms. The mechanism through which PXR correlates to
AIDS progression is not all unraveled to date, However, it
15 known that it 15 related to the metabolism of the drugs
used to treat AIDS patients, given its role in Phase 1 and
Il metabolism of xenchiotics and also being suppressed
by some drugs. These studies relate the amount of anti-
retroviral drugs available in the plasma of patents with
polymorphisms in NRIUZ and NRIZ, and consequently
the resistance to drugs and prognosis of these patients
{ Healan-Cireenberg et al. 2008, Svard et al. 2010

It is known, though, that metabolism and inflamma-
tion are related mechanisms. In the presence of cytokines
and of a specific types of inflammation (acute phase re-
sponse by lipopolysaccharide), for instance, a decreased



expression of PXR and of its target penes is seen | Moore
et al. 2000). It has been suggested that a relationship be-
tween PXR and NFkappa-beta functions exists, with NF-
kb increased action in PXR null mice as well as a decrease
of PXRE function with intubition of NF-kbs, demonstrat-
ing a potential for immunosuppressive activity of PXR's
ligands {Wahli 2008). This leads to the belief of a possible
influence of this NR in the course of immunosuppressive
diseases, such as AIDS, as we have found,

Our study presents some limitations and the results
must be interpreted considering some issues: (1) we anal-
yse a small sample of HIV+ patients due the limited data
about progression o AIDS; (1) we genotype a small
number of polymorphisms and other NRIIZ SNPs could
be associated with the progression to AIDS; (i) our data
do not represent the actual distribution of slow, typical
and rapid progressors in HIV + patients, since a high
frequency of slow progressors is observed in the sample;
{iv)a group of patients who had not started antiretroviral
therapy at the time of inclusion in the study was classified
as slow progressor. This group was not fully character
ised and potentially includes LTNPs patients {long-term
non-progressors patients). Despite this, this is the first
time that a NRII2 gene polymorphism was found to be
related to time of progression to AIDS and even though
our sample was not an extensive representative, it can be
hypothesized that the absence of the rs7TA43645 SNP in
homozygosis | presence of the A allele) 1s associated with
a delayed progression towards AIDS, when also consid-
ering ethnicity and gender. This agrees with the widely
accepted belief of several differemt factors influencing
AIDS progression and illustrates the importance of con-
sidering them all together (McLaren & Fellay 2015). In
addition, this finding is in accordance to several recent
studies that suggest a role of NR in immune mechanisms
and HIV infection. The presented results support the evi-
dence and stress the importance of continuation of the
search for additional genes’ activities that might be relat-
ed to the development of this widespread disease. It also
claims for the elucidation of mechanisms through which
it occurs and investigation of other NEs in the matter.
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Anexo 4: Aprovacgio do Comité de Etica da UFCSPA

COMISSAOC 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 1
(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 metodolégicos conforme as Resolugdes 196/09 e
demais Resolugées complementares. Toda e qualquer alteragéo do projeto, assim como eventos adversos
graves, deverao ser comunicados a este CEP. Os TCLE, quando necessarios, somente poderao ser
utilizados apos prévia e explicita aprovagéo (carimbo) de sua redagao por este CEP".

Porto Alegre, 28 de outu de/2010.
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