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RESUMO

A terapia antirretroviral (TARV) para individuos infectados pelo virus da
imunodeficiéncia humana (HIV) é constituida pela combinacéo de farmacos de
diferentes classes. Dentre os efeitos adversos a longo prazo desta terapia
destacam-se a lipodistrofia e a dislipidemia. Sabendo-se que as variacdes
genéticas estdo envolvidas na modulacdo das respostas farmacologicas, este
estudo transversal visou avaliar a associagdo de polimorfismos nos genes
codificadores de proteinas metabolizadoras dos farmacos com os efeitos
adversos da TARV.

Foram colhidos dados referentes aos efeitos adversos e amostras de DNA
de 857 pacientes portadores de HIV que utilizavam TARV h& pelo menos um
ano. Foram genotipados os polimorfismos CYP2B6 516G>T (rs3745274),
CYP3A4*1B (rs2740574), CYP3A4*22 (35599367) e CYP3A5*3 (776746) por
reacao em cadeia da polimerase em tempo real.

A prevaléncia da lipodistrofia apresentou diferenga significativa entre os
grupos étnicos avaliados (brancos 64,1% e nao-brancos 44,9% P = 0,001). Os
padrées de lipodistrofia do tipo lipohipertrofia (brancos 27,5% e néo-brancos
19,4% P = 0,001) e lipoatrofia (brancos 33,0% e ndo-brancos 48,4% P = 0,055)
apresentaram diferenca significativa entre as etnias. Os individuos brancos
também apresentaram maior prevaléncia de hipertrigliceridemia (P = 0,001) e
hipercolesterolemia (P = 0,015).

A lipodistrofia foi mais prevalente em individuos brancos e apresentou
associacao ao alelo *3 do polimorfismo CYP3A5*3 e ao uso de atazanavir. S&o
necessarios mais estudos nesta area para que variantes genéticas possam ser
utiizadas na pratica clinica para determinacdo prévia dos regimes

antirretrovirais.

Palavras-chave: HIV, terapia antirretroviral, farmacogenética.



ABSTRACT

Antiretroviral therapy (HAART) for individuals infected with the human
immunodeficiency virus (HIV) is a combination of drugs of different classes. Long-
term adverse effects of this therapy include lipodystrophy and dyslipidemia.
Knowing that genetic variations are involved in the modulation of pharmacological
responses, this cross-sectional study aimed to evaluate the association of
polymorphisms in drug-metabolizing protein-coding genes with adverse effects
of HAART.

Adverse effects data and DNA samples were collected from 857 HIV-
positive patients who had used HAART for at least one year. CYP2B6 516G>T
(rs3745274), CYP3A4*1B (rs2740574), CYP3A5*22 (rs35599367) and
CYP3A5*3 (rs776746) polymorphisms were genotyped by real-time polymerase
chain reaction.

The prevalence of lipodystrophy showed a significant difference between
the evaluated ethnic groups (white 64.1% and non-white 44.9%; P = 0.001).
Lipohypertrophy (white 27.5% and non-white 19.4% P = 0.001) and lipoatrophy
(white 33.0% and non-white 48.4% P = 0.055) patterns showed a significant
difference between ethnicities. White individuals also had a higher prevalence of
hypertriglyceridemia (P = 0.001) and hypercholesterolemia (P = 0.015). The
presence of variant CYP3A5*3 was associated with lipodystrophy and
lipoatrophy.

Lipodystrophy was more prevalent in white individuals and was associated
with CYP3A5*3 polymorphism and atazanavir use. Further studies in this area
are required before genetic variants can be used in clinical practice for the prior

determination of antiretroviral regimens.

Keywords: HIV, antiretroviral therapy, pharmacogenetics.
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1. INTRODUCAO

1.1 Sindrome da Imunodeficiéncia Adquirida

Em 1981, foi relatada a ocorréncia de varios pacientes que apresentavam
um conjunto de sintomas que caracterizava uma sindrome de imunodeficiéncia,
gue passou a ser conhecida como a sindrome da imunodeficiéncia adquirida
(AIDS, em inglés). Seu agente causal, o virus da imunodeficiéncia humana (HIV,
do inglés, human immunodeficiency virus) foi isolado apenas em 1983 pelos
pesquisadores Francoise Barré-Sinoussi e Luc Montagnier, no Instituto Pasteur
em Paris, Franca. A descoberta recebeu o Prémio Nobel de Medicina de 2008
(LEVER; BERKHOUT, 2008).

O HIV é um patdgeno intracelular obrigatério, caracteriza-se como
retrovirus, o que implica em que seu material genético seja armazenado em duas
moléculas de RNA fita simples. Para replicar-se, introduz o RNA viral e a enzima
transcriptase reversa em células humanas, a fim de que, a partir deste molde,
uma molécula de DNA complementar (cDNA) seja sintetizada. Esta molécula
sera integrada ao genoma da célula hospedeira pela enzima integrase.
Inicialmente, sdo removidos dois nucleotideos da extremidade 3’ do cDNA viral
e assim ele é unido ao DNA humano. A extremidade 5’ é cortada para possibilitar
a ligacdo com a sequéncia da célula hospedeira. O processo de transcri¢cdo e
traducdo sdo realizados normalmente com o maquinario celular humano,
promovendo a replicacdo viral. Os novos virus formados séo liberados no
ambiente extracelular com capacidade de invadir novas células e repetirem o
processo de replicacdo (GONCALVES, 2014; TEKESTE et al., 2015).

A transmissdo do HIV se d& através da troca de fluidos corporais entre
individuos. Ele invade as células através da ligacdo entre a glicoproteina prépria
GP120 e o CD4 (cluster of differentation 4, do inglés), receptor glicoproteico
presente em ceélulas humanas. O C-C receptor de quimiocinas 5 (CCR5) e C-X-
C receptor de quimiocinas tipo 4 (CXCR4) também participam do processo de
penetracdo do virus na célula humana. Os principais tipos celulares infectados
sao os linfécitos T CD4+, mondcitos, macréfagos, células dendriticas e células
de Langerhans (MORA CARPIO; ADIL, 2017). Apos a infeccéo, as células do

hospedeiro CD4+ apresentam na sua superficie particulas de proteinas do virus.
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Desta forma, sdo reconhecidas por células citotoxicas, os linfocitos CD8+ (cluster
of differentation 8, do inglés), capazes de eliminar células infectadas. Ao longo
do processo infeccioso, os linfécitos CD4+ vado sendo eliminados como
mecanismo de defesa imunoldgica concomitante com a infeccdo de novas
células (LAZZAROTTO; DERESZ; SPRINZ, 2010). Séao caracteristicas
importantes da doenca a reducdo gradual do niumero de linfécitos T CD4+ e a
diminuicdo da capacidade imunologica do paciente, podendo leva-lo a obito
frente a doencgas oportunistas e demais comorbidades (RINALDO et al., 2017).

O curso natural da infeccdo pelo HIV tem um periodo inicial de duas
semanas a seis meses de infeccdo aguda. Neste periodo, o portador pode ter
manifestacdes clinicas semelhantes a um quadro gripal durante 14 dias, em
média. Ja pode-se observar reducao dos linfécitos T CD4+ e aumento dos CD8+
com a alta taxa de replicacdo viral e disseminacdo do virus para o sistema
nervoso e linfonodos. A fase seguinte é assintomatica, também conhecida como
fase de laténcia clinica, na qual a viremia € estabilizada e o individuo pode
manter-se por anos. Quando a viremia torna-se muito elevada e a contagem de
CD4+ estd inferior a 200 células/mm?3, o paciente apresenta doencas
oportunistas devido a debilidade do sistema imunoldgico, caracterizando a fase
de doenca avancada (LAZZAROTTO; DERESZ; SPRINZ, 2010).

O periodo médio decorrido entre o contato com o virus e o aparecimento
da doenca é de 10 anos, para individuos n&o tratados (MINISTERIO DA SAUDE,
2015). Contudo, ha relatos de individuos que, por até 15 anos apoés
soroconversao, ndo apresentavam AIDS (MLISANA et al.,, 2014; VAN DER
HELM et al., 2014).

O diagnéstico da infeccao pelo HIV é realizado a partir de mais de um
teste laboratorial, sendo o primeiro de carater soroldgico, identificando a
presenca de anticorpos e/ou antigenos do virus no soro do paciente, e também
testes moleculares confirmatoérios, os quais identificam o RNA viral na amostra
(MINISTERIO DA SAUDE, 2015; RINALDO et al., 2017).

A Lei 6.259, de 30 de outubro de 1975, dispde sobre a notificacdo
compulsoria de doencas, sendo na Portaria GM/MS n° - 204, de 17 de fevereiro

de 2016, especificada a inclusdo da infeccéo pelo virus HIV e da AIDS, exigindo
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a necessidade da notificacdo de individuos que iniciem o curso da AIDS, mesmo
gue ja tenham sido notificados anteriormente no inicio da infec¢ao pelo virus.

Em 2014, no | Férum Latino-Americano e do Caribe sobre Continuo da
Atencdo em HIV, foram estabelecidas as metas “90/90/90”. Seu objetivo é
eliminar a epidemia até 2030 através do alcance das metas até 2020, sendo elas:
90% das pessoas que vivem com HIV devem saber desta condicéo, 90% destas
pessoas devem estar utilizando terapia antirretroviral (TARV) e 90% dos
diagnosticados que recebem TARV devem apresentar supresséo viral. O boletim
da UNAIDS 2018, apresentou dados satisfatorios quanto ao alcance destas
metas, pois 75% das pessoas que vivem com HIV sabem desta condi¢do, 79%
destas pessoas estao utilizando TARV e 81% dos diagnosticados que recebem
TARYV apresentam supressao viral (UNAIDS, 2018).

Segundo a Organizacdo Mundial de Saude, em 2017, 3,4 milhdes de
pessoas estavam vivendo com HIV nas Américas (WHO, 2018). No mundo, o
namero de novas infeccdes reduziu de 2,8 milhdes em 2007 para 1,8 milhdes
em 2017. Com o aumento da sobrevida dos pacientes, o numero de pessoas
vivendo com HIV aumentou, assim como o0 acesso a TARV. Em 2007 haviam
611.000 pessoas com acesso a terapia e em 2017 a TARV chegou para 21,7
milhdes de pessoas (UNAIDS, 2018).

No periodo de 1980 a 2018, h& registros de 982.129 casos de AIDS no
Brasil. Entre os casos de infec¢cdo por HIV notificados nos ultimos 10 anos,
68,6% eram homens. A razdo entre os sexos foi de 26 homens para cada 10
mulheres. A maioria possuia de 20 a 34 anos (52,6% dos casos). Quanto a
escolaridade, 16,8% estavam entre 52 e 82 série do ensino fundamental,
enquanto 27,5% possuiam ensino médio completo. Mais da metade dos casos
apresentou etnia ndo branca, constituindo 52,9% de negros e pardos. A regiao
sul do pais teve um numero expressivo de casos identificados, 20,5%. O Rio
Grande do Sul é o estado que teve maior coeficiente de mortalidade padronizado
de AIDS em 2017 (9 6bitos/100 mil habitantes). A média do estado foi maior que
a média do pais com 4,8 0bitos/100 mil habitantes e a capital, Porto Alegre,
atingiu mais que o dobro do coeficiente de mortalidade que todo o estado do Rio
Grande do Sul, cerca de cinco vezes o valor da média do pais. A capital gaicha
apresentou em média 24,2 6bitos/100 mil habitantes (MINISTERIO DA SAUDE,
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2018). A transmissdo vertical é a principal via de infeccdo nos individuos
menores de 13 anos. Nos demais infectados, a via sexual € a predominante, e a
exposicao ao virus por usuarios de drogas injetaveis apresentou uma queda nos
altimos anos. Contudo, observou-se uma reducao de 13,7% do coeficiente de
mortalidade por AIDS do ano de 2015 em relagdo a 2006 no estado
(MINISTERIO DA SAUDE, 2016).

No estado do Rio Grande do Sul, estima-se que 83,8% dos individuos que
vivem com HIV sabiam sua situacdo soroldgica e 64% dos diagnosticados ja
estavam utilizando TARV, sendo que 56,8% destes individuos evidenciaram
carga viral indetectavel (ESCOLA DE SAUDE PUBLICA RS, 2016).

1.2 Terapia Medicamentosa

O individuo diagnosticado portador do virus deve ser orientado pela
equipe de salde quanto a prevencao positiva, que € um conjunto de acfes que
visam melhorar a qualidade e perspectiva de vida do paciente. Informacdes
relacionadas a nutricdo adequada, pratica de atividade fisica e, principalmente,
guanto a adeséao ao tratamento sdo evidenciadas. A TARV aumenta a sobrevida
dos individuos e reduz o potencial de transmisséo do virus, caracteristica que
tem grande relevancia epidemiolégica (MINISTERIO DA SAUDE, 2015).

Os antirretrovirais séo divididos em cinco classes, cada uma atuando
especificamente numa etapa do ciclo viral. S&o elas: inibidores da transcriptase
reversa analogos de nucleosideos (ITRN), inibidores da transcriptase reversa
ndo-analogos de nucleosideos (ITRNN), inibidores da protease (IP), inibidores
de entrada / inibidores de fuséo e inibidores de integracdo do DNA do HIV com
o genoma do hospedeiro (INI). Os farmacos da classe dos IP geralmente séo
combinados com ritonavir (r), o qual é capaz de potencializar seus efeitos
(MATTEVI; TAGLIARI, 2017).

A TARV consiste em uma combinacédo de trés farmacos antirretrovirais, a
qual passou a ser recomendada em 1997, mostrando-se muito superior quanto
a reducdo da carga viral em relagdo a monoterapia. Até 2016, o Ministério da
Saude preconizava que o tratamento de primeira linha para a infeccéo pelo HIV

envolvia dois antirretrovirais ITRN e um ITRNN. Ja o esquema de tratamento de
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segunda linha associava dois farmacos ITRN a um IP/r (MATTEVI; TAGLIARI,
2017; MINISTERIO DA SAUDE, 2015). Estas diretrizes foram recentemente
modificadas, conforme explicitado na Tabela 1. Os farmacos sugeridos como
primeira linha de tratamento sao lamivudina (ITRN), tenofovir (ITRN) e
dolutegravir (INI) (MINISTERIO DA SAUDE, 2017; MINISTERIO DA SAUDE,
2018).

Tabela 1. Comparagdo das novas diretrizes que recomendam a escolha da

terapia antirretroviral.

. _ Numero de farmacos utilizados no tratamento
Classe de antirretroviral

Até 2016 1°linha | Até 2016 2°linha | A partir de 2017
ITRN 2 2
ITRNN 1 0 ?
IP 0 1 0
INI 0 0 1

ITRN: inibidores da transcriptase reversa analogos de nucleosideos; ITRNN:
inibidores da transcriptase reversa nao-analogos de nucleosideos, IP: inibidores
da protease; INI: inibidores da integrasse (MINISTERIO DA SAUDE, 2016)
(MINISTERIO DA SAUDE, 2017).

O efavirenz (EFV) era o antirretroviral de primeira escolha da classe dos
ITRNN até 2016. Esse farmaco atua inibindo a enzima transcriptase reversa viral
ligando-se a sitios especificos de regifes hidrofébicas e, por mecanismo
alostérico, alterando a conformacdo da enzima, impedindo o acesso aos
substratos. Ele é utilizado na prética clinica com grande frequéncia por ser um
antirretroviral eficaz e possuir farmacocinética favoravel, mantendo-se em altas
concentracbes ndo apenas em niveis plasmaticos, mas também nos niveis
intracelulares. Contudo, possui efeitos adversos neurotoxicos significativos. O
EFV apresenta interacdo com o sistema nervoso central (SNC), gerando
transtornos neurocognitivos, além de reacdes neuroldgicas e neuropsiquiatricas

como depressao, idealizacao de suicidio e psicose (APOSTOLOVA et al., 2015).
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Seus principais efeitos adversos transitorios ja descritos na literatura séo
dificuldade de concentracédo, sonoléncia, tontura e pesadelos. A longo prazo
pode gerar hepatotoxicidade, lipodistrofia e dislipidemia (PAU; GEORGE, 2014)
Esse medicamento apresenta 90% da sua metabolizacdo no organismo pelo
figado, processo realizado pelo sistema do citocromo P450. A hidroxilagcdo do
EVF em 8-hidroxiefavirenz envolve a enzima CYP2B6 e este metabdlito esta
relacionado aos efeitos adversos no SNC (APOSTOLOVA et al., 2015).

Dentre os inibidores da protease, o farmaco de primeira escolha era o
atazanavir (ATV), o qual evita a formacao de novas particulas virais bloqueando
a clivagem de suas moléculas proteicas precursoras (PAU; GEORGE, 2014). A
hiperbilirrubinemia indireta pode ser um efeito encontrado em decorréncia do uso
deste farmaco, pois ha inibigao da uridina 5’'difosfo-gluconosiltransferase (UGT),
uma enzima glicosiltransferase citosdlica. A UGT catalisa uma reagdo de
glicuronidacdo ao substrato de determinadas moléculas, facilitando o processo
de excrecéo por torna-las mais polares. No processo de excrecao de bilirrubina,
0s hepatdécitos captam a bilirrubina indireta e a UGT adiciona acido glicurénico,
formando a bilirrubina direta, com caracteristica hidrossolivel, que assim é
secretada pela célula para os canais biliares (STRASSBURG et al., 2008). O
ATV inibe a atividade da UGT, gerando a hiperbilirrubinemia como reacéo
adversa (MARTINEZ et al.,, 2014). A concentragdo plasmética do ATV é
influenciada pelo uso de outros medicamentos, como a rifampicina, alimentos e
fatores genéticos (JOHNSON et al., 2014).
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1.3 Farmacogenética

As terapias medicamentosas relacionam-se com diversas caracteristicas
do organismo do hospedeiro até chegarem ao alvo e executarem seus papeéis
farmacoldgicos. Os processos de absorcao, distribuicdo, biotransformacéao e
eliminacdo de farmacos sédo estudados na farmacocinética. Interacdes entre o
farmaco e o seu alvo, estdo relacionadas com a farmacodindmica
(CAVALHEIRO; COMARELLA, 2016). A farmacocinética e a farmacodinamica
mudam entre os individuos. Uma fracdo significativa das diferencas
apresentadas estd relacionada as variagdes genéticas interindividuais. A
farmacogenética estuda as caracteristicas genéticas envolvidas nas diferentes
respostas e efeitos adversos decorrentes da administracdo de farmacos.
Influencia na combinacdo e dosagem dos medicamentos, podendo identificar
suscetibilidade a toxicidade aos farmacos por avaliar a resposta individual
(PANAGOPOULOS et al., 2017).

A fim de investigar estas variacdes genéticas dentro da populacéo e
correlacionar com resposta farmacoldgica, muitos genes envolvidos neste
processo tém sido estudados. A adeséo ao tratamento esta fortemente vinculada
as caracteristicas de cada paciente combinadas com a TARV que lhe foi
prescrita. A genética e a farmacologia trabalham unificadas quando o grande
objetivo é fazer medicina personalizada, aumentando assim as chances de
efetividade no tratamento, ajuste de dose, reducdo de efeitos colaterais e
consequentemente, aumento na taxa de adesédo a TARV (LAM et al., 2015;
WHIRL-CARRILLO et al., 2012).

Alguns polimorfismos genéticos séo estudados por afetarem a fungéo de
proteinas metabolizadoras dos antirretrovirais. Eles estdo presentes em genes
da familia CYP450, os quais codificam as isoenzimas do sistema citocromo 450,
responsaveis pela biotransformacéo de diversos farmacos. O metabolismo de
farmacos através deste sistema € considerado determinante para o surgimento
dos efeitos adversos, efeito farmacoldgico reduzido e toxicidade dos farmacos
(BERNO et al., 2014).
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A CYP2B6 é a principal enzima envolvida no metabolismo do EFV (Figura
1). O gene CYP2B6 apresenta muitos polimorfismos, ha 38 alelos conhecidos.
(PHARMACOGENE VARIATION CONSORTIUM, 2019). Variagbes neste gene
estdo diretamente relacionadas com os efeitos adversos gerados pela
administracdo deste farmaco. Um dos polimorfismos ja identificados é o
CYP2B6*6 516G>T (rs3745274) (BIENCZAK et al., 2016; MATTEVI; TAGLIARI,
2017). O alelo CYP2B6*1 apresenta funcédo normal, porém, a variante CYP2B6*6
exerce funcéo reduzida. No processo de metabolizacdo do EFV sédo formados
metabolitos hidroxilados inativos, principalmente pela enzima CYP2B6, mas
também a enzima CYP3A4 participa ativamente desta via de metabolizacéo
(TOZZI, 2010). A dosagem cronica do EFV aumenta a expressao de CYP2B6,
induzindo esta via do préprio metabolismo. A propor¢cdo deste efeito de
“autoinducao” é modulada pela variagdo no gene CYP2B6. Sabe-se que ha
grande inducdo para genétipos *1/*1 e *1/*6, e para genoétipo *6/*6 este
fendbmeno é muito reduzido ou inexistente (DESTA et al., 2019). A diminuicdo da
depuracéo do EFV foi associada com os efeitos adversos, como a toxicidade
hepética e com a descontinuacdo do tratamento, que podem variar de acordo
com a etnia do individuo (ABDELHADY et al., 2016; YIMER et al., 2012).

&2
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Figura 1: Principais enzimas envolvidas no metabolismo hepatico do efavirenz
(PHARMGKB, 2018).
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As enzimas CYP3A4 e CYPAGS estéo envolvidas no metabolismo hepético
do EFV e ATV (Figura 1 e 2). Polimorfismos em regides reguladoras dos genes
CYP3A4 e CYPAS podem afetar a expressao génica e o nivel de producédo
destas enzimas. Consequentemente, o metabolismo dos farmacos pode ser
alterado (BERNO et al., 2014). Alguns dos polimorfismos que podem estar
relacionados com a modificacdo do metabolismo de farmacos sdo CYP3A4*1B -
392 A>G (rs2740574) e CYP3A5*3 6986 A>G (rs776746) (KILE et al., 2012;
KRAMER et al., 2009; LAKHMAN; MA; MORSE, 2009; LAZZARETTI et al., 2013;
TOZZzI, 2010). O polimorfismo CYP3A4*22 522-191 C>T (rs35599367) também
pode estar associado a alteracfes no metabolismo hepatico de farmacos. Um
estudo com pacientes utilizando o0s imunossupressores tacrolimus e
ciclosporina, que sdo farmacos metabolizados por CYP3A4 e CYP3A5, mostrou
relacéo entre os polimorfismos e as concentracdes dos farmacos (LUNDE et al.,
2014).

» Atazanavir
M1 a M5

Atazanavir

Bilirubina —————  Formas de excregio
da bilirrubina

Hepatdcito

Figura 2: Principais enzimas envolvidas no metabolismo hepatico do atazanavir
(PHARMGKB, 2018)
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2. JUSTIFICATIVA

Quando se trata de saude publica envolvendo HIV, um dos pontos mais
importantes € a adesdo ao tratamento. No Brasil, os medicamentos séo
produzidos, distribuidos e monitorados semestralmente pelo Sistema Unico de
Saude. Os exames laboratoriais visam avaliar a efetividade do esquema de
terapéutico proposto, considerando carga viral, contagem de células T e algum
possivel evento clinico como infecgdes, toxicidade e sintomatologia indesejada.
O grande objetivo é que o paciente possa aderir integralmente a terapia
adequada e assim, responder de forma positiva apresentando carga viral
indetectavel e contagem de células T CD4+ >200 células/mm?3 (MINISTERIO DA
SAUDE, 2015). Infelizmente, alguns efeitos adversos em decorréncia da TARV
sdo comuns para determinados individuos. Esta condigdo contribui para a ma
adesdo e descontinuacdo da terapia, 0 que pode aumentar as chances do
desenvolvimento de resisténcia viral e reducdo das opcdes terapéuticas. As
respostas indesejadas também acarretam custos significativos com cuidados de
saude complementares a fim de restaurar o bem-estar do paciente (JOHNSTON
et al.,, 2013). Realiza-se medicina personalizada mediante a escolha dos
farmacos e suas dosagens de acordo com o perfil genético do paciente. A
avaliacdo farmacogenética mostra-se relevante ao tracar um esquema de
tratamento eficaz e com o minimo de efeitos adversos, elevando a qualidade de
vida e sobrevida dos pacientes portadores de HIV através da aderéncia ao

tratamento.
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3. OBJETIVOS

3.1 Objetivo Geral

Avaliar a associacdo de polimorfismos nos genes codificadores de
proteinas envolvidas na farmacocinética do efavirenz e do atazanavir com a
ocorréncia de lipodistrofia, dislipidemias e hiperbilirrubinemia em individuos

vivendo com HIV.

2.2 Objetivos Especificos

2.2.1 Genotipar os polimorfismos CYP2B6 516G>T rs3745274,
CYP3A4*1B rs2740574 A>G, CYP3A4*22 rs35599367 C>T e CYP3A5*3
rs776746 A>G dos genes da familia CYP450 em pacientes infectados

pelo HIV sob terapia antirretroviral ha, pelo menos, um ano;

2.2.2 Verificar a possivel associacdo dos polimorfismos avaliados

com os efeitos adversos da TARV.

2.2.3 Correlacionar caracteristicas étnicas com os efeitos adversos
da TARV.
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INFLUENCE OF POLYMORPHISMS ON GENES INVOLVED IN ANTIRETROVIRAL
THERAPY PHARMACOKINETICS ON ADVERSE EFFECTS IN HIV-LIVING INDIVIDUALS

SUMMARY

Background: Antiretroviral therapy (HAART) for individuals infected with the human
immunodeficiency virus (HIV) is a combination of drugs of different classes. Long-term adverse effects of
this therapy include lipodystrophy and dyslipidemia. Knowing that genetic variations are involved in the
modulation of pharmacological responses, this cross-sectional study aimed to evaluate the association of
polymorphisms in drug-metabolizing protein-coding genes with adverse effects of HAART.

Methods and results: Adverse effects data and DNA samples were collected from 857 HIV-
positive patients who had used HAART for at least one year. CYP2B6 516G>T (rs3745274), CYP3A4*1B
(rs2740574), CYP3A5*22 (rs35599367) and CYP3A5*3 (rs776746) polymorphisms were genotyped by
real-time polymerase chain reaction. The prevalence of lipodystrophy showed a significant difference
between the evaluated ethnic groups (white 64.1% and non-white 44.9%; P = 0.001). Lipohypertrophy
(white 27.5% and non-white 19.4% P = 0.001) and lipoatrophy (white 33.0% and non-white 48.4% P =
0.055) patterns showed a significant difference between ethnicities. White individuals also had a higher
prevalence of hypertriglyceridemia (P = 0.001) and hypercholesterolemia (P = 0.015). The presence of
variant CYP3A5*3 was associated with lipodystrophy and lipoatrophy.

Conclusions: Lipodystrophy was more prevalent in white individuals and was associated with
CYP3A5*3 polymorphism and atazanavir use. Further studies in this area are required before genetic

variants can be used in clinical practice for the prior determination of antiretroviral regimens.
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INTRODUCTION

Worldwide, the number of the new human immunodeficiency virus (HIV) infections has decreased
by more than 50% in the last ten years, while access to antiretroviral therapy (HAART) has increased [1].
Adherence to treatment is the key for HAART to increase the survival of individuals and reduce the
potential for virus transmission, a feature that has great epidemiological relevance [2].

Antiretrovirals are divided into five classes, each acting specifically at one stage of the viral cycle
[3]. HAART consists of a combination of three antiretroviral drugs, which was introduced in 1997 and was
much more effective in reducing viral load than monotherapy. Until 2016, the Brazilian Ministry of Health
advocated that first-line treatment for HIV infection involved two antiretroviral nucleoside reverse
transcriptase inhibitors (NRTIs) and a non-nucleoside reverse transcriptase inhibitor (NNRTIs). The
second-line treatment regimen associated two NRTI drugs with a protease inhibitor (PI) [2, 3].

Efavirenz (EFV) is the first choice antiretroviral of the NNRTI class. This drug inhibits the viral
reverse transcriptase enzyme by binding to specific sites of hydrophobic regions and by allosteric
mechanisms, altering the conformation of the enzyme, preventing access to substrates. It is used in clinical
practice very often because it is an effective antiretroviral and has favorable pharmacokinetics, remaining
in high concentrations not only at plasma levels but also at intracellular levels. However, it has significant
neurotoxic adverse effects. EFV presents interaction with the central nervous system (CNS), generating
neurocognitive disorders, as well as neurological and neuropsychiatric reactions such as depression,
idealization of suicide, and psychosis [4]. Its main transient adverse effects already described in the
literature are difficulty in concentrating, drowsiness, dizziness, and nightmares. In the long run it can lead
to hepatotoxicity, lipodystrophy, and dyslipidemia [5—7]. This drug has 90% of its metabolism in the body
by the liver, a process carried out by the cytochrome P450 (CYPs) family enzymes. The hydroxylation of
EVF in 8-hydroxiefavirenz mainly involves the enzyme CYP2B6 and to a lesser extent CYP3A4 and
CYP3AG5. This metabolite is related to CNS adverse effects [4, 8].

Among Pls, the drug of choice is atazanavir (ATV), which prevents the formation of new viral
particles, blocking the cleavage of their precursor protein molecules [5]. In the liver, it is mainly
metabolized by CYP3A4 and CYP3ADS. Indirect hyperbilirubinemia may be an adverse effect due to the
use of ATV, as this drug inhibits the enzyme responsible for the hepatic conjugation of bilirubin, uridine
diphosphate glucuronosyltransferase (UGT1A1). This difficulty in excretion elevates plasma bilirubin
levels. Studies by the present group showed that individuals with the UGT1A1*28 allele (rs8175347) had
a higher risk of developing severe hyperbilirubinemia [9].

A significant fraction of the differences in drug absorption, distribution, biotransformation, and
elimination processes are related to interindividual genetic variations. Pharmacogenetics studies the genetic
characteristics involved in different responses and adverse effects of drug administration [10]. Adherence
to treatment is strongly linked to the characteristics of each patient, combined with the prescribed HAART.
Genetics and pharmacology work unified when the main goal is to make personalized medicine, thus
increasing the chances of treatment effectiveness, dose adjustment, reduction of adverse effects, and,

consequently, increase in HAART adherence rate [11, 12].
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Numerous genetic variants are present in genes from the CYP450 family, which encode the
cytochrome P-450 isoenzymes, responsible for the biotransformation of various drugs. Drug metabolism
through this system is considered determinant for the appearance of adverse effects, reduced
pharmacological effect, and drug toxicity [13].

CYP2B6 is the main enzyme involved in EFV metabolism. The CYP2B6 gene has many
polymorphisms, having at least 38 known variant alleles [14]. Variations in this gene are directly related to
the adverse effects generated by the administration of this drug. The most studied polymorphism is CYP2B6
516G>T (rs3745274), Q (GIn)>H (His) [3, 15] . The individual with only one CYP2B6 516G>T allele has
an intermediate metabolization function because the T variant has a reduced function. In the EFV
metabolization process, inactive hydroxylated metabolites are formed, mainly by the CYP2B6 enzyme, but
also the CYP3A4 enzyme actively participates in this metabolism pathway [16]. Chronic administration of
EFV increases CYP2B6 expression, leading to the acceleration of its metabolism pathway. The proportion
of this “self-inducing” effect is modulated by variation in the CYP2B6 gene. There is a strong induction
for CYP2B6 516G>T *TG genotypes, the fast metabolizers, and CYP2B6 516G>T*GG, the ultra-fast
metabolizers. For CYP2B6 516G>T*TT genotype this phenomenon is very small or nonexistent [17].
Decreased EFV clearance has been associated with adverse effects such as liver toxicity and treatment
discontinuation, which may vary according to the individual's ethnicity [18, 19].

CYP3A4 and CYP3A5 enzymes are involved in the hepatic metabolism of EFV and ATV.
Polymorphisms in regulatory regions of the CYP3A4 and CYP3A5 genes are known to affect gene
expression and the level of production of these enzymes. Consequently, drug metabolism may be altered
[13]. Some of the polymorphisms that may be related to drug metabolism modification are CYP3A4*1B -
392A>G (rs2740574) and CYP3A5*3 6986A>G (rs776746) [16, 20-23]. CYP3A4*22 522-191C>T
polymorphism (rs35599367) may also be associated with changes in hepatic drug metabolism. A study of
patients using tacrolimus and cyclosporine immunosuppressants, which are drugs metabolized by CYP3A4
and CYP3AS5, showed a relationship between CYP3A4*22 and CYP3A5*3 polymorphisms and drug
concentrations [24].

Unfortunately, some adverse effects due to HAART are common, the vast majority involving
changes in glucose and lipid metabolism. Fat redistribution is also called lipodystrophy. It can be
characterized as lipoatrophy when there is fat loss mainly in the face and extremities, lipohypertrophy when
there is fat deposition in the abdomen and cervical region, and the mixed pattern encompasses
characteristics of lipoatrophy and lipohypertrophy [25]. This condition contributes to discontinuation of
therapy, which may increase the chances of developing viral resistance and reducing therapeutic options.
However, its causes are not yet fully understood. Evidence has shown that, in addition to the effects of
different antiretrovirals, the patient's genetic variability influences the development of these consequences
[3].

Unwanted responses also entail high costs with complementary health care in order to restore the
patient's well-being [26]. Pharmacogenetic evaluation is relevant in designing an effective treatment
regimen with minimal adverse effects, increasing the quality of life and survival of patients with HIV

through treatment adherence.
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This study aimed to evaluate the association of polymorphisms in enzyme-coding genes involved
in efavirenz and atazanavir pharmacokinetics with the occurrence of lipodystrophy, dyslipidemia, and
hyperbilirubinemia in individuals living with HIV. CYP2B6 516G>T rs3745274 G>T, CYP3A4*1B
rs2740574 A>G, CYP3A4*22 rs35599367 C>T and CYP3A5*3 rs776746 A>G polymorphisms of the
CYP450 family genes were genotyped.
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METHODS

In this cross-sectional study, 857 HIV-infected individuals over 18 years of age, who had used
HAART for at least one year, with an undetectable viral load (<50 copies/mm?), were recruited from two
routine six-month intervals, and with CD4" cell level >200 cells/mm?. Individuals with neurological disease
and pregnant women had exclusion criteria from the study. Patients were approached at three HIV care
centers in Rio Grande do Sul, a state located in the extreme south of Brazil. The main recruitment center
was located in the state capital, the Outpatient Clinic Hospital of Porto Alegre and the others inland: SAE
Hospital UFPel School in Pelotas, about 260 km from the capital and SAE University Hospital Dr. Miguel
Riet Corréa Jr. da FURG, in the municipality of Rio Grande, about 325 km away from the capital. These
centers serve residents of the respective municipalities and surrounding areas.

All participants signed the Informed Consent Form. This study is part of a study approved by the
Research Ethics Committees of the Institutions involved with number 423.667 UFCSPA. Participants
answered a questionnaire in which demographic and anthropometric were collected. Participants were
phenotypically classified by the interviewer as white and non-white, as discussed in previous studies in our
group [25, 27].

Laboratory test data were retrieved from medical records. The reference values used for each
biochemical parameter were serum glucose values >100mg/dL for hyperglycemia [28] , cholesterol values
>190mg/dL characterized hypercholesterolemia, serum HDL values <40mg/dL identified low levels and
triglyceride values >150mg/dL characterized hypertriglyceridemia, according to the Brazilian Consensus
for the Standardization of Laboratory Determination of Lipid Profile [29] . Hyperbilirubinemia has been
identified in patients with serum direct bilirubin values >0.4 mg/dL and total bilirubin >0.3 to 1.2 mg/dL
[30] and, for the adverse effect of elevated liver transaminase levels (AST/TGO and ALT/TGP), high serum
enzyme levels were >40U/L [30] . The physician present at the outpatient clinic of each collection center
evaluated Lipodystrophy by observing fat redistribution according to the definitions of Leow et al [31].

Genomic DNA was extracted from desquamative cells of the oral mucosa or whole blood
leukocytes in EDTA with an adaptation of the technique described by Lahiri and Nurnberger (1991).
Genotyping of the polymorphisms was performed by real-time polymerase chain reaction using allelic
discrimination hydrolysis probes (TagMan SNP genotyping assays, Applied Biosystems, Foster City, CA)
according to manufacturer's guidelines. The assays used were C_7817765 60 (CYP2B6 516G>T),
AH5162F (CYP3A4*1B), C_26201809 30 (CYP3A4*22) and C_25986767_70 (CYP3A5*3). The
equipment used was StepOnePlus ™ (Applied Biosystems, Foster City, CA).

Statistical analyses were performed using the SPSS 20.0 statistical package for Windows. The
variables used to describe the sample were presented as mean and standard deviation or frequency in
percentage. Associations between categorical variables were tested with Pearson's chi-square and Fisher's
exact test. For comparison of continuous variables between groups, Student's t-test and variance analysis
for variables with normal distribution were used. Mann-Whitney and Kruskal-Wallis tests were used to

compare those variables with asymmetric distributions. Poisson Regression estimated the contribution of
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genotypes to adverse effects with a robust estimator. The level of significance was predefined at less than
0.05.
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RESULTS

All study participants had been on antiretroviral therapy for an average of six years (Table 1). The
treatment regimen consisted of two NRTI drugs and one NNRTI or one PI, according to the Clinical
Protocol and Therapeutic Guidelines for the Management of Adult HIV Infection [32]. The main
representatives of the ITRN class were lamivudine (95.4%), zidovudine (67.1%), and tenofovir (23.9%).
The second class of drugs used was composed of NNRTIs (51.3%), and EFV was used by 48.1% of the
study population. IP medications were administered to 51.9% of patients. Of this class, the most widely
used drugs were ATV (27.0%) and lopinavir (21.1%), usually accompanied by ritonavir (41.9%), which is
used to increase the bioavailability of other Pls.

Adverse effects investigated in the study population were lipodystrophy (in its different forms of
manifestation), hyperglycemia, hypercholesterolemia, low HDL levels, hypertriglyceridemia,
hyperbilirubinemia, elevated liver transaminases, rash, and dizziness. Patients using ATV had a higher
prevalence of hypertriglyceridemia, hyperbilirubinemia, and low HDL levels than individuals using EFV.
The prevalence of lipodystrophy was also higher in ATV users (Table 2).

There was a difference in the frequency of lipodystrophy between the two ethnic groups, being
more prevalent in white (64.1%) than in non-white individuals (44.9%, P<0.001; Table 2). The prevalence
of hypercholesterolemia and hypertriglyceridemia was also higher in white individuals.

Since we found a great difference in the prevalence of LD between whites and non-whites, the
different lipodystrophy patterns were further compared in individuals who presented this adverse effect
stratified according to ethnicity. When the three patterns of lipodystrophy were analyzed, lipohypertrophy
(white 27.5% and non-white 19.4% P = 0.001) and lipoatrophy (white 33.0% and non-white 48.4% P =
0.050) showed a significant difference. However, the prevalence of the mixed pattern, which includes
characteristics of lipoatrophy and lipohypertrophy in the same individual, was not different between
individuals of different ethnic groups (white 39.5% and non-white 32.2% P = 0.125). In whites, the most
frequent pattern of lipodystrophy was mixed, followed by lipoatrophy, while in non-white individuals,
lipoatrophy was the most frequent pattern. In both ethnic groups, lipohypertrophy was the least frequent
(Figure 1).

The genotypic frequencies for the four variants analyzed are shown in Table 3. The genotypes of
the CYP2B6 516G>T and CYP3A4*22 polymorphisms were distributed as expected according to the
Hardy-Weinberg equilibrium in this population (P = 0.489; P = 0.724, respectively). The polymorphisms
CYP3A4*1B and CYP3A5*3 were not in Hardy-Weinberg equilibrium (P <0.001) in the total sample. When
Hardy-Weinberg equilibrium was evaluated in white and non-white individuals separately, CYP3A4*1B
genotypes weren’t in equilibrium (P = 0.152 and P = 0.133) and CYP3A5*3 was in equilibrium only in non-
whites (P = 0.008). The genotypic frequencies of these two variants were significantly different between
white and non-white (P = 0.001), with CYP3A5*3 being more frequent in whites and CYP3A4*1B in non-
whites.

In Table 4, the allelic frequencies of each of the polymorphisms studied were compared to the

allelic frequencies of the European and African populations available on the Project 1000 genomes website
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[33]. The frequencies vary when observed in different ethnicities. Rare alleles of CYP2B6 516G>T and
CYP3A4*1B polymorphisms are more common in the African population. In turn, the alleles CYP3A4*22
and CYP3A5*3 were more frequent in the European population. It was observed that the sample of this
study presented a profile that permeates the two ethnic groups.

Our next step was the comparison of the genotype frequencies between the groups of subjects with
or without the analyzed HAART adverse effects. The CYP3A4*1/*1 genotype presented a higher frequency
in patients with lipodystrophy than in those without this phenotype (79.6 versus 71.4%, respectively, P
=0.024). Patients with the CYP3A5*3/*3 genotype, considered non-expressors of the enzyme, were also
more frequent among LD patients, 68.4 versus 58.9%, P = 0.003) No differences were found for CYP2B6
516 G>T and CYP3A4*22 genotypes. For other adverse effects, there was also no association with
genotypes (data not shown).

In order to consider further the cumulative effect of demographic and clinical covariates on the
etiology of lipodystrophy together with genotypes, a Poisson regression model was constructed with this
phenotype as the outcome and including the covariates sex, age, ethnicity, antiretroviral treatment time, the
use of EFV and ATV, as well as the genetic variants analyzed. Significantly more prevalent factors in
individuals with lipodystrophy were increased age, ethnicity (white), duration of therapy, presence of the
CYP3A5*3 allele (P = 0.032), and ATV use (P = 0.009) (Table 5).

Since previous evidence obtained by our group suggested that lipoatrophy and lipohypertrophy
may have distinct etiologies, Poisson regressions were also performed for these two phenotypes separately,
comparing them with individuals with no lipodystrophy [34]. Regarding lipoatrophy, the following factors
were associated: increased age, therapy time, and presence of the CYP3A5*3 allele (P = 0.026). For
lipohypertrophy, in addition to ethnicity and length of treatment, female sex and ATV use (P = 0.015) also
showed significant associations. The presence of the CYP2B6 516G>T allele was marginally significant (P
= 0.059) (Table 5).
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DISCUSSION

The introduction of HAART in the treatment of HIV-infection has completely changed the
prognosis for people living with this virus. However, the undesirable side effects of this therapy also became
a public health concern, due to the increased risk of cardiometabolic complications in the long term and of
therapy dropout related to the stigma generated by the aesthetic aspects of lipodystrophy. Therefore, the
investigation of genetic variants associated with the adverse effects of antiretroviral therapy may contribute
to the identification of markers for drug toxicity, being a tool to guide the choice of treatment. Studies since
the 1990s indicate the relationship between lipodystrophy and hyperlipidemia with the use of HAART,
especially IPs [35], which is following our results, showing that ATV users have a higher prevalence of
these side effects than patients in treatment with EFV

Polymorphisms that alter metabolizing enzymes can directly affect serum drug levels. Inactivating
or reducing the activity of these proteins potentially exposes patients to adverse effects. Polymorphisms in
the CYP450 family have already been associated with the adverse effects of many drugs [36]. However,
estimates suggest that 78% of individuals participating in genome-association studies are European, and
about 49% of studies were conducted in exclusively Euro-descendant populations, leaving a gap in the
study of populations of varied ethnic backgrounds, such as Brazil. [37]. The study of these populations is a
challenge due to their complexity, which should be faced mainly by researchers from these regions, capable
of better understanding their historical and demographic particularities.

In the present study, lipodystrophy was the adverse effect that stood out for presenting significant
differences between ethnic groups. The frequency of lipodystrophy in white patients was higher than in the
non-white population. Lipohypertrophy was more common in white individuals, while lipoatrophy was
more common in non-whites. White individuals also had a higher prevalence of hypertriglyceridemia and
hypercholesterolemia, in agreement with previous studies [38]. Other findings in the literature agree with
this study, pointing out that lipodystrophy is more common in whites [39]. These findings may be
interpreted as evidence that genetic factors are subjacent to these differences and related to the development
of lipodystrophy. Furthermore, different subtypes may have distinct genetic factors.

Ethnicity has been shown as an essential factor in the performance of pharmacogenomic studies
[36]. The allelic frequencies of the polymorphisms studied in the present population are similar or
intermediate to those described for Europeans and Africans. These results are compatible with the available
data on the ethnic composition of the state of Rio Grande do Sul, estimated at 80% white. Genetic markers
of the phenotypically white population indicate 85% of Euro-descent, while in non-white individuals
(brown and black) there is 45% of genotypic African ancestry [40]. Regardless of phenotypic classification,
Brazilian individuals have genetic traits of Europeans and Africans [41]. In the literature, there are still few
studies presenting large sample numbers with white and non-white individuals, forming ethnically mixed
populations with significant representation of different ethnicities. However, due to the high level of genetic
admixture happening for centuries in the Brazilian population, it is impracticable to perform an analysis of

both ethnic groups separately. Therefore, ethnicity was included in our multivariate analyses as a covariate.
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The functionality of SNPs in CYP2B6 and CYP3A4 / A5 genes is already well established, and
several studies have shown their role in the pharmacokinetics of different drugs, including antiretrovirals.
Our data indicate the association between the CYP3A5*3 variant and the onset of lipodystrophy and
lipoatrophy, although not with lipohypertrophy. This SNP generates a protein with no function since this
A>G exchange creates a splicing variant and a truncated protein [42]. Previous evidence suggests that
CYP3A4*1B (-392 A>G) change in the promoter region of CYP3A4 (*1B or G allele) increases gene
transcription [22]. However, the effects of this SNP may be due to linkage disequilibrium with the CYP3A5
gene, as they are located very close to each other (on chromosome 7q). Some studies associated these gene
variants with adverse effects resulting from increased plasma levels of HAART drugs [3, 43, 44], which
are in line with our results, since the low-activity alleles were associated with lipodystrophy and
lipoatrophy.

Some studies have shown that the CYP3A4*22 variant, which was described more recently, may
be functional. Although our findings do not corroborate this data, we believe this may be due to the low
frequency of this variant in our sample, leading to insufficient power to detect such association [45].

CYP2B6 516G=>T polymorphism has been associated with high EFV plasma concentration and is
present with high frequency in native African populations [7, 46-50]. In the study by Cummins, N.W et
al., patients at higher pharmacogenetic risk were defined as having cumulative polymorphisms in the
CYP2A6, CYP2B6, and CYP3A4 genes. They had an increased risk of discontinuation of EFV-containing
therapy. However, the high genetic risk score was not associated with an increased risk of ATV
discontinuation. High genetic risk was more present in non-whites compared to whites [51]. The CYP2B6*6
genotype is known as a biomarker for vulnerability to the development of liver injury [18, 52]. However,
the population of this study showed no significant difference in CYP2B6 516G>T allele frequency between
individuals with and without elevated liver enzyme levels (AST/TGO and ALT/TGP). No associations with
levels of glucose, cholesterol, HDL, triglycerides, bilirubin, rashes and dizziness were also identified.

The present study has a significant sample number, uniformly covering individuals of both sexes
and ethnic groups, who used various drugs that make up HAART. The heterogeneity of treatment regimens
and the vast complexity of HAART is one of the limiting factors of this study, as each drug has distinct
pharmacokinetics and they are combined in different ways for treatment, making isolated analyzes
challenging to correlate with adverse effects. Likewise, there are numerous polymorphisms related to the
pharmacogenetics of HIV; the study covers only four, which mainly relate to NNRTIs and Pls. We cannot
exclude the action of other polymorphisms influencing the adverse effects of HAART.

The genes that encode metabolizing proteins are highly polymorphic, making enzyme activities
distinct. They vary among individuals, and the frequency of polymorphisms is not the same between
different ethnicities. The genetic variation is so considerable that extrapolating genetic information from
one population to another has become extremely difficult or even impossible. This makes further genetic
studies in different populations necessary to identify the etiologies and risk factors for adverse effects of
HAART.

In summary, the evidence obtained in the present study suggests that the CYP3A5*3 variant and

the use of ATV may be involved in susceptibility to lipodystrophy and particularly to lipohypertrophy in
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the southern Brazilian population. Further studies are needed, both in the present population and elsewhere,
to confirm these results, given the relevance of this adverse effect on both cardiovascular risk and treatment
adherence. Females were related to lipodystrophy and subtype lipohypertrophy, as in a previous study by
the group that points to lipohypertrophy as the most prevalent pattern in lipodystrophy women [25]. It is
hoped that with further studies in this area, genetic variants can be identified and used in clinical practice

to determine prior therapeutic regimens for each HIV-infected individual.
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Table 1. Characteristics of the study participants.
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All participants

n =857
Demographic Characteristics
Sex (%)
Female 45.3
Male 54.7
Age (years) 43.4 +10.02
Ethnicity (%)
Whites 59.3
Non-whites 40.7
Clinical Characteristics
Total antiretroviral therapy time (months) 73.3+52.92
Current antiretroviral therapy time (months) 39.1 +29.28

@Data expressed as mean * SD.
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Table 2. Frequency of adverse effects stratified by ethnicity and use of efavirenz and atazanavir.

All . Non-
Adverse effects population V\ihltes Whites P V?IUE EFV 'f‘TV P Vij"“e
_ n=508 _ n=412 n=231
n= 857 n= 349

Lipodystrophy 56.3 64.1 44.9 <0.001 51.1 70.1 <0.001
Diabetes 7.9 7.9 1.7 0.915 7.1 12.2 0.322
Hyperglycemia ? 30.5 29.6 31.8 0.484 33.6 314 0.599
Hypercholesterolemia P 46.3 49.8 41.3 0.015 46.3 39.1 0.094
HDL Low Level ® 314 32.9 29.2 0.251 24.9 37.8 0.001
Hypertriglyceridemia ® 48.1 53.3 40.4 0.001 39.8 48.9 0.031
Total hyperbilirubinemia © 46.9 45.8 48.4 0.461 34.6 73.6 <0.001
Direct hyperbilirubinemia © 56.2 54.9 57.9 0.388 39.5 86.6 <0.001
High level of oxalacetic 13.7 12.2 15.8 0136 155 100 0.054
glutamic transaminase ¢
High level of pyruvic 18.4 163 215 0056  20.1 152 0137
glutamic transaminase ©
Rashes 4.0 4.4 3.5 0.545 5.0 2.0 0.075
Dizziness 10.9 104 11.6 0.584 9.9 144 0.093

Data expressed as a percentage. EFV: efavirenz. ATV: atazanavir. *Reference values for biochemical
parameters recommended by the Brazilian Society of Diabetes [28]. °Reference values for biochemical
parameters recommended by the Brazilian Consensus for the Standardization of Laboratory
Determination of Lipid Profile (29). ‘Reference values for biochemical parameters, according to

Williamson and Snyder [30]. ¢ Fisher's exact test.
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Table 3. Genotypic frequency of CYP2B6 516G>T, CYP3A4*1B, CYP3A4*22, and CYP3A5*3
polymorphisms according to ethnicity in the analyzed sample.

Frequency Ethnicity (%)

Polymorphisms : P value®
Genotypic (%) Whites Non- Whites
CYP2B6 516G>T rs3745274
G/G 413 (50.6) 252 (51.5) 161 (49.1) 0.192
GIT 330 (40.4) 200 (40.9) 130 (39.6)
TIT 74 (9.0) 37 (7.6) 37 (11.3)
Total genotyped individuals: 817 2
CYP3A4*1B A>G rs2740574
*1/*1 559 (75.8) 364 (86.9) 195 (61.3) 0.001
*1/*1B 153 (20.8) 51 (12.2) 102 (32.1)
*1B/*1B 25 (3.4) 4 (1.0) 21 (6.6)
Total genotyped individuals: 7372
CYP3A4*22 C>T rs35599367
*1/*1 759 (91.9) 449 (91.1) 310 (93.1) 0.453
*1/*22 66 (8.0) 43 (8.7) 23 (6.9)
*22/*22 1(0.1) 1(0.2) 0
Total genotyped individuals: 826 2
CYP3A5*3 A>G rs776746
*1/*1 59 (7.1) 14 (2.8) 45 (13.4) 0.001
*1/*3 236 (28.5) 111 (22.5) 125 (37.3)
*3/*3 534 (64.4) 369 (74.7) 165 (49.3)

Total genotyped individuals: 8292

aThe difference between the number of genotyped individuals was due to flaws in the genotyping process.
b Pearson's chi-square test.
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Gene Polymorphism rsnumber  Allele

Rare Allele Frequency

EUs® WP NWe ~ AF%e

CYP2B6 516 G>T rs3745274 T 0236 0280 0310 0374
oypsas  “392A>G (*1B) rs2740574  *1B 0028 0070 0226  0.766
522-191 C>T (*22)  rs35599367  *22 0050  0.045 0034  0.001

CYP3A5 6986 A>G (*3) 776746 *3 0943  0.860  0.680  0.180

3EU, European population. W, white population of the present study. °NW, the non-white population of

the present study. “AF, African population. Project 1000 Genomes [33].
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Table 5: Relationship of lipodystrophy, lipoatrophy, and lipohypertrophy to sex, age, ethnicity, duration of
antiretroviral treatment, efavirenz use, atazanavir use, and CYP2B6 516G>T, CYP3A4*1B, CYP3A4*22,

and CYP3A5*3.

Adverse effect Variables PR 95% CI Pvalue @
Sex (female) 0.903 0.788-1.034 0.139
Age (years) 1.010 1.003-1.017 0.003
Ethnicity (white) 1.295 1.110-1.512 0.001
Treatment Time (months) 1.004 1.003-1.006 <0.001
Lipodystrophy CYP2B6 516G>T (T-carriers) 0.964 0.844-1.101 0.592
P <0.001 CYP3A4*1B ( *1B-carriers) 0.968 0.806-1.163 0.731
CYP3A4*22 (*22-carriers) 0.996 0.789-1.258 0.975
CYP3A5*3 (*3-carriers) 1.554 1.038-2.326 0.032
Use of efavirenz 0.977 0.833-1.145 0.772
Use of atazanavir 1.239 1.054-1.456 0.009
Sex (female) 1.113 0.926-1.339 0.254
Age (years) 1.015 1.006-1.025 0.001
Ethnicity (white) 1.108 0.915-1.342 0.291
Treatment Time (months) 1.006 1.005-1.008 <0.001
L|p0atrophy CYP286 5166>T (T-Cal’rierS) 1008 0845'1204 0926
P <0.001 CYP3A4*1B (*1B-carriers) 0.940 0.738-1.198 0.618
CYP3A4*22 (*22-carriers) 0.874 0.622-1.227 0.436
CYP3A5*3 (*3-carriers) 1.937 1.083-3.464 0.026
Use of efavirenz 1.024 0.832-1.260 0.825
Use of atazanavir 1.153 0.920-1.445 0.217
Sex (female) 1.665 1.341-2.006 <0.001
Age (years) 0.998 0.988-1.009 0.773
Ethnicity (white) 1.608 1.248-2.074 <0.001
Treatment Time (months) 1.004 1.002-1.006 <0.001
Lipohypertrophy ~ CYP2B6 516G>T (T-carriers) 0.815 0.660-1.008 0.059
P <0.001 CYP3A4*1B (*1B-carriers) 1.047  0.795-1.378 0.744
CYP3A4*22 (*22-carriers) 0.892 0.629-1.265 0.523
CYP3A5*3 (*3-carriers) 1.698 0.907-3.179 0.098
Use of efavirenz 1.025 0.796-1.320 0.848
Use of atazanavir 1.372 1.063-1.771 0.015

PR: prevalence ratio. Cl: confidence interval. 2Poisson regression.



Figure 1. Frequency of lipodystrophy patterns in white and non-white subjects (%)

Whites Non-Whites

m Lipoatrophy = Lipohypertrophy = Mixed m Lipoatrophy = Lipohypertrophy = Mixed
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Molecular Biology Reports requires all (co)author names are entered into the
submission system. A valid institutional email addresses must be given for each
(co)author.

Are you without institutional email? Provide in your cover letter the following additional
information: Co-author name and a link to their publication history: an active ORCID link or
Scopus ID link and/or a link to their profile on their department’s institutional webpage.
Failing to submit required details for all co-authors is likely to result in immediate rejection.
Authors are strongly advised to ensure the correct author group, corresponding author,
and order of authors at submission.

Please suggest potential reviewers for this submission. Please remember that the
reviewers you suggest should be totally independent, and not connected to you or your
work in any way.

We strongly recommend that you suggest a mix of reviewers from different countries
and different institutions - recommending reviewers only from your home country or your
own institution is likely to result in your paper being rejected. In the 'Reason'’ field, you must
also fill in the reviewer's country.

Also please ensure that you provide complete and accurate contact information for
your suggested reviewers: a valid institutional email address, active link to ORCID or
Scopus ID, or link to a publication record. Incomplete or incorrect information is also likely
to result in your paper being rejected.

ABSTRACT FORMAT

Max Word Count: 250 words

Format: The abstract should be presented divided into subheadings as follows:

I. Background: Brief summary of basic, relevant background info (2-3 sentences).
Rationale and purpose of the study.

II. Methods and Results: Brief explanation of experimental procedure and presentation

of significant results. Include sample sizes as well as animal species if applicable.
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[ll. Conclusions: Succinct interpretation of results as well as significance of findings.
Statement of the main conclusion of the study. Emphasis should be on new information
found during study.

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before; that it is not under consideration for publication anywhere else; that its publication
has been approved by all co-authors, if any, as well as by the responsible authorities —
tacitly or explicitly — at the institute where the work has been carried out. The publisher will
not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s) for both
the print and online format and to include evidence that such permission has been granted
when submitting their papers. Any material received without such evidence will be
assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your
manuscript files following the instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these
source files might cause unnecessary delays in the review and production process.

TITLE PAGE

Title Page

The title page should include:

« The name(s) of the author(s)

« A concise and informative title

« The affiliation(s) and address(es) of the author(s)

« The e-mail address, and telephone number(s) of the corresponding author

« If available, the 16-digit ORCID of the author(s)

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any

undefined abbreviations or unspecified references.
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Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

« Use a normal, plain font (e.g., 10-point Times Roman) for text.

« Use italics for emphasis.

« Use the automatic page numbering function to number the pages.

« Do not use field functions.

« Use tab stops or other commands for indents, not the space bar.

« Use the table function, not spreadsheets, to make tables.

« Use the equation editor or MathType for equations.

« Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

o LaTeX macro package (zip, 183 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of
a reference included in the reference list. They should not consist solely of a reference
citation, and they should never include the bibliographic details of a reference. They should
also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated
by superscript lower-case letters (or asterisks for significance values and other statistical
data). Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section

on the title page. The names of funding organizations should be written in full.
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« For vector graphics, the preferred format is EPS; for halftones, please use TIFF
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« Definition: a combination of halftone and line art, e.g., halftones containing line
drawing, extensive lettering, color diagrams, etc.

« Combination artwork should have a minimum resolution of 600 dpi.

Color Art

« Color art is free of charge for online publication.

o If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another when
converted to black and white. A simple way to check this is to make a xerographic copy to
see if the necessary distinctions between the different colors are still apparent.

« If the figures will be printed in black and white, do not refer to color in the captions.

« Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

« To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

« Keep lettering consistently sized throughout your final-sized artwork, usually about
2—-3 mm (8-12 pt).

« Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

« Avoid effects such as shading, outline letters, etc.

« Do not include titles or captions within your illustrations.

Figure Numbering

« All figures are to be numbered using Arabic numerals.

« Figures should always be cited in text in consecutive numerical order.

« Figure parts should be denoted by lowercase letters (a, b, c, etc.).

« If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,

"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions

« Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

« Figure captions begin with the term Fig. in bold type, followed by the figure number,

also in bold type.
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« No punctuation is to be included after the number, nor is any punctuation to be placed
at the end of the caption.

« I[dentify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

« Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size

« Figures should be submitted separately from the text, if possible.

« When preparing your figures, size figures to fit in the column width.

« For large-sized journals the figures should be 84 mm (for double-column text areas),
or 174 mm (for single-column text areas) wide and not higher than 234 mm.

« For small-sized journals, the figures should be 119 mm wide and not higher than 195
mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please be
aware that some publishers do not grant electronic rights for free and that Springer will not
be able to refund any costs that may have occurred to receive these permissions. In such
cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that

« All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

« Patterns are used instead of or in addition to colors for conveying information
(colorblind users would then be able to distinguish the visual elements)

« Any figure lettering has a contrast ratio of at least 4.5:1

Acesso em: 01 de agosto de 2019.

Disponivel em:
https://www.springer.com/life+sciences/biochemistry+&+biophysics/journal/11033?detailsPa
ge=pltci_1060426
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6. CONSIDERACOES FINAIS

A identificacdo de variantes genéticas envolvidas no metabolismo de
farmacos usados no tratamento de pacientes portados do virus do HIV, permite
estimar funcBes alteradas ou diminuidas de proteinas metabolizadoras. Estas
associacdes de informagbes farmacogenéticas podem contribuir para melhor
compreensdao da variabilidade genéticas e, contribuir na investigacdo de
marcadores para respostas individuais aos farmacos.

Espera-se que com mais estudos nesta area, variantes genéticas possam
ser identificadas e utilizadas na pratica clinica para determinacdo prévia dos
regimes antirretrovirais. A farmacogenética pode auxiliar na montagem mais

adequada dos esquemas terapéuticos para cada individuo infectado pelo HIV.
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7. ANEXOS

7.1 Anexo 1
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)
Genotipagem
Vocé esta sendo convidado (a) a participar do projeto “Avaliagdo
de polimorfismos em genes associados ao metabolismo e transporte de
farmacos antirretrovirais e implementagcédo da técnica DBS para monitoramento
terapéutico em pacientes com HIV/AIDS”.

As pessoas que utilizam as medicacbes para o tratamento do
HIV/AIDS convivem com trocas frequentes de medicamentos causadas por
efeitos indesejados ou pela falta de efetividade de alguns deles, o que varia de
pessoa para pessoa. Por este motivo, estamos realizando esta pesquisa, que
tem como objetivo identificar as varias formas dos genes que cada pessoa possui
gue podem determinar o sucesso do tratamento com os medicamentos usados
para o HIV/AIDS. Os resultados deste estudo poderao ser utilizados, no futuro,
para definir a dose do medicamento e o melhor tratamento para cada paciente,
evitando, assim, o uso desnecessario de medicamentos que causam varios
efeitos colaterais, o que podera levar a uma menor desisténcia do tratamento.

Sua participacdo € voluntaria. Assim, concordando em participar do
estudo, vocé receberd um kit com instru¢cdes para a realizacdo de uma coleta de
sangue em sua casa, antes de vocé tomar seu (s) remédio (s). Vocé fara um furo
na extremidade do dedo médio da sua mao (direita ou esquerda) com uma
pequena agulha. Ao fazer isso, uma gotinha de sangue sera formada na ponta
do seu dedo. Essa gota deve ser transferida para o papel com circulos que vocé
recebeu no kit de coleta. Depois de fazer isso, vocé precisa deixar o papel com
a gotinha de sangue secar em temperatura ambiente por 1 (uma) hora. Quando
passar 1 (uma) hora, vocé devera colocar o papel dentro do envelope selado que
foi entregue junto com o kit para coleta e enviar pelo correio para 0s
pesquisadores responsaveis, sem nenhum custo para VOcé.

Além disso, vocé fornecera uma amostra de saliva que sera obtida por
meio de um cotonete que sera esfregado na parte de dentro da sua bochecha.

Neste momento, vocé respondera a algumas perguntas e serdo realizadas
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medidas de peso, altura e dobras da pele. As coletas serdo realizadas por
pessoas habilitadas e com materiais descartaveis. Estas etapas demorardo
cerca de 15 minutos.

Nenhum dos procedimentos citados oferece risco a sua saude ou
integridade. No momento que a ponta do seu dedo da méo for perfurada, vocé
podera sentir um leve incébmodo. O local da picada pela agulha podera ficar um
pouco roxo. Esta mancha desaparecera apos alguns dias.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro
gue autorizo a minha participagédo neste projeto de pesquisa, pois fui informado
de forma clara e detalhada, livre de qualquer forma de constrangimento e/ou
coercao, a respeito dos objetivos, da justificativa e dos procedimentos aos quais
serei submetido. Também fui informado dos riscos, desconfortos e beneficios da
minha participagao, todos acima listados.

Fui igualmente informado:

- da garantia de receber respostas ou esclarecimento sobre qualquer
davida a respeito dos procedimentos, riscos, beneficios e outros detalhes
relacionados com a pesquisa; - da liberdade de retirar meu
consentimento, a qualgquer momento, e deixar de participar do estudo, sem que
iSso traga prejuizo a continuacdo do meu tratamento;

- da garantia que nao serei identificado quando da divulgacdo dos
resultados e que as informacgdes obtidas serdo utilizadas apenas para fins
cientificos vinculados ao presente projeto de pesquisa,

- do compromisso por parte dos pesquisadores de proporcionar
informacéo atualizada obtida durante o estudo, ainda que possa afetar a minha
vontade em continuar participando;

- da disponibilidade de tratamento médico e indenizado, conforme
estabelecido em legislagdo, caso existam danos a minha saude diretamente
causados por esta pesquisa;

- de que se existirem gastos adicionais, estes serdo absorvidos pelo
orcamento da pesquisa;

- de ser informado sobre os resultados e de suas implicacdes clinicas apos

o término do estudo;
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- de que o material biolégico que serd coletado serd armazenado,
podendo ser utilizado para posteriores estudos;

- da utilizacdo do material armazenado, que s6 ocorrera mediante
aprovacdo do novo projeto pelo Comité de FEtica em Pesquisa e novo
consentimento do participante;

Este Termo de Consentimento Livre e Esclarecido sera rubricado em todas as
folhas e assinado em duas vias, permanecendo uma com vocé e a outra devera
retornar ao pesquisador. Em caso de duvidas, vocé pode contatar o0s
pesquisadores responsaveis ou o Comité de Etica e Pesquisa (CEP/UFCSPA)
no endereco Rua Sarmento Leite, 245, Porto Alegre/RS, telefone (51) 3303-8804
ou o Comité de Etica em Pesquisa do HCPA, localizado na Rua Ramiro Barcelos,
2350, Porto Alegre/RS, 2° andar, sala 2227A, telefone (51) 3359-7640). O
contato podera ser realizado todos os dias, entre as 9h da manha e as 5h da
tarde.

Pesquisador Principal: Prof2 Dr2 Vanessa Sufié Mattevi. Telefone: (51) 3303-
8763.

Pesquisador Principal: Prof. Dr. Eduardo Sprinz. Telefone: (51) 3359-8152.

Eu,

, atesto o recebimento de uma coépia assinada deste

Termo de Consentimento Livre e Esclarecido, conforme recomendacdes da
Comissdo Nacional de Etica e Pesquisa (CONEP) e concordo em participar

voluntariamente desta pesquisa.

Porto Alegre, de de

() SIM, concordo em deixar minha amostra armazenada

( ) NAO, ndo concordo em deixar minha amostra armazenada

Ass. paciente participante da pesquisa Ass. pesquisador responsavel



7.2 Anexo 2

FICHA COLETA DE DADOS

1. Dados de identificacdo:
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Prontuario Jé& participou do estudo? ( ) Sim (
(nimero): ) Nao
Nome:

Data primeira

consulta:

Sexo:

() masculino () feminino

2. Cor ou raca

(formato censo IBGE):

() branca
() preta

() amarela
() parda

( ) indigena

Data nascimento:

Idade:

Profissao:

Estado civil:

Escolaridade:

3. Data contaminacdo pelo virus

HIV:

4. Hora que tomou o ultimo

comprimido:

5. Informacdes medicamentos antirretrovirais (ARTS):

ART em uso

Data de inicio

5.1. ARTs ja utilizados:
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Nome ART Data de inicio e tempo Motivo troca

uso

6. Informacdes sobre coinfeccoes e infeccoes oportunistas:

OBSERVACOES (medicamentos em uso,

sorologia, etc)

HCV ()sim( )
nao
HBV ()sim( )
nao
TB (ex: isoniazida, rifampicina) ( )sim( )
nao
Outra coinfeccé@o? (ex.: sifilis, doenca de ()sim( )
Chagas, leishmaniose) nao
Infeccdo oportunista ativa? (ex.: ( )sim( )
candidiase) nao
() HBV ()
VACINAS ( )sim( ) Pmn23
nao () Influenza ( )F.
Amarela
()dT

7. Efeitos adversos medicamentos ART:

Lipodistrofia ( )sim( )

nao
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Lipoatrofia ( )sim( )
nao
Lipohipertrofia ( )sim( )
néao
Padréo misto ( )sim( )
nao
Ocorréncia exantemas ( )sim( )
pele nao
Tonturas, dores de ( )sim( )
cabeca nao
Outras queixas relatadas:
(azia, enjoou, tremores
nas maos...)
8. Dados antropomeétricos:
Peso atual (kg)
Altura (m)
Medida | Medida | Medida Médié soma
L ) 3 aritmeética das
dobras

Circunferéncia da cintura (cm)

Circunferéncia do quadril (cm)

Circunferéncia do brago (cm)

Circunferéncia do pescogo (cm)

Dobra Cutanea Triceps (mm)

Dobra Cutanea Biceps (mm)

Dobra Cutéanea Subescapular

(mm)

Dobra Cutanea Axilar média

(mm)




65

Dobra Cutanea Suprailiaca

(mm)

Dobra Cutanea Abdominal

(mm)

Dobra Cutanea Panturrilha
Medial (mm)

Dobra Polegar (mm)

CBM (cm)

RCQ (cm)

9. Fatores de risco para doenca cardiovascular (DCV):

Pratica atividade fisica?

( )sim( )nao

Qual?

10. Faz uso de estatinas?

Quantas vezes na

semana?

Por quanto tempo (min)?

E fumante?

( )sim( )néao

Possui Diabetes Mellitus?

( )sim( )nao

Pressao arterial

( )sim( )né&o
Qual?

() sinvastatina
( ) atorvastatina
( ) lovastatina
( ) pravastatina

11. Exames:

Exames laboratoriais

Resultados

Exames

laboratoriais

Resultados

Hemataocrito (Ht) Ureia (U)
Eritrécitos (RBC) Glicose (Gli)
Hemoglobina (Hb) TGP (ALT —

alanina)




66

Hemoglobina glicada
(HbA1C)

TGO (AST -

aspartato)

Colesterol total (CT)

Leucdcitos (Leu)

Colesterol HDL (HDLc)

Potassio (K)

Colesterol LDL (LDLc) CD4
Triglicerideos (TG) CD8
Bilirrubinas totais (BT) CD4/CD8
Bilirrubina direta (BD) Cv_1
Bilirrubina indireta (BI) Cv_2

Creatinina (C)

12. Outros farmacos utilizados pelo paciente:
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7.3 Anexo 3

PARECER SUBSTANCIADO DO CEP

NUmero do Parecer: 1.642.231

Titulo da Pesquisa: Avaliacdo de polimorfismos em genes associados ao
metabolismo e transporte de farmacos antirretrovirais e implementacéo da
técnica DBS para monitoramento terapéutico em pacientes com HIV
Pesquisador: Vanessa Sufié Mattevi

Area Temaética: Genética Humana:

(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de
analise ética por parte da CONEP;);

Versao: 1

CAAE: 57415616.2.0000.5345

Instituicdo Proponente: Universidade Federal de Ciéncias da Saude de Porto
Alegre

Patrocinador Principal:

Financiamento Proprio
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PARECER CONSUBSTANCIADO DO CEP

DaD0s DO PROJETD DE PESGUISA

Tifule da Pesquisa: Avallagdo de pollmorismos em genes associados ao metabollsmo @ transporte de
farmacos antimetrovirals e Implementagdo da técnica DBS para monltoramanio
terapéutico em pacienies com HIV

Pasquisador: Vansssa Sufé Matavl

Area Tematica: Genélca Humana:
(Trata-se de pesguisa envoivends Genetica HUmara que nad necessita de analse
&fca por parts da COMER;);

Viersdo: 1

CAAF: 574156162 0000.5345

Insftbulgao Proponsnts: Universidade Federal de Clencias da Salde de Porto Alegre
Patrocinador Principal: Financlamemo Proprio

DADOS O PARECER

Momens do Parscar: 1.642.231

Aprassntagio do Projsto;

A Sindrome da Imunodenicincla Adquinda (AIDS, am Ingias) & causada pelo vinus do HIV (0o Ingks, human
Imrmunodeficiency vins). O rimer de Indviduos vivendo com HIW ou AIDS continug 3 crescer, 3&sim como
a Incidencia de nowos Cas0s de Infeccdo paio HIV fem aumentado, mas este iimo de forma mais lenta e
pontual em determinadas regifes do mundo. Mo Leste Europeu & na Asla, por exampla, 3 ingidéncia de
Infecplos pelo virus esta crescendo mals rapidaments 0o que no resto do mundo. Em 2012, 35,3 milhdes de
Indriciuos Toram Infectados com HIV no mundo, Inciundo 2,3 milhdles de noves casos & maks de 1,5 milndes
de mortes foram relaiadas (RODRIGUES =t d., 204; DE GDEDE et al., 2015).

MoErasl, 5egundo o Boletim Eplderniolglco HIV-AIDS pubiicado peio Minisiano da Saoae, o Deparamento
de DST, AIDS e Hepatites Virals estima aprodmadamente 734 mil pessoas vivendo com HIVAIDS no ano
de 2014, 0 que comesponde 4 prevaiencla de 0,4% Na populagio de 15 a 49 anos, a prevalencla & de
0,6%, sendo 0,7% em homens & 0.4% em muiheres. A malor conceniragdo dos casos de AIDS no Brasl
£51a entre os Indlviduos com ldade enfre 25 3 39 anos em ambos 06 SEXDS; ENre 06 homens, 2553 fala
eddria cxresponde 3 54,0% & enine 35 mulhenss 50,3% do intal
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de cas0s desde 1380 a |unho de 2014. Além disso, chserva-6e que exisiem Importantes diferencas nas
proporpdes seqgunda regiies: o Morte, o Morgeste & o Sudeste apressntam malor proporcdo de
subnotficacio em comparagio com as regifes Sul & Centro-Oeste (MINISTERIC DASAUDE, 20141LA partir
da 1986, com o desanvoivimento da terapla antimetroviral combinada (TARVY), fol proporcionada a medhona
N prognosico e na qualidade e expeciativa de vida dos portadores do HIV, ura vez que este ratamento
conduE o nivel de RMA do HIV 3 taxas Indeteciavels e

reduz a Incidencla de Infeccdes oporiunistas. Entrefanto, falores como a possibilldade de reskidnga vkl
ao0s medicamentas, polendal toadcidade dos Tarmacos no medlo & lango prazo & a compromelimenio na
adesS0 a TARV permanecem como principals empecinos 30 58U SUCSEs0 (MOORE ot al., 1999; KRAMER
£t al., 200% NOLAM et al., 2014).0 Brasll & reconhecido Imemacionaments por adotar pollicas de salde a
fim de promover 3ssksidncia e iratamenta gratuito a0s portadores de HVIAIDS (MINISTERID DA SALDE,
2015). Alualmente, exisiem 21 famacos antimetovirals aprovados pard o usD do ratamenio do HIV
diviglocs em onco oasses: Inibidores da ranscriptase revensa andiogos 08 nucieosidecs (ITFRM); Inlbitdones
da transcriptase revessa Ndo analogos de nudleosidens (ITRNN]; Inbidores da protease (1P), Inlbidones de
fus3o (IF) e nibidones

da Infegrase (|l}. Cada um desses faimacos age de Torma diferente no clido de vida do vines HIV
(MIMISTERIC DA SALIDE, 2015)(CRESSEY et al, 2007. Ha autores que descrevem uma sexta classe de
farmacos antiretrovials, conhecidos como antagonistas de co-recepior (Inlbddores de CCRS),
comerciaimente disponivel comd Maravroqua®. Esta medicamente & utliizads para compor esquUemas
terapéuticos de pacieniss em 1erapla de resgate (FAVLOS e al., 2012).0s esguemas terapéuticos da TARVY
Inciuem, geralments, a utllizacho de trés farmacos: dols Inibidores de transcriptase reversa analogos de
ruckeositen (ITRN) 3550053006 3 UM Inibidor de tensorplase revensa N30 analogo de nudecsiden [ITRNMN)
o,

atemativamente, um inibidor da peotease (IF); este UbMo geralmente polenciallzado com Monavir (KT, 1)
(CRESSEY et al, 2007; LAZZAROTTC et al, 2010). No Brasll, 0 esquema de primeira linha par a TARY &
compesto por dols Tarmacos ITRN Zdovedinalamivuging (AZTIETC) assodados com um TRMN efavirens
(EFV). Esse conjunio de fanmacos apresenta eficacla e seguranca, além de esiar disponivel em
coformulacao no Sstema Unleo e Salde (S1US), o que contibul para malor comodidade posoldgica &
adesd0 a0 ratamento. A toxcidade hematoiogica e a lipoatrofia s30 um dos principals efeltos adversos do
AZT, 0 que pode BEr NECEESAN0 SUbSTtuHD (MINISTERIO DA SADDE, 2013). A Intoducio de novos
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medcameantcs mals tokeravels 2 convenleniss na Oitima década tem oportunizado opgles de tratamento
Individuallzado para o HIV, na qual se consldsram caracteristicas do medicamento, @0 vins 2 do
hospedelro. As caractenisticas do fanTaco possuem um papel Importanie na escolna do fra@amentio de um
Individuo especifco, 35 quals Inciuirio o perl de toxicicade, 3 convenlencla, a canga o8 comprmidos,
pensiragao na ssiema

MErvOsD CEMtral & OUIN3S. J3 No que diZ respeia 30 VNS, 3 escoina por determinado famaco deve estar
atenta a0 padrio de resisi2nca viral (gendtipo e fendtipo] & do usD prévio de antimetrovirals. Finaimende, as
caraciensticas 0o hospedelnd COmpreendem tanto fatores Tarmacoecoiogicos (estio de vida) como
fanmacogendticos (PAVLOS et al., 2012).Allade a Isso, o5 autores Pavios & Philllps (2012) comentam
QUEUM aspecta relevante A INSVIILSIZACS0 da terapia antimetrovral @ 0 esudD 03 Tanmacogenetca, uma
vez gue potencialments afeta a eficada e a iowickdade do fanmaco atraves de genes que podem aterar a
eliminagdas & atividade oo medicamento, &S como aquelss reladionados & absorgdo, distribugda,
metabolismo, excrecio, ransporte & 0 alvo da oroga em sl Alem gestes, lambem pode ser Incuida a
Fespasta IMUne & 06 genes 005 antigenos lsucostanos humanas (HLA), que parecam s&r particularmente
Imponantas na especinoicade IMUNNAgIca medlads pela toocdate domegicameanto. A Malna dos esiuts
sobre determinantes da farmacogenética dos ITRN fem se concentrado em genes envolvidos no sau
metanolismo (pollmorMsmos nos genes que codificam as enzimas da familla CYP) no transpone
{poiimarfismes no gene da glicopmtaina F; P-gp) & nas reapdes de hiparsansiblidade (polmorlsmos nos
genes oo slstama HLA) (TOZZ1, 2010).No que diz respelto 3 vananiidate genetica, a associaclo entre as
enzimas do citocromo P4S0 (CYP450), uma superfamilla de hemiprobainas resporsavals pelo metabolismo
oeddathvo de munos

medcamenios, & 0 usD da ierapla antimetroviral tem sidio forbemente estudada em virtude da aita Exa de
pollmorMsma Nos S2us genas codMcadornes @ por 5&r @ via de metabolizacdo de mulos Farmacos que
complem os regimes teraputicos da TARY (LAKHMAMN et al., 2009). As CYP450 apresentam varios
polimorismos de nucleotides Grico [SNPs, do Inglés, single nudectide polymorphisms) que resultam am
EMZITES COM EXDISEEa0

& athvidade reduzida (variabilldade em tomo de 5-20 vezes na capacidade de eliminacio de um famacn
(LARHMAN ot al, 200%; CALCAGMO et al., 2012) Como consequénda, ha uma considerave! varnablidade
Interindividual na metabollzagio e disposico dos ITRNN, mals espacificamente EFVe NVP. O EFV &
predominantaments metaboilzand paa IS0enzima citocroma PAS0 286 (CYP2SE), com manor contrioulgdo
da CYP3IAL. Diversos estudos mostram gue SMPs no gene da CYP2EE estdo assoclados com aumento dos
nilvets plasmaticos do EFW e efelins adversos
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no SiSI8Ma nenvoso central (SNC). A NVP ambam & metabollzada pela CYPZE6 & CYPAAL, mas apresenta
contripuiclo da CYP3AS (TOZZ, 2010).5MPs no éxon 4 (516 G=T) & &xon 7 (383 T=C) estio assocados
COM Uma redugao signifcativa na aividade cataliica da CYP2BE6 (CALCAGNC e al., 2012).0s IPs 530, em
geral, metabollzados pela enzima CYP3AL. Eles podem agrr, tambem, tanto como Substrato quanio como
Inibidores gie CYP3A. Emire gles, o KT @ um Infibldor potenie da CYP3AL e & usado comd booster para
aumentar 3 esposigE0 plasmatca de oulros 1Ps. Em virtude da agdo ambljua desta classe de fammacos, o
Impacio dics SNPs em CYP3A4 sobre 3 disposigdo dos IPs tem sido dificl de prever os KRAMERET al.,
2009; LAKHMAN & al., 2009; TOZA, 2010 LAZZARETT & al., 2013). Denfre o0& 1P5, 0 ATV esia enine o5
mals utiizados devido A sua pobincla e inlerablidade em longo prazo. Infellzmente, a hiperlimubinemia
podie OCOTEr &M um nomern significativo de pacientes que usam este famaco (20 a 50%). 1ss0 aconiece
porgue o ATV age como inibidor da UGT1A1, erdima responsavel pelo metabolismo da billmubing. Esta
InioigSo conduz 3 um estado de hiperbilimudinemia e ictericia. Oulro mecanismo pelo qual pode ocomer
hiperbilmubinemia & atraves da Influncla do transportador P-gp nos nivels plasmaticos de ATV, Uma vez
que pacientes que apresentam as varantes de rsco no gene MOR1, que a codifica, apresentam malores
nivels plasmatico de ATV (LOPEZ-CORTES, 2008; TOZZ1, 2010). Padenias em usa do ATV sam booster de
RTW mosiraram menanes nivels pasticos de ATV, sugerindo qee o ATV Intensifica os nivels cireuantes oo
ATV (LUZ et 3., 2013).De forma dstinta, os ITRN rdo sofrem metabolizagio peta familia & CYP4S0. Desta
forma, ndo ha evidendas de que o6 polimorismas & CYP4S] possam Influenciar na

disposicio dos TRN. A0 confrano, 30 substratos para membros da supertamilla ASC de transportadores
transmemibrana depandentes de energla (CRESSEY et al., 2007), que 550 reconnecidos por desempanhar
um papsl no Influo calular dos ITRMS. Vanagles nos genes ABCCS (ou MRPY) & ASCCZ (MRPZ) tam sido
estudadas por sua associagdo com nivels Intraceiulares de ITRMS. Muitos estudos sobre determinantes
genéticas detndoidade dos [TRMS tém-ee focado nas reacdes de hipersensibilidade 2 o sistama HLA. Dos
famacos pertencentzs A classe dos ITRMS, a combinacdo ZDWVIATC & uma das mals estudadas.
Recentemente, fol demonstrado que pollmorfismas nos genes ARCBE1, ABCCZ e ABDCA foram
Ss50Ciados com aumento de 20% na conceniracdo Infracelular de ZDVIBTC (TOZZ, 20M0). Achados
glmilares foram observados para AZT/ITC [CRESSEY e al., 2007).0 wso da TARW @ de exirema
Importancia na melhora da qualldade de vida das pessoas portadoras de AIDS, porem, a ublizagdo da
terapla andmetroviral esta ass0ciada com o deservolvimenio de efelins adversos & ioxicidade, o gue pode
resuitar em n3o adesdo ao trataments (KRAMER et al, 2009); (MIMISTERIO DA SAUDE,
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2015). Is50 confribul para o aumento ¢ tExa oe mutagio e reslsiancia do vinus HIV.

Aliem dissn, cepas reslsienies do wvilus podem 587 ranemitidas de pacienies so0 TARY a indlviduos ndhe;
SEEIM, & predCUpaCA0 acerca da reslsiinga aos Tamacos ndo 8 concentra apenas aos Individuss em
tratamento, mas ambam 306 rRcemHNfectados @ para aguales NICIANIES &M UM NOVO esquUema terapduticn
(KLIMAS &t al., 2008). Indlviducs sob TARY requerem o monlttoramento da canga viral circulante para
SESEQUIET 3

continuidace & efethvidade do tratamento (SMIT, 2014); (MINISTERIO D8 SAUDE, 3013). Alem desie
monitoramenio, & de suma Importancla o acompanhamento dos nivels de famacos clrewlantes para
SSEEQURA O BUCEES0 [0U falha terapdutica), Uma vez que nivels sub-S2Epeuticos dos ARV aumentam o fsco
ge falha viridgica 2, consequentemente, 0 NG terapaulica (CRESSEY e al, 2007} (MINISTERIC DA
SAUDE, 2013). 1550 valao encontro 8o Oiimo guideling (2013) pubiicado pela Organizagio Mundlal da
Salde (WHO) para awdllar os palses na adapiacio & Implementagdo de dreiizes, SEiNNTas & slsiemas de
manttoramento 2 avalacio de pacientes Infectados com HIV & submetidos 3 terapla

antiretroviral. Tals procedimentos 530 Sssenclals para defeciar & responder 3 gargalos ou Tamas no
gESEMPEnnd 005 Programas o2 culdadd 305 pasiantas com HIVIAIDS, InGuingd 3 oxickiade, oF efsitcs
adversos, supressdo viral e reslsténcla aos medicamenios, bem como as taxas de mortalldade,
sobrevhvenda e Incldeénda dos paclentes (WHO, 2013).Uma albernativa recente np monltoramento
terapautico oe farmacos (TDM) & a

utlizagio datcnica de sangue Impregnado em papel (mancha de sangue 5eco em paped, MSS; ou DES,
dried bkood spot, &m Inglds) devido 3 probabilikdace de colstas minimamente INvasivas & passivels de Germ
realzadas pekos proprios pacientss (DEMIREY, 2012; EDELBROEK et al.200%; KROMDWEK et al. 2013;
LIMA &t al., 2014). O processo de coleta por DES Inicia a partr &a pungSo digial no dedo oo paciente
{dspensando 0 SO de S2Ngas), usando-58 apenas uma aguiha. A gofa de sangue do dedo &, entlo,
trarsfanta diretamente para o papel fikro. Em seguida, & necessano deliar secar 3 Emperalura amblerte, o
que elimina a necessidade de refrigeragSo (KROMDLIK et al. 2013; SMIT, 2014). Uma vez seco, o DBS
pode serenviado a0 laborattrio por melo do servigo postal comvencional, o que fadila o ransporie, & visio
que O SANJUS BECO NA0 &

consideradn Uma amosra com isco aagico (DEMIREY, 2012; CALCAGNG e al., 2012; LIMA et al., 2014;
SMIT, 2014).A técnkea oe DES apresenta INUMEras vantagens am relagso aos Metanos tradcionats: ndo ha
negessidanse ge fanotomia; aumento da atessibilidade a0

monttoraments terapautico em regies remotas; faclidade na coleta, anrazenamento e tansporte; além oe
redusr os mabenas necessarnios & a produgio de reslducs biolbgicos
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(EDELBROEK et al., 200%, CALCAGHND at al, 2012, EROMDLIK ef al. 2013; ST, 2014). Ciamie do que fiol
expostn, 3 variablidade genstica Individual Influencla na efcaca & odcidace 005 TAMTEcos empregadts na
TARN. &lém dissd, o monioramenio ierapéutics dos Tamacos consitul uma tentathva de determinar a
EXpOSIca0 INAvIdual 9o pacients 3 LM MEgICAMEND & evitar uma alta ou babia dosagem. Desta forma, a
utiizagdo de tecnicas coma o DES s& 1aZ necessara no monitoramenta 43 terapla medcamentosa dos
pacientes

Infactancs oom HIY sob TARW. I550 penmitira 3 determinasdo das concentracdes dos fammacos, sequido e
ajusies posologicos, quando pertinente,ou muwdanga no esquema terapéutico com oobjetivo inal de
otimizagdn da TARV airavés do sucesso na adesdo do tratamento e controde do HIVIBIDS.

Confnasgic: da Pescar: 1.040 209

Objetivo da Peaquisa:

Objetvo Priman:

Avallar o papel de pollmorfismos nos genss que codificam enzimas metabolizadoras @ protelnas
transportadoras dos Tarmacos anbimetrovirals na

determinagio dos nivels piasmaticos destes famacos e Implementar 3 metodoiogia de Sangue IMpragnado
&m papel como altematlva para

monioraments da terapia antimetrovical em padentes Ifectaados pelo HIV.

Chjevos seCLNdaneE:
1. Doear oe nivels plasmaticos o5 principals famaces das classes dos ITRMME & IPs ulllizados no

esquema ferapautico do HIV, sendo eles: EFV NV, LPVIT, ATV.Z. Genotipar polimorismos funclonals nos
genes que codificam as principals Isoerzimas metabollzadoras de famacos da familia CYP4SD (CYP255,
CYP3AL, CYP3AS) & nos genes da Tamilla P-gp de transportadores de SMMacos; além de outras varantes
associadas 3

varabillgade genstica na resplsta 30 ratamenio 4o HIV 2 comelaciona-ics ¢om o nNivels plasmaticos oo
AFNVE 3. ASBOCAr pOIMOTSMOS Mos Jenes cla0os acima Com 3 DCmEncla de efeilos atversis da TARW 4.
&walar 3 efcacda da Benica os DBS am r2lacao 308 tesies padrdo para o moniboramento terapeutico da
TARW.

Avallagao dos Riscos & Seneliclos:

Ribscoe:

Desconforto resuitante da coieta de Sangue por punglo na vela antecubital cu Na poipa 4o 0edo M.
Beneficios:
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CBod

Aquales decomentes dos avangos No conhecmento razidos pelo projeto. Os resultades deste estudo
poderdo ser utillzados, no futuro, para definir a

dase do medcamento e o melhor ralamento para cada pacienis, eviando, assim, o usD desnecsssano oe
MEZICaMEnts QU CALSAM VaNos efstos
colaberals, 0 Que poderd hevar 3 uma menor desistenca do raamenta.
Comentarioa & Conslderagtes sobre a Peaquisa:
Projeto previamente aprovaso por este CEP e pelo CEP FEEVALE. Resubmetido para avallagho e
aprovacdn pelo CEP HCRA

Conskieraghes S00re 08 Termas 08 apressntagao obrigatoria:

Adequados.
Racomentagias:
Aprovado,

Conclusdes ou Pendénclas & Lista de Inadequagies:

Conslderagies Flinala a critério do CEP:
Cie 3000 NN O parsce do Relaorn.

Eﬂtﬂ[ﬂ'ﬂﬁlm dlaborads bazaado nos doeCumenics abalkd relacionasos:
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Pl Pesouisador 14923 | Maibesd
Qwros PB_PARECER COMSUBSTANCIADD | 24062016 |Wanessa ne Ao
CEP wicspa poff 174850 | Malied

s PE_PARCCER COMSUESTANCIADGD | 240672016 |vVanessa e Areitn
CEP 1S5 aoHCPA pdf 154838

s PE_PARECER COMSUBSTANCIADS | 24062046 |Wanessa Sufe Areitn
CEP 1£38334FEEWVALE ndf 174634 | Maiies

TCLE/ Termos de | TCLEstapad pdf Z4DE2016 | Vanessa Sane Ao

Assemiimenta § Qo 3458 | Mialted

Jusiifizatha e
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TCLE! Termos de | TG Estapai pdf 2462016 | Vanessa Sune Areitn

Azzentimenta O30z | Maibewd
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PORTO ALEGRE
Confmmple 42 Pesear 9 8480 2349
AUSENCI TCLEetapal pdl 2ANEI2016 | vVanessa e
09302 | Matiew
Foiha de Fosio Foiha_roeio o FANEZ0TE | Vanessa e
09332 | Matiew
Projen De@inaio | | Projein_AIV_DBES_FINAL_CEP_071220| 1406/2016 | Canmeia Fanas oa
Erochura 15.per 152330 | Siva Tagilan
DEu:iaElg'.ﬁniuje TCU_mat_tio_ACPA_par TA062016 | Carmeia Fanas 63
Manuseio Material 1001044 | Siva Tagilan
Bioiogico !
Bloreposihnio /
Eiobanco
& ET o RCPAPDF TENEIIAE | Carmeia Fanas 0a
instmuigho e 1501832 | Siva Tagilan
Infraesineura
& TCUD_Inet ACPADD TENEIIAE | Carmeia Fanas 0a
instwuigho e 15015:50 | Siva Tagilan
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Caroline de Araujo Barroco

Encernco pary scmar arte OV; hetpo/ettme crpa b 00061 1000 5 30
D Latter: 4206309 110281198
Utrs staaizachs o cumicus em LE/3009

Blomédica formada pefa Universdade Federal de Ofncas da Salde de Porto Alegre, habitaca em bicloga
molecutar, mtoioga, andlses divcs ¢ 2opuntura. Especiaista e Pds-Graduada em Acpesta ¢
Eletroacupuntura peio Cokdgio Brasieim de Acupuntura & Medicing (hinea ABACO. Realrou cursos especificos
na drea de acupuntura estitica e Juriculcterapla. Etudow Fritca da Medicra Chinema ma Universidade de
Nagng, ma Chima. € terpesta floml peb Bxch Intermationa Edoction Progamme. Mestrands no #PG
Bocincas da UFCSFA. (Texto informade pelo sutor)

P/ St g e M4 2068051 30331198

e Lrfversdade Feden de Ofrcas 48 Saide o8 Mot Aege
s Syments Lete

Cartro MO

0050170 - Porto Adegre, S - Siad

Teefore: (1) 33151300
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2018 - 2008
2017 - 2017

2012 - 2008

Formagao Complementar

Mo e andamento e BIOCIENCIAS flonostn CAPES )

Andaio Untvesdade Fedeal oe Ofncas do Salde ot PO Megre, UFCSPA, Sl
Tk Avaliacio 08 Pomorfiancs an Ganes Snvoivics nd Farmacocndtis da Teagple
Actaretowa an ummmmmwa vanesss Sufié Mate.
Grance Sre: Olndes Soidgas

Espacaizagho se AQOunee, Packraldade di MaSona Chiness ¢ Saioacuqurtus.
(Cargs Hosdrix: 12000).

ABADD - (oMo Sasieeo de AQSUntn & Madoye Qenesa, ASACD C8a, Sasl
Tde: Tranents O Edues Com ALLuUisa
AdefaCoaneto an Teapess Sod Sach (Carge Rodsa: 154

The Sach Cantye, TEC Inglataa

Tede: Teapa Roal. Ao de inalmcss. 208

AefeCoameto e IEoce e Madara Orivese. (Carge Hovivte: Sn)

Narng Undveraity of Chinese Madcne, NUOY, Qe

Tede: Prtsca da Mediare Ohinesa. Ano de Analtzacley 2017,
Graduagho en Bomedana,

AnaacSo Untversicade Federal oe Ofncas 3o Saloe de Forno Megre, UFCSPA, Sl
e Infiufncia O Folndr fancs 0o Gene OF fos Nivess, SECos de votela © Reatha
o InOvioucs Com Solrepeso & Chesiande,

Ovlendador; Alessanda Paes

007 - 2007

DIasSts ra Medayia Trasoona Oenesa. (Caega Nordna: 200).
Nargog Unversity of Ohinese Maione, NUOM, Owa



2014 - 2014
2004 - 2014
2014 - 2014
2003 - 2013
2002 . 2012
2002 - 2012
2002 . 2012
2003 - 2012

2011 - 20011
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Eenale universitirls am AuiCuoteraps Maduo I (Carge hardnie: 380).
ABADD - (M0 Sasiend de AQuntas & Madane Ohinsa, ASACD CBA, Srasl
Eenale universditiels am AuriCusoteragis MAdo L (Cags hodleia: 160)

ABADD « oMo S0 0t AQDurtiss & Maldone Ownesa, ASACD CBA, Srasl
Aot Estdeon, (Carga hosdiela: 200

Lrilo de NOcens Itegraccs S3o Genoo, UNISG, Brasd,

Intoducodn & Los Olsions en MTC. (Carge hordta: &h).

Andacon Suroges de Medare Tradomal Owne, FEMITC, Espava,

EaanaSe universitirls an Qo O Edenslo Sepse Abardagen MUtidacoboer. (Carpa
hoedria: 300

Aundagho Lnfversiciade Federsl de Ofrces 3 Saide de Porto Negre, UFCSPA, Srasl
Feranentas da Bolaga Molenuder ne UTL. (Cxge fardrx 1h).

Iraats teaniits de Bnsing ¢ Peaguiss ADet Sraten, DEPAE, Srasl

Coea de Sangue & Materal am Laboratdelo O, (Crge nordre 20n),
et Taoeeo de Baucaghe o Segre, IITEPA, el

Higene G NS Adsstencal. (Carga hodeta: 1h).

et loaeiis de o € Mg Abat Snen, HEMAE, Sl

Higene G MEs AGnrestramtve. (Carge Mordrix 1h)

Iants ity de Ensing & Mesguse Abert Brsten, HEPAE, Sl

Cowta de Henmocunre. (Cage horfne 1h)

et brasits de Ensing e Peaguse Abert Ssten, HEMAE, Sl
Trarsolade de MOootiote Feos, (Cargs nosdng: 1n)

I leaeiits de oo ¢ asguse Aert Snsten, HEPAE, Bl

A dnpartings 90 Duagros dis Maooseres Fetts. (Carga hordeta: 1h).
brsnds ety Ot Faino & Peguss Abat Enster, DEME, Sl
Trenanento - Capactaclo em Quaidace e CVE. (Carga hardnie: 4h).

MC Rermus, T Sl

Infecioioge. (Carge tordde &)

ol G Olrecas de ot Aegee, HOMA, Sl

IntodugSe & Crasacio Sstracorpdess. (Cargas hordrla: S0)

lenandade da Sara Casa 0 Miseicdeda de O Alagre, [SOMPA, Iy
Farmacciogias de Anthadeniancs & Mec Mess Sacer. (Caga hordea &)
Podum £damming Medwark, IMERSAD, B,

1 Curso o verno &rn Gendte ¢ BoMy Humana. (Cargs hoirie: 4a),
Unfversidade Fedared 00 o Grande 4o S, USRGS, el

Bt ModArdrio 00 Bxerdicie sobve © St Inune. (Crge hordd )
Feoeagho g Sockataces o Bologl Eqermenty, FeSSE, Sawl.

Eduraln wivergiirls an Mraveros Socorrs, (Cage hordx 40n)

Contre Unfver Stino Metodsts, 1PASS, Srasl

ExtersS0 universitiels arn Sngdale oe Infecgfies en Maoeres Trarsgantaces, (Cege
hoddria: 10n).

Andagio Universdade Fedeal de Ofnces 4 Salde de Pono Aegre, UFCSPA, Snsil

ExtersS0 universitiels e W1 Jovads Acacinics de Sanaiore e U Simpdao. (Cage
hodrix: 100

Fundalio Unfversdane Fedesl de Ofnaas b Saloe O¢ Pord Aegre, LFCSPA, Sasl
Téaracas Hoighaas. (Caga hordia: @)

Cortro Univer Stino Metodsts, 1PARS, Srast

Araleado am HMeancsiasa. (Cwga horlela: n).

Socedade Srasbers O Andises Qincas, SBAC, e,
Exparoentagio Avknal (Carga hovdrla: Sn)

Cantro Universitinio Metodsts, 1S, Sasl

Andhse Forerse e DNAL (Carge forie: 8n).

Rerova Crscs, RENOVA, Sl

Croinastenoa ¢ Locals de Crimes. {Carga howeix: 800
Rerova Curscs, RENGWA, Sl

Fundacio Unhversidade Faderl de Clincias ds Selde de Porte Alegre, UFCSPA, Svasil.

Vinculo institucional
2018 - 2018
Outrms Informecbes

Vincule Ircfesscr istante, EncusSamentd Randona: Comvidacn, Cegs hordsa: t
Mrisirou Sus Intrsads “AnStess Oinkcas ¢ & Bomadorne” gems 0 Carso 08 Somaiang,
na dscpire de Intodughe A Sonaians b sesgonsaliicade da ofesars D
Saarine Wagres,
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Extirmle il e Soriiolirane Mode [ (CBrga Rl 150,
ABSDT - Cobin Brasibeien o A0 @i ribrs & Maioing Chirsas, S50 OB, Srasl

BI1E - 08 Bty winbaisilinls &7 Surbiinlrayne Moo L (O hoalris: 1800
ABSTD - Okl Bresiban e ALDUrTE TS & Hackons Chinsis, AT CBA, Srasl
BI1E - 08 AOEpintes Ehls (Chrga hoeliis: 30h)
Ll g Mbdas Iagradns S Gersio, UNISE, Brasl.
BI1E - 08 Ersbsndiocilin & ILos Chiskorel & MTC. (Cange Fonirls: S50
P Eaades e Medcng Tredokysl Thing, FEMTT, EBiaiha
Doid - X4 Exctir el winbaailirls o CLren e Exielo Sepre ADOniSges MUlEsaplngr. [CEgs
Feslbris: 30
o Bn Linfetrsiciaie Pederal de Olmoes G Saloe o Forks segne, UFCEPA, Srasil.
Doid - X4 FerEmEnlEs O Bokygs Hobatilsn fa LT (Cams horife 1h).
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
Doid - X4 Ciets of SENQLE & Mabirial an Laboralves Chinion, (0 honife .
Eram e TS G Biarsiie o Aldee, 1TTEM, Bepsll
Doid - X4 Higirss ES Ml SaSsinnoal (Chngs Monkis: 1h).
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
Doid - X4 Higiee i Mle Aol nislrali=E. (Cags roriitE 1)
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
Doid - X4 Ciets of Hemoruitire (Cams horiie 1)L
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
Doid - X4 Trarslale O Moobols Feosl (Chga hoalils: L)
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
Doid - X4 A Imporlinds o Dlsgndd i Midekedhes et (Canga Modbiie: 1h).
Dram it Ermadils o Bt & P Aberl Bndisn, TEPAE, Sl
DA - 24 Tranamsnin - Capariacin s skl an CHE. [(Carga honbris: sh).
M Sevics, MOC, Bl
DS - X0y Erifectrdagil, (OO MorSas B
e il e ClrcEs, o ot Saidee, HCTA, Srecll.
oo k- - Eretenioc e § Circidsohs Exiracrrpdiis [Chgs horbrls: Gn.
Ereanciinks O Sants Chel o MiSesrdiilE O D Aegre, [9CHPE Bresl
oo k- - Farnacdogis di Abhaceribi & Med Riss Barter, (Casga il 31
Poadiim E-Lasiming Mebwork, [MERSA0 Baedll
oo k- - [ Cuirss o [ivedn i Garedbos & Bkl Huimand. (Canga Monkrls: &4
Uinwirshibrs: el of Mo Grarade oo S, A0S, Sesl
oo k- - B Mol of Exanciols s o Skl e (0an0E Forlas 3L
P ik STl i EROdo0ls Expariveails, FESEE, Bradll
Bl - 3l Exctir el winbassilirls T TReEeGE SO0, (TGS Porias S0l
Cianbrn Uiniwersibhres Mehwisis, 164, Sasl
Bl - 3l Exctirtils winbailirls o Siideks of Inferfes & PROe s Tradaiailbda (Cadgs
etk DR
Fuiiag i Linfeirticinke Redieral of Olroes d Sl e kD segne, LIFCEPA, Brasl.
Bl - 3l Wirhoghs. (CangE Monirle: 3h).
Cianbrn Uiniwersibhres Mehwisis, 164, Sasl
B0 - 00 Exctiyels: winaisitirls & W1 dovanis Aceeilnich o Eareadcing & 11 Simpdalo [Caega
el DO
Fuiiag i Linfeirticinke Redieral of Olroes d Sl e kD segne, LIFCEPA, Brasl.
B0 - 00 Téowes Habdghoas . (Chrgs orbrls: 4
Cianbrn Uiniwersibhres Mehwisis, 164, Sasl
B0 - 00 Pl il e T Tt (Chge Monkils: ).
Sl Brambern de Anbises Oinces, SBAD Bradll
B0 - 00 Exprtimirilbilo Animel. (Chgs horbrls: S
Cianbrn Uiniwersibhres Mehwisis, 164, Sasl
B0 - 00 Furdiine: Foeei o e DA (CaNgs Fonirle: Bi).
REnral Curses, BENOW, Srasl
o I i ] Paprotuio Homens, (Cangs horfnee A0
el Cirmosl SAMAVTT, Bral.
B0 - 00 CominsEenos & Lok de Crimes. [Caega hoelvils: 8L
REnral Curses, BENOW, Srasl
Ahuacao Profissional
Fundatho Uinhershdeds Fodaral &b Chincles da Seide de Porto Abegira, UFCSPA, Brasil.
WVincils inititis:lonal
BILE - M08 Winois ProfEser VSN EuiEETenE Fanoons Domidsn, Chega hirdes: 1
Dl rformag Do R B e A CHnhCaS & BN B O G O SR Tea o,

il Sl o Drateoaiioglo & Shoreaioiis Sob sesrordahiisce: (15 Peodesurs Deg.
S .
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vinoss: Sstigo Quecuier, Enguadnento Fnoonal: Saigo Cumader, Cags s
E

ESUAg0 n0 Laboratdnd Centasl 08 Anises Ohescas G Sante Cand 00 Conpiand Hogpialar
Lrmandixie Santa Casa 08 Musericteds de Porto Alegre, ALSCS0 nes Srass de Boguinge,

Coordenadoria Garsl de Yigilincia em Sebde. CGVS, Brasd

Vinculo irstitucional
2004 - 2015

Outram informagbe

Vinoul Sstigo Bavacamiader, Encuatanento Funcona: Estigo Btracarrcdy, Ciga
ok 30

Desempaino Ot Mivdades Lo & Eguge de Sarvigos, denco 70 recuneto ¢
crgantaclo de docurentalies 005 Saigos o8 Handteagls, Ladorantecs Oineces &
nainocs, e de Taooos Ocseres, Bande de CAuls ¢ Teons an g,
SCONPEVETErio N RONES & £S5 SerVIQLS, (rOantiacio 08 UGS e (sl & 00
Sstang fometaac; resiiagio de planifs, Hendrendis ¢ oficos; susuacso ¢ Danc
e dacks, vaits e Orgios pdOhns, promotonies, Conselnos de danse, resioacho de
e oo, entuCSo 0 Serwis M - ASNIENRTVS fos Shels O
sanana (sibax).

Projetos de extensdo

Infulnds G Polrnorfiams no Gane CRP nos Wives S&5cos g Proteing C Reatve e
Indviduos com Sobveeso & Olesidace

Descagice A cbesdade ¢ urma doengs SOMCE MUIDiioNS, Onunds 08 U DElRgD oSG
HIre O QNSUmO Alterdly EESEve ¢ O QESES db energla CroduUnds, QErandD altera)ies
Imunokdoeaes & flanetdoes N0 orgaEEne. EIns-Se gue e 2015, corcs de 23 Sendes
O pesons 180 solvedeso ¢ N0 mides chesdnde. AS 0eI0eSEs Cuscam em Idacso &
£5te CRI(et0, SE0UNAD & redaka A0 Sksterna Lnkco de Salde de 2008 a 010, Ao gastes
rocrsaianeis RS 35 DN de rels DOr 210 NO RRIaNeNtD ¢ Compioafies
derrveries 48 doerga. Sendd Sarr, O Melante SRU00 VB veslioe & rfiufings o
poirnartancs 60 gene 08P ros fivels sérioos de proteng C castha (MOR) an dhvidues
Con Strepess ¢ chesdnde. £ Ot Sdara mportines A e afascdo detes
Polcriancs, (oS & S MAUNCE pooe Wi B Caacerlny una Crd eSO gendncs
pare gevagho da concentvaglo séca de O, gue pooe Sy responsiver Doy um ived
Shewaly O S0 30 deservolimentn de chesdade.,

Stache Conchios; Nt Pty

AL envebads: Geaduacse: (1),

Integrartes. Cavoline 08 Araujo Saeroco - Coordenads [ Alesiancra Peres - Uitegrarte |
Febiana Guthard de Abve - Integante.

2014 - 214

Feiea 2e Saice 2014

Descaghe: rograme de Sxiaralo Nl oonaliadd de UFCSPA am parcera com © oty
O Porto Ajegre Lede desde 2002, Que vis deservober a0 extansionisies Jueo &
coeundace o Dstree Docente Assstencal (DOA) 00 Bt None Batacs . Esie rograns
Propkas 306 Slunos € profesones ervohidns s aglies e promogBo G saloe o &
conundace, O desenvohinets de Natiddes NumayEcas e vivinda ok, com ©
LA Ot VAeUicr 2 relagle antre ki, Pesciss & edenslo Este (rograme propde
s e, Orpanaadis et Dandss, Ot promogso b Salde pare Comeasiades das
00N 2N de POe Aede. AS agfies S0 Oversficads, Necscrinaes e 2igam
vl Sreis 00 CECTEnts, Wsandl O PtIs AUl & ol

Degrartes: Caruine de Ardu)e Samoc - Cooroenador [ Oarce s Borges - nteganee.
Projene Rondon Minsiden a Defesy

Descngice Rooonests 90 Congunio A (Cultse, Drefns Hunands ¢ 2sbos Eoucadio ¢
Saioe) de Operagle Catopld 1o Mk de Ve delingla (Mnes Garas) &0 Irojels
ROndon coordenads peao MOt da Defesa, perfaenco aege hodkea de 180 homes
Seade Conchide, N Bxteralo

Integyannes: Caroine de Aruio S2rocn - Cooroenadd | Qmute Gulane S -

Itegyarre.
Progete Roodky) LSCSAR
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Descngho Partopagio d2 aguipe 40 Mo ROn0on LFCSPA e atvidade vangace fo
s de Caplio da Canoe, Sividade Com Crge hoarsa Oe 12 horas (2430/2004).
Qo Conchsion Mtree: Bxtealo.

Integyarees: Carchne d¢ Arsu)o SR - Coordenadts [ Oaute Gulianc 24 -
Integyarie.

Ivojeto Rondon UDESC

Descngle: Oparacio Vandeie Aves - Ot Deid Nooe Edersionesta Rondon
INEPROEXIDEST ot munidos gue compde &5 Saretarias 0o Desernohvinments
Regonass de Canoindass, Mata ¢ Sul O Perand, 10020 1M foras Oe avidades.
Suadic Conoiuide, N Exteaalo.

Imeyarres: Carolne 08 Araulo Seroc - Comrdenadtr / Attt Badane Sants -
Imegane.

Desevohamento de um Barco 08 Inagens na Am 3 Ofnas O Ammets de Labonidno
Yoo Caticad) peoda ) Coordenacna) Fanands Sasi oe Mallo e 28/12/2004
Descaghce Propor & CagBo de un SStera O MMagens IeEaonads 306 2/Anas o8
orandno (Sanco de Sragens « UFCSIR), an pletafonma wed, Sosabiando &

ol rerfacio 00 METS Conm fols ¢ Fmagers reaiuacds fos SOt da UFCSPA,
IEQSEEO0 O COTPROraments des espdoies e QuestBo, Sdm dy Cagse a U e
Bt s stakerfes 08 Nt petid & avalacio db Sl evohugho. Al duso,
Peraetid & NS0 Gt urs hande de oS Que Jermilvh thad soesse & utizagie en
Antienis Wil o Agrercliagen (Moode) & Wa e rdpdo.

Integrarees: Caroline de Aruis SReocs - Integrants / Femands Basios Melo -
Coorderay .

Grandis Sren. Ofncias da Sa00e | Are Medana | Subdean: A0S bes o,
Crmnce Sees. Ofnaias de Saloe [ Arer Medare | Subdeen: Tatokogse.

Crance Sren: Odnaias de Salon | Arer: Mediane | Suidren: BRoogie Molecdar,
Crande Seen: Ofncias da Salon | Avar Medans | Subdren: MEDOCING CINESA.

Comgretnde Pesosvetments, Fua Raavemede, L Ransvelnats, Ssoreve
Resoavelnente.

Comgremnde Resodwaments, Fre Raorvameris, LE laxoevelinante, Saveve
atevelents.

Compreande Ben, Fala bar, LE Ben, Esceve Ben,

Destague om ¢ Baleno “Axsiacse 00s nivels o¢ L5 ¢ TNFATS e Romens ¢ Muheres
oen Difereries Nivess e Alhidade Foea” na | Mostrs de Trabalios de Bnsiog, Mesguiss &
Edenalo G URCSPA, LFCSPA.

Margio de STpremdaintuns - Maing Tatello o Gerend amerto Laborstore -
Empres “Caedas®, Uiversidade Fadens de Ofnaes da Sadoe oe e Alare.
Destage ne LI Senars Acolncs ds LFCSPA com ¢ Dataino "Desernvoviments e um
Banco ok Imagens ne Ares G Ofnca O Antnas Ge Laboradde”, Uiiversidace Fadeas Oe
Onias da Sadde de fonto Aege

Destague na Ctegeria becagso & DoclngGa & a e de Ensing com o tabaine:
Desevohanento o8 um Bnce de bnagens na A s Ol de ANmass 08 Labontdno,
Universidaoe Sedaral oe Ofncas 0 Saioe o Porto degre - 1 Senana Acaolivica de
UFCEM,

Manor Agresariacso Oral, con 0 rataht “Desarvubaments O um B de nagens na
Ofinca de Arrats e Labomtdyier’, Shnpdsio da Uge Acaolencs Ot BLCGS an Sadoe,
Unfversidaoe Federal de Godls (Ooiinia)

Destage no VI S50 Se Iniasgio Oentiia e Eaeralo e | Mostra ca s Gradbagio com
0 rabahe A Salce na Escols Araves de Soaseguangs”, Cantrn Lkveruitiro Metods
oA
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Producdes

Producio Sibliografica

Artigos completos publicados em periédicos

Ordearar por
Ordem Cronoldgca v

1 w DALLA COSYA, £, 0 LAZZAINE L C O, ; PEZDOWO, PP OIAZ C A ;SMES £ S ;COSTAa, L L ;
MIBERO, AW, ; BARROCO, C. ; SOHUH, S ). DA SILVA PEREIRA ML A | DLAS, C F, | GOMES, w. M, UNE, G ZanAs,
A ALMEIDA DA SILVA P E. ; SUFPYS, 2. N ROSSETTT, M. L I . Mycctactenum bbercdoss of De FOM Ganctype s
the Predominant Case of TUDercuboRs and Assocated wil Mulianyg Resistance I orto Akagee Oy, South el
JOURNAL OF QUINICAL MICROEMLOGY KR . S8, p. 0710007, 20035

Cllaghex: 10 s itwis 2 | BCUPUS 14

e Ro00, € s G

1 C. Andhses Qs DA, [agessentagSo O TrabaireyConfelingy cu pekesdia).

SARROCO, C; TAGLUIARL, C ; SHADTA A, LINOEN, L | SIUNZ E ; NOTTY, & ; LAZZARETTL, K MATTEVL V. 5.,
AeuiaZdo gt Mo iarncs e Gents Ermvovidon (8 FEmacooniias 3 Teapa AT eovi e Indviduos Vivendo o
BV, 207 (ApresentagSe O¢ TrabelhoyOute),

BARROCO, C. ACpufise priica da Meaoona Odenis, 2007, (Apreseniagso 0o TradainoConfernd a ou poesta).
BARROCO, C A, ASREL, F. G ; QOLATO, A S ; MEDETROE, N, S, ; FISGENBALM, M. | PERES A . helagSo 40
POOrEns 4 RSO T do gane TASIREE o Ndce St mastsy crpondl, pescentl O Qondurs, L melahBon edal &
e SNUCPOmMENCEs e Pviduos obesos, 2015 & TrabahoyOura)

BARROCO, C A; MELLO, F. & . Bards de Imagers 7@ Ares ds Ofncia 0o Antnss 06 Laloratdrio, 2015 (Adresentaio oe
TaatelngyOutia).

BARROCO, C A, MELLO, F. & . Barwo de Imagers Assocaco & Ofnas de Ansmass o Latorstdno Contribundo para ¢
Ening. 2015, (Rpreserdagio de Tabaihg ' Outra). i

BARROCO, C A, MELLD, F. & . Desevavimento de un Sanco de Inagens na Ams da Oinca G Anknals de Labonting,
2024, (Agresertaio o Trabal holongresc).

BARROCO, C A, MELLO, F & , DANTAS, A . Avaluation of Sffects on Rt Sernity of Essersia OF of Oniganum marmna.
2034, (Agresentacio O Traba ho longressc).

BARROCO, C A, MELLO, K & . DesevohAnento de um Sanco de Inagens na Ans da Ofnds de Anknats de Labondro,
2034, {Agresentaglo oe Trabal oy Simpdaio).

BARROCO, C A; BICA C 4., BORGES, F C . eogess Pondon: Oparagio Catopd: & Formadio Adlimia Maks
Comeduaitaads 2014, {(Agresetacio de Trabal hofOutra).

BARROCO, C A MELLO, F. & . Desevihvimento de um Banco de Inagens na Anss da Ofnds de Anknats de Labondro,
2034, (Agresentaglo de Traba hofOutra).

BARROCO, C A, MELLO, F. & ; DANTAS, A . Svaluation of fertiity In rons bested wih) Afeert concentetons of
Organum mapeans exsental ob. 2014, (Apresenacio de Tratelnoy/Synpisic ).

BARROCO, C A, MELLD, £ 8 Boupamerdos ¢ [rstalacies pare Sotdros, 2003, (Apresentacio de TrataihoyConferdnca
Ou pelkestya).

BARROCO, C A, MELLO, & &, . Desevohanento de um Sanco de Inagens na A da Ofnds de Anknas de Labondra,
2013, (Apresentaclo de Trabaho)Outra).

BARROCO, C A, COSTA E AL D, . OestritusgS0 Q0 Gendepo RO enire Cepas de Mycodadieriur Lheciiost

COrBCley izt COno LAM no S 20 Brast, 20120, (Agresentaclo ge TrataihoyOute).

BARROCO, C A; M0, C G, . A Salde na Escole Araves O ScaseguranGe. 2002 (Aresentaght de Trabano/Oure).
BARROCO, C A.; COSTA, £ L D, . Oestritesion of RDMO Gertype Bebwats’ Latin Aty Mexiies i Characser e
N Yubercutosis Strains i Socthern Bramt, 2011 (AoresentaSo de Trabaho/Oura)

BARROCO, C A, STREIT, ., vEEER L C . Doena de Hunengion: Seces Gendtos ¢ Moletudar, 2011, (Agresentacho de
Tty Outsa).

BARROCO, C A, COSTA E L 0. . Prevadnca de Coses RORG arn Lm 8 pooulagso de M, Ltercdods e #o Gande 0o
S 201, (ApresentacSo de TranalhoySemndng).

I S
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Producho técnica

Redes sociais, websites ¢ blogs
1 BARROCO, C A, NELLO, F. & . Bando e Imagers Byrocs. 2014 Teme: Sao oe Imagens da Onds de Anknas de
Laborstdnic, (She)

Desnais tpes de produhs 18asice
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Eventos

Partcipecho eon avenics, congrasscs, dxposicies ¢ fulres

NP P opp pp

BE¥ BE HEEBES RER B ORE R E BT "

12% Encontrt HORSICD Besiern, 2018, (Encontro).

350 Samana Oentifics G0 ROPA Ssag8e 00 polimaniame + ES0T do gane TASIAES no lndce de mass o,
pecertal O SUrours, Tl Melah s Desdl ¢ M Sooondinas e Ndvduds cbess, XS (Outra).
ALSREaS0 em SOt “Divaradade Genddea ¢ Sugentams: ASperys DolSus ¢ ukdees”, 2015, (Outsa),

| Congresso Mundial e Medcris Nethas Tradcnats & doss roegathas e Salce e da | Conderdnga Acaolomee
Intsevaconal China-Brasll 08 Adguntus ¢ Madcne Ohwnesa, 2018, (Congressc),

13% Congresso da Sooecace Bradiel® ¢ 2¥ Encinmro Latne Ameriano e Ofncl e Avinas o Laborathie

Deserval vimento de um Banco de lmagers ne Aes da Ofnca Os Andnas de Latoadne. 2034, (Congresso).

Congresso Basdieto de Fenatoigle, Henctenagee ¢ Tampa Ceuar, 2014, (Congresac).

Sepdaio da Lgs ASmca 08 SOagE0 e Saae. Desevahviments 08 Um 2000 de Inagens na Aws da O oe
AnkTas Oe Laborattnn. 2014, (Sivpde)

Abairagio en S0 MUCAS - Quiss Serar Of MEcdyes Horats No dehate Solre & exerveniacho aoene’, 2003
(Octra).

Eoeascs, N Gna, 1@ mesd, 10 Dy - Compusdes - Lga 0¢ Puguietea ¢ Saooe Metsl LFCS, 23, (Oute).

L Congresso Latnd- Americand de Pessilncis Moobiana, X S Encontro de Contraie de InfecgSo & v Jomads Gabone oe
Antymioaniancs. 2003 (Congresso).

11 Semana Aras 4 UFCSPA Desevaninents de i Sanco de Snagens 28 Ams ax Ofncs o Animess o Labossdoa
2013, (Ousra),

BOasegurangs en ACouoturs - 1 Jomads Interracons de Aoountyn Tradoonsl ¢ Mooane 38 AROMAL 2012

(Congresso)
[ Semara Acaolmecs 8 URCSIMA X002 2012, (Oura),
hogtes de Coametaope Chiness « | Jomads nteenaconl Ot AQOUEs Tradooral ¢ MooaTe 4o ARIOMAL X1l

(Congressc)

viocas Coporas Ust Gong am 18 - | Xrnads Iitesracos de Acquntan Tadcoons ¢ Mooens ) ANOMAC 2012,
(Congressc)

VI Selo de Irecagio Cantifcs ¢ el PAA Sadoe e Eoos Arawds o Soseguanca X012, (Outra)

XU Congresso Basliedd & | Intarvadons de Somadsona. 2012, (Congresso).

£ Semndno Certifico & Tanoigo - FEPPS ivevaiings de Coapas RDMO am uma Popuiacsio 0 MADerQsoss 0o o
Grande o S 2011, (Oura),

IV Semvane AN 00 Qursd 0 Bomedans 20 A, J011. (Oura).

I Servane ACONTEE 00 Qs de Bomadicine &0 PA, 2051, (Oura).

Smpdsio de Infergies en Paoentes Traogantads - URCSPA ¢ Sants Casa 2011, (Simpdeo).

Smpdaio Intemaconal oe TuDer oo Avengos ¢ Desafos no SE0so 00 - Rl 2011, (Sevpdsao)

V1 5280 Ge Intcaglo Oentiics ¢ Eaenalo 00 1M DSy Ruion of RO Gerotype Setweats LALN-Aer G Medie e
Cravateyad M. bercubosts Srains n Southern Srad, 2001, (Oua).

VI S0 de Inloagho Oentiica ¢ Exterslo 00 1P DOsrgE 3 Hurangion: Bases Gandicas & Mowecsaes. 2011, {Oure).
KOV Reunido Anual ca Federagio Oe SoCe®S Ot Ba0ga E ety - FeSSE DErbuic 0o Gandiioo R ente
Copa e MyZotacierium DoerCuboss Carnderizades Qoo LAM no S 00 Brasl. 2011 (Encontro).

1° Snpdeo de Andises Cisios Se St Oy 2000, (Sanpdad).

11 Sesvana Acaclrica 00 Qurse Oe Bomatone o a, 2010, (Outra).

VI Jarraxis Acaclinics de Sormeadona & Il Smpdeio de Bomedana. 2030, (Sepdao).

%

Dutros projetos
2015 - 2018 Desevohinents de U Birco de Inagens (a Ares da Ofnds 0e A de Laboratislo

Mojeto Catfcac: peiida) cocedenackns) Fanands Sasios e Mello ere 28)12/200a
Descaghcc ropor & Criagho O urs SRaa 08 NG ISRcONadss 206 S78Tes o8
Aborandno (Sanco O INagens « UFCSIR), e plalafonma wed, Sosaiando &

o rer a0 G0 MG Com s @ Blages restaacs roe Sotirios da LFECSPa,
g0 O COMPOraments dis epdoes an guestio, Sdm da clagio a8 U Qo
Sy des nstalates 08 Fcho, peetnGO B avalacho db S evoluCio, Aldn dsso,
Pereptyd & Cagio b ure hando Ot Sa0os Que permited thal acesen & UBRZACSe en
Arnents Wi de Agrercizagen (Moodie] & Wa s Jefpeo.

Stacio Conoson; Nansee: Ouwra

Auncs envoiids: GeacsacSe: (1).

Integrortes. Carotye 08 Arso Serocs - Integrands § Fermanda Basos Melks -
Coordenady .
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