Universidade Federal de Pernambuco
Centro de Biociéncias

Programa de Pds-Graduacdo em Genética

ANSELMO JIRO KAMADA

Variantes em genes codificantes da imunidade inata na
susceptibilidade a transmissdo materno-infantil do virus da
Imunodeficiéncia Humana Tipo 1 (HIV-1) e progresséao a

Sindrome da Imunodeficiéncia Adquirida (AIDS)

Recife
2017



ANSELMO JIRO KAMADA

Variantes em genes codificantes da imunidade inata na
susceptibilidade a transmissdo materno-infantil do virus da
Imunodeficiéncia Humana Tipo 1 (HIV-1) e progressao a

Sindrome da Imunodeficiéncia Adquirida (AIDS)

Tese de Doutorado apresentada ao Programa de
Pos-Graduacdo em Genética da Universidade
Federal de Pernambuco como parte dos requisitos
exigidos para obtencdo do titulo de Doutor em

Genética.

Orientador: Prof. Dr. Sergio Crovella

Recife
2017



Catalogacao na Fonte:
Bibliotecario Bruno Marcio Gouveia, CRB-4/1788

Kamada, Anselmo Jiro

Variantes em genes codificantes da imunidade inata na susceptibilidade
transmissdo materno-infantil do virus da Imunodeficiéncia Humana Tipo 1 (HIV-1)

progressao a Sindrome da Imunodeficiéncia Adquirida (AIDS) / Anselmo Jiro Kamada.

2017.
123 f. :il.
Orientador: Sergio Crovella
Tese (doutorado) — Universidade Federal de Pernambuco. Centro de

Biociéncias. Pés-graduacdo em Genética, Recife, 2017.
Inclui referéncias e anexos

1. HIV (Virus) 2. Transmissdo da AIDS |. Crovella, Sergio (orientador) II.
Titulo.

616.9792 CDD (22.ed.) UFPE/CB-2017-571




ANSELMO JIRO KAMADA

Variantes em genes codificantes da imunidade inata na susceptibilidade a

transmissdo materno-infantil do virus da Imunodeficiéncia Humana Tipo 1

(HIV-1) e progresséo a Sindrome da Imunodeficiéncia Adquirida (AIDS)

Tese apresentada ao Programa
de Pés-Graduacdo em Genética,
Area de concentracdo Genética,

Aprovado em: 30/08/2017 da Universidade Federal de
Pernambuco como  requisito
parcial para obtencdo do titulo de
Doutor em Genética.

BANCA EXAMINADORA

Dr. Sergio Crovella
Universidade Federal de Pernambuco

Dr. Luiz Claudio Arraes de Alencar

Instituto de Medicina Integral Professor Fernando Figueira

Dr. Paulo Roberto Eleutério de Souza
Universidade Federal Rural de Pernambuco

Dr. Marcos André Cavalcanti Bezerra
Universidade Federal de Pernambuco

Dr. Will de Barros Pita
Universidade Federal de Pernambuco



AGRADECIMENTOS

Aos meus pais Antonio e Hiroko pelos exemplos que déo de apoio, dedicagéo
e confiancga, principalmente nos momentos de dificuldade;

Ao meu orientador Sergio Crovella, pela amizade, entusiasmo e confianca
depositada, com quem posso contar pelo suporte incondicional;

A Lucas, Rafael e Ronald, principalmente pela parceria no meu periodo em
Trieste, tornando o trabalho diario mais leve e com bom humor;

Aos amigos do grupo de Imunogenética da UFRGS, Prof. Zeca, Francis,
Maria, Rubia, Jacque, Rafael Michita, Priscila, Eriza e Tiago Veit pela amizade e
colaboragcéo no meu periodo em Porto Alegre;

Aos amigos de Trieste, Paola, Luisa, Fulvio, Karla, Serena, Giulia e Federica
pelo 6timo convivio no laboratério, aprendizado e paciéncia com meus
experimentos;

Aos amigos do Grupo de PatGen (Paula Sandrin, Ronaldo Celerino, Jaqueline
Azevédo, Heidi e demais membros) pela amizade, profissionalismo e compartilharem
o conhecimento durante este periodo de convivio;

Aos amigos que levo desde a graduacdo em Ciéncias Bioldgicas: Vitor,
Antonio, Mailton, Kézia, Caio, Edvaldo e Rafael, com o0s quais posso contar sempre
e me conhecem mais do que ninguém;

Aos meus compadres e amigos de longa data Raphael, Daniel, Joaquim,
Jorge e Anninha pelo companheirismo e apoio em todos 0s momentos;

A todos que contribuiram direta ou indiretamente para a realizacdo deste

trabalho.



RESUMO

A transmissdo materno infantil (TMI) do virus da imunodeficiéncia humana (HIV-1)
representa um problema de salde publica mundial, principalmente pela alta
morbidade e mortalidade associada a infec¢do neonatal, atingindo cerca de 150 mil
neonatos/ano. Diversos componentes do sistema imune sdo conhecidos na protecéo
a transmisséao horizontal do HIV-1, no entanto o impacto de fatores imunes atuando
na interface materno-infantil ainda ndo est4 bem esclarecida. Neste contexto, a tese
investigou o envolvimento de genes candidatos do sistema imune inato na protecao
a TMI (na gestacdo, parto e amamentacdo) em uma coorte da Zambia (101
gestantes infectadas e 331 filhos nascidos de mées infectadas), e complementou
com uma analise em coortes de progressdo infantil associada a infeccédo e a
sindrome da imunodeficiéncia adquirida (AIDS) adulta. O primeiro capitulo da tese
focou em polimorfismos situados no gene codificante da teterina (BST2) pela sua
funcdo na retencao viral e sinalizacdo da resposta adaptativa; enquanto o segundo
capitulo avaliou polimorfismos em genes da Lactoferrina (LTF), B defensina 1
(DEFB1) e Perforina (PRF1), pelo envolvimento destes componentes na resposta
antiviral inicial. O alelo rs9576A BST2 e os genotipos c.*87A/A DEFB1 e ¢.900C/T
PRF1 nos neonatos estavam associados a protecdo durante a TMI por
amamentacao, enquanto o genotipo rs919266GA BST2 contribuiu na rapida
progressdo a AIDS nos adultos. Embora estes marcadores genéticos sejam
preliminares, a investigagdo da imunidade inata poderia viabilizar solucdes

terapéuticas a populacdes tao vulneraveis a epidemia do HIV-1.

Palavras-chave: HIV-1. SNPs. BST2. LTF. DEFB1. PRF1.



ABSTRACT

Mother-to-child transmission (MTCT) of Human immunedeficiency virus type 1 (HIV-
1) is a major global health issue due to high morbidity and mortality associated to
neonatal infection, leading to approximately 150.000 neonatal infections/year. Host
immune factors have been well described during HIV-1 horizontal transmission,
although their role during MTCT is still underestimated. This thesis described the role
of innate immune gene candidates in MTCT (intrauterine, intrapartum and
postpartum) in a cohort of Zambia (101 HIV-1+ pregnant women e 331 infected
infants), with additional analysis in a HIV-1 pediatric disease cohort and a adult
acquired immunedeficiency syndrome (AIDS) progression cohort. The first chapter
described the role of Tetherin coding gene (BST2) single nucleotide polymorphisms
(SNPs) in risk to MTCT; while the second chapter described the role of Lactoferrin
(LTF), B defensin 1 (DEFB1) e Perforin (PRF1) coding genes in risk to MTCT.
rs9576A BST2 allele and c.*87A/A DEFB1 e c.900C/T PRF1 neonatal genotypes
were associated with neonatal protection during breastfeeding, while rs919266GA
BST2 genotype was associated with rapid progression adult AIDS. Despite these
genetic markers are still preliminary, the understanding of innate immune factors
during MTCT should provide support to therapeutic development to vulnerable

groups affected by neonatal HIV-1 infection.

Key words: HIV-1. SNPs. BST2. LTF. DEFB1. PRF1.
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1 INTRODUCAO

A infeccdo pelo virus da imunodeficiéncia humana tipo 1 (HIV-1) constitui um
desafio de saude publica global, afetando principalmente populacfes desassistidas
por métodos preventivos e de terapia antirretroviral (TAR) em paises
subdesenvolvidos, nos quais a transmissdo materno-infantil do HIV-1 (TMI) ainda
tem persistido. Ensaios clinicos tém apontado que na auséncia de TAR, a
amamentacdo exclusiva de curta duracdo apresenta maiores indices de
sobrevivéncia neonatal e menor taxa de TMI comparada ao aleitamento combinado
a foérmulas nutricionais, destacando as fung¢des benéficas de componentes
nutricionais e/ou imunes especificos da interface materno-infantil, mesmo com o
risco de morbidade e mortalidade associada a infec¢cdo neonatal.

A estimativa de que 75-80% dos neonatos n&do sao infectados pelo HIV-1
mesmo com alta carga viral materna durante a gestacdo, indica que fatores
intrinsecos do hospedeiro atuem na protecdo a TMI. Neste contexto, a identificacédo
dos principais mecanismos imunes tem sido promissor porém incipiente, seja por
modelos experimentais in vitro/in vivo limitados quanto a reproducao do ambiente de
mucosas e populacbes celulares locais ou por dificuldades inerentes ao
acompanhamento e amostragem de neonatos infectados e gestantes ndo-tratadas.

O estudo de variantes genéticas envolvidas na resposta imune diferencial do
hospedeiro a infeccdo pelo HIV-1 poderia indicar fatores protetivos durante a TMI.
Diversos alelos de protecdo a transmissao horizontal e progressédo a AIDS ja foram
descritos, no entanto o impacto de alelos como o CCR5-A32, tem sido restrito
principalmente pela sua frequéncia maior em populacdes menos afetadas pela
epidemia (entre europeus e norte-africanos). Neste sentido, a investigacdo do
background genético na susceptibilidade a TMI em popula¢cdes mais atingidas (por
ex., provenientes da por¢cdo central e sul africana) ainda tem sido subestimada, e
poderia auxiliar na elaboracdo de estratégias especificas a grupos mais vulneraveis
aos efeitos da epidemia pelo HIV-1.

Desta forma, a tese visou investigar fatores imunogenéticos envolvidos na
susceptibilidade a transmissdo materno-infantii do HIV-1 (na gestacdo, parto e
amamentacdo) em uma coorte de gestantes provenientes da Zambia que

participaram do ensaio clinico de aleitamento exclusivo de curta duragao.
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2 REVISAO BIBLIOGRAFICA

2.1 EPIDEMIOLOGIA DA INFECCAO PELO VIRUS DA IMUNODEFICIENCIA
TIPO 1 (HIV-1) ENTRE ADULTOS E CRIANCAS/JOVENS

A infeccdo pelo virus da imunodeficiéncia tipo 1 (HIV-1) constitui um dos
principais desafios globais de salude publica, visto que desde sua descoberta na
década de 80, aproximadamente 35 milhdes de mortes foram associadas a
sindrome da imunodeficiéncia adquirida (AIDS) causada pelo virus. O impacto da
infeccdo em recém nascidos na auséncia de tratamento ainda € mais dramatico,
levando um terco dos recém infectados a ébito ja no primeiro ano de vida, enquanto
metade dos infectados morrem ja no segundo ano, de acordo com o Programa de
HIV/AIDS das Nacdes Unidas (UNAIDS/WHO, 2016).

Atualmente, estima-se que 36.7 milhdes de individuos convivem com o HIV-1,
nos quais 1.8 milhdes sédo criancas/jovens (0 a 14 anos) infectados majoritariamente
por transmissdo materno infantil (TMI). No ano de 2015, dentre as 2.1 milhdes de
novas infecc¢des (Fig.1) e 1.1 milh&o de ébitos no mundo, 150 mil novas infeccdes e

110 mil 6bitos foram entre criancas/jovens (UNAIDS, 2016).

Figura 1 — Propor¢cdo de individuos de popula¢cBes chave infectados e numero total estimado de
individuos infectados pelo HIV-1 por regido somente no ano de 2015, totalizando 2.1 (1.8 - 2.4)
milhdes no mundo.
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Autor: Relatorio GAP report UNAIDS (2016).
A reducdo de custos de testes diagndsticos e maior acesso a terapia

antirretroviral (TAR); e cobertura de programas nacionais e internacionais de
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prevencdo contribuiram na reducdo de novas infec¢des pelo HIV-1 e de mortes
associadas a AIDS entre adultos e jovens. Neste sentido, a diminuicdo da taxa de
TMI de 25.8% (2009) para 16% (2013) em paises prioritarios (21 paises da Africa
subsaariana com 85% de casos no mundo de TMI) tem sido influenciada pelo
aumento no numero de gestantes com aconselhamento e testes diagndsticos (de
26% para 44% entre 2009 a 2013)(UNAIDS/WHO, 2014).

Riscos atribuidos a TMI ainda tém persistido, principalmente quando do total de
1.3 milhdes de gestantes infectadas pelo HIV-1 em 2015, 300 mil partos ainda foram
realizados na auséncia de terapia antirretroviral durante a gestacdo. Além disso, o
namero total de novas infec¢des entre mulheres na idade reprodutiva (15 a 49 anos)
reduziu somente 2% nos ultimos cinco anos em todo o mundo, e os indices de
abandono ao tratamento tem sido alto durante a gestacdo e amamentacao,
principalmente em paises prioritarios (UNAIDS/WHO, 2016).

2.1.1 Epidemiologia da infecc&o pelo virus da imunodeficiéncia tipo 1 (HIV-1) e
AIDS no Brasil

Foram registrados no Brasil desde a primeira notificacdo em 1983 até junho de
2013, cerca de 686 mil casos de AIDS e 278 mil mortes associadas a infeccéo pelo
HIV-1, representando um terco dos casos de AIDS em toda a América Latina
(UNAIDS/WHO, 2014). Diferentemente dos paises prioritarios na Africa, a
prevaléncia do HIV-1 entre populacbes-chave no Brasil € maior, representados
particularmente entre homens que fazem sexo com homens (HSH)(10.5%),
profissionais do sexo (4.9%), pessoas que usam drogas (> 18 anos) (5.9%),

enquanto na populacao entre 18 a 49 anos € de cerca de 0.4% (UNAIDS, 2015).

A politica prioritaria do Departamento de IST, AIDS e Hepatites Virais (Min. da
Saude) com a distribuicdo gratuita de medicamentos antirretrovirais pelo Sistema
Unico de Saude desde 1996, destacou o Brasil entre paises em desenvolvimento,
apresentando em 2015 cerca de 87% de individuos convivendo com HIV-1
diagnosticados, no qual 64% estavam sob TAR (média mundial 46%) e destes 90%

apresentaram carga viral suprimida (UNAIDS/WHO, 2014).

O cenario epidemiolégico do HIV-1 no Brasil, representado atualmente por

cerca de 734 mil individuos infectados, é considerado estavel em virtude de
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deteccBes em taxas constante com média de 20,4 casos/100 mil habitantes na
maioria dos estados nos ultimos cinco anos. No entanto, uma maior concentracao
tem sido apresentada em estados “hot spots” como Amazonas e Rio Grande do Sul,
0s quais tiveram respectivamente quase o dobro do nimero de casos de AIDS (37,4
e 41,3/100 mil hab.) e de morte associadas a infec¢do (8,7 e 11,2/100 mil hab.) em

relacdo a média nacional em 2013 (Fig. 2).

Figura 2 - a) Nimero de casos de AIDS no Brasil; b) nimero de 6bitos relacionados a AIDS a cada
100 mil habitantes em 2014.

a) b)

Autor: Ministério da Saude ( 2014).

2.2 MECANISMOS DE ENTRADA CELULAR E TRANSMISSAO A PARTIR DE
CELULAS-ALVO DO ViRUS DA IMUNODEFICIENCIA TIPO 1 (HIV-1)

O HIV-1 é um membro da familia Lentiviridae constituido por duas cépias
idénticas de RNA gendmico (com cerca de 9749 nucleotideos) inseridas em
capsideo protéico, o qual é envolvido por um envelope externo de origem
membranar do hospedeiro. Seu genoma codifica nove dominios poliprotéicos, que
necessitam ser clivados proteoliticamente para dar origem ao repertério total de 15
proteinas (Fig. 3a), com funcdes especificas em seu ciclo viral (Fig. 3b): Env e Gag
compBem estruturas do envelope e capsideo; Pol regula a retrotranscricdo e
integracdo do genoma viral; Tat e Rev regulam a transcricdo e traducdo dos
produtos virais; e Vif, Nef, Vpr e Vpu/Vpx desempenham funcbes acessorias na

evasao ao sistema imune.
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Figura 3 — a) Descricao das regides codificantes e proteinas virais; e sua posic¢ao relativa no genoma
do HIV-1. b) Representacao esquematica das etapas da infec¢éo pelo HIV-1

~ & ¢ $ SIEHF & &S
a g% 1 tat :
§ S‘ 1 R[]l:.]JS MAI g:g "N! 6 i | ) L)
5% 3 =} pol | | vpr | env | ;
§ ; PR RT RNase IN SP gp120 gp41
u T T T T v -y

&
7
g,
Stee
9
¥,
.
8,

b)

Ligagédo

. o~

TUEW SOALACAAA

Tradugéo

\_/\/ Entrada do
./\J ——_provirus
~
Exportagdo
de RNA

Fusédo
; Transcrigdo j\) ; Rev

Reversa \/\./ A /

P An
Imegracao

Transcrlcéo

R % ,D;snudamen! m W 9\’\/

Provirus

i

A ligacdo da glicoproteina de envelope gpl20 a receptores CD4 e o

Autor: Mario Stevenson (2003).

ancoramento da subunidade gp41 a receptores de quimiocinas CCR-5 ou CXCR-4,
sd0 essenciais para a entrada do virus a diversas células-alvo do sistema imune, no
gual populacdes de linfocitos T auxiliares (CD4+) sdo alvos preferenciais, pela sua
alta densidade de receptores CD4+ e permissividade maior a replicacao viral.
Embora linfocitos CD4+ de memoria imaturos sejam infectados com maior
frequencia nas mucosas, a expansao da replicacdo ocorre majoritariamente em
linfocitos CD4+ ativados (Fig. 4 frequéncia de 1:70 linfécitos imaturos) nos sitios

iniciais de transmisséo (Haase, 2010; Saba et al., 2010).

Células apresentadoras de antigenos (APCs) como macréfagos e células
dendriticas (DCs) apresentam menor producdo viral e sdo menos frequentes que
linfocitos CD4+ residentes (1:4 e 1:5, respectivamente), no entanto apresentam alta
transmissao célula-a-célula a linfocitos CD4+ na lamina propria e linfonodos locais
(Saba et al., 2010; Moir et al., 2011). Células dendriticas especializadas que se
situam entre epitelidcitos, conhecidas como células de Langerhans, desempenham

papel essencial no estabelecimento da infec¢do, pela capacidade de captura viral
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através de processos membranares ao limen da mucosa e adesao viral por meio de

ligacdo a gp120 por lectinas de membrana DC-SIGN (Hladik et al., 2007).

Figura 4 — Estabelecimento da infec¢éo nos sitios iniciais de entrada do HIV-1 e seus alvos celulares.
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Evidéncias recentes tém revelado que a eficiéncia na entrada viral durante a
transmissao célula-a-célula, € cerca de 10 a 1000 vezes maior em comparacdo a
transmissao por virions (particulas virais) livres, por meio de estruturas conhecidas
como sinapses virais. As sinapses aumentam a transmissdo simultanea do HIV-1
através de agrupamentos numerosos (clusters) de Env ligados a receptores CD4+,
sendo estabilizados por moléculas de adesdo LFA-1 e seus receptores ICAM-
1,3(Anderson, 2014). A migracao de células infectadas a 6rgaos linfoides distais ao
sitio inicial de transmissdo potencializaria ainda mais os efeitos patogénicos da
transmissao celular, pela abundancia e contato intimo entre células-alvo locais
(Alvarez et al., 2014; Galloway et al., 2015).

2.3 PROGRESSAO CLINICA E PATOGENESE DA INFECCAO PELO HIV-1

Os mecanismos patogénicos do HIV-1 tém sido atribuido majoritariamente a
efeitos diretos da deplecdo de linfécitos T-CD4+/CD8+, e mais recentemente,
inimeros efeitos indiretos (bystander) induzidos por mecanismos inflamatérias e
apoptose de células ndo-infectadas foram identificados (Haase, 2010; Iwasaki, 2012;

Stevenson, 2003). Na auséncia de intervencdo terapéutica, sintomas e sinais
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clinicos caracteristicos resultantes desta interacdo virus-hospedeiro foram
classificados em trés fases clinicas distintas (fase aguda, cronica e sindrome da
imunodeficiéncia adquirida) para facilitar o reconhecimento do grau de progresséo
da infeccéo pelo HIV-1 (Fig.5)(Moir et al., 2011).

Figura 5 - Progresséao clinica natural (na auséncia de tratamento) da infeccéo pelo HIV-1. As etapas
chaves no estabelecimento da infecgdo com possiveis alvos para intervencado terapéutica estao
enumeradas: 1) Baixo fitness do HIV-1 e entrada nas primeiras células-alvo; 2) Fase ascendente de
proliferacéo viral; 3) Contencéo parcial da infecgdo por resposta imune celular; 4) Ativagdo imune
crbnica.

100% ! Ativacao imunologica

4
CD4+ circulantes

AlH 801

50% 3
Viremia

CD4+ de mucosas

1

Aguda Crénica AIDS
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A fase aguda ou primaria da infeccdo é o periodo de estabelecimento da
infeccéo viral, apresentando um crescimento rapido da proliferacéo viral e deplecao
de linfocitos nas mucosas, circulacao e orgaos linfoides distais (como tecido linfoide
associado a trato gastro-intestinal (GALT), baco e timo), sendo controlado
parcialmente pela imunidade mediada por linfocitos CD8+/CD4+, através de
atividade citotéxica a células infectadas e producdo de anticorpos anti-HIV-1
(McMichael et al., 2009; Mogensen et al., 2010). Esta fase pode compreender seis
semanas pos-exposicdo, de forma assintomatica ou com sindrome retroviral aguda,
caracterizada por febre, linfoadenopatia, e sintomas secundarios como dores

musculares, rash cutaneo e diarréia (Kahn e Walker, 1998; Mogensen et al. 2010).

A fase cronica da infeccao € caracterizada por um periodo assintomatico com
uma reducao persistente dos niveis de linfocitos circulantes e acompanhado de
aumento lento na viremia, podendo ter duracdo de quatro a dez anos de acordo com
a manutencédo dos niveis de linfocitos CD4+ (Douek et al., 2003; Yates et al., 2007).

A translocagéo de produtos microbianos na circulagdo (perda de integridade da



17

GALT e linfécitos Th-17) e liberacdo de produtos virais (gpl20, Nef, &cidos
nucléicos) propiciam ativacdo imune crbénica e tem sido associado a inibicdo de
resposta efetiva a infecgdes oportunistas por M. tuberculosis, citomegalovirus (CMV),
virus da herpes simplex (HSV) e fungos (Lawn et al., 2001; Douek et al., 2003).

Na persisténcia do quadro de ativacdo imune cronica, uma drastica perda
funcional e numérica de linfocitos CD4+ e limitada capacidade regenerativa em
orgaos linféides como timo e bacgo (Zeng et al., 2012), caracterizam a sindrome da
imunodeficiéncia adquirida (AIDS)(Lawn et al., 2001). O colapso do sistema imune
propicia o estabelecimento de infec¢bes oportunistas e neoplasias, assim como
maior morbidade em co-infec¢gbes virais (HBV, HCV, HTLV-1), que quando né&o
tratadas levam rapidamente a morte (Pantaleo, 1993).

2.4 TRANSMISSAO MATERNO INFANTIL DO HIV-1 (TMI)

A diversidade genética do HIV-1 na infeccdo crbnica tem sido atribuida a
adaptacao de variantes em diversos compartimentos no hospedeiro, acentuada pela
alta taxa de erros durante a incorporacao de nucleotideos pela transcriptase reversa
(Mogensen, 2009). A reducéo na diversidade de variantes genéticas entre mucosas
e sangue periférico na fase aguda, tem indicado que componentes estruturais,
celulares ou soluveis de mucosa, epitélios ou fluidos atuem como gargalos genéticos
durante a transmissdo sexual e materno-infantil(Fig. 6)(Joseph et al.,, 2015,
Nakamura et al. 2017; Ronen et al., 2015) .

Figura 6 — Padrédo de diversidade viral durante a transmissdo sexual do HIV-1 revela efeitos de
gargalo genético desempenhado em diferentes compartimentos do hospedeiro transmissor e do
receptor.
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Autor: Joseph e cols.(2010)

Estudos em coortes de gestantes infectadas pelo HIV-1 tém apontado que
mesmo em condi¢cBes de alta carga viral materna, os indices de transmissao
materno-infantil (TMI) variam de 5 a 10% na gestacéo, 10 a 20% no parto e 5 a 15%
na amamentacdo (Kourtis et al., 2006), enquanto a terapia antirretroviral durante a
gestacdo reduz os indices de TMI entre 0.3 a 2% (European Collaborative Study,
2005). Eventos como a ruptura de barreiras epiteliais e mucosas, co-infecgoes,
modo/duracdo do trabalho de parto, carga viral materna e do leite materno
modificam propriedades inibitérias na placenta, mama e mucosas genitais maternas;
assim como na placenta, mucosas orais e intestinais nos fetos/neonatos, dificultando
a investigacao de fatores de resisténcia do hospedeiro na transmissao e a exposicao
ao HIV-1 (Tobin e Aldrovandi, 2013).

2.4.1 Transmissao intrauterina (TIU)

7

A interface intrauterina € constituida por uma membrana placentaria que
separa o conteudo sanguineo materno do embrionario, no qual ocorre a troca de um
conteudo complexo formado por nutrientes, gases, anticorpos e horménios, servindo
também como barreira a transmissdo de patdgenos e substancias toxicas ao
embrido. A modificacdo da composicdo de células e componentes solaveis
placentarios e a redu¢cdo da membrana placentaria ao longo da gestacao tem sido
indicado como eventos importantes no risco a TMI (Al-Husaini, 2009), com o risco
mais baixo nas primeiras 14 semanas de gestacao (1%) e maior entre a 142 e 362
semana (4%)(Kourtis et al., 2006).

A placenta é caracterizada por uma face materna composta pela decidua basal
(de origem do endométrio) que compartimentaliza o sangue materno, uma interface
materno-fetal formada por uma capa trofoblastica (citotrofoblastos e mais
externamente sinciciotrofoblasto) e capilares da vilosidade coribnica de origem fetal.
Células imunes como CDs, macrofagos placentarios (Células de Hofbauer, CHSs),
Natural Killers (NK), linfocitos CD4+; e trofoblastos regulam a resposta imune local
por uma variedade de citocinas, quimiocinas, fatores de crescimento e hormonios
(Volmink and Marais, 2008; Tobin and Aldrovandi, 2013), no qual principalmente
CHs, trofoblastos e linfocitos CD4+ foram descritos como alvos de infecgdo e

replicagéo viral.
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A alta frequencia de citocinas do tipo Th-2 como a IL-4 em placentas de maes
nao-transmissoras em comparacdo com as transmissoras, poderia indicar a
importancia da redugdo nos niveis de CCR-5 de membrana em linfécitos CD4+
locais e menor replicagdo do HIV-1 em tecidos placentarios mediados por estas
citocinas (Behbahani et al., 2000; Patterson et al., 2001). Por outro lado, a
polarizacao de resposta para o tipo Th-1 tem sido mais frequente entre placentas de
transmissores do HIV-1, no qual mecanismos como a trancricdo do HIV-1 induzidos
por citocinas pro-inflamatorias IL-18 e TNF-a em trofoblastos infectados e aumento
de CCR-5 mediado por citocinas Th-1 facilitariam a proliferac@o placentaria do HIV-1
(Vidricaire et al., 2003). Elevados niveis séricos de IL-6, IL-1Ra e IL-7 na placenta
também foram associados a transmisséao intrauterina (Kumar et al., 2012), descritos
previamente na inducao transcricional do provirus ou associados a progressao a
AIDS (Poli et al., 1990; Kreuzer et al., 1997).

2.4.2 Transmissao intra-parto (TIP)

A transmissédo intra-parto (TIP) compreende o periodo inicial do parto até a
expulsdo do neonato, no qual pode haver contato com o sangue materno durante a
transferéncia de conteudo placentario ou com secrecdes na passagem do neonato
pelo canal vaginal. A TIP representa 0 maior risco entre gestantes nao tratadas com
TAR, compreendendo cerca de 49% de todas TMI (Kourtis et al., 2006).

Neste contexto, o risco de transmissdo € reduzido pela cesarea eletiva em
torno de 70% em comparacao por parto vaginal, enquanto cesareas de emergéncia
reduzem o risco a 20%, principalmente por maiores chances na presenca de
rupturas na placenta, denominadas microtransfusdes placentarias (The International
Perinatal HIV Group, 1999). A deteccdo da enzima fosfatase alcalina placentaria em
corddes umbilicais, tem sido utilizada como indicador de microtransfusbes e maior
risco a TIP (Kwiek et al., 2006).

O risco na TIP associado ao tempo de contato com o sangue materno e fluidos
genitais na passagem pelo canal vaginal foi indicado por investigacdes em coortes
de gémeos, no qual o primeiro nascituro apresentava 35% de risco de TIP enquanto
o0 risco era reduzido a 5% para o segundo (Duliége et al., 1995); associado a tempos

prolongados no trabalho de parto (por mais de quatro horas)(Landesman et al.,
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1996) e deteccdo de HIV-1 de sangue materno presente em aspirados gastricos nos

neonatos (Nielsen et al., 1996).

2.4.3 Transmisséo pos-parto (TPP)

A transmissdo poés-parto através do leite materno ocorre com um sistema
imune fetal e intestino mais maduro que durante a TIU e TIP, apresentando indices
menores de progressao a doenca e mortalidade que as demais vias de TMI (Fawzi
et al., 2001; Marinda et al., 2007). Nesse contexto, a recomendacao do aleitamento
entre gestantes infectadas representa um dilema principalmente em paises com
menor acesso a TAR, pelos riscos associados a infeccdo pelo HIV-1, mas também
por vantagens nutricionais e no amadurecimento do sistema imune neonatal
associado a amamentacdo, atuando contra o desenvolvimento de inUmeras
infeccbes. A reducdo em hospitalizacdes de neonatos associado a amamentacao
exclusiva foi de 53% em casos de diarréia e de 31% em doencas respiratorias, em

comparacao a formulas nutricionais (Quigley et al., 2007).

O epitélio mamario representa a primeira barreira durante a transmissédo de
particulas virais da circulacdo para o leite materno, apresentando em média carga
viral 100 vezes menor do que a presente no sangue periférico (Heath et al., 2010) e
mesmo na auséncia de TAR, cerca de um terco das mulheres infectadas nao
apresentam niveis de RNA viral detectaveis, enquanto outro ter¢co produz niveis de
RNA viral abaixo de 50 copias/mL(Semrau et al., 2008). Fatores associados a maior
transmissdo viral ao leite materno como alta carga viral materna, condicfes
inflamatdrias como mastites e abcessos, e aleitamento combinado a formulas séao
mais conhecidos, no entanto a analise de fatores protetores no leite tem sido
dificultada pela alta variabilidade na composicdo do leite entre as mulheres e do
tempo de amamentacao(Moriuchi e Moriuchi, 2004; Aldrovandi e Kuhn, 2010; Van
de Perre et al., 2012).

O leite contém uma rica quantidade de citocinas, quimiocinas, receptores
soluveis, peptideos antimicrobianos, anticorpos e horménios que se interagem com
componentes de mucosas orais, intestinais e sistema imune neonatal/infantil,
modulando a tolerancia a antigenos provenientes da dieta e de microorganismos

nao-invasivos, e induzindo resposta a antigenos derivados de patdégenos. De forma
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direta, componentes presentes no leite, como anticorpos HIV-1-especificas (IgA e
indutor de citotoxicidade celular), lactoferrina e peptideos antimicrobianos (alfa e
beta defensinas) foram evidenciados respectivamente como fatores de neutralizacao
de virions e inducéo de citotoxicidade, de inibicdo da ligacdo e fusdo membranar do
HIV-1 em células dendriticas e como fator de lise do capsideo viral (Groot et al.,
2005; Jia et al., 2001; de Souza Campos Fernandes et al., 2011; Tobin e Aldrovandi,
2013).

2.5 IMUNOGENETICA DO HOSPEDEIRO NA RESPOSTA A INFECCAO PELO
HIV-1

Apés a descricdo da sequéncia completa de cerca de 3 bilhdes de bases
nucleotidicas do genoma revelado pelo Projeto Genoma Humano em 2003, foi
possivel viabilizar o mapeamento e distribuicdo de polimorfismos (variacdes alélicas
com frequéncias populacionais acima de 1%) através de consorcios internacionais
como o HapMap (International Haplotype Mapping Project) e mais recentemente
1000 Genomes (Abecasis et al., 2011).

A funcéo e distribuicdo populacional de polimorfismos génicos, dentre os quais
se destacam os polimorfismos de base Unica (SNPs), com cerca de 10 milhdes de
polimorfismos descritos em todas as populacbes, tem revelado como a
heterogeneidade alélica foi influenciada historicamente pela composicdo entre
diferentes populacdes humanas, e como isto pode implicar na interacdo das
populacbes com o seu ambiente. Neste sentido, inUmeros estudos puderam
evidenciar a influéncia de polimorfismos em diversas funcfes metabdlicas e
imunologicas, tendo implicacbes na susceptibilidade a doencas infecciosas e
autoimunes (Syvanen et al., 2005).

Polimorfismos génicos em regides codificantes e regulatérias (regido promotora
do gene, regido nédo-traduzida 5 (5’UTR), 3'UTR e sitios de splicing) podem
contribuir na modulacdo da expressdo génica em etapas diversas, tais como:
mudanca estrutural/funcional da proteina, nos niveis transcricionais mediado por
regido promotora, na estabilidade secundaria e processamento do RNA (Fig.
7)(Brookes et al., 1999).

Figura 7 - Representagdo esquemética de um Iécus polimérfico de base Unica (SNP) e as regides (*)
nas quais 0os SNPs podem ter importancia funcional.
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Polimorfismos localizados em loci cromossdmicos proximos entre si podem ser
transmitidos hereditariamente em conjunto, forma de transmissdo denominada efeito
de desequilibrio de ligacdo (ou desequilibrio de linkage, LD). Além da contribuicdo
singular de cada polimorfismo, diferentes combinacdes alélicas mantidas por LD,
conhecidas como hapldtipos(Fig. 8), contribuem na variagédo inter-individual da
expressao génica, apresentando frequencia heterogénea entre as populacdes (Risch
et al. , 2000).

Figura 8 — Diferencas inter-individuais de SNPs e representacdo dos hapldtipos de SNPs presentes
em um determinado grupo de individuos.
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Autor: Anselmo Jiro Kamada (2017).

Diferencas inter-individuais na susceptibilidade a transmissdo do HIV-1 e
progresséo a AIDS tém sido encontradas em populacdes com composicao genética
distintas, revelando a importancia de variacées polimérficas durante a transmissao
(mucosal ou parenteral), tempo de progressdo clinica a AIDS, co-infecgédo

(tuberculose, HBV, HCV) e resposta ao tratamento antirretroviral (efeitos adversos,
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niveis séricos de antirretrovirais)(Fig. 8)(Lama e Planelles, 2007; An, 2010;
Raghavan et al., 2012; van Manen et al.,2012).

A caracterizacdo imunogenética da infeccdo pelo HIV-1 pbde ser realizada
através de investimentos massivos por paises desenvolvidos no recrutamento e
acompanhamento de coortes européias e norte-americanas, focadas
principalmente em populag6es-chave com comportamento de risSco como usuarios
de drogas injetaveis, homens que fazem sexo com homens (HSH) e individuos
hemofilicos infectados na década de 80. No entanto estas descobertas refletem
com menor representatividade o background genético das populagbes mais
afetadas pela epidemia do HIV-1 em paises em desenvolvimento e
subdesenvolvidos, que ainda enfrentam desafios na contencédo da infeccéo por
meétodos preventivos, alcance da populacdo a terapia antirretroviral e
acompanhamento pré-natal de maes infectadas (An, 2010).

Figura 9 — Grupos de estudo e fendtipos clinicos para estudo de associacdo genética da
susceptibilidade a infeccdo e progressdo a AIDS (Adaptado de An et al 2010). *LTNP = N&o-

Progressores de longo prazo (Contagem de céls. CD4+ estaveis e niveis baixos de viremia por no
minimo 10 anos na auséncia de HAART).
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Autor: An e cols. (2010).

Estudos de associacdo genética em larga escala (“high throughput”)
conhecidos como Genome-Wide Association Studies (GWAS)(Telenti and
Carrington, 2008; Fellay et al., 2010; Bashirova et al., 2011; van Manen et al., 2011,
2012) e analises de genes-candidatos (CGA)(Kaslow et al., 2005; An e Winkler,
2010) tém auxiliado na descoberta de diversos marcadores de susceptibilidade,
principalmente por alelos do complexo antigeno leucocitario humano (HLA), no

entanto estima-se que somente 15-20% dos casos de heterogeneidade a infecgéo
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pelo HIV-1 possa ser explicado pelas variantes identificadas até o momento (An e
Winkler, 2010). Estudos de genética reversa por RNA de interferéncia (SiRNA e
shRNA) apontaram moficadores fenotipicos por inibicdo transcricional (“knock-
down”) em modelos celulares de infeccdo, no entanto poucos marcadores foram
ratificados em GWAS e CGA(Brass et al., 2008; Yeung et al., 2009).

A andlise de genes candidatos (CGA) possibilitaram evidenciar o primeiro
marcador de resisténcia a transmissdo horizontal do HIV-1 em 1996, a delecao de
32 pares de base nucleotidicas do gene codificante do CCR-5 (CCR5-A32) mais
frequente em populagdes européias, norte africanas e da ésia ocidental (4 a 16% da
populacdo). Além da transmissao horizontal, o alelo CCR5-A32 apresentou funcéo
de resisténcia durante a progressdao a AIDS, assim como alelos em genes
codificantes de receptores de quimiocinas (CCR2, CXCR6), quimiocinas
(CCL5,CCL2), citocinas (IL10, IFNG), do sistema de apresentacdo de antigenos
(HLAB*27, HLAB*57, KIR3DS1) e fatores de restricdo (APOBEC3G, APOBEC3B,
TRIM5) evidenciados por CGA(Carrington and O’Brien, 2003; O’Brien and Nelson,
2004; Javanbakht et al., 2006; An et al., 2009; Bashirova et al., 2011).

2.5.1 Fatores imunogenéticos associados a transmissdao materno-infantil do
HIV-1 (TMI)

Dentre os fatores genéticos associados por CGA a TMI, a discordancia entre
HLA de classe | materno-fetal tem se destacado durante a resisténcia transmissao,
tendo em vista que a producéo de anticorpos anti-MHC ou resposta alorreativas por
linfocitos T e NK poderia elicitar efeitos protetivos contra cepas de escape da
resposta imune materna (Hengel et al., 1998; MacDonald et al., 1998; Paximadis et
al., 2011; Walter et al., 2008). Além da discordancia de HLA, o efeito de protecéo a
TMI foi associada a alelos polimorficos presentes somente em um membro do par
materno-neonatal: nas maes pelo HLA de classe | (B4901, B5301, A2/6802 and
B18)(Winchester et al., 1995, 2004; MacDonald et al., 2001; Farquhar et al., 2004),
nos neonatos pelo MHC ndao-classico HLA-G (dellins 14 pb e 3777G>C
3'UTR)(Segat et al., 2009, 2014) ou em pelo menos um dos dois (HLA-B*27 ou HLA-
57:1)(Mackelprang et al., 2008; Thobakgale et al., 2009).
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Além de alelos do sistema MHC no contexto da transmissdo materno-infantil,
o alelo HS3ST3A1 rs8069770 T envolvido potencialmente na expressao de heparan
sulfato na placenta foi associado a transmissao intrauterina pelo Unico estudo de
GWAS (Joubert et al., 2010). Entre componentes da imunidade inata, alelos
previamente associados a transmissdo horizontal e progressdao a AIDS foram
corroborados na TMI, como alelos em genes codificantes de: quimiocinas (SDF1,
CCL3L1, CCL4L2)(John et al., 2000; Tresoldi et al., 2002; Gonzalez et al., 2005;
Shostakovich-Koretskaya et al., 2009) e seus receptores de quimiocina (CCR5 e
CCR2)(Michael et al., 1997; Misrahi et al., 1998; Brouwer et al., 2005).

Variag6es polimorficas em genes de componentes da imunidade inata como o
receptor reconhecedor de padréo (PRR) Toll-like 9 (TLR9)(Ricci et al., 2010), lectina
ligadora de manose (MBL2)(Boniotto et al., 2000), receptor de lectina do tipo C L-
SIGN (LSIGN) (Boily-Larouche et al., 2009) e receptor de anticorpos IgG FcyRlla
(FCGRIIA)(Brouwer et al., 2004) ratificaram a importancia da resposta inata na
resisténcia a TMI, no entanto a contribuicAo de variagbes em componentes
expressos em APCs, neutréfilos, células NKs, trofoblastos, células epiteliais gastro-
intestinais/mamarias, como fatores de restricdo viral, componentes citotoxicos,
citocinas e proteinas antimicrobianas ainda sao desconhecidos (Fig. 10).

Figura 10 — Representacdo esquematica de componentes da imunidade inata que modulam a
resposta antiviral na mucosa. Receptores semelhantes a Toll (TLR), Nod (NLR), RIG-I (RLR) e
receptores de Lectinas do tipo C (CLR).
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2.5.1.1 Teterina/BST-2 (Bone marrow stromal cell antigen-2)

A teterina/BST-2 (“Bone marrow stromal cell antigen-2” ou CD317) é uma
proteina transmembranar de 30-34 kDa que foi inicialmente descrita como um
receptor (ao ILT-7 produzido por células estromais) de células B maduras e
mielomas. No entanto, ganhou maior notoriedade a partir de 2008 como fator de
restricdo em diversas infec¢bes por virus envelopados (HTLV-1, HCV, KSHYV, Ebola,
virus de Marburg e de Lassa)(Evans et al., 2010; Yan and Chen, 2012).

A teterina é constituida por 180 a.a. organizados em uma porcao N-terminal
com uma cauda citoplasmética, um dominio transmembrana (DTM), um ectodominio
formado por a-hélices e glicosilfosfatidilinositol (GFI) na por¢cdo C-terminal que se
ancora a rafts lipidicos membranares (Fig. 11). A funcao de restricado viral tem sido
atribuida a capacidade de ancoramento das porc¢des terminais a envelopes virais,
impedindo células infectadas de liberarem virions ao ambiente extracelular. Além da
restricdo direta, sua cauda citoplasmatica modula a producdo de citocinas pro-
inflamatorias e Interferon do tipo | mediado por IRF e NF-kB, por ligacdo dos motivos
de tirosina a TRAF6 (Galao et al. 2012) e TAB1 e TAK1 (Tokarev et al. 2013).

Figura 11 — a) Regides codificantes do gene BST2 correspondentes aos dominios protéicos da
Teterina. b) estrutura em dimero associada a membrana e transducéo de sinal mediado pela cauda

citoplasmatica. A formacdo em homo-dimero de Teterinas depende de liga¢cdes covalentes entre
cisteinas do ectodominio, e garante maior estabilidade na associagdo com a membrana.
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O gene codificante da teterina (BST2) é composto por quatro éxons e esta
situado no cromossomo 19 (posicédo 19p13.1) apresentando expressao constitutiva
em diversas células do sistema imune como linfécitos B e T, macrofagos, células
dendriticas e mondécitos (Loschko et al., 2011; Giese and Marsh, 2014). A inducdo
de atividade antiviral nestas células € regulada principalmente por fatores de
transcricao induzidos por Interferon (IFN) do tipo | e 1l (Fig.12) assim como fatores de
restricio APOBEC3G, TRIM-5a e SAMHD-1.

Figura 12 - Localizacdo do gene codificante da teterina/BST-2 (BST2) e os fatores de transcri¢cao (FT)

envolvidos na regulacdo génica do gene BST2.
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Autor: Anselmo Jiro Kamada (2017).

A retencdo fisica de particulas de HIV-1 pela teterina foi caracterizada
recentemente pela ligacdo do GFI ao envelope viral, o qual induz a fosforilacdo de
residuos de tirosina na sua por¢cao citoplasmatica e ativacdo de citocinas pro-
inflamatorias mediada pelo fator de transcricdo NF-kB (Galdo et al.,, 2014). Além
disso, a retencéo fisica facilita a endocitose e degradacdo endossomal do HIV-1
(Neil et al., 2006) reforcando a suas propriedades de restricdo ao virus.

A atividade de restricdo pela teterina € amplamente antagonizada pela
residuos de tirosina em sua cauda citoplasmatica (Neil et al., 2008), inibicdo da
endocitose de particulas virais (Neil et al., 2006) e retencdo de teterinas no reticulo
endoplasmatico (Van Damme et al., 2008)(Fig.13). Evidéncias recentes apontam no
entanto que polimorfismos de base Unica (SNPs) situados na regido promotora do
gene BST2 investigados em uma coorte espanhola (Laplana et al., 2013) e norte-
americana(Hancock et al., 2015), contribuiram respectivamente no menor tempo de

progressédo a AIDS e maior protecdo a transmisséo horizontal, indicando que fatores
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gue modulam a expressdo de teterina podem implicar na progressao clinica e
compensar possiveis efeitos inibitérios do HIV-1 a atividade de restricdo da teterina.
Figura 13 — Regulagdo transcricional da teterina mediado por IFN e citocinas pro-inflamatoria

produzidos durante a resposta de célula dendritica plasmacitoide ao HIV-1 e mecanismo de restricdo
da Teterina em linfocito-T infectado pelo HIV-1.
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Autor: Sauter et al. (2010).

2.5.1.2 Perforina

A perforina € uma proteina de 72-75 kDa, membro da familia de proteinas
MACPF (Complexo de ataque de membrana/Perforina) que atua essencialmente
como unidade componente de poros tubulares citoliticos produzidos durante a
resposta citotoxica(Anderluh et al., 2014). Esta funcéo € atribuida a sua composicao
estrutural de 555 aminoacidos organizada em dominio MACPF (complexo formador
de poro) em sua extremidade N-terminal, dominio similar & EGF e dominio C2
ligante de Ca+ em sua porcdo C-terminal. Na presenca de célcio, a formacdo de
poros circulares se d& a partir de mondmeros de perforina seguindo-se as etapas de
ligacdo membranar de dominio dependente de calcio (C2); oligolimerizacdo por
ligacBes adjacentes entre dominios N-terminais; e rearranjo de clusters de a-hélices
(TMH-1 e TMH-2) em grampos antiparalelos de folhas B que expandem o espaco
intermembranar em cerca de 150 A para a formac&o de poro membranar (Fig.14a e
14b)(Anderluh et al., 2014).

Figura 14 — a) Organizacao génica da PRF1 e dominios estruturais de um mondmero de perforina e
b) formagdo de poro de perforina pela oligomerizacdo de 20 a 50 mondmeros de perforina a
membranas de células-alvo.
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Autor: Voskoboinik e cols.(2015).

A inducdo citolitica sobre células infectadas por virus, células tumorais ou
nao-proprias € regulada principalmente por reconhecimento especifico e inato
mediados por linfécitos citotoxicos: um dependente de apresentagéo antigénica por
complexo MHC de classe | a TCR de linfécitos T CD8+ citotdxicos; e outro inato por
ativacdo de receptor membranar NKG2 (com dominio de lectina) e KIR (receptor
Killer 1g-like) em células Natural Killers (NK)(Voskoboinik et al., 2010). Embora as
vias de ativacdo de células NK e linfocitos T CD8+ seja distintas, a inducdo do efeito
citolitico mediada por exocitose de granulos lisossomais € conservada entre ambos
(D’Angelo et al., 2012). Perforinas e serina proteases conhecidas como granzimas
séo liberadas na sinapse imunolégica a células-alvo, com funcbes respectivas de
formacdo de poros de entrada para granzimas e inducao citolitica por clivagem de
proteinas intracelulares (Lopez et al., 2012).

O gene codificante da perforina PRF1 (10921-22)(Fig. 13a) tem sido alvo de
investigacdo clinica pelos efeitos de suas mutacfes e variantes polimorficas nos
desfechos de sindromes familiares autossdmicas recessivas associadas a
deficiéncia de perforina (denominadas perforinopatias), e como fator de modificacéo
fenotipica em alguns tipos de canceres hematoldgicos (Voskoboinik e Trapani,
2013). Sindromes como a linfo-histiocitose hemofagocitica priméria, € caracterizada
por atividade citotoxica e niveis de perforina baixa ou ausente em linfocitos CD8+ e
NK; e maior producdo de citocinas TNF-a, IFN-y e IL-6 durante infeccbes
(Goransdotter Ericson et al., 2001). A influéncia de variacdes mais comuns como a
A91V (alanina por valina na posi¢édo 91) tem conferido risco ao desenvolvimento da
leucemia linfoblastica aguda infantil e leucemia linfoblastica aguda pré-B mesmo em
heterozigose (Santoro et al., 2005; Mehta et al., 2006).
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A funcéo protetora de alelos de HLA de classe | (Winchester et al., 1995,
2004; Farquhar et al., 2004) e de susceptibilidade por KIR2DL2, KIR2DL3 e
cognatos HLA-C e HLA-G (Segat et al., 2009, 2014; Paximadis et al., 2011) sugerem
respectivamente que a resposta citotoxica mediada tanto por linfécitos CD8+ como
por células NK pode modular a TMI. Neste contexto, a influencia de variantes no
gene codificante da perforina foi investigado somente por um estudo em coorte
brasileira, o qual encontrou uma associacéo a protecao pelo alelo PRF1 rs885822 C
(Padovan et al., 2011).

2.5.1.3 [ Defensinal

A B defensina 1 humana (hBD-1) € um membro da familia de peptideos
catibnicos (de 3 a 4 KDa) denominados defensinas, classificadas em a, B e ©
defensinas pelo padrdo de espacamento entre residuos de cisteinas e pareamento
das pontes dissulfeto que ligam estes residuos (Bullard et al., 2008). A hBD-1 é
codificada pelo gene DEFB1 (8p22-p23) situado proximo a regido de cluster génico
de defensinas (8p23.2 e 8p23.1), onde estéo situados os genes da a e 6 defensinas,
e maioria das B-defensinas (Selsted e Ouellette, 2005; Hollox et al., 2008).

O gene DEFB1 é composto por dois éxons e assim como as demais
defensinas, sintetizam o seu produto génico na forma de prepropeptideo
processados diferencialmente de acordo com o tipo celular especifico, com o
tamanho de sua forma madura variando entre 36-48 aminoacidos (Fig. 15)(Hollox et
al., 2008; Prado-Montes de Oca, 2010). A hBD-1 é caracterizada estruturalmente
pela presenca de duas folhas beta antiparalelas e por pontes dissulfeto nos residuos
de cisteinas (37-66,44-59, 49-67)(Hollox et al., 2003; Klotman et al., 2006).

Figure 15 — a) Organizacao génica e sequéncia de pré propeptideo da 3 defensina 1 humana (hBD-
1). b) Estrutura cristalizada de hBD-1 madura com o posicionamento de suas pontes dissulfeto
mostrados em amarelo.
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Autor: Hollox e cols. (2008)
A sua atuacdo como membro da primeira linha de defesa é atribuida a

expressao constitutiva nos principais sitios de entrada de patégenos como a pele e
mucosa oral, nasal, pulmonar, urogenital, estomacal, intestinal e renal, e em
secrecbes como o leite materno (Klotman e Ryan, 2006; Ryan e Diamond, 2017). A
inducdo da expressédo do hBD-1 também foram descritos em mondcitos e neutrofilos
por estimulos como o LPS de bactérias gram negativas, IFN-a e IFN-y; em
queratinécitos por IL-6 IL-13, TNF-a e IFN-y e em células epiteliais (intestinais e
pulmonares) por RNA viral de fita dupla (agonista de receptor Toll-like-3)(Klotman e
Chang, 2006; Selsted e Ouellette, 2005; Corleis et al., 2017).

A protecédo conferida pela hBD-1 durante infec¢des bacterianas, fungicas e de
virus envelopados é atribuida a mudanca de permeabilidade membranar e formacao
de poros pela interacdo eletrostatica do hBD-1 a microorganismos (Pagzbier et al.
2006). Recentemente, foi demonstrado que a atividade antimicrobiana pode ser
aumentada em ambientes redutores como 0 muco intestinal, ao favorecer a abertura
de pontes dissulfetos e gerar interacdes entre residuos livres de cisteina nas hBD-1
reduzidas e formar aglomerados (“nets”) que atuam no killing e imobilizacdo de
bactérias gram negativas e positivas (E. coli, B. subtilis e S. aureus), enquanto hBD-
1 oxidadas apresentaram atividade bacteriostatica limitadas a gram-negativas
(Raschig et al, 2017).

Atividades associadas a protecdo a infeccao pelo HIV-1 por a e B defensinas
foram atribuidas principalmente aos efeitos de quimiotaxia mediado por receptor
CCR-6 em APCs (B-defensinas 2 e 3), efeitos na replicacéo viral (a-defensina 1) e
inibicdo de entrada viral (a defensina 5) (Chang et al., 2005; Sun et al., 2005; Furci et
al., 2012). Estudos de genes candidatos tém indicado no entanto que alguns alelos
polimorficos da regido 5 UTR do gene DEFB1 atuam como fatores de
susceptibilidade a transmisséo horizontal e vertical do HIV-1 em populacdes italianas
e brasileiras (Braida et al., 2004; Ricci et al., 2009; Segat et al., 2009; Tesse et al.,
2009), o que corroboraria também com a funcéo antiviral da B-defensina 1 tendo em
vista que € expressa na resposta mediada por IFN- a durante a infeccdo aguda ao
HIV-1 (Corleis et al., 2017).
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2.5.1.4 Lactoferrina

A lactoferrina (ou lactotransferrina, Ltf) € uma glicoproteina de 80kDa
pertencente a familia das transferrinas com fungBes antimicrobianas e
imunorregulatérias em mucosas e secrecdes. A Ltf ao apresentar um sitio de alta
afinidade a ions Fe*®* em cada um dos seus dois lobos globulares (N-terminal e C-
terminal, Fig.16b), atua como quelante de Fe*® e inibe processos metabdlicos de
microorganismos dependentes deste cofator(Legrand, 2016). A por¢do N-terminal
(principalmente através do peptideo lactoferricina (1°-47° aa)) confere caracteristicas
antiinflamatérias a Ltf como sitio de ligacdo a agonista (lipopolissacarideo) e co-
receptor (CD14 soluvel) de receptor TLR-4(Elass-Rochard et al., 1998; Majerle et al.,
2003), assim como atua na imunomodulacéo de receptores de lectina como Siglec-
1 e ICAM- 3 em APCs e lectina do tipo C em células endoteliais (Zimecki, 2002;
Ward et al., 2005; Graham et al., 2011).

Figura 16 — a) Organizacdo gendmica do gene LTF e localizacdo especifica no transcrito de cada
isoforma quanto a posicao dos seus lobos N-terminais. b) Estrutura de Ltf cristalizada e apresentacéo
de diferencas estruturais nas extremidades N-terminais da Ltf e ALtf; a presenca do peptideo sinal e
dos primeiros 27 aa no lobo N-terminal conferem diferencas de localizacdo, processamento e funcao
entre as isoformas.
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Autor: Mariller e cols. (2012) e Teng e cols. (2002).

O gene LTF localizado no cromossomo 3 (3p21.3), apresenta 17 éxons que
codificam isoformas reguladas por dois sitios promotores (P1 e P2): uma é secretada

e apresenta funcdes antimicrobianas e imunomodulatérias (Ltf) e a outra é

intracelular e atua como fator de transcricdo (ALtf)(Mariller et al., 2012). A inducéo
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transcricional pelo promotor P1 promove a sintese de Ltf e também da ativacdo do
promotor P2 (localizado no intron 1) pelo qual € sintetizado ALtf, gerando um
transcrito idéntico de Ltf mas com um éxon mais curto (éxon (1))(Fig 15a),
justamente em porcao do lobo N-terminal associada a ligacdo a receptores imunes e
funcao de killing bacteriano pelo Ltf (Ward et al., 2005; Legrand, 2016).

A lactoferrina é produzida em células epiteliais e em granulos secundérios de
neutrofilos, se apresentando em fluidos exdcrinos como saliva, lagrima, fluidos
biliares, pancreaticos, gastricos e genital, e particularmente no leite materno (com
concentragdo no colostro maior em cerca de sete vezes ao leite maduro)(Teng,
2002). Neste contexto, a expressao da LTF é constitutiva na maioria das secrec¢oées,
no entanto pode ser induzida por hormonios e citocinas inflamatoérias da ativacdo de
fatores de transcricdo como o elemento responsivo ao estrégeno (ERE), elemento
responsivo a horménio half site (1/2 HRE) e por NF-kB/cRel (Liu et al., 2003; Hoedt
et al., 2010).

Mecanismos antivirais atribuidos a Ltf durante a infeccdo por HIV-1 foram
evidenciados previamente como o bloqueio da interagcdo entre a gpl20 a co-
receptores CCR-5 e CXCR-4 e inibicdo de replicacdo viral em células infectadas
(Berkhout et al., 2002; Saidi et al., 2006). Neste contexto, a influéncia de
polimorfismos do gene LTF (T29A and R47K) foram avaliados entre quatro coortes
(italiana, brasileira, indiana e zambiana) de transmissdo materno-infantil por Zupin et

al. (2016), no entanto nenhuma das variantes conferiu risco a TMI.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a influéncia de polimorfismos genéticos em genes codificantes de
componentes da imunidade inata na susceptibilidade a transmissdo materno-infantil

(TMI) do virus da Imunodeficiéncia humana tipo 1 (HIV-1).

3.2 OBJETIVOS ESPECIFICOS

3.2.1 Identificar amostras elegiveis ao estudo quanto aos critérios clinicos de
exposicao viral nas vias distintas de TMI (intrauterina, intra-parto e pos-parto) a partir
de banco de amostras de maes e neonatos/criancas da coorte de amamentacéo

exclusiva de Lusaka (Zambia);

3.2.2 Identificar amostras elegiveis quanto a progressao clinica a partir da coorte
brasileira de progressao adulta a AIDS de Porto Alegre (Brasil) e da coorte italiana

de progressao infantil a infeccao pelo HIV-1 de Trieste (ltalia);

3.2.3 Avaliar polimorfismos de base unica (SNPs) no gene codificante da Teterina
(BST2) entre gestantes infectadas pelo HIV-1 como fatores de transmisséo viral
materna e como fatores de susceptibilidade em criancas expostas ao HIV-1 por

diferentes vias de TMI;

3.2.4 Avaliar o risco conferido por SNPs do gene codificante da Teterina (BST2)

guanto ao tempo de progressao a AIDS adulta e na progressao infantil ao HIV-1.

3.2.5 Avaliar o risco conferido por SNPs em genes codificantes da Lactoferrina
(LTF), Beta-Defensina 1 (DEFB1) e Perforina (PRF1) como fatores de transmissao
viral em maes infectadas pelo HIV-1 e em neonatos expostos a diferentes vias de
TMIL.
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4 MATERIAL E METODOS
4.1 GRUPO DE ESTUDO

A avaliacdo da susceptibilidade genética conferida por componentes da
imunidade inata durante a transmissdao materno-infantii do HIV-1 (descrita nos
Capitulos | e Il) foi realizada através do estudo do tipo caso-controle em coorte de
101 mées que convivem com HIV-1 e 331 neonatos expostos a transmissédo do HIV-
1 durante o parto. A coleta foi coordenada pela Dr? Louise Kuhn durante o ensaio
clinico randomizado Zambian Exclusive Breastfeeding Study (ZEBS,
ClinicalTrials.gov Identifier: NCT00310726) nos ambulatérios da George Clinic e
Chawama Clinic na cidade de Lusaka, compreendendo o periodo de Maio de 2001 a
Setembro de 2004.

No capitulo I, a influéncia de variantes do gene BST2 na progressao clinica
da infeccdo pelo HIV-1 em adultos e em criancas foi avaliada respectivamente em
uma populacdo brasileira de Porto Alegre e italiana de Trieste. A triagem de 88
portadores adultos com diferentes perfis de progressdo a Sindrome da
Imunodeficiéncia Adquirida - AIDS (37 progressores rapidos, 30 progressores
cronicos e 21 nao-progressores de longo prazo) foi coordenada pela Dr2 Sabrina
Esteves em populacdo brasileira proveniente de Porto Alegre (RS) através do
Hospital Conceicdo e Fundacdo Estadual de Producdo e Pesquisa em Saude
(FEPPS). Co-variaveis como idade, etnia, frequéncia alélica da delecdo CCR5A32,
tempo de progresséo clinica (diagnostico até a AIDS), tipo de exposicdo ao HIV-1 e
presenca de co-infeccbes na coorte adulta de progressdo foram considerados
juntamente com o perfil genotipico para avaliacdo da influéncia de cada um no

desfecho clinico.

A coorte pediatrica de 88 criancas italianas infectadas pelo HIV-1 com
diferentes perfis de progressao clinica (classificadas de acordo com os critérios da
1994 CDC AIDS surveillance case definition) foi selecionada no ambulatério da
divisdo pediatrica do Hospital IRCCS Burlo Garofolo em Trieste. Foram considerados
Progressores rapidos (RP) aqueles com desenvolvimento clinico severo nos
primeiros dois anos de infeccdo e os progressores lentos (SP) aqueles que

desenvolviam imunossupressao severa apos oito anos de idade.
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4.2 PROCESSAMENTO DE AMOSTRAS

O DNA genbmico foi extraido por meio do método salting out a partir de
amostras de células mononucleares de sangue periférico cedidas pelos voluntarios
adultos enquanto amostras sanguieas de neonatos da coorte ZEBS e coorte
pediatrica italiana foram obtidas com o uso do cartdo Guthrie.

4.3 SELECAO DE POLIMORFISMOS E GENOTIPAGEM

A escolha de SNPs do gene BST2 no Capitulo | inicialmente baseou-se em
uma selecédo prévia daqueles com frequéncia significativa na coorte africana de 331
portadores do HIV-1, através de sequenciamento completo do gene BST2,
coordenado pelo Dr. Sergio Crovella no IRCCS Burlo Garofolo — Trieste (Italia). A
réplica do estudo foi proposta para trés populacdes distintas com o intuito de avaliar
a susceptibilidade a infeccdo durante a transmisséo vertical (Zambia), progressao a
AIDS infantil (Italia) e adulta (Brasil). Os SNPs rs919266, rs919267 e rs9576 do gene
codificante do fator de restricdo Teterina (BST-2) foram replicados a partir de uma
coorte infantil infectada por transmissao vertical do HIV-1 (Zambia) para uma coorte

de progressao a AIDS adulta em coorte brasileira.

A genotipagem dos SNPs (rs919266, rs919267 e rs9576) na coorte brasileira
foi realizada por sondas TagMan SNP Genotyping (Applied Biosystems), em PCR
em tempo real ABI 7500 (Applied Biosystems) no Departamento de Genética da
UFRGS. Os sete polimorfismos dos genes DEFB1, LTF e PRF1 foram detectados
por sondas sondas TagMan SNP Genotyping (Applied Biosystems),e TagMan®
GTXpress™ Master Mix em PCR em tempo real ABI7900HT (Applied Biosystems -
Life Technologies, Carlsbad, California, U.S.A.) nas amostras da coorte ZEBS. Os
SNPs DEFB1 5'UTR -52G>A (rs1799946), -44C>G (rs1800972), -20G>A (rs11362)
and 3’'UTR ¢.*87A>G (rs1800971) foram detectados respectivamente com as sondas
C__ 11636795 20, C_ 11636794 20, C__ 11636793 20 e C__ 8845559 10,
enquanto os polimorfismos do éxon 1 do LTF, T29A (rs1126477) e R47K
(rs1126478) com sondas C__ 9698511 10 and C__ 9698521 10 assays e PRF-1
€.900C>T (rs885822) com C___ 1799201 10.
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4.4 ANALISE ESTATISTICA

A andlise estatistica para a avaliacado da influéncia de cada gendétipo durante
a progresséao foi realizada por testes log-rank e curvas de Kaplan-Meier, além da
andlise multivariada por regressdo de Cox para inferir quais variaveis influenciam
mais no desfecho da AIDS (<350 céls./mm3) entre os portadores. As variaveis, tais
como idade, sexo, etnia, formas de transmissédo, co-infecgbes, delecdo do CCRS5,
gue possuiam valor de p < 0.1 em analise de regressdao univariada foram
consideradas no modelo de analise multivariada. Todos os testes foram realizados
no software IBM SPSS Statistics v. 20.

A associacao de alelos e gendtipos e a conformidade ao equilibrio de Hardy-
Weinberg foram avaliadas respectivamente,por Teste Exato de Fisher e teste de qui-
quadrado (x2) com o software R, considerando o nivel de significancia de 5%,
indicando se alelos ou gendtipos se distribuem igualmente entre os grupos. O
célculo da razdo de chances (odds ratio, OR) e um intervalo de confianca de 95%
(IC=95%) associado, indicam o grau de associacdo entre o alelo de risco e o

desfecho clinico.
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Abstract: Bone marrow stromal cell antigen-2 (BST-2yTetherin is
a restriction [actor that prevents Human immunodeficiency virus
type 1 (HIV-1}) release from infected cells and mediates pro-
inflammatory cytokine production. This smudy investigated the risk
conferred by  single nucleotide  polymorphisms (5919266,
rs9192677, and rs9576) at BST-2 coding gene (H572) in HIV-1
mother-to-child transmission and in disease progression. Imitially,
101 HIV-1+ pregnant women and 331 neonates exposed to HIV-1
from Zambia were enrolled. Additional BST2 single nucleotide
polymorphism analyses were performed in 2 cohorts with acquired
immunodeficiency syndrome (AIDS) progression: an adult Brazilian
cohort (37 rapid, 30 chronic and 21 long-term non-progressors) and
an Italian pediatric cohort (21 rapid and 67 slow progressors). The
rs9576A allele was nominally associated with protection during
breastfeeding (F = 0.019) and individuals carrying rs219266 GA
showed slower progression to AIDS (P = 0.033). Despite the
influence of m919266 and =9576 on BST2 expression being still
undatermined, a preventive role by 8572 polymorphisms was found
during HIV-1 infection.
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INTRODUCTION

Rate of mother-to=child transmission (MTCT) of human
immunodeficiency virus type 1 (HIV-1) ranges from 5% to
10% during pregnancy, 20% to 30% dunng delivery. and
10% to 20% through breastfeeding in the absence of
treatment, whereas it 15 reduced to less than 2% with
antiretroviral therapy during gestation.! Since the majority
of newboms from infected mothers do not become infected,
several host factors have been investigated by clinical follow-
up of untreated pregnant women, mainly in countries with
limited antiretroviral regimen coverage. Despite obstetric,
nutritional, socio-demographic, and wviral factors being
involved in natural prevention to MTCT,? innate immunity
have been recently highlighted as a modulator of early
antiviral response at the fetal-maternal interface.’

“Bone marrow stromal cell antigen-2" (BST-2/Tether-
in) transmembrane protein prevents HIV-1 particles release
by virlon retention at membranes of infected cells.* HIV-1
tethering leads to BST-2 cytoplasmic tail phosphorylation,
which tniggers proinflammatory cytokines production medi-
ated by NF-xB sjgnaljngf and may also facilitate HIV-1
endocytosis followed by type I interferon (IFN) expression.”
Although BST-2 constitutive expression was found at various
immune cells [macrophages, monocytes, plasmacytoid den-
dritic cells (pDCs). B and T-lymphocytes],*™ tissues (liver,
lung, cord blood and decidua),™"" and secretions (colostrum
and semen),'"" the influence of BST-2 on early HIV-1
prevention and pathogenesis is still underestimated.

Recent studies investigated the role of BST-2 genetic
background in differential response to HIV-1 infection. An
msertionfdeletion  polymorphism at the promoter region
(rs3217318) and a single nucleotide polymorphism (SNP,
rs10415893) of BST2? gene (located at 19pl3.1) were
associated with lower transcriptional levels of BST2 and
faster disease progression in a Spanish cohort,'® whereas
rs1 13189798 SNP was described as a risk factor to HIV-1
acquisition in North American seroprevalent drug users."

Thus, this study evaluated the role of BST2? SNPs in
susceptibility to MTCT of HIV-1 in a cohort of 331 infants and
101 infected mothers. Additional analyses were performed in
&8 pediatric patients and &8 adults to investigate the influence
of BST2 SNPs on HIV-l-associated disease progression.

www.jaids.com | 237
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MATERIALS AND METHODS

Study Group

A cohort of 101 pregnant women living with HIV-1 and
331 infants with confirmed HIV-1 transmission status were
selected from a randomized clinical trial “Zambia Exclusive
Breastfeeding Study™ (ZEBS) in 2 primary health clinics
{George Clinic and Chawama Clinic) from Lusaka (Zambia)
(Clinical Trials.gov Identifier NCT00310726)."* ZEBS eval-
uated the benefits of short duration exclusive breastfeeding in
prevention of MTCT and infant mortality in low resource
seftings among women that received a single-dose nevirapine
regimen. Among 331 infants, 22 were infected through
intrauterine transmission [positive HIV-1 Polymerase Chain
Reaction (PCR) within 2 days of birth], 25 were infected
during delivery (positive HIV-1 PCR within 42 days of birth),
38 were infected during breastfeeding (positive HIV-1 PCR
after 42 days of birth) and 246 infants did not become
infected (see Supplemental Digital Content | and Supple-
mental Table 51, http/flinks.lww.com/QAIFATI2).

A retrospective cohort of 88 adults with clinical
progression to AIDS (37 mapid progressors, 30 chronic
progressors, and 21 long-term nonprogressors) was estab-
lished after review of approximately 3300 patient charts from
Infectious Diseases Service at Conceigio Hospital Group in
Porto Alegre (Brazil). The clinical endpoint (AIDS) was
determined with highly active antiretroviral therapy start or
CD4* cells count below 350 cells per mm®. All participants
signed an informed consent, answered a standard socio-
demographic questionnaire, and provided peripheral blood
sample. The ethical committee of Conceigdo Hospital Group
approved the study (N. 01-213) (see Supplemental Digital
Content 2, http:/links.lww.com/QAT/ATI2).

A retrospective cohort of 88 infected children with
HIV-1-related disease progression from Pediatric Division of
IRCCS Burlo Garofolo in Treste (Italy) was classified
according to 1994 CDC AIDS surveillance case definition'®:
21 rapid progressors (developed severe clinical manifesta-
tions within the first 2 years of infection, defined as “Category
C™) and 67 slow progressors (neither progressed to Category
C nor developed severe immunosuppression beyond ¥ years
of age). Children with clinical symptoms (Categories A, B or
C) or immune suppression (categories 2 or 3)"7 were started
with highly active antiretroviral therapy (triple combination of
stavudine or zidovudine, lamivudine, and ritonavir or nelfi-
navir or indinavir). The ethical committee of IRCCS Burlo
Garofolo approved the study (Prot. L1106).

Sample Processing and B5T2 Genotyping

DMA extraction from dried blood spot samples of ZEBS
cohort was performed using “DNA Extract All Reagents™ kit
(Life Technologies, Carlsbad, CA). Genomic DNA was
extracted from peripheral blood samples in Italian and Brazilian
cohorts by conventional salting-out procedures.'™

Only 14 out of 37 SNPs (rs112492472, rs12609479,
rs73921425, rs28413174, rs28413175, 28413176, rs1 1542666,
rs34737311, 113321277, 2278234, rs919265, rs019266,
rs@19267, and rs9576) found in public databases (UCSC
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Genome Browser, NCBI and 1000 Genomes)' were selected
due to a minor allele frequency preater than 5% in sub-
Saharan African populations (YRI, LWK, ESN, and GWD).
Specific regions in BST-2 coding gene were amplified by
PCR. using KAPA2G Readymix (RESNOVA, Genzano di
Roma, Rome, Italy) with a 2720 Thermal Cycler (Life
Technologies) and then directly sequenced using ABI PRISM
3130XL sequencer (Life Technologies). The primers used for
PCR and sequencing were BST2ZEXONIF 5'-CTGCCT
CTTCAGGTCATAG-3"; BST2ZEXONIR 5'-GAACCTAG
GTCCCTTGATG-3"; BSTZEXON2IAF 5'-GAGGACCC
ACATGCTTATG-3";, BSTZEXON4F 5-GGATAACTT
AGCCCCTAGG-3"; BSTZEXON2GR 5'-CAGCAGCAC
AATCAGCAGC-3"; BST2EXON4R 5'-CCATAACAA
CAGGCAGCAC-3".

The BST? gene sequencing was performed in 331 samples
from the Zambian cohort, and since only rs9576, rs919266, and
rs919267 SNPs showed a minor allele frequency greater than
5%, these SNPs were replicated in Brazilian and Italian cohorts
with Taghan SNP Genotyping Assays (C_11454228_10,
C_7493933_10, and C_2931310_10, respectively) and TagMan
GTXpress Master Mix (Life Technologies) on ABI7T500 Real
Time PCR (Life Technologies).

Data Analysis

Fisher exact and Mann—Whitney tests were performed,
respectively, in univariate analysis of categorical and quan-
titative variables with R Software 3.1.0. Bonferroni correction
methoed for multiple tests (eg, P = 0.05/MN° of analyzed SNPs)
was performed for all analyzed SNPs. All clinical/demo-
graphic variables that reached a P value lower than 0.10 in
univariate analysis (see Supplemental Digital Content 2,
http:/links ww.com/QAL/ATI2) were included as covariates
in logistic regression model analysis, using SNPstats
Extensively described nisk factors like HIV-1 wviral load,
CD4* cell count, and CCR5A32 were included in adjusted
analysis. The haplotypes and linkage disequilibrium of BST2
SNPs were determined in Haploview v.4.2.*' Kaplan-Meier
survival analysis was performed in IBM SP3S Statistics v.20
to evaluate the influence of BST2 SNPs on time to adult
AIDS progression.

RESULTS

BST2 SNPs in a Cohort of Mother-to-child
Transmission of HIV-1

Matemal CD4* cell counts (P < 0.0001) and plasma
viral load (P < 0.0001) were higher in all groups of HIV-1
infected infants (intrauterine (IU), intrapartum (IP), and
postpartum (PP) transmission) than in exposed uninfected
infants (EU), whereas other features such as maternal (age,
BMI, and hemoglobin level) and neonate characteristics (sex
and weight) were not associated with infection status (see
Supplemental Table S1. http/links lww. com/QAI/ATS2).
Breast milk viral load was also higher in PP infants than in
EU infants [3.10 {2.81-3.24) vs 1.69 (1.46—1.88) log, copies
per milliliter, F <2 0.0001].

Copyright © 2006 Wolters Kluwer Health, Inc. ARl rights reserved.
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BST2 in HIV-1 Vertical Transmission and AIDS Progression

rs919266, rs919267, and rs9576 BST? SNPs were
investigated as candidate markers of natural protection during
mother-to=child transmission of HIV-1 (Table 1). SNP
frequencies in Zambian infants were all in Hardy—Weinberg
equilibrivm (HWE). The rs9576A allele was more frequent in
EU than in PP [14.85% vs 5.26%., OR =032 (0.11-0.9); P =
(0.019] although the difference between allelic frequencies did
not reach statistical significance after Bonferroni correction
(P = 0.017). None of B5T2 SNPs were associated with either
IU or IP transmission (P = 0.017). The minor allele
rs219266A was not found only in the PP infected group,
even with a larger sample size than other infected groups.
Thus, it was not possible to test the association of rs919266 in
transmission of HIV-1 during breastfeeding.

rs219266, rs919267, and rs9576 SNPs were also tested
as risk factors to HIV-1 vertical transmission regardless of route
of transmission, although none of the B5T2 alleles, genotypes

or haplotypes were associated as nisk factors (P = 0.017; see
Supplemental Table 52, http:/flinks Iww.com/QAIL/ATI2). All
SNPs but rs919266 mn 101 HIV-l infected mothers were in
HWE. HIV-1 infected mothers with rs919266A allele also
presented a lower CD4* cell count during delivery than with
rs919266 G [200.33 = 4388 cells per mm® {n = 9) vs 339.56
+ 21.64 cells per mm?® {n = 92), P = 0.008; data not shown],
whereas rs919267 and rs9576 SNPs did not influence CD4*
cells count and plasma viral load.

BST2 SNPs in Adult and Pediatric
AIDS Progression

The difference found in CD4* cells count between
rs919266 vanants in HIV-1 infected mothers could indicate
a putative role of B5T2 SNPs in the maintenance of CD4*
cells during HIV-1 infection. Since the ZEBS consortium did

TABLE 1. Frequency of B5T2 Polymorphisms in a Cohort of Zambian Infants Born From HIV-1 Infected Mothers

HIV-1 Infected Infants; n = 85 Exposed- I vs EUT IF vs EU PP vs EU
Uninfected
Imtranterine Intrapartum Postpartum Infants
BST2 5NPs oy (1Pt (PP} (ELT) OR (95% CI§ P OR (95% CI)§ P OR (95% E‘[jll P
MAF n=22(%) n=25{%) n=38 %) n=246(%)
19266
A 3 (6.B2) 4 (E.00) 0 (0.00) 26 (5.28) 1.31 (D.38—4.52) 0934 056 (0.52—4.66) 0634 —
rs919267
T 17 (38.64) 21 (42.00) 21 (27.63) 1534 (31.30) L3E (0.73-2.61) 0406 1.59 (0.73-2.61) 0167 084 (0.49-1.43) 0,609
59576
A T(1591) 11 (22.00)% 4 (5.26) T3 (14.84)  L09 (0.47-2.53) 0.976 162 (L79-331) 0259 032 (0.11-0.9) 0.019
Genotypes
19266
GG 19 (B6.36) 21 (B4.00) 38 (100.00) 220 (39.43) Reference 0932 Reference 0.624 —
GiA 3(13.64) 4 (16.00) 0 (0.00) 26 (10.57) 1.33 (0.37-4.82) 6] (0.51-5.06)
AlA 0 {0.00) 0 (0.0:0) 0 (0.00) 0 (0.00) — — —
rs919267
ciC # (36.36) T (28.00) 19 (30,00 117 (47.56) Reference 0.589 Reference 0.166 Reference 0.632
T 11 {50.00) 15 (60.00) 17 (44.74) 104 (42.28) 155 (0.6-3.99) 241 (0.95-6.14) 101 (0.5-2.04)
TT 3(13.64) 3 (12.000 2 (5.26) 25 (10.16) 1.75 (D.43-T.08) 2,01 (D.48-8.3) 0.49 (0.11-2.25)
59576
CiC 16 (72.73) 15 (60.00) 34 (B9.47) 176 (T1.54) Reference 0437 Reference 0336 Reference 0.062
CiA 5(22.73) 9 (36.00) 4 (10.53) 67 (27.24) 082 (0.29-2.33) 15T (0.66-3.7T) 031 (0.11-40.9)
AlA 1 {4.55) 1 (4.00) 0 (0.00) 3(1.22) 3.6 (D.0E-8.36) 3.91 (0.38-39.95) —
Haplotypes
rE919266-rs919267-
3576
(D' =097, k2=
0.2%)
G-C-C 27 (61.36) 29 (58.00) 55 (72.36) 333 (68.52) Reference Reference Reference
G-T-C 10 (22.72) 10 (20,007 17 (22.37) B3 (17.49) 145 (0.60-3.24) 039 135 (0.56-2.93) 041 121 (0.62-2.25) 0.53
G-T-A 4 (909 T (14.00) 4 (5.26) 43 (B.B5)  L.14 (0.2B-3.52) .77 LE6 (0.65—-4.70) 018 056 (0.14-1.64) 037
A-T-A J(6.E1) 4 (8.0) 0 (0.00) 25(5.14) 148 (0.26-5.34) 047 1.B3 (0.43-5185) 0219 — —

*Intraulerine tranamissson (IU) confirmed with positive HIV=1 PCE within 2 days of birth.
tintraparum transmzssion ([P confirmed with positive PCR result within 42 days of birth,

}Postparium tansmisaon (PFF) with posiive PCE result af 42 days or older.
i.’uljl.nml for maternal CIM* cell count and HIV-1 plasma viral Joad.

Adyusted for maternal CIM*Y cell count, HIV-1 plasna viral Joad and milk viral load.

Cl, confidence interval; SNF, MAF, minor allele frequency; OF, odds rabe; SNPs, angle nucleotide palymarphisms.

Coprvright © 2006 Wolters Kiuwer Health, Inc. AN rights reserved.
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not cover matemnal disease progression, our group investi-
gated BST? SNPs as disease nisk factors in pediatric and
adult cohorts with clinical progression follow-up from
2 different populations [Trieste (Italy) and Porto Alegre
(Brazil), respectively].

The genotype distribution of rs919266, rs919267, and
9576 was in HWE within the pediatric [talian cohort. The
influence of rs919266 and rs9576 on disease progression has
not been tested due to the absence of their minor alleles in
rapid progressors group (Table 2). None of the BST2 alleles,
genotypes, or haplotypes were associated with pediatric
disease progression (P > 0.017).

All rs919266, rs919267, and rs9576 SNPs in the Brazil-
1an cohort of AIDS progression were in HWE. The European-
descendant Brazilians had lower frequencies of rs919266A
(2.75% vs 7.46%) and rs9576A (3.70% vs 12.50%) than

African-descendant individuals, and represented the major
ethnic proup in this study [56/92 (58.9%); see Supplemental
Digital Content 2, http2/links. Iww.com/QALVATI2].

rs?19266A allele was more frequent in long-term
nonprogressors than in the rapid progressors group [P =
0,025, OR =0.17 (0.02-1.00)] (Table 2). whereas rs919266
GA carriers also showed a slower progression to AIDS than
rs919266 GG carriers [10.33 (7.17-13.49) vs 6.56 (5.52-
T7.60) yvears, log-rank test P = 0.033], even without statistical
significance after Bonferroni correction. rs919267 and
rs9576 allele and genotype frequencies did not show
statistical differences (see Supplemental Digital Content 3,
http:/links. Iww.com/QAL/ATIZ).

A lower coefficient of linkage disequilibrium was
observed in the Brazilian cohort (D* = 0.95) compared with
Zambian (D' = 0.97) and Italian (D" = 0.96) groups, with the

TABLE 2. Frequency of 8572 Polymorphisms in a Cohort of Pediatric and Adult Disease Progression From Trieste (Italy) and Porto

Alegre (Brazil) respectively

Pediatric Disease Progression®

Adult AIDS Progressiont

Long-Term
Rapid Slowy Rapid NONprogressors
BETI SNPs Progressors Progressors OR (95% CI) P Progressors {LTNF) OR (95% CIi P
MAF n=21 (%) n=67 (%) n =37 (%) n =21 (%)
rs919266
A 0 (0.0) 1 (0.75) — A 2(3.33) 6 (14.29) 017 (002-1.00) D025
919267
T 1 (2.63) T(538) 203 (0.25-9432) 0.69 T 6 (10.00) T (16.6T) 087 (0.28-2.91) 0.795
9576
A 0 (0.0 2 (L.49) —_ A 3 (5.00) T (16.6T) 028 (0.06-1.22) 0094
Cenotypes
919266
GG 20 (100.0) 66 (98.51) —_ GG 28 (93.33) 15 (71.42) Reference
GAa 000y 1 (1.49) Gia 2 (6.67) 6 (28 58) 0.14 (0.02-0.87) 0023
s919267
CiC 15 (¥4.74) 60 (B9.55) Reference 068 CfC 24 (R0.00) 14 (G6.6T) Reference
cT 1 (5.26) T(10.45)  2.09 (0.24-99.79) T & (20.00) T(33.33) 1.13 (0.32-3.95) .35
59576
CiC 20 (100.0) 65 (97.02) — CfC 27 (H0.0:0) 14 (66.6T) Reference
ClA 0 (0.0} 2 (2.98) Cra ERRLIKI] T(33.33) 027 (006—1.13) (6E
Haplotypes
rs919266-r=919267- =9 19266
3576 (D" = 0.96; =9 19267-
R = (049} 9576 (D'
=0.95;
R = 0.48)
G-C-C 40 (95.23) 127 (94.81) Reference 6l (32.43) 34 (B0.95) Reference
G-T-C 2(4.77) 5373 L4Z2(01513.4) 076 9(12.17) 0 (0.00)
AT-A 0 (0.0 1 (0.75) —_ 2 (2.70) 6 (14.29) 018 (0.02-1.13) 0.053
G-C-A 0 (0.0 0 (0.0 —_ 2 (2.70) 0 (0.00)
G-T-A 0 (0.0 1 (0.75) —_ 0 (0.0 2 {4.76)

*HIV=1=infected children were classified m 2 groaps: BP (developed severe clinical manilestations within the first 2 vears of infection, defined 2 “Category C of CDC 1994 AIDS
surveilbanee case definition) and SP (who neither progressed 1o Category O nor developed severe immunosuppression beyond B years of age).
FHIV=1 infected adulls from Pocto Alegre (Brazil), sccording to AIDS progression crtena by Casado et al (2010).

$Adusted for CCRS 32bp deletion (CCRS A32) genotype and ethnicity.

C1, confidence mierval; [, coefficient of linkage disequiliboium; MAF, munor allele frmpznq,'; OR, odds rate; B2, comelation coellicient of alleles; SNPs, sangle nucleotide

palymorpiisms.
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occurrence of a novel s919266G-rs219267C-rs9576A hap-
lotype (Table 2).

DISCUSSION

Tethering of HIV-1 particles and mnduction of pro-
inflammatory cytokines were described as restriction mech-
anisms by BST-2 during HIV-1 infection,® despite the strong
counteraction by HIV-1 vpu protein that leads to intracellular
BST-2 degradation and NF-kB downregulation.**** The
protective role of BST-2 was corroborated by recent findings
in cohorts of HIV-l seroprevalent drug users with BST2
variants that showed a higher BST2 transcniption and slower
progression to AIDS by rs3217318 and rs10415893 in
a Spanish cohort,” and also in prevention to horizontal
transmission by rs1 13189798 in a North American cohort.'

The nominally significant association of rs9576 (located
at BST2 3'UTR) with prevention of HIV-1 infection during
breastfeeding may suggest a novel role of BST-2 in neonatal
innate response, even without statistical significance after
Bonferroni correction. Although the role of rs9576A allele in
EB5T2? expression is still unknown, differential expression of
BST-2 could lead to an enforcement of HIV-1 restriction by
immmme cells like macrophages® or altering type 1 IFN
production by pDCs,* since neonatal pDCs already have
a lower capacity of IFN-a production than adult pDCs
Despite maternal 8572 SNPs being not involved as a risk
factor during breastfeeding, recent findings demonstrated that
colostrum cells from HIV-1-infected mothers presented higher
levels of BST-2 expression than healthy mothers but the
influence on HIV-1 transmission rate is still unknown."'

The BST2 intronic allele rs919266A was associated with
a slower progression to AIDS and more frequent in Brazilian
long-term nonprogressors than in rapid progressors, although
rs919266A was associated with lower CD4* cell count during
delivery but did not influence HIV-1 maternal transmission in
Zambian cohort. The functional role of rs919266 has not been
demonstrated wet, but the linkage disequilibrium with
rs1 0415893 (D' = 1.0; Spanish population/IBS from 1000
Genomes), a tag SNP associated with AIDS progression in
a Spanish cohort," suggests a protective role by the tagged
region during AIDS progression. Moreover, it has not been
possible to determine the impact of 5219266 SNP on the risk
to pediatric disease progression and breastfeeding transmission,
since rs919266A allele was not found in rapid pediatric
progressors and postpartume-infected infants from Zambia.

Owr study supports a protective role by genetic variants
of B5T2 in adult AIDS progression and mother-to-child
transmission. Despite the limited sample size and ethnic
heterogeneity of the cohorts, our findings suggest that BST-2
activity in infants deserves further investigations as an early
innate mechanism during breastfeeding and also corroborate
previous findings indicating BST2 SNPs as protective factors
during AIDS progression.
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Supplementary Digital Content 1

Clinical followup and inclusion criteria from the Zambian Exclusive Breastfeeding Study
(ZEBS)(ClinicalTrials.gov Identifier: NCT00310726).

Infant samples

Initially 358 infants born from the ZEBS cohort prior to 10/31/2002 were elegible to BST2
genotyping, as this date was selected as the final PCR results were available. All but three
samples from infected children could be found and genotyped (one missing in each group).
We defined as uninfected all children with a negative PCR when last seen at a minimum of 28
days if lost to follow-up or died before 24 months of age. There were 242 uninfected children
and all but four could be found and genotyped. We also included in the uninfected group nine
children who tested negative before death but who died less than 28 days of age. These were
combined in the group considered “uninfected”. Exclusion of these children did not change
the results. We did not select for genotyping 19 children with a last negative PCR results <28
days who were not known to have died.

Transmission rate in the cohort selected for genotyping

The HIV transmission rates were slightly, but not significantly, higher in the genotyped
cohort than in the entire ZEBS cohort who were not genotyped. Intauterine, intrapartum and
postpartum transmission rates were 7.1%, 7.4% and 11.8%, respectively, in the 331 children
who were genotyped and 5.6%, 6.4% and 8.6%, respectively in the 592 children who were not

genotyped but who could be classified using the same definitions (p=0.26).
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Table S1- Clinical and demographic variables in Zambian cohort of mother-to-child transmission of HIV-1

45

HIV-1 infected infants (I1); n =85

Variables Exposed uninfected p-value
infants (EU) (I1'vs. EU) ¢
IV Ip® PP
n=22 n=25 n=238 n =246
26.0 27.0 26.9 25.0
Mt 2 [N [22.8-31.2] [21.0-30.0]  [24.9-28.8] [22.0 - 29.0] 049
Maternal body mass index
<18.5 kg/m? 5 (22.7%) 6 (24.0%) 12 (31.6%) 45 (18.9%) 0.25
>18.5 kg/m? 17 (77.3%) 19 (76.0%) 26 (68.4%) 193 (81.1%)
Hemoglobin
<10 g/dI 9 (40.9%) 10 (40.0 %) 14 (36.8%) 66 (27.2%) 0.16
>10 g/dl 13 (59.1%) 15 (60.0 %) 24 (63.2%) 177 (72.8%)
Maternal CD4+ cell count 2155 242.0 209.0 373.0 <0.0001
during delivery [IQR] [134.3-327.0] [154.5-305.5] [106.0-318.8] [268.5 - 528.3] '
Maternal plasma viral
. . 5.19 5.12 5.12 4.54
220} [ @Elheny LER [4.66-539] [452-533] [4.64 -5.33] [3.92 - 5.05] =Gl
(logio copies/ml)
Breast milk viral load 2.97 3.46 3.10 1.69 <0.0001 ¢
[1QR] (logso copies/ml) [2.66 - 3.08] [3.05 - 3.59] [2.81-3.24] [1.46 - 1.88] '
Infant sex, female (%) 10 (45.4%) 9 (37.5%) 19 (50.0%) 113 (46.3%) 0.89
Infant birth weight
<2500¢g 3 (13.7%) 4 (19.1%) 5 (13.5%) 28 (11.7%) 0.44
> 25009 19 (86.3%) 17 (80.9%) 32 (86.5%) 212 (88.3%)

2 Intrauterine transmission (1U) confirmed with positive HIVV-1 PCR within 2 days of birth;
® Intrapartum transmission (IP) confirmed with positive PCR result within 42 days of birth;
¢ Postpartum transmission (PP) with positive PCR result at 42 days or older;
4 Mann-Whitney test and Fisher exact test were performed respectively for continuous and categorical variables;
¢ Postpartum infected infants (PP) vs. Exposed uninfected infants (EU).
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Supplementary Digital Content 3
Brazilian cohort of adult AIDS progression

The period to AIDS was defined as HAART initiation or CD4+ T cell count below 350
cellsyrmm?3 and HIV-1 infection diagnosis, thus patients were classified in categories according
to time (in years) to AIDS: rapid progressors (RP), chronic (CP) and long-term nonprogressors
(LTNP). RP were defined as having at least, one HIV-1 negative /undetermined test before the
first HIV-1 positive serological test, as long as the interval of both measures does not exceed
three years, CP started HAART or developed symptomatic comorbidities between four to nine
years after seroconversion and LTNP started HAART or developed symptomatic comorbidities
after ten years, according to Casado et al. (2010) criteria. After signed an informed consent
form, the patients were interviewed about behaviour and socio-demographics characteristics

using a standard questionnaire and peripheral blood was collected.

Table S2 - Clinical and demographic characteristics of a Brazilian cohort with AIDS progression follow up.

Clinical characteristics Long-term Rapid Chronic p-value
nonprogressors progressors (RP) progressors (CP) (RP vs CP)
n=21 n=237 n=230
Age (years)[IQR] 39.2 [35.4 - 43.0] 39.8[35.8 - 43.8] 40.3[35.5-43.0] 0.56
Sex, female (%) 20 (95.23) 23 (62.16) 24 (80.0) 0.18
Ethnicity (% European-descendant) 13 (61.90) 27 (72.97) 20 (66.67) 0.60
CCR5-A32 allelic frequency (%) 14.28 541 5.00 0.62
Time from HIV-1 diagnosis to AIDS? 1.57[1.29 - 1.37] 9.40[9.17 - 9.63]
Routes of exposure to HIV-1 (%) P
Heterosexual 20 (95.23) 30 (81.09) 25 (83.33) 1
Men who have sex with men 0 (0.00) 6 (16.21) 2 (6.67) 0.28
Injection drug users 0 (0.00) 1(2.70) 2 (6.67) 0.58
Others 1(4.76) 0 (0.00) 1(3.33)
Coinfections (%)
Hepatitis C virus 0 (0.00) 3(8.11) 7 (23.33) 0.09
Hepatitis B virus 0 (0.00) 2 (5.41) 1(3.33) 1
Tuberculosis 1 (4.76) 2 (5.41) 2 (6.67) 1
Human T-lymphotropic virus type 1 0 (0.00) 1(2.21) 0 (0.00)
Toxoplasmosis 1(4.76) 5(13.51) 0 (0.00)
Human papillomavirus 0 (0.00) 1(2.21) 0 (0.00)
Others ® 1(4.76) 7 (18.91) 0 (0.00)

& AIDS progression criteria according to Casado et al. (2010): RP were classified according to measurements below
350 CD4+ cells/mm?® within three years of seroconversion, CP included patients with four to ten years without
HAART and measurements below 350 CD4+ cells/mm?® and LTNP;

b “Others” category include at least one of the following coinfections: Human papillomavirus, cytomegalovirus,
herpes zoster and syphilis.
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Table S3 - BST2 polymorphisms in infected mothers and exposed infants from a Zambian cohort of HIV-1 vertical transmission.

HIV-1 exposed infants HIV-1 infected mothers
BST2 SNP . . -
ST2 SNPs Infected Uninfected OR[95% CI] # p-value Transmitters Non OR[95% CI] ? p-value
transmitters
MAF n=85(%) n=246 (%) n=26(%) n=75(%)
rs919266 A 7(4.12) 26 (5.28) 0.88[0.34 - 2.26] 0.69 4 (7.69) 6 (4.0 3.98[0.88 - 18.04] 0.49
rs919267 T 59 (34.71) 154 (31.30) 1.55[0.90 - 2.70] 0.47 18 (34.62) 45 (30.0) 1.23[0.48 - 3.12] 0.66
rs9576 A 22 (12.94) 73(14.84) 0.80[0.43 - 1.49] 0.63 7 (13.46) 22 (14.67) 1.11]0.39 - 3.15] 0.99
Genotypes
G/IG 78 (91.76) 220 (89.43) Reference 0.68 22 (84.62)  70(93.33) Reference 0.35
rs919266 G/A 7 (8.24) 26 (10.57) 0.89[0.35 - 2.25] 4 (15.38) 4 (5.33) 4.8 [0.99 - 23.16]
A/A 0 (0.0) 0 (0.0) - 0 (0.0) 1(1.34) -
C/IC 34 (40.00) 117 (47.56) Reference 0.19 11 (42.31) 34 (45.33) Reference 0.97
rs919267 CIT 43 (50.59) 104 (42.28) 1.68[0.95 - 3.00] 12 (46.15) 37 (49.33) 1.04[0.39 - 2.76]
TIT 8 (9.41) 25 (10.16) 1.10[0.43 - 2.83] 3(11.54) 4 (5.34) 3.41[0.59 - 19.65]
C/IC 65 (76.47) 176 (71.54) Reference 0.44 19 (73.08) 55 (73.33) Reference 0.89
rs9576 C/IA 18 (21.18) 67 (27.24) 0.75[0.40 - 1.43] 7 (26.92) 18 (24.00) 1.22[0.43 - 3.50]
A/A 2 (2.35) 3(1.22) 2.27[0.29 - 17.66] 0 (0.0) 2 (2.67) -
Haplotypes
rs919266- G-C-C 111 (65.29) 333(68.52) Reference 34 (65.38) 105 (70.00) Reference
rs919267- G-T-C  37(21.76) 85(17.49) 1.3110.81 - 2.06] 0.24 11 (21.15) 23 (15.33) 1.47 [0.58 - 3.54] 0.39
rs9576 G-T-A 15 (8.82) 43 (8.85) 1.05[0.52 - 2.01] 0.87 4 (7.69) 16 (10.67)  0.77[0.18 - 2.62] 0.78
(D'=0.97; A-T-A 7(4.11) 25 (5.14) 0.84[0.30 - 2.07] 0.83 3 (5.77) 6 (4.0) 1.54[0.23 - 7.68] 0.69
R?=0.29)

CI, Confidence interval; D’, Coefficient of linkage disequilibrium; MAF, Minor allele frequency; OR, Odds ratio; R?, Correlation coefficient of alleles; SNPs, Single
nucleotide polymorphisms.
8 Adjusted for maternal CD4+ cell count and HIV-1 plasma viral load.

LY
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Figure S1 - Kaplan-Meier
analysis was performed to
evaluate the influence of three
BST2 SNPs (rs919266, rs919267
and rs9576) genotypes in a
Brazilian cohort of: A) Chronic
progressors (CP, n=37) and rapid
progressors (RP, n=30); B) CP,
RP and Long-term  non
progressors (LTNP=21). Time to
AIDS was defined as the interval
from the first HIV-1 positive
result until the date of the first
diagnostic of CD4+ cells decline
(<350 cells /mm3) or HAART
intervention.
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Innate immunity genes polymorphisms and HIV-1 mother-to-child transmission in

Zambian population

Abstract

It is widely known that host immunity is crucial in limiting viral infections and innate
immunity could be considered as the first line of defence against pathogens. Human Beta
Defensin-1 (hBD-1), Lactoferrin and Perforin-1 (P1) are three components of the innate
immune system, already reported as involved in HIV-1 infection susceptibility and HIV-1
mother-to-child transmission (MTCT) in different populations.

Seven selected polymorphisms within DEFB1, LTF and PRF1 genes (encoding for hBD-1,
Lactoferrin and P1 respectively) were analysed among 101 HIV-1 positive mothers and 331
infants born to HIV-1-positive mothers from Zambia, performing a genetic association study
with the aim of investigating the possible role of these genetic variants in HIV-1 MTCT.

The children and mothers samples were genotyped for DEFB1 5UTR -52G>A, -44C>G, -
20G>A and 3’UTR ¢.*87A>G polymorphisms, LTF exon 1 polymorphisms, T29A and R47K,
PRF-1 ¢.900C>T polymorphisms using TagMan SNPs genotyping assays.

Maternal LTF T29A A/A and A/G genotypes as well as children DEFB1 ¢.*87 A/A genotype,
DEFB1 GCGA and ACGG haplotypes and PRF1 ¢.900 C/T genotype were significantly
associated with decreased HIV-1 MTCT susceptibility.

The LTF, DEFB1 and PRF1 polymorphism were correlated with protection against HIV-1
MTCT in this Zambian population.

Keywords:  innate  immunity, HIV-1, MTCT, polymorphisms, genotyping.
Introduction

Human immunodeficiency type-1 (HIV-1) mother-to-child transmission (MTCT) has been
dramatically reduced with antiretroviral drugs [1]. Nevertheless, data from prior years in
which antiretroviral drugs were not yet available for prevention provide a unique model to
understand the role of host genetic factors in the modulation of HIV-1 infection susceptibility
in the multifactorial context of in vivo viral infection [2].

So far several genes and genetic polymorphisms (e.g. single nucleotide polymorphisms,
SNPs) have been described as conferring risk or protection towards HIV-1 infection [3]. Since

innate immunity is known to play a crucial role in the immune system of the foetus, we



51

focused our attention on functional genetic variations distributed in primary natural defence
genes such as DEFB1 (8p22-23), encoding the human beta defensins 1 (hBD-1) antimicrobial
peptide, LTF (3p21.3) encoding the iron carrier protein lactoferrin and PRF1 (10g22)
encoding the pore forming protein Perforin-1 (P1), molecules already reported to be somehow
associated with HIV-1 MTCT [4-7].

So, considering the potential role of the molecules mentioned above in the modulation of
HIV-1 MTCT in different ethnic groups and previous studies reporting the functional effects
of genetic variants in hBD-1, lactoferrrin and P1 encoding genes [4-7], we analysed selected
polymorphisms in LTF, T29A and R47K (rs1126477 and rs1126478) previously associated
with oral pathologies [8-11], DEFB1, -52G>A (rs1799946), —44C>G (rs1800972) and —
20G>A (rs11362) at the 5' untranslated region (5'UTR) and ¢.*87A>G (rs1800972) at the
3’UTR possibly modulating hBD-1 expression in different cellular models [12-14], and
PRF1, ¢.900C>T (rs885822) polymorphism reported as correlated with protection towards
HIV-1 infection susceptibility [7] in the context of HIV-1 MTCT in 101 HIV-1 positive
mothers and 331 infants born to HIV-1-positive mothers from Zambia with the aim of

investigating their potential role in risk or protection towards HIV-1 perinatal infection.

Materials and methods

Study Design and Population

The Zambia Exclusive Breastfeeding Study (Lusaka Zambia, ClinicalTrials.gov ldentifier:
NCT00310726) population enrolled for this study was previously analysed in another work by
Segat et al. [15].

For the current genetic analysis 331 infants were selected: 85 were HIV-1 infected (designed
as HIV+): 22 (6.9%) had intrauterine MTCT (1U), 25 (7.5%) had intrapartum MTCT (IP) and
38 (14.4%) had postnatal (breastfeeding) MTCT (PP). The remainder 246 were HIV-1-
exposed uninfected children (designed as HIV-). The samples of 101 HIV-1 positive mothers
(mean age 26 years, range 18-45) of these children were selected and included in the
genotyping analysis: 26 of these transmitted the HIV-1 infection to their newborns (designed
as TR): 26.9% (7/26) were 1U transmitted MTCT, 30.8% (8/26) were IP transmitted, and
42.3% (11/26) were PP transmitted via breastfeeding; 75 mothers did not transmit HIV-1 to
their infants (designed as NTR). The mothers samples were not randomly selected but were

chosen to over-represent children who died before 24 months of age.
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All women provided written informed consent for participating in the study. All the study
experiments and procedures have been performed in accordance with ethical standards of the
1975 Declaration of Helsinki (7" revision, 2013) and the ethical committee of IRCCS Burlo
Garofolo approved the study (protocol L-1106, 1 May 2010).

DNA extraction and genotyping

The DNA extraction was performed as described in Segat et al. [15].

The seven polymorphisms in DEFB1, LTF and PRF1 genes were detected using TagMan
SNPs genotyping assays and TagMan® GTXpress™ Master Mix on the ABI7900HT Real
Time PCR platform (Applied Biosystems - Life Technologies, Carlsbad, California, U.S.A.),
following manufacturer instructions: DEFB1 5UTR -52G>A (rs1799946), -44C>G
(rs1800972), -20G>A (rs11362) and 3’UTR ¢.*87A>G (rs1800971) polymorphisms using
respectively C__ 11636795 _20, C_ 11636794 20, C_ 11636793 20 and C__ 8845559 10
assays, LTF exon 1 polymorphisms, T29A (rs1126477) and R47K (rs1126478) using
respectively C__ 9698511 10 and C__ 9698521 10 assays, , PRF-1 ¢.900C>T
polymorphisms (rs885822) using C__ 1799201 10 assay.

Statistical analysis

The DEFB1, LTF and PRF1 allele and genotype frequencies were calculated by direct
counting, while haplotype frequencies and linkage disequilibrium were computed using the
Arlequin software version 3.5.1.2 [16].

Nonparametric Wilcoxon rank sum test with continuity correction were used to compare
continuous variables. Fisher’s exact test was used for pairwise comparison of allele, genotype
and haplotype frequencies. Logistic regression and Wald’s test were conducted to examine the
association between polymorphisms genotypes and the risk of HIV-1 MTCT. The statistical
tests were performed with the free software R version 3.1.3 [17]. P-value for linkage
disequilibrium analysis was calculated using the permutation test with the EM algorithm, on
Arlequin [16], whereas D’ and r> measures were computed with SNPstat [18]. Post-hoc power
calculations were performed with G*Power software version 3.1.9.2 using post-hoc

calculation using Fisher’s exact test [19].

Results
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HIV-1 MTCT status significantly correlated with maternal CD4 cells count and plasma viral
load (Wilcoxon rank sum test with continuity correction p=3.544e-08 and p=2.35e-13

respectively) (data not shown).

DEFB1 polymorphisms
DEFB1 polymorphisms at position -52G>A, -44C>G and -20G>A were in Hardy Weinberg

equilibrium (HWE) in all groups with the exception of -44C>G variation in the HIV- children
group. The polymorphisms were in linkage disequilibrium in the children but not in the
mothers group (D’>0.51, r>>0.01, p<0.04 and D’>0.645, r>>0.02, p<0.07 respectively) and
combined to form three major haplotypes, namely ACGA, GCAA, ACGG and other minor
haplotypes (with frequency <0.05).

Analysing DEFB1 polymorphisms’ allele and genotype frequency distribution no statistical
significant differences were observed between HIV+ and HIV- children, also when stratifying
for HIV-1 routes of MTCT (table supplementary 1). The only exceptions were ¢.*87 G allele
and A/G genotype, more frequent among IU HIV+ and associated with increased risk of 1U
HIV-1 MTCT (power: 0.57 G allele and 0.38 A/G genotype), also after adjustment for
maternal CD4 cells count and plasma HIV-1 viral load (table 1).

However when DEFB1 haplotypes were considered, the GCGA haplotype was significantly
more frequent among HIV- children than HIV+ and associated with a protection towards
HIV-1 infection (table 1) (power: 0.93).

When the children were stratified according to HIV-1 route of MTCT the GCGA and ACGG
haplotypes were more represented among HIV- respect to the ACGA haplotype (power: 0.80
ACGG and 0.36 GCGA), more frequent among IP HIV+, and associated with a protection
towards IP HIV-1 MTCT (table 1).

No statistical significant association was detected between maternal DEFB1 polymorphisms
and the risk of HIV-1 MTCT, comparing NTR and TR mothers (table supplementary 2).
Finally no association was found between the maternal DEFB1 polymorphisms’ genotypes
and maternal plasma viral load (data not shown).

LTF polymorphisms

The LTF T29A and R47K frequency distributions were in HWE in all groups except for the

polymorphism T29A in the group of NTR mother and for the polymorphism R47K in the
group of HIV- children. T29A and R47K polymorphisms were in linkage disequilibrium
(D’=0.996, r>=0.06, p<0.01 for mother group and D’=0.62, r?=0.03, p<0.01 for children



54

group) and combined to form two major (AG and GG) and two minor haplotypes (GA and
AA, frequency <0.05).

No statistical significant association was found comparing infant allele, genotype and
haplotype LTF frequencies in HIV- and HIV+ children nor when stratifying according with
HIV-1 type of MTCT (table supplementary 1).

No statistical significant association was detected for the LTF R47K polymorphism
confronting NTR with TR mothers MTCT (table supplementary 2); while for the T29A
polymorphism the G/G genotype was more frequent in TR than in NTR (table 2) (power:
0.68); this result was confirmed among PP MTCT group (p=0.02; OR=0.08; CI=0.005-0.90)
(data not shown).

The haplotype analysis did not show any statistically significant correlations (table
supplementary 2).

LTF R47K maternal genotypes were associated with plasma viral load (Kruskal-Wallis rank
sum test, KW chi-squared=6.08, df=1, p-value=0.01, G/A genotype median: 1033 copies/mli,
GG: 66355,5 copies/ml). Instead maternal LTF T29A genotypes were not correlated with
maternal plasma viral load (data not shown).

PRF1 polymorphism

The PRF1 ¢.900C>T frequency distribution was in HWE in all groups with the exception of
HIV + children and HIVV+ PP children.

The C/T genotype was more frequent among HIV- respect to HIV+ and associated with
decreased risk of acquiring HIV-1 infection also after adjustment for maternal CD4 cells
count and HIV-1 plasma viral load (table 3) (power: 0.68). When the children were
subdivided according to the route of transmission, C allele and C/T genotype correlated with
protection towards HIV-1 MTCT in the group of PP infected children (power: 0.64 C allele
and 0.50 C/T genotype), also after adjustment for maternal CD4 cells count and HIV-1
plasma viral load (table 3).

The allele and genotype frequencies between TR and NTR mothers were similar: no statistical
significant correlation was observed between the PRF1 ¢.900C>T polymorphism and the risk
of HIV-1 MTCT (table supplementary 2).

Finally the maternal PRF1 ¢.900C>T genotypes were not associated with maternal plasma

viral load (data not shown).

Stratification for maternal CD4 cells count and plasma viral load
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The mothers and children data were also stratified based on maternal CD4 cells count (low
and high, cut off=350 cells/mm?®) and plasma viral load (low and high, cut off=50000
copies/ml): DEFB1, LTF and PRF1 polymorphisms frequencies were not different comparing
different TR and NTR mothers and also between HIV+ and HIV- children (data not shown).

Discussion

In our study we tested the possible association between functional variations at DEFB1, LFT
and PRF1 genes and susceptibility to HIV-1 infection in mothers and children from Zambia.
LTF T29A polymorphism associated with HIV-1 MTCT, being the T29A G/G genotype more
represented among NTR mothers respect TR, moreover LTF R47K was correlated with HIV-1
maternal infection, indeed G/A genotype was linked with low maternal viral load instead G/G
with high maternal viral load.

Lactoferrin possesses antiviral activity against HIV-1 inhibiting viral replication and blocking
the spread of HIV-1 infection in peripheral blood mononuclear cell cultures [20] and is able to
inhibit HIV-1 reverse transcriptase [21]. The presence of low concentrations of lactoferrin in
the mother’s serum has been reported as increasing the risk of HIV-1 MTCT [20]; however,
few studies analysed the LTF genetic background. The LTF T29A polymorphism is known to
cause a single-point A>G nucleotide mutation resulting in a threonine/alanine substitution at
position 11 of the secreted lactoferrin protein, instead R47K produces a transition A>G
leading to a lysine to arginine changing at position 29 [6]. No previous study associated these
polymorphisms with HIV-1 infection [22], not withstanding the T29A G allele was associated
with periodontitis among African American individuals [9], instead R47K G allele was
correlated to susceptibility towards periodontitis development among Taiwanese patients [8]
and African Americans [9] and it has been also linked with risk of dental caries in Brazilians
[11] and North Americans [10].

The importance of T29A and R47K polymorphisms and their associations with HIV-1
infection in our study could be hypothesized according to the position of the amino acidic
substitutions caused by these polymorphism in the basic N-terminal region of the lactoferrin
molecule that mediates its antimicrobial properties [23]. However in silico analysis with
PolyPhen-2 [24] and SIFT [25] software predicted the polymorphisms as benign and thus not

able to radically affect the protein.
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In our study the other LTF polymorphism, R47K, was not associated with MTCT,
nevertheless DEFB1 and PRF1 variations were correlated with HIV-1 MTCT among
children.

DEFB1 c.*87 A allele and A/A genotype was related to decreased susceptibility towards 1U
HIV-1 MTCT, additionally considering DEFB1 haplotypes, the GCGA associated with
protection towards acquiring HIV-1 MTCT, moreover when the children were stratified
according to the route of virus MTCT, the GCGA and ACGG haplotypes were correlated with
decreased IP HIV-1 MTCT susceptibility.

Other previous works showed associations between DEFB1 polymorphisms and HIV-1
infection in other ethnic groups, namely European Caucasian, Italians (for the -52A>G and -
44C>G polymorphisms) [26] and Brazilians (for the -52A>G and -20G>A polymorphisms)
[13].

In our study the -52A>G polymorphism was linked to MTCT, but only in the haplotype
combination, instead the ¢.87*A/G polymorphism was associated with MTCT risk in this
work for the first time.

Beta-defensins are important mediators of innate mucosal defence against microbial infection
and are also known for their antiviral activities [27]. There are controversial reports regarding
DEFB1 mRNA expression in various tissues or cell lines [28, 14, 12], nevertheless hBD-1 is
constitutively expressed at the mucosa surface [27]. Our study indicated that the four DEFB1
polymorphisms could be involved in the HIV-1 infection susceptibility, suggesting also an
additive and cooperative effect: it is possible to speculate that the DEFB1 ¢.*87 G allele and
A/G genotype and DEFB1 ACGA haplotype, more frequent among HIV+ children might
decrease the hBD-1 expression leading to an increased risk of acquiring HIV-1 infection.
PRF1 ¢.900C>T polymorphism was associated with HIV-1 infection susceptibility also after
adjustment for maternal CD4 cells count and HIV-1 plasma viral load. When the children
were stratified based on routes of HIV-1 infection, the statistical significance was maintained
only in the HIV+ PP group: the PRF1 ¢.900 T/T genotype was associated with an increased
risk of acquiring HIV-1 infection, specially in the post partum period.

Our results partially agree with the data of Padovan et al. [7], in fact both studies observed an
increased frequency of ¢.900 T allele in the HIV-1 positive children group respect to the
group of HIV-1 exposed but not infected children. Our study found the ¢.900 T/T genotype
more frequent among HIV+ respect to T/C genotype, instead in the study of Padovan et al.

T/T was more frequent compared to C/C homozygous genotype.
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The study of Mcllliroy et al. [29] analysed also this PRF1 gene polymorphism in a cohort of
French HIV+ sero-converters. They observed that PRF1 ¢.900C>T polymorphism seemed to
not alter the amino acidic sequence of P1 protein and it was not associated with HIV-1
infection or progression. Ethnic differences could account for the divergent results as well as
the different modality of HIV-1 transmission.

Despite the importance of subject’s genetic background, other major factors are supposed to
be involved in the susceptibility to the HIV-1 infection such as maternal viral load, virus
subtypes and advancement of immune deficiency status [30].

In agreement with previous research, in our study HIV-1 MTCT was associated with low
maternal CD4 cells count and high plasma viral load. Garcia et al. found high HIV-1 RNA
plasma levels associated with a significant risk of HIV-1 MTCT [31], similarly in our study
maternal viral loads were significantly higher in transmitters than in non-transmitters.
Moreover in our study, low maternal CD4 cells count was correlated with an increased risk of
HIV-1 MTCT and this finding was in agreement with previous studies [32].

In spite of our positive findings, taken into account some deviations from HWE, probably due
to the low number of subjects present in some groups and the medium value of the power
analysis, further studies should be necessary to clarify the role of LTF, DEFB1 and PRF1
gene polymorphisms in the multifactorial trait HIV-1 MTCT, since we just analysed the
genome component of our samples not being available any biological material other than
dried blood spot, for the functional validation (i.e. ELISA quantification of lactoferrin, hBD1

and P1) of the associations observed.

Acknowledgements and funding:

This work has been supported by RC06/11 and RC13/12 grants from IRCCS Burlo Garofolo
Trieste / Ministry of Health (ltaly). This study was supported in part by grants from the
Eunice Kennedy Shriver, National Institute of Child Health and Human Development
(NICHD), National Institutes of Health (NIH) (HD39611, HD40777, HD57617).

VP was recipient of fellowship from IRCCS Burlo Garofolo.

Conflict of interest

The authors declared no conflict of interest



58

References

1. UNAIDS. Global AIDS Response Progress Reporting 2015, http://www.unaids.org. 2015.
2. Singh KK, Spector SA. Host genetic determinants of human immunodeficiency virus

infection and disease progression in children. Pediatr Res. 2009;65:55R-63R.

3. McLaren PJ, Coulonges C, Ripke S, van den Berg L, Buchbinder S, Carrington M et al.
Association study of common genetic variants and HIV-1 acquisition in 6,300 infected cases
and 7,200 controls. PLoS Pathog. 2013;9:e1003515.

4. Semba RD, Miotti PG, Lan Y, Chiphangwi JD, Hoover DR, Dallabetta GA et al. Maternal
serum lactoferrin and vertical transmission of HIV. AIDS. 1998;12:331-2.

5. Ricci E, Malacrida S, Zanchetta M, Montagna M, Giaquinto C, De Rossi A. Role of beta-
defensin-1 polymorphisms in mother-to-child transmission of HIV-1. J Acquir Immune Defic
Syndr. 2009;51:13-9.

6. Appay V, Papagno L, Spina CA, Hansasuta P, King A, Jones L et al. Dynamics of T cell
responses in HIV infection. J Immunol. 2002;168:3660-6.

7. Padovan L, Segat L, Crovella S. A polymorphism in PRF1 gene is associated with HIV-1
vertical transmission in Brazilian children. AIDS. 2011;25:535-7.

8. Wu YM, Juo SH, Ho YP, Ho KY, Yang YH, Tsai CC. Association between lactoferrin
gene polymorphisms and aggressive periodontitis among Taiwanese patients. J Periodontal
Res. 2009;44:418-24.

9. Jordan WJ, Eskdale J, Lennon GP, Pestoff R, Wu L, Fine DH et al. A non-conservative,
coding single-nucleotide polymorphism in the N-terminal region of lactoferrin is associated
with aggressive periodontitis in an African-American, but not a Caucasian population. Genes
Immun. 2005;6:632-5.

10. Fine DH, Toruner GA, Velliyagounder K, Sampathkumar V, Godboley D, Furgang D. A
lactotransferrin single nucleotide polymorphism demonstrates biological activity that can
reduce susceptibility to caries. Infect Immun. 2013;81:1596-605.

11. Azevedo LF, Pecharki GD, Brancher JA, Cordeiro CA, Jr., Medeiros KG, Antunes AA et
al. Analysis of the association between lactotransferrin (LTF) gene polymorphism and dental
caries. J Appl Oral Sci. 2010;18:166-70.

12. Sun CQ, Arnold R, Fernandez-Golarz C, Parrish AB, Almekinder T, He J et al. Human
beta-defensin-1, a potential chromosome 8p tumor suppressor: control of transcription and

induction of apoptosis in renal cell carcinoma. Cancer Res. 2006;66:8542-9.


http://www.unaids.org/

59

13. Milanese M, Segat L, Pontillo A, Arraes LC, de Lima Filho JL, Crovella S. DEFB1 gene
polymorphisms and increased risk of HIV-1 infection in Brazilian children. AIDS.
2006;20:1673-5.

14. Milanese M, Segat L, Crovella S. Transcriptional effect of DEFB1 gene 5' untranslated
region polymorphisms. Cancer Res. 2007;67:5997; author reply

15. Segat L, Zupin L, Kim HY, Catamo E, Thea DM, Kankasa C et al. HLA-G 14 bp
deletion/insertion polymorphism and mother-to-child transmission of HIV. Tissue Antigens.
2014,83:161-7.

16. Excoffier L, Lischer HE. Arlequin suite ver 3.5: a new series of programs to perform
population genetics analyses under Linux and Windows. Mol Ecol Resour. 2010;10:564-7.

17. RcoreTeam. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL http://www.R-project.org/ 2015.

18. Sole X, Guino E, Valls J, Iniesta R, Moreno V. SNPStats: a web tool for the analysis of

association studies. Bioinformatics. 2006;22:1928-9.

19. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res Methods.
2007;39:175-91.

20. Viani RM, Gutteberg TJ, Lathey JL, Spector SA. Lactoferrin inhibits HIV-1 replication in
vitro and exhibits synergy when combined with zidovudine. AIDS. 1999;13:1273-4.

21. Wang H, Ye X, Ng TB. First demonstration of an inhibitory activity of milk proteins
against human immunodeficiency virus-1 reverse transcriptase and the effect of succinylation.
Life Sci. 2000;67:2745-52.

22. Zupin L, Polesello V, Coelho AV, Boniotto M, Arraes LC, Segat L et al. Lactotransferrin
gene functional polymorphisms do not influence susceptibility to human immunodeficiency
virus-1 mother-to-child transmission in different ethnic groups. Mem Inst Oswaldo Cruz.
2015;110:222-9.

23. Zhang GH, Mann DM, Tsai CM. Neutralization of endotoxin in vitro and in vivo by a
human lactoferrin-derived peptide. Infect Immun. 1999;67:1353-8.

24. Adzhubei 1A, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, Bork P et al. A
method and server for predicting damaging missense mutations. Nat Methods. 2010;7:248-9.
25. Kumar P, Henikoff S, Ng PC. Predicting the effects of coding non-synonymous variants
on protein function using the SIFT algorithm. Nat Protoc. 2009;4:1073-81.


http://www.r-project.org/

60

26. Braida L, Boniotto M, Pontillo A, Tovo PA, Amoroso A, Crovella S. A single-nucleotide
polymorphism in the human beta-defensin 1 gene is associated with HIV-1 infection in Italian
children. AIDS. 2004;18:1598-600.

27. Schneider JJ, Unholzer A, Schaller M, Schafer-Korting M, Korting HC. Human defensins.
J Mol Med (Berl). 2005;83:587-95.

28. Kalus AA, Fredericks LP, Hacker BM, Dommisch H, Presland RB, Kimball JR et al.
Association of a genetic polymorphism (-44 C/G SNP) in the human DEFB1 gene with
expression and inducibility of multiple beta-defensins in gingival keratinocytes. BMC Oral
Health. 2009;9:21.

29. Mcllroy D, Meyer L, Dudoit Y, Samri A, Delfraissy JF, Autran B et al. Polymorphism in
the proximal promoter region of the perforin gene and its impact on the course of HIV
infection. Int J Immunogenet. 2006;33:73-9.

30. European Collaborative Study. Risk factors for mother-to-child transmission of HIV-1.
Lancet. 1992;339:1007-12.

31. Garcia PM, Kalish LA, Pitt J, Minkoff H, Quinn TC, Burchett SK et al. Maternal levels of
plasma human immunodeficiency virus type 1 RNA and the risk of perinatal transmission.
Women and Infants Transmission Study Group. N Engl J Med. 1999;341:394-402.

32. Kuhn L, Coutsoudis A, Trabattoni D, Archary D, Rossi T, Segat L et al. Synergy between
mannose-binding lectin gene polymorphisms and supplementation with vitamin A influences
susceptibility to HIV infection in infants born to HIV-positive mothers. Am J Clin Nutr.
2006;84:610-5.



Table 1: DEFB1 polymorphisms frequency distribution in children from Zambia

Children
1U vs. HIV-
Fisher test Logistic Regression (Wald’s test)
DEFB1 ¢c.*87A>G U HIV- Unadjusted OR p-value Unadjusted OR p-value Adjusted OR* p-value
rs1800971 n=22 N=246 (95% Cl) (95% CI) (95% CI)
A 0.57 (25) 0.73(361) 1.00
G 0.43 (19) 0.27 (131) 2.09 (1.05-4.10) 0.02
AIA 0.27 (6) 0.53 (131) 1.00 1.00 1.00
G/A 0.59 (13) 0.40 (99) 2.85(0.97-9.49) 0.05 2.87 (1.05-7.81) 0.04 2.94 (1.05-8.26) 0.04
GIG 0.14 (3) 0.06 (16) 4.04 (0.60-21.25) 0.08 4.09 (0.93-17.98) 0.06 4.38 (0.92-20.87) 0.06
HWE £2=0.92 £2=0.22
p=0.34 p=0.64
HIV+ vs. HIV-
Fisher test
HIV+ HIV- Unadjusted OR -value
DEFB1 Haplotypes =85 N=246 (933% ch P
ACGA 0.33 (56) 0.30 (147) 1.00
GCAA 0.25 (43) 0.25 (121) 0.93 (0.57-1.52) 0.81
ACGG 0.22 (38) 0.24 (117) 0.85 (0.51-1.41) 0.55
GCGA 0.02 (3) 0.09 (43) 0.18 (0.03-0.61) 0.002
others 0.18 (30) 0.13 (64) 1.25 (0.70-2.18) 0.49
IP vs HIV-
Fisher test
IP HIV- Unadjusted OR -value
DEFB1 Haplotypes =25 N=246 (9513% ch P
ACGA 0.44 (22) 0.30 (147) 1.00
GCAA 0.26 (13) 0.25 (121) 0.72 (0.32-1.56) 0.47
ACGG 0.08 (4) 0.24 (117) 0.23 (0.06-0.70) 0.006
GCGA 0.02 (1) 0.09 (43) 0.16 (0.004-1.02) 0.05
others 0.20 (10) 0.13 (64) 1.04 (0.42-2.46) 1.00

*adjusted for maternal CD4 + cells count and HIV-1 plasma viral load. Bold character indicates statistical significance.
HWE = Hardy Weinberg equilibrium; HIV- = HIV-1 exposed but not infected children; HIV+ = HIV-1 infected children; IU = intrauterine HIV-1 mother to child;
transmission ;IP = intrapartum HIV-1 mother to child transmission ; OR= odds ratio; Cl= confidence interval
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Table 2: LTF polymorphisms frequency distribution in mothers from Zambia

Mothers
TRvs NTR
Fisher test Logistic Regression (Wald’s test)
LTF T29A TR NTR Unadjusted OR p-value Unadjusted OR p-value Adjusted OR* p-value
rs1126477 n=26 n=75 (95% CI) (95% CI) (95% CI)
A 0.65 (34) 0.73 (110) 1.00
G 0.35(18) 0.27 (40) 1.43 (0.69-3.00) 0.29
A/A 0.50 (13) 0.49 (37) 1.00 1.00 1.00
A/G 0.31(8) 0.48 (36) 0.63(0.21-1.88) 0.46 0.60 (0.22-1.61) 0.31 0.69 (0.23-2.04) 0.50
G/IG 0.19(5) 0.03(2) 6.83 (0.97-79.85) 0.03 7.12 (1.23-41.25) 0.03 5.14 (0.81-32.58) 0.08
HWE ¥?=2.67; p=0.10 1*=3.87; p=0.05

* adjusted for CD4 + cells count and HIV-1 plasma viral load
Bold character indicates statistical significance

TR = transmitter mother; NTR = non-transmitter mothers; HWE = Hardy Weinberg equilibrium; OR= odds ratio; Cl= confidence interval.

29



Table 3: PRF1 polymorphism frequency distribution in children from Zambia

Children
HIV+ vs HIV-
Fisher test Logistic Regression (Wald’s test)
Unadjusted OR p-value Unadjusted OR p-value Adjusted OR* p-value
(95% CI) (95% CI) (95% CI)
PRF1 c.900C>T HIV+ HIV-
rs885822 n=85 n=246
T 0.89 (151) 0.83 (410) 1.00
c 0.11 (19) 0.17 (82) 0.63 (0.35-1.09) 0.11
TIT 0.81 (69) 0.70 (171) 1.00 1.00 1.00
CIT 0.15(13) 0.28 (68) 0.47 (0.25-0.91) 0.03 0.47 (0.25-0.91) 0.03 0.40 (0.19-0.81) 0.01
C/iC 0.04 (3) 0.03(7) 1.06 (0.27-4.23) 1.00 1.06 (0.27-4.23) 0.93 1.82 (0.39-8.58) 0.45
=448 £#=0.01
HWE p=0.03 p=0.94
PP vs. HIV-
Fisher test Logistic Regression (Wald’s test)
PRF1 ¢c.900C>T PP HIV- Unadjusted OR p-value Unadjusted OR p-value Adjusted OR* p-value
rs885822 n=38 n=246 (95% CI) (95% CI) (95% CI)
T 0.93 (71) 0.83 (410) 1.00
C 0.07 (5) 0.17 (82) 0.35 (0.11-0.90) 0.02
TIT 0.87 (34) 0.70 (171) 1.00 1.00 1.00
CIT 0.13(3) 0.28 (68) 0.22 (0.04-0.74) 0.01 0.22 (0.07-0.75) 0.015 0.19 (0.05-0.66) 0.009
ci/iC 0.004 (1) 0.03(7) 0.72 (0.01-5.90) 1.00 0.72 (0.09-6.03) 0.76 1.10 (0.12-10.49) 0.93
1?=4.86 £#=0.01
HWE p=0.03 p=0.94

* adjusted for CD4 + cells count and HIV-1 plasma viral load
Bold character indicates statistical significance.

HWE = Hardy Weinberg equilibrium; HIV- = HIV-1 exposed but not infected children; HIV+ = HIV-1 infected children; PP = postpartum HIV-1 mother to child

transmission; OR= odds ratio Cl= confidence interval
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Supp. table 1: DEFB1, LTF and PRF1 polymorphism allele, genotype frequencies (and counts) in HIV-1 exposed but not infected children
(HIV-) and HIV-1 infected children, also stratifying for timing of HIV-1 MTCT in intrauterine (1U), intrapartum (IP) and postpartum (PP)

groups.
CHILDREN HIV+ vs. HIV- IU vs. HIV- IP vs. HIV- PP vs. HIV-
nI:L212 nI:ZS nzZB ':l\é; nl_ilz\zlm Fisher test Fisher test Fisher test Fisher test
DEFB1 p-value p-value p-value p-value
-52A>G
rs1799946
A 0.57 (25) 0.56 (28) 0.66 (50) 0.61 (103) 0.60 (293)
0.86 0.75 0.65 0.38
G 0.43 (19) 0.44 (22) 0.34 (26) 0.39 (67) 0.40 (199)
A/A 0.41 (9) 0.28 (7) 0.39 (15) 0.36 (31) 0.36 (89)
G/A 0.32 (7) 0.56 (14) 0.53 (20) 0.48 (41) 0.47 (115) 0.96 0.29 0.67 0.41
G/G 0.27 (6) 0.16 (4) 0.08 (3) 0.15 (13) 0.17 (42)
HWE 12=2.72 7*=0.46 7*=1.09 7?=0.01 7*=0.22
p=0.10 p=0.50 p=0.30 p=0.93 p=0.64
-44C>G
rs1800972
C 0.93 (41) 0.92 (46) 0.97 (74) 0.95 (161) 0.94 (462)
0.85 0.75 0.54 0.29
G 0.07 (3) 0.08 (4) 0.03 (2) 0.05(9) 0.06 (30)
CIC 0.86 (19) 0.84 (21) 0.95 (36) 0.89 (76) 0.89 (219)
CIG 0.14 (3) 0.16 (4) 0.05(2) 0.11 (9) 0.10 (24) 0.79 0.60 0.48 0.71
G/G 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.01 (3)
HWE 7*=0.12 7*=0.19 7?=0.03 7?=0.27 7*=5.39
p=0.73 p=0.66 p=0.87 p=0.61 p=0.02
-20A>G
rs11362
G 0.70 (31) 0.70 (35) 0.67 (51) 0.69 (117) 0.71 (348)
0.63 1.00 1.00 0.50
A 0.30 (13) 0.30 (15) 0.33 (25) 0.31 (53) 0.29 (144)
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GIG
G/IA
A/A

HWE

c.*87A>G
rs1800971
A
G
AJA
G/A
G/G

HWE

Haplotypes
ACGA
GCAA
ACGG
GCGA

others

LTF
T29A
rs1126477
A
G
A/IA
AlG
G/G

0.59 (13)
0.23 (5)
0.18 (4)
12=4.54
p=0.03

0.57 (25)
0.43 (19)
0.27 (6)
0.59 (13)
0.14 (3)
7*=0.92
p=0.34

0.23 (10)
0.25 (11)
0.32 (14)
0.00 (0)
0.20 (9)

0.80 (35)
0.20 (9)
0.64 (14)
0.32(7)
0.04 (1)

0.48 (12)
0.44 (11)
0.08 (2)
7*=0.06
p=0.81

0.82 (41)
0.18 (9)
0.64 (16)
0.36 (9)
0.00 (0)
»*=1.20
p=0.27

0.44 (22)
0.26 (13)
0.08 (4)
0.02 (1)
0.20 (10)

0.64 (32)
0.36 (18)
0.36 (9)
0.56 (14)
0.08 (2)

0.42 (16)
0.50 (19)
0.08 (3)
21°=0.67
p=0.41

0.70 (53)
0.30 (23)
0.47 (18)
0.45 (17)
0.08 (3)
»*=0.14
p=0.71

0.32 (24)
0.25 (19)
0.26 (20)
0.03 (2)
0.14 (11)

0.70 (53)
0.30 (23)
0.47 (18)
0.45 (17)
0.08 (3)

0.48 (41)
0.41 (35)
0.11 (9)
7*=0.14
p=0.71

0.70 (119)
0.30 (51)
0.47 (40)
0.46 (39)
0.07 (6)
£=0.73
p=0.39

0.33 (56)
0.25 (43)
0.22 (38)
0.02 (3)
0.18 (30)

0.71 (120)
0.29 (50)
0.48 (41)
0.45 (38)
0.07 (6)

0.51 (125)
0.40 (98)
0.09 (23)
£=0.35

p=0.55

0.73 (361)
0.27 (131)
0.53 (131)
0.40 (99)
0.06 (16)
7?=0.22
p=0.64

0.30 (147)
0.25 (121)
0.24 (117)
0.09 (43)
0.13 (64)

0.71 (350)
0.29 (142)
0.49 (121)
0.44 (108)
0.07 (17)

0.87

0.43

0.59

0.01

0.92

0.98

0.17

0.02

0.04

0.08

0.29

0.46

0.95

0.23

0.42

0.01

0.33

0.43

0.49

0.49

0.76

0.45

0.79
0.96

<9



HWE

R47K
rs1126478
G
A
GIG
AIG
AIA

HWE

Haplotypes
AG
GG
others

PRF1
c.900C>T
rs885822
T
C
TIT
CIT
C/C

HWE

£2=0.01
p=0.92

0.98 (43)
0.02 (1)
0.95 (21)
0.04 (1)
0.00 (0)
2*=0.01
p=0.91

0.80 (35)
0.19 (8)
0.01 (1)

0.82 (36)
0.18 (8)
0.73 (16)
0.18 (4)
0.09 (2)
7?=3.33
p=0.07

=116
p=0.28

0.98 (49)
0.02 (1)
0.96 (24)
0.04 (1)
0.00 (0)
7+=0.01
p=0.92

0.64 (32)
0.34 (17)
0.02 (1)

0.88 (44)
0.12 (6)
0.76 (19)
0.24 (6)
0.00 (0)
7?=0.46
p=0.49

=014
p=0.71

0.99 (75)
0.01 (1)
0.97 (37)
0.03 (1)
0.00 (0)
£2=0.01
p=0.93

0.70 (53)
0.29 (22)
0.02 (1)

0.93 (71)
0.07 (5)
0.87 (34)
0.13 (3)
0.004 (1)
1°=4.86
p=0.03

7*=0.50
p=0.48

0.98 (167)
0.02 (3)
0.97 (82)
0.03 (3)
0.00 (0)
7?=0.03

p=0.87

0.71 (120)
0.28 (47)
0.02 (3)

0.89 (151)
0.11 (19)
0.81 (69)
0.15 (13)
0.04 (3)
=448
p=0.03

=118
p=0.28

0.97 (476)
0.03 (16)
0.94 (232)
0.05 (12)
0.01 (2)
1=12.43
p=0.0004

0.70 (346)
0.26 (130)
0.03 (16)

0.83 (410)
0.17 (82)
0.70 (171)
0.28 (68)
0.03 (7)
72=0.01
p=0.94

0.43

0.87

0.64

0.11

0.06

1.00

1.00

0.46

0.83

0.19

1.00

1.00

0.53

0.54

0.91

0.71

1.00

0.71

0.02

0.02

HWE = Hardy Weinberg equilibrium; HIV- = HIV-1 exposed but not infected children; HIV+ = HIV-1 infected children; IU = intrauterine
HIV-1 transmission; IP = intrapartum HIV-1 transmission; PP = postpartum HIV-1 transmission
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Supp. table 2: Analysis of HIV-1 MTCT according to maternal DEFB1, LTF and PRF1 allele,
genotype and haplotype frequencies comparing transmitter (TR) and non transmitter (NTR)

mothers.
MOTHERS TR vs. NTR
nI§ 6 E:T;: Fisher test
DEFB1 p-value
-52A>G
rs1799946
A 0.60 (31) 0.61(92) 0.87
G 0.40 (21) 0.39 (58)
A/A 0.35(9) 0.37 (28)
G/A 0.50 (13) 0.48 (36) 1.00
G/G 0.15 (4) 0.15 (11)
HWE 7*=0.04; p=0.84  »>=0.01; p=0.92
-44C>G
rs1800972
C 0.94 (49) 0.96 (144) 0.70
G 0.06 (3) 0.04 (6)
C/C 0.88 (23) 0.92 (69) 0.69
CIG 0.12 (3) 0.08 (6)
HWE 2?=0.10; p=0.75  »*=0.13; p=0.72
-20A>G
rs11362
G 0.71(37) 0.69 (104) 0.86
A 0.29 (15) 0.31 (46)
G/G 0.54 (14) 0.51(38)
G/A 0.35(9) 0.37 (28) 0.95
A/A 0.12 (3) 0.12 (9)
HWE 7?=0.64; p=0.42  x*=1.12; p=0.29
c.*87A>G
rs1800971
A 0.83 (43) 0.71 (106) 0.10
G 0.17 (9) 0.29 (44)
A/A 0.65 (17) 0.49 (37)
G/IA 0.35(9) 0.43 (32) 0.22
G/G 0.00 (0) 0.08 (6)
HWE 7?=1.14;p=0.29  4*=0.06; p=0.80
Haplotypes
ACGA 0.38 (20) 0.33(50)
GCAA 0.25 (13) 0.29 (43) 0.345
ACGG 0.17 (9) 0.27 (40)




GCGA 0.10 (5) 0.04 (6)
others 0.10 (5) 0.07 (11)
LTF
T29A
rs1126477
A 0.65 (34) 0.73 (110) s
G 0.35(18) 0.27 (40)
A/A 0.50 (13) 0.49 (37)
A/G 0.31(8) 0.48 (36) 0.015
G/G 0.19 (5) 0.03(2)
HWE =267,p=0.10  »?=3.87; p=0.05
R47K
rs1126478
G 0.98 (51) 0.97 (146) 0.65
A 0.02 (2) 0.03 (4)
G/G 0.96 (25) 0.95 (71) 100
A/G 0.04 (1) 0.05 (4)
HWE 2?=0.01; p=0.92  »*=0.06; p=0.81
Haplotypes
AG 0.63 (34) 0.73 (110)
GG 0.31(17) 0.24 (36) 0.44
others 0.02 (1) 0.03 (4)
PRF1
€.900C>T
rs885822
T 0.81(42) 0.89 (134) 0.15
C 0.19 (10) 0.11 (16)
TIT 0.69 (18) 0.80 (60)
CIT 0.23 (6) 0.19 (14) 0.20
CIC 0.08 (2) 0.01 (1)
HWE 7?=1.72;p=0.19  »*=0.03; p=0.86

HWE = Hardy Weinberg equilibrium
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7 DISCUSSAO GERAL

bY

Andlises de genes candidatos associados a transmissdo do HIV-1
apresentam desafios importantes quanto ao grau de exposi¢cdo viral, visto que
fatores virais, imunes, comportamentais e obstétricos podem enviesar ou dificultar a
deteccdo de efeitos genéticos do hospedeiro associados a transmissao (Hill, 2006;
Fellay et al., 2010). Neste contexto, 0 presente estudo realizou a avaliagado de genes
candidatos da imunidade inata como fatores de transmissédo materno-infantil do HIV-
1 (TMI) através da adocdo de critérios clinicos rigorosos de exposi¢ao viral
[sobretudo contagem de linf. CD4+ (parto), carga viral materna (parto e colostro),
tempo de gestacédo e co-infecgdes] e caracterizacdo das vias de TMI (intrauterina,
intraparto ou pos-parto). A auséncia de diferencas significativas entre os neonatos
infectados quanto as prinicipais variaveis clinicas de exposi¢ao favoreceu a analise
de polimorfismos como fatores de susceptibilidade a TMI na coorte Zambian
Exclusive Breastfeeding Study (ZEBS) de Lusaka.

Os indices de transmissdo durante a gestacdo, parto e amamentacao
encontrados foram respectivamente de 7.1, 7.4 e 11.8%, os quais foram
corroborados por indices similares aos de gestantes infectadas em estudos
anteriores (5-10% na gestacéo, 10-20% no parto e 5-15% na amamentacao)(John e
Kreiss, 1996; Tobin e Aldrovandi, 2013), ratificando que fatores da interacao
materna-infantil impedem que a TMI ocorra de forma majoritaria mesmo na auséncia
de tratamento antirretroviral (TAR) durante a gestacdo. Os menores indices de
transmissao intraparto na coorte ZEBS poderia ser atribuida a beneficios da dose
Unica de nevirapina empregada (no inicio do trabalho de parto) na coorte, associada
anteriormente a reducao de 8.1% em transmissdes intrapartos (Jackson et al., 2003).

A ativacdo de resposta citotoxica durante a exposicdo ao HIV-1 tem se
apresentado como evento essencial na protecdo de neonatos/criancas durante a
amamentacao. Criancas infectadas tardiamente (apdés o 1° més) durante a
amamentacao apresentam menor set point viral (Obimbo et al., 2009) e producéo
mais robusta de IFN-y em linfécitos CD8+ HIV-1 especificos (Lohman-Payne et al.,
2009) comparados aos infectados no 1° més; assim como neonatos nao-infectados
mas expostos a TMI durante a amamentagdo também apresentam maior producao

de IFN-y entre CD8+ HIV-1-especificas (John-Stewart et al., 2009) e producéo média
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maior de perforina entre células NK (Slyker et al., 2012) em comparacdo aos
infectados.

Neste contexto, a importancia da resposta efetora mediada por IFN-y foi
ratificada pelos alelos de protecdo a TMI por amamentacao (rs9576A do gene BST2
e ¢.900 C do gene PRF1) encontrados pelo nosso estudo, visto que regides
promotoras nestes genes sao induzidos durante a ativacdo do receptor de IFN-y
(IFNGR) respectivamente pelos fatores de transcricdo STAT1 (Mahauad-Fernandez
e Okeoma, 2016) e T-bet (Pipkin et al., 2010). A expressao diferencial destes genes
em células imunes ao longo da mucosa gastrointestinal pode interferir na expanséo
viral apés a entrada de células infectadas e/ou virions pelo leite, por aumento da
contencdo viral em membranas pela teterina (Chu et al.,, 2012) e da atividade
citolitica induzida por perforina através de linfocitos CD8+ e células NKs locais (Alter
e Altfeld, 2009).

Embora o impacto funcional do alelo protetor rs9576A situado na 3’'UTR do
gene BST2 durante transmissdo do HIV-1 ainda seja desconhecido, variantes
encontradas em desequilibrio de ligacdo (LD) a este polimorfismo também
ratificaram o seu papel protetor a infeccdo pelo HIV-1, mas entre coortes de
progressdo a AIDS adulta. Em duas coortes de origens distintas [coorte brasileira
avaliada pelo nosso estudo e coorte espanhola (Laplana et al., 2013)] as variantes
BST2 rs919266A e BST2 rs10415893 foram associadas respectivamente a
progressdo mais lenta a AIDS adulta, se encontrando em LD (D’=1.0; de acordo com
populacdo ibérica - IBS do catalogo de variantes humanas 1000 Genomes -

www.internationalgenome.org/). O papel do alelo rs9576A também foi investigado

pelo nosso estudo em coorte italiana de progressao infantil ao HIV-1, no entanto a
sua influéncia na progresséo nao foi detectada pela auséncia alélica em nosso grupo
amostral, devido a baixa frequencia alélica entre algumas populacdes européias,
evidenciadas no catadlogo 1000 genomes.

O alelo ¢.900 C do gene PRF1 teve sua funcdo protetora corroborada por
estudo de TMI em coorte brasileira por Padovan et al. (2011), apresentando o
mesmo alelo PRF1 ¢.900C com funcéo protetora, no entanto a via de transmissao
nao foi identificada e individuos saudaveis ndo foram expostos ao HIV-1 neste
estudo. Embora o mesmo alelo ndo tenha apresentado risco associado a

transmissao horizontal e progressao adulta a AIDS em grupo francés de usuarios de
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droga injetaveis (Mcllroy et al, 2006), o efeito de risco/protecdo poderia ser
comprometido por diferencas no background genético das populacdes.

Interferons do tipo | (IFN-a, IFN-) e R-quimiocinas (RANTES e MIP- 1R),
expressas constitutivamente por células trofoblasticas (Lee et al.,, 2001), tém se
apresentado como alguns dos principais fatores de resisténcia a transmissao
intrauterina por atuarem respectivamente na supressao transcricional do HIV-1 em
trofoblastos infectados (Zachar et al., 2002) e na diminuicdo da infec¢do trofoblastica
pelo HIV-1 como antagonistas de co-receptor viral CCR5 (Derrien et al., 2005).
Neste sentido, o alelo da 3'UTR DEFB1 c.*87A poderia atuar como modulador da
transmissao intrauterina tendo em vista que a [3-defensina-1 é constitutivamente
expressa em trofoblasto e membrana coriénica (King et al., 2007) e poderia atuar
como alvo de inducéo de IFN-a durante a infecgdo aguda pelo HIV-1 na interface
placentaria (Corleis et al., 2017).

Os alelos situados na 5’UTR DEFB1 -44 G em coorte italiana (Segat et al.,
2006) e o alelo DEFB1 -52 A em coorte brasileira (Milanese et al., 2006) foram
previamente relacionados a protecdo a TMI do HIV-1, no entanto em ambos 0s
estudos os efeitos de protecdo foram baseados em comparacdo a neonatos
saudaveis que ndo foram expostos ao HIV-1. O estudo em nossa coorte apontou
uma funcdo de protecdo do alelo -52A entre infectados durante o parto somente
guando era encontrado em bloco haplotipico 52A/-44G/-20G/*87G.

O gendtipo LTF T29A GG foi a Unica variante avaliada que conferiu
resisténcia materna a transmissao perinatal do HIV-1, enquanto LTF R47K G estava
associado somente a carga viral materna maior, sem conferir risco a TMI. A
expressdo protéica mais baixa de Ltf associada ao haplétipo T29A A-,R47K G -
rs2073495 C - rs9110 C (AGCC) foi encontrada em tecidos epiteliais ovarianos em
populacdo chinesa, mas com limitagdes na amostragem e correlacdo de expressao
protéica restrita somente a um haplétipo, sem evidenciar os efeitos isolados dos
polimorfismos T29A e R47K nos niveis de lactoferrina (Cao et al., 2011). A funcéo
dos polimorfismos T29A e R47K em neonatos expostos ao HIV-1 foram avaliados
também em coortes de TMI da ltdlia, india, Brasil e Zimbabue, e corroboraram os
nossos resultados quanto a auséncia de risco associado a neonatos portadores

destas variantes (Zupin et al., 2015).
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8 CONCLUSAO

Através do presente estudo foi possivel indicar alelos em genes da imunidade
inata como fatores de protecdo em vias de transmissdo materno-infantil (TMI), no
gual o alelo 3'UTR DEFB1 c.*87A conferiu protecdo em neonatos expostos ao HIV-1
durante a gestacdo enquanto alelos 3'UTR BST2 rs9576A e PRF1 ¢.900 C
conferiram resisténcia de neonatos a TMI durante a amamentacdo. Dentre os genes
estudados, a funcédo de protecdo foi ratificada entre adultos na progressdo mais
lenta a AIDS atribuida ao gene BST2 (alelo rs919266A), enquanto o gene codificante
da lactoferrina (genotipo LTF T29A GG) teve fungcdo demonstrada entre adultos, mas
como fator de risco materno de transmisséo viral.

Apesar da heterogeneidade genética entre as coortes de TMI, de progressao
adulta e pediatrica, assim como de limitagdes do niumero amostral entre 0s grupos,
foi possivel destacar a influéncia de genes de imunidade inata em um grupo
vulneravel a infeccdo pelo HIV-1 e ainda pouco explorado por estudos
imunogenéticos. A investigacao aprofundada da funcdo destes genes candidatos
podem futuramente contribuir em estudos translacionais, como alvos terapéuticos
para restricdo da TMI entre gestantes e na protecdo de neonatos durante a

exposicao viral.
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Inter-individual heterogeneity in the response to human T-lymphotropic virus 1 (HTLV-]) infection has been
partially attributed to host genetic background. The antiviral activity of the inflammasome cytoplasmic complex
recagnises viral molecular patterns and regulates immune responses via the activation af interlewkin (IL)-1 family
(IL-1, IL-18 and IL-33) members. The association between polymorphisms in the inflammasome receptors NLRPI
and NLRP3 and HTLV-I infection was evaluated in a novtheastern Brazilian population (84 HTLV-1 carriers and
135 healthy controls). NLRP3 rel(0754558 GAG was associated with protection against HTLV-1 infection (p = 0.012;
adds ratio = 0.37). rsl07543558 affects NLRP3 mRNA stability; therefore, our results suggest that higher NLRFP3 ex-
pression may augment first-line defences, leading to the effective protection against HTLV-1 infection.

Key words: NLRP3 - NLREP] - single nucleotide polymorphisms - innate immunity - HTLV-1

The initial stage of human T-lymphotropic virus |
(HTLV-1) infection involves cell-cell transmission of
HTLV-1 from infected to uninfected T-lymphocytes,
followed by the clonal expansion of infected cells, with
almost undetectable levels of circulating virions {Pique
& Jones 2012). The pathogenic outcome has been strong-
ly associated with the clonal expansion and infiltration
of infected lymphocytes into affected tissues (Lair-
more et al. 2012), while efficient antigen presentation
and cytolytic activity of HTLV-l-specific CD&" cyto-
toxic T-lymphocytes have been associated with HTLV-1
proviral load (PVL) control. Several cytokine-coding
genes and human leukocyte antigen variants were previ-
ously described as important restriction factors of PVL
and HTLV-1 pathogenesis; therefore, the genetic back-
grounds of several host immunity components have re-
cently been investigated ( Vine et al. 2002, Haddad et al.
2011, Rocha-Iumior et al. 2012).

The early innate response to several viruses such as
influenza virus, Sendai virus, hepatitis C virus (HCV)
and adenovirus consists of interleukin (IL)-16 production
via inflammasome activation. The inflammasome is a
cytosolic complex that detects pathogen or danger-associs
ated molecular patterns and leads to the activation of cas-
pase-1, the enzyme responsible for pro-1L-18/[L-156 con-
version (Gram et al. 2012). Significant expression of IL-18
has been reported to be induced by HTLV-1 transactivator
protein in macrophages, microglial cells and astrocytes
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(Banerjee et al. 2007, Takahashi et al. 2013), suggesting
an innate response through inflammasome regulation.
Furthermore, the HTLV-1-specific cytolytic response was
shown to be modulated by IL-1 in mice because this cy-
tokine enhanced the expansion and tissue localisation of
antigen-driven CDE" T cell (Ben-Sasson et al. 2013).

The inflammasome plays a major role in IL-16 pro-
duction and may also be involved in the cytoplasmic
recognition of HTLV-1; therefore, we investigated the
possible association between selected single nucleotide
polymorphisms (SNPs) in the inflammasome receptor
genes NLRFP3 and NLRP! and susceptibility to HTLV-1
infection in HTLV-l-infected patients and controls from
northeastern Brazil.

Eighty-four HTLW-l-infected subjects (46.32%
males, 53.68% females; mean age = 45.29 = 2.60 years)
were enrolled from the metropolitan area of Recife,
state of Pernambuco (PE), Brazil. All participants were
screened for the presence of plasma anti-HTLV-1 anti-
bodies (ELISA: Murex Biotech Limited, UK) and posi-
tivity was confirmed by gualitative nested-polymerase
chain reaction (PCR) analysis performed at the Hemope
Foundation (blood center of PE). A total of 155 healthy
controls (HCs) (46.46% male, 53.54% females; mean age
= 21.72 £ 2.45 wears) with negative HTLV-1 serology
and negative qualitative PCR. were recruited as control
subjects from the same metropolitan area at Hemope.
Written informed consent was obtained according to the
Hemope Ethical Committee (protocol 016/2010).

The HTLWV-1 carriers and HCs were admixed north-
eastern Brazilians. The ethnicity of the patients and HCs
was analysed using ancestry markers as reported by Ko-
soy et al. (2009) and the ethnic background results dem-
onstrated similar frequencies of approximately 58% Cau-
casian, 25% African and 17% Amerindian backgrounds.

DMNA was obtained from the peripheral blood of un-
infected HCs and HTLV-] carriers using the “salting

online | memonas o fiocrue. b
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Review of Primary HIV-1 Drug-Resistant Prevalence in Latin

America and Caribbean
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Abstract: Here we review the prevalence of HIV-l primary drug resistance in Latin
America and Caribbean using meta-analysis as well as time-series modeling. We also
discuss whether there could be a drawback to HIV/AIDS programs due to drug resistance in
Latin America and Caribbean in the next years. We observed that, although some studies
report low or moderate primary drug resistance prevalence in Caribbean countries, this
evidence needs to be updated. In other countries, such as Brazil and Argentina, the

Antonio V.C. Coelho

prevalence of drug resistance appears to be rising. Mutations conferring resistance against reverse
transcriptase inhibitors were the most frequent in the analyzed populations (70% of all mutational events).
HIV-1 subtype B was the most prevalent in Latin America and the Caribbean, although subtype C and B/F
recombinants have significant contributions in Argentina and Brazil. Thus, we suggest that primary drug
resistance in Latin America and the Caribbean could have been underestimated. Clinical monitoring should be
improved to offer better therapy, reducing the risk for HIV-1 resistance emergence and spread, principally in
vulnerable populations, such as men who have sex with men transmission group, sex workers and intravenous

drug users.

Keywords: Drug resistance mutation, HAART, primary drug resistance, meta-analysis, systematic

review, time series.

L INTRODUCTION

Estimations indicate that around 35 million
people are living with human immunodeficiency
virus type 1| (HIV-1) globally. Among these,
around 1.75 million live in Latin America and
Caribbean. The implementation of highly active
antiretroviral therapy (HAART) in 1996 saved 6.6
million lives [1]. However, the fight against HIV-1
1s far to be over. One of the most challenging
aspects in the management of HIV-1 infection is
the emergence of strains resistant to antiretroviral
drugs.

*Address cormespondence o this author at the Department of CGenctics,
Universidade Federal de Pemambuco, Avenida da Engenharia, Cidade
Universitiria, Recife, PE, Postal Code: 50740-600, Brazil;

Tel: 55 81 2126 8522;

E-mails: aveebiofmgmail com, antonio.victorj@ufpe br

1570-162X/14 S55.00+.00

HIV-1 typically produces high levels of viral
particles. As its reverse transcriptase (RT) is error-
prone, it consequently generates high degree of
genetic  diversity. Poor adherence to HAART
regimens leads to suboptimal drug levels, which
are insufficient to maintain persistent virus
suppression. The virus then continues to replicate,
albeit at lower replication rates. Thus, if a
mutation conferring resistance to drugs arises, this
will turn into a selective advantage for resistant
quasispecies. In some cases, a single mutation can
cause cross-resistance against all members of an
antiretroviral drug class [2, 3].

A resistant HIV-1 strain may be transmitted to
other persons. This is defined as primary HIV-1
drug resistance (PDR), and it complicates the
choice of which regimen a patient with PDR
should receive, because it increases the risk of

i 2014 Bentham Science Publishers
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Abstract: The scientific community still faces the challenge of developing strategies to cure HIV-1.

One of these pursued strategies is the development of immunotherapeutic vacanes based on dendritic
cells (DCs), pulsed with the virus, that aim to boost HIV-1 specific immune response. We aimed to
review DCs-based therapeutic vaccines reports and critically assess evidence to gain insights for
the improvement of these strategles. We performed a systematic review, followed by meta-analysis
and meta-regression, of clinical trial reports. Twelve studies were selected for meta-analysis. The
experimental vaccines had low efficiency. with an overall success rate around 38% (95% confidence
interval = 26.7%-51.3%). Protocols differed according to antigen choice, DC culture method, and
doses, although multivariate analysis did not show an influence of any of them on overall success
rate. The DC-based vaccines elicited at least some immunogenicity, that was sometimes associated
with plasmatic viral load transient control. The protocols included both naive and antiretroviral

therapy (ART)-experienced individuals, and used different criteria for assessing vaccine efficacy.

Although the vaccines did not work as expected, they are proof of concept that immune responses
van be buosted against HIV-1. Protowol standardization el use of auxiliany approadies, sucl as
latent HIV-1 reservoir activation and patient genomics are paramount for fine-tuning future HIV-1
cure strategies.

Keywnrds: human immimadeficiency virns: dendritic eoll; clinical trial; vaceine: meta.regression

1. Introduction

The adaplive inunune response during vival infections is mwediated by anligen-presenting cells
(APC), such as macrophages, B lymphocytes and dendnitic cells (DCs), which capture antigens and
present them to naive lvmphocvtes [1,2]

Int, |. Mal. Sci. 2016, 17, 1985; doiz 103390/ ipms 17121985 www.mdpi com/journal / jms



89

APENDICE D

ASSOCIATION OF HLA-G 3’ UTR POLYMORPHISMS AND HAPLOTYPES WITH
SEVERE SEPSIS

Eriza Cristina Hahn'*, Francis Maria BaAo Zambral*, Anselmo Jiro Kamada?, Francieli
Delongui®, Edna Maria Vissoci Reiche?, José Artur Bogo Chies?

1Department of Genetics, Universidade Federal do Rio Grande do Sul - UFRGS,
Porto Alegre, RS, Brazil. 2Department of Genetics, Universidade Federal de
Pernambuco - UFPE, Recife, PE, Brazil. 3Department of Pathology, Clinical Analysis
and Toxicology, Universidade Estadual de Londrina - UEL, PR, Brazil.

Submetido ao periddico Critical Care, em 12/02/2016.
Fator de Impacto (JCR 2015): 4.950

Classifcacdo Qualis A1 — Ciéncias Bioldgicas |



90

Abstract

Background: Sepsis is a systemic inflammatory process developed in response to a
local infection and is a main cause of mortality in Intensive Care Units (ICU). The
human leukocyte antigen G (HLA-G) is an important molecule involved in the immune
system modulation, acting in the maintenance of a state of immune tolerance. The 3’
untranslated region (3° UTR) of the HLA-G gene regulates gene expression and
some polymorphisms in this region were previously associated to distinct levels of
HLA-G expression and were associated to sepsis in a previous study. In the present
study, haplotypes and polymorphisms of the HLA-G 3’'UTR were analyzed in septic
patients from Londrina city (Parand state, Brazil).

Methods: DNA samples from 64 septic patients (with severe sepsis or septic shock)
and 190 controls were assessed. The 3'UTR of HLA-G gene was amplified by PCR,
sequenced and eight polymorphisms, including the 14 bp insertion/deletion
(rs371194629), +3003T/C (rs1707), +3010C/G (rs1710), +3027A/C (rs17179101),
+3035C/T (rs17179108), +3142G/C (rs1063320), +3187A/G (rs9380142) and
+3196C/G (rs1610696) were genotyped. The haplotypes for each sample and
haplotype frequencies were inferred with the software PHASE. Association tests

were performed through chi square and binary logistic regression analyses.

Results: Amongst the polymorphisms evaluated, the +3027AC genotype presented
a significantly higher frequency in sepsis, conferring an increased risk to the disease
development (OR 3.17, 95%CI 1.40 — 7.17, Pgonferroni 0.048). Further, the presence of
the UTR-7 haplotype was associated to sepsis (OR 2.97, 95%Cl 1.30 — 6.69,
Pgonferroni 0.018), as well as the presence of 14bp-Ins_+3142G_+3187A haplotype
(OR 2.39, 95%CI 1.19 — 5.08, Pgonferroni 0.045), conferring susceptibility to sepsis.

Conclusion: Our data confirms an important influence of HLA-G 3 UTR
polymorphisms in the development of severe forms of sepsis (severe sepsis and
septic shock). The genotyping of HLA-G genetic variants and haplotypes could be

useful as a prediction tool of increased risk to severe sepsis.

Keywords: haplotypes, HLA-G, polymorphisms, sepsis, untranslated region.
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2) RESUMO DAS ATIVIDADES DESENVOLVIDAS

O uso clinico do laser terapéutico de baixa poténcia (Low Level Laser Therapy -
LLLT) tem contribuido na reducdo do quadro inflamatério, dor e tempo de
recuperacao tecidual da mucosite oral (MO) associada a radioterapia e quimioterapia
em pacientes oncologicos, no entanto ainda ndo esta claro quais 0s mecanismos
fisiolégicos bem como as populacbes celulares que sdo estimuladas pela terapia.
Neste contexto, o projeto realizou inicialmente um screening dos componentes
soluveis (citocinas, quimiocinas e fatores de crescimento) diferencialmente expressos
na mucosa oral em pacientes com MO submetidos ao LLLT, o qual revelou a
diminuicdo de citocinas inflamatérias IL-18, TNF-a, e IL-7, e quimiocina IL-8,
associadas principalmente a resposta inflamatoria local e recrutamento de neutrofilos.
Em seguida, foi observada a inibicdo da producdo de espécies reativas de oxigénio
(ROS) entre neutrofilos humanos expostos ao LLLT de 970nm, indicando que o LLLT
atua de forma direta na reducdo destes mediadores inflamatorios, que sé&o
comumente associados a leséo tecidual em condicdes de inflamacédo cronica. Apesar
de limitacbes na amostragem, estes resultados preliminares revelam um efeito
biologico mediado pelo LLLT ainda pouco descrito, o que poderia contribuir
futuramente na elaboracdo de imunobiolégicos complementares durante a aplicacédo
LLLT e otimizar o tempo de recuperacdo e qualidade de vida de pacientes afetados

pela mucosite oral.

3) OBJETIVOS

Geral
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Identificar mecanismos celulares associados a reducdo da inflamacdo na
mucosite oral (MO) através do perfil inflamatorio de pacientes submetidos ao
tratamento com laser terapéutico de baixa poténcia (LLLT) e ensaios in vitro.

Especificos

e Avaliar citocinas inflamatérias e quimiocinas diferencialmente expressas no
guadro de mucosite oral apos a aplicacdo do LLLT,;

¢ Identificar populacdes celulares induzidas pelo LLLT através do padrdo de
expressao de citocinas/quimiocinas diferencialmente expressas na mucosite oral;

e Avaliar ainducao/inibicdo direta do LLLT na producéo de espécies reativas

de oxigénio (ROS) nas células-alvo identificadas;

e Avaliar ainducao transcricional de componentes do complexo inflamatorio

Inflamassoma em linhagem de queratinécitos expostas ao LLLT.

4) RESULTADOS ESPERADOS

O projeto intitulado inicialmente de “Regulagdo da expressao do
Inflamassoma na mucosite oral em pacientes oncologicos tratados com terapia a
laser” investigou através de um modelo experimental, os efeitos do laser terapéutico
de baixa poténcia (LLLT) nos niveis transcricionais de genes codificantes do
complexo Inflamassoma (responsavel pela regulacao de citocinas inflamatérias IL-13
e IL-18 dependente de caspase-1) em linhagens celulares epiteliais (Figura 6). No
entanto, a possibilidade de explorar dados da dosagem de 39 citocinas e
guimiocinas em pacientes oncologicos com mucosite oral tratados com LLLT durante
o periodo do projeto se mostrou como estratégia chave na caracterizacdo da
resposta a terapia de forma mais especifica em comparacdo com testes em
linhagens celulares. Desta forma, foi priorizada a identificacdo de possiveis
marcadores e células-alvo pelo padrao diferencial de moléculas soluveis produzidas,
e posteriormente experimentos in vitro foram conduzidos em células-alvo
identificadas para a avaliacdo do efeito da LLLT no padrdo de producdo de espécies
reativas de oxigénio, mediador inflamatério essencial no desencadeamento de
resposta inflamatéria.

5) METODOLOGIA
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GRUPO DE ESTUDO

A formacdo da coorte de pacientes com cancer de cabeca/pescoco sob
guimioterapia se iniciou desde novembro de 2015, sendo acompanhada pelo setor
de Odonto-estomatologia clinica do Hospital Maggiore de Trieste — Itdlia quanto a
presenca de mucosite oral e submetidos ao termo de consentimento livre e
esclarecido durante o recrutamento para o protocolo de LLLT. O projeto foi aprovado
pelo Comité de ética em pesquisa do hospital (Protocolo L.1436).

No primeiro dia de visita, pacientes foram submetidos a um questionario de
histérico clinico e avaliacdo de severidade da mucosite oral. A escala de analogia
visual (VAS) foi empregada como referéncia para a avaliagdo de parametros como:
alteracao de voz, dificuldade de degluticdo, alteracdes na mucosa e dificuldade de
higiene oral.

Apoés o protocolo de higienizacao oral, a cavidade oral foi examinada para
classificacdo de mucosite oral, com a caracterizacdo da distribuicdo e tamanho da
ulceracdo e/ou eritema pela Escala de Toxicidade a Quimoterapia, critério
desenvolvido por Sonis et al. (2004) e adotado pelo Instituto Nacional de Cancer

(NCI)(http://ctep.cancer.gov/ ). Quatro pacientes masculinos que apresentavam

gquadro de grau dois pelo CTC (eritema dolorosa, edema ou Uulcera, com
possibilidade de ingestdo e degluticdo) e sem historico de sessdes de radioterapia

foram incluidos e completaram as sessdes no estudo.

PROTOCOLO DE LASER TERAPEUTICO DE BAIXA POTENCIA (LLLT)

O protocolo consistiu de sessdes diarias de laser terapéutico de baixa
poténcia (LLLT) aplicadas por quatro dias seguidos. O equipamento de diodo laser
de Arseniato de Galio e Aluminio-GaAlAs (classe IV, K-Laser, Eltech S.r.l, Treviso,
Italia) foi configurado para emissao de laser a 970 nm de comprimento de onda e 5W
de poténcia (ciclo 50%) incididos por cm? de area de mucosa oral, durante um
periodo de 230 segundos. Foram empregados Oculos de protecdo como
equipamento de protecdo individual tanto pelo paciente como pelo operador do
protocolo para a prevencao de riscos associados a exposi¢cdo ao laser durante as
sessfes. Para experimentos in vitro com células irradiadas com LLLT em placas de
cultura celular de 96 wells, foi empregado o suporte para placas automatizado
(Eltech) e programado de acordo com o tempo de emissdo especifico para 0s

comprimentos de onda (445 nm, 660 nm, 800 nm e 970 nm).


http://ctep.cancer.gov/
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AMOSTRAGEM E DOSAGEM DE CITOCINAS

Amostras de saliva foram coletadas com um swab oral em &reas da mucosa
(labios superiores e inferiores, bochecha, lingua e palatos mole e duro) afetadas e
ndo-afetadas (saudavel) pela mucosite oral, sendo coletadas anteriormente e
posteriormente a aplicacdo do laser (dentro de um intervalo maximo de cinco
minutos). As amostras foram aliquotadas em diluicées (1:4) para volumes de 50uL e
posteriormente estocadas em freezer -80°C.

A dosagem simultanea de 39 citocinas, quimiocinas e fatores de crescimento
(IL-1pB, IL-17, IL-12, IFN-G, IL-6, IL-10, IL-4, HGF, MIP-1b, G-CSF, GM-CSF, TNF-q,
IL-2, IL-7, IL-8, IL-18, IL-1a, IFN-a2, IL-13, IL-5, CTACK, GROa, LIF, MCP-3, M-CSF,
MIF, MIG, bNGF, SCF, SCGF-b, TRAIL, RANTES, SDF-1a, MCP-1, IL-2Ra, IL-3, IL-
12p40, IL-16, TNF-b) nas amostras de swab foi realizada através de ensaios com
equipamento Bio-Plex 200 reader (Bio-Rad) do Instituto Burlo Garofolo,
empregando-se painéis de anticorpos especificos Bio-Plex Pro Human Cytokine 17-
Plex Panel e Pro Human Cytokine Group Il 21-Plex Panel, complementados com
anticorpo especifico para a quimiocina RANTES/CCLS5, e analisados com o Bio-Plex
Manager v.5(Bio-Rad).

PROTOCOLO DE ISOLAMENTO DE NEUTROFILOS E IRRADIACAO DE LLLT
EM MODELO CELULAR

A reducdo de citocinas e quimiocinas associadas a atividade de neutréfilos
encontrados com o Luminex indicou um possivel efeito bioldgico do LLLT sobre
neutrofilos. Desta forma, ensaios de estimulo direto de LLLT sobre neutréfilos foram
estabelecidos.

Inicialmente, o isolamento de neutréfilos foi realizado a partir do sangue
periférico de individuos saudaveis (n=5) por gradiente de Ficoll (Ficoll-Paque Plus,
GE Healthcare), utilizando-se de centrifugacdo a 400xG (30 mins) para a separagao
de neutréfilos da interface de células mononucleares. Em seguida, a lise de
hemécias com solu¢édo tamponada de cloreto de aménia [Tris (1,7 mM)-NH4CI (16
mM)] foi realizada seguida de lavagem de neutréfilos com centrifugacéo a 150xG (10
mins) em solucdo HANKS (Sigma Aldrich), tendo como concentracdo final 10°

neutrofilos/mL para posterior exposicédo ao LLLT em placa de cultura celular.
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AVALIACAO DE ESPECIE REATIVA DE OXIGENIO (ROS) POR CITOMETRIA DE
FLUXO E FLUORIMETRO

Para a avalicdo da cinética da producdo intracelular de espécies reativas de
oxigénio (ROS) apo6s exposicao ao LLLT (660 nm e 970 nm), os neutrofilos foram
incubados com o fluoréforo 2'7'diacetato de diclorofluoresceina a 10uM (DCFH-DA,
Sigma Aldrich) por 10 minutos e lidos (1 deteccdo/min) no fluorimetro Envision
(Perkin Elmer) durante os préximos 120 minutos. Apdés a avaliacdo temporal da
producdo de ROS, neutrdfilos foram analisados no citdmetro de fluxo FACScalibur
(BD Biosciences) para a avaliagdo da viabilidade e comparagédo do ROS induzido
por LLLT em relacdo ao induzido lipopolissacarideo (LPS), como controle positivo.

EXPRESSAO DIFERENCIAL DO COMPLEXO INFLAMASSOMA EM LINHAGENS
HACAT INDUZIDOS POR LLLT

A linhagem aneupléide imortalizada de queratindcitos HaCaT foi utilizado em
testes preliminares para a avaliacdo da expressao diferencial de genes do complexo
inflamassoma (receptor NLRP-3, Caspase-1 e Interleucina-1p) frente ao tratamento
com quatro comprimentos de onda de laser (445 nm - 0.5W - 40J/cm?; 660 nm -
0.5W - 6J/cm?; 800 nm - 1W - 20J/cm?; 970 nm - 0.1W - 3J/cm?), visto que uma das
principais vias de ativacdo de caspase 1/IL-1B mediada por ROS € dependente de
receptor NLRP-3.

O RNA total foi isolado de células HaCaT ap0s a exposicdo ao laser,
utilizando-se o kit de extracdo RNAqueous Micro kit (Ambion), seguido de producéo
de cDNA utilizando-se o kit SuperScript™ Ill (Invitrogen) de acordo com as
instrucdes do fabricante. A expresséo génica foi avaliada por PCR em tempo real
ABI 7500 (Applied Biosystems) com o uso de sondas TagMan especificas (NLRP3,
CASP1 e IL1B) em triplicata.

Os niveis de mRNA foram normalizados contra os niveis de mRNA de gene
ACTB (gene codificante da Beta actina como controle endégeno). O numero do ciclo
em que a transcricdo do gene de interesse € detectavel (CT) foi normalizado com o
namero do ciclo de detec¢cdo do gene endogeno ACTB, referida como delta Ct

(ACT). A diferenca de expressédo do gene de interesse em relacdo as provas entre
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cada experimento (i.e.: estimulado contra ndo estimulado) foi expressa em 2-AACt,
na qual AACt é igual a ACt da prova (i.e.: estimulado) menos o ACt do basal (i.e.: ndo

estimulado), que foi normalizado para 1 (Livak e Schmittgen, 2001).
ANALISE ESTATISTICA

Para a avaliacdo de diferencas significativas nos niveis de
citocinas/quimiocinas entre mucosa saudavel e com mucosite oral foi empregado o
teste ANOVA de comparacbes multiplas enquanto diferencas nos niveis anterior e
posterior ao tratamento do LLLT foram avaliados por Teste t-pareado. Diferencas
nos niveis de expressao génica foram analisados por meio de teste T pareado nao
paramétrico ou ANOVA para comparac¢des multiplas utilizando o software GraphPad

Prism 5.

6) RESULTADOS & DISCUSSAO

Dentre as 39 moléculas solUveis avaliadas, quinze apresentaram maior
expressao nos sitios de mucosite oral em comparacdo a mucosa saudavel, dentre os
guais se destacaram citocinas pro-inflamatorias (IL-6, IL-1B, TNF-a), quimiocinas (IL-
8 e MIP-1b) e fatores de crescimento (GM-CSF, G-CSF)(Tabela 1), por
apresentarem caracteristicas essenciais na quimiotaxia, funcéo, diferenciacdo e
maturacdo de neutréfilos durante a resposta inflamatoria inicial. Ao comparar a
expressdo das quinze citocinas diferencialmente expressas nos sitios de mucosite
oral (Tabela 2), houve uma reducéo significativa principalmente nos niveis de IL-13,
TNF-a e IL-7(p<0.05), com IL-8 apds a aplicacdo do LLLT (970nm)(Figuras 1, 2 e 3).
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Tabela 1 — Niveis de citocinas e quimiocinas (em ng/mL) em amostras de swab oral em tecido saudavel e com
mucosite oral (de quatro pacientes oncoldgicos sob quimioterapia).

Mucosa saudavel Mucosite oral

. Saud. x

Citocinas/ . 12 22 32 42 - Desv. 12 22 32 42 . Desv.
L . Mucosite x . ~ ~. Média = ~ x x % Média =

Quimiocinas p-value sessd0o sessdo sessdo sessao padrédo sessdo sessdo sessdo sessdo padrédo
IL-1B 0.0044 14,17 39,13 17,64 30,34 25,32 4,77 191,52 410,38 318,14 639,35 389,85 121,72
IL-17 7,28E+08 5,65 12,71 6,52 7,90 8,20 1,40 18,11 20,61 24,08 31,86 23,67 2,52
IL-12 0.0005 2,34 3,57 2,89 3,03 2,96 0,21 3,50 5,06 5,32 6,14 5,01 0,51
IFN-G 4,52E+08 7,37 20,38 9,39 8,68 11,45 2,64 27,51 37,62 50,00 60,24 43,84 5,63
IL-6 7,01E+08 1,15 4,39 1,92 2,12 2,40 0,63 17,10 12,31 13,39 28,37 17,79 2,64
IL-10 0.0014 4,17 6,75 474 5,05 5,18 0,42 6,39 6,30 8,87 10,61 8,04 0,80
IL-4 8,02E+08 0,69 1,06 0,65 0,74 0,79 0,09 1,38 1,69 2,31 3,15 2,13 0,28
HGF 0.0039 44,76 49,51 41,82 46,51 45,65 3,86 343,64 609,87 242,25 175,66 342,85 91,86
MIP-1b 0.0001 4,97 15,24 5,15 7,09 8,11 1,96 17,11 22,61 34,21 39,07 28,25 4,56

G-CSF 2,21E+08 4,44 10,89 4,95 5,20 6,37 1,20 26,83 30,97 37,88 47,62 35,83 4,74
GM-CSF 3,57E+09 45,65 49,89 46,76 51,29 48,40 0,83 53,07 53,53 57,75 62,60 56,74 1,73

TNF-a 0.0001 1,34 4,86 2,42 3,05 2,91 0,73 12,86 19,11 16,35 25,16 18,37 3,32
IL-2 0.0004 0,06 0,87 0,56 0,97 0,61 0,13 0,65 1,76 2,45 3,00 1,97 0,39
IL-7 0.0059 0,71 1,12 0,45 0,53 0,70 0,15 1,97 0,93 2,33 2,87 2,03 0,41
IL-8 0.0005 101,82 141,06 96,20 11596 113,76 18,96 538,50 613,87 485,62 473,52 527,88 94,39
IL-18 0.2191 16,18 83,67 20,58 4576 41,555 17,23 71,63 75,88 62,43 87,06 74,25 17,58
IL-1a 0.2021 87,34 6858 31,40 67,22 63,63 16,10 91,93 14161 68,75 60,59 90,72 12,91

IFN-a2 0.6555 11,70 7,58 9,10 8,78 9,29 1,42 8,87 11,46 6,27 7,35 8,49 1,00
IL-13 0.0817 0,38 0,85 0,60 0,51 0,59 0,08 0,69 0,88 2,00 1,38 1,24 0,35
IL-5 0.0218 0,58 0,89 0,58 0,58 0,66 0,08 0,69 0,51 1,33 1,50 1,01 0,16

CTACK 0.7797 15,09 574 7,26 9,06 9,29 2,25 9,13 13,63 9,47 8,33 10,14 1,86

GROa 0.0162 213,08 492,30 482,37 291,36 369,78 59,71 717,80 1041,43 862,84 534,22 789,07 142,42
LIF 0.0123 4,61 2,05 1,05 1,38 2,27 0,63 4,71 9,71 7,37 3,66 6,36 1,33

MCP-3 0.1555 3,50 0,73 0,46 0,49 1,29 0,54 0,70 0,80 0,46 0,46 0,61 0,10

M-CSF 0.1156 23,50 19,50 1950 26,38 22,22 2,93 34,12 58,84 30,46 23,57 36,75 8,16
MIF 0.1047 66,15 175,10 11546 124,64 120,34 23,42 380,00 419,12 215,38 196,39 302,72 102,87
MIG 0.2292 31,14 43,23 24,89 42,54 3545 6,92 92,28 129,46 51,34 26,85 74,99 31,01

bNGF 0.8719 0,76 0,39 0,23 0,20 0,40 0,16 0,49 0,49 0,18 0,28 0,36 0,13
SCF 0.9821 4,32 1,56 1,49 1,48 2,21 0,58 2,43 2,98 1,86 1,50 2,19 0,60

SCGF-b 0.2822 34,83 1520 15,20 15,20 20,11 4,91 50,81 74,91 1520 15,20 39,03 16,67

TRAIL 0.2570 26,09 1594 28,98 16,23 21,81 4,52 30,30 46,62 32,44 21,30 32,67 7,78

RANTES 0.0260 0,93 1,62 1,03 1,33 1,23 0,23 591 2,40 2,08 2,54 3,23 0,84

SDF-la 0.0852 89,25 63,19 7882 5572 71,75 8,18 88,67 104,64 96,67 84,63 93,65 8,65

MCP-1 0.6758 59,23 110,78 84,58 97,05 87,91 14,91 56,76 113,26 74,24 71,62 7897 13,78

IL-2Ra 0.7012 22,67 13,50 13,72 9,00 14,72 2,68 11,55 16,36 12,85 13,25 13,50 1,91
IL-3 0.1273 75,65 42,20 55,22 60,95 58,51 5,49 83,02 77,24 69,66 61,62 72,89 7,15

IL-12p40 0.1658 129,28 108,72 165,63 145,15 137,19 19,51 191,63 193,80 149,58 158,21 173,30 15,11
IL-16 0.0414 36,57 2,55 1,62 0,37 10,28 6,63 50,10 47,59 3555 15,33 37,14 11,10
TNF-b 0.1938 3,51 2,25 2,85 2,30 2,73 0,29 5,21 3,34 2,60 512 4,07 0,91

*em negrito — citocinas/quimiocinas com diferencas significativas entre tecido saudavel e com mucosite oral
(p<0.005). ** Two way ANOVA.
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Tabela 2 - Niveis de citocinas/quimiocinas expressas diferencialmente na mucosite oral antes e depois da aplicacao
do laser terapéutico (LLLT).

Ez')és LL-.I;_X Mucosite oral pré LLLT Mucosite oral pés LLLT
Q?J:t;?cl)Z?nsa/s p-value™ seslzﬁo seszsaﬁo sesgzéo se;lsaéo Média pDetiI?g6 seslsaéo seszsaéo segsaéo se;lsaéo Média pl?'ji?gb
IL-1B 0.034 191,52 410,38 318,14 639,35 389,85 121,72 189,77 96,01 243,48 111,61 160,22 69,02
IL-17 0.47 18,11 20,61 24,08 31,86 23,67 2,52 21,33 12,45 26,49 14,37 18,66 6,46
IL-12 0.35 3,50 5,06 5,32 6,14 5,01 0,51 4,25 3,17 5,67 3,44 4,13 1,12
IFN-G 0.25 27,51 37,62 50,00 60,24 43,84 5,63 38,70 18,72 48,76 18,74 31,23 15,01
IL-6 0.37 17,10 12,31 13,39 28,37 17,79 2,64 28,40 11,19 16,59 3599 23,04 11,23
IL-10 0.16 6,39 6,30 8,87 10,61 8,04 0,80 7,39 5,30 9,33 6,30 7,08 1,73
IL-4 0.21 1,38 1,69 2,31 3,15 2,13 0,28 1,91 1,15 2,35 1,14 1,64 0,60
HGF 0.067 343,64 609,87 24225 175,66 34285 91,86 444,73 153,28 319,52 128,49 261,51 148,71
MIP-1b 0.071 17,11 22,61 34,21 39,07 28,25 4,56 25,10 16,40 31,50 25,59 24,65 6,22
G-CSF 0.39 26,83 30,97 37,88 47,62 35,83 4,74 46,47 33,19 46,91 4151 42,02 6,38
GM-CSF 0.25 53,07 53,53 57,75 62,60 56,74 1,73 56,43 50,70 56,06 50,46 53,41 3,28
TNF-a 0.047 12,86 19,11 16,35 25,16 18,37 3,32 10,82 8,48 17,17 8,00 11,12 4,22
IL-2 0.46 0,65 1,76 2,45 3,00 1,97 0,39 1,70 0,67 1,95 0,91 1,31 0,61
IL-7 0.016 1,97 0,93 2,33 2,87 2,03 0,41 1,78 1,30 1,98 0,53 1,40 0,64
IL-8 0.048 538,50 613,87 485,62 47352 527,88 94,39 549,51 235,76 448,44 283,44 379,29 14554

*em vermelho - citocinas/quimiocinas com diferencas significativas ap6s a aplicacdo do LLLT (970 nm)
(p<0.05). * Two way ANOVA.

Mucosa saudavel Mucosite oral

10001 1000+
— Before Laser
— After Laser

Figura 1 - Dosagem de citocinas e quimiocinas a partir de swab em tecidos de mucosa oral saudavel

e com mucosite oral, anteriormente (azul) e posteriormente (em vermelho) a aplicacdo do laser
terapéutico (LLLT).
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Fig
ura 2 - Dosagem de moléculas sollveis a partir de swab em tecidos de mucosa oral saudavel e com
mucosite oral, anteriormente (azul) e posteriormente (em vermelho) a aplicacao do laser terapéutico.
* Somente o sinal fluorescente de uma amostra foi reconhecida na dosagem IL-6.
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Mucosite oral

10001
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800
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4004

Figura 3 - Dosagem de moléculas sollveis a partir de swab em mucosa oral saudavel e com mucosite
oral, anteriormente (azul) e posteriormente (em vermelho) a aplicacdo do laser terapéutico.*Somente
o sinal fluorescente de uma amostra foi reconhecida na dosagem IFN-G.
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A inducdo de moléculas associadas a inflamacao aguda local em amostras

com mucosite oral e a reducdo de citocinas e quimiocinas associadas a funcédo de

neutrofilos (IL-1B, TNF-a, IL-7 e IL-8) ap0s LLLT, poderia indicar um possivel efeito

anti-inflamatoério sobre estas células-alvos (Figura 4), tendo em vista seu papel

essencial como primeiras sentinelas em lesdes teciduais e na amplificacdo da

resposta inflamatoria local.

a) Recrutamento inicial de neutréfilos a ' b) Amplificagdo da resposta
leséo ' mediada por neutréfilos
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Figura 4 - Papel central de neutréfilos em diferentes fases de uma leséo tecidual. a) Producgéo de
padrées moleculares associados a danos (DAMPs) no sitio de lesédo, producdo de citocinas pro
inflamatérias e quimiotaxia dos primeiros neutréfilos recrutados ao sitio de lesdo; b) DAMPs
produzidas por neutréfilos necréticos e producdo continua de citocinas amplifica o recrutamento de
células diretamente da circulagéo, principalmente por quimiocinas e leucotrienos (como o LTB4) ; c) A
manutencao da lesdo favorece a entrada de padrdes moleculares associados a patégenos (PAMPS),
e de DAMPs induzindo resposta em um repertério maior de células locais e dificultando a resolucéo
do quadro inflamatério. Modificado de de Oliveira et al. (2016).

Desta forma, a investigacdo visou avaliar o ROS intracelular como mediador

inflamatério em neutréfilos, através de ensaios

in vitro com neutrdfilos isolados de

individuos saudaveis e estimulados com dois tipos de comprimentos de onda

distintos (970 nm e 660 nm).



Os lasers apresentaram efeitos opostos, com a reducdo na producgao
espécie reativa de oxigénio (ROS) intracelular induzida pelo LT de 970nm apos
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de
90

minutos, enquanto o aumento de ROS pelo LT de 660 nm foi significante somente

apos 120 minutos do estimulo (Figura 5 e Tabela 3).

Non Stimulated
— LPS
970 nm
— LPS + 970 nm
660 nm
— LPS + 660 nm

Fluorescence detection units

L) L) L) 1 ) ) L) L] L] L] L] 1
0 10 20 30 40 50 60 70 80 90 100 110 120
Time (mins)
Figura 5 — Fluorescéncia associada a producédo de ROS em granuldcitos isolados

por gradiente de ficoll apds o tratamento com LLLT. *Concentracédo do LPS
(100ng/mL).

Tabela 3 — Cinética de ROS intracelular apés tratamento com os lasers 970 nm e
660nm.

Nao
Slope/ . LPS LPS LPS NEvs. NEwvs.
Tempo es“(rpl‘é';‘do @ongmy 270N L 970nm  880MM L g60nm  970nm* 660N

45mins 5.60+0.12 6.27 £0.13 4.97+0.41 5.97+0.14 599+0.12 6.44+0.13 0.556  0.328
90 mins 6.43+0.06 7.62+0.06 5.78+0.21 6.93+0.06 6.98+0.05 7.61+0.06 0.023 0.686
120 mins 7.14+0.05 8.65+0.06 6.32+0.17 7.57+0.05 7.63+0.05 8.24+0.05 0.0001 0.0001

* p-value da regresséo linear

Através da analise de citometria de fluxo foi possivel observar a reducéo

dos

niveis de ROS apos duas horas do tratamento com LPS seguidos da exposicdo ao

laser de 970 nm, enquanto o laser de 660 nm aumentou ainda mais os niveis de

ROS apods o tratamento prévio com LPS. Na auséncia do LPS, o laser de 660
apresentou maior producdo em comparacdo ao hao estimulado, enquanto

houve diferenca para o laser de 970 nm. A reducéo apresentada pelo laser de

nm
nao
660

nm foi corroborado por Cerdeira et al. (2016), que evidenciou aumento no burst

respiratorio entre neutréfilos tratados com o mesmo comprimento de onda,

apresentando como efeito associado maior capacidade fungicida contra a Candida

albicans por neutrdfilos e geracao de radicais superoéxido intra e extracelulares.
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Figura 6 — a) Gate de neutrdéfilos isolados de sangue periférico pelo gradiente de ficoll em grafico de
granulosidade e tamanho (FSCxSSC, contagem minima de 10° neutréfilos); b) Neutréfilos marcados e
ndo marcados com 2'7'diacetato de diclorofluoresceina. (DCFH-DA); c) Producdo de ROS em
neutréfilos apds 2 horas do tratamento do LLLT (660 nm e 970 nm) e comparagdo com aplicacdo
simultanea de lipopolissacarideo (LPS).

Visto que a producao de ROS intracelular tem sido descrito como ativador da
producdo de IL-1p mediado pelo complexo NLRP-3 inflamassoma em diversas
células como mondcitos, macréfagos, neutréfilos, células epiteliais e endoteliais
(Latz et al., 2013), decidimos usar como modelo experimental a linhagem
imortalizada de queratindcitos HACAT exposta a quatro comprimentos de onda de
LLLT distintos (Figura 7). Dentre elas, o laser de 660 nm foi 0 Unico que induziu o
aumento na transcricdo de NLRP3 acompanhado do aumento na IL1B e CASP1
apo6s 2 horas do estimulo, no qual a maior transcricdo de NLRP3 poderia indicar um
mecanismo compensatério ao aumento de ROS induzido pelo laser de forma

analoga aos neutréfilos, apresentando um aumento pds LLLT também em tempo



105

similar (Fig. 8), enquanto o laser de 970 nm n&o apresentou aumento de NLRP3 em

células HACAT e inibiu a formacao de ROS intracelular em neutrofilos.

NLRP-3 Caspase 1 IL-1Beta
20 100+ 509
-o- 445 nm 0.5W 40J/cm2
o 80- 404 -~ 660 nm 0.1W 6J/cm2
= 800 nm 1W 20J/cm2
60 304 -+~ 970 nm 0.1W 3J/cm2
104 ek Hok T3
40 204
] 20 104
0 T T T T 0- T - 0 T L) Y 3
P S R o o & R o ) & K o

Minutes
Figura 7 — Inducdo transcricional de genes codificantes do receptor NLRP-3, caspase-1 e Interleucina
18 em linhagem de queratinécitos HACAT apds estimulo ao LLLT (laser de 445 nm foi empregado
como controle). * p < 0.01, **p < 0.001 (Analise ANOVA uma via).
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Figura 8 — Modelo putativo de regulacdo de ROS intracelular mediado pelo LLLT de 660 nm, atuando
como sinal primario (inducéo transcricional de NLRP3, CASP1 e IL1B) e secundério (aumento de
ROS), destacados com setas em vermelho. O LLLT de 970 nm utilizado em pacientes atuaria na
inibicdo de ROS (destacado com setas em azul) em neutréfilos, com possivel implicacéo na producéo
de IL-18 mediado pelo NLRP3-inflamassoma.

A identificacdo do grau de desenvolvimento inflamatério em uma leséao (Figura
4) e contexto patolégico de um paciente pode ter implicacfes quanto a eficiéncia do
LLLT a ser escolhido e resolucdo da inflamacédo contra sinais inflamatorios de
natureza diferente (origem infecciosa ou imunes). Burger e cols (2016). evidenciaram
uma reducao no influxo de neutréfilos associado a aplicacdo de LLLT de 660 nm
entre individuos saudaveis, no qual estes infiltrados apresentaram maior atividade
contra o fungo Paracoccioides brasiliensis mesmo em menor namero. Por outro lado,
Lejeune et al. (1996) evidenciaram uma menor capacidade de producdo de ROS em
neutrofilos provenientes de pacientes sob quimioterapia e menor fungdo microbicida
contra S. aureus. A aplicacdo do laser LLLT 970 nm se mostrou benéfico entre

pacientes sob quimioterapia em nosso estudo, no entanto ainda néo esta claro se a
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reducd@o nos niveis de ROS em neutrofilos foram responséveis diretamente por este
efeito, e se poderia causar uma reducdo importante nos niveis de ROS e diminuir a

capacidade microbicida associada a quimioterapia no tratamento da MO.

CONCLUSAO

A persisténcia cronica de citocinas pré-inflamatorias e quimiocinas
encontradas em lesfes pode estar associado a manutencdo de sinais inflamatérios
de diferentes origens na mucosite oral, seja por padrées moleculares de danos
(DAMPs) liberados por diferentes células lesadas e neutréfilos recrutados/mantidos
no sitio infeccioso, assim como de padrdes moleculares associados patégenos
(PAMPs) de microorganismos instalados na lesdo, o que adiciona complexidade ao
cenario e dificulta o encontro de somente um alvo terapéutico especifico.

Este estudo ao integrar dados moleculares e clinicos, conseguiu propor
mecanismos associados a uma populacéo celular com papel central na resolucéo da
inflamacéao, através da reducéo direta de ROS intracelular nos neutréfilos pelo LLLT
de 660 nm e aumento de ROS pelo laser de 970 nm, o que impactaria em diferentes
funcbes antimicrobianas, liberacdo de citocinas inflamatérias e atividade
guimiotatica. A consequente reducdo da inflamacao, como por exemplo através da
inibicdo da IL-1B3, pode representar um passo importantes no desenvolvimento de
uma solucdo terapéutica nado-invasiva mais eficaz e acessivel a um grupo de

individuos que ainda se encontra em situacdo vulneravel.
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6x10° Monocytes CD14+
(healthy donor 2)

PBS LPS 5FU
Beta —
actina

Pre IL-1B
31 kDa

Active IL-1B
17 kDa

LPS 5 FU LPS+5FU

Dados suplementares 1 — Avaliacdo dos efeitos do quimioterapico 5 Fluorouracil (5 FU) na producao

de IL-18 ativa em mondcitos de individuos saudaveis (por Western Blotting). Foi demonstrado que

ndo houve diferenca significativa na producdo de IL-1 Beta ativa na presenca ou auséncia de

estimulo com controle positivo (priming com

mins)(p>0.05).

lipopolissacarideo — LPS 100 ng/mL por 30
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ANEXOS

ANEXO A - CAPITULO |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto de Pesquisa: “Avaliagio de polimorfismos em genes envolvides na respesta imunolégica de
pacicates infectados com HIV-1"

Pesquisadors  Principal: Sabrina Esteves de Mates Almeida - telefone 3352-0336, email:
MM%M.WAv.MSM?*.MWW—M
Pesquisadores envolvides: Maria Cristine Couta Matic'™, Ribia Marilia de Medeiros'®, Dennis Maletich
Junqueira'®, Leonardo Augusto Luvison Aradjo', José Arur Bogo cum" Cynara Nunes Carvalho’,
Marineide Gongalves de Melo®, Breno Riegel Santos®, Luiz Fernando Job Jobim®, Maria Lucia Rossetti'.

1. Centro de Desenvolvimento Cientifico € Tecnologico - FEPPS Tel: (S1) 3352.0336
2. Laborstdeio de Imumogenética — UFRGS Tel: (51) 313086737
3. Servigo de Atcadimento Especializado da Vila dos Comercidrios - SMSToA Tel: (S1) 32894097
4 Servigo de Infectologia - Hospital Nossa Senhors da Conceigho Tek: (51) 3357-2126
5. Secvigo de bmanologia ~ Hospital de Clinicas de Porio Alegre Telk: (51) 33598020

Vocé esti sendo convidado a participar de uma pesquisa intiwiada: “Avalisgie de polimorflsmos em genes
Mnmh#hmm“m-l'ummoﬁdmpiadpd
wd&ﬂmhmﬁﬁmwﬂouﬂvﬁummamommwumws
pocpwthrmnmmMMMummdMuhmmecmﬁﬁnw
um acompanhamento ¢ tratamenio sdequado para todos 0s pacientes soropositivo. Além disso, pode propiciar
novos estudos que tenham como objetivo © desenvolvimento de novos medicamentos ou vacinas. O trabalbo

ambmwmmmwu-wmumnmm-
estabelecidas. Os dados de identificaciio serlo confidencinis ¢ 0s nomes reservados. Os dados obtidos serio
mnm.mm*MMmmmmnmwnmm
S (cinco) anos ¢ apds totalmente destruidos (conforme preconiza & Resoluglo 196/96).

Cn.mm-mrMmbmumammwm-mtt
mammmmwmm&uomaw.wmm
mu—aam“mnw(mmammam;mm
MmelwmmMow:ﬂMp—nwmm
anu—mummmwmrmamuvuwmm
Wounumm.pﬁkumbwmm-n-mam
sigiluso, a0 qual 56 terlo aceaso 0s pesquissdores acima citados.

MuMmWNkMMnM&MMMM&MV&M
de um hemstoma no brago em funglio da coleta de sangue.

Oquomﬂ-u&“?mﬂmmmmuhuanm
mmmmmwmwuw-hmm(mu
caracteristicas genéticas presentes na nossa populaglio) podendo assim, suxiliar em novas diretrizes do
tratamento ¢ acompanhamento futuro dos pacientes que vivem com HIV/AIDS. Este estudo nilo forneceri
nenhum suxilio financeiro sos participantes.

Q-&m-mﬂm!&u-uﬁmmwmmmm.m
resultados deste estudo 56 poderdo ser usados para fins cientificos, ¢ vocé ndlo serk identificado por nome.
Sua participacio no estudo € voluntiria, caso vook decida nlio participar, isto no afetard no tratamento
nmmmummmmm-i-nmam-mm.qm
momento, caso descjar. Vocé poderd procurur qualquer pesquisador envolvido pars responder a qualquer
pergunts ou obter esclurecimentos acerca dos assuntos relacionados a esta pesquisa. Caso vocd queira
mwmwm-m““mmmm-mm
Demétrio Faustino da Silva, Coordenador-geral do Comité de Etica em Pesquisa do GHC pelo telefone 3357-
2407.

EU , recebi as informagdes sobre os objetivos ¢ a
importéncia desta pesquisa de forma clara ¢ concordo em participar do estudo.

Declaro que também fui informado:

' Da garantia de reccber resposta a qualquer pergunta ou esclarecimento acerca dos assuntos
relacionados a esta pesquisa.




. * Da garantia que ndio screi Mﬁudoqudohdwlpﬁodumﬂﬁmcquuhm
mdﬁndummm&ucbuuﬁwsdommjeodnpuquh

andar. Bairro Jardim Botdnico - Porto Alegre.

* Também qu.whouvmchvﬂuqmﬂonqm&ias.podacimemmom
DmielDeméﬁoF-wluod-Sﬂv-,Coadmndom-ldoComittdeEuuun Pesquisa do GHC
pelo telefone 3357-2407,

'Scbumndﬁﬁduqmlmédmwmmmmmmqmlqwm&n
pesquisadores envolvidos.
DeduoqwmbiwpiadenchdeCMmLimeEadueddo. ficando outra via
com a pesquisadora,

Nome do entrevistado: Assinatura do entrevistado &
Nome do Pesquisador: Assinatura do Pesquisador:
Este formulirio foi lido para (nome do pacicnte) em
o (data) pelo (nome do pesquisador) enquanto eu
estava presente,
Versio Aprovada em

Qo MOV, 2210
Siva

Coordanadorgeral do CEP.GHC
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COMITE DE ETICA EM PESQUISA - CEP/GHC

O Comité de &nW&MWM(GMu‘MN.
ComissBo Nacional de Etica em Pesquisa (CONEP)/MS desde 31/10/1997, pelo Office For Human Research
Protections (OHRP)/USDHHS, como Institutional Review Board (IRB0O001105) e pelo FWA - Federalwide
Azzurance (FWA 00000378), em 30 de novembro de 2010, reavaliou © seguinte projato de pesquica:

Projeto: 10-213 Vers$o do Projeto: Versio do TCLE:

Pesquisadores:
JOSE ARTUR BOGO CHIES

LULZ FERNANDO JO8IM

MARIA CRISTINA COTTA MATTE

RUBIA MARILIA MEDEIROS

DENNIS MALETICH JUNQUEIRA
LEONARDD AUGLISTO LEVISON ARMIO
CYNARA CARVALHO NUNES
MARINEIDE GONCALVES DE MELO
BRENO RIEGEL SANTOS

MARIA LUCIA ROSA ROSSETTI
SABRINA ESTEVES DE MATOS ALMEIDA

Titulo: Avaliagio de polimorfismos em genes envolvidos na resposta imunoidgica de pacientes
infectados com HIV-1.

Documentagdo: Aprovados

Aspectos Metodoldgicos: Aprovados

Aspectos Eticos: Aprovados

Parecer final: Este projeto, por estar de acordo com as Diretrizes e Normas Internacionais e Nacionais
especialmente as Resolugdes 196/96 e complementares do Conselho Nacional de Salde, obteve o parecer de
APROVADO.

Consideragbes Finals: Toda e qualquer alteragdo do projeto, deverd ser comunicada imediatamente a0
CEP/GHC. Lembramos do compromisso de encaminhar dentro dos prazos estipulados, ofs) relatdrio(s)
parcial(ats) e/ou final 20 Comité de ftka em Pesquisa Jo Grupo Huspitalar Conceido e e Centio de
Resultado onde a pesquisa for desenvolvida.

Porto Alegre, 30 de novembro de 2010.

Ja Siive
Coordenador-geral do CEP/GHC
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ANEXO B - CAPITULO II — INNATE IMMUNITY GENES
POLYMORPHISMS AND HIV-1 MOTHER-TO-CHILD TRANSMISSION
IN ZAMBIAN POPULATION

@ Springer

Medicine - Internal Medicine | Immunologic Research — incl. option to publish open access

Immunologic
il IMmunologic Research
Editor-in-Chief: Julius M. Cruse

ISSN: 0257-277X (print version)
ISSN: 1559-0755 (electronic version)

Online

Journal no. 12026 $9900 Personal Rate e-only for the
Americas

‘ Get Subscription ’

Online subscription, valid from January through December of current calendar year
Immediate access to this year's issues via SpringerLink
1 Volume(-s) with 6 issue(-s) per annual subscription

Automatic annual renewal

More information: >> FAQs // >> Policy

ABOUT THIS JOURNAL  EDITORIAL BOARD ETHICS & DISCLOSURES INSTRUCTIONS FOR AUTHORS

Instructions for Authors

AUTHORSHIP POLICY

Authorship should incorporate and should be restricted to those who have
contributed substantially to the work in one or more of the following
categories:

- Conceived of or designed study

- Performed research
- Analyzed data
. Contributed new methods or models
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- Wrote the paper

EDITORIAL PROCEDURE

Double-blind peer review

This journal follows a double-blind reviewing procedure. Authors are therefore
requested to submit two documents at the time of their submission:

P A title page only, which includes:

- A concise and informative title

- The name(s) of the author(s)

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

- The e-mail address and fax number of the corresponding author

» A blinded manuscript without any author names and affiliations. Authors should
avoid language that could identify themselves as the authors. Authors should
properly cite and reference their own work, but should not use phrases such as “In
our previous work (Smith, 2011), we presented...” which identifies the author.
Such work should be referred to in the third person, e.g., “Previously Smith (Smith,
2011) presented...”.

The blinded manuscript should contain:

- A concise and informative title

- Abstract: Please provide an abstract of 150 to 250 words. The abstract
should not contain anyundefined abbreviations or unspecified references.

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

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.
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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.

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.

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.

LaTeX macro package (zip, 182 kB)
Headings
Please use no more than three levels of displayed headings.

Abbreviations

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

SCIENTIFIC STYLE

Genus and species names should be in italics.

SCIENTIFIC STYLE

Please use the standard mathematical notation for formulae, symbols etc.:

Italic for single letters that denote mathematical constants, variables, and
unknown quantities

Roman/upright for numerals, operators, and punctuation, and commonly
defined functions or abbreviations, e.g., cos, det, e or exp, lim, log, max,
min, sin, tan, d (for derivative)

Bold for vectors, tensors, and matrices.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets.
Some examples:
1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text. Do not use footnotes or
endnotes as a substitute for a reference list.

The entries in the list should be numbered consecutively.

Journal article



Smith JJ. The world of science. Am J Sci. 1999;36:234-5.

= Article by DOI
Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine
production. J Mol Med. 2000; doi:10.1007/s001090000086

= Book
Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science;
1998.

+ Book chapter
Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of
apoptosis. In: Bourne GH, Danielli JF, Jeon KW, editors. International
review of cytology. London:

Academic; 1980. pp. 251-306.

= Online document
Doe J. Title of subordinate document. In: The dictionary of substances
and their effects. Royal Society of Chemistry. 1999.
http://www.rsc.org/doseftitle of subordinate document. Accessed 15 Jan
1999.

Always use the standard abbreviation of a journal’s name according to the ISSN

List of Title Word Abbreviations, see
ISSN.org LTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the

formatting of in-text citations and reference list.

EndNote style (zip, 3 kB)

TABLES

= All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the
components of the table.

Identify any previously published material by giving the original source
in the form of a reference at the end of the table caption.

« Footnotes to tables should be indicated by superscript lower-case letters
(or
asterisks for significance values and other statistical data) and included
beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES
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Electronic Figure Submission

= Supply all figures electronically.
« Indicate what graphics program was used to create the artwork.
For vector graphics, the preferred format is EPS; for halftones, please use
TIFF format. MSOffice files are also acceptable.
= Vector graphics containing fonts must have the fonts embedded in the
files.
Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art

= Definition: Black and white graphic with no shading.

+ Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.
All lines should be at least 0.1 mm (0.3 pt) wide.

= Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

= Vector graphics containing fonts must have the fonts embedded in the

files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using
scale bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Color Art

Color art is free of charge for online publication.

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.
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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.

= No punctuation is to be included after the number, nor is any punctuation
to be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use
boxes, circles, etc., as coordinate points in graphs.

= |dentify 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 most journals the figures should be 39 mm, 84 mm, 129 mm, or 174
mm wide and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122
mm wide and not higher than 198 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. Before
submitting research datasets as electronic supplementary material, authors should
read the journal’s Research data policy. We encourage research data to be archived
in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal
name, author names; affiliation and e-mail address of the corresponding
author.
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To accommodate user downloads, please keep in mind that larger-
sized files may require very long download times and that some users
may experience other problems during downloading.

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for
long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data
is intended. If the readers should be encouraged to make their own
calculations, spreadsheets should be submitted as .xIs files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb
(Mathematica notebook), and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific
mention of the material as a citation, similar to that of figures and tables.
Refer to the supplementary files as “Online Resource”, e.g., "... as shown
in the animation (Online Resource 3)", ... additional data are given in
Online Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
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2011 - 2012 Master's in Genetics.
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Languages

Brazilian Portuguese: Native language
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