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RESUMO

Fatores genéticos e imunologicos influenciam as diferentes respostas observadas entre
individuos, desde a exposicdo ao HIV até o desenvolvimento da aids. As quimiocinas e seus
receptores atuam na comunicagdo entre 0 sistema imune inato e adaptativo apds o
estabelecimento da infeccdo. A variabilidade genética dessas moléculas pode ser essencial para
a resposta imune, principalmente se essas moléculas agem na fase inicial da infeccdo, fase esta
que definird o transcurso da doenca. Além disso, a investigacdo da expressdo de quimiocinas
nos diferentes estagios clinicos da infeccdo e sua modulagdo apos iniciado o tratamento com
ARVs (antirretrovirais) € importante na busca de biomarcadores. Neste estudo, exploramos o
papel de quinze polimorfismos candidatos em genes de receptores de quimiocinas e Sseus
ligantes na susceptibilidade e na progressao a aids. Além disso, foram quantificados os niveis
plasmaticos de seis quimiocinas em progressores extremos nos diferentes estagios clinicos da
infeccdo e avaliamos o impacto da terapia como moduladora da resposta imune. Os resultados
nos mostram que os polimorfismos rs56061981 no CXCL10 (CT/TT, OR: 1,819, IC 95%
1,074-3,081, P=0,026) e rs3091250 no CCR3 (TT, OR: 2,147, IC 95% 1,076-4,287, P=0,030)
influenciam na susceptibilidade a infeccdo pelo HIV. Nas andlises de interacdo gene-gene
realizadas por reducdo multifatorial de dimensionalidade (MDR), observou-se que o
rs56061981 no CXCL10 e rs4359426 no CCL22, juntos predizem 57% da susceptibilidade a
infeccdo pelo HIV (P=0,008). Ademais, observou-se que os polimorfismos rs13034664 no
CCL20 (CC, OR: 0,214, IC 95% 0,063-0,730, P=0,014) e rs4359426 no CCL22 (CA/AA, OR:
2,685, 1C 95% 1,128-6,392, P=0,026) foram associados com a progressdo rapida a aids. Com
relacdo aos niveis plasmaticos, o CXCL10 estava significativamente aumentado nos
progressores rapidos (Pcorrigido©=0,003) e lentos (P.<0,0001) pré-aids quando comparado com
os controles saudaveis. Neste contexto, sugere-se 0 CXCL10 como biomarcador em individuos
cronicos HIV+. Quando avaliadas as subpopulagdes celulares T auxiliares em HIV+ sob ARV,
se observou uma frequéncia aumentada de linfécitos TCD4" ativados nos progressores rapidos
(1,3% vs. 13,6%, P.=0,008) e nos progressores lentos (1,3% vs. 5,4%, P.=0,044) quando
comparados com os controles saudaveis. Ja a frequéncia de linfocitos T CD8" ativados foi mais
alta nos progressores rapidos quando comparados com os controles saudaveis (0,32% vs. 8,7%);
P.=0,001). A frequéncia de células Th2 estava diminuida nos progressores rapidos (P.=0,027)
e, nos progressores lentos, as células Thl estavam com frequéncia diminuida, enquanto que a

frequéncia das Thl7 estava aumentada quando comparados com os controles saudaveis



(P=0,007 e P.=0,042, respectivamente), se observando um desequilibrio de subconjuntos

celulares T CD4" nos progressores extremos sob ARV.



ABSTRACT

From HIV exposition to AIDS disease different responses against HIV infection are
influenced by immunological and genetic host factors. Chemokines and their receptors link
the innate and adaptive system after the establishment of HIV infection. Genetic diversity
of these molecules is crucial to the immune response, since they have a pivotal role in the
early infection, clinical stage which predicts the disease progression. Furthermore, to
investigate the expression of chemokines in different clinical stages of HIV infection and
their modulation before and after initiated ART (antiretroviral therapy) is important to
identify biomarkers of progression. In this study, we explored the role of 15 candidate
polymorphisms in chemokine receptor and chemokine genes on susceptibility to HIV
infection and progression to AIDS. Also, plasma levels of six chemokines were quantified
in extreme progressors in different clinical stages of infection and the impact of ART, as a
modulator of the immune response, was evaluated. The CXCL10 rs56061981 (CT/TT, OR:
1.819, Cl 95% 1.074-3.081, P=0.026) and CCR3 rs3091250 (TT, OR: 2.147, Cl 95%
1.076-4.287, P=0.030) variants were associated with susceptibility to HIV infection. Also,
in the MDR (Multifactor Dimensionality Reduction) analyses, the best model to predict the
susceptibility to HIV infection was composed by CXCL10 rs56061981 and CCL22
rs4359426 with 57% of accuracy (P=0.008). In analysis of disease progression, CCL20
rs13034664 (CC, OR: 0.214, Cl 95% 0.063-0.730, P=0.014) and CCL22 rs4359426
(CA/AA, OR: 2.685, Cl 95% 1.128-6.392, P=0.026) variants were associated with rapid
progression to AIDS. Regarding plasma levels, CXCL10 levels were higher in rapid
progressors (RPs) (Pcorrected(=0.003) and slow progressors (SPs) (P:<0.0001) in pre-AIDS
when compared to healthy controls and this molecule was suggested as a potential
biomarker of disease progression. Furthermore, frequencies of activated CD4" T-cell were
higher in SPs (1.3% vs. 5.4%, P.=0.044) and RPs (1.3% vs. 13.6%, P.=0.008) under ART
when compared with healthy controls. On the other hand, frequencies of activated CD8" T
cell were elevated in RPs (0.32% vs. 8.7%, P.=0.001) under ART when compared with
controls. Th2 cell frequency was lower in RPs under ART (P.=0.027) when compared with
controls, and Thl cell frequency was lower (P.=0.007) and Th17 cells were higher
(Pc=0.042) in SPs under ART when compared with healthy controls.
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Capitulo 1

1 Introducao

1.1 HIV/AIDS

1.1.1 A infeccéo pelo virus da imunodeficiéncia humana

O Virus da Imunodeficiéncia Humana (HIV) é um lentivirus da familia
Retroviridae e é o0 agente etioldgico da sindrome da imunodeficiéncia adquirida (aids) em
humanos (Levy 1993). As vias de exposicdo ao HIV podem envolver a transfusdo de
sangue infectado, via intravenosa no caso de usuarios de drogas injetaveis ou acidentes,
transmissdo materno-fetal (durante o parto ou amamentacdo) e a via sexual, sendo esta
ultima a principal via de transmissdo do HIV (Galvin and Cohen 2004). A transmissdo do
HIV ¢ influenciada pela quantidade de particulas virais presentes no fluido corporal
infectado e pelo nimero de exposi¢es de um individuo a esse fluido (Levy 2010). O
estabelecimento da infeccdo pelo HIV na primeira exposi¢cdo geralmente ndo é fécil,
dependendo principalmente de trés fatores: i) fatores virais (viruléncia e infecciosidade), ii)
fatores do hospedeiro (imunoldgicos e genéticos) e iii) fatores ambientais (sociais, culturais
e politicos) (Levy 2010).

ApoOs uma exposicdo sexual, atraves do trato genital ou da mucosa anal, o virus
atravessa a barreira epitelial (esse evento torna-se mais facil se a mucosa genital estiver
fisicamente danificada ou se o organismo apresentar coinfec¢bes) (Galvin and Cohen
2004). Uma vez estabelecida a infec¢do, as células dendriticas (DCs) presentes na mucosa
serdo as principais responsaveis pela disseminacdo do virus aos linfonodos, onde ocorre a
infeccdo dos linfocitos T CD4", alvos celulares do HIV e fundamentais para a coordenagio
das defesas do organismo (Wu and KewalRamani 2006). O virus, entdo, liga-se ao

receptor do tipo lectina (DC-SING, L-SIGN e Siglec-1) presente na membrana celular da




DC e é internalizado mantendo-se intacto até a passagem para um linfocito T CD4",

ocorrendo entdo infeccdo das células T CD4" (I1zquierdo-Useros et al. 2012).

1.1.2 Epidemiologia do HIV/AIDS

Segundo o ultimo relato global da UNAIDS/2016, existem aproximadamente 36,7
milhGes de pessoas vivendo com o HIV no mundo. Em 2015 foram registradas ~2,1
milhGes novas infeccBes e ~1.1 milhGes de mortes por causa da aids. Considerando-se
todas as regides do mundo, a maioria dos individuos que vivem com HIV (97%) reside em
paises de baixa e média renda, especialmente na Africa subsaariana (Global report
UNAIDS, 2016).

No Brasil, nos Gltimos dez anos a taxa de deteccdo de aids encontra-se estabilizada
com uma média de 20,7 casos/100 mil habitantes. Porem, ela esta concentrada em algumas
regides do pais. No ano de 2015, foram notificados 32.321 casos de infeccdo pelo HIV,
sendo 2.988 casos na regido Norte (9,2%), 6.435 casos na regido Nordeste (19,9%), 13.059
na regido Sudeste (40,4%), 7.265 na regido Sul (22,5%) e 2.574 na regido Centro-Oeste
(8,0%) (Ministério da Saude, 2016). O ranking das Unidades da Federagdo referente as
taxas de deteccédo de aids mostrou que os estados do Rio Grande do Sul e de Santa Catarina
apresentaram as maiores taxas, com valores de 34,7 e 31,9 casos/100 mil habitantes,
respectivamente. Entre as capitais, Porto Alegre apresentou taxa de 74,0 casos/100 mil
habitantes em 2015, valor correspondente ao dobro da taxa do Rio Grande do Sul e a quase
quatro vezes a taxa nacional (Ministério da Salde, 2016). Devido a esse cenario
epidemioldgico, a capital gaucha é considerada um hotspot da infec¢do pelo HIV. A fim de
impactar a situacao das regides hotspot o Ministério da Saude propds acbes de prevencao e
estratégias para controle da epidemia. (Ministério da Saude, 2016).

O Brasil tem adotado as metas 90-90-90 propostas pela UNAIDS, cujos objetivos
sdo garantir que até 2020: 90% das pessoas vivendo com HIV estejam diagnosticadas e
cientes de seu estado sorologico positivo, 90% das pessoas diagnosticadas soropositivas
estejam em tratamento e 90% das pessoas em tratamento antirretroviral tenham carga viral
suprimida (Ministério da Salde, 2016). Para alcancar tais metas o pais tem tomado
algumas medidas. O autoteste vem sendo objeto de um estudo-piloto, e pode ser feito pela
prépria pessoa sem a necessidade de ajuda de um profissional ou técnico. Também estdo

em andamento estudos para avaliar o impacto do uso de antirretrovirais como Profilaxia




Pré-Exposicdo (PrEP) para homens que fazem sexo com homens e mulheres transsexuais.
Apesar das grandes discussdes sobre a implementacdo de PrEP no Brasil, as politicas
publicas de salde sobre o acesso universal da terapia antirretroviral podem ser grandes
facilitadoras para a implementacdo da PrEP devido a existéncia de um alto nimero de
servicos de prevencdo e cuidados ja disponiveis para estas populacfes consideradas de
risco. Mais detalhes sobre as politicas publicas da terapia antirretroviral no Brasil serdo

abordados no capitulo 5 desta tese.

1.1.3 Fases clinicas da infeccéo pelo HIV
1.1.3.1 Fases aguda e primaria

A fase aguda corresponde ao periodo entre 1-4 semanas apds a transmissao do virus
e antes da deteccdo dos anticorpos especificos contra o virus. O periodo logo depois da
infeccdo e a primeira deteccdo do RNA do HIV no sangue periférico geralmente
corresponde a uma subfase da fase aguda, que é chamada de fase eclipse que dura ~10
dias. Apds a fase eclipse, a carga viral no plasma aumenta até alcancar um pico maximo
apo6s 21-28 dias da infecgdo seguido pelo declinio do nimero de linfocitos T CD4" de
memoria predominantemente da mucosa, lugar onde se localizam um grande ndmero de
células. Aproximadamente 80% das células T CD4" localizadas na submucosa intestinal
(Gut Associated Lymphoid Tissue — GALT) séo depletadas nas primeiras trés semanas da
infeccdo (Brenchley et al. 2004). A ativacdo das células do sistema imune inato, células B
e T, é uma caracteristica marcante da fase aguda a qual persiste variavelmente durante a
fase cronica (McMichael et al. 2010). Ao mesmo tempo em que se aumenta a viremia, uma
tempestade de citocinas e quimiocinas é observada nesta fase, a qual ao invés de controlar
a infecgdo pode estimular a replicagdo viral desencadeando uma imunopatologia (Figura
1).

O termo “infeccdo priméaria” ou inicial pelo HIV refere-se aos primeiros 3-6 meses
subsequentes ao periodo da infeccdo aguda, ap6s a formacdo de anticorpos especificos
(soroconversdo) contra o virus, iniciando entre 3-4 semanas apos a infeccdo (Levy 2010)
(Figura 1). Essa fase priméria da infecgdo também € caracterizada pela infeccdo de vérios
tipos de células, tais como mondcitos, macréfagos, células microgliais e linfocitos T CD4™;




por uma perda persistente de células T CD4", uma grande quantidade de imunoglobulinas,
presenca de marcadores de ativacdo em subpopulagdes de linfdcitos e, pelo aumento de
linfocitos T CD8" (Levy 2010). Nesta fase ha expressdo de uma grande quantidade de
citocinas/quimiocinas pro-inflamatérias, alguns estudos sugerem que isso poderia

direcionar o aumento das células T CD8" (Graziosi et al. 1996).

Individuos na fase aguda ou priméaria podem desenvolver sintomas que séo similares aos
da Sindrome Retroviral Aguda (SRA), os quais incluem influenza febril, fadiga, garganta
inflamada, suor noturno, ganglios aumentados nos quais a erup¢do cutdnea ocorre
frequentemente e, em alguns casos, linfoadenopatia e exantema (Kahn and Walker 1998).
Alguns estudos tém observado que individuos com doenca primaria (doenca febril de
inicio agudo) em associagdo com a soroconversao (seroconversion illnes) apresentam um
risco aumentado de desenvolver uma progressédo rapida a aids, quando comparados com 0s

que ndo apresentam essas sintomatologias (Pedersen et al. 1989; Schechter et al. 1990).

1.1.3.2 Fase cronica

A fase crbnica da doenca estd caracterizada por uma acelerada renovacdo celular,
ocorrendo o aumento do nimero de células T CD4" circulantes até niveis relativamente
normais, paralelamente ocorre a diminuicdo da viremia em niveis variaveis (set-points
virais) e o estabelecimento de uma infeccdo assintomatica por um longo periodo de tempo
(fase de laténcia clinica) (Figura 1). Embora a carga viral plasmatica apresente uma
reducdo significativa ap6s a fase de infeccdo aguda, uma acentuada ativacao imune persiste
no estagio cronico da doenca. Um maior nimero de células T CD4" expressa marcadores
de ativacdo celular o que as caracteriza como células de memoria diferenciadas para uma
determinada subpopulacao celular (Grossman et al. 2006). Nessa fase também ha niveis
aumentados de citocinas/quimiocinas pro-inflamatérias e elevacdo das concentracdes de
proteina C reativa. As células B sdo policlonalmente ativadas com uma consequente
hipergamaglobulinemia. Ademais, a ativagdo e nimero de células Natural Killers (NK) sdo
incrementados e 0 nimero de DCs decresce no sangue periférico. Danos imunolégicos no
trato gastrointestinal levam ao rompimento da barreira da mucosa permitindo a

translocacdo microbiana, com entrada de bactérias potencialmente perigosas, como aquelas




contendo LPS (lipopolissacarideo), ja correlacionadas com a ativagdo imune persistente
(Brenchley et al. 2004). Além disso, danos no tecido linfoide s&o observados: disfuncéo
timica, fibrose dependente do fator de transformacdo do crescimento beta e alteracdes na
arquitetura do foliculo linféide. Tais danos podem ser revertidos progressivamente com o
inicio do tratamento (Hardy et al. 2004). O periodo de progressdo desta fase cronica é
variavel entre os individuos, sendo que os individuos HIV* podem progredir de uma forma
tipica, rapida ou lenta para a fase de aids (Figura 2), o que vai depender tanto de fatores
imunolégicos e genéticos do hospedeiro, como de fatores virais (Langford et al. 2007). Os
individuos com uma progressdo diferencial extrema tém sido alvo de estudos para uma

melhor compreensédo do papel genético e imunoldgico na progressao para aids.
1.1.3.2.1 Progresséo tipica

Os pacientes infectados pelo HIV-1 que seguem o curso normal da infeccéo
sdo conhecidos como progressores cronicos ou tipicos. Esses individuos representam entre
70% e 80% da populagéo soropositiva e desenvolvem uma infeccdo sintomatica entre o 3°
e o 10° ano apds a soroconversdo (Langford et al. 2007). Eles iniciam o tratamento
antirretroviral quando as células T CD4" declinam drasticamente (<200 células/mm?),
ocorre um aumento da carga viral e infec¢cbes oportunistas aparecem. A progressdo da
doenca é retardada por meio de terapia, 0 que induz uma restauracdo da contagem total de
células T CD4" no sangue periférico, e uma reducéo significativa da carga viral, resposta

essa que varia para cada individuo.
1.1.3.2.2 Progressao rapida

Os individuos que desenvolvem uma progressdo rapida para a aids
apresentam um réapido declinio da taxa de células T CD4" e a ocorréncia de eventos
relacionados com a aids poucos anos apos a infeccdo. Segundo estimativas, cerca de 15%
dos pacientes HIV-positivos sdo progressores rapidos (Langford et al. 2007). Os critérios
para classificar os progressores rapidos sdo variados, mas a maioria dos estudos tem
coincidido em observar a queda dos linfocitos T CD4* em 200-300 células/mm?® dentro de
um periodo de até 3 anos ap6s a soroconversao, sendo recomendado o inicio da terapia

antirretroviral neste periodo (Gurdasani et al. 2014). Uma ativacdo imune indireta, causada




pela translocagdo microbiana, e perda de linfocitos T CD4" associados & submucosa
intestinal tem sido observada em progressores rapidos (Marchetti et al. 2011). Ademais,
um estudo observou que a combinacdo de febre com erupcdo cutdnea ndo é s6 uma
sintomatologia clinica da fase aguda/primaria, sendo também esta correlacionada com uma
progressdo rapida (Pedersen et al. 1989; Schechter et al. 1990; Keet et al. 1993).

1.1.3.2.3 Progressao lenta

A progressdo lenta para a aids é caracterizada pela manutencdo estavel da
taxa de células T CD4" em auséncia da terapia e sem sintomas por um periodo de tempo de
entre 7 e 10 anos ou mais. Esses individuos representam uma pequena porcentagem da
populacdo HIV+ (em geral 5-8%). Devido a diferencas encontradas entre esses individuos,
geralmente, eles séo classificados em subgrupos: os ndo-progressores de longo prazo (long
term non-progressors, LTNPs), os quais permanecem assintomaticos por mais de 10 anos
com >500 células T CD4" e mantém a carga viral entre 5000-15000 copias/mL de RNA
viral no curso da infeccdo (a maioria tem < 10 000 copias/mL de RNA viral em auséncia
da terapia ao longo do tempo) (Hunt 2009); os progressores lentos (slow progressors, SPs),
ao serem comparados com os LTNPs, mantém uma carga viral mais elevada e episédios
com <500 células T CD4", assintomaticos por mais de 8 anos sem terapia (Poropatich and
Sullivan 2011). Apesar desses individuos progredirem de uma forma mais estavel que os
progressores rapidos, a presenca da carga viral parece deixar o individuo com uma ativagdo
imune persistente. Assim, um estudo observou que a proporcdo de diferentes células
ativadas de progressores lentos foi similar quando comparada com progressores rapidos
(Goicoechea et al. 2009).

1.1.3.2.4 Controladores de Elite

Estudos tém observado que esse grupo de individuos representa < 1% dos
HIV soropositivos e apesar de ndo haver consenso em sua defini¢do, geralmente estéo
divididos em dois grupos: os controladores avirémicos, 0s quais Se caracterizam por
apresentar cargas virais indetectaveis (abaixo de 50 copias/mL de RNA viral) e niveis de
células T CD4" > 500 em auséncia de terapia por ao menos 1 ano de acompanhamento; e
os controladores virémicos que apresentam episddios de carga viral entre 50-2000
copias/mL e células T CD4" < 350/mm® e progridem mais rapidamente & aids quando




comparados com aqueles controladores que mantém niveis mais elevados de células T
CD4*/mm? (Okulicz et al. 2009).

Estudos observaram que fatores genéticos sdo importantes para a
caracterizacdo deste grupo (Migueles et al. 2000; Han et al. 2008). Porém, os fatores
imunolégicos ainda séo objeto de estudo para uma melhor compreensao do controle natural
a infeccdo pelo HIV. Apesar dos controladores avirémicos apresentarem carga viral
indetectavel, foi observada uma elevada ativagdo celular de células T CD4" e CD8" quando
comparados estes pacientes com os controles saudaveis soronegativos, e uma elevada
ativaco de linfocitos T CD8" quando comparados com individuos HIV+ em tratamento.
Ademais, esses controladores apresentaram altos niveis de LPS no plasma o qual foi
associado com ativacao celular, sugerindo que a translocagcdo microbiana pode ser causa ou
consequéncia da ativacdo imunoldgica (Hunt et al. 2008). Contudo, outro estudo observou
que controladores avirémicos apresentaram uma manutencdo da integridade da mucosa
intestinal quando comparados com pacientes HIV+ (com alta carga viral e linfécitos T
CD4" em declinio). Esse estudo observou ainda, baixos niveis de expressdo em genes que
regulam a ativacdo imune, migracdo celular e resposta inflamatoria intestinal nos
controladores avirémicos (Sankaran et al. 2005). De acordo com esses resultados, mais
recentemente foi observada uma expressdo diminuida de marcadores de ativacdo celular e
de exaustdo celular em controladores avirémicos (com nivel estavel de CD4") quando
comparados com controladores avirémicos (com baixa frequéncia de CD4"), e essa
expresséo foi similar aos HIV soronegativos (Bansal et al. 2015).

1.1.3.3 Aids

Uma ativacdo imune persistente na fase cronica, quando descontrolada, leva ao
esgotamento das células T CD4" e ao aumento de carga viral, desencadeando uma alta
supressao do sistema imune. Esses eventos deixam o individuo imunodeficiente, ou seja,
incapaz de lutar contra outros agentes infecciosos ou células tumorais (e.g. tuberculose ou
pneumonia ou cancer) levando a morte se o tratamento ndo é iniciado. Essa fase
sintomética da doenca é denominada de sindrome da imunodeficiéncia adquirida (aids) (An
and Winkler 2010).
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1.2 Imunopatogénese do HIV/Aids

1.2.1 Sistema imune inato e adaptativo

Frente a infeccdo pelo HIV a primeira resposta do sistema imunoldgico € a
inducdo da fase aguda. Os TLRs (Toll like-receptors) do hospedeiro tém um papel
importante nesta resposta, pois reconhecem PAMPs (Pathogen-associated molecular
patterns) associados ao virus. Apds essa sinalizacdo de reconhecimento as células
iniciam uma resposta de defesa antiviral e sdo produzidas citocinas e quimiocinas pro-
inflamatorias (e.g., IP-10/CXCL10, IFN-I e I1l) as quais recrutam e ativam células do
sistema imune inato [e.g., células dendriticas, macrofagos, neutrofilos, células NK,
celulas NK-T (linfocitos NK), células T yd (gamma delta T cells)] (Altfeld and Gale Jr
2015). As quimiocinas induzem a migracdo dessas células para uma area de infec¢do
ou inflamacdo, colaborando com a maturacdo de células dendriticas (DCs) que atuam
como células apresentadoras de antigenos (APCs) ao sistema imunoldgico adaptativo.
Como o HIV néo € eliminado na fase aguda da-se passo para a fase cronica da infeccéo,
a qual envolve o recrutamento, migracdo e ativacdo de leucdcitos do sistema imune
adaptativo (e.g., linfocitos T CD4+ e CD8+) (Abbas AK, Litchman AH 2012). As
citocinas quando ligadas a seus receptores estimulam a proliferacéo e diferenciacdo das
celulas T e ativam outras subpopulacdes celulares. As quimiocinas, por sua vez, quando
ligadas a seus receptores, além de também ativar as células, sdo as principais
responsaveis pelo recrutamento e migracdo de leucocitos aos locais de infeccdo
induzindo a ativacdo de linfocitos e mondcitos os quais vao produzir mais citocinas e

quimiocinas (Levy 2010).

A resposta imune adaptativa inicial a infeccdo por HIV é caracterizada pela
expansio dos linfocitos T CD8" citotoxicos (CTLs) especificos para peptideos de HIV.
Estes CTLs controlam a infeccdo na fase aguda, mas terminam sendo ineficazes devido
ao surgimento de mutantes de escape viral (Levy 2010). Os linfocitos T CD4" também
respondem ao virus e podem contribuir para o controle viral de diversas maneiras, tais
como a ativacao das células B, e também estdo fortemente envolvidos na diferenciacéo
das células T CD8". Quando as células CD4" virgens (naive) entram em contato com 0s

seus antigenos especificos e recebem sinais co-estimuladores, elas se tornam ativas,




secretam citocinas, proliferam e se diferenciam, resultando na formacdo de clones de
células T CD4" efetoras especificas para um determinado antigeno do HIV (Abbas AK,
Litchman AH 2012).

O grau de replicagdo e disseminacdo do virus nos individuos soropositivos
dependera basicamente do local da infec¢do (e.g. mucosa) e da resposta do sistema
imunolodgico tanto inato quanto adaptativo. As respostas imunes inata e adaptativa se
complementam a fim de controlar eficazmente a infeccdo pelo HIV-1, e os mediadores
que conectam ambas as respostas sdo citocinas e quimiocinas (Figura 3) (Esche et al.
2005). A existéncia de individuos altamente expostos ao HIV-1 e ndo infectados, pode
ser a prova de que fatores do sistema imune, tais como caracteristicas genéticas, sdo
capazes de neutralizar a infeccdo, mas esses mecanismos de protecdo permanecem
pouco entendidos, sua melhor compreensdo estd restrita a um grupo especifico de
individuos (e.g. profissionais do sexo, homens que fazem sexo com homens, etc) e elas

sdo de dificil manejo.
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Figura 3. O papel de quimiocinas e receptores de quimiocinas na comunicagdo entre o

sistema imune inato e adaptativo (Adaptado de Esche et al., 2005).

1.2.2 Ativacao do sistema imune

O set-point da ativagdo imunoldgica é estabelecido na fase aguda da infecdo pelo

HIV. Assim, o nivel da ativacdo na primeira fase da infeccdo vai determinar a

progressao da doenca (Deeks 2004). Na fase clinica da aids foi observado que os

linfocitos T CD8" expressam niveis aumentados de CD38, HLA-DR (marcadores de

ativagdo celular) e PD-1 (marcador de exaustdo imune), indicando desregulacdes

funcionais nestas células, associadas com a progressdo da doenca (Giorgi et al. 1993;

Day et al. 2006). Assim, ja foi observado que a ativacdo imune tem sido

significativamente associada com a destruicdo do sistema imune e uma progressao
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rapida para a aids (Hunt 2012). Por outro lado, como ja citado anteriormente, 0s
controladores de elite avirémicos apresentaram uma expressdo diminuida de
CD38/HLA-DR e de PD-1 quando comparados com controladores avirémicos com
baixos niveis de células CD4" e, essa expressdo foi similar aos controles saudaveis
(Bansal et al. 2015).

Porém, ainda pouco se sabe sobre a relacdo da ativacdo imune e a susceptibilidade
a infeccdo pelo HIV. Algumas hip6teses foram propostas para entender essa relacao.
Como j& estd bem estabelecido que o HIV se replica preferencialmente nos linfocitos T
CD4" ativados, acredita-se que uma “quiesciéncia imunolégica” poderia proteger o
individuo da infeccdo pelo HIV, limitando a disponibilidade das células alvo a infeccéo
(Card et al. 2013). Assim, estudos avaliaram fatores de ativacéo celular e supressao da
resposta imune. Como ja citado, a fase aguda/priméria da infeccdo tem um papel
importante na ativagdo imune, ocorrendo um dano massivo da mucosa intestinal
levando a translocacdo microbiana. Essa translocacdo microbiana pode ser quantificada
pelos niveis plasmaticos de LPS e da proteina solivel sCD14 (liberada pelos mondcitos
e macrofagos apos estimulo pelo LPS). O LPS finalmente é reconhecido pelo TLR4
levando a uma ativagdo imune sistémica e inflamag&o (Shan and Siliciano 2014). Por
outro lado, as células T regulatdrias (Tregs), que sdo supressoras da ativacdo celular,
podem reverter esta ativacdo inibindo a proliferacéo e funcéo de algumas subpopulagdes
celulares como Thl, Th2, Th17 e células T CD8" (Campbell and Koch 2011).

Contudo, o papel da ativacdo imune na susceptibilidade a infeccdo pelo HIV é
controverso, devido aos resultados opostos de estudos que analisaram individuos
expostos ndo infectados (HESN, HIV exposed seronegative,). Observou-se que 0s
HESN apresentaram um fenétipo “imunoquiescente” associado a baixos niveis de
linfocitos T ativados, reducdo da proliferagdo de linfocitos T CD4" e CD8" e
diminuicdo da secrecdo de citocinas pro-inflamatorias (McLaren et al. 2010; Card et
al. 2013). Ja outro estudo observou uma reduzida frequéncia de células expressando o
marcador de ativagdo celular CD69 e uma alta propor¢do de Tregs em HESN
(mulheres comerciantes do sexo) quando comparado com controles HIV soronegativos
(Card et al. 2009). Contrarios a esses resultados, outros estudos observaram que 0s
HESN (neste caso composto por casais sorodiscordantes) tinham um perfil mais
similar aos HIV soropositivos quando comparados com HIV soronegativos (Suy et al.
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2007; Saulle et al. 2016). Ainda neste estudo, avaliou-se a correlacdo entre a ativacao
celular e translocacdo microbiana e observou-se que os niveis plasmaticos de LPS e

sCD14 foram similares entre os HESN e os HIV soronegativos (Saulle et al. 2016).

1.2.3 Diferenciacéo das células T CD4": Thl, Th2, Thi7 e
Tregs

Ap0s a apresentacdo de antigenos e ativacdo da célula T, as células T CD4+ tém a
capacidade de se diferenciar em células T de memoria e logo em células T efetoras
especificas para atuar em diferentes tipos de respostas direcionadas por patdégenos ou
estimulos externos (Zinkernagel 2000). As subpopulacGes celulares melhor
caracterizadas sdo: Thl, Th2, Thl7 e T regulatérias (Tregs). Porém, novas
subpopulacdes celulares foram descobertas tais como as Th9, Th22 e T foliculares e
estdo sendo cada vez mais estudadas para entendermos seu papel na regulacdo do
sistema imune frente aos patdgenos. Os principais fatores que definem os tipos
diferenciados das células sdo as citocinas e quimiocinas que elas produzem, os
receptores de quimiocinas que expressam na superficie, os fatores de transcricdo e
alteracdes epigenéticas nos loci dos genes das citocinas (Valverde-Villegas et al.
2015).

As células Th2 secretam IL-4, IL-5, 1L-10 e IL-13 e estdo envolvidas em respostas
dominadas pela IgE, eosinofilos e basofilos. Essas células expressam
predominantemente o receptor de quimiocinas CCR3 na sua superficie (receptor para
eotaxin 1, 2 e 3, RANTES/CCL5, MCP-1/CCL2, MIP-1a/CCL3 e MIP1-B/4
(Sallusto et al. 1997), porém j& foi observado que CCR4 (receptor para
TARC/CCL17 e MDC/CCL22) e CCR8 (receptor para CCL17, CCL4, CCL1)
também sdo altamente expressos nas Th2 (Sallusto et al. 1998b). Essas células estdo
altamente presentes em respostas alérgicas e nos sitios de infec¢do principalmente
por helmintos. As células Thl expressam predominantemente o CXCR3 (receptor
para CXCL10/IP-10, CXCL9/Mig e CXCL11/I-TAC) e produzem IFN-y, TNF-q,
sendo que essas citocinas e quimiocinas tém um papel importante na resposta imune
contra patdgenos intracelulares, virais e bacterianos (Sallusto et al. 2000); é por isso

que as Th1l tendem a ser abundantes nos sitios de infec¢do. No contexto do HIV, tem
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sido bastante discutida a teoria de que o switch Th1l->Th2 estaria associado a
progressao para a aids. Estudos observaram um aumento das citocinas do perfil Th2
e uma diminuicao das citocinas do perfil Thl em pacientes HIV+ progredindo para a
aids (Becker 2004).

As Thl17 e Tregs, apesar de compartilharem caracteristicas similares e vias de
diferenciacdo interconectadas, apresentam papéis opostos na resposta imune contra
doencas infecciosas e autoimunes. Enquanto que as células Thl7 promovem uma
resposta inflamatdria, as Tregs sdo encarregadas de controlar a ativacdo imune e a
expansdo de células T efetoras auto reativas, além de manter a tolerdncia ao
reconhecimento do “proprio” pelo sistema imune (Noack and Miossec 2014). As
células Th1l7 compdem uma linhagem induzida por IL-17 e expressam
predominantemente 0 CCR6, que se liga a CCL20 e beta-defensinas. A migragdo de
células Th17 aos locais de inflamacédo/infeccdo é dependente de CCR6-CCL20. Essas
células sdo comumente observadas na mucosa da lamina propria intestinal e em GALT
e por isso, aliado ao fato deste ser o local de preferéncia para a replicacdo do HIV, séo
as células mais permissiveis a infeccdo pelo HIV (Gosselin et al. 2010). Por outro
lado, a capacidade supressora das Tregs € influenciada por IL-2, IL-10, TGF-§ ¢ IL-
35. Elas também expressam o CCR6 na sua superficie e ja foi sugerido que as Th17
atraem Tregs CCR6" aos locais de inflamagdo/infeccdo via CCL20 (Yamazaki et al.
2008). Devido ao papel oposto das Th17 e das Tregs, varios estudos tém avaliado a
proporcdo dessas células para verificar se um desequilibrio entre essas duas
subpopulacdes celulares esta associado com susceptibilidade ou progressao para a
aids. Assim, foi observado que individuos HIV+ sem tratamento apresentaram um
desequilibrio Th17/Tregs ao longo de um ano. Em contrapartida, nos controladores de
elite essa proporcdo se manteve similar quando comparados com os HIV
soronegativos (Li et al. 2011) [para mais detalhes do papel das células Th17 e Tregs
na infeccdo pelo HIV e na progressédo da doenga, pode ser vista no artigo de revisao no
anexo A: New insights about Treg and Thl7 cells in HIV infection and disease
progression (Valverde-Villegas et al. 2015)].
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1.2.4 Quimiocinas e Receptores de quimiocinas

Os receptores de quimiocinas pertencem a superfamilia de receptores transmembrana
acoplados a proteina (G) que se ligam a guanina trifosfato (GTP) (GPCR), e
atravessam sete vezes a membrana. Diferentes combinacfes de mais de 17 receptores
de quimiocinas distintos sdo expressas em diversos tipos de leucdcitos, resultando em
padrdes distintos de migracdo das células (Epstein and Luster 1998). Existem 10
receptores diferentes para as quimiocinas CC (denominados CCR1 a CCR10), seis
receptores para as quimiocinas CXC (denominados CXCR1 a CXCR®6) e um receptor
para CX3CL1 (denominado CX3CR1). Esses receptores sdo expressos em todos 0s
leucdcitos, dentre os quais as células T exibem o maior nimero e a maior diversidade
(Abbas AK, Litchman AH 2012).

As quimiocinas sao parte de uma familia de citocinas e a fungcdo que melhor as
descreve é a quimiotaxia, ja que quando ligadas ao seu receptor levam ao recrutamento
e migracao das células do sangue periférico para locais de infeccdo ou inflamacéo no
organismo. Algumas quimiocinas sao produzidas pelos leucdcitos e por outras células
em resposta a estimulos externos e estdo envolvidas em reagdes inflamatdrias e
ativacdo imune, enquanto outras sdo produzidas de modo constitutivo nos tecidos e
desempenham um papel importante na organizacéo destes (Proudfoot 2002). Além de
sua funcdo quimiotéctica, as quimiocinas também podem induzir adesdo a células
endoteliais ativadas mediada por integrinas, podem agir como estimulantes ou
inibidores da proliferacdo de células mieloides progenitoras, podem agir como
angiogénicas e angiostaticas e podem inibir o crescimento tumoral (Mackay 2001).

Quando as ceélulas se diferenciam, elas adquirem novos padrdes de migragéo.
Por um lado, as células efetoras podem migrar rumo a tecidos periféricos onde, apds o
reconhecimento de antigenos, disparam uma resposta inflamatdria, muitas vezes
desencadeando reag0es alérgicas (Zinkernagel 2000). Ja por outro lado, as células T de
memoria mantém a capacidade de migrar para os tecidos periféricos, mas também
podem migrar para os ganglios linfaticos, onde podem ser estimuladas para gerar
novas células T efetoras (Sallusto et al. 1998a). Contudo, observamos que receptores

de quimiocinas e seus ligantes tém um papel relevante na diferenciagao, recrutamento,
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migracdo e ativacdo das células como resposta frente ao patdgeno ou estimulos

externos.

1.2.4.1 Receptores de quimiocinas e seus ligantes na infeccao pelo HIV

Para penetrar na célula o HIV-1 necessita interagir com o CD4, o principal
receptor, e um receptor secundario, ambos geralmente essenciais para o virus infectar as
células de forma eficiente (Clapham and McKnight 2002). O receptor secundério é, em
geral, um receptor de quimiocina, como o CCR5. O CCR5 é o co-receptor
predominantemente utilizado in vivo pelo HIV-1. Mutagbes no gene Env (codificante
das proteinas do envelope do virus) podem direcionar mudancas na proteina Env as
quais induziriam uma maior afinidade com o receptor CXCR4. Assim, foi observado
que cepas R5 (que utilizam CCR5) predominam durante a infec¢do primaria e a fase
assintomatica, enquanto que o surgimento de cepas X4 (que utilizam CXCR4) ou R5X4
(que utilizam CCR5 e CXCR4) foi associado com a diminui¢do de células T CD4 e
progressao da doenca desde um estagio cronico ao avancado (Connor et al. 1997). Visto
que esses receptores de quimiocinas se ligam aos seus ligantes (e.g. CCR5 liga-se a
CCL3, CCL4, CCL5 e CXCR4 liga-se a CXCL12) foi sugerido que essa ligacao € capaz
de inibir a via de entrada do HIV na célula, o que poderia ocorrer por trés mecanismos:
i) apos essa ligacao receptor-ligante o envelope do virus fica impedido de interagir com
0 receptor, ii) as quimiocinas induzem endocitose do receptor, limitando a
disponibilidade do receptor ao virus, iii) as quimiocinas podem também induzir
dimerizacdo do receptor, também inibindo a interacdo virus-receptor (Amara et al.
1997; Signoret et al. 1998; Vila-Coro et al. 2000). De acordo com isso, estudos
observaram o papel das quimiocinas CCL5, CCL3, CCL4 como potentes inibidores a
infeccdo as células T CD4" pelo HIV (Cocchi et al. 1995) e CXCL12 bloqueou a
infeccéo de células por cepas X4 (Arenzana-Seisdedos 2015).

Em relacdo aos chamados receptores alternativos, um trabalho observou que o
CCRS8 foi utilizado como co-receptor por uma proporcao significativa de isolados
primarios de HIV-1 e HIV-2 e pode, de fato, ser relevante como receptor alternativo,
pelo menos sob determinadas condicGes e subpopulacdes de células T especificas (Jinno
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et al. 1998; Cilliers et al. 2005; Calado et al. 2010). Ja os receptores GPR1 (G protein-
coupled receptor 1) e FPRL1 (formylpeptide receptor homolog-1) também foram
propostos como coreceptores alternativos predominantes (Shimizu et al. 2010) (Shimizu
et al. 2009). Outro estudo observou que CCR3 poderia ser usado como um co-receptor
substituto pelo subtipo B do HIV-1 enquanto que o receptor FPRL1 pode ser usado
como co-receptor substituto pelos subtipos A e C (Bjérndal et al. 1997; Aasa-Chapman
et al. 2006; Nedellec et al. 2009).

1.2.4.2 Heterogeneidade funcional de células T CD4" na infeccéo pelo
HIV

A identificacdo de varios marcadores de superficie em células Thl7 de
humanos, tais como IL-23R, CCR6, CCR4, CXCR3 e B7 integrina pode auxiliar a
compreenséo da dindmica da diferenciacio de células T CD4" em individuos infectados
pelo HIV (Brenchley et al. 2008; Gosselin et al. 2010). Subtipos de células T CD4"
primarias que expressaram CCR4, CXCR3, CCR6 mostraram comportamento distinto
frente a infeccdo pelo HIV-1 e isto revela uma heterogeneidade das células T CD4"
frente ao virus. Os subtipos de células T CCR4"CCR6" (perfil Th17) e CXCR3"CCR6"
(perfil ThiTh17) foram caracterizados como altamente permissivos a replicacdo de
HIV-1 in vitro (Gosselin et al. 2010). As células T CCR4'CCR6" e CXCR3"CCR6" tém
potencial para serem recrutadas para a mucosa intestinal e vaginal, e também para o
cérebro, através de um mecanismo CCR6-CCL20 dependente, podendo contribuir de
forma significativa para a disseminacdo do HIV-1 e sua persisténcia, atraindo outras

células T CCR6" para sitios de replicacio viral in vivo (Wang et al. 2009) (Figura 2).
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Figura 4. Caracteristicas de subpopulacdes de células T CD4" que comprometem o

homing e a permissividade ao HIV (adaptado de Gosselin A et al., 2010).

1.2.4.3 Migracéo dos linfdcitos T CD4" na infecgdo pelo HIV

Recentes avangos em imunologia vincularam o comprometimento da linhagem e a
especificidade antigénica de subtipos de células T CD4" de memodria a expressdo de
receptores de quimiocinas, tais como: CCR4 para a migracao dentro do tecido da pele,
CCR6 para migracdo no intestino, cérebro e outros tecidos e CXCR3 para migragédo
dentro de sitios inflamatorios incluindo o intestino. Mais recentemente foi observado
que subpopulagdes de células T CD4" sdo caracterizadas pela combinacéo da expressdo
desses receptores. Por exemplo, a subpopulagio de células T CD4" com o fenétipo

CCR4'CCR6" produziu IL-17 e expressou o fator de transcricdo RORyt (perfil Th17).
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Ja as células T CD4" com o fendtipo CXCR3'CCR6" produziram IL-17 e IFN-y e
expressaram os fatores de transcricio RORyt e T-bet (perfil ThiThl7) (Acosta-
Rodriguez et al., 2007).

Como mencionado anteriormente, as células dendriticas tém um papel chave na fase
inicial de uma infeccdo e a expressdao de receptores de quimiocinas nas células
dendriticas mieloides (mDCs) e plasmocitoides (pDCs) é critica para a migracdo diante
desta resposta inflamatoria/infecciosa. Os receptores CCR6 e CCR7 dirigem a migragao
das DCs desde a superficie da mucosa para os linfonodos, enquanto que o CXCR3
direciona a migracao para o figado, por exemplo, durante a infeccdo por hepatite C
(Penna et al. 2002). No contexto do HIV, apds o estabelecimento da infeccdo, o dano
normalmente ocorre na mucosa consequentemente iniciando uma resposta imune inata.
Dentro de 24 horas depois da infeccdo na mucosa, o0 epitélio produz a quimiocina
CCL20 (MIP-3a), e mediante o eixo CCR6-CCL20 recruta células dendriticas
plasmocitoides (pDCs). Estas Gltimas, uma vez recrutadas vao produzir IFN-a, IFN-B,
MIP-1a (CCL3) e MIP-1B (CCL4) nos primeiros dias da infecgdo (Li et al. 2009)
(Figura 4). Ademais, foi observado que IFN-o e IL-15 s&o as primeiras citocinas com
altos niveis plasmaticos incrementados durante os cinco primeiros dias apds deteccéo da
viremia, seguidas pelo CXCL10, TNF-a e MCP-1 e logo IL-6, IL-8 e I1L18 (Stacey et
al. 2009). CCL17 e CCL24 sdo quimiocinas mais marcadamente associadas a
inflamacdo alérgica, elas se ligam com alta afinidade ao CCR3, receptor que é
seletivamente expresso nas células Th2, e vdo dirigir seu homing rumo a sitios

especificos de inflamac&o.

Contudo, observamos que o papel de receptores de quimiocinas e seus ligantes é
bastante complexo, pois se por um lado agem no recrutamento de células e migracao
das mesmas, levando o virus aos locais de inflamacédo/infeccdo, ativando células e
consequentemente induzindo a replicacdo do virus, por outro, essa ligacdo quimiocina-
receptor pode inibir a entrada do virus na célula. Além de mecanismos celulares,
fatores moleculares e muito provavelmente também genéticos véo influenciar nos niveis
de expressdo de receptores e seus ligantes afetando a susceptibilidade a infeccdo pelo
HIV e a progressao da doenca.
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IL-2 induz a proliferacao de células Treg e inibe a expressao de CCR6 em células Th17.
IL-6 ou IL-21 induz a diferenciacdo das células Th17 e inibe as células Treg.

IL-23 implicou na estabilizacao e expansao do fenotipo Th17, mas nao é um factor de
diferenciacao.

células epiteliais

IL-B e IL-6 amplificam a diferenciagdo das células Th17.

Figura 5. Migracdo dos linfécitos Th17 e Tregs rumo a sitios alvo de infeccdo pela
interacdo de receptores de quimiocinas e quimiocinas, em colaboracdo com as células
dendriticas (Adaptado de Valverde-Villegas JM et al., 2015).

1.2.4.4 Polimorfismos genéticos de receptores de quimiocinas e
quimiocinas

Diversos estudos tém observado que fatores genéticos do hospedeiro tém um
papel chave para predizer a susceptibilidade a infeccdo pelo HIV e a progresséo para a
aids. Em 1996, um dos primeiros polimorfismos que foi associado com protecdo a
infeccdo pelo HIV e progressao lenta a aids foi a delecdo de 32pb do CCR5 (CCR5A32)
(Dean et al. 1996). Esse polimorfismo introduz um cédon de terminag@o prematuro no
CCR5 gerando uma proteina truncada, a qual ndo é mais expressa na superficie da
célula reduzindo as chances de entrada do virus. Porém, foram reportados alguns casos
de individuos heterozigotos ao CCR5A32 que ndo progrediram de uma forma lenta
como era de esperar, salientando-se que isso ocorria pela existéncia de cepas virais que
também utilizam o CXCR4 para entrar nas células (Dean et al. 1996). Todavia, foi

observada uma baixa frequéncia do alelo A32 em populagdes afrodescendentes, onde ha
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uma maior incidéncia de casos de infec¢do pelo HIV. Todos esses eventos levaram o0s
pesquisadores a buscar outras variantes genéticas que pudessem estar influenciando a
susceptibilidade a infeccdo pelo HIV, o controle da infeccdo e as diferentes formas de
progressdo da doenca. O papel de outros polimorfismos nos genes CCR5, CXCR4,
CCR2, em genes de outros receptores e também em genes de quimiocinas foi

investigado.

Assim, polimorfismos no CCR2 (V64| e G190A), CCR3 (Y17Y) e CCRS8
(A27G) (os quais codificam receptores que sdo usados como moléculas coreceptoras
pelo HIV), foram associados com a progressao a aids (Smith M.W et al., 1997) (An et
al. 2011). Polimorfismos em genes que codificam CCL3, CCL4 (ligantes do CCR5) e
CCL18 (ligante do CCR8) foram associados a susceptibilidade a infec¢do pelo HIV e a
progressdo para a aids (Modi et al. 2006). Foi observado também que alguns
polimorfismos no promotor do CCL5 (RANTES) aumentam os niveis de CCLS5,
influenciando a progressdao para a aids (McDermott et al. 2000). Variantes nos
receptores CXCR6 e CX3CR1 foram analisadas em relacdo a resposta a terapia e foi
observada associacdo do alelo CXCR6-3K com menor supressao viral, enquanto que os
alelos CX3CR1-280M e CX3CR1-2491 foram associados com uma melhor resposta
imunolodgica, em termos de uma rapida elevacdo do numero de células T CD4+ na
infeccdo pelo HIV (Passam et al. 2007). Outro estudo avaliou a influéncia de 3
variantes genéticas das quimiocinas CCL2(MCP-1), CCL7(MCP-3) e CCL11(eotaxin),
ligantes dos receptores CCR2 e CCR3. Foi observado que esses polimorfismos, em
quase completo desequilibrio de ligagdo, formam um hapl6tipo o qual foi mais
frequente em individuos expostos ndo infectados quando comparado com pacientes HIV
soropositivos, sugerindo que esse haplo6tipo esteja associado com protecdo a infeccdo
pelo HIV (Modi et al. 2003). Ainda ha poucos estudos avaliando o papel da diversidade
genética de receptores de quimiocinas e seus ligantes, que participam potencialmente na
migracdo, recrutamento, diferenciacdo e ativacdo celular na resposta imune frente ao
HIV, e, nenhum estudo avaliando aquelas quimiocinas que potencialmente participam
apos o estabelecimento da infeccdo pelo HIV, tais como o CXCL10 e o0 CCL20 e seus
receptores. Além disso, mais estudos sobre a variabilidade genética de quimiocinas e

receptores de quimiocinas implicadas na resposta Thl e Th2 frente ao HIV, deve nos
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proporcionar mais dados para uma melhor compreensdo do papel Th1:Th2 na

patogénese do HIV.

Contudo, estudos de replicacdo em diferentes populagcdes humanas mostram
resultados diversos sugerindo que fatores étnicos devem ser considerados nas analises e
que novas metodologias estatisticas avaliando interacdes genéticas e abordagens de
biologia de sistemas devem ser consideradas para uma melhor compreensdo da
influéncia do papel genético de receptores de quimiocinas e seus ligantes em conjunto.
Por outro lado, em contextos de doengas autoimunes e em cancer, o papel genético de
quimiocinas e seus receptores ja é objeto de grande interesse na busca de marcadores
geneticos para uso de agonistas e antagonistas dessas proteinas na modulacdo da

resposta imune (Proudfoot 2002).
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2 Tratamento antirretroviral

2.1 Mudancas de politicas pablicas de saude no Brasil: O antes
e 0 depois

Em novembro de 1996 o governo Brasileiro aprovou a Lei n° 9.313, a qual garante
0 acesso gratuito e universal a terapia antirretroviral altamente ativa, ou HAART (Highly
Active Antiretroviral Therapy), que inclui a combinagdo de trés ou mais farmacos de duas
classes distintas: inibidores da protease e inibidores da transcriptase reversa, que agem em
diferentes etapas da replicacdo do HIV. Até 1996, as recomendacdes baseavam-se na
monoterapia inicial com zidovudina (AZT). Os antirretrovirais (ARV) eram entdo
distribuidos a qualquer brasileiro portador do HIV e vivendo com aids mediante o Sistema
Unico de Salde (SUS)(BRASIL 1996). Na época, o Programa Nacional de DST/Aids
(atual Departamento de DST, Aids e Hepatites Virais) do Ministério da Saude formou o
Grupo Assessor para Terapia Antiretroviral de Adultos e Adolescentes, cuja tarefa era
identificar as melhores estratégias para o tratamento contra o HIV (Ministerio da Saude,
1997). Reavaliou-se também o0 momento adequado para iniciar o tratamento e a
importancia de exames de quantificacio de linfocitos T CD4" e da carga viral como
marcadores laboratoriais para determinar o grau da imunodeficiéncia e a progressao da
doenga. Em 1997 essa portaria entrou em vigor junto com O consenso sobre as
recomendacdes para o inicio de ARV (Tabela 1) e a entrega dos farmacos foi acompanhada
por uma rede nacional de laboratorios que fornecia os testes de quantificacao de linfocitos
T CD4" e, logo depois, em 1998, os testes de quantificacdo da carga viral. J4 em 2002
alguns laboratérios do pais implementaram o teste de genotipagem para mutacGes de
resisténcia do virus no caso de falha viroldgica. No inicio do tratamento foram
recomendadas as combinacdes de dois inibidores de transcriptase reversa analogos de
nucleosideos (ITRN) combinados a um inibidor de transcriptase reversa ndo-analogo de
nucleosideo (ITRNN) ou a um inibidor da protease (IP) (Bartlett et al. 2006).
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Tabela 1. Recomendagdes para o inicio da terapia de acordo com o consenso em 1997.

Contagem de CD4"

Situacao clinica ‘ Carga viral (cépias/mL Recomendacéo
¢ (células/mm®) g (cop ) ¢
1.>30.000 1. Tratar
Assintomético > 500 2.2>10.000<30.000 2. Cc3n3|derar tratamento
3.<10.000 3. No tratar
4. Carga viral ndo disponivel 4. No tratar
Assintomati > 350 < 500 1. Carga viral ndo disponivel 1. Tratar ou monitorar
ssintomatico - 2. <5000 2. Tratar ou monitorar
3.>5000 3. Tratar
Independentemente da carga
Assintomatico >200 <350 viral Tratar
Independentemente da carga Iniciar terapia e profilaxia
. - < 200 . . - e
Assintomatico viral para infeccdes oportunistas
Sintomatico Independentemente da Ir]dependentemente da carga In|0|e.1r terapjla e proflla_><|a .
viral para infecces oportunistas

contagem das células CD4"

 Pneumonia por P. carinii e toxoplasmose.

Adaptado de Ministério da Saude, Brasil (1997).

Apds a implementacdo destas politicas publicas de saude, estudos abordando
centros de referéncia de diferentes regides do Brasil avaliaram o impacto do tratamento
antirretroviral no tempo de sobrevivéncia dos pacientes apds o diagndstico da aids,
comparando os episddios da doenca antes da terapia e o impacto da distribuicdo universal e
gratuita (Chequer et al. 1992; Marins et al. 2003). Um estudo realizado por Marins et al.,
(2003), observou um aumento significativo do tempo de sobrevivéncia nos pacientes
adultos diagnosticados com a aids em 1995 e 1996 comparado com o0s diagnosticados em
1980 (inicio da epidemia). Ainda, os diagnosticados em 1996 apresentaram uma mediana
de sobrevivéncia trés vezes maior que os diagnosticados em 1995 e tal aumento coincidiu
com a disponibilidade da terapia antirretroviral altamente ativa (Marins et al. 2003).
Estudos subsequentes observaram também o impacto da terapia no tempo de sobrevivéncia
dos pacientes HIV+ (Gadelha et al. 2002; Signorini et al. 2005) corroborando os achados
de Marins et al. (2003).

Ja em 2011, um interessante estudo com 1763 individuos de uma amostragem
composta por casais sorodiscordantes, comparou a taxa de transmissdo do HIV em
individuos que iniciaram ARV apds duas medidas consecutivas abaixo de 250 células T
CD4" vs. aqueles que iniciaram ARV com 350-550 células T CD4" (Cohen et al. 2011). Os

resultados desse estudo mostraram que os individuos que iniciaram ARV com 350-550
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células T CD4+ tiveram o risco de transmissao do HIV reduzido em 96% e junto com isso
0os eventos clinicos da doenca também foram diminuidos (Cohen et al. 2011).
Adicionalmente Silva et al. (2012) mostraram evidéncias de que, mesmo em individuos
assintométicos com niveis >500 de CD4+, a replicagdo viral e a ativacdo imune cronica
estdo associadas ao desenvolvimento de doencas ndo necessariamente relacionadas a
infeccdo pelo HIV, por exemplo, doencas cardiovasculares, tromboembolicas, cancer, entre
outras (Hunt 2012). Tais evidéncias cientificas deram suporte para o surgimento de
iniciativas para mudar as politicas publicas de salde sobre as recomendacbes do
inicio/introducdo de ARV. Desta forma, em 2013 novas recomendac@es foram dadas pelo

Ministério de Saude.

Tabela 2. Recomendagdes para inicio da terapia antirretroviral no Brasil a partir de 2013.

Todas as pessoas vivendo com HIV/Aids, independentemente da contagem de células T CD4":

Estimular inicio imediato de ARV, na perspectiva de reducdo da transmissibilidade do HIV, considerando a
motivacdo do paciente

Sintomaticos (incluindo tuberculose ativa), independentemente da contagem de T CD4":
Iniciar ARV

Assintomaticos:

CD4" <500 células/mm?® Iniciar ARV

Iniciar ARV na coinfeccdo HIV-HBV com indicacdo de tratamento para
hepatite B Considerar TARV nas seguintes situacoes:

a) neoplasias ndo definidoras de aids com indicacdo de quimioterapia ou
radioterapia

CD4" > 500 células/mm® . : . . .
b) doenca cardiovascular estabelecida ou risco cardiovascular elevado (acima

de 20%, segundo escore de Framingham)

¢) coinfeccdo HIV-HCV
d) carga viral do HIV acima de 100.000 cépias/mL

Sem contagem de CD4"  Naimpossibilidade de se obter contagem de CD4", no se deve adiar o inicio
disponivel do tratamento.
Gestantes:

Iniciar ARV

Adaptado de Protocolo Clinico e Diretrizes Terapéuticas para Manejo da Infeccéo pelo HIV em Adultos. Ministério da Saude,
Brasilia 2013.
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2.2 Imunodinamica apos inicio do tratamento

A pesar de que ja é bastante conhecido os efeitos colaterais dos ARVS assim como
a geracdo de resisténcia viral, & importante relatar o impacto dos ARVs na regulagdo da
resposta imune. Diversos estudos tém avaliado o impacto da terapia apds o inicio do
tratamento, primeiramente as abordagens investigaram a recuperacgao de linfocitos T CD4"
e a ativacdo do sistema imune. Nos ultimos anos tem-se dado mais atencdo aos seguintes
pontos: a) ao impacto do nivel de linfécitos T CD4" no momento do inicio do tratamento, o
qual influenciaria a normalizacdo de niveis de citocinas e quimiocinas; b) a modulacéo de
subpopulacdes celulares que sdo alvos do virus no inicio da infec¢do; c) a ativacdo do

sistema imune; e d) a proporc¢éo de células CD4:CDS8.

Os resultados destes estudos tém observado uma persistente ativacdo imune e
inflamacdo apesar do individuo estar com viremia suprimida pelo uso regular de ARV.
Além disso, um cenario negativo é observado: pessoas sob ARV por um longo periodo de
tempo continuam a ter maior mortalidade e morbidades crénicas, normalmente associadas
ao envelhecimento do organismo, mais significativas do que a populacdo em geral (Hunt
2012). Alguns estudos recentes tém apontado que o controle da ativagcdo imune pode
depender da fase clinica da infec¢do na qual € iniciado o tratamento. Assim, marcadores
solveis de ativacdo de mondcitos permaneceram anormalmente persistentes quando se
inicia ARV na fase crbnica, porém, esses niveis foram normalizados quando ARV foi

iniciada na fase aguda (Burdo et al. 2011).

Estudos ja observaram que uma rela¢do diminuida da taxa CD4:CD8, causada pela
deplecdo das células T CD4" e a expansdo dos linfocitos T CD8", foi associada com a
progressao da doenca (Serrano-Villar et al. 2014). Apesar dessa propor¢cdo CD4:CD8 ser
aumentada no primeiro ano de ARV, raramente ela se normaliza com o tempo e apresenta-
se ainda maior se o tratamento é iniciado tardiamente (Leung et al. 2013). Ademais, essa
baixa propor¢cdo CD4:CD8 foi associada com a expressdo de marcadores de ativacao
(CD38, HLA-DR), de exaustdo (PD-1) e de senescéncia (CD28-CD57) em individuos em
ARV com carga indetectavel e niveis de CD4" >500 (Sainz et al. 2013). Recentemente, um
estudo observou que o inicio de ARV na fase aguda (aproximadamente aos 40 dias da

infeccdo) foi associado com um significante incremento na propor¢cdo CD4:CD8 quando
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comparado com o inicio de tratamento, também na fase aguda, mas tardio (Hoenigl et al.
2016).

O impacto de ARV sobre a dindmica de diferentes subpopulacdes celulares tais
como as Thl, Th2, Thl17 e ThiTh17 foi também avaliado. Observou-se que pacientes que
comecaram ARV com <200 células T CD4+ mantiveram o perfil Th2 predominante apds
um ano de tratamento. Essa observacdo sugeriu que, apesar da recuperacdo dos niveis de
células T CD4" totais por ARV, ndo se tem uma recuperacio homogénea entre as
diferentes subpopulacdes de linfécitos T CD4" (Mahnke et al. 2016). Assim, essa
predominancia do perfil Th2 pode estar potencialmente influenciando a progressao a aids
nos individuos que iniciam ARV com <200 células T CD4". Um estudo adicional de Jarrin
et al., (2015) avaliou grupos de progressdo a aids e observou que, entre o grupo dos
progressores rapidos, a taxa de recuperacdo dos niveis de CD4" no inicio de ARV foi
maior quando comparada com a taxa entre 0s progressores ndo rapidos. Porém os
progressores rapidos foram menos propensos a atingir uma restauracéo 6tima dos niveis de
CD4" durante os primeiros 36 meses apds iniciado ARV, quando comparados com 0s nio-
rapidos, sugerindo-se baixos niveis de células T CD4" no inicio do tratamento (Jarrin et al.
2015). Previamente a esse estudo Silva et al. (2000) ja tinham observado que soropositivos
que iniciaram ARV com <100 células T CD4" ganharam mais células T CD4" nos
primeiros 48 meses de ARV quando comparados com soropositivos que iniciaram ARV
com >100 células T CD4" (Lepej et al. 2006).

Como ja descrito no capitulo 1 desta tese, as células T CD4" de GALT sdo
altamente depletadas durante o curso da infeccdo, sendo a subpopulacdo de células T
CD4+ com maior frequéncia na mucosa de GALT as células Th17. A perda das células
Th17 na mucosa epitelial tem sido associada a translocacdo microbiana desde GALT para
a corrente sanguinea, resultando em uma inflamagdo sistémica e progressdo da doenca
(Kim et al. 2013). Além disso, foi observado que uma ativagdo imune persiste em GALT
apesar de um longo periodo de tratamento. Varios estudos mostraram que as Thl7 sdo as
células mais permissiveis a infeccdo pelo HIV e, por serem as primeiras a serem
acometidas pelo HIV, sdo aquelas que dificilmente se recuperardo apds iniciado ARV
(Gosselin et al. 2010). Ainda, foi observado que a escassez das células precursoras

comprometidas com a linhagem Th17 coincide com o déficit de polarizacdo Th1l7 em
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soropositivos crénicos sob HAART quando comparados com os controles soronegativos, o
que explicaria porque essa subpopulacéo celular ndo se recupera em GALT em individuos
com ARV (DaFonseca et al. 2015).

Em relacdo aos niveis de citocinas/quimiocinas ap6s ARV, um estudo observou que
varias citocinas/quimiocinas inflamatérias e marcadores de ativacdo no plasma foram
normalizados em homens que fazem sexo com homens que se encontravam sob ARV e
com carga viral suprimida quando comparados com aqueles individuos naive a ARV.
Porém, quando comparados com os controles saudaveis, os niveis de 12 proteinas
(CXCL10, CRP, sCD14, sTNFR2, TNF-a, sCD27, sGP130, IL-8, CCL13, BAFF, GM-
CSF e IL-12p70) ainda estavam elevados. Ademais, 13 citocinas/quimiocinas
apresentaram uma diminuicdo significativa no primeiro ano de ARV, mas ao longo do
tempo essa diferenca foi perdida quando comparados com os controles saudaveis (Wada et
al. 2015). Fontaine et al. (2011) observaram que os niveis plasméticos de CCL20 e CCL19
estavam acima dos niveis normais em progressores rapidos e progressores tipicos na fase
aguda e esses niveis permaneceram aumentados na fase cronica da infeccdo (Fontaine et al.
2011). Previamente, um estudo deste mesmo grupo, sugeriu que esses altos niveis de
CCL20 e CCL19 poderiam estar contribuindo com o recrutamento das células dendriticas
(DCs) e outras células para os locais de infeccdo, o que poderia ocasionar 0s baixos niveis
de DCs observados no sangue periférico (Fontaine et al. 2009). Fontaine et al. (2011)
também observaram niveis relativamente normais dessas quimiocinas em progressores
lentos avirémicos quando comparados com controles saudaveis, porém, 0s niveis nos
progressores lentos virémicos foram mais altos que os de individuos HIV soronegativos
(Fontaine et al. 2011).

2.3 Caracterizacao da resposta imunologica apos inicio da
terapia: Uma coorte de pacientes progressores

Em 2011 teve inicio uma colaboracdo entre um grupo de pesquisadores da
Universidade Federal do Rio Grande do Sul (UFRGS), a Fundacdo Estadual de Producdo
em Pesquisa e Saude (FEPPS) e médicos do Servigo de Infectologia do Hospital Nossa
Senhora da Conceigdo (HNSC), as trés instituicGes localizadas em Porto Alegre, Brasil. O
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HNSC é considerado um centro de referéncia no Brasil para o atendimento e cuidado
humanizado de pacientes HIV soropositivos, aléem de integrar profissionais de alta
qualidade atuando tanto na atencdo médica quanto na pesquisa de doencas infecciosas,

principalmente no campo do HIV.

Essa colaboracdo teve como objetivo identificar retrospectivamente pacientes com
diferentes tipos de progressdo extrema a aids (usando como marcadores principais a
evolugdo das contagens de células T CD4" e prescricdo do inicio de ARV) para a
identificacdo de fatores genéticos do hospedeiro que pudessem estar influenciando a
progressao da doenca. Essa primeira etapa do projeto gerou dois trabalhos de mestrado
onde foram avaliados fatores genéticos do sistema imune inato e adaptativo que tinham
sido previamente associados com a progressao da doenca (Matte 2012)(Medeiros 2012).
Posteriormente, em 2013 retomou-se as analises e selecdo dos prontudrios, pois esses
grupos de progressores representam uma baixa frequéncia na populacdo HIV soropositiva
e era necessario um incremento da amostragem visando abordagens estatisticas mais
robustas. Assim, a0 mesmo tempo em que fatores genéticos eram investigados, também se
colocou em andamento a avaliacdo de fatores imunoldgicos, tais como a comparacdo do
perfil de citocinas entre progressores em diferentes estagios clinicos da doenca (de
Medeiros et al. 2016). O projeto continuou em 2014, e neste ano as mudancas das politicas
publicas sobre o uso de ARV j& estavam em andamento (a mudanca teve inicio no segundo
semestre de 2013). Diante deste cenério, a identificacdo de progressores a aids (utilizando
como um dos critérios 0 ponto de inicio de ARV pela queda do CD4") tornou-se mais
dificil. Porém, ao mesmo tempo, essa foi uma grande oportunidade para analisar o impacto
da terapia nos progressores que iniciaram ARV antes ou depois das mudangas das politicas

publicas.

Cabe salientar que pesquisadores do HNSC, representados pelo Dr. Breno Riegel
Santos chefe do Servico de Infectologia, em colaboracdo com multicentros internacionais,
realizaram um estudo para investigar o impacto da terapia na transmiss@o sexual em casais
sorodiscordantes que comecaram ARV com 350-550 células T CD4*/mm® comparados
com os que comecaram ARV por apresentarem duas medias consecutivas de CD4" abaixo
de 250 células/mm® (projeto HPTN 052). Esse estudo incluiu uma coorte de casais

sorodiscordantes atendidos pelo HNSC. Os resultados demonstraram que houve uma
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reducdo da taxa de transmissdo nos casais que iniciaram ARV com 350-550 células/mm?
quando comparados com os que iniciaram ARV com niveis de CD4" em declinio (Cohen
et al. 2011). Assim, se reforcou 0 nosso interesse em avaliar o impacto da terapia
comparando os grupos de progressores previamente identificados em nossos estudos. Os
parametros utilizados para a caracterizagdo desses grupos de progressores e regularizagao
dos dados clinicos pode ser encontrado em detalhes na tese de doutorado de RM de
Medeiros, 2016 (Medeiros 2016).

Essa abordagem incluiu 41 progressores rapidos e 26 progressores lentos que
iniciaram ARV quando o declinio do CD4" foi observado (CD4" < 350) e, 14 progressores
lentos que iniciaram ARV com CD4" > 350. Adicionalmente foi incluido um grupo de
HIV soropositivos com progressdo indeterminada, mas com acompanhamento entre 4-7
anos e em tratamento. Desses individuos 41 iniciaram ARV com CD4" < 350 e 11 com
CD4" > 350. Para investigar as taxas de variagdo do CD4" apds iniciado o tratamento,
analises estatisticas utilizando modelos mistos para dados longitudinais (onde um mesmo
individuo € medido varias vezes ao longo do tempo) foram realizadas com o programa R,
utilizando o pacote Ime4. Além disso, modelos mistos ajustados foram utilizados para a
comparacdo entre 0s grupos de progressores rapidos e lentos. Atualizaram-se todos 0s
dados clinicos de CD4" e carga viral antes e depois do tratamento. De acordo com a
disponibilizacdo de dados pelo sistema eletrénico do servigo de infectologia, foi possivel
obter informagdes clinicas no intervalo de tempo compreendido entre o ano de 2000 e
dezembro de 2016.

Os resultados mostram que no grupo dos progressores rapidos para a aids, antes do
inicio do tratamento a taxa de CD4" decaia 4,5 % ao més, e que apds o inicio de ARV o
CD4" cresceu a uma taxa de 0,89% ao més. Ja nos progressores lentos a aids, que
comegaram o tratamento com CD4"<350, 0 CD4" cresceu a uma taxa de 0,78% ao més. No
mesmo conjunto de observacdes, 0s progressores lentos que comegaram o tratamento com
CD4">350 apresentaram uma taxa de aumento do CD4" de 0,66% ao més. Pacientes
soropositivos com progressdo indeterminada que comegaram o tratamento com CD4"
<350, tém taxa de variacio mensal do CD4" aumentando 0,85% ao més, enquanto que 0s
soropositivos indeterminados que comegaram o tratamento com >350 de CD4", tiveram

uma taxa de aumento de CD4" de 0,34% ao més.
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Todavia, observou-se que, considerando 0 mesmo tempo de acompanhamento pos-
ARV a média do CD4" nos progressores lentos foi 41,75% maior do que 0s progressores
rapidos, enquanto que progressores indefinidos apresentaram uma taxa média de 35,82%

maior do que 0s progressores rapidos.
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Figura 1. Predicio da taxa de recuperacdo de células T CD4" apds inicio de ARV,
comparando o0s progressores rapidos (RPs) que iniciaram ARV com <350 CD4",
progressores lentos (SPs) que iniciaram com <ou>350 CD4" e os HIV soropositivos com
progressdo indeterminada (HCSs) que iniciaram com <ou>350 CD4".

Ao mesmo tempo em que se deu continuidade ao projeto avaliando material pré-
existente, novas coletas foram realizadas para darmos andamento a avaliacdo de fatores
imunol6gicos e genéticos. Entre os anos de 2015 e 2016, 26 individuos foram coletados, a
maioria deles previamente identificados por apresentarem progressao conhecida. No fim,

na tentativa de homogeneizar os grupos levando em consideracdo a progressao, tempo
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sobre o tratamento, e niveis de CD4 prévios ao inicio de ARV, nesta Gltima parte da tese
apresentaremos as analises de subpopulacGes celulares Thl, Th2, Thl7, ThlThl7 e
frequéncias de células ativadas comparando 7 progressores lentos, os quais iniciaram ARV
com >350 CD4", 5 progressores rapidos que iniciaram ARV com <350 células T CD4" e
10 individuos controles saudaveis. Os resultados desta parte da tese sdo apresentados na

forma de um artigo em preparacéo.

3 Justificativa

A literatura atualizada sobre a infeccdo pelo HIV e a progressdo para a aids nos
mostram que a fase inicial da infeccdo é chave para o decorrer da progressdo da doenca.
E que as diferentes respostas dos individuos nessa fase inicial frente ao HIV véo
depender de fatores imunoldgicos implicados principalmente nesta fase. Porem, 0s
fatores genéticos do hospedeiro podem influenciar sobre esses fatores imunoldgicos
modificando diferenciadamente essa resposta inicial. Por tanto, os estudos envolvendo
individuos HIV+ que progridem de uma forma extrema (rapida ou lenta) sdo os que
podem nos trazer mais informacdes sobre o papel de fatores imunologicos influenciados
pela diversidade genética. Sem deixar do lado, os fatores imunoldgicos e genéticos que
influenciam na susceptibilidade a infeccdo continuam a ser de grande interesse desde
que uma melhor compreensdo dos fatores que participam na relacdo virus-hospedeiro
antes do estabelecimento da infeccdo, € necessaria. Assim, a investigagdo do papel
imunolodgico e genético de fatores que conectam o sistema imune inato e adaptativo,
como quimiocinas e receptores de quimiocinas, merece uma maior atencdo desde que
varias dessas moléculas estdo implicadas em um primeiro momento da infeccao,
modulando positivamente a infec¢do (inibindo a entrada do virus) ou negativamente,
disseminando o virus atraves do recrutamento de células alvos e sua migracéo celular a
novos focos de infecgdo. Ademais, a investigacdo da modulagdo de tais fatores em
diferentes estagios clinicos da doenga, antes e depois de iniciado o tratamento
antirretroviral, pode nos trazer mais informagdes sobre seu  papel
regulador/desregulador do sistema imune e consequentemente as propostas de uso como
biomarcadores para 0 monitoramento clinico de individuos HIV+ que geralmente

chegam ao hospital na fase crénica da infeccéo.
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4 Objetivos
4.1 Geral

Investigar o papel de polimorfismos em genes de quimiocinas e receptores de
quimiocinas candidatos em influenciar na susceptibilidade a infec¢do pelo HIV e na
progressao a aids. Avaliar o papel imunologico de quimiocinas em diferentes estagios
clinicos da doenca e o papel de ARV na modulacdo de fatores imunoldgicos em

progressores extremos.

4.2 Especificos

- Diante da complexidade da familia de receptores de quimiocinas e seus ligantes,
realizar uma busca na literatura sobre a diversidade genética destas proteinas para a
selecdo de 14 polimorfismos com potencial influencia ndo sé no contexto do HIV, mas

também em outros contextos que acometem o sistema imunoldgico;

- Padronizar a metodologia para a genotipagem de 14 polimorfismos, a ser analisados

em conjunto, mediante a técnica molecular de minisequenciamento;

- Analisar a influéncia desses polimorfismos na susceptibilidade a infeccdo pelo HIV e
na progressao a aids (fazendo uma abordagem comparativa entre progressores rapidos e
ndo rapidos a aids);

- Realizar andlises estatisticas com uma abordagem que nos traga mais informacgéo
sobre o papel da interacdo desses polimorfismos associados ao desfecho;

- Quantificar os niveis plasmaticos de quimiocinas selecionadas pela sua modulacdo dos
perfis Thl, Th2, Th1l7 e Tregs, nos diferentes estagios clinicos da doenca em
progressores extremos;

- Investigar o impacto da terapia sobre a recuperacéo de linfocitos T CD4" comparando
individuos que iniciaram ARV com mais ou menos de 350 células T CD4*/mm?;

- Investigar o impacto da terapia sobre subpopulacdes celulares e ativagdo imune em

progressores extremos sob ARV.

33



Capitulo 2

Immunogenetic profiling of 23 SNPs of cytokine and
chemokine receptor genes trough minisequencing

technique: Design, development and validation

J. M. Valverde-Villegas, R. M. de Medeiros, S. E. M. Almeida and J. A. B. Chies

Artigo aceito para publicacdo em mar¢o de 2017 para a revista International
Journal of Immunogenetics.

“O objetivo deste artigo foi descrever o desenho e a
padronizacdo da genotipagem de 14 polimorfismos em
genes que codificam receptores de quimiocinas e seus
ligantes (avaliados nesta tese) e 9 polimorfismos em genes
de citocinas (avaliados em outra tese) pela técnica de
minisequenciamento, e disponibilizar a metodologia para
sua aplicacdo em outros contextos de doencas
imunologicas.”
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Abstract

The minisequencing technique offers accuracy and robustness to genotyping of
polymorphic DNA variants, being an excellent option for the identification and analyses of
prognostic/susceptibility markers in human diseases. Two multiplex minisequencing
assays were designed and standardized to screen 23 candidate SNPs in cytokine,
chemokine receptor and ligand genes previously associated with susceptibility to cancer
and autoimmune disorders as well as to infectious diseases outcome. The SNPs were
displayed in two separate panels (panel 1 - IL2 rs2069762, TNFa rs1800629, rs361525; 1L4
rs2243250; IL6 rs1800795; IL10 rs1800896, rs1800872; IL17A rs8193036, rs2275913;
and panel 2 - CCR3 rs309125, CCR4 rs6770096, rs2228428; CCR6 rs968334; CCR8
rs2853699; CXCR3 rs34334103, rs2280964;CXCR6 rs223435, rs2234358; CCL20
rs13034664, rs6749704; CCL22 rs4359426; CXCL10/1P-10 rs3921, rs56061981). A total
of 305 DNA samples from healthy individuals were genotyped by minisequencing. To
validate the minisequencing technique, and in order to encompass the majority of the
potential genotypes for all 23 SNPs, 20 of these samples were genotyped by Sanger
sequencing. The results of both techniques were 100% in agreement. The technique of
minisequencing showed high accuracy and robustness, avoiding the need for high
quantities of DNA template samples. It was easily to be conducted in bulk samples derived
from a highly admixed human population, being therefore an excellent option for

immunogenetic studies.

Key words: SNPs, cytokine, chemokine, minisequencing, susceptibility markers.
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Introduction

The immune system acts in a complex network, involving molecular pathways and
cellular components dispersed throughout the body. Health and disease outcomes depend
on a delicate balance between inhibition and activation, where deficient or uncontrolled
responses may result in tissue damage. This complexity requires a fine tuned
communication network and cytokines are major signalling molecules in the immune
system (Murphy et al., 2010). Among the main cytokine subfamilies, interleukins are
importantly involved in lymphocyte signalling. Specific interleukins play defined roles in
pro- and anti-inflammatory responses (Zhang and An, 2007). Also important to the
homeostasis of the immune system, chemokines, small proteins belonging to the
chemotactic cytokines subfamily, have pivotal roles for homing and trafficking of immune

cell subsets into inflammatory sites (Sallusto et al., 2004).

The importance of genetic polymorphisms in immune-related genes, such as those
coding for cytokines and chemokines, as well as chemokine receptor genes, to cancer,
autoimmune and infectious diseases susceptibility is an important research topic and has
already been approached in different studies (see Table 1 for a comprehensive, although
not exhaustive, review). Thereby, methodologies to rapidly and accurately genotype
candidate single nucleotide polymorphisms (SNPs) are avidly sought to investigate and
identify prognostic/diagnostic markers in immunological diseases (Syvénen, 2001). Of
special interest are methodologies able to analyse sets of genes involved in specific
biochemical pathways or genetic networks. Such approaches would facilitate gene-gene
interaction studies but, although different methodologies are presently available for
genotyping, no technology for scoring SNPs has become a widely accepted standard

(Vallone et al., 2004).
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The minisequencing method is based in the use of a probe that targets a sequence
immediately upstream of the SNP and which is extended by a single base by incorporation
of a fluorescently labelled dideoxy nucleotide. The reactions are resolved by capillary
electrophoresis and genotypes are determined by the identification of peak position and
specific fluorescence emission. Minisequencing analyses give accurate and robust results
and require relatively little time in comparison to other genotyping methods (Pati et al.,
2004). Here we designed and standardized two multiplex assays panels for minisequencing
genotyping of 23 SNPs in immune-related genes. The SNPs were displayed in two
separate panels: panel 1 focuses on cytokine genes (IL2 rs2069762; TNFa rs1800629,
rs361525; 1L4 rs2243250; 1L6 rs1800795; 1L10 rs1800896, rs1800872; IL17A rs8193036,
rs2275913) and panel 2 focuses on chemokine receptor/ligands genes (CCR3 rs3091250;
CCR4 rs6770096, rs2228428; CCR6 rs968334; CCR8 rs2853699; CXCR3 rs34334103,
rs2280964; CXCR6 rs2234355, rs2234358; CCL20 rs13034664, rs6749704; CCL22
rs4359426, CXCL10/1P-10 rs3921, rs56061981). Both panels were validated through the
genotyping of a cohort of 305 healthy individuals. Of note, all evaluated SNPs were
selected among candidate genes/polymorphisms previously described as involved in
cancer, autoimmunity and/or infectious disease susceptibility and outcome, therefore

composing a valuable tool for the evaluation of important potential immunogenetic targets.

Material and Methods

SNPs selection
The SNPs in the immune related genes were selected, as previously stated, among
genes/polymorphisms previously described as involved in susceptibility or outcome of

autoimmune diseases, cancer, allergy and/or infectious diseases (Table 1). In addition,
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criteria for inclusion into the panels considered: (a) potential relevance of the SNP for
differences on the rate of gene expression and (b) frequency of the rare allele > 5% in
European- and African-descendent populations available in the Entrez SNP Database

(www.nchi.nlm.nih.gov/sites/entrezdb=snp).

Studied population

Samples were obtained from a DNA biorepository maintained at the Immunogenetics
laboratory of the Federal University of Rio Grande do Sul, Brazil. The group was
composed of 305 healthy individuals older than 18 years from Porto Alegre city, 222
(70%) men and 78 (30%) women. Individuals were classified as European or African
ancestry according to the individual phenotypic characteristics self-assertion: 176 (58%)
were European descent and 128 (42%) were African descent. This study was conducted in
compliance with the principles included in the Declaration of Helsinki, all subjects

contributing to the biorepository signed an informed consent to participate in this study.

Multiplex PCR-primers and minisequencing probes design

The 23 SNPs selected were combined in two panels. Panel 1 included the SNPs in
interleukin and tumor necrosis factor alpha (TNF-a) genes whilst panel 2 included those
for chemokines and their receptors (Table 2). Multiplex PCR-primers were designed for
each panel using the Primer 3.0 program v.0.2 (http://www.genome.wi.mit.edu/cgi-
bin/primer/primer3_www.cgi) considering two main criteria: a) similar melting

temperature among primers; b) all amplicons should range from 150 to 450 bp in order to
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facilitate visualization of the multiplex reactions simultaneously to minimize the risk of

preferential amplification due to reagent competition.

Minisequencing probes for SNP detection were designed with the 3’ end base
corresponding to the last base before the SNP-position (Table 3). For panel 2, the probes
were designed using BatchPrimer3 v1.0 software online adding poly (dCT) 5’ tails

(http://probes.pw.usda.gov/batchprimer3/). Self- and hetero-dimers annealing between

pairs of primers was evaluated using the Multiple Primer Analyzer software tool from

Thermo Fisher Scientific (https://www.thermofisher.com/br/en/home/brands/thermo-

scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-

resource-library/thermo-scientific-web-tools/multiple-primer-analyzer.html). This tool was

applied for both primer sets (multiplex PCR and minisequencing probes). For
minisequencing oligoultramer probes, the recommended scale of synthesis is of 4 nmol.
All primers were synthetized with purification standards and checked by mass

spectrometry.

Multiplex PCR

The panel 1 and panel 2 multiplex PCR were performed separately in 25uL reaction
volume with 20ng genomic DNA. In addition, 0.2mM of each primer was used according
to the of Qiagen Multiplex PCR Master Mix Kit manufacturer's instructions. All reactions
were performed in a Veriti™ 96-Well Thermal Cycler (Applied Biosystems) with the
following settings: pre-denaturation 95°C for 5 min followed by 35 cycles of 30s at 94°C,
90s at 57°C, 90s at 72°C, and a final extension cycle of 10 min at 72°C. Multiplex PCR

products were checked in a 3% agarose gel.
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In order to remove unincorporated primers and dNTPs, 2 ul of Affymetrix™ ExoSAP-
IT™ was added in 5yl multiplex PCRs product (for both panels) and reactions were
incubated at 37°C for 30 min. The ExoSAP-IT enzyme was inactivated by incubation at

80°C for 30 min.

Minisequencing

Minisequencing reactions were performed in a 10uL final volume using 5puL of
SNaPshot™ Kit Reaction Mix, 3uL of the purified multiplex PCR product and 1.5uL of
minisequencing probe mix (0.05uM of each primer, Table 3). Reactions were performed in
a Veriti™ 96-Well Thermal Cycler (Applied Biosystems) with the following settings:
initialization at 95°C for 5min, followed by 25 cycles of 10s at 96°C, 5s at 50°C and 30s at
60°C.Then, 1.5 pl of Affimetrix SAP® enzyme was added, and the reaction was incubated
at 37°C for 30 min to remove the 5’ phosphoryl groups of the unincorporated fluorescent

ddNTPs. SAP® enzyme was inactivated by incubation at 80°C for 30 min.

Capillary electrophoresis

For capillary electrophoresis 1 pL of minisequencing products purified mixed with
8.5ul of HiDi™ formamide and 0.5 ul of GeneScan-120LIZ size standard (ABI - Foster
City, USA) was denatured at 95°C for 5 min. Capillary electrophoresis was performed on
an ABI 3130xI genetic analyzer (ABI - Foster City, USA) with a 36 cm length capillary
and POP-4™ polymer. Data analyses were performed with SNaPshot™ tool in

GeneMapper 4.0 software (ABI - Foster City, USA) (see Figure 1A and B for an example).
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Sanger Sequencing

To validate the minisequencing results, 20 samples were sequenced for the 23 SNPs by
Sanger sequencing. These were selected amongst the previously minisequenced samples,
in order to encompass the majority of the potential genotypes for all 23 SNPs evaluated.
The amplified fragments were obtained by single PCR using Qiagen Multiplex PCR
Master Mix Kit under the same minisequencing conditions described above. The Sanger
sequencing reactions were performed using 20-30ng purified single PCR product, primers
(both forward and reverse for each SNP in separated reactions) and ABI Big Dye
Terminator v.3.1 cycle sequencing ready reaction kit (Applied Biosystems, Foster City,
California, USA) following the manufacturer’s instructions. The amplification cycling
profile was performed in a Veriti 96-well Thermal Cycler (Applied Biosystems) using 35
cycles of 10 sec at 96°C, 10 sec at 54°C; 4 min at 60°C. All reactions were run in an ABI

3130xI genetic analyzer (Applied Biosystems).

Results

Validation of the minisequencing approach

Figure 1 shows representative electropherograms obtained from both panels for a
control individual. Figure 1A concerns panel 1 (9 different cytokine gene SNPs) and
Figure 1B concerns Panel 2 (14 different chemokine receptor or ligand gene SNPs). All
SNPs are indicated by their rs nomenclature and genotyping is achieved by reading the
peaks according to the size and fluorescent emission defined by each specific probe. As
previously stated, Sanger sequencing was performed in 20 samples to encompass the
majority of the potential genotypes for all 23 SNPs in order to validate the minisequencing

technique. All genotypes obtained by the Sanger sequencing method (considering all the
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23 tested SNPs for the 20 individual samples) mirrored the results from the

minisequencing (data not show).

Immunogenetic profiling: allelic and genotype frequencies

Tables 4 and 5 summarize the allelic and genotypic frequencies obtained for the
305 individuals considering all 23 evaluated SNPs. In order to compare the results with a
so-called standard human population, allelic and genotype frequencies for the same SNPs
were extracted from the HapMap database, considering the 1000 Genomes Project Phase 3
for all populations, and are also presented in Tables 4 and 5. As expected, taking into
account that our control group represents an admixed human population, the results as a

whole are quite similar.

Discussion

In the development of a methodology aiming to evaluate an immunogenetical
profile defined by 23 SNPs located in immune related genes, several points had to be
addressed. The quality and quantity of amplified product obtained after the multiplex PCR
is very important for good performance in minisequencing genotyping. Therefore, the
multiplex PCR was standardized using a commercial master mix Kit according to the
manufacturer's instructions and all amplicons were obtained with sufficient quality and
quantity for the following steps. Importantly, the multiplex product purification step can
significantly affect genotyping accuracy. Failure to remove the unincorporated ddNTPs
can yield extraneous fluorescence, and therefore special attention should be given to this

step. It is important to mention that it is possible to use the same primary amplicon for the
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annealing of two different probes in the subsequent minisequencing reaction, consequently
genotyping different SNPs on the same gene. This approach was used for the identification
of both rs1800629 and rs361525 of the TNF-o gene in Panel 1 and for the identification of
rs34334103 and rs2280964 of the CXCR3 gene in Panel 2. However, special attention
should be given if these SNPs are very close to each other, due to proximity interference of

the fluorescent probes, the signal intensity in the electropherogram could be reduced.

Two different principles were used to design the probes for the different panels
used in this minisequencing approach. The panel 1 probes were designed with different
lengths and their whole sequence encompassing and pairing to the region adjacent to the
target SNP. For panel 2, only ~20 bp of the region adjacent to the SNP was selected to be
incorporated in the probe and CT tails with different sizes were added. An increase in the
size of the probe results in better efficiency, although simultaneously can favor
nonspecifically annealing. The addition of tails can bypass this paradoxical situation. In
our panels both principles to design probes worked equally well and we strongly suggest a
close investigation of the regions to be genotyped to choose the appropriate criteria to

design new probes.

In electropherograms, the electrophoretic migration of the shorter probes assigned
by the automated sequencer were slightly different from those expected considering only
the size of the synthesized fragments. Quintdns B et al.,, 2004 also observed this
discrepancy between the expected and the observed distance of migration concluding that
the length, sequence, and the dye used to label the extended primer could interfere with its
electrophoretic mobility (Quintans et al.,, 2004). Thus, this should be taken into
consideration in the design of probes, avoiding the use of very small fragments or

fragments able to fold in complex structures. When the electropherograms were analyzed,
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a residual signal accumulation that does not match any SNP at the region becomes
apparent, peaking around region corresponding to fragments of 40 to 45 bp in size (see
Figure 1). Based on our experience, we recommend to avoid the use of probes that will

fall in this region.

In the present study two separated panels were designed allowing the independent
genotyping of two different groups of SNPs. In this sense, researchers can choose the most
convenient panel for their specific needs. Also, other SNP targets can be added to enrich
the panels (Quinténs et al., 2004; Coutinho et al., 2014; Fanis et al., 2014). Alternatively,
the products of the two multiplex panels could be combined and minisequenced in a single
reaction. However, in this case, some data would be lost: the allele dyes and bin positions
of CCR8 rs2853699 and IL10 rs1800872 as well as CCL20 rs13034664 and IL17A
rs8193036 are the same. For this reason, it would be necessary or eliminate one marker, or

make a new choice of fluorescent dyes.

In order to validate the minisequencing results 20 DNA samples from healthy
individuals which included the majority genotype combinations for all 23 SNPs were
sequenced by Sanger sequencing. The results were always in agreement with the
minisequencing. Regarding the immunogenetic profiling of the 305 healthy individuals, the
observed allelic frequencies were quite similar to those extracted from the HapMap
database. Some differences can be identified in the comparison of those allelic frequencies,

although this should be expected, since admixed populations are being evaluated.

In conclusion, the technique of minisequencing showed high accuracy and robustness,
avoiding the need for large quantities of DNA template samples. It was easily conducted in
bulk samples derived from a highly admixed human population, being therefore an

excellent option for immunogenetic studies. Minisequencing allows the analyses of various
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SNPs with high specificity at the same reaction conditions. Another advantage of this
method is the simultaneous genotyping of several SNPs using small quantities of template
DNA (approximately 20ng). Thus, minisequencing is a promising approach for multiplex

high-throughput genotyping assays.
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Table 1. SNPs selected according associations in different disease contexts.

Gene Chromosomo SNPs rs Ar:if:gal MAF Associations
Panel 1
i Cancer, Multiple sclerosis (Wu et al.,
IL2 4 330 G/T  rs2069762 G 0.27 (T) 2009: Fedetz et al., 2009)
6 308 G/A 151800629 G 0.09 (A) Asthma, erhn s disease, Liver cancer,
TNFa Systemic lupus erythematosus
i Psoriasis, Lymphoma (Ferreira et al.,
6 238 G/A 15361525 G 0.06 (A)  »005; Nasi et al., 2013; Aoki et al., 2006)
i Type 1 diabetes, Rheumatoid arthritis
IL4 5 590 C/T  rs2243250 C 0.46 (T) (Nufiez et al. 2008)
Kaposi's sarcoma, Hodgkin's lymphoma,
IL6 7 -174 C/G  rs1800795 G 0.13 (C) Crohn's disease (Foster et al., 2000;
Hohaus et al., 2007)
1 -1082 A/G  rs1800896 A 0.27 (G) Allergy and asthma exacerbations
IL10 Lymphoma, Atherosclerosis (Shin et al.,
1 -598 C/A 51800872 C 0.43 (A) 2000; Hunninghake et al., 2008; Kube et
al., 2008)
6 -737 T/IC  rs8193036 T 0.38 (C) Chronic hepatitis B, Rheumatoid arthritis,
IL17A Tuberculosis susceptibility, Rheumatoid
6 -197 G/IA 152275913 A 0.30 (A) arthritis, Gastric cancer (Li et al., 2014,
Shibata et al., 2009; Shen et al., 2015)
Panel 2
CCR3 3 -520 G/T  rs3091250 G 0.35(T) Kawasaki and macular degeneration




diseases (Breunis et al., 2007; Sharma et

al., 2013)
CCR4 3 1014 C/T  rs2228428 C 0.15(T) Chronic fatigue syndrome (Rajeevan et al.
3 512 C/T  rs6770096 C 0.19 (T) 2015)
-98+594 Rheumatic diseases (Kochi et al., 2010;
CCR6 6 ASG rs968334 G 0.37 (A) Koumakis eg al., 2013)
CCR8 3 80 G/C rs2853699 G 0.13 (C) AIDS progression (An et al. 2011)
3 7 GIA rs2234355 G 0.14 (A) Long-Term Nonprogression to AIDS
CXCR6 HIV infection susceptibility (Duggal et al.,
3 *42 T>G 152234358 G 0.45 (T) 2003: Limou et al., 2010)
CXCR3 X 12+213 G/A rs34334103 G 0.06 (A)  Systemic lupus erythematosus, Asthma
X 124234 C/T  rs2280964 C 0.18 (T) (Cheong et al., 2005; Im et al., 2014)
CCL20 2 -786 C>T  rs6749704 T 0.23 (C) Ulcerative colitis, Atopic dermatitis (Choi
2 -1706 C>T rs13034664 T 0.59 (C) et al. 2005)
4 -135 C/T  rs56061981 C 0.11(T) Hepatitis B, malaria and
IP-10 tuberculosis infection diseases
4 +1642 C/G rs3921 C 0.31 (G) susceptibility (Tang et al., 2009; Wilson et
al., 2013; Sheikh et al., 2015)
Atopic dermatitis, Gastric cancer
CCL22 16 5A>C rs4359426 C 0.08 (A) susceptibility (Wang et al., 2009; Hirota et

al., 2011)

MAF, minor allele frequency.



Table 2. Panel 1 and 2 multiplex primer sequences.

Gene rs Sequence (5'->3") Tm Product size (bp)
Panel 1
IL2 Fw CCATTCTGAAACAGGAAACCA 59.96
rs2069762 301pb
IL2 Rev AAACCCCCAAAGACTGACTG 59.04
IL4 F ACCCAAACTAGGCCTCACCT 59.99
W 152243250 174pb
IL4 Rev ACAGGTGGCATCTTGGAAAC 59.97
IL6 Fw TCGTGCATGACTTCAGCTTT 59.60
IL6 Rev rs1800795 GCCTCAGACATCTCCAGTCC 59.80 328pb
IL10-SNP1 Fw TTCCCCAGGTAGAGCAACAC 60.11
IL10-SNP1 Rev rs1800896 ATGGAGGCTGGATAGGAGGT 59.92 190pb
IL10-SNP2 Fw GGGGTCATGGTGAGCACTAC 60.29
IL10-SNP2 Rev r$1800872 CAAGCAGCCCTTCCATTTTA 60.20 230pb
IL17A-SNP1 Fw GCCAAGGAATCTGTGAGGAA 60.20
IL17A-SNP1 Rev ($2275913 TTCAGGGGTGACACCATTTT 60.21 328pb
IL17A-SNP2 Fw CCTTCTCTCTTTCCCCCATC 60.01
IL17A-SNP2 Rev r$8193036 TGCATGCTACCAAGCAACTT 59.49 158pb
TNFa-SNP1/2 Fw* rs1800629/ GCCCCTCCCAGTTCTAGTTC 60.07 oadoh
TNFo-SNP1/2 Rev? rs361525  AAAGTTGGGGACACACAAGC 60.01 P
Panel 2
CCR3F TGACAGGAGAAATGGACATGG 60.91
W (3091250 282
CCRS3 Ver CTGTCTCTTACGGCATTTTGC 59.90
CCR4-SNP1 Fw TGCTGCCTTAATCCCATCAT 60.44
CCRA4-SNP1 Ver 82228428 @ ATGATCCATGGTGGACTG 60.34 176
CCR4-SNP2 Fw TCTTGCTTTTGCGGAACAAT 60.75
CCRA4-SNP2 Ver 677009 1 rrGeAAAGCAGACCTTGE 50.71 221
CCR6 Fw TGCATTGCAGCATCAAGAAT 60.37
CCR6 Ver 968334\ aaTGCAGATCCCACAGACE 59.93 360
CCR8 Fw CAGACCACAAGGACCAGGAT 59.96
CCR8 Ver $2853699 - TaCCTTGATGGATTATAC 59.58 198
CXCR3-SNP1/2 FW* 534334103/ CTGTGACTGCAGGTTTCCAA 59.87 308
CXCR3-SNP1/2 Rev® 152280964 AGCACGCCAAGAGTCAAAGT 60.06
CXCR6-SNP1 Fw CCCCTAAATGTGGTCAATGG 60.04
CXCR6-SNP1 Ver $2234355 . ACAGACAAACACCACCAG 60.04 240
CXCR6-SNP2 Fw CCTTACCTTGGGGTCTCACA 59.96
CXCR6-SNP2 Ver (82234358 1 CCAATCAAGGAGAACCTG 60.04 409
CCL20-SNP1 Fw CTGTTATTTGACATTTGCTGTGCTG 59.0
CCL20-SNP1 Rev 6749704 16rccacacTTAGAGTGGA 59.3 260
CCL20-SNP2 Fw GACATGAGAGAGAGGGAGGAGA 59.8
CCL20-SNP2 Ver 1034064 GeeeaTTeEGGAGTGACT 60.9 340
CCL22 Fw AGTGAGGCTTGTGGGTGGA 60.8
CCL22 Ver $4359426 . ACAGCAAGGAGGACGAG 60.0 130
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CXCL10-SNP1 Fw CCCCAACAACTTGTACAGCC

CXCL10-SNP1 Rey 100061081 L - AAAGGAAATGAGAAGGAAATCA
CXCL10-SNP2 Fw 3921 GATGGACCACACAGAGGCTG
CXCL10-SNP2 Rev rs AACATTAACCTTCCTACAGGAGTAGT

59.05
59.65
60.30
60.30

380

150

# The PCR product includes two polymorphisms.
Notes: Primer final concentrations = 0.20uM for 1 Reaction final volume = 25uL.

54



Table 3. Panel 1 and 2 minisequencing probe sequences.

Gene Rs Minisequencing probes Len (w) w + t-tail
Panel 1
FETTATTCTTTTCATCTGTTTACTCTTGCTCTTGTCC
IL2 rs2069762 ACCACAATATGCTATTCACATGTTCAGTGTAGTTTT 72 NA
A
F:GATACGACCTGTCCTTCTCAAAACACCTAAACTT
IL4 152243250  CoGAGAACATTGT 47 NA
F:AAAGAAAGTAAAGGAAGAGTGGTTCTGCTTCTT
IL6 rs1800795 AGCGCTAGCCTCAATGACGACCTAAGCTGCACTTT 88 NA
TCCCCCTAGTTGTGTCTTGC
151800896 i:AAATCCAAGACAACACTACTAAGGCTTCTTTGGG 35 NA
IL10 151800872 ATCCTAATGAAATCGGGGTAAAGGAGCCTGGAA 55 NA
CACATCCTGTGACCCCGCCTGT
F:GCATAGCAGCTCTGCTCAGCTTCTAACAAGTAAG
1s2275913 AATGAAAAGAGGACATGGTCTTTAGGAACATGAA 97 NA
IL17A TTTCTGCCCTTCCCATTTTCCTTCAGAAG
F:CATCACTCTCTACTCCCCCCTGCCCCCCTTTTCTC
rs8193036  ~atcT 40 NA
F:AAAAGAAATGGAGGCAATAGGTTTTGAGGGGCA
TGGGGACGGGGTTCAGCCTCCAGGGTCCTACACAC
INF rs361525 A AATCAGTCAGTGGCCCAGAAGACCCCCCTCGGA 105 NA
a ATC
F:AGGAAACAGACCACAGACCTGGTCCCCAAAAGA
rs1800629  AATGGAGGCAATAGGTTTTGAGGGGCATG 62 NA
Panel 2
F:(CT)*“CTTCAAGGTTCAATTTCCCCATTAACTATA
CCR3  rs3091250 pr1GATG 37 65
CCR4 rs2228428 F:(CT)*’GCCAATACTGTGGGCTCCTCCAAATTTA 28 70
rs6770096 F:(CT)*cAGCCAGATGTATGAAGAAACAATTAG 26 35
CCR6 rs968334 F:ATGTTAGATCCACCAGCACCCCCC 24 24
CCRS8 rs2853699 F:(CT)®TGCCATTTGTCTGAATAAGTTCC 23 55
CXCR3 rs2280964 F:AGCCTTCGAGTCTACTTGCCCCCCGCCCCC 20 30
rs34334103 R:(CT)“cTCTCCTCTCCTCTCTGGCTTC 21 50
CXCR6 rs2234355 F:(CT)YcGTTCATCAGAACAGACACCATGGCA 25 60
rs2234358 F:(CT)’ ’CGAGAAGCTGCTCTGGAATTTGCAAG 26 80
F:(CT)®2cTTCCTCAACAATTCTGAGGCTCTATATTGA
CCL20 rs6749704 GTTATATTAG 40 85
rs13034664 R:(CT)*cTGTTCATTTCTCCTTCCTCCA 21 40
CCL22 rs4359426 F:(CT)*AGACATACAGGACAGAGCATGG 22 100
P10 rs56061981 F:(CT)®GGGGAAGTCCCATGTTGCAGACT 23 75
rs3921 F:(CT) AGTTTGCAGTTACACTAAAAGGTGACCAAT 30 90

Notes: Primers F:left side of the SNP and R: right side of the SNP; CT +C tails was used according the size desired (24-
100pb); Primer final concentration = 0.05 uM for 1 Reaction final volume = 10 pL.
NA, not applicable.




Table 4. Allelic and genotypic frequencies of cytokine genes SNPs from healthy controls compared with the
HapMap database.

SNPs/alleles/ CoPtroIs HapMap SNPs/alleles/ CoPtroIs HapMap
Gene (n=305) " Gene (n=305) "

genotypes i database genotypes . database

Frequencies Frequencies

rs2069762 rs2275913

TT 0.524 0.553 AA 0.126 0.120
IL2 TG 0.390 0.353 AG 0.395 0.346

GG 0.087 0.095 GG 0.479 0.534

T 0.719 0.729 A 0.324 0.293

G 0.281 0.271 G 0.676 0.707

IL17A

rs2243250 rs8193036

CcC 0.492 0.361 TT 0.556 0.413

CT 0.389 0.339 TC 0.403 0.413
L4 TT 0.118 0.300 cC 0.041 0.174

C 0.687 0.530 T 0.757 0.620

T 0.313 0.470 C 0.243 0.380

rs1800795 rs1800629

GG 0.563 0.766 GG 0.725 0.827

GC 0.359 0.186 GA 0.256 0.165
IL6 CcC 0.078 0.048 AA 0.019 0.008

G 0.742 0.859 G 0.853 0.910

C 0.258 0.141 TNFa A 0.147 0.090

rs1800896 rs361525

GG 0.114 0.098 GG 0.858 0.883

GA 0.485 0.348 GA 0.138 0.112

AA 0.401 0.554 AA 0.004 0.005

G 0.357 0.272 G 0.927 0.939
IL10 A 0.643 0.728 A 0.073 0.061

rs1800872

cC 0.354 0.346

CA 0.513 0.438

AA 0.132 0.216

C 0.611 0.565

A 0.389 0.435

* 1000 Genomes Project Phase 3 for all populations.




Table 5. Allelic and genotypic frequencies of chemokine receptor/ligand genes SNPs from healthtly controls
compared with the HapMap database.

SNPs/alleles/ CoftrOIS HapMap SNPs/alleles/ Coiwtrols HapMap
Gene (n=305) «~  Gene (n=305) .
genotypes . database genotypes i database
Frequencies Frequencies
rs3091250 rs2234355
GG 0.558 0.447 GG 0.847 0.786
CCR3 GT 0.361 0.414 GA 0.129 0.148
TT 0.082 0.139 AA 0.024 0.066
G 0.738 0.654 G 0.912 0.860
T 0.262 0.346 A 0.088 0.140
rs6770096 CXCR6 rs2234358
CC 0.821 0.675 GG 0.288 0.331
CT 0.164 0.278 GT 0.476 0.439
TT 0.015 0.047 TT 0.236 0.229
C 0.903 0.814 G 0.526 0.551
T 0.097 0.186 T 0.474 0.449
CCR4 rs2228428 rs3921
CC 0.582 0.742 CC 0.408 0.509
CT 0.344 0.223 CG 0.510 0.367
TT 0.075 0.035 GG 0.082 0.124
C 0.753 0.853 C 0.663 0.692
T 0.247 0.147 G 0.337 0.308
rs068334 CXCLIO | os6061981
GG 0.395 0.404 CC 0.860 0.797
CCR6 GA 0.466 0.446 CT 0.140 0.192
AA 0.139 0.151 TT 0.000 0.011
G 0.628 0.627 C 0.930 0.893
A 0.372 0.373 T 0.070 0.107
rs2853699 rs13034664
GG 0.565 0.772 TT 0.204 0.210
CCRS GC 0.388 0.198 TC 0.541 0.395
CC 0.048 0.031 CC 0.255 0.395
G 0.759 0.870 T 0.474 0.407
C 0.241 0.130 C 0.526 0.593
rs34334103 CCL20 (6749704
GG ? 0.489 0.449 TT 0.561 0.609
GA ? 0.011 0.056 TC 0.361 0.330
AA Q 0.000 0.003 CC 0.078 0.062
G? 0.973 0.936 T 0.741 0.774
AP 0.027 0.064 C 0.259 0.226
CXCR3 rs2280964 rs4359426
cce 0.354 0.364 CC 0.888 0.845
CTQ 0.146 0.096 CCL22 CA 0.112 0.144
TT Q 0.000 0.040 AA 0.000 0.012
c? 0.800 0.824 C 0.944 0.917
T 0.200 0.176 A 0.056 0.083

* 1000 Genomes Project Phase 3 for all populations.

2P frequencies in general population
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Figure 1. Detection of cytokines and chemokine receptor/ligand gene SNPs by two multiplex minisequencing assays. Panel 1 (A) shows
nine cytokine gene SNPs from a healthy individual donor. Peaks correspond to the fluorescence signal detected for each SNP. Panel 2 (B)

shows fourteen chemokine receptor/ligand gene SNPs. The A arrow indicates a residual signal that does not match any SNP located among 40

to 45 bp position in both panels (discussed in the text).
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Abstract
Objective: To investigate the influence of candidate polymorphisms on chemokine

receptor/ligand genes on HIV infection and AIDS progression (HIV/AIDS).

Design: Fifteen polymorphisms of the CCR3, CCR4, CCR5, CCR6, CCR8, CXCR3, CXCR6, CCL20,
CCL22 and CXCL10 genes were analysed in 206 HIV-positive subjects classified as rapid

progressors (RPs; n=40), or non-RPs (NRPs; n=166) and in 294 HIV-seronegative subjects.

Methods: The polymorphisms were genotyped using minisequencing. Genetic models were
tested using binomial logistic regression; non-parametric multifactor dimensionality reduction

(MDR) was used to detect gene—gene interactions.

Results: The CCR3 rs3091250 [TT, adjusted odds ratio (AOR): 2.147, 95% confidence interval [CI]
1.076-4.287, P=0.030], CCR8 rs2853699 (GC/CC, AOR: 1.577, 95% ClI 1.049-2.371, P=0.029),
CXCL10 rs56061981 (CT/TT, AOR: 1.819, 95% ClI 1.074-3.081, P=0.026) and CCL22 rs4359426
(CA/AA, AOR: 1.887, 95% Cl 1.021-3.487, P=0.043) polymorphisms were associated with
susceptibility to HIV infection. The CCL20 rs13034664 (CC, OR: 0.214, 95% Cl 0.063-0.730,
P=0.014) and CCL22 rs4359426 (CA/AA, OR: 2.685, 95% Cl 1.128-6.392, P=0.026) variants were
associated with rapid progression to AIDS. In MDR analyses revealed that the CXCL10 rs56061981
and CCL22 rs4359426 combination was the best model, with 57% accuracy (P=0.008) for

predicting susceptibility to HIV infection.

Conclusions: Our results provide new insights into the influence of candidate chemokine
receptor/ligand polymorphisms and significant evidence for gene—gene interactions on HIV/AIDS

susceptibility.

Key words: chemokine receptors/ligands, polymorphisms, gene—gene interaction, HIV/AIDS
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Introduction

Since the discovery of the pivotal role of CCR5 and CXCR4 and their ligands in the
regulation of HIV entry into target cells, investigators have focused much attention on these
chemokine receptors. In recent years, some studies have addressed the immunological role of
other important chemokine receptors and their ligands in HIV-1 pathogenesis. For example, CCR3,
CCR8 and CXCR6 are used as minor entry coreceptors by some viral primary HIV-1 isolates and
they also characterise some CD4+ T cell subpopulations targeted by HIV-1 [1] [2] [3] [4].
Moreover, memory effector CD4+ T cell subpopulations are characterised as permissive or
resistant to HIV replication according to their chemokine receptor expression profiles, including
CCR4, CCR6 or CXCR3 [5]. A recent review focused on the important role of these receptors in

immune regulation during HIV-1 infection and disease progression [6].

Chemokines such as CCL22 (a CCR4 ligand), CCL20 (a CCR6 ligand) and CXCL10 (a CXCR3
ligand) play important roles in HIV infection, acting as inhibitors of HIV infection and acting in the
recruitment of target cells to sites of infection [7][8]. Conversely, these chemokines can also
upregulate HIV replication. During early infection, chemokine production by HIV-infected cells
generate inflammatory site recruitment and activate different cell subsets. This generates and
facilitates an environment for HIV dissemination [9]. Notably, CXCL10 stimulates HIV-1 replication
in monocyte-derived macrophages and peripheral blood lymphocytes and has been suggested as

a marker in AIDS [10] [11].

Several host genetic factors associated with HIV/AIDS have been described [12] [13]. In
particular, genetic polymorphisms of the classic chemokine receptors such as CCR5 and CXCR4
and their ligands are associated with susceptibility to HIV infection, disease progression and
antiretroviral therapy response [14] [15] [16]. Thus, there is strong evidence that the genetic

diversity of such molecules is important in the context of HIV-1 infection, triggering different
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phenotypes in distinct infected individuals. Nevertheless, the exact role of other chemokine
receptors and their ligands in HIV-1 infection have yet to be determined. Some studies on
Caucasians observed that CXCR6, CCR3 and CCR8 polymorphisms were associated with AIDS
progression [17] [18] [19]. A recent genome-wide association study (GWAS) on HIV infection
analysed the associations among ~8 million variants and viral load and observed a significant
association signal in the chemokine receptor gene cluster on chromosome 3 [20]. In addition, the
study highlighted that GWAS directed to evaluate different phenotypes in HIV-1 infection was
underpowered to identify genetic variants with modest effect, which influence other complex

human diseases [20].

Thus, we analysed 15 polymorphisms in 10 candidate genes chosen from the genetic
variants reported in the literature as playing a role in inflammation and immunity in complex
diseases and susceptibility to HIV infection and AIDS progression. Notably, the CCR4, CCR8, CCR3
and CXCR6 genes are located near the CCR5 gene region on chromosome 3, which a recent GWAS
described as being associated with viral load [20]. We used parametric tests for logistic regression
and non-parametric tests for the multifactor dimensionality reduction algorithm (MDR) to identify

single SNPs and gene—gene interactions between SNPs, respectively.

Materials and methods

Study population

The Infectious Diseases Service from Nossa Senhora da Concei¢cdo Hospital in Porto
Alegre, Brazil, treats about 5,000 HIV-seropositive patients. In 2011 to 2013, the clinical histories
of more than 3,500 HIV-1-infected subjects were retrospectively reviewed; subjects with specific
clinical profiles were selected. The initial selection criteria included the possibility of estimating

seroconversion by a previous known HIV-negative test. Additionally, eligible patients should have
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regular clinical follow-up after positive diagnosis. Patients with highly active antiretroviral therapy
(HAART) recommendations up to 3 years after seroconversion were classified as rapid progressors
(RPs); those that remained without recommendation to initiate HAART (due to CD4+ T cell count >
350 cells/mm?) for >5 years after positive diagnosis (seropositivity) were further followed and
classified as slow progressors (SPs) if they remained without HAART recommendation for a total

of at least 8 years.

The 206 HIV-1—-positive adults selected self-identified as being of European descent or
African descent. Discussions regarding the skin colour—based classification criteria used in Brazil
are well-documented [21,22]. The AIDS progression classification was performed according to
longitudinal clinical and laboratory data, including CD4+ T cell count, plasmatic viral loads, HIV-
seronegative test, first HIV-seropositive test, initial CD4+ T cell count, clinical stage data at the
time of sample collection and HAART drug prescriptions. HIV-positive subjects were classified as
RPs or non-RPs (NRPs) according progression time. As previously stated, RPs were subjects who
had recommendation to initiate HAART within 3 years of seroconversion due to CD4+ T cell count
< 350 cells/mm? [23]. All other patients were included in the NRP group: SPs, elite controllers
(ECs) and HIV-positive subjects with >3 vyears of follow-up independently of HAART
recommendation after this time. SPs were defined as HIV-positive subjects asymptomatic for 28
years of follow-up after diagnosis, with average CD4+ T cell count > 500 cells/mm? and plasma
viral load < 10,000 copies/mL through the years in the absence of HAART. ECs were individuals
with undetectable levels of viral RNA (<50 copies/mm3) that maintained CD4+ T cell counts > 500

cells/mm? for 25 years [13].

The 294 HIV-1-seronegative control samples were from a biorepository maintained at the
Universidade Federal do Rio Grande do Sul (UFRGS) and were collected from healthy adult blood

donors. The donors were classified as being of European descent or African descent by self-

65



121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

identification. Individuals with infectious diseases, cancer, autoimmune or metabolic diseases or

other medical conditions were excluded from this control group.

Ethics statement

This study was conducted in compliance with the principles included in the Declaration of
Helsinki and received approval from the Nossa Senhora da Concei¢cdao Hospital and Conselho
Nacional de Etica em Pesquisa (002964-20.69/10-5 and 30491714.0.0000.5347 ethical process,

respectively). All subjects signed an informed consent form to participate in this study.

Sample preparation

We collected 10 mL peripheral blood from the patients and controls. Peripheral blood
mononuclear cells (PBMCs) were isolated by gradient density after centrifugation at 1500 g for 10
min. Genomic DNA was extracted from the PBMCs using a high-salt precipitation method [24] and

stored at -20°C.

Genotyping of chemokine and chemokine receptor genes

Fifteen candidate polymorphisms in 10 chemokine and chemokine receptor genes were
selected according their potential influence on autoimmune diseases, cancer, allergies and
infectious diseases: CCR3 rs3091250, CCR4 rs6770096 and rs2228428, CCR5 rs333, CCR6
rs968334, CCR8 rs2853699, CXCR3 rs34334103 and rs2280964, CXCR6 rs2234355 and rs2234358,
CCL20 rs13034664 and rs6749704, CCL22 rs4359426, CXCL10 rs3921 and rs56061981. These SNPs
were genotyped using a minisequencing technique developed by our group [25], with exception
of the CCR5del32 (rs333) variant, which was genotyped by conventional PCR and was visualised in

3% agarose gel [26].
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Statistical analysis

Compliance with expectations for Hardy—Weinberg equilibrium (HWE) was evaluated in all
subjects using the x° test. A 2x2 contingency table for Fisher’s exact test was used to investigate
differences in allelic frequencies between individuals of European and African descent; these
frequencies were compared with data extracted from the HapMap project. Clinical and
demographic covariate data were compared among groups using Student’s T (or t)-test’.
Codominant, dominant and recessive genetic models were tested, and genotypic associations and
odds ratios (ORs) with 95% confidence intervals (Cl) were estimated by binomial logistic
regression. For susceptibility analyses, the logistic regression was conducted comparing HIV-
positive subjects vs. controls adjusted for ethnicity and sex. For progression to AIDS analyses, we

compared RPs vs. NRPs, RPs vs. SPs and RPs vs. ECs.

The gene—gene interaction analyses were performed using a non-parametric test such as
MDR v.3.0.4 [27]. MDR analysis is a data-mining method used to detect and classify combinations
of effect from independent variables that may interact to influence different phenotypes. The top
5 SNPs filtered with the ReliefF algorithm and the SNPs with statistical significance in univariate
logistic regression were included in the MDR analyses [28] [29]. All interactions were tested using
10-fold cross-validation (CV) in an exhaustive search considering SNP combinations, and we

adjusted for ethnicity [30].

The Mann—Whitney U and Kruskal-Wallis non-parametric tests were used to evaluate the
relationships among the slope of CD4+ T cell counts and all SNP genotypes and genetic models.
Also, ANOVA or Student’s T (or t)-test’ parametric were applied to evaluate the association of the
median RNA viral load (logVL) with all genotypes/genetic models from 83 progressor patients

(P<0.001).
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Results

Demographic and clinical data

Table 1 summarises the demographic and clinical parameters of the participants.
Regarding AIDS progression, 40 and 166 subjects were classified as RPs and NRPs, respectively.
RPs had higher plasma viral loads and lower median CD4+ T cell counts in the first measure as
compared to NRPs. CD4+ T cell counts decreased significantly faster for RPs than for NRPs. Similar
differences in clinical characteristics were observed when only RPs and SPs were compared (Table

s1).

Allelic and genotypic Single Nucleotide Polymorphism frequencies

Except for CXCR6 rs2234355, which was only in accordance with HWE when analysed by
ethnicity, and CXCL10 rs3921 in control individuals (and therefore excluded from the susceptibility
analyses), all other SNP frequencies were consistent with HWE expectations. Table S2 shows the
allelic and genotypic frequencies of all 15 SNPs of all subjects. When allelic frequencies were
compared between the controls and HIV-positive subjects stratified by European or African
ancestry, we observed significant differences for the CCR8 rs2853699, CXCR6 rs2234355, CXCR6

rs2234358 and CXCL10 rs56061981 variants (Table S3).

Association of single SNPs and susceptibility to HIV infection

In univariate logistic regression adjusted by sex and ethnicity, 4 polymorphisms were
associated with susceptibility to HIV infection when the HIV-positive subjects were compared to
the controls: CCR3 rs3091250, CCR8 rs2853699, CXCL10 rs56061981 and CCL22 rs4359426. In
multivariate logistic regression adjusted by sex and ethnicity, only rs3091250 and rs56061981
remained significant (Table 2).

Association of single SNPs and AIDS progression
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In the univariate logistic regression, the frequencies of the CCL20 rs13034664 and CCL22
rs4359426 variants were statistically different when RPs and NRPs were compared. The
differences of both polymorphisms remained significant in the multivariate logistic regression
(Table 3). CCL20 rs13034664 CC patients had a low probability of being RPs, while the CC
genotype frequency was increased among NRPs. Interestingly, the CC genotype frequency was
increased in ECs when compared with RPs (0.500 vs. 0.075, respectively). On the other hand,

CCL22 rs4359426 CA/AA carriers had a high probability of being RP.

Gene-gene interaction analyses

The 5 SNPs filtered by the ReliefF algorithm plus the 3 other SNPs with statistical
significance in univariate logistic regression (CCR5 rs333, CCR3 rs3091250, CCR6 rs968334, CCR8
rs2853699, CCL20 rs13034664 and rs6749704, CCL22 rs4359426, CXCL10 rs56061981) were
further evaluated by MDR. Table 4 summarises the results of an exhaustive MDR analysis adjusted
by ethnicity and sex covariates. The best model for predicting HIV infection risk indicated by MDR
was the 2-factor model combination of CCL22 rs4359426 and CXCL10 rs56061981 [testing balance
accuracy (TA)=0.5696; P=0.008; CV consistency (CVC)=9/10]. The criteria for selecting the best
model were: j) it was more parsimonious, ii) it was significant, iii) the CVC was good, i.e. 9/10, and
iv) there was closer training and testing accuracy. Regarding entropy-based interaction, there was
a high redundancy effect (additive or correlation) between CCL22 rs4359426, CCR3 rs3091250 and
CXCL10 rs56061981 (Figure 1A). In addition, the information gain (IG) values of CCL22 rs4359426
(3.27%), CCR3 rs3091250 (1.86%) and CXCL10 rs56061981 (2.01%) indicated that these variants
have a large main effect on susceptibility to HIV infection. There was an epistatic effect between
CCR6 rs968334 and CCL20 rs13034664 was observed, with a negative marginal effect between
them (0.07%). Figure 1B shows the level of interaction between attributes, and the interaction

between CCL22 rs4359426, CCL20 rs13034664 and CCR3 rs3091250 had the highest degree of
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correlation. None of the MDR models were statistically significant in RPs vs. NRPs, RPs vs. SPs and

RPs vs. ECs.

Analyses stratified by ethnic origin

In univariate logistic regression, the CXCR6 rs2234355 (dominant model, GA or AA
genotype; OR: 2.70, 95% Cl 1.29-5.64, P=0.008), CCR8 rs2853699 (dominant model, GC or CC
genotype; OR: 1.92, 95% Cl 1.23-3.01, P=0.004) and CXCL10 rs56061981 (dominant model, CT or
TT genotype; OR: 2.33, 95% Cl 1.31-4.14, P=0.004) polymorphisms were associated with
susceptibility to HIV infection in individuals of European descent (Table S4). Moreover, these
significant associations were maintained in multivariate logistic regression: CXCR6 rs2234355,
P=0.006; CCR8 rs2853699, P=0.004; CXCL10 rs56061981, P=0.011. In individuals of African
descent, univariate logistic regression indicated an association between the CXCR6 rs2234355
(dominant model, GA or AA genotype; OR: 0.38, 95% Cl 1.18—0.77, P=0.008) and CXCR6 rs2234358
(dominant model, GT or TT genotype; OR: 0.37, 95% Cl 1.16—0.85, P=0.018) variants with
protection against HIV infection. The significance was maintained only for rs2234355 (dominant
model, GA or AA genotype; OR: 0.45, 95% Cl 0.21-0.99, P=0.049) in multivariate logistic
regression (Table S5). No significant models were observed when gene—gene interaction analyses
for susceptibility to HIV or AIDS progression were applied in our sample as stratified by ethnic

group (data not shown).

SNPs and RNA viral load

There were significant associations between the CCR5 rs333, CXCR6 rs2234355, CCL20
rs6749704 and CCL22 rs4359426 SNPs and the median logVL (P<0.001). The median plasma logVL
was lower among rs333 heterozygous (wt/delta32) individuals as compared to wild-type
homozygous individuals, and was higher among rs2234355 AA individuals as compared to the

other genotypes. It was also higher among rs6749704 C variant carriers as compared to subjects
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without this SNP. Likewise, the median plasma logVL was higher among rs4359426 A allelic

variant carriers than among subjects with the CC genotype (data not shown).

Discussion

In this study, we explored the potential influence of candidate polymorphisms in the
genes of chemokine receptors and their ligands on HIV/AIDS. Multivariate logistic regression
revealed that the CCR3 rs3091250 and CXCL10 rs56061981 polymorphisms influence HIV infection
susceptibility. In addition, the best model of gene—gene interactions detected by MDR included
the effect of the CCL22 rs4359426 and CXCL10 rs56061981 polymorphisms on susceptibility to HIV
infection. A large main effect on susceptibility to HIV infection was allocated to CCR3 rs3091250
(1.86%), CXCL10 rs56061981 (2.01%) and CCL22 rs4359426 (3.27%) (Figure 1A). Regarding AIDS
progression, the CCL20 rs13034664 polymorphism was associated with low probability for rapid
progression whereas CCL22 rs4359426 was associated with high probability for rapid progression
(Table 3). Interestingly, in multivariate logistic regression stratified by ethnicity, CXCR6 rs2234355,
CCR8 rs2853699 and CXCL10 rs56061981 were associated with susceptibility to HIV infection
among subjects of European descent, while only CXCR6 rs2234355 was protective against HIV

infection among subjects of African descent.

CCR3 rs3091250 has been associated with increased transcription levels [31]. CCR3 plays a
major role in allergies and its expression is predominantly on basophils, eosinophils and in Th2
effector cells [32]. In the present study, the rs3091250 TT genotype was associated with
susceptibility to HIV-1 infection. As stated earlier, the CCR3 gene is located on chromosome 3
near the CCR5 loci, a region associated with HIV viral load in a recent GWAS and therefore a quite
interesting candidate region for association studies targeting HIV infection. This variant has been
associated with other diseases presenting an allergic context [33] [34] [35]. The CCR8 gene is also

located on chromosome 3, and increased CCR8 expression correlates with activation in Th2 cells
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[36]. Here, the GC or CC rs2853699 genotypes were associated with susceptibility to HIV infection
in univariate logistic regression. A previous study reported that, together with polymorphisms
within CCR2, CCR5 and CCRL2, this polymorphism composed the best predictive model for the
rate of AIDS progression in a cohort composed of individuals with 3 extreme phenotypes
(resistance to HIV infection, and very rapid or slow progression to AIDS) [19]. Again, these genes
are located in the same chromosome region. Notably, both CCR3 and CCR8 expression were
increased on CD4+ T cells in HIV-1-exposed infants, and associated with enhanced immune

activation and altered CD4+ T cell homing with increased HIV susceptibility [37].

Nevertheless, other molecules also interfere with the HIV infection outcome and have
been suggested as predictors of HIV/AIDS. In our study, the CCL22 rs4359426 CA or AA genotypes
were associated with susceptibility to HIV infection. Furthermore, the allele A carriers had a high
probability of being RPs when compared with NRPs. It has been suggested that this SNP is
involved in higher mRNA expression [38] and has been associated with allergic diseases [38] [39].
Ancuta et al. (2006) showed that CCR3 and CCR4 ligands (including CCL22) produced by in vitro
monocyte-derived macrophages deliver costimulatory signals to T cells that increase their

susceptibility to productive HIV infection [40].

The inflammatory chemokine CCL20 is the only ligand for CCR6, a receptor mainly
expressed by Th17 and regulatory T cells (Tregs) [41]. The CCR6—CCL20 axis plays a critical role in
the homing of these T cells to the gut [42]. Polymorphisms in the CCL20 promoter region such as
the rs13034664 and rs6749704 SNPs have been associated with inflammatory bowel diseases
[43]. Here, CCL20 rs13034664 CC genotypic frequencies were statistically higher in NRPs and ECs
as compared to RPs. Elevated plasma CCL20 levels were a characteristic feature throughout the
course of infection in rapid and normal HIV progressors when compared with aviremic HIV SPs [7].

The Th1Th17 (CXCR3+CCR6+) cells, which in the HIV infection context produce mainly CCL20 and
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TNF-a, are highly permissive to HIV infection and have the potential to be recruited to sites of HIV
persistence, such as the gut and the brain [5]. The MDR analyses revealed an epistatic effect
between CCL20 rs13034664 and CCR6 rs968334 on susceptibility to HIV infection, suggesting a

role for the CCR6—CCL20 axis in this phenomenon.

CXCL10 is one of the first chemokines whose levels in plasma increase a few days after
HIV infection and remain elevated throughout the infection [44]. Several studies have proven that
elevated CXCL10 plasma levels during the infection lead to poor outcome [10][11][45][46].
Polymorphisms of the CXCL10 gene were evaluated in infectious diseases such as hepatitis B and
C and co-infections with HIV, malaria and tuberculosis [47]1[48][49][50]. In the present study, the
CXCL10 rs56061981 CT or TT genotypes were associated with susceptibility to HIV infection. The
rs56061981 variant affects CXCL10 promoter activity, which contributes to CXCL10 expression via
NF-kB transactivation [20]; therefore, evaluations of HIV-positive individuals should be done
taking into consideration both CXCL10 genotypes and phenotypes. Additionally, the combination
of CCL22 rs4359426 and CXCL10 rs56061981 on susceptibility to HIV infection evidenced the best
model through the MDR analyses, which included similar values of the training balanced accuracy
and TA and the highest CVC, suggesting that rs4359426 and rs56061981 could be used for

evaluating HIV infection risk.

When patients were stratified by ethnicity, our analyses revealed that CCR8 rs2853699,
CXCR6 rs2234355 and CXCL10 rs56061981 were associated with susceptibility to HIV infection in
patients of European descent. In contrast, CXCR6 rs2234355 was associated with protection
against HIV infection in patients of African descent. Genetic variants could vary according to
ethnic background. The rs2234355 allelic variant frequency is high in African Americans and rare
in European Americans, and this should be considered in population studies. For example, the

CXCR6 rs2234355 allelic variant is protective against progression to death after Pneumocystis
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jiroveci pneumonia in HIV-infected African American subjects [18], and also has a protective effect

against HIV infection in Biaka Western Pygmies in West Central Africa [51].

As markers of progression, the median logVL and the genotypes were analysed. The
median logVL was significantly decreased in heterozygous wt/delta32 HIV-positive subjects when
compared with wild-type homozygous subjects. The median logVL was also higher among carriers
of the rs2234355, rs6749704 and rs4359426 variants when compared with non-carriers (data not
shown). Our results corroborate the association of rs333 with HIV-1 viral load [20] and
demonstrate novel associations regarding rs2234355, rs6749704 and rs4359426 and HIV viral

load. However, these findings require confirmation with a larger sample size.

Lastly, this study proved the importance of genes located on chromosome 3, and mainly
around the CCR5 gene region, on the outcome of HIV infections, as previously suggested by a
GWAS. The selected target chemokine and chemokine receptor genes cover key factors in the
response to HIV infection, and gene—gene interactions were analysed with MDR. This study
demonstrates novel associations of polymorphisms of chemokines and their receptor genes and
susceptibility/progression to HIV/AIDS, as well as viral load during HIV infection. Based on these
results, functional analyses and replication studies are needed to fully understand the

relationships between these genes and the immunological host responses in HIV pathogenesis.

Conclusions

This study provides new insights into the associations between CCR3 rs3091250, CXCL10
rs56061981 and CCL22 rs4359426 and susceptibility to HIV infection. Gene—gene interaction
analyses showed a significant correlation between CXCL10 rs56061981 and CCL22 rs4359426 in
susceptibility to HIV infection. Thus, the interaction of such CCL22-CXCL10 SNPs should be
involved in HIV infection risk. Concerning AIDS progression, the CCL20 rs13034664 polymorphism

was significantly associated with a low probability to rapid progression whereas CCL22 rs4359426
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was associated with a high probability to rapid progression. Moreover, ethnic background

influences HIV/AIDS infection and should be considered in case—control analyses.
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Table 1. Demographic and clinical characteristics of the HIV+ subjects and HIV- controls.

No. of subjects (%0)*

o HIV- vs. HIV+ HIV+ RPs vs. NRPs
Characteristics HIV- HIV+
(n=294) (n=206)
P-value RPs (n=40) NRPs (n=166) P-value
Demographic
Median age + SD? 4443 +£8.4 40.96 + 10.33 NS 40.0 £11.6 41.07 £10.02 NS
Sex*
Female 89 (30.6) 143 (69.4) < 0.001 27 (67.5) 116 (69.9) NS
Male 202 (68.7) 63 (30.6) ' 13 (32.5) 50 (30.1)
Ethnicity*
European-descent 228 (77.6) 120 (62.5) < 0.001 24 (64.9) 96 (61.9) NS
African-descent 66 (22.4) 72 (37.5) ' 13 (35.1) 59 (38.1)
Coinfections (yes)" NA 22/98 (22.4) 6/37 (16.2) 16/61 (26.2)
Exposure category®
Het 79 (76.0) 31 (81.6) 48 (72.7)
MSM 12 (11.5) 5(13.2) 7 (10.6)
IDU NA 7 (6.70) NA 1(2.6) 6 (9.1)
others 6 (5.80) 1(2.6) 5 (7.6)
Clinical
NA




First RNA viral load® 3.82 £0.98 4.29 + 0.66 3.49 + 1.04 < 0.001

Slope CD4+ T-cell count’ 0.E-7£0.99 -0.66 £ 1.53 0.36 £0.21 <0.001
Median RNA viral load® 3.89 +£0.76 4.98 + 0.69 364+ 071 <0.001
Time progression + SD" 86.27 £ 56.8 13.50 £ 6.15 114.12 + 39.8 <0.001

HAART (yes) 75 (73.5) 38 (100.0) 37 (57.8)

“ Percentages are based on known data; median (IQ) in years; ® HCV and/or HBV and/or HTLV; ¢ exposure category: Het - heterosexual, MSM - men who have sex with men;
IDU - injecting drug user; ¢ median (1Q) in cellssmm3 available for 83 patients; ¢ median (IQ) in log10 copies/mL available for 78 patients; "estimated for data pre-HAART
available for 83 patients; 9 estimated for data pre-HAART in log10 copies/mL; " median (1Q) in months.

RPs, rapid progressors; NRPs, non-rapid progressors.

* Missing data (14 HIV+ individuals ethnic origin unknown and 3 HIV- individuals with sex unknown); SD, standard deviation; NA, not applicable; NS, not significant.

P<0.001



Table 2. Binomial logistic regression in susceptibility to HIV infection comparing HIV+ and HIV- subjects.

HIV+ HIV- Univariate logistic regression  Multivariate logistic regression
Gene SNPs Models  Genotypes (n=192) (n=291)
n (frequency) n (frequency) AOR"(95% Cl)  P-value  AOR’ (95% CI) P-value
GG 90 (0.47) 162 (0.56) 1 1
CCR3 rs3091250 Codominant GT 76 (0.40) 106 (0.36) 1.18 (0.76-1.81) 0.462 1.15 (0.74-1.81) 0.533
TT 25 (0.13) 23 (0.08) 2.15 (1.08-4.29) 0.030 2.26 (1.09-4.70) 0.029
CCR8 rs2853699 Dominant GG 94(0.49) 163 (0.56) L .
GC+CC 98 (0.51) 128 (0.44) 1.58 (1.05-2.37) 0.029 1.51 (0.99-2.31) 0.056
CXCL10 rs56061981  Dominant cc 139 (0.76) 243 (0.86) L L
CT+TT 43 (0.24) 39 (0.14) 1.82 (1.07-3.08) 0.026 1.75 (1.02-3.01) 0.042
CCL22 rs4359426 Dominant cC 163 (0.86) 258 (0.89) . L
CA+AA 27 (0.14) 33 (0.11) 1.89 (1.02-3.49) 0.043 1.84 (0.96-3.52) 0.067

P < 0.05 univariate and multivariate logistic regression analyses, * AOR, adjusted odds ratio for sex and ethnic origin (only patients that have all data were included in these

analyses); Cl, confidence interval.
Significant association is shown in boldface.



Table 3. Binomial logistic regression in AIDS progression.

RPs (n=40) NRPs (n=166) Univariate logistic regression Multivariate logistic regression
Gene SNPs Models Genotypes
yp n (frequency) n (frequency) OR (95% CI) P-value OR (95% CI) P-value
CCL20 rs13034664 Recessive TT+CT 37(0.92) 117(0.72) . .
cC 3(0.07) 47 (0.29) 0.21 (0.06-0.73) 0.014 0.21 (0.06-0.72) 0.013
CCL22  rs4359426 Dominant cc 30 (0.75) 137 (0.89) 1 1
CA+AA 10 (0.25) 18 (0.11) 2.68 (1.13-6.39) 0.026 2.73 (1.12-6.66) 0.028

P < 0.05 univariate and multivariate logistic regression analyses, OR, Odds ratio; CI, confidence interval. RPs, rapid progressors; NRPs, non-rapid progressors.

Significant association is shown in boldface.



Table 4. The best model of locus interaction by the multifactor dimensionality reduction (MDR) to predict susceptibility to HIV infection.

Training balanced  Testing balanced  Cross-validation *
Models . P-value
accuracy accuracy consistency
CCR3rs56061981 0.5591 0.5270 7110 0.3
CCL22 rs4359426, CXCL10 rs56061981 0.5832 0.5696 9/10 0.008
CCL20 rs13034664, CCR6 rs968334, CXCL10 rs56061981 0.6122 0.5718 9/10 0.007
CCL20 rs13034664, CCL22 rs4359426, CCR6 rs968334, CXCL10 rs56061981 0.6375 0.5817 7/10 <0.001

*Evaluated using a 1000-fold permutation test to compare observed testing accuracies with those expected under the null hypothesis of null association. In bold, the best model by
MDR.
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Figure 1. Multifactor dimensionality reduction (MDR) interaction model generated by MDR software.
(A) The interaction circle graph comprised of nodes with pairwise connections between them. Values in
nodes represent information gain (IG) of individual genes (main effect); values between nodes are the IG of
each pairwise combination (interaction effects). A positive IG indicates a synergistic or non-additive effect; a
negative 1G indicates redundancy or correlation. The line colours indicate the type of interaction: Red and
orange, synergistic (i.e. epistasis); green and blue, redundancy or correlation. Our results show the great
percentages of the redundancy entropy interaction between the loci analysed. CCR3 rs3091250 (1.86%),
CXCL10 rs56061981 (2.01%) and CCL22 rs4359426 (3.27%) had a large main effect on susceptibility to
HIV infection. In addition, the predominant additive effects between pairs were for CCL22 rs4359426,
CCL20 rs13034664, CCR3 rs3091250. Notably, there was an epistatic effect between CCR6 rs968334 and
CCL20 rs13034664. (B) The dendrogram graphic showing the level of interaction between attributes. The

colours used are attributed the same meanings described in (A).
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Table S1. Demographic and clinical characteristics of HIV progressor subjects.

Characteristics RPs (n=40) SPs (n=87) ECs (n=8) RPPSY/?:‘.I.USEPS RPPS, \\lli.ILIJEeCS
Demographic
Median age + SD* 40.0+11.6 42.04+9.6 36.5+8.6 NS NS
Sex
Female 27 (67.5) 64 (73.6) 1(12.5) NS NS
Male 13 (32.5) 23 (26.4) 7 (87.5)
Ethnicity*
European-descent ~ 24/37 (64.9) 44/84 (52.4) 8 (100) NS 0.048
African-descent 13/37 (35.1) 40/84 (47.6) 0 (0.0)
Coinfections (yes)" 6/37 (16.2) 16/61 (26.2) 0 (0.0) NS
Exposure category®
Het 31 (77.5) 47 (72.3) 1(12.5)
MSM 5(12.5 7(10.8
IDU 1((2.5)) 6((9.2)) 8 Eggi NS NS
others 1(2.5) 5(7.7) 7 (87.5)
Clinical
First CD4+ T cells count® 321.00£175.83  589.00 + 315.53 NA <0.001
First RNA viral load® 4.29 £ 0.66 3.665 + 1.04 NA <0.001
Slope CD4+ T-cell count' -0.66 £ 1.53 0.400 £ 0.22 NA <0.001 NA
Median RNA viral load® 4.28 + 0.69 374 +0.71 NA <0.001
Time progression £ SD"  13.50 £ 6.15 114.12 +39.8 NA <0.001
HAART (yes) 38 (100.0) 37 (57.8) 0 (0.0)

RPs, rapid progressors; SPs, slow progressors; ECs, elite controllers. * Missing data; SD, standard deviation; NA, not applicable; NS, not

significant.

“ Percentages are based on known data; ® median (1Q) in years; ® HCV and/or HBV and/or HTLV; ¢ exposure category: Het - heterosexual,
MSM - men who have sex with men; IDU - injecting drug user; ® median (1Q) in cells/fmm3; © median (IQ) in log10 copies/mL; "estimated
for data pre-HAART; 9 estimated for data pre-HAART in log10 copies/mL; " median (1Q) in months. P< 0.001
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Table S2. Allelic and genotypic frequencies for all 15 SNPs in HIV+ subjects and controls.

Gene SNPs HIV+ HIV- RPs NRPs SPs ECs
(n=206) (n=294) (n=40) (n=166) (n=87) (n=8)
rs3091250
GG  97(0.475) 164 (0.558) 17 (0.436)  80(0.485)  38(0.442) 5 (0.625)
CCR3 GT 79(0.387) 106 (0.361) 15(0.385)  64(0.388)  34(0.395)  3(0.375)
TT 28(0.137) 24 (0.082) 7 (0.179) 21(0.127)  14(0.163) 0 (0.000)
G 273(0.669)  434(0.738) 49 (0.628) 224 (0.679) 110 (0.640) 13(0.813)
T 135(0.331) 154 (0.262) 29(0.372) 106 (0.321) 62 (0.360)  3(0.188)
rs6770096
CC 135(0.754)  220(0.821) 27(0.771) 108(0.750)  50(0.725)  5(0.714)
CT  41(0.229) 44 (0.164) 8 (0.229) 33(0.229)  17(0.246)  2(0.286)
TT  3(0.017) 4 (0.015) 0 (0.000) 3(0.021) 2(0.029) 0 (0.000)
C 311(0.869)  484(0.903) 62(0.886) 249 (0.865) 117 (0.848) 12 (0.857)
CCR4 T 47(0.131) 52 (0.097) 8 (0.114) 39 (0.135)  21(0.152) 2(0.143)
rs2228428
CC 136 (0.663) 171 (0.582)  28(0.700) 108 (0.655) 58 (0.674)  5(0.625)
CT 58(0.283) 101 (0.344) 11 (0.275) 47 (0.285) 24 (0.279)  3(0.375)
TT 11 (0.054) 22 (0.075) 1 (0.025) 10 (0.061) 4 (0.047) 0 (0.000)
C 330 (0.805) 443 (0.753) 67 (0.838) 263 (0.797) 140(0.814) 13(0.813)
T 80(0.195) 145 (0.247)  13(0.163) 67 (0.203) 32(0.186) 3(0.188)
rs333
wt/wt 170 (0.876) 246 (0.875)  33(0.917) 137 (0.867) 74 (0.860) 7 (0.875)
CCRS wt/del32 24 (0.124) 33(0.117) 3(0.083) 21(0.133)  12(0.140) 1(0.125)
del32/del32 0 (0.000) 2 (0.007) 0 (0.000) 0 (0.000) 0(0.000)  0(0.000)
wt 382(0.938)  525(0.934) 69(0.958)  295(0.934) 160 (0.930) 15 (0.938)
del32 24 (0.062) 37 (0.066) 3(0.042) 21 (0.066)  12(0.070)  1(0.062)
rs968334
GG  83(0.403) 116 (0.395) 19 (0.475) 64 (0.386) 29 (0.333) 3(0.375)
CCRE GA 101(0490) 137 (0.466) 17(0425)  84(0506)  47(0.540) 3 (0.375)
AA  22(0.107) 41 (0.139) 4 (0.100) 18 (0.108) 11 (0.126) 2 (0.250)
G 267 (0.648) 369 (0.628) 55(0.688) 212 (0.639) 105 (0.603) 9 (0.563)
A 145(0.352) 219(0.372) 25(0.313) 120(0.361)  69(0.397)  7(0.438)
rs2853699
GG 101 (0.493) 166 (0.565) 20 (0.500) 81 (0.491) 45(0.523) 4 (0.500)
CCRS GC 89 (0.434) 114 (0.388) 16 (0.400) 73(0.442) 36 (0.419) 4 (0.500)
CC 15(0.073) 14 (0.048) 4 (0.100) 11 (0.067) 5(0.058) 0 (0.00)
G 291(0.710) 446 (0.759) 56 (0.700)  235(0.712) 126 (0.733) 12(0.750)
C 119(0.290)  142(0.241) 24(0.300)  95(0.288)  46(0.267)  4(0.250)
rs34334103
CXCR3? GG} 128(0.901) 87(0.978)  22(0.815) 106(0.922)  60(0.952)  6(0.857)
GA @ 14 (0.099) 2 (0.022) 5 (0.185) 9 (0.078) 3(0.048)  1(0.143)
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AA @ 0(0.000) 0 (0.000) 0 (0.000) 0 (0.000) 0(0.000) 0 (0.000)
GQ 270(0.951)  176(0.989)  49(0.907)  221(0.961) 123(0.976) 13(0.929)
AQ 14 (0.049) 2 (0.011) 5(0.093) 9 (0.039) 3(0.024)  1(0.071)
G/-3 60 (1.00) 195 (0.965)  13(1.000)  47(1.000)  21(1.000) 1 (1.000)
Al-3  0(0.000) 7 (0.035) 0 (0.000) 0 (0.000) 0(0.000) 0 (0.000)
rs2280964
CCQ 89(0.622) 63(0.708)  18(0.667)  71(0.612) 42 (0.656) 3 (0.429)
CTQ 49(0.343) 26 (0.292) 9 (0.333) 40(0.345)  19(0.297)  4(0.571)
TT®  5(0.035) 0 (0.000) 0 (0.000) 5(0.043) 3(0.047)  0(0.000)
CQ 227(0.794)  152(0.854) 45(0.833) 182(0.784) 103 (0.805) 10 (0.714)
TS 59(0.206) 26 (0.146) 9 (0.167) 50 (0.216)  25(0.195) 4 (0.286)
Cl-3 48(0.828) 151 (0.778)  10(0.833) ~ 38(0.826)  18(0.857)  1(1.000)
T/-3  10(0.172) 43 (0.222) 2 (0.167) 8 (0.174) 3(0.143)  0(0.000)
rs2234355
GG 167 (0.815) 249 (0.847) 36 (0.900) 131 (0.794) 62 (0.721) 7 (0.875)
GA 33(0.161) 38 (0.129) 3(0.075) 30 (0.182) 21 (0.244) 1(0.125)
AA  5(0.024) 7 (0.024) 1(0.025) 4 (0.024) 3(0.035) 0 (0.000)
G 367(0.895)  536(0.912) 75(0.938)  292(0.885) 145 (0.843) 15(0.938)
CXCR6 A 43(0.105)  52(0.088)  5(0.063)  38(0.115)  27(0.157) 1(0.063)
rs2234358
GG  61(0.338) 84(0.288)  13(0.325)  53(0.342)  28(0.354)  3(0.375)
GT 77(0.431) 139 (0.476) 17 (0.425) 67 (0.432) 32 (0.405) 4 (0.500)
TT 42 (0.231) 69 (0.236) 10 (0.250) 35 (0.226) 19 (0.241) 1(0.125)
G 199(0.553) 307 (0.526)  43(0.538)  173(0.558) 88 (0.557) 10 (0.625)
T 161(0.447)  277(0.474) 37(0.463) 137(0.442)  70(0.443) 6(0.375)
rs3921
CC 84 (0.410) 120 (0.408) 20 (0.500) 64 (0.388) 41 (0.477) 4 (0.500)
GC  98(0.478) 150 (0.510)  16(0.400) ~ 82(0.497)  35(0.407)  2(0.250)
GG 23(0.112) 24 (0.082) 4 (0.100) 19 (0.115) 10 (0.116) 2 (0.250)
C 266 (0.649) 390 (0.663) 56 (0.700) 210 (0.636) 117(0.680) 10 (0.625)
CXCL10 G 144(0.351)  198(0.337)  24(0.300) 120 (0.364)  95(0.320)  6(0.375)
rs56061981
CC 149 (0.768) 245 (0.860) 31 (0.861) 118 (0.747) 57 (0.704) 7 (0.875)
CT  39(0.201) 40 (0.140) 4(0.111) 35(0.222)  22(0.271)  1(0.125)
TT  6(0.031) 0 (0.000) 1 (0.028) 5(0.032) 2 (0.025) 0 (0.000)
C 337(0.869)  530(0.930) 66(0.917) 271(0.858) 136 (0.840) 15 (0.937)
T 51(0.131) 40 (0.070) 6 (0.083) 45(0.142)  26(0.160)  1(0.063)
rs13034664
TT 47 (0.230) 60 (0.204) 13 (0.325) 32 (0.195) 25(0.294) 1(0.125)
CCL20 CT 109(0.534)  159(0.541) 24(0.600)  85(0518)  46(0.541) 3(0.379)
CC  48(0.235) 75 (0.255) 3(0.075) 47 (0.287) 14 (0.165) 4 (0.500)
T 203(0.498)  279(0.474) 50(0.625) 149 (0.454) 96 (0.565)  5(0.313)
C 205(0502) 309 (0.526) 30(0.375) 179 (0.546)  74(0.435) 11(0.688)
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rs6749704

TT 110 (0.539) 165 (0.561) 20 (0.513) 90 (0.545) 49 (0.570)  3(0.375)

CT 78(0.382) 106 (0.361) 13 (0.333) 65 (0.394) 32(0.372) 4 (0.500)

CC 16 (0.078) 23 (0.078) 6 (0.154) 10 (0.061) 5 (0.058) 1(0.125)

T 298(0.730)  436(0.741) 53(0.679) 245(0.742)  130(0.756) 10 (0.625)

C 110(0.270)  152(0.259) 25(0.321)  85(0.258)  42(0.244) 6 (0.375)

rs4359426

CC 175 (0.862) 261 (0.888)  30(0.750)  145(0.890)  69(0.821)  7(0.875)

CCL2 CA 25(0.123) 33(0.112) 9 (0.225) 16 (0.098) 14 (0.167) 1(0.125)
AA  3(0.015) 0 (0.000) 1 (0.025) 2 (0.012) 1(0.012) 0 (0.000)

C 375(0.924) 555(0.944) 69(0.863) 306(0.939) 152(0.905) 15 (0.938)

A 31(0.076) 33(0.056) 11(0.138)  20(0.061)  16(0.095) 1(0.063)

RPs, rapid progressors; NRPs, non-rapid progressors; SPs, slow progressors; Ecs, ellite controllers.
#CXCR3 is a gene located on X chromosome; therefore data is shown by sex.
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Table S3. Allelic frequencies of SNPs analyzed in this study compared with the HapMap database frequencies.

HapMap database

This study (HIV+) n=206

This study (HIV-) n=294

SNP/
Gene Alleles / European- African-
Genotypes descent descent European- African- European- African-
population  population  descent n (f) descentn (f)  descentn (f) descent n (f)
rs3091250
G 0.735 0.787 161 (0.676) 95 (0.660) 332(0.728) 102 (0.773)
CCR3 T 0.265 0.213 77 (0.324) 49 (0.340) 124 (0.272) 30 (0.227)
GG 0.539 0.610 55 (0.462) 35 (0.486) 123 (0.539) 41 (0.621)
GT 0.392 0.354 51 (0.429) 25 (0.347) 86 (0.377) 20 (0.303)
1T 0.070 0.036 13 (0.109) 12 (0.167) 19 (0.083) 5(0.076)
rs2228428
C 0.686 0.964 189 (0.788) 121 (0.840) 326 (0.715) 117 (0.886)
T 0.314 0.036 51 (0.213) 23 (0.160) 130 (0.285) 15 (0.114)
CcC 0.467 0.929 75 (0.625) 53 (0.736) 120 (0.526) 51 (0.773)
CT 0.437 0.071 39 (0.325) 15 (0.208) 86 (0.377) 15 (0.227)
CCRA4 1T 0.095 0.000 6 (0.050) 4 (0.056) 22 (0.096) 0 (0.000)
rs6770096
C 0.931 0.744 186 (0.869) 108 (0.871) 404 (0.898) 80 (0.930)
T 0.069 0.256 28 (0.131) 16 (0.129) 46 (0.102) 6 (0.070)
CcC 0.875 0.558 80 (0.748) 48 (0.774) 183 (0.813) 37 (0.860)
CT 0.113 0.372 26 (0.243) 12 (0.194) 38 (0.169) 6 (0.140)
1T 0.012 0.070 1 (0.009) 2(0.032) 4 (0.018) 0 (0.000)
rs333
wt 0.952 1.000 219 (0.936) 134 (0.944) 417 (0.923) 108 (0.982)
CCRS del32 0.048 0.000 15 (0.064) 8 (0.056) 35 (0.077) 2 (0.018)
wit/wt 0.903 1.000 102 (0.872) 63 (0.887) 193 (0.854) 53 (0.964)
wt/del32 0.097 0.000 15 (0.128) 8(0.113) 31 (0.137) 2 (0.036)
del32/del32 0.000 0.000 0 (0.000) 0 (0.000) 2 (0.009) 0 (0.000)
rs968334
G 0.573 0.694 153 (0.638) 95 (0.660) 279 (0.612) 90 (0.682)
CCR6 A 0.427 0.306 87 (0.363) 49 (0.340) 177 (0.338) 42 (0.318)
GG 0.342 0.481 47 (0.392) 31 (0.431) 85 (0.373) 31 (0.470)
GA 0.461 0.425 59 (0.492) 33 (0.458) 109 (0.478) 28 (0.424)
AA 0.197 0.094 14 (0.117) 8(0.111) 34 (0.149) 7 (0.106)
rs2853699
C 0.702 0.899 160 (0.667)% 112 (0.778) 351 (0.770)° 95 (0.720)
CCRS G 0.298 0.101 80 (0.333)* 32 (0.222) 105 (0.230)° 37 (0.280)
CcC 0.495 0.811 50 (0.417) 44 (0.611) 132 (0.579) 34 (0.515)
CG 0.414 0.175 60 (0.500) 24 (0.333) 87 (0.382) 27 (0.409)
GG 0.091 0.014 10 (0.083) 4 (0.056) 9 (0.039) 5 (0.076)
CXCR6  rs2234355
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C

T
CcC
CT
TT
rs13034664
T
Cc
TT
CCL20 TC
cC
rs6749704
T
Cc

0.995

0.005
0.990
0.010
0.000

0.531
0.469
0.288
0.485
0.227

0.999
0.001
0.521
0.002
NA

0.748
0.252
0.664
0.168
0.168

0.492
0.508
0.235
0.515
0.250

0.966

0.034
0.934
0.064
0.002

0.256
0.744
0.072
0.370
0.559

0.766
0.234

0.509

0.491
0.268
0.483
0.250

0.315
0.685
0.104
0421
0.475

0.994
0.006
0.510
0.006
0.002

0.653
0.347
0.551
0.204
0.245

0.263
0.737
0.076
0.367
0.509

0.864

0.136
0.741
0.245
0.014

0.732
0.268
0.545
0.375
0.080

0.859
0.141

221 (0.921)°

19 (0.079)°

102 (0.850)
17 (0.142)
1 (0.008)

133 (0.578)
97 (0.422)
40 (0.578)
53 (0.461)
22 (0.191)

160 (0.941)
10 (0.059)
75 (0.882)
10 (0.118)
0 (0.000)

134 (0.788)
36 (0.212)
53 (0.624)
28 (0.329)
4 (0.047)

148 (0.617)
92 (0.383)
45 (0.375)
58 (0.483)
17 (0.142)

194 (0.858)°

32 (0.142)°
84 (0.743)
26 (0.230)
3(0.027)

108 (0.450)
132 (0.550)
21 (0.175)
66 (0.550)
33 (0.275)

171 (0.718)
67 (0.282)

122 (0.847)°

22 (0.153)¢
54 (0.750)
14 (0.194)
4 (0.056)

74 (0.544)
62 (0.456)
24 (0.353)
26 (0.382)
18 (0.265)

98 (0.980)
2 (0.020)
48 (0.960)
2 (0.004)
0 (0.000)

81 (0.810)
19 (0.190)
31 (0.620)
19 (0.380)
0 (0.000)

100 (0.694)
44 (0.306)
33 (0.458)
34 (0.472)
5 (0.069)

121 (0.877)

17 (0.123)
55 (0.797)
11 (0.159)
3(0.043)

83 (0.585)
59 (0.415)
23 (0.324)
37 (0.521)
11 (0.155)

108 (0.692)
48 (0.308)

442 (0.969)°

14 (0.031)°

214 (0.939)
14 (0.061)
0 (0.000)

254 (0.559)
200 (0.441)
73 (0.322)
108 (0.476)
46 (0.203)

144 (0.986)
2 (0.014)
71 (0.973)
2 (0.027)
0 (0.000)

124 (0.849)
22 (0.151)
51 (0.699)
22 (0.301)
0 (0.000)

298 (0.654)
158 (0.346)
92 (0.404)
114 (0.500)
22 (0.096)

421 (0.936)"

29 (0.064)"

196 (0.871)
29 (0.129)
0 (0.000)

202 (0.443)
254 (0.557)
41 (0.180)
120 (0.526)
67 (0.294)

332 (0.728)
124 (0.272)

94 (0.712)

38 (0.288)"
35 (0.530)
24 (0.364)
7 (0.108)

53 (0.408)
77 (0.592)
11 (0.169)
31 (0.477)
23 (0.354)

32 (1.000)
0 (0.000)
16 (1.000)
0 (0.000)
0 (0.000)

28 (0.875)
4 (0.125)
12 (0.750)
4 (0.250)
0 (0.000)

92 (0.697)
40 (0.303)
28 (0.424)
36 (0.545)
2 (0.030)

109 (0.908)

11 (0.092)
49 (0.817)
11 (0.183)
0 (0.000)

77 (0.583)
55 (0.417)
19 (0.288)
39 (0.591)
8 (0.121)

104 (0.788)
28 (0.212)
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TT 0.590 0.746 64 (0.538) 39 (0.500) 124 (0.544) 41 (0.621)

TC 0.352 0.027 43 (0.361) 30 (0.385) 84 (0.368) 22 (0.333)

cC 0.058 0.227 12 (0.101) 9 (0.115) 20 (0.088) 3 (0.045)

1s4359426

c 0.965 0.952 215 (0.903) 135(0.951)  428(0.939) 127 (0.962)

oL 0.035 0.048 23 (0097) 7 (0.049) 28 (0.061)  5(0.038)
0.930 0.909 99 (0.832) 64(0.901) 200 (0.877) 61 (0.924)

CA 0.070 0.085 17 (0.143) 7 (0.099) 28 (0.123)  5(0.076)

AA 0.000 0.006 3(0.025) 0 (0.000) 0 (0.000) 0 (0.000)

Fisher’s exact test P<0.05: P4,=0.09; cXe Pe=0.016; Pyy=0.027; Pg,»=0.02
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Table S4. Binomial logistic regression in European descent individuals comparing HIV+ and HIV-.

HIV+ HIV- Univariate logistic regression  Multivariate logistic regression
Genes SNPs Models Genotypes (n=120) (n=228)
n (Frequency) n (Frequency) OR (95% CI) P-value” OR (95% CI) P-value”
CXCR6 152234355 Dominant GA+AA 18 (0.15) 14 (0.06) 2.70 (1.29-5.64) 0.008 2.98 (1.37-6.49) 0.006
GG 102 (0.85) 214 (0.94) 1 1
CCR8  rs2853699 Dominant GC+CC 104 (0.51) 128 (0.44) 1.92 (1.23-3.01) 0.004 2.02 (1.25-3.24) 0.004
GG 101 (0.49) 166 (0.56) 1 1
IP-10  rs56061981  Dominant CT+TT 45 (0.23) 40 (0.14) 2.33(1.31-4.14) 0.004 2.14 (1.19-3.87) 0.011
CcC 149 (0.77) 245 (0.86) 1 1

“P < 0.05 univariate and multivariate logistic regression analyses, OR, odds ratio; Cl, confidence interval.
Significant association is shown in boldface.



Table S5. Binomial logistic regression in African descent individuals comparing HIV+ and HIV-.

HIV+ HIV- Univariate logistic regression Multivariate logistic regression
Gene SNPs Models Genotypes (n=72) (n=66)
n (Frequency)  n (Frequency) OR (95% CI)  P-value®  OR (95% CI) P-value”
(2234355 dominant GA+AA 18 (0.25) 31(0.47) 0.38(0.18-0.77) ~ 0.008 0.45 (0.21-0.99) 0.049
CXCR6 GG 54 (0.75) 35 (0.53) 1 1
0.37 (0.16-0.85 0.51 (0.21-1.22
2734358 dominant GT+TT 44 (0.65) 54 (0.83) ( ) 0.018 ( ) 0.131
GG 24 (0.35) 11 (0.17) 1 1

“P < 0.05 univariate and multivariate logistic regression analyses, OR, odds ratio; Cl, confidence interval.
Significant association is shown in boldface.
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Chemokine levels in AIDS progression: CXCL10/IP-10 is
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stage

Running head: CXCL10 is a biomarker in pre-HAART

Jacqueline M. VALVERDE-VILLEGAS, Rubia Marilia DE MEDEIROS, Joel Henrique
ELLWANGER, Breno Riegel DOS SANTOS, Sabrina Esteves de Matos ALMEIDA, José
Artur Bogo CHIES.

Artigo submetido para a revista JAIDS.
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Abstract
Objective: To investigate plasma levels of CXCL10/IP-10, CCL20/MIP-3a and CCL2/MCP-1,
CCL17/TARC, CCL24/eotaxin-2 and CCL22/MDC, evaluating their potential as biomarkers of

HIV/AIDS and their correlation with specific immune profiles.

Design: HIV-positive patients with extreme phenotypes of progression to AIDS (n=58) at different
stages of infection (chronic individuals, both pre—highly active antiretroviral therapy [HAART] and
under HAART) and HIV-negative controls (n=20) were evaluated. Also, HIV-positive individuals
that initiated HAART with >350 CD4'T cells/mm® were compared with those who initiated

treatment with <350 CD4'T cells/mm>.

Methods: Chemokine plasma levels were quantified using Human Cytokine/Chemokine magnetic

bead panels by Luminex assay.

Results: Higher CXCL10 levels were observed in individuals immediately before their CD4'T cell
levels were indicative for HAART, independently of their progressor status, i.e. slow (SP) or rapid
progressor (RP). SPs pre-HAART showed higher CXCL10 levels compared to elite controllers and
RPs under HAART (p.=0.009 and p.=0.007, respectively). CXCL10 levels were higher in SPs HAART
CD4<350 (initiated HAART with <350 CD4'T cells) when compared with SPs HAART CD4>350
(initiated HAART with >350 CD4'T cells) (1096 vs. 360.33 pg/mL, p=0.0101). Thus, normalisation of
plasma CXCL10 levels is dependent on the CD4'T-cell nadir at HAART initiation. CCL20 levels were
higher in chronic SPs, SPs pre-HAART, SPs HAART and RPs HAART compared with the HIV-negative

controls, indicating persistent expression of CCL20.

Conclusions: Our results encourage measuring CXCL10 and CCL20 during the clinical monitoring of
HIV-positive subjects. CXCL10 levels could be used as an auxiliary tool in decision-making related

to HAART initiation (even in chronic individuals with >500 CD4T cells).
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Introduction

Chemokines are chemotactic cytokines [1] that control immune cell homing and
trafficking throughout the body, mediating various human health and disease processes [2]. In
HIV pathogenesis, MIP-1a (CCL3), MIP-1f3 (CCL4), RANTES (CCL5) and SDF-1 (CXCL12) were initially
shown to be able to suppress HIV-1 infection. Distinct chemokines expressed by activated T cells
with different profiles (Th1, Th2, Th17 or Treg) are of great interest in the field of HIV research
due to their effect as chemoattractants of key immune cells to sites of infection. Furthermore,
such molecules can activate T cells, mainly at the initial stage of infection, which is crucial and

determinant for AIDS progression [3][4].

Several studies have been done with a focus on chemokine levels in the context of HIV
infection. For example, IP-10 (CXCL10) produced by Th1 cells stimulates HIV-1 replication [5]. In
addition, high CXCL10 plasma levels during early infection are considered predictive of rapid
progression to AIDS [6]. CCL20 participates in the migration and trafficking of Th17, Tregs and
dendritic cells (DCs) to sites of infection through its unique receptor CCR6 [7]. Plasma CCL20 levels
are significantly higher in HIV-positive men with <200 CD4" T cells/mm?® compared to HIV-positive
men with >200 CD4" T cells/mm? [8]. Moreover, CCL20 is persistent in the HIV infection course in
HIV-positive subjects under highly active antiretroviral therapy (HAART) [9]. Th2 cells can be
characterised by the expression of a specific chemokine subset, including CCL2, CCL17, CCL22 and
CCL24, suggested to play a role in HIV/AIDS infection [10][11][12][10]. CCL24 and CCL2, with
stimulation via CD3/CD28, render T cells highly permissive for productive HIV infection [12].
Furthermore, high levels of CCL2 have been found in the cerebrospinal fluid (CSF) of HIV-positive
subjects and associated with viral load in HIV infection [13], and CCL17 was associated with

allergic situations in HIV-infected individuals, such as eosinophilic folliculitis [10].
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HAART is a procedure that plays an important role in the recovery of CD4" T counts and
increases survival in HIV-infected individuals [14]. Several studies strongly suggest that better
results are obtained if HAART is initiated early [15]. Moreover, pro-inflammatory cytokine and
chemokine levels are normalised 1-2 years after HAART initiation, while the levels of other
molecules, such as CXCL10, CCL2, CCL20 and CCL5, remain elevated [16][9]. Recent studies have
suggested that adequate immunological system recovery depends on the CD4" T cell count when
HAART is initiated [17]. For instance, after HAART initiation, Jarrin et al. [18] observed that rapid
progressors (RPs) experienced faster initial CD4" T cell count increases when compared to non-RPs
or slow progressors (SPs). However, these patients were less likely to achieve optimal immune
restoration during the first 36 months after HAART, probably due to the lower CD4" T cell counts
at HAART initiation [18]. Thus, CD4" T cell counts at HAART initiation could be critical in the
modulation of cytokines/chemokines in the time after HAART initiation in HIV-1—positive

individuals with extreme phenotypes (RPs and SPs).

Taking the above into consideration, the aim of the present study was to investigate
differences in plasma CXCL10, CCL20, CCL22, CCL2, CCL17 and CCL24 levels in HIV-positive
patients grouped according to extreme phenotypes of progression to AIDS (RPs, SPs, elite
controllers [EC]), and at different stages of HIV infection. We also investigated if CD4" T cell counts

at HAART initiation correlated with chemokine plasma levels during AIDS progression.

Material and methods

Design, study population and ethical aspects

Table 1 describes the clinical baseline and demographic characteristics of the HIV-positive

progressors and HIV-negative controls included in the study. Our group has detailed the
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enrolment and classification of extreme progressors at different clinical stages in a previous study
[19]. Additionally, we included a group of ECs (n=8). ECs were characterised as seropositive
aviremic individuals 25 years after diagnosis and with average 21065 CD4" T cells/mm? without
HAART through the years. SPs in the chronic clinical stage (SPs chronic, n=12) had stable >500
CD4" T cells/mm?® with <10,000 copies/mL plasma viral load for up to 8 years; SPs HAART (n=9)
were subjects sampled before HAART initiation but who had clinical features at sampling
indicative for therapy [221 CD4" T cells/mm? (range, 163-334) and in decline; Viral load (VL) (log)
4.9 copies/mL (range 4.0-5.6)]; SPs HAART (n=12) were subjects under HAART; of these, 5
initiated HAART according old Brazilian public health recommendations, before 2013 (with <350
CD4" T cells/mm?®, SPs HAART CD4<350) and 7 initiated HAART according new Brazilian public
health recommendations, established after mid 2013 (>500 CD4" T cells/mm?, SPs HAART
CD4>350). RPs pre-HAART (n=6) were sampled close to HAART initiation [254 CD4" T cells/mm? in
decline (range, 40-317) and VL (log) 3.7 copies/mL (range, 3.7-5.0)]; RPs HAART (n=11) were
already under HAART; all RPs HAART initiated treatment according old Brazilian public health

recommendations, meaning with <350 CD4" T cells/mm?>.

HIV-seronegative blood donors (n=20) were from Hospital de Clinicas de Porto Alegre (Rio
Grande do Sul, Brazil) and had no metabolic or autoimmune disorders or other medical
conditions. The HIV-seronegative samples were matched with HIV-positive individuals based on
age, sex and ethnic origin. The study protocol was approved by the Ethics Committees of the
Hospital Nossa Senhora da Conceigdo (protocol number: 002964-20.69/10-5) and Universidade
Federal do Rio Grande do Sul (protocol number: 30491714.0.0000.5347) in Porto Alegre. All

participants signed informed consent forms developed according to the Declaration of Helsinki.
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Chemokine quantification

The plasma levels of CCL2, CCL17, CCL20, CCL22, CCL24 and CXCL10 were quantified by
Bio-Plex methodology using 3.1 Xponent software (Luminex Corp., Austin, TX, USA) in a Luminex
200 System (Bio-Rad Laboratories Inc., Hercules, CA, USA). Data were corrected using Milliplex
Analyst software. Human Cytokine/Chemokine Magnetic Bead panels (MILLIPLEX MAP Kit, EMD
Millipore, Darmstadt, Germany). The kits were used according to the manufacturer’s instructions.

All samples were analysed in the same experiment and the results are expressed in pg/mL.

Statistical analyses

Data were analysed and graphs were plotted using GraphPad Prism 5.01 software
(GraphPad Software, Inc., San Diego, CA, USA). Comparisons among >3 groups were performed
with the non-parametric Kruskal-Wallis test followed by Dunn’s post-tests to investigate
differences between paired groups; p-values were adjusted for multiple comparisons (p.). The
non-parametric Mann—-Whitney test was used to compare two groups of subjects. A Spearman
correlation test was used to assess the significance of correlations between CD4" T cell counts, VL
(log) measurements and chemokine levels. The significance level was set at p<0.05 and adjusted

p-values (p.) are presented.

Results

Plasma chemokine levels in progressors at different stages of HIV infection

Figure 1A shows comparisons of the plasma CXCL10 levels of the HIV-negative controls,
ECs, SPs chronic, SPs pre-HAART, SPs HAART [SPs HAART (CD4>350) + SPs HAART (CD4<350)], RPs

pre-HAART and RPs HAART (CD4<350). Plasma CXCL10 levels were higher in SPs pre-HAART and

100



143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

RPs pre-HAART when compared to the HIV-negative controls (p.<0.0001 and p=0.003,
respectively). In addition, SPs pre-HAART had higher CXCL10 plasma levels when compared to ECs
and RPs HAART (p.=0.009 and p.=0.007, respectively). Notably, there were significant differences
between SPs pre-HAART and SPs HAART and between RPs pre-HAART and RPs HAART (Dunn’s
post-test: p=0.021 and p=0.007, respectively), although significance was lost after p adjustments
for multiple comparisons. There were no significant differences between SPs pre-HAART and RPs
pre-HAART. Figure 1B shows the comparison of plasma CCL20 levels among all groups; no
significant differences were observed after p-value adjustment. Notably, the plasma CCL20 levels
of SPs chronic, SPs pre-HAART, SPs HAART and RPs HAART were significantly higher when
compared to the HIV-negative controls (Dunn’s post-test: p=0.043, p=0.011, p=0.004 and p=0.037,
respectively) without adjusting for multiple comparisons. No significant differences were

observed for the remaining evaluated chemokines (Figures 1C—F).

Correlations of plasma chemokine levels, CD4" T cell counts and VL (log)

CD4" T cells and VL (log) measurements were used for correlations with plasma
chemokine levels in HAART-naive individuals (SPs chronic, SPs pre-HAART, RPs pre-HAART). Figure
2A shows a negative correlation between the CD4" T cell counts and plasma CXCL10 levels in the
HAART-naive SPs (SPs chronic + SPs pre-HAART, n=21) (r=-0.4532, p=0.0391). However, there was
a positive correlation between VL (log) and CXCL10 levels in this group (r=0.7173, p=0.0003)
(Figure 2B). The CD4" T cell counts and VL (log) levels pre-HAART were used for correlation in
subjects under HAART (SPs HAART and RPs HAART). CXCL10 levels and VL (log) were positively
correlated in SPs HAART (r=0.648, p=0.0227) (Figure 2C). Additionally, the CCL17 and CXCL10
levels in RPs pre-HAART were positively correlated (r=0.9429, p=0.0167) (Figure S1A). In SPs pre-

HAART, there was positive correlation between CCL2 and CXCL10 levels (r=0.7500, p=0.0255),
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CCL24 and CXCL10 levels (r=0.786, p=0.036) and CCL17 and CXCL10 levels (r=0.786, p=0.036)

(Figure S1B-D).

Plasma CXCL10 levels based on CD4" T cell nadir at HAART initiation

The Mann—-Whitney non-parametric test was used to compare paired groups. Figure 3A
shows the comparison of plasma CXCL10 levels among SPs HAART (CD4<350) and SPs HAART
(CD4>350). There were higher CXCL10 levels in SPs HAART (CD4<350) as compared to SPs HAART
(CD4>350) (median 1096.00 vs. 360.33 pg/mL, p=0.0101). Similarly, higher levels were observed in
SPs HAART (CD4<350) when compared to RPs HAART (CD4<350) (median 1096.00 vs. 328 pg/mL,

p=0.0235) (Figure 2B).

Discussion

The acute phase of HIV infection is characterised by a peak in viremia accompanied by
increased immune activation, high production of pro-inflammatory cytokines/chemokines and
CD4" T cell depletion, mainly from gut-associated lymphoid tissues [20]. Although some
cytokines/chemokines produced during this clinical phase may contribute to the control of viral
replication, a strong, uncontrolled response and the persistence of such chemokines at high levels

could contribute to a poor outcome and disease progression.

Stacey et al. observed that CXCL10 is rapidly produced and presents increased levels
during the acute phase of HIV infection [21]. Liovat et al. observed that, during the primary
infection, plasma CXCL10 levels were predictive of rapid progression, and taking these
observations into consideration, suggested it as a diagnostic marker of increased viremia in
subjects with early HIV-1 infection [6]. Our results show that plasma CXCL10 levels were increased
in the pre-HAART progressors when compared with the HIV-negative controls and in SPs pre-

HAART when compared with the ECs and RPs HAART (Figure 1A). CXCL10 is a marker of viremia
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and it correlates with low CD4" T cell counts during early infection. Thus, CXCL10 could also be a
marker of the pre-AIDS stage, a clinical point where HIV-positive individuals have declining CD4* T
cell counts and increasing viral loads. Importantly, there were no significant differences in the
CXCL10 levels between the SPs pre-HAART and RPs pre-HAART despite the obvious difference in
the period of disease after infection. This likely indicates that high levels of plasmatic CXCL10 in
the pre-HAART stage are not dependent on individual phenotypes, but rather are a characteristic
of this specific clinical stage. There were no significant differences in CXCL10 levels when ECs and
controls were compared (Figure 1A). Again, this corroborates a correlation between CXCL10 levels
and specific clinical stages. In agreement with these results, Card et al. also observed that the
CXCL10 levels of 18 HIV controllers (a combined group of ECs + viremic controllers) were similar to
that of healthy donors [22]. It appears that this special group of individuals is capable of
maintaining plasma CXCL10 levels close to a normal range, although the data in the literature are
controversial (Noel et al. (2014)) [23]. We cannot rule out the possibility that demographic
differences, interfere with these results. In our study, for example, 7 of the 8 ECs were women,

while Noel et al. included a similar number of males and females in their study.

Furthermore, in HAART-naive SPs, there was a significant negative correlation between
CD4" T cell counts at sampling with CXCL10 levels and a positive correlation between VL (log) with
CXCL10 levels (Figure 2A, 2B). These results are in agreement with several studies that positively
correlated CXCL10 levels with high viral loads and negatively correlated this marker with CD4" T
cell counts in early HIV infection [16][6][24]. Furthermore, high CXCL10 levels have been
correlated with increased T cell activation [16]. Studies with HIV-exposed seronegative
commercial sex workers and HIV-serodiscordant couples have suggested that a low CXCL10 level
is potentially protective against HIV-1 although high levels may increase HIV susceptibility and
transmission [24][25]. Interestingly, we observed a significant positive correlation of plasma levels

between CXCL10 (Th1) and CCL2 (Th2), CXCL10 (Th1) and CCL24 (Th2), CXCL10 (Th1) and CCL17
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(Th2) in SPs pre-HAART, and between CXCL10 (Th1) and CCL17 (Th2) in RPs pre-HAART (Figure 1S).
Previous studies have suggested that Th2 may weaken the defenses against HIV, and in the
presence of high Ig and IL-4 levels trigger eosinophilia and allergic clinical manifestations, which
are found in a proportion of HIV-1-infected individuals [10][26]. Again, our observations suggest
that high plasma CXCL10 (Th1) levels together with the CCL2, CCL17 and CCL24 (Th2) chemokines
in SPs and RPs pre-HAART are associated with a specific clinical point, characteristic of progression

to AIDS.

Plasma CCL20 levels were higher in SPs chronic, SPs pre-HAART, SPs HAART and RPs
HAART when compared to the controls. Although significance was lost after adjusting for multiple
comparisons, these observations are noteworthy in the context of a previous study that showed
higher CCL20 levels in viremic HAART-naive SPs and RPs under HAART when compared to HIV-
negative donors [9]. These data suggest a certain level of inflammation or an active mechanism of
control of disease progression in SPs chronic (>500 CD4" T cells/mm?) or viremic SPs, and
persistent expression of CCL20 independently of HAART. On the other hand, the relatively similar
CCL20 levels observed in aviremic ECs in the present study and in Fontaine et al. (2011) when
compared to HIV-negative controls could reflect a potential for controlling disease progression in
such individuals [9]. CCR6" CD4" cells are highly permissive to infection [27] and have the potential
to be recruited to the gastrointestinal and vaginal mucosa through a CCR6-CCL20 axis—dependent
mechanism, significantly contributing to HIV dissemination and persistence [28]. Although CCL20
measurements in specific microenvironments such as the gut are quite challenging, peripheral

blood concentrations may be indicative of CCL20 concentrations and action at those locations.

Previously, we reported that IL-6 and IL-10 cytokine levels were higher in seropositive
individuals pre-HAART when compared with healthy controls and individuals under HAART [19].

Taken together, these results suggest that IL-6, IL-10 and CXCL10 (and likely CCL20) levels should
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be monitored in HIV-positive patients even during the chronic phase of the disease. These
biomarkers could help both the decision-making concerning HAART initiation as well as the
surveillance of the immune activation/inflammation state of patients. Nevertheless, it should be
pointed out that, since 2013 and in Brazil specifically, all HIV-positive individuals are
recommended to initiate HAART independently of CD4" T cell count. Before this date, HAART was
only recommended to HIV-positive subjects with <350 CD4" T cells/mm?. Thus, it was possible to
evaluate the chemokine levels of SPs who initiated HAART according to the indications of both
therapeutic schemes. We observed significant differences in CXCL10 levels between SPs who
initiated HAART with >350 CD4" T cells/mm? compared with SPs who initiated HAART with <350
CD4" T cells/mm® (360.33 vs. 1096.00 pg/mL) (Figure 3). This observation provides more
information on the modulation of plasmatic pro-inflammatory biomarkers, which appears
dependent on the immune condition of the individual at the beginning of the therapy. Some
studies have suggested that HAART initiation during the acute phase of infection contributes to
plasma cytokine/chemokine level normalisation and to the maintenance of an adequate CD4:CD8
ratio in the time [29]. In addition, HIV-positive individuals who initiated HAART in the chronic
stage with >350 CD4" T cells/mm? also kept CXCL10 at levels similar to that of healthy individuals.

Again, these are important data to be considered in decision-making concerning HAART initiation.

The observed difference between SPs HAART (CD4<350) and RPs HAART (CD4<350)
(Figure 3) can also be due to the time under HAART treatment. RPs HAART had been under
treatment for a median 25 months, while SPs HAART had been under treatment for a median 12
months. Notably, in the design of this study and in an attempt to homogenise the groups, 2 SPs
HAART were withdrawn from the analysis due to an extremely long period under HAART (40 and
66 months). Interestingly these individuals had practically restored normal CXCL10 levels (216.7
and 172.59 pg/mL, respectively). Although Lee et al. [16] have shown that CXCL10 levels remained

elevated in HIV-positive male subjects >24 months under HAART, our RPs HAART normalised their
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CXCL10 levels within 25 months of HAART treatment, indicating, CXCL10 as an interesting marker

of the general clinical state of HIV-positive patients.

Conclusions

Plasma CXCL10 levels are significantly higher in SPs pre-HAART and RPs pre-HAART when
compared with HIV-negative controls. Moreover, the normalisation of plasma CXCL10 levels after
HAART appears dependent on the CD4" T cell nadir at the time of HAART initiation and on the
duration under HAART. Thus, the measurement of CXCL10 (and potentially CCL20) levels should
be considered in the clinical monitoring of HIV-positive subjects as a biomarker to aid both
decision-making concerning HAART initiation and as an auxiliary tool for surveying the general

state of activation/inflammation of the immune system during disease progression.
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Figure 1. Plasma chemokine levels in HIV+ progressors in different clinical stages. Kruskal-Wallis non-
parametric test comparing HIV-negative controls (n=20), ECs (n=8), SPs chronic (n=12), SPs pre-HAART
(n=9), SPs HAART (n=12), RPs pre-HAART (n=6), RPs HAART (n=11). Significant differences were observed
after controlling for multiple comparisons are showed by p. and significant differences from Dunn’s post-

tests are showed for p<0.05.
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Figure 2. Correlation of CD4" T cell counts and VL (log) and plasma CXCL10 levels. A) shows significant
negative correlation between the CD4" T cell counts and plasma CXCL10 levels in the group of SPs HAART-
naive (SPs chronic + SPs pre-HAART, n=21); B) shows significant positive correlation between VL (log) and
CXCL10 levels in SPs HAART-naive; C) shows a positive correlation among CXCL10 levels and VL (log) in SPs
HAART. Data was analysed by Spearman correlation, with p<0.05 considered significant.
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Figure 3. Comparison of plasma CXCL10 levels between HIV+ progressors under-HAART. Shows significant
differences among SPs HAART who initiated HAART with CD4" T cells>350 vs. SPs HAART who initiated
HAART with CD4" T cells<350. Also, higher CXCL10 levels in SP HAART who initiated HAART with CD4" T cells
<350 were observed when compared to RP HAART who initiated HAART with CD4" T cells <350. Mann-
Whitney non-parametric test was used with p<0.05 considered significant.
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Table 1. Baseline measurements and demographic characteristics of HIV+ progressors and HIV seronegative controls.

Clinical stages

Baseline measurements
Time progression®
CD4" T cells nadir before
HAART®
VL (log) before HAART®
CD4" T cells at sampling”
VL (log) at sampling®
Time of HAART at samplingd
Demographic characteristics
Median age (min-max)
Sex
female
male
Ethnicity
European descents
African descents

HIV seronegative ECs SPs chronic SP pre-HAART* SPs HAART RPs pre-HAART* RPs HAART (CD4<350)"
SPs HAART SPs HAART
(n=20) (n=8) (n=12) (n=9) (CD4<350)" (CD4>350)'3 (n=6) (n=11)
(n=5) (n=7)
NA 6 (5-24) 11 (8-15) 13 (9-17) 11 (9-15) 12 (8-17) 01 (1-2) 01 (1-3)
NA NA NA 221 (163-334) 203 (58-290) 391 (350-854) 254 (40-317) 287 (105-350)
NA NA NA 4.9 (4.0-5.6) 4.7 (3.9-5.3) 4.0 (2.8-5.0) 3.7 (3.7-5.0) 4.3(3.0-5.2)
NA 1202 (729-1798) 644 (402-1407) 420 (268-684) 398 (284-581) 769 (411-918) 283 (153-391) 538 (185-867)
NA 1.6 (1.6-1.6) 3.7 (2.0-4.5) 4.5 (3.9-5.6) 1.6 (1.6-4.6) 1.6 (1.6-1.6) 3.9(3.7-5.2) 1.6 (1.6-1.6)
NA NA NA NA 12 (12-28) 18 (8-28) NA 25 (13-39)
43 (26-60) 37.5(27-52) 37.5(27-64) 42 (34-53) 46 (35-52) 45 (32-54) 32.5(22-69) 36 (23-53)
16 (0.80) 7 (0.88) 11 (0.92) 9 (1.00) 4 (0.80) 7 (1.00) 4 (0.67) 5(0.55)
4 (0.20) 1(0.13) 1(0.08) 0 (0.00) 1(0.20) 0 (0.00) 2 (0.33) 6 (0.45)
19 (0.95) 6 (0.50) 6 (0.67) 2 (0.40) 5(0.71) 5(0.83) 7 (0.64)
1(0.05) 6 (0.50) 3(0.33) 3(0.60) 2 (0.29) 1(0.17) 4 (0.36)

’median (1Q), years; ®median (1Q) in ceIIs/mm3; ‘median (1Q) in log10 copies/mL; Ymedian (1Q), months; NA, not applicable; HAART, highly active antiretroviral therapy
’ pre-HAART collected naive and started HAART after 12- 24 months

*according old public health HAART recommendations
according new public health HAART recommendations
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Table 2. Plasma chemokine levels in HIV+ progressors naive-HAART and under-HAART.

Chemokine :'J:t:‘;fit:; ECs n=8 SPs chronicn=12  SPs pre-HAART n=9  SPs HAART n=12  RPs pre-HAART n=6  RPs HAART n=11
CXCL10 254.97 (149-646)  328.32 (201-828)  440.15 (267-1291) 1743.00 (729-4275) 712.08 (160-1522) 1094.75 (573-2037) 328 (93-2022)
cCcL20 13.97 (9-29) 15.69 (7-100) 21.12 (9-46) 27.63 (9-153) 21.47 (15-49) 24.15 (7-41) 19.80 (11-37)
ccL2 286.84 (100-631)  155.93 (106-334)  239.80 (72-555)  288.32 (120-860)  187.06 (100-388)  215.82 (181-390)  158.43 (103-363)
ccL17 12 (7-14) 15.97 (8-71) 26.66 (4-59) 14.41 (9-36) 15.01 (7-39) 18.27 (9-28) 26.61 (13-37)
ccL22 583.77 (438-829)  627.44 (293-1524) 664.23 (490-1035)  838.49 (311-1079)  587.13 (388-1413)  545.73 (318-1057)  826.53 (172-1092)
ccL24 577 (62-942) 512.99 (104-2571) 442.38 (106-1289)  224.37 (109-1267)  306.06 (167-844)  247.44 (110-481)  307.57 (35-787)

®Values are represented by median IQR (minimum-maximum) in pg/mL.
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Figure 1S. Correlation between chemokine plasma levels. A) Shows a positive correlation among CCL17
and CXCL10 levels in RPs pre-HAART (r=0.9429, p=0.0167). B, C and D) Shows positive correlations between
CCL2 and CXCL10 levels (r=0.7500, p=0.0255), CCL24 and CXCL10 levels (r=0.7857, p=0.0480) and CCL17 and
CXCL10 levels (r=0.7857, p=0.0480), respectively in SPs pre-HAART. Data was analyzed by Spearman

correlation, with p<0.05 considered significant.
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Table S1. Chemokine plasma levels between groups of SPs HAART.

Chemokines - SPs HAART ” "
CD4" T cells <350 (n=5) CD4" T cells >350 (n=7)

CXCL10 1096.00 (684-1522) 360.33 (160-853)
CCL20 22.43 (18-37) 23.84 (16-49)

CCL2 229.03 (129-388) 160.96 (100-306)
cCcL17 15.95 (7-39) 13.71 (8-23)
CCL22 598.75 (515-838) 554.18 (388-1413)
CCL24 318.01 (221-492) 269.00 (167-844)

Values are represented by median IQR (minimum-maximum) in pg/mL.
nadir CD4" T cells <350: Initiated HAART according old public health HAART recommendations.

nadir CD4" T cells >350: Initiated HAART according new public health HAART recommendations.
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Capitulo 5

Immunodynamic characterization of HIV+ extreme progressors under-
HAART: Imbalance of Th cell subsets

(Artigo em preparacao)

“O objetivo deste artigo é avaliar o impacto de ARV como

modulador da resposta imune nos progressores extremos”
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Introduction

In Brazil, in the middle of 2013, recommendation rules to initiate highly active
antiretroviral therapy (HAART) were changed and HAART became available for any HIV
seropositive individual independently of their CD4+ T cell counts. Studies showed that an effective
CD4+ T-cells restoration is depending of the CD4+T-cells nadir at HAART beginning since patients
who initiate HAART with a lower CD4+ T-cell nadir took longer time to normalize this cell subset
(1). Recently studies are showing that HAART initiation during HIV soroconversion or at the
primary stage phase is also the most effective intervention to limit the extent of viral reservoirs
and could preserve gut T-cell homeostasis and the integrity of the epithelial barrier (2) when
compared with HAART initiation during the chronic clinical phase (3)(4). Interestingly, immune
activation was observed even in individuals with a long-term of HAART and it was associated with

delayed treatment-mediated CD4+ T cell gains (5).

Mahnke Y et al., (2016) observed that in HIV+ individuals who initiated HAART with <200
CD4+/mm?, the CD4+ T-cell total subset recovered was not representative of the different cell
subsets and resulted in a predominant Th2 profile (6). Different cell subsets are target to HIV
infection and some cell subpopulations are more permissive to HIV infection than others.
Permissivity to HIV infection also likely depends of the local of infection, for example Th17 and
Th17Th1 cell subsets are more represented in mucosal sites and exhaustion of these cellular
compartment at early infection, was already described at the gut and peripheral blood (7) , and
this can dramatically impact disease progression, especially if that exhaustion affect precursor
cells. Thus, it was suggested that early HAART initiation in HIV-infected subjects contribute to the

preservation of Th17 (8).

Together, the aim of this study was to evaluate the impact of HAART in extreme

progressors, focusing on those who initiated HAART with <350 CD4+ T cells versus >350 CD4+ T.
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Also, the dynamic of different CD4+ T subsets and CD4+ and CD8 T-cell activated frequencies was

investigated in subgroups of extreme progressors under ARV.

Material and methods

Study cohort

Extreme progressors were identified retrospectively from Nossa Senhora da Conceicdo
hospital (HNSC) in Porto Alegre, Brazil. Rapid Progressors (RPs) were defined as subjects who had
recommendation to initiate HAART within 3 years after seroconversion (due to two or more CD4+
T cell measurements <350 cells/mm3 during that period of time). Also, a previous HIV
seronegative test was used to identify this group. Slow progressors (SPs) were defined as HIV+
subjects asymptomatic for = 8 years of follow-up after diagnosis, with average CD4+ T cells
measurements > 500 cells/mm?® and plasma viral load <10,000 copies/mL through the years
without recommendation to initiate HAART. Details about enrolment and classification of extreme
progressors are described in a previous study of our group (9). HIV-seronegative blood donors
were voluntary donors from the Universidade Federal do Rio Grande do Sul (UFRGS, Porto
Alegre), with no metabolic or autoimmune disorders or other medical conditions. The HIV-
seronegative samples were matched with HIV+ individuals based on age, sex and ethnic origin.
The study protocol was approved by the Ethic Committees of the HNSC (protocol number:
002964-20.69/10-5) and UFRGS (protocol number: 30491714.0.0000.5347). Informed consent

developed according to the Declaration of Helsinki was signed by all participants.

PBMCs isolation

Peripheral blood was collected by venipuncture and peripheral blood mononuclear cells
(PBMCs) were isolated by density gradient with Ficoll-Paque (Sigma-Aldrich, St. Louis, MO). The

cell pellet was resuspensed in RPMI-1640 (Sigma-Aldrich, St. Louis, MO) supplemented with 10%
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of FBS (Fetal Bovine Serum, Sigma-Aldrich, St. Louis, MO), and 100 U/ml penicillin-0.1 mg/ml
streptomycin (Sigma-Aldrich, St. Louis, MO). Cells counting was performed with Neubauer
chamber by means of microscopy (100 x) and viability was verified using Trypan Blue (Sigma-
Aldrich, St. Louis, MO). After cell isolation cells were immediately labelled with antibodies from

the panel described below.

Immunophenotyping

Immunophenotyping of Thl, Th2 Th17, Th1Th17 cell subsets and activation markers were
performed in cells isolated from fresh peripheral blood. Positivity to chemokine receptors was
used to characterize distinct memory CD4+ T cell subsets: Th17 (CXCR3'CCR4'CCR6"), Th2 (CXCR3"
CCR4*CCR6), Th1Th17 (CXCR3'CCR4A'CCR6Y) and Th1 (CXCR3'CCR4A'CCR6) as described by Gosselin
A et al., (2010) (10). Activated T cells were CD4 or CD8 positive cells identified as CD38"HLA-DR".
Populations positive to the activation markers CD38 and HLA-DR were gated from the CD4" and
CD8" cells. T cell activation levels were reported as the percentages of CD4" and CD8" T cells
expressing both HLA-DR and CD38. The PBMCs were labelled with specific fluorochrome-
conjugated antibodies used for multicolor flow cytometry analysis, such as: anti-CD45RA-FITC,
anti-CD3 Alexa 647, anti-CD4 APC-H7, anti-CCR4 PE-CY7, anti-CCR6 PERCP-CY5.5, anti-CXCR3-PE,
anti-CD8-PERCPCy5.5, anti-CD38 PE, and anti-HLA-DR PE-Cy7. Fluorescence minor one (FMO) was
used for CCR4, CCR6, CXCR3 to define positive and negative populations. All antibodies were
purchased from BD Biosciences, San Diego, CA. Cells were analyzed by FACS using the BD
FACSAria lll and BD Diva software (BD Biosciences, San Jose, CA). FlowlJo, LLC V.10 software (Tree
Star Corporation, Ashland, 163 OR) was used for gating and evaluation of the frequencies of cell

populations.
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Quantification of plasma chemokine levels

Plasma levels of CCL2, CCL17, CCL20, CCL22, CCL24, and CXCL10 were quantified by a Bio-
Plex methodology using the 3.1 Xponent software (Luminex Corp., Austin, TX, USA) in a Luminex
200 System (Bio-Rad Laboratories Inc., Hercules, CA). Human Cytokine / Chemokine Magnetic
Bead panels (MILLIPLEX MAP Kit, EMD Millipore, Darmstadt, Germany) were used in the assays.
The kits were used following the manufacturer’s instructions. All samples were analyzed in the
same experiment and the results were expressed in pg/mL. Data were corrected using the

software Milliplex Analys.

Statistical analyses

Frequencies of cell subsets were analyzed and graphs were plotted using the GraphPad
Prism 5.01 software (GraphPad Software, Inc.; San Diego, CA, USA). Comparisons between three
or more groups were performed with the non-parametric Kruskal-Wallis test followed by Dunn’s
post-tests to investigate differences between paired groups and p-values were adjusted for
multiple comparisons. A Spearman correlation test was used to assess the significance of
correlations between the CD4+ T cell subsets, activation cell markers and chemokine levels. The

significance level was set at p<0.05.

Results

Demographic and clinical characteristics

Table 1 shows clinical and demographic characteristics of RPs HAART (n=5) who initiated
therapy with <350 (201-340) CD4+ T cells/mm? according to the previous HAART recommendation
rules in Brazil (valid until 2013) and they were in average 45 [32-66] months under therapy); and

SPs HAART (n=7) who initiated therapy with >350-500 (371-854) CD4+T cells/mm? according to
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the most recently established recommendation rules of 2013 and they were in average 21 [11-28]

months under therapy. Additionally, demographic characteristics of healthy controls are shown.

T-cell activation in extreme progressors

Healthy controls had lower median percentages of activated CD4+ T cells (CD38"HLA-
DR'CD4") when compared with SPs and RPs (1.3% vs. 5.4%, pc=0.044 and 1.3% vs. 13.6%,
p=0.008, respectively). Also, RPs had higher median percentages of activated CD8" T cells

(CD38"HLA-DR'CD8") when compared with healthy controls (0.32% vs. 8.7%; p.=0.001) (Figure 1).

Frequency of memory T cells: Thl, Th2, Th17 and ThiTh17 in extreme progressors

Memory T cells were identified as cells lacking the expression of the naive T cell CD45RA
marker, as previously described (11). In this study, we gated memory CD4" T cell subsets
(CD3+CD4+CD45RA-) and evaluated positivity to CCR4, CXCR3, and CCR6. Expression of CCR4 and
CXCR3 distinguishes four memory subsets, including CCR4+CXCR3- and CCR4-CXCR3+ subsets (Fig.
2A). The expression of CCR6 further identifies CCR4+CCR6+, CCR4+CCR6-, CXCR3+CCR6+, and
CXCR3+CCR6- T cell subsets (Fig. 2B). In figure 2C, Th1 cell frequency in SPs (CD4+ T cells>350) was
significantly lower when compared with healthy controls (14.4+2.8 vs. 30.2+2.4, p.=0.007). The
frequency of Th2 cells were significantly lower in RPs (CD4+ T cells<350) when compared with
healthy controls and SPs (CD4+ T cells>350) (7.8+1.1 vs. 17.5%2.1, p. =0.027 and 7.8+1.1 vs.
21.242.2, p.=0.002, respectively). The frequency of Th17 cell subset was significantly higher in SPs
(CD4+ T cells>350) when compared with healthy controls and RPs (CD4+ T cells<350) (10.2+2.5 vs.

2.5+0.7, p. =0.042 and 10.2+2.5 vs. 1.1+0.4, p.=0.012, respectively).
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Correlation between plasma chemokine levels and cell subsets

In SPs, negative correlations were observed between CCL22 plasma levels and frequency
of Th17 cells and among CCL22 levels and frequency of Th1Th17 cells (r=-0.857, p=0.014 and r=-
0.786, p=0.036, respectively). In RPs, negative correlations were observed between CXCL10 levels

and frequency of Th1Th17 cells (r=0.900, p=0.037) (Figure 4).

Discussion

Several studies observed a persistent cellular activation and inflammation in HIV positive
patients even under sustained viral suppression by HAART. In several cases this was related to
subsequent mortality and non-AIDS morbidities, for example cardiovascular diseases (5). Also,
despite CD4" T cell counts restoration by HAART, there is still an imbalance of specific cell subsets
recovered in individuals who initiated HAART with <200 CD4" T—cells (6). These phenomena,
meaning the CD4" T cell counts restoration as well as an imbalance of specific cell subsets on the
recovered patient, seems to depend on the CD4" T cell nadir at HAARTs beginning, but may also

be associated to phenotypic characteristic of the subjects.

Regarding immune activation, as expected, higher frequencies of activated CD4+ T cells
were observed in SPs and RPs under HAART when compared to healthy controls. Also, RPs had
higher frequencies activated CD8+ T cells when compared to healthy controls. Studies showed
that immune activation is persistent even in individuals with long-time of HAART (5). Hunt et al.,
(2011) observed that cellular activation biomarkers predict mortality even in HIV+ individuals with
CD4+ T cell counts >500 cells/mm?, suggesting that inflammation may be a risk even in subjects
with optimal CD4+ T cell recovery (12). Also, a persistent activation progressively disrupts the
functional organization of the immune system leaving HIV subject susceptible to co-infections

resulting in AIDS.
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When memory Th cell subsets were compared between extreme progressors under
HAART, we observed an imbalance of the restoration of CD4" T cells. In SPs, despite they were
under HAART in median 21 months (12-28), Th1 cell frequencies were lower when compared with
healthy control (Figure 2C). This fact could be explained because these individuals likely maintain
a high Th1 profile at acute/primary clinical stage for controlling the viral load and subsequent a
better response of disease progression. Thus, these cell subsets would be the most committed
and exhausted during the early phase of infection that after 21 months under HAART still not
recover to normal levels. It was observed that Th1l effector memory cells are short-lived and do
not efficiently develop into long-term memory Th1l cells and the total number of progeny they
produce upon stimulation and restimulation is smaller and they are rapidly exhausted (13). On
the other hand, SPs had higher Th17 frequencies when compared to healthy controls and RPs
(Figure 2C). Recently, El-Far et al., (2016) showed that IL-32 correlated with the loss of virological
control and CD4 decline and was suggested that sustained inflammation and activation of Th17
cells by IL-32 could contribute to a significant of these cells in vivo (14). In this study, five SPs
showed CD4 decline (data not shown) and the higher frequency of Th17 cells observed in this
group could be explained by IL-32. Of note, our SPs were in average 21 months under HAART,
showing that during this period of time under HAART they were not able to normalize their Th17
cell frequencies. In RPs, lower frequency of Th2 cells were observed when compared to healthy
controls and SPs (Figure 2C). Clerici and Shearer presented a hypothesis whereby Th1 cell profile
declines and Th2 activity increases (the Thl --> Th2 switch hypothesis) in HIV-1 infected people.
Subsequent studies associated Th2 profile with a bad outcome of the disease. Recently a work
observed that levels of IL-10, IL-4 and TNF-a were increased in the acute HIV type 1 infection
when compared to control group (15). Since that IL-10 and IL-4 are cytokines of Th2 profile and it
seems be associated with rapid progression, this cell subsets would be the most affected and

exhausted in the initial stage of the infection and difficult to recover even with 41 months under
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HAART. However, the relationship between Th2 and rapid progression should be better

investigated taking into account, in addition to immunological factors, the host genetic factors.

Furthermore, in SPs, negative correlation between frequencies of Th17 and plasma CCL22
levels and among Th1Th17 and CCL22 was observed (Figure 4). These observations could be due
to CCL22, which besides being produced by Th2 is also produced by Treg cells (16). While Th17
cells are increased in this progressor group, the CCL22 levels could be decreasing together with
Tregs cells due to opposite roles. On the other hand, the negative correlation between plasma
CXCL10 levels and Th1Th17 cell frequencies in RPs is likely due to Th1Th17 is one of the cellular
population highly permissive to HIV infection (10) and CXCL10 is positively correlated with HIV
viral load. Thus, situations where low levels of CXCL10 were observed (maybe because of HAART)

in the same time, a restoration of Th1Th17 cell frequencies could be observed.

Conclusion
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Table 1. Baseline measurements and demographic characteristics of HIV+ progressors and HIV seronegative
controls.

Clinical stages

HIV seronegative SPs HAART (CD4>350)" RPs HAART (CD4<350)"
(n=10) (n=7) (n=5)
Baseline measurements
Time progression® NA 12 (8-17) 01 (1-3)
CD4+ T cells nadir before HAART® NA 391 (371-854) 287 (201-340)
VL (log) before HAART® NA 4.0 (2.8-5.0) 4.3 (3.0-5.2)
CD4+T cells at samplingb NA 769 (411-918) 538 (185-867)
VL (log) at sampling® NA 1.6 (1.6-1.6) 1.6 (1.6-1.6)
Time of HAART at sampling® NA 21 (11-28) 45 (32-66)
Demographic characteristics
Median age (min-max) 43 (26-60) 45 (32-54) 36 (23-53)
Sex
female 4 (0.40) 7 (1.00) 5(0.55)
male 6 (0.60) 0 (0.00) 6 (0.45)
Ethnicity
European descents 8(0.80) 5(0.71) 7 (0.64)
African descents 2 (0.20) 2 (0.29) 4 (0.36)

’median (1Q), years; *median (1Q) in cells/mm?; “median (1Q) in log10 copies/mL; “median (IQ), months; NA, not
applicable; HAART, highly active antiretroviral therapy.

“according old public health HAART recommendations

Baccording new public health HAART recommendations
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Figure 1. Cell frequencies of T cell activated trough immunophenotyping in extreme progressors
and healthy controls. Kruskal-Wallis non-parametric test comparing healthy controls (n=10), SPs
(n=7) and RPs (n=5). The CD4+ T cell activated frequencies were gated as CD3"CD4'CD38"HLA-DR"
and CD8+ T cell activated frequencies as CD3'CD8'CD38HLA-DR". SPs and RPs had higher levels of
CD4+ T-cells active when compared with healthy controls [p.=0.044 (axc) and p.=0.008 (axb),
respectively]. Also, RPs had higher levels of CD8+ T-cells activated when compared with healthy
controls [(p=0.001 (dxf)]. Significant differences were observed after controlling for multiple

comparisons are showed by p corrected (p.) <0.05.
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Figure 2. Immunophenotyping of Th cell subsets and comparisons between extreme progressors. The

chemokine receptors CCR4, CXCR3, and CCR6 identify CD4+ T cells with distinct Th17, Th2, Th1Th17, and

Th1l profiles. PBMCs isolated from uninfected individuals were stained with CD3, CD4, CD45RA, CCR4,

CXCR3, and CCR6 Abs and then analysed by multicolour flow cytometer. A, CCR4 and CXCR3 expression

identified four subsets of memory (CD45RA’) CDA" T cells, including CCR4"CXCR3™ and CCRA'CXCR3" subsets.

B, CCR6 expression distinguished four cell subsets within the CCR4*CXCR3™ and CCR4 CXCR3" T cell subsets.

Figures 2A and 2B are representative of experiment from one patient. C, Kruskall-Wallis non-parametric test

for comparisons between groups SPs (n=7), RPs (n=5) and healthy controls (n=10), p-values corrected (p.)

for multiple comparisons are indicated in the figure. Horizontal lines indicate median values.
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Figure 3. Correlation between Th cell subsets and chemokine plasma levels in extreme
progressors. A) and B) Show a negative correlation among CCL22 and Th17 cell frequencies
(r=0.857, p=0.014) and among CCL22 and Th1Th17 (r=0.786, p=0.036) in SPs. C) Shows negative
correlation between CXCL10 and Th1Th17 cell frequencies (r=0.900, p=0.037) in RPs. Data were

analyzed by Spearman correlation, with p<0.05 considered significant.
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Capitulo 6

6.1 Discussao

A fase aguda da infeccdo pelo HIV é um periodo chave, pois sabe-se que a forma
como respondem os fatores imunolégicos do hospedeiro nesse primeiro momento frente ao
HIV, ird direcionar a progressdo da doenca. Além disso, muito provavelmente a resposta
de tais fatores imunoldgicos sera influenciada pela diversidade genética. Como ja descrito,
citocinas e quimiocinas sdo as encarregadas de conectar o sistema imune inato com o
adaptativo, ou seja, elas agem desde esse primeiro contato do virus com o hospedeiro e o
papel delas continua a ser constante, na fase cronica, e até a Gltima fase da infeccédo pelo
HIV. Inicialmente estas moléculas sdo produzidas por células do sistema imune inato, as
quais ap0s reconhecerem o virus, desencadeiam uma resposta pré-inflamatoéria para deté-
lo. No entanto, essa resposta, a0 mesmo tempo, ativara mais células dando ao virus a
oportunidade de se replicar intensamente. Assim, em um primeiro momento da infecgéo,
citocinas/quimiocinas tém o papel de controlar a infeccéo pelo virus, porém logo terminam
sendo as responsaveis por uma ativacdo imune exacerbada, propiciando mais replicacédo
descontrolada. Interessantemente observou-se que ha individuos que controlam muito bem
essa resposta inicial da infec¢do, mantendo niveis baixos ou indetectaveis da carga viral. O
lado oposto a essa resposta é apresentado pelos individuos que progridem de uma forma
rapida a aids, pois muito provavelmente durante a fase aguda ou primaria ndo conseguem
controlar a carga do virus, mantendo niveis virais altos e uma queda acentuada e rapida de
linfocitos T CD4". Ja ha outro grupo distinto de pacientes HIV+, que tem um melhor
controle da carga viral, mantendo niveis estaveis de linfocitos T CD4" por um periodo
longo de tempo. Voltando ao papel das citocinas/quimiocinas pro-inflamatdrias, alguns
estudos observaram que a sua expressao na fase aguda ou primaria da infecgéo € transitoria
e que seus niveis se reestabelecem na fase cronica, apds o controle da carga viral, porém

outros trabalhos tém demonstrado que esses niveis aumentados persistem, e junto com isso,
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ocorre uma persisténcia da ativacdo celular, persisténcia essa ainda observada mesmo em
individuos sob ARV.

Contudo, esta tese explorou o papel genético de quimiocinas e receptores de
quimiocinas muito pouco estudados no contexto do HIV e ademais, seu papel imunolégico
antes e depois dos ARVs. Os alvos de estudo foram escolhidos ap6s revisao da literatura,
selecionando-se moléculas que potencialmente pudessem nos dar algumas informacoes
sobre essas diferentes respostas observadas entre os individuos HIV+. Foram escolhidos
entdo polimorfismos nos genes que codificam CCR3, CCR4, CCRS8 (principais receptores
das células Th2), CCR6 (principal receptor das células Th17 e Tregs), CXCR3 (principal
receptor das Thl), CCL20 (produzida principalmente pelas células Th17), CXCL10
(produzida principalmente pelas células Thl) e CCL22 (produzida principalmente pelas
celulas Th2). Assim, também na tentativa de correlacionar os achados da primeira parte
dos polimorfismos, foram selecionadas seis quimiocinas para avaliacdo dos niveis
plasmaticos: CXCL10, CCL20, CCL22 e CCL2, CCL17, CCL24 (estas ultimas trés
quimiocinas foram incluidas no painel para uma melhor exploracao do perfil Th2 e porque
sdo ligantes do CCR3 e CCR4). Os niveis foram quantificados em progressores extremos
em diferentes estagios clinicos da infec¢do. Adicionalmente, se avaliou o papel de ARV na
expressao dessas quimiocinas, na ativacdo imune e na modulacdo de subpopulacGes
celulares que tém um papel especifico frente ao HIV, em um grupo de progressores
extremos & aids.

Na primeira parte da tese, apdés uma analise robusta utilizando-se regresséo
logistica multivariada foi encontrada uma associa¢do dos polimorfismos rs56061981 no
CXCL10 e rs3091250 no CCR3 na susceptibilidade a infec¢do pelo HIV. Ainda, foi aplicada
uma anélise de interacdo gene-gene pelo MDR (Multifactor Dimensionality Reduction), a
qual é uma ferramenta interessante para entendermos melhor os efeitos pequenos ou
medianos dos polimorfismos e que quando combinados se somam para determinar o
desfecho (Moore et al. 2006). O melhor modelo dado pela regressdao do MDR agrupou dois
polimorfismos: rs56061981 no CXCL10 e rs4359426 no CCL22, os quais juntos predizem
57% da susceptibilidade a infecgdo pelo HIV. Ja na abordagem para investigar a influéncia
desses polimorfismos na progressdo a aids, através da regressdo logistica multivariada
observamos associagdo do rs4359426 no CCL22 e do rs13034664 no CCL20 com
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progressdo rapida a aids. Porém, nas anélises de interagdo com o MDR nenhum modelo foi
estatisticamente significativo para predizer a progressao a aids.

Esses primeiros resultados evidenciam o papel do rs56061981 no CXCL10,
rs3091250 no CCR3 e rs4359426 no CCL22 na susceptibilidade a infeccdo pelo HIV. E
importante relatar que CXCL10 é produzido pelas células Thl e, CCR3 é expresso nas
células Th2, as quais produzem CCL22. Assim, nossos resultados podem contribuir, do
ponto de vista genético, para a compreensdo dessa relacdo Th1l:Th2 j& bastante associada
com a progressao a aids. Estudos in vitro para entender o papel das quimiocinas produzidas
pelas células Thl (CXCL10, CXCL9, CXCL11) e sua modula¢do com as células Th2, as
quais produzem citocinas/quimiocinas que ativam eosinéfilos, mastocitos e basoéfilos, no
contexto de uma inflamacéo alérgica sdo essenciais, pois essa relacdo Th1:Th2 é bastante
observada nesse contexto. Jinquan et al., (2000) observaram que o CXCRS3, receptor
predominantemente expresso em células de meméria ativadas Thl, também é um receptor
expresso em eosindfilos em humanos. Todavia, se observou que CXCL10 ativa e induz a
quimiotaxia dos eosindfilos via CXCR3 (Jinquan et al. 2000). Logo depois, Dajotoy et al.,
(2004) observaram que, apos a estimulacdo de eosindfilos com IFN-y e TNF-a (citocinas
do perfil Thl), essas céelulas produziram CXCL10 e CXCL9, porém na presenca de IL-4 a
sintese de CXCL10 e CXCL9 foi diminuida (Dajotoy et al. 2004). Por outro lado, outros
estudos observaram que o CCR3, receptor altamente expresso em células do perfil Th2,
como eosinofilos, é bloqueado na presenca do CXCL10, este ultimo entdo atuando como
um antagonista natural do CCR3 (Loetscher et al. 2001; Fulkerson et al. 2004). Em
contrapartida, eotaxin-1 (CCL11), uma quimiocina produzida pelas células Th2, compete
com 0 CXCL10 pela unido com o0 CXCR3, bloqueando assim a ativacdo das células Thl.
Assim, se observamos que ha uma modulacdo agonista e antagonista de quimiocinas com
perfil Thl e Th2 mediadas principalmente pela expressdo dos receptores CXCR3 e CCR3,
resta uma questdo: Qual resposta predominara? No contexto do HIV, recentemente um
estudo observou niveis aumentados de citocinas do perfil Th2 (IL-10, IL-4 e TNF-a) na
fase aguda da infeccdo. Além disso, os pesquisadores observaram que esse perfil
predominou até a fase cronica (Gorenec et al. 2016). Outros achados interessantes foram
os de Miguez-Burbano et al., (1995) que reportaram na fase inicial da infeccdo pelo HIV,
que niveis incrementados de IgE (marcador de resposta alérgica) no plasma precediam o
declinio das células T CD4". Esses resultados sugeriram que IgE poderia ser utilizada
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como um marcador para monitorar a progressdo da doenca em individuos HIV+
pertencentes a diferentes grupos de risco (Miguez-Burbano et al. 1995). Outros dois
estudos mostraram que houve inducdo de IgE no sangue de criangas HIV+ mediada pelas
proteinas do HIV: gp160, p24 e p17 (Khalife et al. 1988; Secord et al. 1996). Ademais, a
proteina viral gp160 regulou positivamente a expressao de IgE, induzida por IL-4 (Dugas
et al. 2000). Esses resultados sugerem que peptideos tipo alergenos, como as proteinas
virais do HIV, induzem a sintese de IgE. Além disso, outros dois estudos demonstraram
que existe uma replicacdo preferencial do HIV nas células Th2 e nas células T virgens
(Maggi et al. 1994; Romagnani et al. 1994). Contudo, a fase inicial da infec¢do pelo HIV,
desencadeando uma resposta com niveis incrementados de Th2 e IgE, pode contribuir para
o enfraguecimento do sistema imunoldgico contra o HIV levando a manifestagdes clinicas
como alergias e eosinofilia - as quais sdo efetivamente encontradas em individuos HIV+
(Becker 2004; Yokobayashi et al. 2013). Todos esses resultados contrastam com a hipdtese
do shift Th1->Th2 na infeccdo pelo HIV, a qual propde que inicialmente se desenvolve um
perfil Thl e que o perfil Th2 ja é um indicador da doenca avancada (Clerici and Shearer
1993). No entanto, esta hipdtese tem sido bastante discutida devido a diferencas
encontradas em diferentes estudos (Becker 2004), assim ainda precisa ser melhor
investigada. Além dos fatores imunologicos que vem sendo estudados para entendermos
essas respostas na fase inicial da infecgdo, outros pontos importantes, como o papel da
variabilidade genética do hospedeiro, envolvendo quimiocinas e receptores de

quimiocinas, merecem ser avaliados.

O polimorfismo rs56061981 no CXCL10 corresponde a uma variante na regido
promotora do gene e estimula a expressdo do CXCL10 via transativacdo pelo fator de
transcricdo NFkB. Em um estudo com modelo de SIV observaram-se niveis aumentados do
MRNA do CXCL10 nas PBMCs e nos nodulos linfoides associados com progressdo rapida
em primatas ndo humanos infectados com SIV (Durudas et al. 2009). Estudos funcionais
mostraram que o polimorfismo rs3091250 no CCR3 e 0 rs4359426 no CCL22 estavam
associados com niveis aumentados da expressdo do mMRNA (Kim et al. 2008; Hirota et al.
2011). Para melhor compreensdo desses primeiros resultados, quantificamos os niveis
plasmaticos de CXCL10 e CCL22 de 29 HIV soropositivos (pertencentes aos grupos de
progressores rapidos e lentos) que ainda ndo tinham iniciado o tratamento e que tinham

sido previamente genotipados para os polimorfismos rs56061981 (CXCL10) e rs4359426
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(CCL22). Adicionalmente, estes polimorfismos foram genotipados em soronegativos
pertencentes a um grupo controle de 18 individuos saudaveis e os niveis plasmaticos
dessas duas quimiocinas foram quantificados. Infelizmente, devido a baixa frequéncia das
variantes alélicas rs56061981 e rs4359426 ndo foi possivel atingir um grupo representativo

que pudesse dar robustez estatistica aos resultados (dados nao apresentados).
Em relacdo a progressdo a aids, a frequéncia do genétipo homozigoto mutante CC

do rs13034664 no CCL20 foi mais baixa nos progressores rapidos quando comparados
com os nao rapidos (0,07 vs. 0,29, P=0,013). E, dentro dos nao rapidos, observamos que a
frequéncia desse gendtipo foi mais alta nos progressores lentos e nos controladores de elite
quando comparados com os progressores rapidos (0,17, 0,50 e 0,07, respectivamente)
(Tabela S2 no artigo do capitulo 3). Interessantemente, em um grupo de 8 controladores de
elite, 4 apresentaram o gendtipo CC e a frequéncia foi significativamente diferente quando
comparada com os progressores rapidos (P=0,006). Nossos achados sobre a influéncia da
variante rs13034664 do CCL20 nos niveis plasmaticos foram: progressores lentos com o
gendtipo CC (n=3) apresentaram niveis mais baixos do CCL20 quando comparados com
os portadores dos gendtipos CT+TT (n=18), porém essa diferenga ndo foi estatisticamente
significativa (13,14 vs. 27,13 pg/mL, P=0,0617). Nos controles saudaveis, esses niveis
foram mais baixos nos individuos com o gendtipo CC (n=8) quando comparados com 0s
portadores de CT+TT (n=11) (13,97 vs. 17,01 pg/mL, P=0,3511), também sem diferenca
significativa. Nenhum progressor rapido com o genétipo CC foi possivel comparar com 0s
portadores de CT+TT devido a baixa frequéncia do genétipo CC neste grupo de
progressdo. Apesar desses dados ndo terem alcancado valores estatisticamente
significativos, esses resultados merecem ser levados em conta para estudos funcionais e/ou
de bioinformética avaliando esse polimorfismo, assim como os reportados aqui do CCR3,
CXCL10 e CCL22. O rs13034664 esta localizado na regido promotora do gene CCL20 e
apenas dois trabalhos evidenciaram seu papel em outras doengas: na dermatite atdpica e
colitis ulcerativa (Choi et al. 2005; Rafaels et al. 2009). Porém, uma ampla variedade de
estudos associando niveis alterados do CCL20 com diferentes desfechos, principalmente
em doencas autoimunes e cancer, ja foi realizada (Jafarzadeh et al. 2014; Frick 2016; Liu
et al. 2016). A regido promotora do gene CCL20 estd regulada por pelo menos cinco
fatores de transcricdo e receptores com perfil inflamatério, que regulam negativa ou

positivamente os niveis de transcricdo do gene CCL20 (Zhao et al. 2014). Uma
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particularidade do CCL20 é que é o unico ligante que se liga ao CCR6, e varios estudos ja
observaram o papel chave do eixo CCL20-CCR6 na regulacdo da resposta imune
(Schutyser et al. 2003; Comerford et al. 2010; Lee et al. 2015). Apesar de ja ser bastante
conhecido seu papel particular na resposta imune, pouco foi avaliado acerca a influéncia da
variabilidade do CCL20 em diferentes contextos. No contexto da infeccdo pelo HIV, esta
se elucidando cada vez mais seu impacto no recrutamento de ceélulas da mucosa (lugar
onde essa quimiocina é altamente expressa) via CCR6 e na propagacdo do virus em novos
focos de infecgdo (Arnold et al. 2015). Foi observado niveis aumentados do CCL20 no
fluido cérvico-vaginal em mulheres HIV+ na fase primaria da infec¢do (McKinnon et al.
2015) e outros estudos observaram niveis plasmaticos aumentados de CCL20 em
progressores rapidos e progressores tipicos quando comparados com os controladores de
elite aviremicos e controles saudaveis (Fontaine et al. 2011; Gauvin et al. 2016). Este
trabalho é o primeiro a avaliar polimorfismos candidatos tanto do CCL20 como do CCR6

no contexto do HIV.

Desde que essa primeira abordagem foi realizada pela regressao logistica ajustando
as analises pela variavel etnia, e sabendo que esse ¢ um fator que potencialmente pode
influenciar nas analises genéticas de caso-controle, também foram realizadas as analises
estratificando pela etnia. Observou-se que 0 rs2234355 do CXCR6, rs2853699 do CCR8 e
rs56061981 do CXCL10 foram associados com susceptibilidade a infec¢do pelo HIV na
populacdo euro-descendente. De acordo com esses achados, o rs2853699 ja foi
previamente associado com a progressao a aids em uma populagéo europeia (An et al.
2011). Entretanto, o rs2234355 do CXCR®6 foi associado com protecdo a infeccdo pelo
HIV nos individuos afrodescendentes neste estudo, corroborando prévios achados sobre o
efeito protetor deste polimorfismo na populagéo afrodescendente (Duggal et al. 2003; Zhao
etal. 2012).

Quando os niveis plasmaticos das quimiocinas ja citadas foram quantificados nos
diferentes estagios clinicos da infeccdo, foram observados niveis maiores de CXCL10 nos
grupos de individuos HIV+ que estavam na fase pré-aids (os quais iniciaram ARV entre 1-
2 anos apds a coleta) quando comparados com 0s controles saudaveis. Estudos ja
observaram que niveis aumentados do CXCL10 séo encontrados na fase aguda e primaria
da infeccdo junto com alta carga viral do HIV (Stacey et al. 2009; Liovat et al. 2012).

Neste estudo, 0s progressores extremos que se encontravam na fase cronica da infeccgdo e
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especificamente na fase pré-aids, apresentaram niveis significativamente aumentados do
CXCL10 quando comparados com os controles saudaveis. Interessantemente, ndo houve
diferencas significativas quando comparados os progressores lentos e rapidos pré-aids,
mostrando que essa modulacdo dos niveis de CXCL10 é dependente do estagio clinico da
doenca e ndo das diferencas fenotipicas entre os individuos. Todavia, nesta parte do estudo,
foi possivel avaliar o impacto de ARV sobre os niveis de CXCL10 quando comparados 0s
individuos que iniciaram ARV com <350 células T CD4" e os que iniciaram com >350
células T CD4". Assim, quando comparados os progressores lentos que estavam com o
mesmo tempo de ARV, observou se que os niveis de CXCL10 foram praticamente
normalizados nos individuos que iniciaram ARV com >350 células T CD4". Por outro
lado, niveis persistentemente altos de CCL20 foram medidos mesmo em progressores
lentos croénicos com >350 células CD4" e em pacientes sob ARV. Apesar da perda da
significancia estatistica apds a correcdo por maltiplas comparacdes, esses dados estdo de
acordo com previos estudos, que observaram a persisténcia do CCL20 em pacientes sob
ARV (Fontaine et al. 2011; Gauvin et al. 2016; Aziz et al. 2016). Assim, CCL20 tem um
potencial papel na disseminagdo do virus como ja descrito, e € importante considera-lo em

pesquisas futuras.

Esses dados chamam a atencdo para o refor¢o nas recomendac@es sobre inicio de
ARV em individuos crdnicos, mesmo estes apresentando numeros estaveis de células T
CD4". Somado a isto, nés avaliamos a ativagdo celular e perfil de subpopulagdes celulares
no grupo de progressores lentos que iniciaram ARV com >350 células T CD4" (dados
apresentados no capitulo 5 em relacdo ao impacto de ARV). Os nossos resultados
confirmam o que outros estudos ja vém observando, que ha uma ativacdo persistente do
sistema imunolégico, mesmo em individuos sob ARV e com carga viral indetectavel. Ante
essas observagdes, estudos tém proposto que iniciar ARV na fase inicial da infeccdo vai
reestabelecer mais rapidamente o sistema imune que se iniciado tardiamente na fase
crbnica, onde o sistema imune ja foi bastante comprometido. Ademais, o inicio tardio de
ARV pode, por alterar as subpopulacdes celulares j& estabelecidas no individuo, fornecer
um sinal que leve a um desequilibrio, visto que algumas subpopulacdes celulares foram
mais acometidas no inicio da infeccéo e, logo serdo mais dificilmente recuperadas, mesmo
sob ARV. Neste estudo os progressores rapidos que iniciaram ARV com <350 tiveram

uma frequéncia diminuida das células Th2 quando comparados com os controles saudaveis

138



e ja os progressores lentos que iniciaram ARV >350 na fase cronica da infeccdo também
apresentaram uma desregulacéo nas frequéncias das células com perfil Thl (diminuidas) e

Th17 (aumentadas) em relacdo aos controles saudaveis.

Porém, a limitacdo da proposta de iniciar ARV na fase inicial da infeccdo é muito
grande ja que a maioria da populacdo HIV+ s6 descobre sua sorologia na fase cronica da
infeccdo: ao chegar ao hospital para doar sangue, na internacdo por alguma outra doenca,
no acompanhamento pré-natal, quando da identificacdo de sintomas relacionados a aids,
entre outras causas. As propostas de recomendacdo para o0 inicio de ARV
independentemente do nivel de CD4" permitiu comparar pacientes que iniciam ARV com
CD4" estavel (350-550 células T CD4") com aqueles que iniciaram ARV com <200-350
células T CD4". Estudos anteriores observaram que iniciar ARV com CD4" estavel leva a
uma taxa de recuperacdo melhor quando comparado com o outro grupo (Cohen et al. 2011,
Grinsztejn et al. 2014). Contudo, ante essa limitacdo de atingir HIV soropositivos na fase
inicial da infeccdo, sugere-se 0 monitoramento de pacientes na fase crénica, mesmo com
niveis estdveis do CD4" usando biomarcadores, tais como o CXCL10, e muito

provavelmente o CCL20, para as recomendac@es do inicio imediato de ARV.

Finalmente, os controladores de elite, neste estudo apresentaram niveis de CXCL10
similarmente baixos aos controles saudaveis e isso pode potencialmente ser explicado
devido ao fato deles apresentarem carga viral indetectavel, pois esta € uma quimiocina
expressa na presenca de infec¢do viral. Em relacdo ao CCL20, os niveis também foram
similarmente baixos aos controles saudaveis. Existe na literatura dados controversos sobre
este grupo especial de individuos HIV+. Alguns estudos observaram que eles apresentam
uma ativacdo celular aumentada quando comparados com os controles saudaveis, e tal
ativacdo poderd eventualmente contribuir para uma desestabilizacdo do sistema imune
(Hunt et al. 2008). Porém, outros trabalhos mostraram uma ativacdo celular similar aos
controles saudaveis e uma manutencao da integridade da mucosa intestinal (Sankaran et al.
2005). Diferencas entre essas observac@es provavelmente sdo dadas pela caracterizacdo

que cada grupo usa para definir os controladores de elite.
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6.2 Conclusao

Uma parte dos resultados desta tese, avaliando fatores genéticos e imunolégicos do
hospedeiro sdo esquematicamente representados na figura 5, e sugerem que: o papel dos
polimorfismos rs56061981 do CXCL10 e o rs3091250 do CCR3 aumentam a
susceptibilidade do individuo frente a infeccdo pelo HIV, enquanto que o polimorfismo
rs13034664 do CCL20 influencia na progressao da doenca. Ja o polimorfismo rs4359426
do CCL22 influencia tanto na susceptibilidade e na progressdo a aids. Levando em conta
que esses polimorfismos podem modificar o padrdo de expressdo dos niveis de CCRS3,
CXCL10, CCL20 e CCL22, prejudicando a resposta inicial do hospedeiro dada pelo
padrdo Th1l:Th2 frente ao HIV, e consequentemente afetam a progressdo da doenca, este é
um campo a ser investigado para um melhor entendimento dessa relacdo. Além disso, 0s
niveis plasmaticos do CXCL10 estdo aumentados na fase pré-aids, o monitoramento do
individuo na fase crénica da infeccdo e ainda com boa manutengdo dos niveis de CD4,
usando biomarcadores tais como 0 CXCL10 e CCL20, pode auxiliar na tomada de decisfes
para o inicio imediato de ARV. Ja o papel da terapia influenciou sobre os niveis de
CXCL10 chegando aos niveis normais, enquanto que ativacdo celular e os niveis de
CCL20 persistem nos progressores extremos sob ARV. Ademais, uma desregulacdo de

subpopulagdes T CD4" especificas em progressores extremos sob ARV foi observada.
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Figura 5. Fatores imunolégicos e genéticos do hospedeiro que potencialmente influenciam na susceptibilidade e na progresséo a aids. Contexto: na
fase aguda e priméria da infeccdo, o CXCL10 é uma das primeiras quimiocinas produzidas e altos niveis plasmaticos desta molécula sdo encontrados nesta
fase inicial. Além disso, uma ativagcdo imune exacerbada e consequentemente uma replicacdo viral descontrolada leva a um acentuado esgotamento de
células T CD4" (principalmente daquelas que se encontram na area da mucosa, como as Th17), tal esgotamento é negativamente correlacionado com os
niveis plasmaticos do CXCL10. O CXCL10, que é produzido principalmente pelas Thl, vai recrutar também células Th2, (as quais expressam
predominantemente CCR3, porém também expressam o CXCR3) e estas a sua vez vdo produzir também o CXCL10. Recentemente um perfil
predominante Th2 foi observado na fase aguda da infecgdo (presenca de altos niveis de IL-10 e IL-4), e se manteve até a fase crénica. Vérios trabalhos
observaram uma predominancia do perfil Th2 na fase da aids. Hipdteses: serd que o perfil Th2 na fase inicial da infecgdo vai determinar a progressdo da
doenca e esse perfil vai se manter o longo da infeccdo na fase pré-ARV? serd que o gatilho do perfil Th2 é dado pelos altos niveis do CXCL10 na fase
inicial da infeccdo? sera que a variabilidade genética de moléculas do hospedeiro, que sdo chaves desde o primeiro momento da infecgdo, pode influenciar
no padréo de expresséo delas influenciando na infec¢éo pelo HIV/AIDS? Nesta tese: Observou-se a influéncia da diversidade genética de CCR3, CXCL10,
CCL22 e CCL20 na susceptibilidade a infeccdo pelo HIV e progressdo para a aids. Ja na fase pré-aids, observou-se niveis plasméaticos aumentados do
CXCL10 os quais foram positivamente correlacionados com carga viral e negativamente com linfécitos T CD4". Ademais, uma correlagéo positiva com
guimiocinas de perfil Th2 foi observada nesta fase clinica da doenca. Os niveis plasmaticos de CXCL10 de normalizaram apés um tempo sob ARV. Ja o0s
niveis do CCL20 estavam aumentados na fase cronica e pré-aids, e uma persisténcia destes niveis aumentados encontrou-se mesmo apds um tempo com o
tratamento.



6.3 Perspectivas

- Estd em andamento um estudo de replicagdo avaliando esse painel de
polimorfismos em uma coorte de transmisséo vertical de Recife-Pernambuco;

- Estd em andamento um projeto para quantificacdo da expressdo de fatores de
transcri¢do das subpopulacdes celulares Thl, Th2, Th17 e Tregs;

- Incluir as andlises das células T regulatorias (Tregs) e precursoras no Ultimo artigo
em preparacdo (a imunofenotipagem ja foi realizada).
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Treg and Thl7 cell subsets are characterized by the expression of specific transcriptional factors and chemokine receptor as well as
by secretion of specific cytokine and chemokines. These subsets are important to the differentiation, expansion, homing capacity,
and recruitment of several different immune cell populations to the site of infection. Whereas Treg cells maintain self-tolerance and
control the activation and expansion of autoreactive CD4™ T effector cells through an anti-inflammatory response, Thi7 cells, in an
exacerbated unregulated proinflammatory response, can promote autoimmunity. Despite such apparently opposite functions, Thl7
and Treg cells share common characteristics, and their differentiation pathways are interconnected. Recent studies have revealed
quite intricate relations between Treg and Thl7 cells in HIV infection and progression to AIDS. Considering Treg cells, different
subsets were already investigated in the context of HIV infection, indicating a fluctuation in the total number and frequency
throughout the disease course. This review focuses on the recent findings regarding the role of regulatory T and Thi7 cells in
the context of HIV infection, highlighting the importance of the balance between these two subsets on disease progression.

1. Introduction

One of the major hallmarks of HIV infection is the immune
activation that prompt viral replication and CD4" T cells loss
with disease progression, also leading to an impaired immune
competence and consequently to AIDS development. It is
still discussed if the loss of immune competence is caused by
persistent immune activation, by a suppression of immune
cells proliferation or by both phenomena [1].

The CD4" T cells exert a central role in immune response
and represent the preferential target of HIV infection. The
most extensive studied CD4" T cells lineages so far are Thl
and Th2, albeit HIV research now focuses on the immune
balance and function of other cellular immune subsets, such
as regulatory T cells (Tregs), T helper 17 (Th17), T helper 9
(Th9), and T helper 22 (Th22), where Treg/Th17 cells balance
a relevant target of these studies [2, 3]. Treg cells, char-
acterized by Forkhead Box Protein 3 (FoxP3") expression,
represent an important subset that control the proliferation

of different immune cell subsets [4]. Meanwhile, T helper
17 most remarkable characteristic is IL-17 production that
drives the capacity to these cells to exert an important
proinflammatory function against extracellular pathogens
[5]. Also, it is known that both subset phenotypes (Treg and
Th17) are characterized by specific transcriptional factors and
chemokine receptor expressions as well as by secreting spe-
cific cytokines and chemokines. Together, all these factors are
important to the differentiation, expansion, homing capacity,
and immunological cell recruitment into the site of infection
or to the injured tissue for restraining the inflammation and
dissecting the fine balance between Th17/Treg cells [6, 7].
Natural history of HIV infection involves a variable
time of progression to AIDS. HIV long-term nonprogressors
(LTNP) are characterized by long periods (>10 years) of
AIDS-free symptoms even without antiretroviral treatment
and maintain low levels of viremia and elevated CD4"
T cells counts. In contrast, rapid progressor (RP) HIV-1
subjects succumb to AIDS after a few years of infection [8].
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TaBLE I: Immunophenotyping of Treg and Thl7 cells and their precursors in different studies.
Subset cells Markers used References
CD45RACCR7CD25"#CD127 Foxp3"CD4™ DaFonseca et al. [99]
CD45RACD45RO™ CCR7"CD25 Foxp3*CD4”" Valmori et al. [107]
Naive Tregs CD45RATCD25"CDI127°Foxp3TCD4" Valmori et al. [108]
CD45RA*CD45R0O-CD25"#"CD127°*Foxp3*CD4* Duhen et al. [18]
CD45RO-CD25*CD127°CD4* Tenorio et al. [17]
CD45RACD25"#CD127°" Foxp3*CD4* Canavan et al. [133]
CD45RA™CCR7*~CD25"#"CD127 Foxp3"CD4" DaFonseca et al. [99]
Memory Tregs ~ CD45RO*CD25"#CDI127°"Foxp3*CD4" Dubhen et al. [18]
CD45RA"CD25"# Foxp3™e CD4* Zhou et al. [134]
CD45RO*CD25CDI127°CD4* Tenorio et al. [17]
Memory Thi7 CD45RA™CCR6TCCR4"TCXCR3 CD4" Gosselin et al. [122]; Becattini et al. [135]; Acosta-Rodriguez et al. [120]

CD45RA™CCR67CD26"CD161

DaFonseca et al. [99]

Elite controllers (EC) are a particular group of LTNP
because they show persistent undetectable viremia (<50 RNA
copies/mL) without treatment, although they represent less
than 1% of all HIV-positive population [9]. Recent studies
have focused the attention to elucidate the mechanisms
involved in the variability of AIDS progression. Several com-
ponents including viral factors and the host genetic diversity
(e.g., the CCR5A32 variant and specific HLAs alleles) were
already described as important factors that modulate HIV
infection [10]. Nevertheless little is known about the cellular
immune mechanisms involved in HIV progression and their
role in immune molecular signaling, homing regulation, and
cell-cell interactions. A better knowledge about these mecha-
nisms could provide additional pieces to the complex puzzle
of HIV pathogenesis. This review will focus on the recent
findings regarding the role of regulatory T and Th17 cells in
the context of HIV infection, highlighting the importance of
the balance between these two subsets on disease progression.

2. The Role of Treg Cells on HIV Infection

2.1. Regulatory T Cells: Features and Functions. Regulatory
T cells constitute a specialized subpopulation of CD4" T
lymphocytes in the immune system that exerts pivotal roles
on establishing and maintaining self-tolerance and immune
homeostasis. These specific functions are derived from the
regulation of different immune cells proliferation [11]. Based
on this, it is expected that Treg cells may participate in the
immune regulation in human autoimmune diseases, cancer,
allograft rejections, and virus infection [12-15].

As a definition, Treg cells express high amounts of CD4,
CD25 (IL-2Re) and low CD127 (IL-7«) levels on the cell
surface, although the Forkhead Box Protein 3 (FoxP3) is
characterized as the gold standard marker for natural Treg
cells (nTregs or tTregs, from thymic-derived regulatory T
cells). IL-2Rer and FoxP3 expression (mediated by STAT5) are
critical for Treg cells survival and suppressive function [14,
16]. The limitation to the use of FoxP3 as a marker for Treg is
that viable cells cannot be isolated after intracellular staining.
In addition, FoxP3 expression is not always indicative of a
regulatory status within human CD4" T cells. A suggested

alternative is the combined identification of the cell surface
markers CD25 and CD127 (CD25Me", CD127'°%/7) [17, 18].
In recent years, several studies have proposed a consensus
panel of the markers to Treg immunophenotyping (Table 1).
Another studied marker, CD39 (an ectonucleotidase involved
in the hydrolysis of extracellular ATP into adenosine), iden-
tifies a bulk of human T cell regulatory population associated
with high FoxP3 expression and inhibits T cell proliferation
and cytokine secretion [19-21].

The suppressive capacity of Treg cells is widely dependent
and influenced by several factors, such as IL-2, inhibitory
cytokines (IL-10, TGF-§, or 1L-35), CD152 (CTL-associated
antigen 4, CTLA-4), and GITR (glucocorticoid-induced
tumor necrosis factor receptor) [21]. IL-2 and, in a lesser
degree, IL-7 and IL-15 cytokines are required for the correct
differentiation of tTreg cells and the survival of tTreg cells
and peripherally Treg cells (pTregs). Also, TGF-f seems to be
an important cytokine involved on pTreg cells differentiation
and homeostasis, although I1-2 is also required for TGF-§-
mediated induction of FoxP3 [22]. Since several cytokines
play a pivotal role on Treg cells function and differentiation,
recent studies are investigating and suggesting their use on
different conditions. The administration of IL-2 has been
associated to increase in circulating Treg cells number and
activation [23, 24]. IL-7 did not affect Treg cells proliferation
but suppresses Treg cells capacity in vitro and in vivo. Also, IL-
7 exerts a synergistic effect through downmodulation of the
ectoenzyme CD39, favoring Th17 conversion [25]. In addi-
tion, expression of the enzyme indoleamine 2,3-dioxygenase
(IDO), a tryptophan-degrading enzyme, represents another
mechanism for immunosuppressive function [26].

2.2. The Role of Treg Cells in HIV Infection and Progression
to AIDS: Friend or Foe? Persistent immune activation is con-
sidered a reliable predictor for HIV disease progression and
may lead to erosion, depletion, and exhaustion of the CD4* T
cell repertoire [27]. One of the immune mechanisms capable
of controlling the activation and expansion of immune cells
is the suppressive function exerted by Treg cells [28]. The
role of Treg cells on HIV infection is still inconclusive since
these cells can be involved both in the promotion as well
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as in the prevention of disease progression. Some findings
point to a beneficial effect through suppression of chronic
immune activation and inhibition of activated CD4" T cells
and consequent control of viral replication. On the other
hand, a detrimental role is observed since the inhibition of
specific HIV immune response through suppressive potential
can promote viral persistence at the host [29, 30].

Considering that Treg cells express on their surface the
chemokine receptor 4 (CXCR4) and chemokine receptor 5
(CCR5) molecules, these cells can potentially be susceptible
to HIV R5-tropic and X4-tropic infection [31]. Some studies
reported that HIV-infected Treg cells have its function and
phenotype profile altered; however, opposite results have
already been described [31-33]. Recently, Angin et al. [34]
successfully isolated and in vitro expanded CD4 regulatory
T cells from (HIV-positive) subjects. Expansion of functional
Treg cells from blood and lymphoid tissues of HIV-infected
subjects allied with its preserved suppressive capacity possi-
bly indicates that these cells are not intrinsically defective in
the context of HIV infection [34].

However, another study demonstrated that HIV-1 infec-
tion disrupts Treg cells function and its genes expression
[35]. Treg cells infected with HIV-1 seem to be less potent
in suppressing autologous CD8" and CD4" cell proliferation
as compared to uninfected Treg cells. This impairment on
Treg cells function can lead to HIV-associated generalized
immuneactivation and inflammation [35]. According to this,
infection of Treg cells with HIV X4-tropic strain results in
a decrease of FoxP3 expression and decreased suppressive
capacity [36]. Also, reduction in the expression of IL-2Re
in Treg cells was observed in HIV-infected subjects with
high viral load. This alteration could result in reduced Treg
cells capacity function in these individuals, considering that
the homeostatic role of this cells depends on IL-2 and the
expression of IL-2Rax at the cell surface [37].

Treg cells seems to be a major contributor to the immune
activation observed during chronic HIV infection, since a
strong relationship between Treg cells depletion and CD4"
T cell activation was observed [38, 39]. It is important to
carefully observe that, in chronic HIV infection, a gradual
increase of Treg cells (in terms of percentage) and a decrease
of its absolute numbers, during progression of the disease,
have already been described [39-43]. The opposite results
regarding Treg cells relative and absolute frequencies are
related to the fact that these cells are preferentially preserved
compared to conventional CD4" T cells [30]. Moreover, it
is important to point that the discrepancy observed about
Treg cells frequency on HIV infection can be attributed,
at least in part, to (i) different surface markers used to
characterize/isolate Treg cells; (ii) differential clinical stages
of HIV disease, (iii) differences on sample analysed (blood or
lymphoid tissues); and (iv) Treg subpopulations.

Human Treg cells have been subdivided according to their
activation state: CD45RA™ are defined as naive Treg cells and
CD45RO" defined as effector/memory Tregs cells in humans.
Different cell subsets were already investigated in the context
of HIV infection. When approaching the relative frequency
(percentage), an increase of memory Treg cells and a decrease
of naive Treg cells were observed as CD4" T cells decline.

The level of HIV viremia inversely correlates with memory
and naive Treg absolute cell numbers. In addition, immune
activation was inversely correlated with lower memory and
naive Treg absolute cells numbers [17]. A distinct Treg cells
phenotype was already identified on HIV infection. These
cells express HLA-G on their surface but do not express
FoxP3 or CD25 and are distinct in their profile and function
from the classical regulatory T cells. However, these Treg
cells (HLA-G") seem to be diminished in progressive HIV-
1 infection and may contribute to immune overactivation
during disease progression [44].

It is noteworthy that Treg cells have an important role in
immune homeostasis, and different evidences indicate that
these cell repertoires can be disrupted in HIV infection. A
better understanding of the Treg cells repertoire frequency
and function in HIV-infected subjects with different patterns
of progression to AIDS may help to elucidate the mechanisms
affected by such cells on HIV pathogenesis and consequently
their future therapeutic use.

There is an increasing number of studies approaching
the role of Treg cells on different HIV progression groups,
although the results are still conflicting. For instance, some
of them suggest that low immune activation contributes to
a slower disease progression [45]. Chase et al. [46] observed
that Treg cells frequency and function were preserved among
elite suppressor subjects (elite controllers), which may be a
mechanism to limit immune activation. In the same line, Jiao
et al. [47] observed a decrease of Treg cells absolute counts
during HIV disease progression in the typical progressors
group but not in LTNP subjects. One of the main reasons
for the differences in Treg cells loss among distinct clinical
progression groups would be that Treg cells migrate to
lymphoid tissues in the typical progressors, but not in LTNP,
which may contribute to Treg cells preservation on this last
group and elite controller group [48]. According to this,
lower levels of FOXP3", CTLA-4, and TGF-8, but not IL-
10, were observed in the tonsils of HIV-infected subjects
classified in the nonprogression group compared to HIV
typical progressors [33], indicating that the accumulation of
Treg cells within lymphoid tissues is a feature of chronic
progression. More recently, it was shown that viremic slow
progressors subject has lower Treg cells numbers associated
with CD4" T cell decreased proliferation and surprisingly
mucosal T cell activation. In this study, the low Treg cells
numbers in the rectal mucosa may contribute to immune
activation although they may also support stronger anti-HIV
immune responses and a preserved Treg/Th17 cells balance
[45].

Although some studies support the evidence of pre-
served Treg cells frequency and function in slow progressors
subjects, there is no consensus in the literature since no
differences among Treg cells frequency of slow progressors
compared to HIV-infection acute disease and seronegative
individuals have been described. Gaardbo et al. [49] showed
no alteration on Treg cells numbersamong LTNB, EC, viremic
controllers, typical progressors, and HIV-seronegative indi-
viduals both in blood and in lymphoid tissues. However, acti-
vated Treg cells were elevated in LTNP and elite controllers
compared to typical progressors and HIV-seronegative
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controls, whereas resting Treg cells were diminished, suggest-
ing an important role of different Treg cells subsets on HIV
pathogenesis [49]. In this same direction, Brandt et al. [50]
observed a lower frequency of Treg cells in EC compared
to viremic individuals (HIV-seropositive HAART-naive), and
the frequency was correlated with T cell proliferating and
activation.

2.3. Treg Cells in Animal Models: Investigating Treg Cells on
SIV Infection. Similar to HIV infection, the exact mechanism
of regulatory T cells function as well as its frequency during
Simian Immunodeficiency Virus (SIV) infection is unclear. Li
et al. [51] observed a higher absolute and relative number of
Treg cells in Chinese Rhesus macaques in the early stages after
SIV infection. No alteration on Treg cells suppressive capacity
after infection was described. Estes et al. [52] observed an
important regulatory response (mediated by FoxP3" and
TGF-B" cells) after SIV exposure that may be involved
in immune suppression of antiviral response and favor
viral persistence. Although the majority of studies evaluate
peripheral blood, Treg cells accumulation in lymphoid tissues
was also described [53]. In addition to this, Tregs cells can
potentially influence disease progression since lower FoxP3
mRNA levels were observed in an SIV nonprogressors model
when compared to SIV progressors [33].

A study performed by Pereira et al. [54] investigated the
frequency of Treg cells on two animal models with distinct
profiles of SIV progression: African primate Sooty mangabeys
(SM) (that do not develop immunodeficiency or disease) and
Asian Rhesus macaques (RM) (a disease progression model).
A decrease in Treg cells numbers was observed in chroni-
cally SIV-infected RM compared to uninfected animals. In
longitudinal analysis, the SIVmac239-infected RM showed a
transient increased Treg cells frequency in the acute phase of
infection [54]. After the acute phase, a progressive decrease
in the frequency and number of Treg cells was observed
and correlated with high viral load. Antiretroviral treatment
promoted an increase in the frequency and absolute count of
Treg cells. None of these differences was observed on the SM
model [54]. Another strategy used to investigate the role of
Treg cells in HIV infection was to block Treg cells with an
anti-CTLA-4 blocking antibody. CTLA-4 blockage in chroni-
cally SIV-infected ART-treated macaques was associated with
lower IDO and TGE-p levels, as well as decreased viral RNA
levels in lymph nodes and an increased immune specific
response, suggesting a potentially therapeutic approach on
HIV treatment [55].

2.4. The Impact of Highly Active Antiretroviral Therapy
(HAART) on Tregs. Highly active antiretroviral therapy can
significantly influence Treg cells numbers in HIV-infected
subjects, decreasing or even normalizing its frequency at
similar numbers to that of healthy controls [56, 57]. Some
studies report that lower Treg cells numbers were found in
blood and lymphoid tissues of treated compared to untreated
subjects [58, 59].

Additionally, it has been hypothesized that Treg cells may
contribute to the complete success of the treatment since
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subjects that do not respond to HAART seem to show higher
Treg cells numbers as compared to responders [58, 60, 61].
Gaardbo et al. [62] also demonstrated that subjects with
suboptimal immunological recovery had higher percentages
of Treg cells and activated Treg cells, as well as lower
resting Treg cells frequency in blood. In this same direction,
higher levels of Treg cells in blood and lymphoid tissues
predict a higher immunological reconstitution in individuals
with low CD4" T cell counts [62]. In a study performed
by Jiao et al. [47], HAART increased peripheral Treg cells
counts and induced a decrease in the immune activation
and CD8" T cell apoptosis in complete responders but not
in nonresponders subjects. In conclusion, considering the
important role of Treg cells in the balance between immune
activation and/or suppression during HIV progression as well
asitsinfluence on HAART response, these cells may be useful
as therapeutic targets or for prognostic monitoring in the
future.

3. The Role of Th17 on HIV Infection

3.1 Thi7 Cells: Features and Functions. Subpopulations of
Th17 T helper lymphocytes were recently described and
characterized by its involvement in mucosal immune inflam-
matory response, being its major function to protect the host
against extracellular bacterial and fungal infections [5]. Th17
cells can be found under homeostatic conditions, particularly
in the lamina propria of the small intestine [63]. However,
during infection or under inflammatory conditions, Th17
cells can be induced in other tissues. This cellular lineage
is responsible for the release of several cytokines that will
act in nearby cells, inducing the production of chemokines
able to recruit neutrophils and macrophages to the site of
infection [64]. Further, Th17 cells can induce the expression
of antimicrobial peptides, as lipocalin-2, Reg3y, -defensins,
and calprotectin [65].

Th17 human cells are characterized by the expression of
the transcription factor RORc and by the surface markers
CD1el, IL-23R, CCR6, and CCR4 [66, 67]. Moreover, the
expression of CCR5 seems to be tissue-specific, with Th17
cells in the peripheral blood being predominantly CCR5-
negative although they are CCR5-positive at the gastroin-
testinal tract [68]. The induction of RORc is dependent on
STATS, preferentially activated by IL-6, IL-21, and IL-23in the
presence of low amounts of TGF-§ [69, 70]. Additionally, a
balance between IL-6 and TGF-f concentrations has a pivotal
role in driving Thl7 immune responses, as will be better
discussed later [71, 72].

Stimulated Th17 effector cells express several proinflam-
matory cytokines, such as IL-17, IL-21, IL-22, and IL-26,
and chemokines as CXCL-6, CXCL-7, CXCL-8, and CCL20
[73], which contribute to the expansion of the inflamma-
tory response through cells recruitment and activation and
induction of antimicrobial peptides production. IL-17 leads to
inflammation through NF-«f and MAPKs and the induction
of genes that code for matrix metalloproteinases, growth
factors, other proinflammatory cytokines, and chemokines
that attract neutrophils [74].
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A balance of proinflammatory and anti-inflammatory
or suppressive cytokines in the cellular microenvironment
seems to be determinant to the differentiation of the Th17
cells population in specific subsets: Th17 cells expressing
both Th17-Thl and Th17-Th2 surface markers were found in
response to the presence of [L-6, IL17, and [L-15 and addition
of IL-12 or IL-4, respectively [75]. Another subset, Th17-Treg
cells, seems to involve a more complex signalling context [76].

3.2. The Role of Thi7 Cells in HIV Infection and Progression
to AIDS. Thl7 cells are constitutively observed throughout
the intestinal lamina propria and in gut-associated lymphoid
tissues (GALT). Approximately 80-90% of the CD4" T cells
present in GALT are able to secrete I1-17 [66]. Furthermore,
it is recognized that GALT is the main region for HIV
replication and massive CD4" T cells depletion in early
infection is observed in this compartment [77]. Indeed,
extreme permissiveness of Th17 cells to HIV-1 infection can
be explained based on the fact that mucosal CD4" T cells
present a CD45RO" memory phenotype and express CCR5
and/or CXCR4 [78]. Therefore, the loss of Thi17 cells during
the HIV infection affects the intestinal mucosal barrier as well
as local innate and adaptive immune functions [78].

The presence of HIV-specific Th17 cells in HIV-infected
individuals during early infection was already reported; how-
ever, this response was not detectable during chronic or non-
progressive stages of the infection disease [79]. Conversely,
Brenchley etal. [80] demonstrated that, in HIV-infected and
uninfected individuals, Th17 cells respond to bacterial and
fungal antigens; nevertheless, Th17 cells response was not
specific for viral antigens, including HIV. However many
studies found that massive infection of CD4" T cells in
GALT is directly associated with inflammation of the mucosal
tissues and a breakdown of the mucosal integrity, resulting
in microbial translocation from the lumen of the gut into
peripheral blood [81, 82].

As has been suggested by some authors, Th17 cells may
have dual impact on HIV infection due to the functional
capacity in the mucosal tissue. In the acute phase of infection,
in an inflammatory environment, Th17 cells could promote
cell migration to the gut and create conditions for viral
replication [83-85]. Nevertheless, in the chronic phase of
infection, the reduced number of Th17 cells in the gut has
been associated with a decrease in mucosal restoration and
increase of microbial translocation and immune hyperactiva-
tion, which would contribute to exacerbation of the infection
80, 86].

Initial studies evaluating Th17 populations in HIV
infected subjects demonstrated that Th17 cells were depleted
in the gut-associated lymphoid tissue [39, 87]. In two sub-
sequent studies, Salgado et al. [88] and Ciccone et al. [89]
evaluated the numbers of Thi7 cells in LTNP and typical
progressor subjects. They reported similar results, suggesting
that the number of Thl7 cells in LTNP is greater than in
typical progressor subjects. Furthermore, Salgado et al. [88]
also observed a negative correlation between plasma HIV-
RNA levels and Th17 cell number and with CD4" IL7R"
cell number: HIV infected with higher of viral load showed

the lowest numbers of Th17 cells and IL7R" CD4" cells. These
authors suggest that increased numbers of Th17 cells in
LTNP subjects could better preserve the immune response
againstbacterial infections. Thus, low microbial translocation
could explain the reduced activation and slower progression
of the disease in LTNP subjects. Supporting these results,
Singh et al. [90] showed that extensive elimination of CD4"
T lymphocytes in the GALT in the early stages of HIV-1
infection affects the intestinal homeostasis and significantly
decreases the effector and regulatory functions of Th17 cells.

3.3 Thi7 Cells in Animal Models: Investigating Thi7 Cells
on SIV Infection. Since Thl7 cells of the SIV host have the
same phenotype and general functions of the human Th17
cells, these cellular lineages have been investigated in different
animal models, as Sooty mangabeys (SM) (that do not develop
immunodeficiency or disease) and Asian Rhesus macagues
(RM) (a disease progression model). The Th17 cells studies in
SM can be highlighted because, in spite of severe depletion
of CD4" T cells in the mucosal tissues during acute SIV
infection, even in the face of high viral replication similar to
infections by HIV-human and SIV-RM, they do not progress
to AIDS [91].

Raffatellu et al. [92] showed the inability of SIV-infected
macaques to assemble an inflammatory GALT response
against S. fyphimurium due to an overall CD4" T cells
depletion in this tissue. Also, a significant systemic spread
S. typhimurium after the loss of Th17 cells was observed.
Another important study, by Paiardini et al. [93], revealed
that, after nonpathogenic SIV infection, SM are able to
maintain or increase the levels of Th17 cytokines due to the
recovery of CD4" T cells supported by the bone marrow
and that this recovery contributes to the resistance against
progression to AIDS. Other studies identified significant
differences in the mucosal barrier integrity in models of HIV
and SIV infection [91]. According to Brenchley et al. [94],
Th17 cells are preferentially depleted in the mucosa of HIV"
humans and SIV*" Rhesus macaque pathogenic infections, but
these cells were preserved in SM-SIV infections.

Recent studies have correlated the expression of CCR6 in
Th17 cells and preservation of the gut mucosal barrier. This
fact can be highlighted by the maintenance of Th17 cells in the
gut and the reduced microbial translocation in SIV-infected
RM treated with [L-21, a key cytokine in the activation of Th17
response [95]. Also, there are in the human Th17 repertoire,
especially prevalent in the GALT, cells expressing high levels
of CCRS5, which would be a target of a preferential and rapid
depletion [96].

SIV replication in the infected RM is restricted by the
size of the preexisting Th17 cells compartment: animals with a
high representation of such cells in blood and in the intestinal
tissue previously to infection experienced peak and set-point
viral loads about one log unit lower than those with a lower
representation of Thi7 cells [97]. Reciprocally, treatment of
macaques with IL-2 and G-CSF before infection led to the
depletion of Th17 cells, reduction of the ratio between Th17
and Treg cells, and higher viral loads for 6 months after
infection [97]. These results suggest that the host immune
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system pool previous to the infection has an influence on the
disease course after infection and provides a new framework
for understanding interindividual variation in response to
HIV-infection.

3.4. The Impact of Highly Active Antiretroviral Therapy on
Thi7 Cells. In the HIV infection, Th17 cells seem to be
preferentially depleted in the intestinal mucosa and to a
lesser extent in peripheral blood [77]. In the acute phase,
the low levels of CD4™ T cells can be restored with the
viral load reduction mediated by HAART. Macal et al. [98]
showed that the highest level of CD4" T cells restoration
during HAART correlates with a substantial increase in
mucosal Th17 cells and a decrease in inflammation markers.
However, it is unclear why HAART cannot restore Thi17
cells in the intestinal mucosa of some individuals: this same
study observed that in some HIV-infected subjects a low
level of immune activation persists in GALT despite long-
term therapy. A possible explanation is that as Th17 cells are
highly susceptible to HIV infection, this subset would be
depleted early in HIV infection, leading to nonrestoration
of the Thl7 cells in spite of HAART. On the other hand,
there are evidences showing that the paucity of the Thi7-
lineage committed precursor cells coincides with the Th17
polarization deficit in HIV chronically infected on HAART
individuals versus HIV-negative controls [99]. Therefore, it
can be suggested that the initial exhaustion of the precursor
Th17 cell subsets in early stages, in some HIV-infected
individuals, could be correlated with the Thl7 restoration
deficit despite an undetectable viral load. These studies are
discussed in more detail further in this review (see What
about the Balance between Th17 and Treg Cells in HIV
Infection?).

Ndhlovu etal. [100] reported that healthy children exhibit
a higher frequency of Thi7 cells in the peripheral blood
than HIV-infected children. Also, infected children with
viral load greater than 50 copies/mL had a greater decrease
in the frequency of these cells compared to children with
undetectable viralload, suggesting that a preservation of Th17
cells depends on viral suppression [100]. Recently Pilakka-
Kanthikeel et al. [101] comparing virologic responders and
virologic failures HIV-infected children to uninfected pedi-
atric subjects showed that microbial translocation persisted
after 44 weeks in both responders and failures HIV-infected
groups. A study by Alvarez et al. [102] performed in vitro
demonstrated that virus replication can be suppressed by 3TC
therapy, but the restoration of Th17 response observed in non-
infected controllers was only achieved with the combination
of 3TCand a “cocktail” of Th17 cytokines (IL-6, IL-18, TGF-8,
and [L-23). Taking into consideration that it was possible to
restore Th17 response, it will be interesting to conduct more
studies with such potential therapy.

4, Th17 and Treg Balance

The Th17/Treg balance is defined as “a state of equilibrium
of the immune system that permits accurate and rapid
protective responses against pathogens but curtails potential
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for causing harm to the host through targeting of ‘self” and
provoking overexuberant inflammatory processes” [6]. It is
known that Th17 and Treg cells have opposite roles in the
development and outcomes of autoimmune/inflammatory
diseases. Whereas Th17 cells can promote autoimmunity due
to a proinflammatory response, Treg cells maintain self-
tolerance and controls activation and expansion of autore-
active CD4" T effector cells through an anti-inflammatory
response [7]. However, Th17 and Treg cells share common
characteristics, and their differentiation pathways are inter-
connected.

Recent reports demonstrated that Treg and Thi7 cells
have a high grade of plasticity due the fact that their initial
differentiation is not an endpoint of T cell development
[75, 76]. This plasticity allows a functional adaptation to
various physiological situations during an immune response
and mightalso be a critical disturbing factor for the Th17/Treg
balance, leading to the immunopathogenesis of autoim-
mune/inflammatory diseases [75].

The maintenance of a Th17/Treg balance mainly depends
on environmental factors and genetic predisposition. Besides,
the plasticity of both cell subsets is highly dependent
on the cytokine milieu and in the inflammatory context.
Importantly, the commensal microbiota composition has
a particularly significant influence in the immune system
regulation and an imbalance in the gut microbiome could
lead to alterations of immune responses in both GALT and
periphery [6]. Of note, there are mechanisms of peripheral
tolerance, achieved in large part through the action of Treg
cells.

TGE-£ is a critical factor for both Th17 and Treg cells,
essential for inducing both RORc and FoxP3 [72, 103].
CD4"FoxP3"RORc" cells represent a transient population,
able to give rising to either Th17 or Treg cells depending
on the local conditions. If sensing a proinflammatory envi-
ronment, TGF-§ induces RORc expression and Th17 cells
differentiation [6, 104]. In the absence of an inflammation,
TGEF-f promotes FoxP3 expression and in combination with
IL-2 promotes differentiation, expansion, and survival of Treg
cells that maintain immune tolerance. This fact is due to
a FoxP3-mediated inhibition of the activity of RORc and
RORa, resulting in abrogation of IL-17 and IL-23 expression
[105].

It was observed that Treg cells can acquire a Thi7-
like phenotype. They are able to release 1L-17 and express
RORc and high levels of CCR6 but can retain a suppressive
capacity (although this capacity is rapidly lost upon strong
activation in the presence of IL-15 and IL-6) and FoxP3
expression (Th17Treg profile) [75]. Other studies focused on
naive cells as precursor population of Tregs and Th17 cells and
observed that both subsets have a common precursor. It was
observed that natural Tregs differentiate from CD25" naive
T cells (N'Tregs) [106, 107]. Valmori et al. [108] reported that
polarization of human Th17 cells preferentially occurs from
FoxP3" naive Treg cells in the presence of IL-2 and IL-18
and is increased by IL-23 and TGE-f. Recently, Mercer et al.
[109] named these Thi7-like phenotype Treg cells as IL-17"
Tregs cells, due to the fact that this subset produces IL-17, and
observed that naive Treg cells (TNreg) expressing CCR6 have
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apredetermined capacity to differentiate into IL-17" Treg cells
with suppressive activity in vifro. They also observed that a
small portion of naive Treg cells expressing CCR6 have the
propensity to polarize into Th17 cells. CCR6 is expressed by
both Treg and Th17 cells and plays a significant role in Treg-
mediated suppression and in the migration of Th17 cells to
inflammatory sites [110].

Other important factors can influence the Th17/Treg
balance. The fine-tuning of Treg cells upregulate chemokine
and cytokine receptors in a pattern matching that of the
immune T effector cells, whereas chemokine receptors such
as CCR6 and CXCR3 facilitate the spatial proximity of
suppressive Tregand inflammatory effector cellsand cytokine
receptors (e.g., IL-1R, IL-6R) that may compete for important
factors, thus, limiting the activation or differentiation of T
effector cells [6, 104].

Also, the stability of Treg cells has been questioned. It
was observed that adoptive transfer of FoxP3" Treg cells into
lymphopenic hosts leads to loss of FoxP3 expression in these
cells and their differentiation into follicular T helper cells
(Tfh) in Peyer’s patches [111]. In contrast, in another study,
CD25"CD4" T cells were stable and did not lose FoxP3 upon
adoptive transfer into lymphopenic hosts, whereas a relatively
minor fraction of CD25~ or CD25"Y FoxP3" cells can lose
FoxP3 expression and divert into effector T cell lineages [112].

Studies observed a reduction in Treg cell numbers and/or
a loss of Treg function in animal models and human autoim-
mune diseases. Nevertheless, it is important to highlight
that an increased number of Treg cells in autoimmune
disease do not necessarily mean that these cells are able
to control the immune response. As aforementioned, Treg
cells have a certain degree of plasticity and can lose their
suppressive function, especially under inflammatory condi-
tions. Furthermore, data on peripheral Treg cell numbers and
function in human autoimmune/inflammatory diseases are
contradictory and remain subject to debate.

4.1. What about the Balance between Th17 and Treg Cells in
HIV Infection? Several studies were carried out to investigate
the Th17/Treg balance state in typical progressors treated or
untreated, EC, slow progressors, HIV-infected subjects, and
SIV infection model [113]. Since Treg cells are developmen-
tally linked to Th17 cells, the ratio of Th17 to Treg cells is
used as an index of the relative balance between these two cell
subsets. An impaired Th17/Treg balance in HIV-1 infection
has a deleterious effect on gut mucosal immunity and fuels
immune activation by enhancing microbial translocation [3,
80].

The importance of the Th17/Treg balance maintenance
was highlighted by experiments performed in animal models
using SIV infection. For instance, a loss of the Th17/Treg
balance was observed in pathogenic SIV infection in Pig-
tailed Macaques (PTs) when compared with nonpathogenic
infection in African Green Monkeys (AGMs). SIV-infected
PTs, but not SIV-infected AGMs, rapidly developed systemic
immune activation and a selective depletion of Th17 cells,
suggesting that loss of the Th17/Treg balance is related to SIV
disease progression [113].

Li et al. [114] observed a continuous loss of Th17 cells
which was accompanied by a concomitant rise in the fre-
quency of Treg cells, resulting in a Th17/Treg cells imbalance
during the HIV-1 progression disease in untreated chronic
HIV-1 infected followed up for more than 1 year. This study
included a small group of EC and remarkably, Th17/Treg
cells ratios in those elite controllers remained comparable
with ratios observed for HIV-seronegative controls. Com-
plementary to these data, in an Indian HIV-infected cohort,
Thi7 cells from peripheral blood were significantly more
depleted in late stage infected as compared to early stage
infected and slow progressor subjects. In this same study,
Treg cells frequencies in the subjects with slow progression
HIV-1 infection were comparable to the HIV-seronegative
controls [115]. Another study performed by Brandt et al. [50]
also observed that Th17/Treg cells ratio was similar in EC
and HIV-seronegative controls. Taken together, these results
suggest that the maintenance of the equilibrium between Th17
and Treg cells would correlate with a “better prognosis” in
terms of disease course. In addition, in this study, in untreated
viremic and treated HIV-infected subjects, the Th17/Treg cells
ratio was lower compared with HIV-seronegative controls.
Interestingly, a study followed up HIV/AIDS subjects before
and after HAART and observed that the Thi7/Treg cells ratio
was significantly decreased before treatment, while HAART
partially normalized the Th17/Treg cells ratio [116], suggesting
that the HAART treatment can restore the Th17/Treg cells
balance.

It has been recently shown that IDO induced trypto-
phan (Trp) catabolism promotes T cell differentiation into
Treg cells through FoxP3 overexpression and suppresses the
expression of RORc and the generation of Th17 cells [26].
Also, enhanced IDO activity was associated with HIV disease
progression, and such activity leads to a Th17/Treg imbalance
in the peripheral blood [117]. This chronic activation by IDO
pathway diminishes the host’s capacity to generate Th17 cells
affecting the mucosal immune barrier critically dependent
upon Thi7 cells [3]. However, a recent study observed that
IDO induced Trp catabolism into kynurenine that induces
a harmful effect on the Th17/Treg cells ratio that may
subsequently contribute to enhanced microbial translocation
during HIV-1 infection. Importantly, EC compared to ART
successfully treated and healthy subjects displayed a distinc-
tive Trp catabolism characterized by similar Kyn/Trp ratios
and preserved IDO expression and Thi17/Treg cells ratios
[118]. Thereby, efforts to prevent an imbalance (or restore a
balance) of Th17/Treg in HIV-infected individuals could be
envisaged as a potential treatment alternative.

Studies are showing that precursor populations of Treg
and Thi7 cells are target of HIV infection, and this phe-
nomenon perturbs the Treg and Thl7 cell polarization
and consequently the balancing of these subsets. Mercer
et al. [109] observed that IL17" Treg cells (derived from
naive Treg cells) are selectively reduced in number in
HIV-infected subjects with suppressed viral loads through
HAART. Then, DaFonseca et al. [99] showed that a Th17
polarization is impaired and this deficit coincided with the
paucity of CD25"$hCD127 FoxP3" (naive Tregs or nTregs)
and CD25""CD127* FoxP3™ (called double positive) subset
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cells in chronically HIV-infected aviremic subjects under
HAART. In this study, the nTreg cells from recently infected
untreated viremic subjects harbored higher levels of inte-
grated/unintegrated HIV-DNA when compared with the
same cells from chronically HIV-infected aviremic subjects
under HAART. Finally, both recent studies suggest the
requirement for new therapeutic strategies designed to the
preservation of IL17"Tregs- and Thi7-lineage committed
naive precursors.

5. Role of Chemokine Receptors on
Th17 and Treg Cells: Implications for
HIV Pathogenesis

5.1. Characterization of Th17 Cells by Chemokine Receptors and
HIV Infection. Chemokine receptors have an important role
in the phenotypic characterization of memory T cell subsets
with distinct migration capacities and effector functions. The
ligands for these receptors are inflammatory chemokines and
chemoattractants, which are expressed in inflamed tissues
and mediate the selective recruitment of different types of
effector cells [119].

Memory CD4" T cells are highly heterogeneous in
its potential homing and effector functions against a spe-
cific pathogen. Studies associate the commitment of lin-
eage and antigenic specificity of CD4" T memory sub-
sets with chemokine receptors expression [120-122]. It was
observed that CCR4"CCR6"CD4" T cells subsets produce
IL-17 and express the transcription factor RORyr (Th17
profile) and were specific for Candida albicans, whilst
CXCR3"CCR6"CD4" T cells subsets produce IL-17 and
IFN-y and express the transcription factors RORyr and T-
bet (Th1Th17 profile) and were specific for Mycobacterium
tuberculosis [120].

There is emerging interest in the knowledge of the
phenotype of HIV-infected CD4" T cells, with several studies
demonstrating that HIV is very selective in choosing its
cellular targets. It is well established that memory CD4" T
cells are more permissive to HIV compared with naive T
cells [77]. Thereby, it was observed that CCR4"CCR6" CD4"
T and CXCR3"CCR6"CD4" T cell subsets in peripheral
blood were highly permissive to replication of both R5 and
X4 HIV strains. Interestingly, these CD4" T cell subsets
showed a persistent decline during chronic infection despite
antiretroviral therapy [84,122]. More recently, it was observed
that Tetanus foxoid and C. albicans specific CD4™ T cells with
a Th17 profile (and high expression of CCR6 and its CCL20
ligand) were permissive to HIV infection, whereas CMV-
specific CD4" T cells with a Th17 profile were highly resistant
to both R5 and X4 HIV strains [121]. These results show a
preferential infection of peripheral CCR6"CD4" T cells by
HIV and the importance of different CD4" T cell subsets
against specific opportunistic pathogens that are depleted at
different rates [123].

Studies observed that memory and effector Th17 cells
are present in a subset of CCR6" cells in both peripheral
blood and inflamed tissues and are preferential target to
HIV-1 infection [124]. Even though Th17 cells express more
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than one trafficking receptor in a tissue-specific manner,
CCR6 is the unique receptor that is uniformly expressed
by all subsets of Th17 cells [125]. CCR6 is a gut homing
chemokine receptor and has a critical role in cell migration
into Peyer’s patches of the distal small intestine where CCL20
(MIP-3¢) is expressed [125]. During normal development
and immune homeostasis, CCL20 selectively attract CCR6-
expressing lymphocytes and DCs to the mucosal surfaces,
organizing lymphoid tissues, such as Peyer’s patches, mesen-
teric lymph nodes, and GALT [126]. Th17 cells subsets express
CCR6 and produce CCL20. The production of CCL20 from
Thi7 cells is regulated similarly as IL-17 (induced by TGE-§
along with I1-6) [126]. In contrast, an in vitro study observed
that CCR6 expression on Th17 cells is coordinately regulated
by TGF-§ and IL-2. TGF-f, but not IL-6, was able to induce
CCR6 on T cells; conversely, IL-2 effectively suppressed the
expression of CCR6 on Th17 cells [72, 125]. Thi17 cells, by
producing CCL20, could also attract other Thil7 cells via
CCR6, meaning that the production of CCL20 can lead to
further recruitment of other CCR6-expressing Th17 cells and
sustained chronic inflammation [126].

The high susceptibility of Th17 cells to HIV in vitro is
reflected by their in vivo depletion in the peripheral blood
of HIV-infected individuals receiving treatment, compared
with HIV-uninfected subjects [83]. It was suggested that
CCR4TCCR6" CD4" and CXCR3"CCR6" CD4™ cell subsets
could have the potential to be recruited to the intestinal
and vaginal mucosa through a CCR6 CCL20 dependent
mechanism significantly contributing to HIV dissemination
and persistence in cells, also attracting other CCR6" CD4"
T cells to viral replication sites, in vivo [84, 122, 124].
Also, the a4f7 integrin identifies a subset of Thi7 cells
that is preferentially infected and depleted during acute SIV
infection [125]. Accordingly, a study observed that the loss of
peripheral ®4™ 87" memory CD4" T cells correlates with the
loss of CD4" T cells in GALT during pathogenic SIV/HIV
infection [127]. Taken together, these studies indicates that
the ability of Th17 cells subsets to migrate into the GALT
and other infection sites (e.g., periphery) depends on the
imprinting for homing which is mediated by a combination
of adhesion molecules and chemokine receptors (Figure 1).

5.2. Characterization of Tregs by Chemokine Receptors and
HIV Infection. As aforementioned, homing and trafficking
of effector cells are mainly facilitated by chemokines and
expression of their chemokine receptors on distinct T cell
subsets, and Treg cells are no exception. It was observed that
CD45RA™ FoxP3" T cells from peripheral blood express the
CCR4, CCR5, CCR6, CXCR3, and CXCR6, chemokine recep-
tors, which are commonly expressed by memory/effector T
cells [128]. CCR4 and, even more, CCR8 have already been
reported to be important for regulatory human CD25" CD4"
T cells [129]. Of note, mature dendritic cells preferentially
attract Treg cells that express CCR4 and CCR8 through
CCL17, CCL22, and CCL1 chemokine secretion (Figure1).
Thereby, it was suggested that CCR4 and/or CCR8 may guide
Treg cells to inflamed areas and sites of antigen presentation
in secondary lymphoid tissues in order to attenuate T cell
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IL-2 induces Treg cells proliferation and inhibits CCR6 expression on Th17 cells.
IL-6 or IL-21 induces Th17 cells differentiation and inhibits Treg cells.

IL-23 implicated in the Th17 phenotype stabilization and expansion but is not
a differentiation factor.

IL-$ and IL-6 amplify Th17 cells differentiation.

F1GURE 1: The interaction network between transcriptional factors, cytokines, chemokines, and their receptors in Thl7 and Treg cells. The
fine-tuning of Th17/Treg balance is regulated by expression of transcription factors that are activated by cytokines milieu and their receptors.
TGF- along with mainly IL-6 induces RORc, ROR-a, or STAT3 expression to differentiate Thi7 cells while that in combination with IL-2
induces FoxP3 expression to differentiate Treg cells, while homing and immunological cells recruitment of both cell subsets are powerful
mechanism mediated by chemokines and their chemokine receptors such as CCR6, CCR4, or CXCR3 which facilitates the recruitment of
suppressive Treg and inflammatory effector Thl7 cells (e.g., by means of CCR6-CCL20) into the site infection or injured tissue. Of note,
other immunological cells, as dendritic cells, influence this balance because they produce cytokines, chemokines, and other molecules that

participate in this interaction network.

activation or inhibit APC function [129]. This scenario
suggests that chemokines secreted by APCs and chemokine
receptors expressed on T cell subsets regulate the competition
of T cells for access to antigen-bearing APCs.

Regarding CCR6, an important receptor expressed on
Thi7 cells, CCR6" Tregcells exhibit a phenotype of activation,
memory, and expansion that are typical for an effector
memory function [110]. Unlike Th17, Treg cells do not pro-
duce CCL20 [126]. However, it was observed that Treg cells
migrate towards to CCL20-producing Th17 cells in vitro in
a completely CCR6 dependent manner (migratory response
was completely abolished in CCR6-deficient Th17 and Treg
cells) [126]. In this study, itis proposed that Th17 cells produce
CCL20 that attract other CCR6" Th17 cells as well as CCR6"
Tregs through CCR6.

In the context of viral infections, Qin et al. [130] observed
that a simultaneous antagonism of CCR4 by increased
CXCR3 ligand expression (CXCL11) and loss of CCR4 ligand
expression contributed to reducing homing of FoxP3" Treg
cells to lymph node and intestinal tissues during SIV infec-
tion. In this study, the increment of IFN-y as an upstream reg-
ulator of CXCR3 ligand expression and the decrease in TGF-
B as an upstream regulator of IFEN-y expression revealed a
complex set of interrelationship that control multiple positive

and negative feedback system [130]. In the early stage of HIV
infection, plasma IP-10 (CXCR3 ligand) levels were predictive
of rapid progression than viremia or CD4" T cells levels
[131]. Regarding CCL20 (CCR6 ligand), saliva was shown to
increase significantly CCL20 secretion. Thus, it suggests that
saliva could facilitate HIV entry and other pathogens through
the genital mucosa during sexual intercourse [132].

Nevertheless, little is currently known about how
chemokines and chemokine receptors regulate the homing
and trafficking of Treg cells in HIV infection. Differential
profiles of Treg homing receptors could be critical in the
control of the inflammatory response against HIV. Also,
interactions between chemokines and their receptors, such
as CCL20/CCR6-mediated signals, can be strongly induced
by proinflammatory stimuli. Future studies approaching
how Treg cell subsets interact with each other and with the
remaining cells by means of their chemokine receptors would
certainly help in the understanding of the HIV infection
pathogenesis.

6. Conclusions

HIV-1 infection is characterized by a gradual decrease of
the immunological competence and a massive depletion of
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CD4" T cells, particularly in GALT, which leads to microbial
translocation, contributing to immune hyperactivation, an
important pathogenic mechanism HIV-1infection. Thi7 cells
are proinflammatory CD4" T cell subsets and play a pivotal
role in host defense, mainly in the gastrointestinal tissue.
Currently, most evidence suggests that Th17 cells have a
beneficial role in HIV infection by promoting gut mucosa
recovery, preventing microbial translocation and decreasing
immune hyperactivation. However, a pathogenic role of
these cells, particularly the induction of an increase in
viral replication through the production of inflammatory
cytokines, should not be ruled out. The role of Treg cells
in regulating T cell activation during immune responses
to pathogens such as HIV-1 is a subject of great interest.
Their effects can be beneficial or detrimental depending
on the balance between attenuating HIV-induced immune
hyperactivation and mountingan immune response to HIV-1
and opportunistic pathogens.

The interaction between the cytokines milieu, chemo-
kines, and chemokine receptors and the acquisition of tissue-
specific homing form a complex network that is influenced
mainly by the plasticity of T cells, genetic host, and environ-
mental factors. Recent studies prompted that this network
can disturb the Th17/Treg balance during HIV-1 infection.
However, the mechanisms underlying this interaction are
still not completely understood, and more studies need to
be carried out in that direction. Finally, new findings about
Th17/Treg outcomes and the understanding of interindi-
vidual variability in HIV infection will be crucial to the
development of new treatment strategies and vaccines.
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ABSTRACT

The genetic background of human populations can influence the susceptibility and outcome of infection
diseases. Toll-like receptors (TLRs) have been previously associated with susceptibility to human immun-
odeficiency virus (HIV) infection, disease progression and hepatitis C, virus (HCV) co-infection in different
populations, although mostly in Europeans. In this study, we investigated the genetic role of endosomal
TLRs on susceptibility to HIV infection and HCV co-infection through the analysis of TLR7 rs179008, TLR8
rs3764880, TLR9 rs5743836 and TLRY rs352140 polymorphisms in 789 Brazilian individuals (374 HIV+
and 415 HIV-), taking into account their ethnic background. Amongst the 357 HIV+ individuals with
available data concerning HCV infection, 98 were positive. In European descendants, the TLR9
rs5743836 C carriers displayed a higher susceptibility to HIV infection [dominant, Odds Ratio (OR)
=1.53; 95% Cl: 1.05-2.23; P=0.027]. In African descendants, TLR9 rs5743836 CT genotype was associated
with protection to HIV infection (codominant, OR =0.51; 95% Cl: 0.30-0.87; P=0.013). Also, the TLR9
rs352140 AA variant genotype was associated with susceptibility to HIV+/HCV+ co-infection in African
descendants (recessive, OR = 2.92; 95% CI: 1.22-6.98, P=0.016). These results are discussed in the con-
text of the different ethnic background of the studied individuals highlighting the influence of this
genetic/ethnic background on the susceptibility to HIV infection and HIV/HCV co-infection in Brazilian

individuals.
© 2017 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics.

1. Introduction

coding for endosomal toll-like receptors (TLRs), are of special inter-
est [2].

It is well established that host genetic factors are of consider-
able interest to the field of HIV/AIDS and can account for some of
the differences regarding HIV-1 susceptibility and progression
[1]. Among the genetic factors considered to be important in the
initial detection and efficiency of the response against HIV-1, those

* Corresponding author at: Laboratory of Immunogenetics, Institute of Bio-
sciences, Department of Genetics, UFRGS, Av. Bento Gongalves - 9500, Campus do
Vale, 91501970, PO Box 15053, Porto Alegre, RS, Brazil.

E-mail address: jabchies@terra.com.br (J.A.B. Chies).

http://dx.doi.org/10.1016/j.humimm.2017.01.001

TLR7/8/9 recognize nucleic acids from viruses and bacteria and
are exclusively expressed within endocytic compartments [3]. In
the context of HIV infection, it was reported that a guanine-
uridine-rich single strand RNA derived from HIV-1 is recognized
by TLR7/8 and stimulates dendritic cells and macrophages to
secrete interferon alpha (IFN-o) and proinflammatory cytokines
[4,5]. Also, a direct interaction of HIV-1 gp120 with plasmacytoid
dendritic cells (pDCs) inhibits TLR9-mediated responses, including
pDC activation, IFN-o secretion and the cytolytic activity of Natural
Killer (NK) cells [6], suggesting that HIV-1 can evade immune

0198-8859/© 2017 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and Immunogenetics.
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responses through the inhibition of innate immune components
[7].

Some studies observed the role of endosomal TLRs on HCV
and outcome [8,9]. For instance, HCV infection, in the same
way as HIV, triggers IFN-a secretion in pDCs via TLR7 or TLR9
[2,10]. Of note, HIV+/HCV co-infected subjects with chronic
HCV infections have higher HCV viral load when compared with
individuals infected with only HCV. Moreover, studies have
observed a relationship of endosomal TLRs and HIV/HCV co-
infection [11,12].

Functional genetic polymorphisms as TLR7 rs179008, TLRS
rs3764880, TLR9 rs5743836 and TLR9 rs352140 have been
observed to influence HIV acquisition [13,14] and AIDS progression
[15-17] and also the susceptibility to HIV/HCV co-infection and
outcome [11,18]. For instance, the TLR7 rs179008 T variant, associ-
ated to low IFN-o production was also associated with accelerated
disease progression [15], the TLR8 rs3764880 G variant, lead to a
slower progression of the disease in HIV-1+ subjects [17]. Regard-
ing the TLR9 rs5743836 and rs352140 polymorphisms, they have
been linked to viral load, CD4+ T cell counts and disease progres-
sion in HIV-1 infected individuals and mother-to-child HIV-1
transmission [13,14,16]. Genotypic frequencies and haplotype dis-
tribution of endosomal TLRs in healthy populations vary according
to ethnicity and even within the same ethnic group [19,20]. This
highlights the necessity to studies considering ethnic ancestries
to the comprehension of how the genetic background influences
susceptibility to these diseases.

Taken together, the aim of this study is to evaluated the fre-
quency of TLR7 rs179008, TLR8 rs3764880, TLR9 rs5743836, and
TLR9 rs352140 polymorphisms in HIV+ (and HCV co-infected)
Brazilian individuals classified according to their ancestry. Our
results evidenced distinct ethnic backgrounds associated to differ-
ent endosomal TLR gene polymorphisms and different outcomes.
In the present manuscript, we will discuss these results and the
potential influence of the genetic/ethnic background on the sus-
ceptibility to HIV infection and HIV/HCV co-infection in those
individuals.

Table 1
Demographic and clinical characteristics of HIV+ subjects and HIV— controls.

Demographic No. of subjects (%)°

HIV+ subjects HIV— controls HIV+ vs.
(n=374) (n=415) HIV—
P-value
Median age + SD 4258 +5.42 4434 +§.99 NS
Sex”
Female 166 (0.45) 190 (0.46) NS
Male 203 (0.55) 224 (0.54)
Ethnicity
European 212 (0.57) 310 (0.75) 0.000002
descendants
African 162 (0.43) 105 (0.25)
descendants
Clinical
HCV co-infection 98/357 (0.27) NA -
(ves)®
European 41/98 (0.42) NA
descendants
African 57/98 (0.58) NA
descendants
HAART (yes) 374 (1.00) NA -

SD, standard deviation; NA, not applicable; NS, not significant.
* Percentages are based on known data.
b HCV test available for 357 HIV+ patients.
" Missing data.

2. Material and methods
2.1. HIV+ subjects and controls

Table 1 summarizes demographic and clinical data of the 789
individuals. 374 were HIV-1+ subjects (212 European descendants
and 162 African descendants) from the South Brazilian HIV-1
Cohort (SOBRHIV) at the HIV/AIDS outpatient clinic at Hospital
de Clinicas de Porto Alegre [21]. Of them, 357 had data on HCV
infection and 98 were HIV+/HCV+ co-infected. All HIV+ subjects
were adults on highly active antiretroviral therapy (HAART) for
at least one year with viral load <50 copies per milliliter. The con-
trol group was composed of 415 HIV— adult individuals (310 Euro-
pean descendants and 105 African descendants) collected amongst
healthy blood donors (that are systematically screened for fever,
cold, flu, pregnancy, hepatitis, Chagas disease and malaria) resident
at the same urban center as HIV+ subjects. The majority of HIV+
and HIV— subjects were European descendants and sex and age
were similar in both European and African groups.

Issues regarding the skin color-based classification criteria that
are used in Brazil are well documented [22]. Of note, different geo-
graphic regions in Brazil present distinct admixture levels that
reflect the country occupancy and history. In this sense, the north
of Brazil presents high levels of admixture, with a high frequency
of the three major ancestral groups (meaning: Native South Amer-
icans, Africans and Europeans). Conversely, the Southern region
has a lower degree of admixture, with a major component of
European-descendants and low admixture with Native South-
American groups.

The study protocol was approved by the Ethics Committee of
the Hospital de Clinicas de Porto Alegre and informed consent
according to the Declaration of Helsinki was signed by all
participants.

2.2. Genotyping

DNA was isolated from whole blood using the salting-out
method [23] and stored at -20°C. The TLR7 rs179008, TLRS
rs3764880, and TLR9 rs352140 polymorphisms were amplified by
PCR-RFLP using Apol, Nlalll and BstUl restriction endonucleases,
respectively, according to the protocol described by Cheng et al
(2007) [24]. The TLR7 rs179008 and TLR9 rs352140 cleavages were
visualized in 6% polyacrylamide gel and TLR8 rs3764880 was visu-
alized in 8% polyacrylamide gel, both silver nitrate stained. TLR9
1s5743836 was genotyped by Bidirectional PCR amplification of
specific alleles (BI-PASA) as described by Carvalho et al. (2007)
[20] with modifications by dos Santos et al. (2012) [25] and visual-
ized in a 2% agarose gel stained with ethidium bromide. Positive
controls for each genotype (wild-type homozygous, heterozygous
and variant-type homozygous) were included in all experiments.
If any doubt about genotyping arouse during procedures, all sam-
ples of this specific amplification group were re-evaluated. Ran-
domly selected samples were sequenced to confirm the
genotypes when protocols were standardized.

2.3. Statistical analysis

The Hardy-Weinberg equilibrium test was performed in cases
and controls using the chi-square test (?). Clinical and demo-
graphic data were compared among the groups using T student
P <0.001. Genetic models {codominant, dominant and recessive)
were tested to ensure that interesting findings are not missed
[26]. Odds Ratio (OR) with 95% confidence intervals (CI) were
calculated for each model using binomial logistic regression or
chi-square test (Mid-P exact). We stratified our data by ethnic
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background since genotypic frequencies of endosomal TLRs are dif-
ferent among human populations. Frequencies for TLR7 and TLRS
genes are presented by sex since these genes are located on the
X chromosome. Haplotype frequencies, D’ and r* were estimated
using MLocus program [27]. A two-tailed value of P<0.05 was
used to indicate statistical significance. Statistical analyses were
performed using SPSS 18.0 and WinPepi version 11.1 softwares.

3. Results

3.1. Allelic and genotypic frequencies distribution stratified by
ethnicity

All polymorphisms were in Hardy-Weinberg equilibrium in
HIV+ individuals and controls when stratified by ethnicity. Table 2
shows allelic and genotypic frequencies in HIV+ individuals and
controls according to the ethnicity. According to the dominant
model (TC + CC vs TT), the TLR9 rs5743836 C allele carrier subjects
(TC or CC) are more susceptible to HIV-1 infection (OR = 1.53; 95%;
ClI: 1.05-2.23; P=0.027) in individuals of European ancestry. How-
ever, in individuals of African ancestry, according the codominant
model, HIV+ subjects with the TLR9 rs5743836 TC genotype are
protected against HIV-1 infection (OR=0.51, CI 95%: 0.30-087,
P=0.013). Concerning the TLR7 rs179008, TLR8 rs3764880 and
TLR9 rs352140, no association between these polymorphisms with
HIV-1 infection was observed.

3.2. Allelic and genotypic frequencies in HIV/HCV co-infected subjects

Table 3 shows the comparison among HIV-1+ HCV+ co-infected
subjects or not co-infected stratified by ethnicity. According the
recessive genetic model, the TLR9 rs352140 variant AA genotype
frequency was higher in the HIV+/HCV+ group when compared
with the HIV+/HCV— group (0.29 vs. 0.13; P=0.016, OR=2.92;

Table 2

95% CI: 1.22-6.98) in African descendants. No differences in allelic
and genotypic frequencies were found for the other
polymorphisms.

3.3. Haplotype frequencies distribution of TLR9 SNPs

In the analysis of linkage disequilibrium (LD) for TLR9 polymor-
phisms, the D’ values between rs5743836 and rs352140 were
shown to be in modest disequilibrium in European descendants
(D’ = 0.70). While the D’ values in African descendants were shown
to be in low disequilibrium (D’ <0.7). Table 51 shows haplotypic
frequencies for TLR9 polymorphisms stratified by ethnicity. Com-
paring HIV+ subjects and controls for both ethnic groups, no statis-
tical differences were observed in the four haplotypes distribution.
Nevertheless, differences due to the ethnic background become
quite evident when both ethnic groups were compared among
HIV+ subjects and controls.

4. Discussion

In this study, in European descendants, the minor C allele carri-
ers (TC or CC) of TLR9 rs5743836 have a higher susceptibility to
HIV-1 infection according to the dominant model. In accordance
with our data, Pine et al,, {(2009) described an association of the
C allele with high viral load and rapid AIDS progression, although
these associations were not significant after corrections [16]. Of
note, in the study of Pine et al., the cohort was restricted to white
individuals from the United States of America. In marked contrast,
our results in individuals of African ancestry indicated TLR9
1s5743836 TC or CC genotypes as protective against HIV-1 infec-
tion both according to codominant model. In addition, our group
also observed an association of the TLR9 rs5743836 C allele carriers
with protection to HIV-1 infection in another Brazilian cohort of
African descendants, classified according to rapid or slow

Binomial logistic regression of genetic models of TLR7/8/9 SNPs in HIV+ subjects and HIV— controls stratified by ethnicity.

Gene SNP Eurcpean descendants African descendants
Model Genotypes HIV+ HIV— OR(95%CI) P-value Model Genotypes HIV+ HIV— OR (95% CI) P-value
n(%) n(% n (%) n (%)
TLRS 1s5743836 Dominant TT 136 227 1 0.027 Codominant TT 90 (0.58) 47 (046) 1 0.013
(0.64) (0.73) TC 50(0.33) 51(049) 051
(0.30-0.87)
TC + CC 76 83 1.53 cc 14 (0.09) 5(0.05)
(036) (0.27) (1.05-2.23)
1s352140  Recessive GG +GA 138 227 1 0372 Dominant GG 45(0.32) 43 (041) 1 0.124
(0.70) (0.74)
AA 59 81 1.20 GA+AA 98 (0.68) 62(0.59) 151
(0.30) (0.26) (0.81-1.78) (0.89-2.55)
TLR8 1s3764880 Dominant AA% 47 69 1 0.743 Dominant AAQ 24(041) 21(048) 1 0.486
(0.49) (0.47)
AG + GG? 48 77 0.92 AG + GG? 34 (0.59) 23(052) 129
(051) (0.53) (0.54-1.54) (0.58-2.87)
Ad 52 97 Ag 57 (0.68) 43 (0.73)
(0.55) (0.65)
Ga 42 52 Ga 27(0.32) 16 (0.27)
(0.45) (0.35)
TLR7 15175008 Dominant  AAQ 70 102 1 0.833 Dominant AAQ 46(0.71) 29(067) 1 0.753
(0.69) (0.71)
AT+ TTQ 31 42 1.08 AT+ TTQ 19(0.29) 14(033) 0.86
(031) (0.29) (0.61-1.88) (0.37-2.00)
Ad 91 136 Ad 78 (0.80) 52 (0.85)
(0.86) (0.86)
T3 15 23 T3 19(0.20) 9(0.15)
(0.14) (0.14)

OR: Odds Ratio; CI: Confidence interval; SNP, single nucleotide pelymorphism.

Bold value indicates statistical significance of univariate logistic regression (P < 0.05).
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Table 3

Binomial logistic regression of genetic models of TLR7/8/9 SNPs in HIV+{HCV— and HIV+HCV+ subjects stratified by ethnicity.

Gene  SNP European descendants African descendants
Model Genotypes  HIV+/ HIV+/ OR (95% CI)  P-value  Genotypes  HIV+/ HIV+/ OR (95% CI)  P-value
HCV- HCV+ HCV-— HCV+
n (%) n (%) n (%) n (%)
TLRS  1s5743836 Dominant TT 101 (062) 28 (068) 1 0480 T 58 (0.60) 29 (055) 1 0.547
TC +CC 61(0.38) 13 (031) 077 TC +CC 39 (040) 24 (045) 123
(0.37-1.60) (0.63-2.42)
15352140  Recessive GG+ GA 105 (0.70) 27 (0.69) 1 0.926 GG +GA 77 (0.87) 36 (071) 1 0.016
AA 45(030)  12(031) 1.04 AA 11(0.13) 15(029) 2.92
(048-2.37) (1.22-6.98)
TIR8 153764880 Dominant  AAQ 37(049) 8(053) 1 0.784 AAG 18 (044) 6(038) 1 0.769
AG+GG¢  39(051)  7(047) 110 AG+GGS 23 (056) 10(0.62) 089
(0.61-1.97) (0.56-1.43)
Ad 32(048) 15 (0.68) Ad 33 (067) 22 (069)
G 35(052)  7(0.32) Gg 16 (0.33) 10 (0.31)
TIR7 15179008  Dominant  AAQ 57(0.70)  10(063) 1 0562 AAG 33(0.73) 12(063) 1 0.550
AT +TTS 24(030) 6(037) 079 AT + TTQ 12 (027) 7(037) 0724
(0.39-1.62) (0.34-1.55)
Ag 64 (0.83) 22 (092) Ad 43 (0.77) 32 (0.84)
Ta 13(0.17)  2(0.08) T2 13 (023) 6(0.16)

OR: Odds Ratio; CI: Confidence interval; SNP, single nuclectide polymorphism.

Bold value indicates statistical significance of univariate logistic regression (P < 0.05).

progression to AIDS (de Medeiros RV, personal communication).
No association was observed in our study concerning TLR9
1s352140 and HIV infection, differently from some other studies
[14,28,29].

One important role of TLRY concerns the dendritic cells, which
produce proinflammatory cytokines via NF-kappaB in response to
their activation [3]. An in vitro functional study indicated that
peripheral blood mononuclear cells carrying the TLR9 rs5743836
TC genotype expresses high levels of TLR9 in response to synthetic
CpG oligodeoxynucleotides (CpG ODN) and also induces increased
B cell proliferation and IL-6 production, as compared to TT carrying
cells [30]. The activation of memory B cells by TLRS may play a sig-
nificant role in memory B cell homeostasis and a sustained produc-
tion of antibodies. Jiang et al., (2008) observed that purified B cells
from HIV-1+ subjects had a decreased TLR9 mRNA expression as
compared to those from HIV-1 negative controls, in response to
CpG ODN; suggesting that decreased TLR9 expression could con-
tribute to the functional defects of B cells in HIV infection [31].

A comparative analysis between HIV+ co-infected subjects or
not with HCV was also performed. In African descendants, the
TLR9 rs352140 variant AA frequency was higher in HIV+/HCV+
when compared to HIV+HCV— individuals (OR=2.92, 95% CI:
1.22-6.98; P=0.016), suggesting that AA genotype carriers have
higher susceptibility to HIV+/HCV+ co-infection. Of note, Clausen
et al. (2014) reported that A allele carriers of TLR9 rs352140 were
associated with spontaneous HCV resolution in a Caucasian cohort,
but in the validation cohort this association did not reach statistical
significance [32]. More studies are needed to clarify the role of the
TLR9 rs352140 variant on HIV/HCV co-infection.

Regarding TLRS haplotype frequencies, no significant differ-
ences were observed between HIV+ subjects and controls. How-
ever, different haplotypic frequencies between individuals from
distinct ethnic origins become evident. For instance, controls of
African ancestry have a higher overall CG haplotypic frequency
than controls of European ancestry (0.18 vs 0.02). Indeed, a previ-
ous study had already observed a higher frequency of the CG hap-
lotype among African Americans [33]. These different frequencies
seem to be related to the ethnic origin of our population, being
independent of the disease. A study from our group observed a
similar haplotype distribution for these TLR SNPs in individuals
with systemic lupus erythematosus [25].

Previous studies in our group approached genetic aspects of HIV
+ (and HCV co-infected) individuals, classified according to their
ethnic origin. Concerning the human leukocyte antigen-G (HLA-G)
gene, genotypic frequencies were distinct according to the ethnic
background evaluated [34]. In the case of mannose binding-lectine
(MBL) polymorphisms, it was possible to observe a protective
effect against HIV infection or HCV co-infection only in individuals
of African ancestry [35]. In the present study, once more, the influ-
ence of the ethnic background was evidenced on susceptibility to
HIV infection and HCV co-infection.

To emphasize the importance of the ethnic background, we
compared the genotypic frequencies obtained on this study with
European and African populations available at the HapMap data-
base(Table S2). The controls of European ancestry from the present
study were quite similar to the Europeans from the database set.
However, there was a considerable difference between the African
descendants from our study and the African individuals from the
HapMap database. This result must reflect the Brazilian history,
characterized by extensive, although asymmetrical, admixture
[22]. Besides, it is possible to observe quite similar frequencies
amongst the TLR9 rs5743836 and rs352140 allelic frequencies from
our data and other studies on African descendant admixed popula-
tions [36,37].

There are robust evidences linking genetic differences between
ethnic groups and the pool of pathogens associated to a given
human population. An interesting study by Kai Zhao et al. (2012)
observed a higher frequency of HIV protective alleles of different
immune-related genes in Biaka Western Pygmies compared to
other sub-Saharan Africans. This work hypothesized that immun-
odeficiency viruses may have first infected humans, such as the
Biaka Western Pygmies, that historically resided in communities
within the forest range of the common chimpanzee (the natural
host of SIV, from who HIV originated). SIV probably crossed species
barrier more than once, and this would generate a selection pres-
sure for resistance, which could be reflected in the characteristic
genomic signature of the descendants of these affected populations
[38]. A study of the evolution and natural selection of TLRs in dif-
ferent ethnic groups described a higher genetic diversity of TLR9
in African populations when compared with the European and
Asian populations [39]. Nonetheless, further replication studies
with other HIV+, HCV+ and HIV+/HCV+ admixed cohorts allied to
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evolutionary studies need to be done to fully explain the ethnically
related differences observed.

5. Conclusion

We suggest that the TLR9 rs5743836 polymorphism has a sig-
nificant role in HIV-1 infection depending on the ethnic back-
ground, since it was associated with susceptibility to HIV
infection in HIV+ individuals of European ancestry and protection
to HIV infection in African descendants. The effect of this variant,
although small, is statistically significant when assessed without
correction for multiple comparisons and therefore needs to be
replicated in populations stratified by ethnicity. Also, the TLR9
1s352140 polymorphism was associated with susceptibility to
HIV+/HCV+ co-infection in African descendants. Our data rein-
forces the importance of considering the ethnic background in
human population studies, and highlights the need for replication
studies in other admixed HIV-1+ cohorts.
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Abstract

Case-control genetic association studies on infectious diseases are increasingly
challenged by the genetic diversity of both hosts and pathogens. In the case of Human
Immunodeficiency Virus (HIV) infection, through molecular genotyping and Genome-
Wide Association Studies (GWAS), polymorphisms on genes of the immune system have
extensively been associated with susceptibility, resistance, progression and response to
treatment. In this sense, the search of clinical phenotypes predisposing or protecting
individuals to infection diseases have been a main area of interest in the immunogenetic
studies during the last years. These studies have revealed that the ethnic origin of a given
individual (and therefore its genetic background as a whole) is a pivotal factor to be
considered in the interpretation of the results. In this review, genetic association studies
involving candidate genes from innate and adaptive immune response are approached in
the HIV context, taking it as an infection model. Advances and limitations of the genetic
association studies are discussed and some examples highlighting the potential application

of immunogenetics in the medical/clinical field.
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Resumen

Los estudios de asociacion genética caso-control en enfermedades infecciosas son
cada vez mas desafiantes debido a la diversidad genética del hospedero y la diversidad de
los patégenos. A través de las técnicas moleculares de genotipificacion de variantes
genéticas candidatas y el estudio de asociacion del genoma completo (en inglés GWAS,
Genome-Wide Association Studies), polimorfismos en genes del sistema inmunoldgico
han sido asociados con la susceptibilidad, resistencia, progresion de la infeccion y
respuesta al tratamiento. Asi, los diferentes fenotipos clinicos entre los individuos frente a
una infeccion han sido blanco de estudio en la inmunogenética durante los Gltimos afios.
Tales estudios han sefialado que la etnia de las poblaciones es un factor importante a ser
considerado en la interpretacion de los resultados. En este articulo de revision se describen
algunos estudios de asociacion genética en genes candidatos del sistema inmune innato y
adaptativo tomando como modelo la infeccién por el Virus de la Inmunodeficiencia
Humana (VIH). Avances y limitaciones en los estudios de asociacion genética también son
discutidos, asi también son destacados algunos ejemplos de la aplicacion de la

inmunogenética en el campo de la medicina.
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Introduccion

Los estudios de asociacion genética caso-control analizan la influencia de variantes
genéticas del genoma humano sobre una determinada enfermedad. La mayoria de estas
variaciones analizadas son polimorfismos de base Unica (en inglés SNPs, single nucleotide
polymorphisms), ademéas de deleciones e inserciones. Aunque los genes que codifican los
antigenos leucocitarios humanos (en inglés HLA, human leucocyte antigen) sean los alelos
méas comunmente evaluados en estos estudios, un amplio espectro de otros genes también
es objeto de analisis. De esta manera, aquellos estudios que analizan la diversidad de genes
del sistema inmunoldgico corresponden al area de la inmunogenética. Dicha &rea ha
contribuido enormemente al entendimiento de la base genética del sistema inmune. Sin
embargo este entendimiento se hace aun mas complejo cuando se trata de enfermedades
multifactoriales, como son las infecciosas, debido a la existencia de miles de genes que
actuan en diferentes vias frente a una respuesta especifica del sistema inmunoldgico.
Ademas, estudios de evolucion molecular han demostrado que ante esa complejidad se
suma la influencia del origen étnico de las poblaciones y la diversidad genética de los

patogenos (1).

Con el auge del desarrollo de las técnicas moleculares para la genotipificacion de
variantes genéticas, los estudios independientes de asociacion genética caso-control se
incrementaron en el campo de las enfermedades infecciosas. Ademads, estudios de
asociacion del genoma completo (en inglés GWAS, Genome-Wide Association Studies)
han permitido replicar asociaciones ya reportadas por estudios independientes e identificar
nuevas variaciones. Estos estudios han puesto en evidencia que variaciones en genes del
sistema inmune innato y adaptativo influencian en la susceptibilidad, resistencia,
progresion de la infeccion y respuesta al tratamiento en varias enfermedades, incluyendo la
infeccion por VIH (2—-4). Sin embargo, se ha observado una falta de reproducibilidad de las
asociaciones genéticas reportadas y esto puede deberse a varios factores como: el origen
étnico, el tamafio de la muestra, diversidad en la caracterizacion de la progresion, momento

de la infeccion, diversidad del patdgeno, tratamiento, factores ambientales, entre otros.

Entre las enfermedades infecciosas que se conocen en el mundo, la infeccion por el
Virus de la Inmunodeficiencia Humana (VIH) es la que mas ha llamado la atencion en el

campo de la inmunogenética. Los estudios de asociacion genética se incrementaron con el
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descubrimiento del papel de la delecion de 32 pares de bases en el gen CCR5 (CCR5A32) y
su asociacion con resistencia a la infeccion por el VIH tipo 1y una progresion mas lenta a
la fase del Sindrome de la Inmunodeficiencia Adquirida (SIDA) (5-7). Posteriormente se
observaron diferentes respuestas frente a la infeccion por el VIH-1 y fenotipos extremos
entre los individuos VIH-1+ comenzaron a identificarse. Asi, los progresores rapidos se
caracterizan por llegar a la fase del SIDA en un periodo méximo de 3 afos luego de la
seroconversion (8,9). El otro grupo extremo es representado por los progresores lentos, los
cuales llegan a la fase del SIDA después de convivir con el virus por mas de 10 afios y
estar bien inmunolégicamente en ausencia del tratamiento antirretroviral (9,10). Ademas,
hay otro grupo especial, compuesto por individuos que son llamados controladores de elite,
que en ausencia del tratamiento antirretroviral mantienen naturalmente niveles estables de
linfocitos T CD4+ y controlan la carga viral en bajos niveles y en muchos casos dicha
carga viral llega a ser indetectable (10,11). Con la clasificacion de estos grupos, los
investigadores comenzaron a estudiar los factores genéticos del hospedero que podrian

estar influenciando en las diferentes respuestas de estos individuos frente al virus.

En este articulo se describen los genes candidatos que estan siendo mas
comUnmente analizados en las enfermedades infecciosas, tomando como modelo la
infeccion por el VIH. Se aborda el papel del origen étnico como factor importante a ser
considerado en estudios de asociacion genética. Ademas, se comenta sobre algunos
avances y limitaciones de estos estudios y se destacan algunas aplicaciones que la
inmunogenética ha venido contribuyendo en los Gltimos afios en el campo clinico de la

medicina.
1. Genes candidatos asociados a enfermedades infecciosas: El VIH como modelo
1.1 Genes del sistema inmune innato

El sistema inmune innato es la primera linea de defensa contra las infecciones.
Consta de mecanismos celulares y bioquimicos que ya existen antes de la infeccién y que
estan listos para responder rapidamente a las infecciones (13). Los receptores tipo Toll (en
inglés TLRs, toll-like receptors) han sido bastante estudiados porque reconocen diversos
patrones moleculares asociados a patdgenos (en inglés PAMPs, pathogen-associated
molecular patterns). Cuando los TLRs reconocen estos PAMPSs inician una cascada de
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sefializacion intracelular y activan leucocitos, los cuales, via la activacion y la sintesis de
factores de transcripcion, van a producir generalmente citocinas y quimiocinas pro-
inflamatorias, como el NF-kB (factor nuclear potenciador de las cadenas ligeras kappa de
las células B activadas) (14). En las infecciones virales se destacan los TLRs 3, 7, 8y 9,
que se expresan en los endosomas de las células del hospedero y reconocen acidos
nucleicos de simple y doble cadena los cuales pueden provenir de los virus que infectan las
células (15). Variantes genéticas que puedan comprometer la funcion de los genes que
codifican estos TLRs han sido analizadas en estudios de asociacion genética caso-control.
Por ejemplo, polimorfismos localizados en los genes TLR3, TLR7, TLR8 y TLR9 han sido
asociados con susceptibilidad a infeccion por VIH, con la progresion a la fase del SIDA 'y
con transmision vertical del virus que se da de la madre al hijo durante la gestacion, el

parto o la lactancia (16-20).

En nuestro grupo de investigacion hemos encontrado asociaciones genéticas de los
TLRs endosomales con la susceptibilidad/resistencia a infeccion por el VIH y la progresion
al SIDA. Fue encontrada una asociacion genética del polimorfismo rs5743836 del gen
TLR9 con susceptibilidad a infeccion por el VIH-1 en individuos VIH-1+ euro-
descendientes, e interesantemente esta misma variante alélica fue asociada con resistencia
a infeccion en los individuos VIH-1+ afro-descendientes (21). Ya el polimorfismo
funcional rs179008 del gen TLR7 ha sido asociado con progresion rapida a la fase del
SIDA en mujeres adultas VIH-1+ (de Medeiros RM et al. 2016, comunicacion personal).
Otros estudios, también relacionados con la inmunidad innata, se han centrado en
polimorfismos de genes que codifican la lectina de unién a manosa (en ingles MBL,
mannose-binding lectin). Asi, da Silva GK et al. (2011) observaron una frecuencia
aumentada de los genotipos del MBL2 (el cual lleva a bajos niveles de la proteina) en
individuos VIH+ cuando comparados con individuos controles VIH-, sugiriendo que
individuos VIH-1+ con bajos niveles de esta proteina son mas susceptibles a infeccion por
VIH (22).

1.2 Genes del sistema inmune adaptativo

El sistema inmune adaptativo se caracteriza por reconocer moléculas distintas
(propias y no propias) y su capacidad de recordar y responder con mayor intensidad en

exposiciones repetidas al mismo patégeno (13). La region génica mas estudiada del
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sistema inmune adaptativo, y por ser la mas polimorfa entre los mamiferos, corresponde al
complejo mayor de histocompatibilidad (en inglées MHC, Major Histocompatibility
Complex). En los humanos este complejo es denominado HLA (en inglés HLA, human
leucocyte antigen) y los genes de esa region codifican moléculas HLA de clase I, Il que
participan en la presentacion de antigenos propios (del individuo) y no propios (de los
patogenos) a los linfocitos T CD8 (clase 1) y CD4 (clase 1) (13).

Los meétodos actuales de secuenciamiento del ADN han permitido definir con mas
precision subtipos de alelos HLA y sus diferencias entre los individuos, y los métodos
moleculares de genotipificacion han permitido realizar estudios de asociacion genética de
alelos especificos de HLA con enfermedades infecciosas. A pesar de la alta variabilidad del
HLA-B, varios estudios de asociacién genética han observado una relacion de los alelos
HLA-B*27 y HLA-B*57 con progresion lenta al SIDA, control de la carga viral, altos
niveles de linfocitos T CD4 y ausencia de sintomas en la fase aguda de la infeccion
(23,24). Por otro lado, el HLA-B*35 parece estar asociado con la progresion rapida al
SIDA (25,26). Mientras que la molécula HLA-G, considerada como una molécula no
clasica de HLA, se destaca por su papel inmunosupresor en las infecciones virales y la
diversidad genética del gen HLA-G ha sido bastante estudiada en nuestro grupo en
diferentes contextos. En la infeccion por el VIH, se observé la alta frecuencia del
polimorfismo de 14pb insercién/delecion del gen HLA-G que fue asociada a
susceptibilidad a infeccion por el VIH-1 en individuos seropositivos afro-descendientes
(27) .

1.3 Genes que vinculan el sistema inmune innato y adaptativo
Citocinas, quimiocinas y sus receptores

La comunicacién entre el sistema inmune innato y adaptativo es realizada por una
interaccion compleja entre las células del sistema inmune y proteinas plasmaticas solubles
como las citocinas y quimiocinas (28). Frente a una infeccion o sefial de tejido dafiado, la
primera respuesta del sistema inmunoldgico es la induccion de una fase aguda, que viene a
ser la acumulacion de leucocitos del sistema inmune innato (por ejemplo, macroéfagos,
neutrofilos, células dendriticas, células NK (natural killers)) los cuales producen citocinas
y quimiocinas en el sitio de infeccion desencadenando un proceso inflamatorio (29). En el
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caso que la infeccion no haya sido eliminada se da paso a la fase cronica de la infeccion, la
cual involucra el reclutamiento, migracion y activacion de leucocitos del sistema inmune
adaptativo (por ejemplo, monocitos y linfocitos T CD4, CD8) llevado acabo por citocinas
y quimiocinas (13). Las citocinas cuando ligadas a sus receptores estimulan la
proliferacion y diferenciacion de las células T y activan otras subpoblaciones de células
(13). Ya las quimiocinas, cuando estan ligadas con sus receptores, son las principales
responsables del reclutamiento y migracién de estas células al local de infeccion donde se
lleva a cabo la activacion de linfocitos y monocitos los cuales, a su vez, también van a

producir citocinas y quimiocinas (30).

Varios estudios han observado que polimorfismos genéticos de citocinas y
quimiocinas estan asociados con la susceptibilidad, progresion de la infeccion y respuesta
al tratamiento en diversas infecciones virales. En nuestro grupo hemos analizado 8
variantes en genes de citocinas (IL-2, IL-4, IL-6, IL-10, IL-17, Interferdn-a) y 15 variantes
en genes de quimiocinas y sus receptores (CCR3, CCR4, CCR5, CCR6, CCR8, CXCR3,
CXCRG6, CCL20, CCL22y IP-10), en el contexto de infeccion por el VIH-1. Los analisis de
interaccion genética evidenciaron que los polimorfismos rs1800872 de IL-10 y rs8193036
de IL-17A fueron asociados con susceptibilidad a infeccion por el VIH-1 en individuos
brasileros euro-descendientes (de Medeiros RM et al. 2016, comunicacion personal). Asi
también, los polimorfismos rs3091250 de CCR3, rs5606198 de IP-10 y rs4359426 de
CCL22 fueron asociados con susceptibilidad a infeccion por el VIH-1 en una cohorte de
individuos VIH-1+ del Sur del Brasil. Y en ese mismo trabajo, los polimorfismos
rs13034664 de CCL20 y rs4359426 de CCL22 fueron asociados con progresion réapida al
SIDA (Valverde-Villegas JM et al. 2016, articulo enviado a revista internacional para

publicacion).

El papel inmunoregulador de citocinas y quimiocinas se da solo cuando éstas estan
ligadas a sus respectivos receptores, los cuales son expresados en la superficie de las
células. Los receptores de quimiocinas son usados para caracterizar diferentes fenotipos de
linfocitos T CD4+ y ademas algunos de ellos son utilizados por los virus para entrar a la
célula e infectarlas. El receptor CCR5 es utilizado preferencialmente por el VIH-1 como
co-receptor para entrar a las células blanco. Entre las variaciones genéticas de estos
receptores, la delecion de 32 pares de bases en el gen CCR5 (CCR5A32) ha sido
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ampliamente estudiada. Esta mutacion, que hace no funcional al receptor CCR5, ha sido
asociada con resistencia a infeccion por el VIH y con progresion lenta al desarrollo de la
fase del SIDA en poblaciones europeas (5-7). Desde ese descubrimiento muchos
investigadores comenzaron a analizar la frecuencia de esa mutacion en diferentes
poblaciones humanas con distinto origen étnico y su asociacion en diferentes contextos de
infeccion viral. A diferencia del papel protector de esta mutacion en la infeccion por el
VIH-1, un estudio de meta-analisis observd que individuos de los EEUU portadores
homocigotos del alelo CCR5del32 tienen un alto riesgo a desarrollar sintomas por la
infeccion del virus del Nilo occidental (West Nile Virus, WNV) (31). Con ello,
observamos que el papel de este polimorfismo, sea de proteccion o susceptibilidad a una
infeccion, puede depender del patdgeno, origen étnico de la poblacion, del momento de la

infeccion o factores ambientales, entre otros.

2. Influencia del origen étnico en los estudios de asociacion inmunogenética

Las diferentes respuestas de los individuos frente a un mismo patégeno se deben en
parte a la influencia de la diversidad genética entre las poblaciones humanas. Estudios de
inmunogenética realizados en Brasil, y especificamente de nuestro grupo, demuestran la
influencia del factor étnico, puesto que este pais es altamente mixogenizado. Los analisis
son estratificados de acuerdo a la ascendencia étnica, generalmente en euro-descendientes
y afro-descendientes (22,32,33) o caso contrario los célculos estadisticos son corregidos
por la variable etnia en la regresion logistica. Mas interesante aln, recientemente algunos
estudios han observado que esa diversidad geneética puede ser diferente inclusive dentro de
un mismo grupo étnico (34). Existen muchos estudios de asociacion genética realizados en
cohortes europeas, seguido de las asiaticas y en los Gltimos afios se han incrementado los
estudios en poblaciones de origen africana, pero son pocos los estudios de asociacion

genética en cohortes de origen indigena y mixogenizadas.

Los diferentes estudios que han sido referidos a lo largo de este manuscrito
evidenciaron asociaciones que son especificas al origen étnico. Como se ha citado,
Valverde-Villegas JM et al. (2016) observaron que el efecto del polimorfismo rs5743836
del TLR9 dependia del origen étnico (21). Este SNP fue asociado con proteccion a
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infeccion en individuos VIH-1+ de origen afro-descendiente, mientras que el mismo fue
asociado a susceptibilidad a infeccion en los euro-descendientes VIH-1+. ComUnmente
observamos que las frecuencias alélicas y genotipicas de los genes se distribuyen de una
forma diferente entre las poblaciones étnicas, y polimorfismos genéticos asociados a
susceptibilidad, resistencia, progresion o caracteristica clinica de una enfermedad tendran
un papel diferente (para bien o para mal) de acuerdo a su distribucion en una poblacion
especifica. A pesar que cada vez mas parece ser complicado clasificar a los individuos de
acuerdo a su origen étnico utilizando los marcadores informativos de ancestria (en ingles,
AlMs, ancestry-informative markers), y esto es un tema que no se aborda aqui, los
esfuerzos deben continuar para refinar los paneles de los AlIMs, asi, como otras estrategias
deben ser utilizadas para conseguir realizar esta clasificacion e interpretar los resultados de

asociacion genética de una forma mas adecuada.
3. Avances y limitaciones de los estudios de asociacion inmunogenética

Con la disponibilidad de la secuencia completa del genoma humano el International
SNP Consortium y el HapMap Project fueron mapeando variaciones genéticas comunes en
distintas poblaciones con ancestria europea, africana y asiatica usando como referencia la
secuencia completa original (35,36). Esas variaciones genéticas son almacenadas en bases
de datos especializadas como HapMap (35), Immuno Polymorphism Database (37),
International Immunogenetics Information System (38), Ensembl (39), entre otras, las
cuales son de libre disponibilidad. Con la aplicacion inmediata de estas bases de datos
comenzaron a surgir estudios de asociacion genética con el objetivo de identificar variantes

genéticas asociadas a un fenotipo, generalmente un rasgo clinico.

Los estudios independientes caso-control de asociacion de genes candidatos
analizan cohortes de individuos representativos de un solo lugar y como consecuencia un
tamafno de muestra relativamente pequefio. Este tipo de estudio generalmente consigue
analizar pocas variantes genéticas. Por otro lado, los GWAs barren todo el genoma y
analizan entre miles o millones de variaciones genéticas, entre ellos las ya reportadas por
los estudios independientes. Muchas veces un GWAS analiza cohortes de individuos de
diferentes paises llegando a obtener cientos 0 miles de individuos para el estudio. Estas
cohortes generalmente pertenecen a consorcios, producto de las colaboraciones entre

diferentes centros de investigacion.
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En la actualidad existen méas estudios independientes de asociacion genética que
aquellos realizados por consorcios/GWAS. Al mismo tiempo que se incrementaron los
estudios independientes también se observo una falta de reproducibilidad entre los estudios
de replicacion para verificar la asociacion genética. Este estudio de replicacion implica
repetir el estudio en otra cohorte de individuos para confirmar la asociacion genética del (o
los) polimorfismo (s) identificado (S) en el estudio original. Sin embargo, para que este
estudio de replicacion sea interpretado correctamente, la muestra a ser analizada debe tener
caracteristicas similares a la cohorte original (40). La reproducibilidad de los estudios por
GWAS también ha sido incongruente en el contexto de las enfermedades infecciosas, en
comparacion con otras enfermedades genéticas humanas, en donde los resultados han sido
mas consistentes (41). Se ha sugerido que esa falta de reproducibilidad de los estudios
independientes de asociacion genéticay de GWAS en las enfermedades infecciosas, puede
ser debida al tamafio de la muestra, origen étnico de las poblaciones humanas, diversidad
genética de los patdgenos, y a los diferentes criterios clinicos utilizados para definir el
“caso”; por ejemplo, la edad del diagnostico de la enfermedad o de la progresion,
diferencias en la gravedad, entre otros. A ello se suma, el uso de un adecuado grupo
control, el cual es altamente dificil de obtener debido a que la informacién de individuos

expuestos al patdgeno pero no infectados, es limitada (41,42).

Frente a ello, para una mejor comprension del papel real de estas variantes
genéticas en las enfermedades infecciosas, los investigadores se han visto en la necesidad
de: a) aumentar el numero de la muestra, b) incrementar la robustez de los anélisis
estadisticos, c) estandarizar el diagnostico de la enfermedad, gravedad o fase clinica, d)
montar cohortes de grupos expuestos infectados y expuestos no infectados, d) realizar
estudios meta-analisis y multicéntricos. Los estudios de meta-analisis, son un método
estadistico que combina los resultados de estudios independientes de asociacion genética
sobre un mismo tépico (aumentando, por lo tanto, el tamafio de la muestra), explora las
fuentes de heterogeneidad e identifica subgrupos asociados con el factor de interés (43).
Esta herramienta estd demostrando ser eficaz para una mayor comprension del papel real
de los polimorfismos genéticos asociados a enfermedades complejas, como son las

infecciosas.
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Es importante sefialar que a veces es inevitable analizar una cohorte de pacientes
con un namero pequefio, pues existen grupos raros de pacientes que deben ser analizados.
Como ya se menciond, por ejemplo, los controladores de elite, que son individuos que
controlan naturalmente la carga del VIH y se mantienen estables inmunoldgicamente en
ausencia de la terapia, representan apenas el 1% de la poblacion de individuos VIH-1+
(12). A pesar de los pequefios grupos que se consiga analizar, los estudios independientes
de asociacion genética son necesarios para la identificacion de polimorfismos con efecto
pequefio 0 modesto, los cuales dificilmente se identificarian por los estudios de GWAS
debido a la robustez de su estadistica (en donde variaciones genéticas con un efecto grande
generalmente son detectados por este método) (44). Con la ayuda de estudios de meta-
analisis es posible corroborar el papel de estas variantes con efecto pequefio o0 modesto, o
se identificarian asociaciones no observadas previamente. Ademas, nuevos métodos
estadisticos también estan siendo utilizados para la identificacion de efectos epistaticos
(interaccion de variantes genéticas en donde el efecto de una variante alélica depende de la
presencia 0 ausencia de otra variante alélica) (45) y las herramientas bioinformaticas cada
vez més estan siendo utilizadas para inferir el efecto de las variantes genéticas sobre el

papel funcional de las proteinas.
4. Aplicaciones de la inmunogenética en el tratamiento de enfermedades infecciosas

Hay algunos ejemplos que nos demuestran la importancia y la necesidad de generar
conocimientos sobre la diversidad genética del hospedero y su relacion con la diversidad
genética de los patogenos en las diferentes poblaciones humanas. Tales conocimientos han
sido direccionados a mejorar el tratamiento de las enfermedades infecciosas. Por ejemplo,
el uso del antagonista Maraviroc en el tratamiento a los individuos VIH-1+. La funcion de
este farmaco es bloquear el receptor CCR5 (46). Como ya se dijo, este receptor es
preferencialmente usado por el virus como co-receptor para entrar e infectar a la célula. Y
de no haberse conocido el papel de la delecion deltaA32 del CCR5 y su asociacion con
resistencia a la infeccion del VIH-1, no estariamos hablando de Maraviroc. Sin embargo,
es importante sefialar que el papel natural del receptor CCR5, cuando interactlia con sus
ligantes (RANTES, MIP1a y B), es de regular la quimiotaxia de leucocitos especificos ante
una determinada respuesta del sistema inmune. Asi, el bloqueo del CCR5, ademas de
impedir la entrada del VIH-1 a la célula, puede perjudicar una adecuada respuesta inmune
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frente a otros patdgenos. Con ello también observamos que es importante realizar los test
de genotipificacion de esta mutacion a los individuos que van a tratarse con Maraviroc,
pues estos podrian ser heterocigotos del alelo deltaA32 y por lo tanto se tendria que evaluar
el uso de este antagonista como parte del tratamiento. Por otro lado, se sabe que el VIH de
tipo 2 (VIH-2) usa el CXCR4 (47) u otros receptores de quimiocinas alternativos como co-
receptor de entrada para infectar a las células (48) , asi el tratamiento con Maraviroc en
individuos infectados con el VIH-2 tendria que evaluarse. Interesantemente, diferentes
estudios han observado que los individuos infectados por el VIH-2 progresan de una forma
lenta a SIDA o simplemente no llegan a la fase SIDA (49).

Entre los medicamentos utilizados en el tratamiento a individuos VIH-1+, también
se incluye el Abacavir (ABC). Este es un analogo de nucletsido, inhibidor de la
transcriptasa inversa, una enzima importante para la replicacion del virus en la célula. Se
ha observado que esta droga tiene un alto efecto adverso generando una reaccion de
hipersensibilidad en el 5-8% de individuos VIH-1+ euro-descendientes que lo consume.
Estudios de inmunogenética han observado que la hipersensibilidad por Abacavir esta
fuertemente asociada a la susceptibilidad genética dada por la presencia del alelo HLA-
B*5701 en las diferentes poblaciones (50-52). Con ello, observamos la importancia de
conocer la frecuencia de este alelo en las poblaciones y/o el screening genético individual

para reducir la incidencia de hipersensibilidad en los pacientes que se tratan con Abacavir.

Finalmente, otro ejemplo a destacar es uno generado por el GWAS en la respuesta
al tratamiento a la infeccion por el virus de la hepatitis C (VHC). La variacion genética
rs12979860 en el locus IL28B (codificante del interferon-A-3, IFN-A-3) ha sido fuertemente
asociada con una sostenida respuesta viroldgica al tratamiento con interferén alfa pegilado
(PEG-IFN-a) y ribavirina en pacientes con infeccion cronica por VHC. Los individuos
portadores de este polimorfismo tienen de 2 a 3 veces mas posibilidades de erradicar el
virus (53). Ademas, se observd que el efecto de este polimorfismo parece ser ain mas
fuerte en pacientes infectados por el subtipo G1 del VHC, pero que tal efecto depende de la
ancestria (54), destacando asi la importancia de la accion conjunta de factores virales y del
hospedero. Hoy en dia la genotipificacion de esta variante en los pacientes VHC+ es una

practica comun en el manejo del tratamiento contra la infeccion por el VHC.
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Conclusiones

La inmunogenética ha puesto en evidencia que la base genética de las
enfermedades infecciosas es muy compleja y que principalmente se debe a la alta
diversidad de multiloci del sistema inmune innato y adaptativo. Esta alta diversidad del
hospedero es influenciada por el origen étnico y la diversidad de los patogenos, y los
estudios de asociacion genética se ven afectados ante esta complejidad. Sin embargo, para
lidiar con ello, avances como estudios de meta-analisis, GWAS, estudios funcionales,
analisis de interaccion génica y estudios bioinformaticos se estan realizando para dilucidar
el papel de las variantes genéticas sobre las enfermedades infecciosas en las diferentes
poblaciones.
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O Comité de é[:ica em Pesquisa do Grupo Hospitalar Conceigéo (CEP/GHC), que é reconhecido pela
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Titulo: Avaliacdo de polimorfismos em genes envolvidos na resposta imunolégica de pacientes
infectados com HIV-1.
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Aspectos Metodol6gicos: Aprovados
Aspectos Eticos: Aprovados

Parecer final: Este projeto, por estar de acordo com as Diretrizes e Normas Internacionais e Nacionais
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Consideragdes Finais: Toda e qualquer alteragdo do projeto, devera ser comunicada imediatamente ao
CEP/GHC. Lembramos do compromisso de encaminhar dentro dos prazos estipulados, o(s) relatorio(s)
parcial(ais) e/ou final ao Comité de Etica em Pesquisa do Grupo Hospitalar Conceig&o e ao Centro de
Resultado onde a pesquisa for desenvolvida.

Porto Alegre, 30 de novembro de 2010.

Coordenador-geral do CEP/GHC
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ETICA EM PESQUISA %«u‘i

PARECER CONSUBSTANCIADO DA CONEP
DADOS DA EMENDA

Titulo da Pesquisa: Abordagem imunogenética de receptores de quimiocinas e sua correlacao com a
diversidade do gene Env do HIV-1: Fatores que influenciam a progressao para AIDS

Pesquisador: José Artur Bogo Chies

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que néo necessita de andlise
ética por parte da CONEP;);
A critério do CEP

Versdo: 6

CAAE: 30491714.0.0000.5347

Instituicdo Proponente: UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 1.592.399

Apresentacdo do Projeto:

INTRODUGAO

A caracterizacao do fendtipo de células T infectadas pelo HIV-1surgiu com alguns estudos que demonstram
que o virus € muito seletivo em escolher seu alvo celular de infeccdo. J4 foi observado que diferentes
subpopulacoes das células T CD4+ sao caracterizadas pela combinacao da expressao de receptores de
quimiocinas. Por exemplo, a literatura observou que o receptor de quimiocina CCR6 em combinagdo com 0s
receptores CCR4 e CXCRS3 caracterizaram dois subtipos diferentes de células T que produzem IL-17. Nesse
estudo, as celulas T CD4+ de memoria especificas para Candida albicans estiveram presentes
principalmente no conjunto de células T CD4+ com o fenctipo CCR4+CCR®6+ as quais produziram IL-17 e
expressaram o fator de transcricao ROR (perfil Th17). J& as células T de memdria especfficas para
Mycobacterium tuberculosis estiveram presentes principalmente no conjunto de células T CD4+ com o
fenctipo CXCR3+CCR®6+ e produziram IL-17 e IFN- e expressaram os fatores de transcricado ROR e T-bet
(perfil Th1Th17). Em relacdo ao HIV-1, mais recentemente foi observado que as células T CD4+ com o perfil
de expressdo CCR4+CCR6+ (Th17) e CXCR3+CCR6+ (Th1Th17) foram altamente
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ANEXO F:

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO - PACIENTES

Projeto de Pesquisa: Abordagem imunogenética de receptores de quimiocinas e sua correlagdo com a
diversidade do gene Env do HIV-1: Fatores que influenciam a progressédo para AIDS

Pesquisadores: Sabrina Esteves de Matos Almeida’, José Artur Bogo Chies?, Jacqueline Valverde Villegas'?, Rubia
Marilia de Medeiros?, Dennis Maletich Junqueira®, Tiago Graf !, Karine Andrade!, Breno Riegel Santos®, Marineide
Gongalves de Melo®

1. Centro de Desenvolvimento Cientifico e Tecnologico — FEPPS Tel: (51) 3352-0336
2. Laboratério de Imunogenética — UFRGS Tel: (51) 3308-6737
3. Servico de Infectologia — Hospital Nossa Senhora da Conceicdo Tel: (51) 3357-2126

Caro(a) Senhor(a),

Vocé esta sendo convidado a participar de uma pesquisa intitulada: “Abordagem imunogenética de
receptores de quimiocinas e sua correlagdo com a diversidade do gene Env do HIV-1: Fatores que
influenciam a progressio para AIDS”, que tem como objetivo principal a caracterizacdo do perfil de
expressdo de proteinas do sistema imunoldgico e analises genéticas dessas proteinas junto com a diversidade
genética de genes virais na progressdo da doenca. O tema escolhido se justifica pela importancia de entender
as diferencas na progressdo da doenga tanto em nivel do sistema imune do hospedeiro quanto do virus. Para
alcancar os objetivos do estudo serd realizada uma entrevista individual em 90 participantes, previamente
selecionados em um projeto anterior. A entrevista constard de um questionario com tempo estimado de
preenchimento de 15 minutos. Os dados serdo confidenciais e 0s nomes reservados. Os dados obtidos serdo
armazenados pelos pesquisadores durante 5 (cinco) anos e apés totalmente destruidos (conforme preconiza a
Resolucéo 466/12).

Como séo feitas as analises? As analises das proteinas do sistema imune serdo realizadas a partir de coleta
de sangue, como uma coleta normal para hemograma. Com o uso de agulhas e seringas descartaveis sera
coletada de vocé uma amostra de 10 mL de sangue (uma coleta por participante). Esta coleta sera feita por
um individuo treinado. Apds, 0 sangue sera examinado para caracterizar subpopulagGes celulares referentes
ao sistema imune, assim como a diversidade genética do virus. As amostras serdo identificadas por nimeros.
Todos os dados que vinculem sua identidade com os dados obtidos a partir de sua amostra de sangue serdo
mantidos em um banco de dados sigiloso, ao qual s6 terdo acesso 0s pesquisadores acima citados.

Quais os riscos em participar? Poderd haver formagdo de um hematoma no bra¢o em fun¢do da coleta de
sangue. Seus dados pessoais serdo mantidos em sigilo e, portanto, risco de perda de confidencialidade dos
dados serd minimizado por codificacdo das amostras e entrevistas por nimeros, sem a presenca de seu nome.
A sua participacdo no presente projeto envolve uma coleta de sangue, onde serdo avaliados fatores
imunolégicos, para que possamos ter uma maior compreensdo do perfil imunolégico das pessoas HIV+.
Independente de sua participacdo no estudo, o tratamento que vocé recebe ndo seré alterado e, vocé podera
retirar sua autorizacdo a qualquer momento, apenas comunicando sua nova decisdo a um participante do
grupo de pesquisa.

O que o participante ganha com este estudo? Embora este trabalho ndo possa gerar qualquer beneficio
imediato aos participantes, este estudo poderd trazer varios beneficios em longo prazo (por exemplo, o
conhecimento das caracteristicas genéticas presentes na nossa populacdo) podendo assim, auxiliar em novas
diretrizes do tratamento e acompanhamento futuro dos pacientes que vivem com HIV/AIDS.

Quais sdo os seus direitos? Os seus registros médicos serdo sempre tratados confidencialmente. Os
resultados deste estudo s6 poderdo ser usados para fins cientificos, e vocé nao sera identificado por nome.
Sua participacdo no estudo é voluntaria, caso vocé decida ndo participar, isto ndo afetara o tratamento que
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vocé tem direito. Salientamos novamente que vocé tem a liberdade de retirar seu consentimento a qualquer
momento, caso desejar. Vocé podera procurar qualquer pesquisador envolvido para responder a qualquer
pergunta ou obter esclarecimento acerca dos assuntos relacionados a esta pesquisa a qualquer momento do
estudo. Além disso, no caso de eventuais danos decorrentes da pesquisa vocé sera indenizado de acordo ao
tipo de dano.

Eu recebi as informacdes sobre os
objetivos e a importancia desta pesquisa de forma clara e concordo em participar do estudo.

Declaro que também fui informado (a):

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

* De que minha participagdo € voluntaria e terei a liberdade de retirar o meu consentimento, a qualquer
momento e deixar de participar do estudo, sem que isto traga prejuizo para a minha vida pessoal e nem para o
atendimento prestado a mim.

* Da garantia que ndo serei identificado quando da divulgacdo dos resultados e que as informagodes serdo
utilizadas somente para fins cientificos do presente projeto de pesquisa.

* Da garantia que serei indenizado no caso de eventuais danos decorrentes da pesquisa.

* Sobre o projeto de pesquisa e a forma como sera conduzido e que em caso de duvida ou novas perguntas
poderei entrar em contato com a pesquisadora: Sabrina Esteves de Matos Almeida, telefone 3352-0336,
email: sabrinamatos.almeida@gmail.com e endereco: Av. Ipiranga, 5400, 3°™ andar. Bairro Jardim
Boténico — Porto Alegre.

» Também que, se houverem dlvidas quanto a questdes éticas e aprovacao do presente projeto, poderei entrar
em contato com o Comité de Etica em Pesquisa da UFRGS pelo telefone 3308 3738, endereco Av. Paulo
Gama, 110 - Sala 317 - Prédio Anexo 1 da Reitoria - Campus Cento- Porto Alegre/RS - CEP: 90040-060;
com Daniel Demétrio Faustino da Silva, Coordenador-geral do Comité de Etica em Pesquisa do GHC pelo
telefone 3357-2407, endereco Av. Francisco Trein 596, 3° andar, Bloco H, sala 11, das 09h as 12h e das
14h:30min as 17h; e com o Comité de Etica em Pesquisa da FEPPS-CDCT pelo telefone 3288-4000,
endereco Av. Ipiranga, 5400 - Jardim Botéanico - Porto Alegre/RS - CEP: 90610-000 das 8h as 12h e 13h as
18h.

Declaro que recebi via deste Termo de Consentimento Livre e Esclarecido, ficando outra via com os
pesquisadores.

Porto Alegre, __, de de 20 .

Nome e assinatura do participante incluido no estudo:

Nome e assinatura do pesquisador:
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