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SUMARIO

A pandemia pelo virus da imunodeficiéncia humana tipo 1 (HIV-1) constitui um dos
maiores problemas de saude publica a nivel mundial, estimando-se em cerca de 33
milhdes o numero de pessoas que estavam infectadas no final de 2007.

A infeccdo pelo HIV-2, apesar de apresentar um espectro clinico semelhante ao da
infeccdo pelo HIV-1, estd associada a um ritmo mais lento de progressdo clinica,
menores niveis de virémia e, consequentemente, menor transmissibilidade sexual e
perinatal. Deste modo, a infeccdo pelo HIV-2 é considerada um modelo natural de
doencga “atenuada”, cujo estudo é importante para a compreensao da imunopatogénese
da SIDA. Os estudos realizados no contexto da infeccdao pelo HIV-2 tém sido muito
limitados, dado o confinamento do HIV-2 aos paises da Africa Ocidental, ao contrario da
disseminacdao mundial do HIV-1. Em particular, é escassa a literatura sobre a capacidade
modulatéria do HIV-2 na fungdo dos mondcitos/macréfagos e das células dendriticas
(DC). Estas células sdo consideradas importantes elementos de ligacdo entre a
imunidade inata e adquirida. Se, por um lado, servem de “sentinelas” do sistema inato
com elevada capacidade de reconhecimento de microrganismos patogénicos, por outro
lado diferenciam-se em células apresentadoras de antigénio fundamentais para o
desenvolvimento de respostas de imunidade adquirida. Quer os mondcitos quer as DC
apresentam alteracbes em doentes infectados pelo HIV-1 e sdo potenciais alvos da
infec¢dao pelo virus, podendo constituir reservatdrios virais e contribuir para a
transmissdo viral, desempenhando assim um papel crucial na imunopatogénese da SIDA.

Este trabalho teve por objectivo investigar a modulacdo de DC/mondcitos pelo
HIV-2 e o seu possivel contributo para o aparente melhor prognéstico da infecgao pelo
HIV-2 em comparacdo com a infec¢ao pelo HIV-1.

Varios estudos tém enfatizado a importancia da modulagdao de células nao
infectadas do hospedeiro, pelo invélucro do HIV-1, para a patogénese da SIDA.
Demonstramos em estudos anteriores que a glicoproteina gp105 do invélucro do HIV-2

apresentava propriedades imunossupressoras in vitro mais acentuadas do que a
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proteina correspondente do invélucro de HIV-1 (gp120). Em particular, a presenca de
uma proteina recombinante gp105 de HIV-2zop em culturas de células mononucleadas
de sangue periférico (PBMC) estimuladas por via do receptor especifico das células T
(TCR, T cell receptor) estava associada a uma diminuicdo da activacdo e da proliferacdo
das células T. Por outro lado, observdmos uma maior capacidade da gp105 do HIV-2 de
induzir a produgao de TNF-a pelos mondcitos. No presente trabalho, tivémos como
objectivo estudar o possivel envolvimento dos mondcitos no efeito supressor da
proliferacdo de células T mediado pela gp105. Utilizando populagGes de células T
purificadas e PBMC depletadas de mondcitos de individuos seronegativos, verificdmos
gue o efeito imunossupressor, quer da proteina completa gp105 de HIV-2rop, quer de
um péptido do invdlucro de uma outra estirpe de HIV-2, HIV-2,,, é abolido na auséncia
de mondcitos. Para além disso, constatdmos que esse efeito depende do contacto entre
células T e mondcitos. Os nossos dados sugerem ainda a possibilidade de a gp105 do
HIV-2 estimular a via de sinalizacdo de TLR4, uma molécula da familia dos Toll-like
receptors (TLR) expressa em mondcitos, fundamental no reconhecimento de padrdes
moleculares de microrganismos. Estes resultados sdao particularmente relevantes no
contexto do crescente papel atribuido a activacdo persistente do sistema imunitario
como factor determinante da deplecdo de células T CD4" e consequente progress3o para
SIDA e da propria replicacdo do HIV. Assim, assumindo que estes efeitos in vitro da
gp105 do HIV-2 tém relevancia in vivo, é plausivel que a gp105, ao actuar nos mondcitos,
suprima os processos de activacdo linfocitaria e, dessa forma, contribua para reduzir a
producdo de virus e o ritmo de progressao da doenca. Tendo em conta a maior
benignidade da infec¢ao pelo HIV-2, estes resultados apontam para uma nova linha de
investigacdo centrada nos mondcitos que poderd conduzir a identificacdo de novos alvos
terapéuticos baseados nas propriedades imunomoduladoras do invélucro do HIV-2.

Em face destes resultados, este trabalho prosseguiu com o estudo dos efeitos do
invélucro do HIV-2 na diferenciacdo e maturacao de DC obtidas a partir de monécitos de
individuos seronegativos. Ao contrario dos efeitos directos nos mondcitos, ndo
observamos efeitos significativos do invélucro do HIV-2 em DC derivadas de mondcitos

(Mo-DC). Ndo se documentaram alteragcdes morfoldgicas, fenotipicas ou funcionais
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durante os processos de diferenciacdo e maturacdo de Mo-DC, quer na presenca de
proteinas recombinantes de duas estirpes distintas de HIV-2, quer na presenca do virus
completo inactivado quimicamente mas mantendo a conformacao intacta do invélucro.
Estes resultados sugerem gque os mondcitos sdo susceptiveis aos efeitos do invélucro do
HIV-2 antes do inicio do seu programa de diferenciacdo em células apresentadoras de
antigénio especializadas.

As DC podem ser subdivididas em duas subpopula¢Ges principais, as DC mieldides
(mDC), consideradas as células apresentadoras de antigénio cldssicas, e as DC
plasmacitdides (pDC), especializadas na produgdo de interferdao (IFN)-a. Para além do
seu papel antiviral, o IFN-a activa outros componentes do sistema imunitario. A dltima
parte deste trabalho teve por objectivo a caracterizagao das mDC e pDC do sangue
periférico no contexto da infeccdo pelo HIV-2. Para tal, foi feito um estudo transversal
incluindo doentes infectados pelo HIV-2 e doentes infectados pelo HIV-1, nado
previamente expostos a terapéutica anti-retroviral, seleccionados de forma a
apresentarem niveis de linfocitos T CD4" semelhantes e a representarem as diferentes
fases de evolucdo da doencga. Constatamos que, apesar de se associar a um melhor
progndstico e a reduzidos ou indetectaveis niveis de virémia, a infec¢ao pelo HIV-2
apresentou défices quantitativos nas duas subpopulagdes de DC semelhantes aos
observados na infeccdo pelo HIV-1. Para além disso, as DC dos dois grupos de doentes
apresentaram um aumento semelhante da expressdao de marcadores de diferenciacao,
comparativamente ao grupo controlo de seronegativos. Enquanto o decréscimo de mDC
foi significativo apenas nos individuos em estadios avangados de doenga e/ou com
virémia detectdvel, a diminuicdo dos niveis de pDC foi documentada
independentemente do grau de deplecdo de células T CD4" e, na infeccdo pelo HIV-2,
mesmo na auséncia de virémia. No entanto, apesar do decréscimo significativo dos
niveis de pDC, os individuos infectados pelo HIV-2 sem virémia detectdvel apresentaram
uma preservacao da capacidade de producdo de IFN-o pelas pDC ap6s estimulacgdo in
vitro através do TLR9, ao contrario do que se observou nos doentes infectados pelo
HIV-1. Os nossos resultados revelaram ainda uma correlagao significativa entre o

decréscimo de ambas as subpopulacdes de DC e o aumento da expressdo de
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marcadores de activacdo de células T CD4" e T CD8, sugerindo uma associa¢do entre a
activacdo generalizada e persistente do sistema imunitario e os disturbios das DC nas
duas infecgdes.

Em resumo, o estudo aqui apresentado da modulacdo de DC/mondcitos pela
infeccao pelo HIV-2 reforga a importancia deste modelo natural de doenga “atenuada”

para a compreensao da imunopatogénese da SIDA.

Palavras-chave: HIV/SIDA, HIV-2, Invdlucro do HIV, gp105 do HIV-2, Mondcitos, Células

dendriticas mieldides, Células dendriticas plasmacitdides, IFN-a



SUMMARY

Human immunodeficiency virus type 1 (HIV-1) infection remains a global health
problem, with an estimated 33 million people living with HIV/AIDS by the end of 2007.

HIV-2, although exhibiting the same clinical spectrum as HIV-1, is associated with a
slower rate of clinical progression, lower levels of viremia and lower sexual and perinatal
transmission rates. Therefore, HIV-2 infection is considered a natural model of
“attenuated” disease, which can be explored to better understand AIDS pathogenesis.
The studies in the context of HIV-2 infection have been limited, due to the confinement
of HIV-2 to West African countries, in opposition to HIV-1 that has a global distribution.
In particular, the capacity of HIV-2 to modulate monocytes/macrophages and dendritic
cells (DC) has not been explored. These cells provide a unique link between innate and
adaptive immunity. On one hand, they are considered “sentinels” of the innate immune
system with a high ability of pathogen recognition. On the other hand, they can
differentiate into antigen presenting cells that are crucial for the initiation of adaptive
immune responses. Both DC and monocytes exhibit alterations in HIV-1 infected
individuals and are susceptible to HIV infection, constituting viral reservoirs and
contributing to viral transmission. Therefore, DC and monocytes are thought to play a
major role in AIDS immunopathogenesis.

The objective of this study was to investigate the modulation of DC/monocytes by
HIV-2 and its possible contribution to the apparent better prognosis of HIV-2 infection
relative to HIV-1.

Several studies reported that cell modulation by HIV-1 envelope (Env),
independently of direct cell infection, contributes to AIDS pathogenesis. We have
previously shown that HIV-2 Env glycoprotein, gpl05, exhibited more marked
immunosuppressive properties in vitro than the HIV-1 Env counterpart gp120. In
particular, HIV-2rop gp105 inhibited T cell activation and proliferation in cultures of
peripheral blood mononuclear cells (PBMC) after stimulation through the T cell receptor

(TCR). In addition, we have shown that HIV-2 gp105 induces TNF-o. production by
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monocytes. In the present work, we investigated the possible involvement of monocytes
in the gpl105-mediated suppression of T cell proliferation. Using purified T cells and
monocyte-depleted PBMC, we found that the HIV-2 Env immunosuppressive effect is
abrogated in the absence of monocytes. This was observed using either the whole
glycoprotein gpl05 of HIV-2gop or an Env peptide of HIV-2,,. Moreover, using a
transwell system, we found that the HIV-2 immunosuppressive effect was mediated by a
mechanism dependent on the contact between T cells and monocytes. Our data also
suggest that HIV-2 gp105 is able to signaling through TLR4, a molecule belonging to the
toll-like receptor (TLR) family that is expressed on monocytes and is crucial for the
recognition of pathogen molecular patterns. Our results are relevant in the context of
the increasing role of chronic immune activation as a main contributing factor for CD4" T
cell depletion, AIDS progression and HIV replication. Therefore, assuming that these in
vitro effects are relevant to the in vivo situation, it is plausible to admit that gp105,
acting on monocytes, suppresses the bursts of T cell activation and contributes to
reduce viral production and to slow the rate of disease progression. Considering the
lower pathogenicity associated to HIV-2 infection, our results point to a new line of
research centered on monocytes that could identify new therapeutic targets based on
the immunomodulatory properties of HIV-2 Env.

Following these results, we evaluated the HIV-2 Env effects on the differentiation
and maturation of monocyte-derived DC (Mo-DC) of seronegative donors. In opposition
to the direct effects on monocytes, no significant effects of HIV-2 Env were found on
Mo-DC. No morphological, phenotypical or functional alterations were found during DC
differentiation or maturation, either in the presence of HIV-2 recombinant proteins or in
the presence of the whole virus chemically inactivated but with preserved Env
conformation. These results suggest that monocytes are only susceptible to HIV-2 Env
effects before the initiation of their differentiation program into antigen presenting
cells.

DC can be subdivided into two main subpopulations: myeloid DC (mDC), the classical
antigen-presenting cells; and plasmacytoid DC (pDC), which, although also able to

present antigens to T cells, are best recognized for their ability to secrete type |
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interferons (IFN). In addition to its well-known antiviral effects, IFN-a is a potent
stimulator of other immune cells. The last part of this work aimed to characterize
peripheral blood DC during HIV-2 infection. A cross-sectional study was performed
involving untreated HIV-2 patients and HIV-1 patients. The two HIV-infected cohorts
were selected in order to represent all the disease stages and to enclose comparable
degrees of CD4" T-cell depletion. Despite the better prognosis of HIV-2 disease and its
reduced to undetectable viremia levels, a similar decrease in circulating DC numbers and
a comparable up-regulation of markers of DC differentiation were found in HIV-2 and
HIV-1 infected patients relative to healthy controls. Whereas mDC levels were decreased
only in individuals in advanced stage and/or with detectable viremia, the reduction in
pDC numbers was observed throughout disease. Of note, pDC depletion was
documented even in HIV-2 infected individuals with undetectable viremia. However, in
contrast to HIV-1 patients and viremic HIV-2 individuals, we found that the pDC ability to
produce IFN-a upon TLR9Y stimulation is relatively preserved in HIV-2 patients with
undetectable viremia. Importantly, the decrease in DC levels was tightly correlated with
markers of T cell activation, suggesting an association between the generalized immune
activation and the DC disturbances in both HIV infections.

Overall, the present work on the modulation of monocytes and DC in the context of
this unique model of “attenuated” HIV-2 disease contributes to the understanding of the
role of monocytes and DC in HIV/AIDS pathogenesis, which could be important in the

development of new therapeutic approaches.

Keywords: HIV/AIDS, HIV-2, HIV envelope, HIV-2 gp105, Monocytes, Myeloid dendritic

cells, Plasmacytoid dendritic cells, IFN-ao.
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Introduc¢ao

A sindrome da imunodeficiéncia adquirida (SIDA) surgiu como uma nova entidade
clinica em 1981, inicialmente descrita em individuos homossexuais nos Estados Unidos
da América que apresentavam um quadro clinico associado a uma imunodeficiéncia
grave “ . Dois anos depois, na edicdo de 20 de Maio de 1983 da revista Science, dois
grupos de investigacdo independentes, liderados por Luc Montagnier * e Robert Gallo *,
descreviam o isolamento de um retrovirus que, mais tarde, se demonstrou ser o agente
etiolégico da doenca > °. Com os isolamentos que se seguiram por vérias equipas de
cientistas, surgiram diferentes designacGes para o mesmo virus: Lymphadenopathy-
associated virus (LAV) 7, immunodeficiency—associated virus (IDAV) 8 Human-T-
lymphotropic virus-Ill (HTLV-II1) > e AIDS-associated retroviruses (ARV) °. No sentido de
uniformizar a nomenclatura, passou a utilizar-se, a partir de 1986, a designagdao de

1012 Nesse mesmo

Human immunodeficiency virus (HIV) para o virus associado a SIDA
ano, um outro virus foi isolado a partir do sangue de doentes com SIDA provenientes da
Guiné-Bissau e Cabo Verde, internados no Hospital Egas Moniz em Lisboa 3 Tendo em
conta divergéncias genéticas de cerca de 40% em relacdo ao HIV inicialmente isolado
(HIV-1), foi considerado tratar-se de um tipo diferente de HIV, sendo designado HIV tipo
2 (HIV-2) *. Apesar de também causador de SIDA, o HIV-2 associa-se a uma infeccdo de
patogenicidade mais atenuada, como adiante se descreve.

A pandemia originada pela infec¢do por HIV-1 constitui um dos maiores problemas
de saude publica a nivel mundial. Segundo o relatério de 2008 da United Nations
Programme on HIV/AIDS (UNAIDS), a infeccdo pelo HIV/SIDA é responsavel por 25
milhdes de mortes desde os primeiros casos descritos, estimando-se em cerca de 33
milhdes o nimero de pessoas que estavam infectadas pelo HIV no final de 2007 *°. Sé
nesse ano, foram infectadas 2.7 milhGes de pessoas, tendo ocorrido 2 milhdes de mortes

por SIDA, 75% das quais nos paises da Africa sub-Sahariana. E nestes paises que se vive a

situacdo mais dramatica, com cerca de 22 milhdes de pessoas infectadas pelo HIV *°.
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Noutros paises densamente povoados, como a Indonésia e a Federagao Russa, também
tem sido contabilizado um nimero crescente de novas infecgdes .

Ao contrario do HIV-1, o HIV-2 é responsavel por uma epidemia mais localizada,
sobretudo em paises da Africa Ocidental, onde esta infecgo é considerada endémica °.

Em Portugal, no final de 2008 encontravam-se notificados ao Centro de Vigilancia
Epidemioldgica das Doencas Transmissiveis 34,888 casos de infeccdo HIV/SIDA '7. A
estimativa de mortalidade anual por SIDA em Portugal é de cerca de 1,000 pessoas “°.
Devido as ligacOes histéricas e intercambio populacional com as suas ex-coldnias,
Portugal é o pais onde se encontra o maior nimero de casos de infeccdo por HIV-2 fora
do continente Africano, com cerca de 5% dos casos notificados (3.3% correspondem a
infeccBes por HIV-2 e 1.4% simultaneamente por HIV-1 e HIV-2) 2.

Os progressos alcancados desde o aparecimento da SIDA melhoraram a
compreensdo da biologia do HIV, mas ainda ndo permitiram clarificar aspectos
fundamentais da imunopatogénese associada a esta infeccdao. Neste capitulo, apés uma
descricdo sumaria das caracteristicas do virus e das diferentes fases clinicas da doenca,
abordar-se-3o os principais mecanismos da imunopatogénese da infec¢do pelo HIV, com
particular énfase para o papel da activacdo crénica do sistema imunitdrio e o
desempenhado pelas células dendriticas e os mondcitos/macréfagos. O estudo destas
células no contexto da infec¢do pelo HIV-2, um modelo de doenga com caracteristicas
mais benéficas para o hospedeiro do que a infecgdo pelo HIV-1, constitui a base deste
trabalho que se espera contribuir para a compreensao dos mecanismos basicos

envolvidos na imunopatogénese da infeccdo HIV/SIDA.

1. Estrutura, organiza¢ao genética e ciclo bioldgico do HIV

1.1. Estrutura e organizagdo genética

Os virus associados a etiologia da SIDA, HIV-1 e HIV-2, pertencem a familia
Retroviridae, sub-familia Orthoretrovirinae, género Lentivirus

(www.ncbi.nlm.nih.gov/Taxonomy/). Tém uma morfologia esférica conferida por um
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invdlucro cujo exterior é constituido por uma bicamada lipidica derivada da membrana

1922 A glicoproteina externa,

celular do hospedeiro e por glicoproteinas virais (Figura 1)
gp120 (no caso do HIV-1) ou gp105 (no caso do HIV-2), estd ancorada ao invdlucro pela
glicoproteina transmembranar (gp41 ou gp36 de HIV-1 ou HIV-2, respectivamente), com

a qual se encontra unida por ligagdes n3o covalentes, facilmente dissociaveis > %*. D

)
lado interno da particula viral, o invélucro encontra-se revestido pela proteina da matriz
pl7 que mantém a integridade estrutural do virido *°. A proteina da matriz envolve uma
capside interna em forma cdnica, constituida pela proteina p24/p26 (conforme se trate
de HIV-1/HIV-2). No interior da capside encontram-se as enzimas transcritase reversa,

22

integrase e protease e o genoma viral, duas cadeias de RNA revestidas pela

nucleocédpside 2.

Glicoproteina | y y / Glicoproteina
transmembranar _ 4 . de superficie
(gp41) o / (gp120)
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dacélula ~—
hospedeira

pela nucleocapside
(p7)

Bicamada _

lipidica

Proteinada
matriz (p17)

Transcritase ibonucleoproteina
reversa (p24)

Figura 1. Estrutura do HIV-1 (adaptado de Erickson, 2001 21)

Como todos os retrovirus, o genoma do HIV contém trés genes estruturais, gag, pol
e env, que codificam para proteinas precursoras que, apds clivagem, originam a maior
parte dos componentes estruturais do virido 20 Assim, 0 gene gag origina as proteinas
pl7, p24/P26, p6 e nucleocapside; o gene pol origina as enzimas protease, transcritase
reversa e integrase; e o gene env origina as glicoproteinas do invdlucro, de superficie
(gp120/gp105) e transmembranar (gp41/gp36) *. Para além dos genes estruturais, o

genoma do HIV contém seis genes reguladores/acessorios, tat, rev, nef, vpr, vif e vpu (s6
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no HIV-1) ou vpx (sé no HIV-2) . O genoma do HIV é flanqueado em cada extremidade
por longas sequéncias repetitivas terminais (Long Terminal Repeat Sequences, LTR) que
contém locais de ligagdo para proteinas celulares e virais, controlando assim a

transcricdo do genoma viral 2,

1.2. Ciclo biolégico do HIV

O primeiro passo no ciclo viral consiste na adsor¢do do virido a célula hospedeira,
como resultado da interacgdo entre a proteina de superficie do invélucro gp120/gp105 e
a molécula CD4 presente na membrana plasmatica dos linfocitos T CD4" e células da

linhagem mondcito-macrofagica (Figura 2) ¥ ?°. A auséncia de infeccdo por HIV-1 em

s RNA "ir‘m Membrana
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reversa
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Figura 2. Ciclo bioldgico do HIV-1 (adaptado de Groot, 2006 *°)

linhas celulares de mamiferos ndo primatas e em linhas celulares humanas com

expressdao normal da molécula CD4 levantou a hipdétese de que outras moléculas da
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superficie celular, ausentes nestas células, seriam necessarias para a entrada do virus 31,
32 Esses co-receptores foram identificados em 1996 como pertencentes a ja conhecida
familia de receptores de quimiocinas, os G-protein coupled seven-transmembrane

33-38

chemokine receptors . A interaccdo da gp105/gp120 com a molécula CD4 promove

alteragdes conformacionais na proteina de superficie viral que conduzem a exposigao do

local de ligagdo aos referidos co-receptores 39-42

. Dois dos principais co-receptores
utilizados para a entrada do virus na célula hospedeira sdo as moléculas CCR5 (receptor
das quimiocinas CC designadas CCL3/MIP-1a, CCL4/MIP-13 e CCL5/RANTES) e CXCR4
(receptor da quimiocina CXC designada CXCL12/SDF-1) B e as estirpes virais que os
utilizam sdo designadas R5 e X4, respectivamente “OA interaccdo da gp120/gp105 com
a molécula CD4 e os co-receptores induz alteracdes conformacionais na proteina
transmembranar gp41/gp36, expondo o péptido de fusdo (localizado na sua
extremidade N-terminal), essencial para a fusdao do invélucro viral com a membrana da

| 45 46

célula hospedeira e subsequente entrada da capside vira . No interior da célula

hospedeira, o RNA viral é transcrito em DNA pela ac¢io da transcritase reversa */.
Algumas proteinas virais em associagdo com o DNA recém-formado constituem o
complexo de pré-integracdo que, ao migrar para o nucleo da célula, permite a
integracdo do DNA no genoma da célula hospedeira pela acgdo da integrase viral (DNA
proviral) *2. Em condicdes apropriadas que dependem do estado de activacdo celular,
ocorre a transcricio do DNA proviral em RNA mensageiro (mRNA). Esse processo é
mediado pela regido promotora da sequéncia LTR a que se ligam varios factores de
transcricdo celulares *®. Da transcricdo viral resultam vérias classes de mRNA que se
distinguem pelo momento em que sdo expressos e pelo tipo de processamento (splicing)
4930 Numa fase inicial sdo produzidos mRNA totalmente processados (multiply spliced
transcripts) que codificam as proteinas reguladoras Tat, Nef e Rev. Numa fase tardia, sdo
produzidos dois tipos de mRNA: mRNA parcialmente processados (singly spliced) que
originam as proteinas Env, Vif, Vpr, Vpx (no HIV-2) e Vpu (HIV-1); e mRNA ndo
processados (unspliced) que, para além de originarem as proteinas Gag e Pol, servem

como RNA gendmico que serd integrado nas novas particulas virais 4930 Estes mRNA

ndo totalmente processados necessitam da intervengdo da proteina Rev para que
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224930 Apés a sintese das proteinas

possam ser exportados do nucleo para o citoplasma
no citoplasma, a morfogénese do virido ocorre ao nivel da membrana plasmatica ou em
vacuolos intracitoplasmadticos levando a libertacdo dos virides da célula hospedeira.
Neste processo, as polipoproteinas precursoras estruturais associam-se ao RNA
gendmico viral, formando uma cdpsula esférica de natureza ribonucleoproteica que, por
sua vez, é rodeada pela bicamada lipidica originada a partir da membrana celular, por
onde se projectam para o exterior as proteinas do invélucro viral ** **. Os viriGes, ainda
imaturos, libertam-se da célula hospedeira por gemulacdo. No exterior da célula, os
virides sofrem maturacdo, processo que envolve a clivagem dos polipéptidos

precursores pela protease viral, essencial para a formacado de virides infecciosos *2 0Os

virides maduros estdo assim prontos a iniciar um novo ciclo replicativo.

2. Histdria natural da Infec¢do HIV/SIDA

Na auséncia de terapéutica anti-retroviral, a infeccdo pelo HIV pode dividir-se em

trés fases distintas: infeccdo primaria ou fase aguda, infec¢do crénica e SIDA (Figura 3).

A Activagdo imunitaria
......00000000.
L

Células T CD4* no sangue

Niveis

Virémia

[ ]
[ ]
L ]
L ]
@
L ]
IZ. Células T CD4* das mucosas
- =< > >
4-8 semanas 5-15 anos 2-3 anos
Fase Aguda Fase Cronica SIDA

Figura 3. Histéria natural da infecgdo pelo HIV-1 (adaptado de Forsman e Weiss, 2008 >3)
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A infecgdo primaria decorre entre a exposigao inicial ao virus, por via sanguinea ou
através da superficie das mucosas, e o estabelecimento da disseminac¢do do virus no
hospedeiro. Dependendo da via de exposicdo, os mecanismos de infeccdo inicial podem
variar. Nos casos de transmissdo por via sanguinea (transfusdo, utilizacdo de seringas
contaminadas por toxicodependentes ou transmissdo materno-fetal), o virus é
provavelmente removido da circulagdo pelo sistema reticulo-endotelial do baco, figado e
pulmdes, infectando os tecidos linféides nestes locais, onde se replica, disseminando-se
para outros érgdos linféides >*. Nos casos de transmiss3o através das mucosas rectal e
genital por contacto sexual, o virus atravessa a barreira da mucosa e, apds algumas
horas de infeccdo, estabelece-se na lAmina prépria, onde infecta células T CD4", resting e
activadas, macréfagos e células dendriticas (DC) . O virus e as células infectadas
disseminam-se para os ganglios linfaticos de drenagem locais. Ha que salientar o papel
das DC na disseminacdo viral, uma vez que capturam os viriées no local da exposicdo e
transportam-nos para a regidao paracortical dos ganglios linfaticos onde, através de

658 Através da corrente sanguinea

sinapses infecciosas, transmitem o virus as células T
e do sistema linfatico, o virus e as células infectadas sdo disseminados para outros
tecidos linfoides.

Nesta fase aguda da infec¢do, ocorre uma marcada deplecdo de células T CD4" de
memoria/efectoras no tecido linféide associado a mucosa intestinal (GALT, gut-
associated lymphoid tissue), provavelmente como resultado de infeccdo directa,

prolongando-se por todas as fases da doenca >

. Por seu turno, no sangue periférico
ocorre uma diminui¢do transitéria no nimero de linfécitos T CD4" e, devido a extensa
replicacdo do HIV, uma subida abrupta dos niveis de cdpias de RNA viral no plasma
(virémia) °°. Durante a infecgio aguda, cerca de 50% dos individuos infectados
apresentam um sindrome clinico agudo, com manifesta¢ées clinicas semelhantes as de
uma mononucleose aguda, auto-limitado e que dura geralmente algumas semanas >4 61

No final da infeccdo aguda, apds a seroconversdo, a virémia diminui para um
patamar (setpoint) que tem um valor progndstico da velocidade de progressdo da

62,63

doenca . Para esse decréscimo contribui a resposta do sistema imunitdrio a infeccao,

com o aparecimento de células T CD8" citotdxicas e células T CD4" helper especificas
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contra o virus ®, a retengdo dos virides nas células dendriticas foliculares dos centros

65

germinativos dos ganglios linfaticos e a accdo de anticorpos anti-HIV incluindo

anticorpos nao neutralizantes que, em conjunto com o complemento, ajudam a eliminar

53, 64, 66, 67

particulas virais por opsonizacao . Para além disso, a deplecdo de células T CD4"

CCR5" no intestino reduz o nimero de células-alvo do HIV, diminuindo desse modo a

I 53, 64

replicagdo vira . Paralelamente ao decréscimo da virémia, os niveis de células T

CD4" no sangue periférico tendem a normalizar sem, no entanto, atingirem os anteriores

ao estabelecimento da infec¢ao 68, 69

. Apesar das respostas especificas geradas, nao se
verifica uma erradicacdo do virus, estabelecendo-se por todo o organismo reservatérios
virais, constituidos maioritariamente por células latentemente infectadas que possuem
DNA proviral mas com reduzida expressdo de proteinas virais, escapando ao controlo do
sistema imunitario " %,

Ap6s a infeccdo aguda, estabelece-se um periodo de infecgdo crénica, com uma
duracdo média de cerca de 9 anos antes do aparecimento de infec¢cbes oportunistas e
outros critérios definidores de SIDA °3. Durante esta fase, ocorre uma replicacdo viral
persistente e uma deplecdo progressiva das células T CD4* no GALT e nos ganglios

59, 60

linfaticos . Como consequéncia dos elevados niveis de replica¢do viral, a arquitectura

folicular dos ganglios linfaticos sofre alteracdes histoldgicas progressivas, desde
hiperplasia folicular até um padrdo de involugao folicular e completa destruicao 7
Tendo em conta o papel da arquitectura dos ganglios linfaticos como suporte das
complexas interacgdes que ocorrem entre diversos tipos de células do sistema
imunitario, facilmente se compreende que tais alteracbes comprometam o
desenvolvimento de uma resposta imunolégica adequada ’>. Estas alteragbes estdo
ainda associadas a um progressivo aumento do numero de células produtivamente
infectadas pelo HIV e a uma diminuicdo da capacidade da rede de células dendriticas
foliculares em reter as particulas virais, o que pode contribuir para uma redistribuicdo da
carga viral entre os ganglios linfaticos e a periferia, com concomitante aumento da
virémia >*. A acompanhar estas modificacBes, observa-se um declinio progressivo de
células T CD4" no sangue periférico, sendo o nimero dessas células considerado o

53

melhor marcador laboratorial disponivel para avaliar a progressao da doenga . Em
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conjunto com este parametro, a quantificagdo da virémia, também definidora de
diferentes progndsticos de progressdo da doenca, serve de base as directivas para inicio
de terapéutica anti-retroviral em individuos assintomaticos 678,

A infeccdo pelo HIV, se ndo for tratada com terapéutica anti-retroviral, evolui para
SIDA, o estadio final da doenca. Os critérios actuais de diagndstico de SIDA propostos
pelo Center for Disease Control Prevention (CDC) baseiam-se num conjunto de
manifestagbes clinicas definidoras de imunodeficiéncia grave e/ou nos niveis de
linfécitos T CD4" no sangue periférico inferiores a 200 células/pl ® Estas condi¢Oes
traduzem-se numa perda da competéncia imunitdria que possibilita o aparecimento de
infec¢des oportunistas, sendo as mais comuns as infec¢des por Pneumocystis jirovecii,
citomegalovirus, Mycobacterium tuberculosis, Cryptococcus neoformans, Toxoplasma
gondii, virus herpes simplex (HSV), Cryptosporidium, Isospora belli e varias espécies de
Salmonella. Por outro lado, podem ocorrer certas doengas neoplasicas que sdo também
definidoras de SIDA, de que sdo exemplo o sarcoma de Kaposi e certos tumores linféides

como o linfoma das células B ndo-Hodgkin ”°

. A deterioracdo gradual do sistema
imunitario caracteristica da infeccdo pelo HIV conduz por fim a morte, caso ndo seja
ministrada a terapéutica adequada.

Apesar das trés fases acima descritas corresponderem a histéria natural da infeccdo
na maioria dos individuos infectados, cerca de 5% de pessoas infectadas pelo HIV
progridem muito mais lentamente ou ndo progridem para doenga, mantendo-se com
niveis estaveis de células T CD4" na auséncia de terapéutica anti-retroviral 8 Estes
individuos, designados Long Term Non Progressors exibem respostas imunitarias mais
robustas e menores niveis de virémia !, apesar de poderem apresentar replicacdo viral
detectdvel ®2. Além disso, a arquitectura dos seus génglios linfaticos encontra-se
relativamente preservada 8 No extremo oposto, cerca de 5% de individuos infectados
pelo HIV sofrem um rapido declinio nos niveis de células T CD4" e progridem para SIDA
em 2 ou 3 anos apds a seroconversdo. Estes individuos apresentam respostas

imunitarias mais fracas e maiores niveis de virémia &%,
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3. Activagao persistente do sistema imunitario na infec¢ao pelo HIV

A imunodeficiéncia associada a infeccdo pelo HIV é paradoxalmente caracterizada
por uma activacdo persistente de varios componentes do sistema imunitario. Com
efeito, documenta-se nos doentes infectados pelo HIV uma frequéncia aumentada de
células T, B, Natural killer (NK) e mondcitos com um fendtipo activado, uma activacao
policlonal de células B traduzida numa hipergamaglobulinemia, um aumento do niumero
de células T em ciclo celular, hiperplasia dos ganglios linfaticos, aumento dos niveis de
citocinas proinflamatdrias e quimiocinas e de marcadores séricos de activacdo do
sistema imune como, por exemplo, 32-microglobulina e neopterina 23,7585

Apesar da activacdo do sistema imunitdrio ser um componente essencial de uma
resposta imunitaria apropriada a um antigénio estranho, a sua persisténcia pode ter
consequéncias negativas.

Do ponto de vista viroldgico, a activagdo imunitdria é critica para a manutencdo do
estado infeccioso, uma vez que a replicacdo produtiva do HIV depende da activacao

celular % #

. A activagao celular provoca a translocagdao para o nucleo de factores de
transcrigdo celulares, tais como Nuclear factor kB (NF-kB) e specificity protein 1 (Sp1),
gue se ligam em locais proprios das sequéncias LTR do genoma do virus, dando origem a
transcricdo do DNA integrado, conduzindo a producio de novos virides 3. Assim, a
activacao imunitdria gera os substratos para a replicacdo viral. Estabelece-se entdo um
ciclo vicioso em que a replicacdo do virus promove a activacdo celular que, por seu
turno, induz a replicagao viral. Este ciclo é ainda alimentado pelos elevados niveis de
citocinas proinflamatérias presentes ®>. De notar que a estimulacdo do sistema
imunitario, através de vacinacdo, de individuos infectados pelo HIV, conduz a um
aumento transitério dos niveis de replicacdo do HIV %,

Do ponto de vista imunoldgico, o padrdo crénico de activacdo imunitdria pode
impedir uma resposta adequada das células ao antigénio. A activagdo imunitaria crénica
conduz a expansao clonal dos linfécitos T que, por um lado, aumenta a susceptibilidade

linfocitaria a apoptose e, por outro, leva a exaustdo dessas células, impedindo-as de

responder aos antigénios (anergia) . Além disso, os elevados niveis de inflamac3o nos
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ganglios linfaticos podem contribuir para a destrui¢gao da sua arquitectura, promovendo
alteracdes de trafego celular e interferindo com o desenvolvimento da resposta imune
75,91

Mais do que a proépria replicacdo viral, a activacao cronica generalizada do sistema
imunitario é hoje considerada um factor determinante e de progndstico do ritmo de

9295 Estudos

deplecdo de células T CD4" e da progressdo da doenca na infec¢do pelo HIV
de modelos de infeccdo ndo patogénica pelo virus da imunodeficiéncia simia (SIV, Simian
immunodeficiecy virus) tém contribuido significativamente para o reconhecimento do
papel nocivo da activacdo imunitaria °°. Com efeito, os hospedeiros naturais dos virus
SIVsm € SIVagm, 0s macacos africanos Sooty mangabey (Cercocebus atys) e os African
green monkeys (género Chlorocebus), respectivamente, ndo apresentam deplecdo
significativa de células T CD4" circulantes nem desenvolvem doenca, apesar de exibirem

| 9 % Ppelo contrario, a transmissio de SIV de

elevados niveis de replicacdo vira
hospedeiros naturais africanos para macacos asiaticos Rhesus (Macaca mulatta) resulta
numa perda progressiva de células T CD4" em circulacdo e desenvolvimento de doenca
% Ao contrario do que acontece no modelo patogénico de infecgdo pelo SIV e HIV, no
modelo ndo patogénico de infeccdo pelo SIV os hospedeiros conseguem montar uma

resposta precoce anti-inflamatdria que poderd impedir a hiperactivacdo crénica e

generalizada do sistema imunitario 100

4. Outras alteragdes imunologicas na infecgao pelo HIV

Durante o curso da infec¢do pelo HIV observa-se uma desregulacdo de praticamente
todos os componentes do sistema imunitario. Tal como previamente referido, uma das
principais alteracdes consiste numa destruicdo precoce das células T CD4" no GALT,
acompanhada por uma diminuicdo progressiva dessas células no sangue periférico.
Varios factores tém sido implicados nessa deplecdo e incluem mecanismos viroldgicos
directos e mecanismos indirectos devidos a uma reacgao inadequada do prdprio sistema

imunitério >,
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Mesmo antes de haver uma perda significativa do nimero de células T CD4"
circulantes, estdo presentes alteracGes qualitativas que se traduzem numa diminuicdo
da capacidade proliferativa linfocitaria em resposta a antigénios (toxdide tetanico, virus
Influenza e Candida albicans), anticorpos anti-CD3, aloantigénios e mitogénios *°**°°
Segundo estudos imunoldgicos longitudinais, essas alteracGes sdo sequenciais e
associam-se a progressao da doenca, observando-se inicialmente perda de respostas
proliferativas in vitro a antigénios sollveis, depois a aloantigénios e, por fim, a
mitogénios %7 1%,

Tal como as células T CD4*, também as células T CD8" circulantes sofrem um
decréscimo no inicio da infec¢do. No entanto, trés a quatro semanas apods o inicio do
quadro clinico, observa-se um aumento do nimero de linfécitos T CD8" para niveis iguais
ou superiores aos anteriores a infeccdo, documentando-se, no final da infeccdao primaria,
uma expansdo desta populacdo de células e, por ndo ser acompanhada por uma
recuperacdo total do numero de células T CD4*, uma inversdo da razio CD4:CD8 no
sangue periférico que se mantém durante toda a infecgdo >*. Qualitativamente, as
células T CD8" de individuos infectados pelo HIV apresentam um fenétipo activado,
verificando-se uma associacao entre o aumento da expressao do marcador CD38 nas
células T CD8" circulantes e um progndstico adverso '%°.

Para além das altera¢des qualitativas e quantitativas das células T, observa-se uma

desregulacdo em todas as populacdes celulares envolvidas na resposta imunitaria, tais

como células B *°, NK ***

, mondcitos/macrofagos 126 pc s,

Os mondcitos/macrofagos e DC actuam como “sentinelas” de imunidade inata e,
devido ao seu papel como células apresentadoras de antigénio (APC, Antigen presenting
cells), permitem activar a imunidade adquirida ***. A susceptibilidade destas células a
infeccao pelo HIV-1, a possibilidade de se tornarem reservatoérios virais e as alteragdes
funcionais que apresentam em doentes infectados pelo HIV-1, evidenciam o papel
crucial que desempenham na imunopatogénese desta infecgio % 14 112,

A revisdo introdutdéria desta Tese focar-se-d nas alteragbes que as DC e

mondcitos/macréfagos apresentam e no papel destas células na infec¢do pelo HIV.
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5. O papel das células dendriticas no sistema imunitario

As células dendriticas (DC) foram observadas pela primeira vez na pele em 1868, por
Paul Langherhans, tendo sido baptizadas com o seu nome e erradamente consideradas

11 Mais de um século depois, em 1973, Ralph Steinmann e

células nervosas cutaneas
Zanvil Cohn descobriram estas células em suspensdes celulares de baco de ratinho e,
com base na sua morfologia peculiar caracterizada por prolongamentos ou dendrites,

» 17 caracterizando-as in vitro *** e in vivo '°. A

designaram-nas “células dendriticas
possibilidade de purificar DC a partir de fraccdes de baco de ratinho permitiu avaliar a
sua capacidade estimuladora de células T em reac¢des leucocitdrias mistas, tendo sido
reconhecida a sua importancia como APC. Estes estudos permitiram concluir que as DC
activavam a proliferacdo de linfécitos T em reacgdes leucocitarias mistas com uma

120

eficiéncia pelo menos 100 vezes superior a de macréfagos ou células B . Estudos

posteriores demonstraram a capacidade das DC de estimular células T citotéxicas ! e

122 utilizando

respostas mediadas por anticorpos dependentes de células T CD4" helper
células de Langherhans da epiderme de ratinho, foi possivel estabelecer uma
dissociacdo entre duas propriedades das DC enquanto APC: num estddio imaturo, as DC
servem de “sentinelas” nos tecidos ndo linfdides prontas a capturar antigénios; apds
maturacdo, apresentam esses antigénios a células T, estimulando-as 123,124 A5 DC
podem assim ser caracterizadas por uma elevada capacidade de captura, processamento
e retengdo no seu interior, de péptidos/antigénios microbianos, apresentando-os,
subsequentemente, no contexto do complexo major de histocompatibilidade (MHC,
Major histocompatibility complex), a células T naive (células que ainda ndo foram
expostas ao antigénio para o qual s3o especificas), activando-as *»°.

Estudos mais recentes permitiram reconhecer um papel mais abrangente das DC no
sistema imunitario. Para além de indutoras de imunidade, as DC tém propriedades
tolerogénicas, essenciais para eliminar linfécitos auto-reactivos, minimizando reaccoes
auto-imunes 21?7,

A identificacdo das DC ha 36 anos abriu caminho a uma nova area de investigacao

centrada na biologia destas células. Actualmente, reconhece-se que as DC promovem a

ligacdo entre a imunidade inata e a imunidade adquirida, uma vez que integram a



14 Modulagdo de DC e mondcitos pelo HIV-2

informagdo que recebem através do reconhecimento de padrdes microbianos pelo
sistema imune inato e originam uma resposta imune adquirida adequada 125, 128
Descrevem-se seguidamente aspectos da biologia das DC, nomeadamente o seu ciclo de
vida, o modo como utilizam o maior sistema de reconhecimento de microrganismos em

vertebrados, a familia dos Toll-like receptors (TLR), bem como as suas subpopulagées.

5.1. Ciclo de vida das células dendriticas

As DC derivam de progenitores da medula dssea através de células intermedidrias
ainda n3o completamente caracterizadas **°. Os precursores de DC no sangue migram
para os tecidos periféricos, como a pele e as mucosas, locais privilegiados de exposicao a
antigénios. Enquanto estrategicamente residentes nos tecidos periféricos, as DC
imaturas sdo consideradas “sentinelas” do organismo, dada a elevada capacidade com
gue reconhecem agentes patogénicos. Para tal, as DC dispdem de um vasto reportdrio
de moléculas que reconhecem padrées moleculares conservados especificos da
superficie de agentes patogénicos (pathogen associated molecular pattern, PAMP), tais
como lipidos, lipoproteinas, proteinas e acidos nucleicos. As moléculas que reconhecem
tais padroes sdo designadas pattern recognition receptors (PRR), dos quais fazem parte
duas importantes familias, a dos C-type lectin receptors (CLR) e a dos Toll-like receptors
(TLR) 130 131" 0s CLR sdo particularmente importantes para o reconhecimento de
carbohidratos e subsequente internalizacdo dos antigénios glicosilados em
compartimentos lisossomais existentes nas DC, iniciando o processamento e
apresentacdo de antigénios no contexto de moléculas MHC, ndo resultando

132 por seu turno, o reconhecimento

necessariamente na inducdo de células T efectoras
de microrganismos através dos TLR da inicio a uma cascata de sinalizagdo intracelular,
conduzindo a maturacdo e activacdo de DC, fundamental para a indugdo de células T
efectoras **, pelo que tém sido considerados como os principais PRR capazes de induzir
uma completa maturagdo de DC 131

A designacao de TLR deve-se a sua semelhanga com a molécula Toll, um receptor

inicialmente conhecido pela sua funcdao no desenvolvimento embriondrio de Drosophila
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melanogaster > e, mais tarde, pela sua contribuicdo no controlo de infec¢bes fungicas

no insecto adulto **

. A importancia dos TLR tornou-se evidente a partir da identificacdo
de um homdélogo do receptor Toll em mamiferos (actualmente designado TLR4) com
capacidade de induzir a expressdo de genes envolvidos em respostas inflamatorias 135,
posteriormente, pela identificagdo de uma mutagao pontual no gene tir4 numa estirpe
de ratinho incapaz de responder ao lipopolissacarido (LPS), um componente da
membrana externa de bactérias Gram-negativas **°.

Presentemente, conhecem-se 13 moléculas TLR em mamiferos, dos quais pelo
menos 10 no ser humano " . Alguns destes receptores s3o expressos na superficie
celular e reconhecem componentes das paredes bacterianas e flungicas, tais como
lipopéptidos e peptidoglicanos (TLR1,2,6), LPS (TLR4) e flagelina bacteriana (TLR5).
Outros (TLR3,7,8,9) localizam-se em membranas intracelulares e reconhecem acidos
nucleicos **%.

Os TLR sao receptores transmembranares de tipo | estruturalmente constituidos por
trés dominios: uma regido extracelular composta por sequéncias ricas em leucina
responsavel pelo reconhecimento dos seus ligandos; um pequeno dominio
transmembranar; e um dominio citoplasmatico conservado partilhado pela familia de
receptores de IL-1 (IL-1R), designado Toll/IL-1R (TIR), requerido para o inicio da cascata

139140 pependendo de varios factores (como o tipo de TLR, de

de sinalizagao intracelular
células ou de ligandos), os TLR podem activar diferentes vias de sinalizagdo utilizando
varios co-factores e moléculas adaptadoras, gerando respostas imunes especificas. Uma
das vias de sinalizacdo mais importantes é mediada pela molécula adaptadora MyDS88,
conduzindo a translocag¢do do factor de transcricdo NF-kB para o nucleo e subsequente
transcricdo de genes que codificam para citocinas pré- e anti-inflamatérias, quimiocinas
e moléculas co-estimulatérias, com fungdes envolvidas em respostas imunes inatas e
adquiridas 139,141

Para além de reconhecerem estruturas microbianas conservadas, os TLR também
detectam um conjunto de ligandos enddgenos que sdo libertados como sinais de alerta

na sequéncia de danos nos tecidos, tais como produtos de degradacdo de

macromoléculas, produtos de cascatas proteoliticas, componentes intracelulares de
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células danificadas e produtos de genes activados por inflamagao. Exemplos de ligandos
enddgenos incluem proteinas de choque térmico (HSP, Heat shock proteins), acidos
nucleicos e produtos de degradacdo da matriz extracelular (heparano sulfato,
fibrinogénio, fibronectina e proteinas hight mobility group box 1 - HMGB1) 3% 13% 142,
Assim, a interacgdo destes ligandos enddégenos com os respectivos TLR tem um papel

importante no controlo da homeostasia dos tecidos 139

. O hospedeiro dispde de um
apertado sistema de regulacdo da disponibilidade de ligandos enddgenos e da
guantidade de TLR na superficie celular, de modo a que as respostas mediadas por TLR
sejam suficientes para conter os agentes patogénicos sem serem nocivas para o
hospedeiro 142

Para além dos PRR, as DC expressam receptores de um grande nimero de citocinas
e quimiocinas e outras substancias produzidas em resposta a alteragdo do ambiente
circundante, o que lhes confere um importante papel na modulacdo da resposta
imunitaria .

Enquanto imaturas, as DC tém uma elevada capacidade para capturar os antigénios
(por micropinocitose, endocitose e fagocitose) e processa-los *°. Nas barreiras epiteliais
das mucosas, as DC parecem ser capazes de migrar para a superficie apical do epitélio
onde, projectando as suas dendrites para o exterior, capturam os antigénios ***.

Ao serem expostas a certos estimulos (ex: PAMP reconhecidos pelos TLR expressos
pelas DC), as DC sofrem maturacdo, processo que se caracteriza por alteragdes
fenotipicas, morfoldgicas e fisioldgicas. Durante esta etapa, as DC migram para os érgaos
linfoides secundarios (ganglios linfaticos de drenagem), o que depende, em parte, da
expressao de novo da molécula CCR7, receptor das quimiocinas CCL19 e CCL21

144

presentes nas zonas ricas em células T dos ganglios linfaticos ™. A alteracdo no

reportdrio de receptores de quimiocinas extende-se também a uma diminuicdo da

145147 Além disso, as DC

expressao de CCR5 e um aumento da expressdao de CXCR4
perdem a capacidade de capturar e processar antigénios, dirigindo a especifidade da
células T para os antigénios ja capturados nos tecidos periféricos. A par dessas
alteragdes, ocorre um aumento da expressao de complexos MHC-péptido na superficie

das DC. As DC passam também a expressar CD83, sofrem um aumento da expressao de
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CD40 e das moléculas co-estimulatérias CD80 e CD86 e secretam varias citocinas (TNF-a,
IL-12 e interferGes - IFN) e quimiocinas. Os eventos ocorridos durante o processo de
maturacdo de DC promovem a interac¢do destas células com os linfdcitos T naive nos
ganglios linfaticos, com subsequente apresentacdo antigénica e activacdo das células T
130 (Figura 4). Dependendo de varios factores (incluindo o tipo de microrganismo, os
PRR, a subpopulacdo de DC e as citocinas secretadas por células circundantes), podem
ser iniciadas respostas de linfocitos T CD4+/helper ou respostas mediadas por células T

154

citotéxicas 4813,

Por outro lado, as DC podem activar células B e estabelecer
interacgdes reciprocas com células da imunidade inata, tais como células NK, NKT e

células Tyd >,

Precursorde
DC no sangue T
\ \\ e (@)
Complexo
Sangue MHC: péptido
Sangue
DCimatura . {\ © \
nos tecidos - (&) C’“g &)
/ / . © Ganglio linfatico
Microrganismo \
patogenico Tecido periférico o'

>
/ Vaso linfatico

DC em processo de
maturagdo

Figura 4. Ciclo de vida das DC convencionais (adaptado de Bleijs et allse).

Entre as DC imaturas e maduras, pode considerar-se a existéncia de DC num estadio

de maturacgdo parcial, designadas semi-maduras **’

. Segundo Lutz e Schuler, estas
células originam-se a partir da exposicio de DC imaturas a auto-antigénios
(provenientes do turnover de tecidos ou de células apoptéticas), na auséncia de agentes

patogénicos. Mesmo em condi¢cdes homeostaticas, estas células adquirem parte das
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caracteristicas de DC maduras, tais como a expressao de CCR7, o que permite a sua

migracdo espontdnea para os ganglios linfaticos de drenagem, e o aumento da

157

expressao de moléculas MHC e de co-estimulagdo ~>’. No entanto, ao contrario das DC

maduras, as DC semi-maduras ndo tém capacidade de produzir citocinas pro-
inflamatdrias (como a IL-12) necessarias para a activacdo das células T e sua polarizacdo
no que respeita a produgdo de citocinas. Em vez disso, a interac¢ao entre as DC semi-

maduras e as células T promove a tolerdncia aos auto-antigénios apresentados na

157

superficie das DC™’. Assim, em condi¢cdes de estado estacionario, quer as DC semi-

maduras quer as imaturas tém sido apontadas como relevantes para o desenvolvimento

de células T reguladoras, importantes mediadores de supressdo de respostas inatas e

158, 159

adquiridas, envolvidas no controlo da homeostasia periférica . Numa situacdo de

desequilibrio do sistema imunitdrio, como uma infeccao, as DC podem ser manipuladas

por agentes patogénicos e, mesmo sofrendo completa maturacdo, induzir células T

reguladoras e tolerancia *°% 1®*.

5.2. Subpopulagbes de células dendriticas

As DC constituem uma populacdo heterogénea de células, sendo as varias

subpopulagdes distinguidas com base na sua localizagdo, nas vias de migragdo, nos perfis

129

de expressdo de moléculas e na funcdo que desempenham ~“°. No ser humano, podem

distinguir-se duas subpopula¢ées principais, as DC mieldides (mDC) e as DC

plasmacitéides (pDC) 2, que constituem menos de 1% do total de células

mononucleadas do sangue periférico (PBMC) *°* 1%,

As mDC podem encontrar-se nos tecidos periféricos ndo linféides, nos tecidos
linféides e na circulacdo periférica '*>. Também designadas por DC convencionais ¢, as
mDC constituem as APC por exceléncia. De acordo com as suas caracteristicas
migratdrias, esta subpopulacdo pode ainda subdividir-se em DC “migratdrias” e em DC

129

“residentes” em tecidos linféides "*°. As DC migratdrias apresentam o ciclo de vida

classico descrito na seccdo anterior, ou seja, constituem “sentinelas” nos tecidos

periféricos e, em resposta a sinais de perigo, migram para os ganglios linfaticos de

129

drenagem De acordo com a sua localizacdo nos tecidos periféricos, tém sido
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agrupadas em células de Langerhans (epiderme da pele, epitélio do tracto intestinal,

respiratério e reprodutor), DC dérmicas (derme) e DC intersticiais (figado e pulmdes) *%°.

Ao contrario das DC migratérias, as DC residentes em tecidos linféides (DC do timo, baco
e cerca de metade das DC nos ganglios linfaticos) capturam e apresentam os antigénios
directamente no 6rg3o linféide **°.

As pDC, assim designadas devido a semelhanca da sua morfologia com a de
plasmécitos, localizam-se preferencialmente no sangue periférico e drgdos linféides

167

secunddrios —’. Gragas a expressdao de L-selectina na sua superficie, as pDC em

circulacdo podem migrar directamente através dos high endothelial venules (HEV) para

168

os o6rgdos linféides secunddrios . Funcionalmente, as pDC destacam-se pela elevada

capacidade de produzir IFN - tipo | (IFN-1), nomeadamente IFN-a, apds estimulagdo
antigénica. Esta citocina, para além de ter um importante papel antiviral, constitui um
agente modulador das proprias pDC e de outras células do sistema imunitdrio, entre as

166, 169

quais células NK, mDC e células B . As pDC podem também desempenhar um papel

como APC, tendo sido recentemente sugerido que os seus mecanismos de apresentacao

170, 171

antigénica sao distintos dos utilizados pelas mDC . Esta dicotomia funcional das

pDC (producdo de IFN-I e apresentagdao antigénica) pode ser induzida sequencialmente

por um determinado estimulo *”?

. Segundo Soumelis e Liu, a estimulacao antigénica das
pDC induz a transicdo entre dois estadios de diferenciacdo: (i) estadio plasmacitdide, em
que as células tém uma morfologia plasmacitdide e uma elevada capacidade de
producdo de IFN tipo I; (ii) estadio de DC, em que as células adquirem dendrites tipicas
de DC e tornam-se capazes de apresentar antigénios as células T naive, activando-as,

172

mas perdem cerca de 95%-99% do seu potencial de produgdo de IFN-tipo | *“. Com base

na morfologia e fungdo das pDC no primeiro estadio, varios autores tém caracterizado

esta subpopulagdo como pré-DC **° 172

. A possibilidadade das duas fung¢des das pDC
como produtoras de IFN-I e apresentadoras de antigénios serem co-induzidas por um
mesmo estimulo foi contrariada por um estudo recente que demonstrou que,
dependendo da estimulagdo, as pDC adquirem uma ou outra fungdo 173,

Apesar de, inicialmente, se ter atribuido as subpopulacdes mDC e pDC uma origem

mieldide e linféide, respectivamente, existe evidéncia de que ambas podem ter como



20 Modulagdo de DC e mondcitos pelo HIV-2

origem células progenitoras mieldides ou linféides que expressam Flt3 (fms-like tyrosine
kinase receptor-3), um receptor da citocina Flt3L que promove o desenvolvimento das
DC in vivo e in vitro > "%,

Fenotipicamente, ambas as subpopulagcbes expressam HLA-DR e sdo negativas para
a expressao de marcadores especificos de linhagem de outras células do sistema
imunitdrio, tais como CD19/CD20 (células B), CD3 (células T), CD14 (mondcitos) e
CD16/CD56 (células NK) . No entanto, as mDC distinguem-se das pDC pela elevada
expressao de marcadores mieléides como CD11b, CD11c, CD13, CD33 e BDCA-3. Por seu
turno, as pDC expressam CD123 (receptor de IL-3), BDCA2 e BDCA4 %% 17,

O perfil de expressdo de TLR é distinto e complementar nestas duas subpopulacdes
de DC. No ser humano, as pDC expressam selectivamente TLR7 e TLR9, permitindo-lhes
reconhecer RNA em cadeia simples e sequéncias de DNA ndao metilado ricas em
oligonucledtidos CpG, respectivamente. As mDC expressam preferencialmente TLR1,
TLR2, TLR3, TLR4, TLR5, TLR6 e TLR8 >’ 0 que Ihes confere uma capacidade de
reconhecimento de outros estimulos.

Apesar da funcdo especializada de cada subpopulacdo de DC, a regulacdo da
resposta imune depende também da flexibilidade com que uma célula responde a
diferentes estimulos microbianos e ambientais, desempenhando diversas funcdes, e da
interaccdo entre as varias subpopulacées de DC 178,

Dado o papel central das DC na inducdo de respostas imunes, a modulacdo da

funcdo destas células constitui um mecanismo estratégico utilizado por agentes

patogénicos como o HIV para diminuir a capacidade de vigildncia do sistema imunitario.

6. O papel das células dendriticas na imunopatogénese da infecgao
pelo HIV

Actualmente reconhece-se como sendo da maior importancia o papel das DC na
imunopatogénese da infec¢do pelo HIV. Ndo sé constituem potenciais alvos de infecgdo

pelo HIV, como sdo cruciais na transmissdo do virus devido a sua capacidade migratoria

56, 58, 147, 179-182

e de recrutamento de um elevado nimero de células T . Além disso, as DC
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115, 183, 184

podem constituir reservatorios virais , contribuindo continuamente para a

infeccdo de novas células T. Por fim, as préprias DC apresentam alteragGes quantitativas
e qualitativas que, tendo em conta o papel destas células nos mecanismos de defesa

imunitaria, contribuem para a desregulagdo do sistema imunitario na infeccdo pelo HIV

181

6.1. Infecgdo das células dendriticas pelo HIV

As diferentes populacdes de DC expressam CD4 e os co-receptores CXCR4 e CCR5

147, 185-187

necessarios a entrada do HIV na célula , pelo que sdo consideradas potenciais

alvos da infeccdo pelo virus. Estudos in vitro utilizando diferentes subpopulacdes de DC,

188-191 186, 187,193,194

incluindo células de Langerhans da pele e vaginais *°%, DC do sangue

DC geradas a partir de mondcitos (Mo-DC)**>*®” ou precursores CD34" %

demonstraram que as DC podem ser infectadas, mas com uma frequéncia inferior a de
células T CD4* 2. A susceptibilidade a infeccdo parece depender da estirpe em causa (X4

or R5) o que, por sua vez, pode ser condicionado pelo estadio de maturagao das DC.

195 + 198

Esperiéncias in vitro feitas em Mo-DC ou DC obtidas a partir de células CD34

demonstraram que DC imaturas sdo susceptiveis a infeccdo produtiva somente por

estirpes R5. Contudo, apds maturacdo das DC, a expressdao de CCR5 diminui e a de

CXCR4 aumenta, o que favorece a infeccdo destas células por estirpes X4 4> 146 198

Apesar da evidéncia recente de que as células de Langerhans sao resistentes a infecgao

pelo HIV-1 **°, foi possivel documentar a replicacdo de estirpes R5 em células frescas >

147

e de estirpes X4 ap6s cultura celular in vitro ="', Consistentes com estas observacoes,

estudos de infeccdo de células de Langerhans in situ tém demonstrado que a entrada do

HIV-1 ocorre predominantemente através de CCR5, o que ajuda a explicar a reduzida

200

transmissdo de estirpes X4 através das membranas das mucosas “ . DC isoladas a partir

do sangue periférico apresentam susceptibilidade a infeccdo in vitro por estirpes R5 ou

X4 187,201,202 apesar de, em alguns casos, serem mais susceptiveis a infeccdo por estirpes

R5 '8 293 No entanto, num estudo efectuado por Fong e colaboradores, as pDC sé se

tornaram susceptiveis a infeccdo por estirpes R5 ou X4 apds estimulacdo por CD40L 204

Apesar das discrepancias entre os varios estudos, a maturacdo das DC, além de estar
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associada a uma diminuicdo da expressao de CCR5, parece contribuir para um
decréscimo da capacidade de fusdo do virus com a membrana celular **® e da transcrigdo

146

viral apds integragao do seu genoma no DNA do hospedeiro “™. Ao contrario do que

acontece com as células de Langerhans, ha evidéncia de que as DC dérmicas sao
indescriminadamente susceptiveis a infecgdo por estirpes R5 e X4 2%,

Apesar de varios estudos terem demonstrado que as DC sdo susceptiveis a infeccao
por HIV-1 in vitro, o contributo da infeccdo de DC in vivo para a patogénese da SIDA
permanece controverso. Para investigar a infec¢dao de DC in vivo, tem sido utilizado o
modelo da infeccdo de macacos Rhesus pelo SIV, através da mucosa vaginal. Apesar da
baixa frequéncia de infecgdo, o SIV tem sido detectado nas DC logo apds o epitélio

205, 206

escamoso estratificado vaginal e exocervix uterino . Em estudos efectuados no

GALT, foi possivel a detecgao de infecgao de SIV em DC, apesar de mais lentamente do

+ 55, 207

gque em células T CD4 . Do mesmo modo, em tecidos linféides de macacos

infectados por SIV e de individuos infectados pelo HIV, a existéncia de RNA viral em DC é
mais dificilmente detectada do que em linfécitos T CD4" 8,

A fim de melhor se perceber o grau de infeccdo de DC pelo HIV, mais estudos
deverdo ser efectuados, sobretudo em tecidos linféides associados as mucosas, locais

privilegiados de infecgio produtiva 5.

6.2. As células dendriticas como disseminadoras da infec¢do pelo HIV

As DC tém propriedades que as tornam veiculos de disseminacdo viral por
exceléncia. A sua elevada capacidade de migragao da periferia para os ganglios linfaticos
e o seu potencial de recrutamento de células T, armas essenciais para o

desenvolvimento de uma resposta imune adquirida, sdo exploradas pelo HIV de modo a

+ 179

atingir os seus principais alvos, as células T CD4 . Com efeito, o contacto entre DC

. P . ~ . - 2 2
previamente expostas ao HIV e células T promove a infecgdo das células T >°°% 208 209,
Por outro lado, ao estimularem as células T, as DC aumentam ainda mais a

permissividade daquelas a replicacdo viral, contribuindo para a disseminacdo do virus
202
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Um dos potenciais mecanismos implicados na transferéncia do HIV das DC para as
células T envolve uma molécula da familia dos CLR designada DC-specific ICAM-3
grabbing nonintegrin (DC-SIGN) ou CD209. Esta molécula, identificada em 1992 a partir

de uma biblioteca de cDNA de placenta como tendo elevada afinidade para os residuos

[ 210

de fucose e manose existentes na gp120 do invélucro vira , € expressa em DC

213, 214

derivadas de mondcitos *** ou de células CD34" ?*2, em macréfagos e em DC

215, 216

dérmicas *® e das mucosas . Estudos utilizando Mo-DC mostraram que a molécula

211

DC-SIGN esta implicada, ndo sé na interac¢do de DC com células T ©°°, mas também na

217

captura do virus pelas DC e na sua transferéncia para as células T “°’. Estes estudos

conduziram a um modelo de disseminacgao viral designado “infec¢ao em trans”, segundo
o qual a molécula DC-SIGN se liga com elevada afinidade a gp120 do HIV 2%,
promovendo a captura de virides pelas DC e subsequente transmissdo do virus para as
células T CD4* ?*"?% De notar que a molécula DC-SIGN n3o parece promover a fusio do
virus com a membrana das DC, pelo que, mesmo sem serem infectadas, as DC podem
facilitar a infecgdo produtiva de células T CD4" %%,

Os mecanismos moleculares pelos quais as DC transmitem o HIV em trans para as
células T ndo sdao completamente conhecidos (Figura 5). Uma possibilidade envolve a

. . ~ , . ~ . . . 21
internalizacdo do virus em compartimentos n3o lisossomais de baixo pH **®

. Segundo
este modelo, o HIV utiliza as DC como “cavalos de Tréia”, ou seja, usa a molécula DC-
SIGN para aceder a endossomas ou corpos multivesiculares das DC onde, protegido de
degradacao, persiste durante tempo suficiente para posteriormente ser transportado
para a “sinapse infecciosa” formada pela interaccdo entre as DC e as células T ***. A
transmissdo viral pode ainda ocorrer através da libertagdo para o meio extracelular de
exossomas contendo o virus 2?2, Estudos mais recentes sugeriram que a infecgdo em
trans é mediada sobretudo por virides a superficie de DC e ndo por virides internalizados
(Figura 5) 2% 2%,

Apesar da importancia da molécula DC-SIGN na infecgdo pelo HIV em trans, varios
estudos concluiram que esse poderd nao ser o Unico factor na promocdo da

N . . 7 213, 224, 22 . N .
transferéncia do virus das DC para as células T CD4* 2! 22% 22> A discrepéncia entre os

estudos provavelmente reflecte diferengas no tipo de células usadas (DC primarias
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versus linhas celulares transfectadas com DC-SIGN) e no estadio de maturagdo das DC *°.

E também possivel que as DC usem outras moléculas da familia CLR para a infec¢cdo em

trans das células T 2%,

Sinapse “Surfing”
infecciosa

Sinapse
infecciosa

Co-receptor
CD4

<. " Transferéncia para:. -
as células T .

Transferéncia para -, -+

as célulasT/' o

Viridgo HIV Viridgo HIV

\/

Captura

Captura

Internalizagdo

Internalizagéo

Célula
dendritica

Célula
dendritica

Figura 5. Modelos de infecgdo em trans das células T CD4" pelas DC. No modelo prevalente (A), a infecgdo
em trans é mediada por viriGes internalizados. No modelo sugerido mais recentemente (B), os virides que
permanecem a superficie das DC sdo os principais responsaveis pela infeccdo em trans (adaptado de
Cavrois et al , 2008 *%).

Por outro lado, apesar da deteccdo da expressdao de DC-SIGN em DC de varios

211, 213-216, 226-228

tecidos humanos , ndo foi ainda claramente demonstrada expressao de

DC-SIGN in vivo em qualquer das subpopulagdes de DC no sangue, mDC e pDC, nem em

células de Langerhans 186, 211, 213, 229-231

, pelo que o papel desta molécula na disseminacao
viral in vivo permanece por esclarecer %6,

A transmissao do HIV das DC para as células T pode ocorrer, ndo sé pelo mecanismo
de infeccdo em trans, mas também por um mecanismo de infeccdo em cis que, ao

232

contrario do primeiro, envolve infeccdo das DC “°“. Tendo em conta estudos recentes

gue descrevem uma rapida degradacdo do HIV nas primeiras 24 horas apds a sua

captura pelas DC ***

, a transmissao de HIV das DC para as células T apds esse periodo
pode implicar producdo de virus de novo, ou seja, replicacdo viral nas DC. Assim, Turville
e colaboradores admitem a existéncia de duas fases, ndo necessariamente sequenciais
ou interdependentes, para a transferéncia do HIV para as células T CD4": a primeira fase
(nas primeiras 24 horas apds a exposicao ao HIV) pode envolver translocacdo de virus

capturados nos endossomas para a sinapse infecciosa DC-células T; a segunda fase (de
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24 a 72 horas ap6s a exposicao ao HIV) pode envolver a replicacao viral de novo nas DC

23 No entanto, tendo em conta os baixos niveis de replicacdo do HIV nas DC in vivo,

permanece por clarificar a relevancia in vivo da transmissdo de virus sintetizado de novo

das DC para as células T °°.

6.3. Alteracdes da biologia das células dendriticas na infecgéo pelo HIV

Durante a infecgao pelo HIV, observam-se alteragdes quantitativas e qualitativas nas
DC que podem comprometer o desenvolvimento de uma resposta imunitaria adequada.
Varios estudos documentaram uma diminuicao acentuada das principais subpopulacdes

de DC no sangue periférico, mDC e pDC, em individuos infectados pelo HIV-1, quer

234-237 163, 185, 238-246

durante a infeccdo aguda , quer durante a infeccdo crénica . Este

decréscimo parece ser mais pronunciado quanto menor o numero de linfécitos T CD4"

163, 185, 237, 243, 246 163, 185, 237, 239-241, 243, 246

e maior a quantidade de virus em circulagao

Além disso, os individuos Long Term Non Progressors apresentam niveis de pDC 239,242 o

mDC **? mais elevados do gue os que progridem mais rapidamente. Fenotipicamente, as
DC dos individuos infectados apresentam uma maior expressao ex vivo de moléculas co-

estimulatérias % 2%

gue se parece associar a uma maior virémia e menor numero de
linfécitos T CD4* ', Tal pode reflectir o estado generalizado de activacdo imunitaria
cronica que estes individuos apresentam. No entanto, a capacidade das pDC se
diferenciarem apds estimulagao in vitro com ligandos de TLR7 é menor nos doentes
infectados pelo HIV-1 do que nos individuos seronegativos 247,

As razbes pelas quais se verifica a deplecdo de DC em circulacdo ndo estdo
completamente elucidadas. Uma possibilidade consiste na migracao de DC para os
orgdos linfdides. Com efeito, tem sido observada uma acumulagdo de DC com um
fendtipo parcialmente activado nos tecidos linfoides de individuos infectados pelo HIV-1,

248-250

durante a fase aguda 226 & crénica . Um estudo recente demonstrou existir uma

251

acumulacdo de pDC no baco de doentes em fase crdnica da infeccao pelo HIV-1 “°~. Para

além disso, em modelos de infeccdo patogénica de macacos Cynomolgus (Macaca

fascicularis) *>* e n3o patogénica de African green monkeys (Chlorocebus sabaeus) >3
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por SIVimacas1 € SlVagm, respectivamente, verificou-se, durante a infeccdo aguda, um
decréscimo de pDC no sangue periférico e, paralelamente, um aumento dessas células
nos ganglios linfaticos, consistente com um recrutamento das pDC para os tecidos
linfoides. Outros estudos, no entanto, apresentaram evidéncia de que a redistribuicdo
de DC para os ganglios linfaticos ndo pode, por si s6, explicar a deple¢cdo de DC no
sangue periférico. Por exemplo, em macacos Rhesus infectados por SIV/DeltaB670 que
desenvolveram SIDA, foi recentemente demonstrado um decréscimo de mDC e pDC,
guer no sangue, quer nos tecidos linféides 24 Além disso, verificou-se uma deplecao

muito acentuada de pDC e de mDC nos ganglios linfaticos de individuos com infeccdo

255

cronica pelo HIV-1, em comparag¢ao com individuos ndo infectados “°. Adicionalmente,

Tilton e colaboradores avaliaram as frequéncias de pDC simultaneamente em PBMC e
em ganglios linfaticos de individuos infectados pelo HIV-1 e observaram uma auséncia

de correlacdo entre ambas, sugerindo que o decréscimo do nimero de pDC no sangue

256

periférico ndo era devido a uma acumulagao nos ganglios linfaticos °°. Uma hipdtese

alternativa para explicar a deplecdo de DC no sangue periférico consiste na infeccao
directa das DC pelo virus e consequente morte celular. De acordo com esta hipdtese, um

estudo recente demonstrou que a exposi¢cao de pDC a uma linha celular que expressava

257

HIV induzia niveis elevados de apoptose e necrose das pDC <>’. O decréscimo de DC no

sangue periférico pode também resultar de alteracbes na hematopoiese que podem

contribuir para a diminuigdo de progenitores de DC ** >,

Para além das alteragdes quantitativas e fenotipicas, observa-se na infec¢ao pelo
HIV-1 uma diminuicdo da capacidade de maturacdo das DC que se traduz em alteragdes

da sua fungao. Relativamente as pDC, tem sido descrita uma menor capacidade de

26 236, 238-241

producdo de IFN-o. em resposta a diversos estimulos *°°, tais como HSV ,

Influenza 2** *3, imidazoquinolinas (3M-001, 3M-002 e 3M-011, ligandos sintéticos de

TLR7, TLR8 e TLR7/8, respectivamente)**’, sequéncias de DNA n3o metilado ricas em

243-245, 247 247

motivos CpG (ligandos de TLR9) e ao proprio HIV-1 inactivado Estas

23

observacdes tém sido descritas quer durante a infecgdo primaria 3, quer durante a

238-241, 243-245, 247

infecgao croénica e ndo parecem verificar-se em individuos Long Term

261 261-263

Non Progressors 29 Para além disso, quer as pDC quer as mDC apresentam
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uma diminuicdo da capacidade de estimular a proliferacdo de células T alogénicas em
reaccOes leucocitarias mistas. O decréscimo da capacidade de maturacdo funcional das

mDC é particularmente evidente nas fases mais avancadas da doenca associando-se a

+ 262 U

uma menor capacidade de inducdo de expressdao de CD40L em células T CD4 m

dos possiveis factores recentemente sugeridos para a menor capacidade estimulatéria
das células T pelas mDC na infeccdo pelo HIV-1 é a molécula PD-L1 (programmed cell
death ligand 1, B7-H1)**3, uma molécula da familia B7-CD28 que, através da interaccdo

com o seu receptor PD1 (programmed cell death 1), estd envolvida na supressdo da

264 265-268
. F

activacdo das células T e na exaustdo de células T especificas do HIV-1 oi

documentado um aumento da expressdao de PD-L1 nas mDC de individuos infectados
pelo HIV-1 relativamente a observada nas mDC de individuos seronegativos, tendo o
bloqueio de PD-L1 in vitro aumentado a capacidade das mDC de estimular a proliferagao
das células T 2%,

Para além das DC do sangue periférico, também as DC acumuladas nos tecidos
linféides de individuos infectados pelo HIV-1 apresentam defeitos funcionais. Com
efeito, estas células tém, como ja referido, um fendtipo semi-maduro, nuns casos
expressando CD40 mas com reduzida expressao de CD80 e CD86 226 noutros sem
express3o significativa de CD40 e incapazes de secretarem IL-12 **°. A acumulagdo de DC
semi-maduras no contexto da infeccdo pelo HIV pode ter um papel importante na
inducdo de células T reguladoras que, por sua vez, suprimem as respostas antivirais com
consequente aumento da persisténcia viral **°.

A avaliacdo dos efeitos de HAART na restauracdo dos niveis e funcdo das DC tem
conduzido a resultados discrepantes. Alguns estudos apontam para uma incapacidade

234

de recuperacdo dos niveis de ambas as subpopula¢des de DC apds HAART “°7, enquanto

~ . z 1
que outros defendem uma recuperacio apenas parcial dessas células 3. Por outro lado,

foi documentada recentemente uma recupera¢ao de pDC mas ndao de mDC apés HAART

2 ;. . . ~
% Pelo contrario, outros estudos demonstraram existir uma completa recuperagio dos

240, 241, 244
$ S Essa

niveis de mDC mas apenas uma recuperac¢do parcial dos niveis de pDC
incapacidade de se atingir os niveis normais de pDC apds HAART pode traduzir-se numa

também parcial recuperacdo da capacidade produtora de IFN-a por PBMC estimuladas
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com HSV**:. No entanto, num estudo realizado por Kamga e colaboradores, apesar de os
niveis de pDC nos individuos infectados pelo HIV-1 apds 1 ano de HAART se manterem
abaixo dos detectados nos seronegativos, a capacidade de producdo de IFN-a por PBMC

estimulados com HSV foi completamente recuperada *3°

. Tem também sido sugerido
gue administracdao de HAART na fase inicial da infeccdo pode restaurar os préprios niveis
de pDC. Com efeito, foi observada uma recuperacdo dos niveis de pDC, mas ndo de
mDC, apds 24-48 semanas de HAART, iniciada ainda na fase aguda da infeccdo **’. Para
além disso, em estudos experimentais de interrupgcdo de terapéutica anti-retroviral, foi
documentada uma correlagao inversa entre os niveis de pDC apresentados apds um més
de terapéutica anti-retroviral e os niveis de virémia detectados apds interrupcdo dessa

235

terapéutica . Tal pode estar relacionado com uma recuperacdo sustentada da

producdo de IFN-o. que, por sua vez, tem um papel inibitério da replicacdo viral 2.
Assim, tem sido sugerida a utilizagdo dos niveis de pDC em doentes tratados com HAART

| 235, 270

como um parametro preditivo do controlo vira . A nivel dos ganglios linfaticos, a

HAART parece também reduzir a acumulagdao de DC semi-maturas, nomeadamente ao
nivel da subpopulagdo de mDC 20

Além das alteragdes acima descritas observadas em individuos infectados pelo
HIV-1, estudos realizados a partir da infecgao in vitro de DC isoladas ex vivo ou de Mo-DC
tém também contribuido para o conhecimento da biologia das DC no contexto desta
infeccao. Experiéncias de infecgdo in vitro de pDC e mDC tém originado resultados
discrepantes quanto a capacidade do virus de induzir maturacdo destas células. Ao
contrario de Smed-Sorensen e colaboradores, cujas experiéncias apenas detectaram
uma baixa capacidade do virus de induzir maturacdo de pDC e mDC 187 Virios estudos

201, 271

demostraram existir uma activacdo directa das pDC pelo HIV-1 . No entanto, a

maturag¢ao das mDC pode ocorrer apenas indirectamente como resultado dos efeitos de

citocinas secretadas pelas pDC activadas 2’

. AlteracGes considerdveis nas propriedades
das DC também se observaram em estudos de infec¢do in vitro de Mo-DC. Apesar do
HIV-1 ter induzido uma maturacdo fenotipica traduzida num aumento da expressdo de
moléculas co-estimulatérias, provocou alteragdes funcionais nestas células inibindo a

sua capacidade de produzir citocinas em resposta a estimulos de maturagao 2”2 por seu
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turno, Granelli-Piperno e colaboradores demonstraram existir uma incapacidade destas
células maturarem fenotipicamente e funcionalmente em resposta a diferentes
/ ~ 273
estimulos de maturagao “".
Em resumo, os estudos efectuados em DC na infec¢do pelo HIV-1, quer utilizando
células de individuos infectados, quer utilizando células infectadas in vitro, sugerem a
existéncia de alteragbes importantes na biologia das DC que podem impedir o

. . el s . . 274
desenvolvimento de uma resposta imunitaria apropriada “"".

7. O papel dos mondcitos/macrofagos no sistema imunitario

Os mondcitos constituem uma populacdo pleiomérfica e pleiotrépica de células
o 27
mononucleadas no sangue periférico humano *”°, representando cerca de 5-10% do

164

total de leucdcitos ~". Estas células desenvolvem-se a partir de um progenitor mieldide

comum da medula dssea e sdo libertadas para o sangue periférico, onde circulam

durante vérios dias antes de migrarem para os tecidos *’°

. Enquanto em circulacdo, os
mondcitos contribuem para a homeostasia, na medida em que constituem um
reservatério de precursores mieldides para a renovacao de macréfagos e DC nos tecidos
275, 277, 278 . , . ,
. Enquanto as DC activam células T naive, os macrdofagos actuam sobretudo
amplificando a resposta imune nos tecidos e activam células T memoria 12
Numa situacdo patoldégica como uma infeccdo, os mondcitos/macrofagos

. .. .. : 27
desempenham diversas actividades antimicrobianas 2”.

Como fagdcitos que sao,
internalizam e digerem bactérias e outras células, removem compostos téxicos
produzidos pelo metabolismo, produzem mediadores inflamatdrios que podem matar
bactérias, parasitas e virus, e contribuem para a activacdo de outras células 184 Deste
modo, os mondcitos/macrofagos desempenham fungbes importantes em processos
inflamatdrios *** 272,

Os monocitos constituem uma populacdo heterogénea de células. As diferengas
fenotipicas e funcionais que apresentam tém servido de base a caracterizagdo de varias
subpopulacdes. Tendo em conta a expressdao de CD14 (um componente do complexo

receptor de LPS) e CD16 (um receptor de imunoglobulina FcyRIll), tém sido distinguidas
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164

no sangue periférico humano 3 subpopulagdes A principal subpopulagdo

(CD14°CD167) representa 80% a 90% dos mondcitos no sangue e é constituida por

164

células com uma elevada actividade fagocitica =". Com base no fendtipo caracteristico

gue apresentam, estas células tém sido designadas por monécitos “classicos”. Por outro

275

lado, cerca de 10% dos mondcitos em circulagio sdo CD16" “”>, tém um didmetro

inferior, e podem ainda ser subdivididos em 2 grupos de acordo com os niveis de

164, 280, 281

expressdo de CD14 . Assim, pode considerar-se uma subpopulacdo que

expressa CD14 e CD16 (CD14'CD16%) e uma subpopulacdo que expressa CD16 mas
baixos niveis de CD14 (CD14°“mCD16+) 164, 282, 28 A |iteratura apresenta dados
controversos relativamente a caracterizacdo das varias subpopulacées de mondcitos,

nomeadamente a capacidade de producdo de citocinas em resposta a estimulacdo com

dim

LPS. Varios estudos tém designado a populagdo CD14°™CD16" como “pro-inflamatéria”,

na medida em que parece produzir elevadas concentragdes de TNF-a em resposta a LPS

284, 285 286, 287

e encontra-se expandida em situagdes de infec¢do e inflamacdo , sobretudo

288

em condi¢cOes de sepsis “°. No entanto, Auffray e colaboradores consideraram a

subpopulacdo CD14°CD16" como a principal responsavel pela producdo de TNF-a e IL-1

164

em resposta a LPS =", Pelo contrario, um estudo recente documentou uma elevada

producdo de IL-10 por mondcitos CD14°CD16" em resposta ao LPS, tendo estes

mondcitos sido designados por “anti-inflamatérios” 2%°.

Varios estudos tém avaliado a capacidade das subpopula¢cdes de mondcitos se

. . . . 2 . .~
diferenciarem em DC in vitro **°. Apesar de parecer haver uma predisposi¢io dos

290

mondcitos CD16" para se diferenciarem em DC “°, n3o se pode excluir a contribuicdo

276, 289, 291

dos mondcitos CD14°CD16 ™ para a populagdo de DC . Com efeito, a extensdo da

capacidade de diferenciacdo de mondcitos em DC ou macréfagos depende, em grande

276, 2 .
® 28 sallusto e Lanzavecchia desenvolveram,

parte, de factores presentes na cultura
ha mais de uma década, um processo para obter DC imaturas a partir de mondcitos (Mo-
DC) em meio suplementado com granulocyte-macrophage colony-stimulating factor
(GM-CSF) e IL-4 2. Quer a subpopulacdo CD16™ quer a CD16" se podem diferenciar em
mondcitos in vitro na presenca destes factores 2°>. As Mo-DC podem, posteriormente,

sofrer maturacdo em algumas condi¢Ges, como na presenca de TNF-o ou LPS. Apesar de
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ser questionada a sua relevancia in vivo 89 as Mo-DC constituem um modelo

frequentemente utilizado para o conhecimento de varios aspectos da biologia das DC.

8. O papel dos mondcitos/macréfagos na imunopatogénese da
infecgao pelo HIV

Os mondcitos/macréfagos desempenham um papel importante em multiplos
aspectos da patogénese da infeccdo pelo HIV. Tal como as células T e as DC, os

mondcitos/macréfagos expressam os receptores para a entrada do virus e, como tal,

183

constituem potenciais alvos do HIV =, Apesar disso, os dados da literatura sugerem que

115

os mondcitos ndo sdo produtivamente infectados in vitro No entanto, ao

diferenciarem-se em macréfagos in vitro, os monécitos sofrem um aumento da

~ . s e x . ~ 294, 2 .
expressao de CCR5, tornando-se mais susceptiveis a infeccao pelo HIV-1 929 In vivo, o

HIV-1 pode ser isolado a partir de mondcitos de individuos infectados 2% mas numa

. A . 297,2
baixa frequéncia > %,

Apesar do nimero absoluto de mondcitos/macréfagos infectados no organismo ser

+ 147, 297, 298

baixo comparativamente ao de células T CD4 , a infeccdo de macroéfagos

reveste-se de caracteristicas peculiares. Ao contrario das células T, os macréfagos sao

114, 299

mais resistentes aos efeitos citopaticos do virus . Assim, na auséncia de morte

celular, os macréfagos infectados sao preservados, produzindo e acumulando virides

112, 114

durante um longo periodo de tempo , constituindo reservatérios virais. Na

realidade, foi documentada a presenca de mondcitos infectados pelo HIV em individuos

300

sob tratamento com HAART 7, tendo sido possivel quantificar o DNA proviral nestas

301, 302

células, mesmo em situacdes de supressdao de virémia A longevidade de

macréfagos relativamente a de linfocitos T infectados pelo HIV-1 pode reflectir

| 112114 Tando em conta a sua capacidade de

diferencas na dindmica de replicacdo vira
atravessar a barreira sangue-tecidos, os macrofagos infectados podem transmitir o virus
para tecidos e 6rg3os, incluindo o cérebro *. Assim, os mondcitos/macréfagos tém um

papel fundamental na persisténcia e disseminag3o do virus pelo organismo **.
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Apesar dos mondcitos/macréfagos ndo serem significativamente depletados na

147

infeccdo pelo HIV ™’ e de alguns estudos ndo terem documentado alteraces na fungao

303, 304

de mondcitos/macrofagos de individuos infectados pelo HIV-1 , varios outros

147, 305-309

estudos tém reconhecido anomalias nas suas fungdes in vivo e in vitro . Tais

defeitos incluem anomalias na fagocitose 3% 3°°, na capacidade de matar

307-309
. Os

microrganismos intracelulares 3% & na sua funcdo de apresentacdo antigénica
defeitos de apresentacdo antigénica podem relacionar-se com uma expressdo alterada
de moléculas MHC-II, de adesdo e co-estimulatdrias, bem como com uma desregulacdo

147, 310313 "Em individuos infectados pelo HIV-1

da producdo de citocinas e quimiocinas
foi também documentada uma diminui¢cdo da capacidade de maturacao dos mondcitos
em resposta a CpG, alteracdo essa associada a maiores niveis de virémia >**. Os defeitos
funcionais dos mondcitos/macréofagos podem ter um importante impacto na

imunopatogénese da infeccdo pelo HIV.

9. Contributo das células dendriticas e monadcitos para a activagao do
sistema imunitario

Como ja foi referido, a infeccdo pelo HIV é caracterizada por uma activacao
persistente de varios componentes do sistema imunitario que se sabe ser um dos
principais factores que determinam o défice imunitario progressivo.

A activacdo imunitaria na infeccdo pelo HIV pode resultar da conjugacao de varios
mecanismos, sendo estes actualmente motivo de um aceso debate. Por um lado, ha o
contributo da exposicdo crénica ao préprio virus ®. Devido a incapacidade do sistema
imunitario em eliminar completamente o virus apds a infec¢do primdria, a replicacao
viral persistente constitui uma fonte permanente de células infectadas pelo virus, virides
infecciosos livres e antigénios virais soluveis. Por outro lado, virus como o
citomegalovirus e o Epstein-barr podem, perante o descontrolo dos varios componentes
do sistema imunitdrio, ser reactivados e sofrer replicacdo, contribuindo assim para a

activagdo imunitaria ®.
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Mais recentemente, tem sido considerado o envolvimento do sistema imune inato,
através da via dos TLR, na génese da activacdo imunitaria persistente observada na
infeccdo pelo HIV-1 (Figura 6). Segundo Brenchley e colaboradores, a deplecdo massiva
de linfécitos T CD4" que ocorre na infecgdo aguda nos tecidos linféides da mucosa
intestinal pode resultar na ruptura da integridade do epitélio intestinal, permitindo a
translocacdo de componentes de bactérias comensais do tracto gastrointestinal para a

A s ;. a . . psae , . . 1
lamina prépria e os ganglios linfaticos mesentéricos (Figura 6) ° 3%

. Os produtos
microbianos libertados, como o LPS, a flagelina e o DNA n3ao metilado rico em motivos
CpG, podem activar o sistema imune inato através do seu reconhecimento pelos TLR em
DC e mondcitos/macréfagos. A activacdo destas células induz a produgdo de citocinas
proinflamatérias (TNF-a, IL-6, IL-1B), conduzindo a estimulagdo crénica e continua
observada no sistema imunitério dos individuos infectados . Com efeito, um estudo
recente demonstrou que a exposicio de PBMC a varios ligandos de TLR conduz a

activacao das células T, nomeadamente células efectoras e de memoaria 316

. A suportar a
hipotese da translocacdo microbiana como causa da activacdo imunitaria, foi observado
um aumento significativo dos niveis de LPS no plasma de individuos cronicamente
infectados pelo HIV-1, em correlacdo directa com parametros da activacdo imunitaria

35 Para além disso, quanto maiores os niveis de LPS, menor a capacidade de

315

restauracdo dos niveis de células T CD4" em circulagdo apds HAART °*. Um aumento da

guantidade de LPS em circulacdo foi também documentado no modelo patogénico de

315 Curiosamente, apesar de uma também

infeccdo de macacos Rhesus pelo SIV
marcada deplecdo de células T CD4" na mucosa intestinal, ndo se observam niveis
aumentados de LPS no modelo de infec¢do ndo patogénica de Sooty mangabeys pelo SIV
315 A resposta anti-inflamatéria precoce montada por estes simios pode ajudar a manter
a integridade da barreira intestinal e prevenir a enteropatia caracteristica da infecgao
pelo HIV *°. Além disso, ao contrario do que se observou em individuos infectados pelo
HIV e em macacos Rhesus infectados por SIV, no intestino de Sooty mangabeys nao se

317,318 células que

documentou um decréscimo de células T CD4" que secretam IL-17
desempenham um importante papel no controlo de agentes patogénicos extracelulares

como bactérias e fungos, nomeadamente na superficie das mucosas 319 Assim, é
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possivel que a deple¢do destas células na infeccdo pelo HIV e em modelos patogénicos

de infeccdo pelo SIV contribua para a translocacdo microbiana pela mucosa danificada.

Perda da integridade _~> Produtos microbianos m Moléculas antimicrobianas
do epitélio -

Infecgdo por SIV ndo patogénica Infeccdo por HIV/SIV patogénica
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Figura 6. Translocagdo microbiana na infecgdo pelo HIV-1 (adaptado de Paiardini et al, 2008 %)

Para além do papel de componentes bacterianos na activacdo imunitdria crénica
observada nesta infec¢do, o proprio HIV-1 codifica para multiplos ligandos TLR7/TLRS8
. .. , . . . o . 320,321
gue podem activar in vitro células do sistema imunitario .
Recentemente, foi demonstrado num modelo murino que a estimulacdo via TLR7
pode conduzir directamente a activacdo imunitaria, bem como a distlrbios no sistema

32 Esses

imunitdrio semelhantes aos observados na infec¢do crénica pelo HIV-1
resultados sdo consistentes com estudos anteriores no ratinho que demonstraram
existir uma alteracdo da morfologia e funcdo dos 6rgaos linféides apds administracdo
diria de CpG, um ligando de TLR9 *%.

O envolvimento dos TLR na activacdo imunitdria persistente observada na infeccao
pelo HIV ganhou também consisténcia com um estudo de Mandl| e colaboradores que
documentou diferencas na resposta imune inata especificas do hospedeiro entre

macacos Rhesus e Sooty mangabeys, nomeadamente a presenga, nos macacos Rhesus,

de niveis mais elevados de producdo de IFN-co. pelas pDC em resposta a SIV ou ligandos
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de TLR7 e TLR9 ***. Para além disso, foram encontrados nos Sooty mangabeys
polimorfismos do gene que codifica para o Interferon regulatory factor 7 (IRF7), um
factor de transcricdo envolvido na via de sinalizacdo de TLR7 e TLR9, conducente a

324 Tendo em conta os baixos niveis de activacdo imunitaria

producao de IFN-tipo |
presentes nos Sooty mangabeys, estes resultados sugerem que a producdo aumentada
de IFN-o. pode ser um factor responsavel pela activacdo imunitaria generalizada
observada nas infecgdes pelo HIV no ser humano e pelo SIV nos macacos Rhesus >*°.

No seu conjunto, estes estudos sao consistentes com um modelo em que a
estimulacdo crénica do sistema imune inato por ligandos de TLR, sejam eles codificados
pelo préprio HIV-1 ou presentes na circulacdo apos translocacdo microbiana através do
epitélio intestinal, resulta numa producdo croénica de citocinas proinflamatérias,
conduzindo a activagdo imunitaria persistente e generalizada que se observa na infecgdo

pelo HIV (Figura 7). Nesse sentido, a utilizagdo terapéutica de antagonistas de TLR pode

vir a constituir uma estratégia de reducdo da imunopatologia presente nesta infeccao
326

Mucosa
HIV-1 Deplegdo de intestinal
células T CD4* CélulaT
- CD4+
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CD4+
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ssRNA de Translocagdo

HIV-1 microbiana /
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i TLR7 pro-inflamatdrias LF’Se
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¢ /IFN'(X \)
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pDC Activacao imunitaria -
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Figura 7. Mecanismos mediados por TLR conducentes a activagdo imunitdria persistente na infecgdo pelo
HIV-1: translocacdo de componentes microbianos (LPS na figura) pelo epitélio da mucosa intestinal, com
concomitante activagdo imunitdria via estimulacdo de TLR (TLR4 na figura); e estimulagdo de pDC por
ligandos de TLR7 codificados pelo HIV-1, induzindo a produgdo de IFN-a e citocinas proinflamatdrias
(adaptado de Chang e Altfeld, 2009 *%°).
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10. O papel do invélucro do HIV-1 na modulagao de células dendriticas
e monacitos

Independentemente da sua infeccdo directa, as células do hospedeiro podem ser
expostas a diferentes proteinas do HIV, quer expressas na superficie de células
infectadas, quer secretadas para o microambiente circundante. Tém sido descritos
varios efeitos de proteinas do HIV soliveis em células do sistema imunitario. Em
particular, a glicoproteina do invdlucro viral gp120, para além de facilitar a entrada do
virus na célula, pode, independentemente da infecgao, modular a fungao de diversos
tipos de células, tais como células T, B, NK, mondcitos/macrofagos e DC e, dessa forma,
contribuir para a imunopatogénese da infecgdo pelo HIV-1 2733,

As glicoproteinas do invélucro sdo sintetizadas no reticulo endoplasmatico rugoso
da célula infectada como um Unico precursor polipeptidico que, apods glicosilagao, forma
a glicoproteina gp160 29 Esta é transportada para o complexo de Golgi, onde é clivada
por uma protease celular originando a gp120 de superficie e a gp41 transmembranar 2°.
Estas duas glicoproteinas encontram-se unidas por interac¢ées nao covalentes labeis 3
possibilitando o facil desprendimento da gp120. Assim, a gp120 pode encontrar-se nos
tecidos e no sangue de doentes infectados pelo HIV-1, quer a superficie de virides, quer
como proteina livre 3% 3%,

Tendo em conta que somente uma fraccdo limitada de virides em circulacdo (=

;. . 7
0.1%) é infecciosa % *

, muitos dos estudos sobre os efeitos in vitro da gp120 no
sistema imunitario utilizam, ndo sé proteinas recombinantes, mas também virus
inactivado com aldritiol-2 (AT-2), um quimico que bloqueia a infecciosidade preservando
a conformacao do invélucro viral 338 Deste modo, a exposicao celular in vitro a virus
inactivados quimicamente permite mimetizar as interac¢des entre o HIV e as células-
alvo que mais frequentemente ocorrem in vivo 181,

Os estudos de caracterizacdo dos efeitos in vitro da gp120 no sistema imunitario
tém conferido a esta proteina propriedades imunossupressoras que se manifestam pela
sua capacidade de inibir a proliferacdo de células T via receptor das células T (TCR, T cell
receptor), de induzir a apoptose de células T e de provocar alteracbes no perfil de

327

producao de citocinas Um dos mecanismos que pode contribuir para essas
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alteragbes qualitativas das células T consiste na modulagdo da fung¢ao de DC e

monadcitos/macrofagos pela prépria gp120.

10.1 Efeitos da gp120 na modulagdo de células dendriticas

As DC podem ser moduladas pela gp120, quer através da sua exposicao directa a
proteina, quer através da sua interaccio com células T CD4" previamente expostas a
p120 147,181

A avaliagao da capacidade do involucro do HIV-1 de modular o fenétipo e a fungao
de DC tem sido efectuada utilizando Mo-DC ou subpopulacdes de DC isoladas ex vivo
incubadas na presenca de gp120 recombinante ou HIV-1 inactivado. Os estudos gerados
tém sido contraditérios. Segundo alguns autores, a exposicdio de Mo-DC a HIV-1
inactivado ou a gp120 recombinante induz a sua maturagao fenotipica, traduzida num
aumento da expressao de moléculas de co-estimulagdo e de MHC e no aparecimento do

328, 329

marcador de maturacao CD83 . Por seu turno, Harman e colaboradores mostraram

que a gpl20 recombinante, ao contrdrio do virus inactivado, era incapaz de induzir um
fendtipo maduro nas DC **°.

Os estudos sobre os efeitos do invélucro de HIV-1 na fungdao de DC tém também
originado resultados discrepantes. Segundo Fantuzzi e colaboradores, a maturacdo
fenotipica das DC induzida pela gp120 nado se traduz num aumento da capacidade de
produgdo de citocinas (IL-12 e TNF-a) e quimiocinas (CCL3/MIP-1a, CCL4/MIP-1(3,
CCL5/RANTES), nem num maior potencial estimulador de respostas proliferativas de
células T alogénicas **°, ao contrario do que acontece quando as células s3o expostas ao
LPS, um estimulo tipico de maturagdo. Por seu turno, Williams e colaboradores
demonstraram que a aquisi¢cdao de um fendtipo maduro apds exposicdo das DC a gp120
se correlaciona com um aumento da producdo de IL-12 e da capacidade de estimulacdo
da proliferacdo de células T alogénicas 328 Tais discrepancias podem ser um reflexo das
diferentes estirpes de gp120 utilizadas e de variagGes nas condicdes experimentais.

Para além das alteracdes observadas apds exposicao das Mo-DC ao invélucro do

HIV-1, verificaram-se também altera¢Ges funcionais durante a diferenciacdo de DC a



38 Modulagdo de DC e mondcitos pelo HIV-2

partir de mondcitos, embora sem altera¢des fenotipicas significativas 329 A presenca de
gp120 durante a diferenciacdo de DC inibiu a sua capacidade de induzir a proliferacdo de
células T alogénicas **°. Mesmo apés subsequente estimulagdo com LPS ou CD40L, a
capacidade de induzir respostas de células T e de produzir IL-12 foi inferior a de DC

geradas na auséncia de gp120 **

. Estes resultados sugerem que a gp120 pode afectar a
biologia das DC actuando a diversos niveis. Por um lado, a gp120 pode actuar nos
precursores de DC (como os mondcitos) que, assim, se diferenciam em DC de fenétipo
normal mas com altera¢des funcionais. Por outro lado, a gp120 pode actuar nas DC ja
diferenciadas, promovendo a sua maturac3o fenotipica mas ndo funcional %,

Tal como nos estudos realizados em Mo-DC, tém sido documentadas alteracées em
subpopulacdes de DC isoladas ex vivo expostas ao invdlucro do HIV-1. Relativamente as
pDC, resultados discrepantes tém sido gerados quanto a capacidade da gp120 de induzir
a producdo de IFN-a por estas células. Segundo Del Corno e colaboradores, a gp120, por

340

si sO, induz a producdo de IFN-a por pDC . No entanto, um estudo realizado por

Herbeuval e colaboradores mostrou que somente o HIV-1 inactivado, e ndo a gp120, era

capaz de induzir a produgio de IFN-a. por pDC 3**

. Por outro lado, a gp120 parece
interferir com a activagao das pDC em resposta a ligandos de TLR9, traduzindo-se numa
inibicdo da sua capacidade de produgao de IFN-a e de citocinas proinflamatérias, bem

333 0s efeitos

como numa supressdao da sua capacidade de activacdo de células NK
directos da gp120 nas pDC incluem também a indu¢do da produgdo de B-quimiocinas
(CCL2/MCP-1, CCL3/MIP-10a, CCL4/MIP-1P) **°. Além disso, a exposicdo de PBMC a HIV-1
inactivado induz a expressdo, nas pDC, de indoleamina 2,3-dioxigenase (IDO), uma

enzima que catabolisa o triptofano e inibe a proliferacdo das células T 332

. Por sua vez, as
mDC purificadas n3o parecem sofrer os efeitos directos do invélucro viral **°, mas
podem ser activadas indirectamente através de citocinas (TNF-a e IFN-a) secretadas por
pDC estimuladas pelo invélucro viral 2’

Além dos seus efeitos directos nas DC, o invdlucro viral pode, através das suas
propriedades inibitdérias das células T, contribuir indirectamente para a desregulacao das

DC 8. Com efeito, para que as DC sejam adequadamente activadas, é fundamental a

sua comunicacdo com células T CD4" activadas, através do estabelecimento de
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interac¢bes entre moléculas co-estimulatérias que resultam numa sinalizagdo

342 A interaccao entre a

bidireccional importante na activacao dos dois tipos de células
molécula CD40, expressa constitutivamente nas DC, e a molécula CD40L, cuja expressao
é induzida via TCR nas células T CD4", constitui uma das vias fundamentais para a

32 Deste modo, Chougnet e colaboradores propuseram um

activacdo das DC
mecanismo segundo o qual a exposicdo de células T CD4" ao invélucro viral conduziria a
défices na interac¢do CD40/CD40L que, por sua vez, estariam na base de uma menor

181, 343

activagdo de DC . Por um lado, varios estudos documentaram um decréscimo na

capacidade de inducdo da expressio de CD40L apds activacdo em células T CD4"

344-346

expostas a gpl120 . Por outro lado, foram observadas anomalias na funcao de DC

incubadas com células T CD4" autdlogas previamente expostas a estirpes de HIV-1

343

inactivado “*. Essas alteragdes traduziram-se num menor aumento da expressao de

CD40, CD86 e CD83, numa diminuicdo da secrec¢do de IL-10 e IL-12p40, bem como num

33 Estes efeitos

menor potencial estimulador da proliferagdo de células T alogénicas
foram anulados pela adicdo, as co-culturas, de CD40L recombinante, sugerindo que uma
interac¢ao deficiente entre CD40L das células T e CD40 das DC pode constituir um
mecanismo de desregulacdo da biologia das DC 33,

Como consequéncia dos efeitos directos ou indirectos da gp120, as DC, estando
deficitdrias a varios niveis, podem ser incapazes de permitir uma sinalizacdo adequada
as células T CD4". Com efeito, células T naive alogénicas incubadas com DC disfuncionais
parecem adquirir um perfil semelhante ao de células T reguladoras, com uma baixa
capacidade proliferativa e de produgao de IFN-y, mas elevada produgao de IL-10 33
Assim, a gp120 pode contribuir para o estabelecimento de um ciclo vicioso que conduz a
desregulacdo de DC e de células T CD4" caracteristica da infec¢do pelo HIV-1.

Para além dos efeitos da gp120, livre ou a superficie de virides, na modulagao de
DC, podem ainda considerar-se os efeitos da gp120 secretada por DC infectadas. Neste
sentido, é de salientar o estudo de Kawamura e colaboradores que mostrou que
populacoes enriquecidas de Mo-DC infectadas pelo HIV-1 apresentam um decréscimo na

capacidade de estimular a proliferagdo de células T CD4" e a produgdo de IL-2, efeito que

parece dever-se a gp120 soluvel secretada pelas DC infectadas 347,
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Em conclusao, a gp120, quer sob a forma soluvel no soro e nos tecidos de individuos
infectados, quer a superficie de virides e/ou células infectadas, pode, directa ou
indirectamente, exercer efeitos considerdveis nas DC, alterando as suas propriedades.
Tais efeitos podem contribuir para uma desregulacdo das respostas mediadas pelas

células T CD4" in vivo.

10.2 Efeitos da gp120 na modulagcdo de mondcitos/macréfagos

Varios estudos demonstraram existir efeitos directos da gpl120 na funcdo de
mondcitos/macrofagos. Em particular, foi documentada uma inducdo da secregcdo de
citocinas por mondcitos/macréfagos, incluindo IL-1a, IL-13, IL-6, TNF-a e IL-10 327, 348335
O desequilibrio de producdo de citocinas pode ter consequéncias importantes na
imunopatogénese da infecgao pelo HIV. Para além disso, ha evidéncia de que as
proteinas do invdlucro viral inibem a expressdo de receptores de ligandos quimiotaxicos

7 . ;
356,357 Foi também observada

e as func¢des quimiotaxicas de mondcitos em circulacao
uma inibicdo da fusdo fagolisossomal 3%8,359 & da fagocitose mediada por receptores Fc
**1 em mondcitos do sangue periférico expostos & gp120. Esta diminui¢do da fungio
efectora de mondcitos/macroéfagos pode traduzir-se num decréscimo da capacidade de
resposta a varios agentes patogénicos intracelulares. Com efeito, constatou-se que a
gp120 diminui a actividade anti-Cryptococcus em macréfagos bronco-alveolares 3%,
promove o crescimento intracelular de Mycobacterium avium em mondcitos em
circulacdo *°* e inibe fungdes efectoras dos mondcitos contra Candida albicans °.

Por outro lado, ha evidéncias de que a gp120 pode diminuir a fungdo apresentadora
de antigénios dos mondcitos/macroéfagos. Por exemplo, um estudo mostrou que um
framento de gpl20 que inclui a regido de ligagdo a CD4 diminui a capacidade dos
mondcitos apresentarem o antigénio PPD a linfécitos T autélogos, efeito esse que foi
associado 3 producio de TNF-a por mondcitos induzida pela gp120 *%3. Além disso, a
gp120 parece regular sinais moleculares envolvidos na apresentagdao de Cryptococcus
neoformans, promovendo uma resposta Th2 ao fungo, nomeadamente pela indugdo de

364

IL-4 e inibicdo da produgdo de IFN-y *". Foi também demonstrado que macroéfagos
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expostos a lipossomas contendo a regido V3 da gp120 a sua superficie e toxdide tetanico
na fase aquosa sdo capazes de activar células T CD4" durante a estimula¢do primaria,
~ , . ~ . . 365
mas nao apods restimulagdo nove dias mais tarde *>°.
Em conclusdo, a interaccdo das proteinas do invélucro do HIV com
mondcitos/macréfagos pode conduzir a uma incapacidade de lidar com infecgGes

oportunistas, contribuindo para a progressao da doenca.

11. O HIV-2 como modelo de estudo da patogénese da SIDA

Os factores virais e do hospedeiro que podem conferir proteccdo contra a infeccao
ou progressdao da doenga constituem um dos principais aspectos que permanece por
elucidar na patogénese da infec¢ao pelo HIV. Neste sentido, o estudo de um modelo
mais atenuado de doenca, como a infeccdo pelo HIV-2, pode permitir desvendar
mecanismos que diminuam a progressao da doenca.

Apesar de o HIV-1 e o HIV-2 se associarem a um espectro clinico semelhante,
estudos comparativos entre as duas infeccGes tém demonstrado que o declinio de
células T CD4" em circulagdo e a progress3o para doenca ocorrem mais lentamente na

386373 para além disso, a maioria dos

infeccdo pelo HIV-2 do que na infec¢do pelo HIV-1
individuos infectados pelo HIV-2 tem niveis de virémia abaixo do limite de detecgao das
técnicas utilizadas e, nos casos em que a virémia é detectdvel, os valores sdo muito

374-378

inferiores aos observados na infecgdo pelo HIV-1 . Esta reduzida virémia contribui

| 379381 & perinatal **® ***% da infecgdo pelo HIV-2

para a menor transmissibilidade sexua
e, consequentemente, para uma disseminacdo geografica mais limitada, sobretudo
confinada a paises de Africa Ocidental 16,369, 391,392 gy alguns desses paises, a infecgao
pelo HIV-2 tem vindo mesmo a decrescer nos ultimos anos, provavelmente devido a sua
baixa taxa de transmiss3o **. Devido as relagdes com as suas ex-coldnias, Portugal é o
Unico pais ndo-africano com uma prevaléncia segnificativa de infeccdo pelo HIV-2 (cerca

de 5% dos casos notificados, segundo a Coordenagdo Nacional para a Infecgdo VIH/sida

18) tornando-se um local privilegiado para o estudo desta infeccdo.
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Os factores responsaveis pelas diferengas entre as infecgdes pelo HIV-1 e pelo HIV-2
ndo estdo clarificados, mas envolvem provavelmente mecanismos virologicos e
imunoldgicos.

O HIV-2 tem uma organizacdo genética e proteica semelhante a do HIV-1. Com
excepcdo do gene vpx (que existe no HIV-2 e estd ausente no HIV-1) e do gene vpu

(especifico do HIV-1), os restantes genes sio comuns aos dois virus 2%

. No entanto, o
HIV-2 partilha com o HIV-1 apenas cerca de 60% dos aminoacidos ao nivel de Gag e Pol e
30 a 40% ao nivel de Env ***. Na realidade, o HIV-2 tem mais homologia (75%) com o SIV
que infecta o Sooty mangabey **°>, um pequeno macaco da Africa Ocidental que se cré
ter transmitido o SIVs, a populacdo humana em, pelo menos, oito eventos distintos,

39,397 por seu turno,

originando os oito subtipos de HIV-2 que se conhecem até a data
os dados disponiveis apontam para uma origem do HIV-1 a partir de transmissdes
zoondticas de dois virus distintos, SIV¢p, e SIVgor, que infectam naturalmente chimpanzés
e gorilas, respectivamente °.

Do ponto da capacidade citopatica, ndo se verificaram diferengas entre o HIV-1 e o
HIV-2 em culturas de tecidos linféides, sendo a citopaticidade determinada pelos co-
receptores utilizados pelos virus 3% De notar que o HIV-2 é capaz de utilizar uma maior
gama de co-receptores do que o HIV-1, muito provavelmente devido a estrutura mais
“aberta” do seu invélucro *%.

Apesar da menor quantidade de virus em circulagdo nos individuos infectados pelo
HIV-2, os niveis de DNA proviral, ou seja, DNA integrado no genoma da célula

378, 400408 potq aparente

hospedeira, sdo equivalentes entre as duas infeccoes
discrepancia entre a semelhanga na quantidade de DNA proviral e a diferenc¢a de virémia
observadas nas duas infec¢Ges pode ser devida a uma menor capacidade replicativa do
HIV-2. Com efeito, foram recentemente detectados menores niveis de mRNA in vivo na
infeccdao pelo HIV-2 do que na infecgao pelo HIV-1, sugerindo que, apesar de ser capaz
de se estabelecer como provirus na célula hospedeira, o HIV-2 se associa a uma menor
transcricao viral %5 Tal pode ser devido a seleccdo de distintos locais de integracao % 3
diferencas entre os LTR e, por conseguinte, a diferencas quanto a regulacdo da

407-411

transcrigao . A menor taxa de replicagdo do HIV-2 pode ajudar a explicar os
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menores niveis de virémia que se observam na infecgdo por este virus. Para além disso,
analises da evolucdo da sequéncia C2-V3-C3 do invdlucro viral ao longo de cerca de 10
anos mostraram menor divergéncia e diversificagdo em individuos infectados pelo HIV-2
do que nos infectados pelo HIV-1, o que é consistente com um menor turnover do virus
412.

Do ponto de vista do hospedeiro, ha evidéncias de que o sistema imunitario tem
uma melhor capacidade de controlar a infecgdo pelo HIV-2 do que a infecgdo pelo HIV-1.
Por exemplo, tem sido documentada uma prevaléncia superior de anticorpos
neutralizantes contra virus autélogos ** e heterdlogos *** na infeccdo pelo HIV-2 do que
na infeccdo pelo HIV-1. Comparativamente aos individuos infectados pelo HIV-1, os
individuos infectados pelo HIV-2 parecem conseguir produzir anticorpos neutralizantes

414

com uma acg¢ao mais alargada "". Para além disso, um estudo longitudinal mostrou que

os soros de individuos infectados pelo HIV-2 sdo capazes de neutralizar virus autélogos

isolados ha varios anos, o que evidencia reduzido escape a neutralizagao na infecgao

416

pelo HIV-2 *** contrariamente ao observado na infeccdo pelo HIV-1 ***. Tal pode ser

devido & menor capacidade replicativa *“>®> e a mais lenta evolugio do HIV-2 do que do
HIV-1 **2. A maior sensibilizacdo a neutralizagdo por anticorpos do HIV-2 pode ser devida
a existéncia de menos sitios de glicosilagdo no dominio V3 da gp105 do HIV-2, tornando

esse dominio “mais aberto” e mais acessivel a ac¢do dos anticorpos do que no

415

correspondente dominio da gp120 do HIV-1 **°. Essa maior abertura da gp105 pode

também contribuir para a utilizagdo de uma gama mais alargada de co-receptores para a

entrada do virus na célula >%°,

Os estudos disponiveis sobre a avaliacdo de respostas de células T CD4" especificas

de Gag, considerada a proteina mais imunogénica na infecgdo pelo HIV-2 *, sugerem

ainda que as respostas especificas sdo superiores na infeccdo pelo HIV-2 do que na

infeccdo pelo HIV-1, particularmente na capacidade dos linfécitos T CD4" especificos

418, 419

produzirem IL-2 e proliferarem . Para além disso, o nosso laboratério documentou

na infeccdo pelo HIV-2 uma correlagdo negativa entre a frequéncia de células T CD4"

especificas de Gag e os niveis de DNA proviral *%°.
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Quanto as respostas especificas mediadas por células T CD8" citotdxicas, os estudos
comparativos entre as duas infecgGes ndo parecem revelar diferencas significativas 421,
22 tendo sido documentada uma associacdo entre a preservacdo de respostas contra

certos epitopos de Gag e o controlo da replicacdo viral na infecgio pelo HIV-2 4.

A funcdo das células NK parece estar preservada em individuos infectados pelo
HIV-2 com niveis normais de células T CD4", ao contrdrio do que se observa em

individuos infectados pelo HIV-1 com niveis semelhantes de células T CD4" **#. N

0
entanto, com a progressdao da doenga, quer os individuos infectados pelo HIV-1 quer os
infectados pelo HIV-2 apresentam um decréscimo na eficiéncia da actividade de células
NK 423.

Com o objectivo de compreender a imunopatogénese da infeccdo pelo HIV em geral
a partir dos mecanismos envolvidos na menor patogenicidade da infeccdo pelo HIV-2, o
nosso laboratério tem centrado a sua investigacdo no estudo comparativo entre as duas

94, 404, 420, 424-430 " pa|ativamente a representacio

infeccGes desde o inicio da epidemia
relativa de células naive versus memoria/efectoras, ndo foram detectadas diferencas
significativas entre as duas infec¢cbes quando foram comparados individuos infectados
pelo HIV-1 e pelo HIV-2 com o mesmo grau de deplec3o de células T CD4" % Por outro
lado, foi documentada uma maior preservacdo da frequéncia de células T CD4"
produtoras de IL-2 na infec¢do pelo HIV-2 do que na infec¢do pelo HIV-1, o que, tendo
em conta o papel desta citocina na proliferacdo e sobrevivéncia linfocitarias, pode
contribuir para a menor taxa de declinio de células T CD4" na imunodeficiéncia associada
ao HIV-2 **’. Foi também sugerido que a infeccdo pelo HIV-2 se associa a uma melhor
preservacao da actividade timica do que a infeccdo pelo HIV-1, que pode compensar,

+ 429

pelo menos parcialmente, a perda de células T CD4 . A IL-7, uma citocina que,

actuando na timopoiese e na periferia, é crucial na homeostasia das células T 3%
podera ser um dos factores que contribui para o ritmo mais lento da perda de células T
CD4". Com efeito, documentou-se na infec¢do pelo HIV-2 uma correlacdo negativa entre
o nimero absoluto de células T CD4" em circula¢do e os niveis séricos de IL-7, bem como

uma melhor preservacao da expressao do receptor de IL-7 do que na infec¢do pelo HIV-1

428
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Apesar da importancia da activagao imunitdria cronica no decréscimo de células T
CD4" na infec¢do pelo HIV, foi documentado um aumento semelhante da frequéncia de
células T activadas nos individuos infectados pelo HIV-1 e pelo HIV-2 estratificados para

* 9 No entanto, tendo em conta o ritmo

0 mesmo grau de deplecdo de células T CD4
mais lento com que ocorre a deple¢do de células T CD4", o aumento dos niveis de
activacdo na infeccdo pelo HIV-2 poderd também ocorrer mais lentamente. Os factores
qgue poderdo limitar os processos de activacao imunitdria crénica na infeccdo pelo HIV-2
sdo desconhecidos. Uma possibilidade esta relacionada com as propriedades
imunolégicas da proteina do invélucro do HIV-2. Ao contrario do que acontece em
relacdo a gp120 do HIV-1, a informacdo existente sobre os efeitos no sistema imunitario
da proteina correspondente do HIV-2, gp105, é muito escassa. Foi descrita a ligacdo da
gp105, ndo sé a molécula CD4, mas também a molécula CD8, ao contrario da gp120 que

435

apenas se liga a molécula CD4 ™. A ligagdo da gp105 a cadeia o da molécula CD8 induz a

'*® nas células T CD8", podendo transduzir

fosforilacdo da proteina tirosina cinase p56
sinais para essas células **® e contribuir para uma maior secrecdo das B-quimoquinas
CCL3/MIP-1a,, CCL4/MIP-13 e CCL5/RANTES em resposta a gp105 do que em resposta a
gp120 *** %’ Além disso, usando culturas de PBMC estimuladas com anti-CD3 in vitro, o
nosso grupo documentou propriedades imunossupressoras da gpl05 mais acentuadas
do que as da gp120 do HIV-1 ou de SIV *®. Embora a extrapolacdo para a sua relevancia
in vivo deva ser cautelosa e, apesar do aparente paradoxo de uma proteina de um virus
menos patogénico ser mais imunossupressora, é possivel que estes efeitos da gp105 do
HIV-2 sejam benéficos para o hospedeiro, uma vez que, ao limitarem os processos de
activacdo linfocitdria, podem contribuir para reduzir a producdo de virus e retardar a
progressdo da doenca.

E plausivel admitir que os mondcitos e as DC tenham um papel importante nos
efeitos imunossupressores da gp105 do HIV-2. A informacdo relativa a estas células na
infeccdo pelo HIV-2 é muito limitada. Foi documentada uma menor susceptibilidade das

3 No entanto, desconhece-se qual

DC a infecgdo in vitro pelo HIV-2 do que pelo HIV-1
o impacto, em termos quantitativos e qualitativos, da infeccdo pelo HIV-2 nestas células.

Tendo em conta o papel crucial dos mondcitos e das DC no sistema imunitario e na
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infeccao pelo HIV-1, o estudo da modulagao destas células pelo HIV-2 podera contribuir

para revelar potenciais mecanismos de menor patogenicidade do HIV-2 em relagdo ao

HIV-1 e para a compreensao da imunopatogénese da infeccao pelo HIV em geral.
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CAPITULO 2:

Objectivos e plano de trabalho

A imunodeficiéncia associada ao HIV-2 é considerada um modelo de doenca
“atenuada”, uma vez que se caracteriza por um menor ritmo de perda de linfécitos T
CD4" e uma mais lenta progress3o clinica do que a infec¢do pelo HIV-1. Neste trabalho
pretendeu-se investigar possiveis mecanismos que possam contribuir para o melhor
progndstico da infecgao pelo HIV-2, com vista a compreensao da imunopatogénese da
infeccdo pelo HIV em geral e a melhor definicdo de estratégias para o desenvolvimento
de terapéuticas de base imunoldgica.

Os mondcitos/macrofagos e as células dendriticas (DC) actuam como “sentinelas”
da imunidade inata e, através da sua funcdo como APC, promovem a imunidade
adquirida.

Quer os mondcitos/macréfagos quer as DC desempenham um papel fundamental
na infeccao pelo HIV. Nao s6 possuem 0s receptores necessarios a entrada do virus,
constituindo reservatérios virais, como também contribuem para a transmissdao da
infecgao para as células T. Tém sido consistentemente documentadas alteragdes
significativas dos mondcitos/macréfagos e DC em doentes infectados pelo HIV-1 que
podem comprometer o desenvolvimento de uma resposta imunoldgica adequada, quer
contra o HIV, quer contra outras infec¢des.

A investiga¢do sobre o impacto do HIV-2 nos mondcitos/macréfagos e nas DC tem
sido muito limitada. Foi documentada uma menor susceptibilidade de DC a infec¢do in
vitro por HIV-2 do que por HIV-1. No entanto, ndao existem dados na literatura sobre a
caracterizagdo dos mondcitos/macréfagos e DC na infecgdo pelo HIV-2.

Assim, neste trabalho investigou-se a possivel contribuicdo dos mondcitos e das DC
para o melhor progndstico da imunodeficiéncia associada ao HIV-2 comparativamente a
infeccdo pelo HIV-1. Foram por ndés previamente documentadas propriedades
imunossupressoras de proteinas do invélucro do HIV-2 nas respostas dos linfécitos T. Na

sequéncia deste trabalho, foram realizados estudos in vitro com o objectivo de
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investigar um  possivel envolvimento de mondcitos/DC  nas  propriedades
imunossupressoras de proteinas do invdlucro do HIV-2. Além disso, foi efectuada a
caracterizagao dos efeitos moduladores do invélucro de HIV-2 na diferenciagdo de DC a
partir de mondcitos e sua maturagdo. Por outro lado, beneficiando da possibilidade de
se estudar em portugal individuos infectados pelo HIV-2, foram caracterizadas
guantitativamente e qualitativamente as principais subpopula¢des de DC no sangue
periférico, DC mieldides (mDC) e plasmacitdides (pDC), de individuos infectados pelo
HIV-1 e de individuos infectados pelo HIV-2, ndo previamente expostos a terapéutica

anti-retroviral, em diferentes fases de evoluc¢do da doenca.

1. Envolvimento dos mondcitos na supressao das células T mediada pelas

proteinas do invélucro de HIV-2.

Estudos anteriores do nosso laboratério mostraram que a glicoproteina gp105 do
invdlucro do HIV-2 apresenta propriedades imunossupressoras in vitro mais acentuadas
do que as da glicoproteina gp120 do invélucro de HIV-1 ou de SIV. Estas propriedades
manifestam-se pela capacidade de inibir a activacdo e a proliferacdo de células T
estimuladas através do TCR em culturas de PBMC.

Este fendmeno inibitério de uma proteina de um virus menos patogénico, embora
pareca paradoxal, pode contribuir para diminuir os processos de activacao linfocitaria e,
dessa forma, minimizar a activacdo imunitaria persistente caracteristica da infeccdo pelo
HIV, com concomitante limitagdo da replicagdao viral. Constatou-se também que a
presenca de anti-CD28 anula parcialmente o efeito inibitério da gp105, o que sugere um
possivel envolvimento das APC, através de, por exemplo, uma diminui¢ao da expressao
dos ligandos de CD28. Por outro lado, a gp105 de HIV-2 induz a producdo de TNF-a pelos
mondcitos in vitro. Assim, foi estudado o papel dos mondcitos, precursores de DC e
macrofagos, na supressao linfocitdria induzida por proteinas do invélucro de HIV-2. Para
tal, os efeitos de proteinas do invélucro de HIV-2 foram avaliados em populacdes de
células T purificadas e em PBMC depletados de mondécitos de individuos seronegativos.

Para além disso, para discriminar se os efeitos inibitérios da gp105 sdao dependentes de
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contacto celular ou de factores sollveis, foram utilizados sistemas de transwell e

bloqueadores de possiveis mediadores implicados.

2. Estudo dos efeitos das proteinas do involucro do HIV-2 na
diferenciagdo e maturacao de células dendriticas geradas a partir de

monacitos.

As DC, através da sua fungdo como APC, desempenham um papel crucial no sistema
imunitario, podendo ser alvo dos efeitos das proteinas do invélucro de HIV-2,
independentemente da infeccdo. Esta possibilidade foi avaliada fazendo uso de DC
obtidas a partir de mondcitos de individuos seronegativos em meio suplementado com
GM-CSF e IL-4, um modelo amplamente utilizado em varios estudos da biologia das DC.
Os efeitos do invélucro do HIV-2 foram explorados utilizando proteinas recombinantes
de diferentes isolados virais e o proprio virus inactivado com 2,2’-ditiodipiridina
(aldritiol-2, AT-2), um agente quimico que modifica covalentemente as estruturas em
“dedos de zinco” da nucleocapside viral, mantendo a conformacdo do invdlucro. A
utilizagao de virus ndo infecciosos pode mimetizar o tipo mais frequente de interacgdes
HIV-CD4 in vivo, uma vez que somente 0,1% dos virides em circulagdo sao infecciosos.

Assim, foi estudado o impacto da presenca do invélucro do HIV-2 durante a
diferenciacdo de mondcitos em DC e durante a maturacao de DC, nomeadamente pela
avaliacdo do seu fendtipo (expressao de moléculas de diferenciacdo) e da sua funcao
(capacidade de estimulacdo da proliferacdo de células T em reac¢bes leucocitdrias

mistas e de producdo de citocinas).
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3. Caracterizacdo quantitativa e funcional de células dendriticas

mieldides em individuos infectados pelo HIV-2

As mDC sdo consideradas as APC por exceléncia, sendo fundamentais na activacdo
de células T naive e no desenvolvimento de uma resposta imune adquirida contra os
agentes patogénicos. Pretendeu-se caracterizar quantitativamente e qualitativamente as
mDC em circulagao na infec¢ao pelo HIV-2. Para tal, estudaram-se transversalmente
populacdes de doentes infectados pelo HIV-1 e de doentes infectados pelo HIV-2, ndo
previamente expostos a terapéutica anti-retroviral, em diferentes fases de evolugao da
doenca, de acordo com o nimero de linfécitos T CD4" em circulagdo, comparados com
um grupo controlo constituido por individuos ndo infectados. As mDC foram

guantificadas e caracterizadas fenotipicamente por citometria de fluxo.

4. Caracterizagdo quantitativa e funcional de células dendriticas

plasmacitdides em individuos infectados pelo HIV-2

As pDC constituem células cuja importancia no sistema imunitario tem vindo a ser
realcada. Para além das suas propriedades como APC, estas células destacam-se por
uma elevada capacidade de producdo de IFN tipo I, citocinas com importante actividade
antiviral, pelo que se torna fundamental o seu estudo na infeccdo pelo HIV. Pretendeu-
se nesta seccdo comparar quantitativamente e qualitativamente as pDC dos grupos de
individuos infectados pelo HIV-1 e pelo HIV-2 acima mencionados. As pDC foram
guantificadas e caracterizadas fenotipicamente por citometria de fluxo. A avaliacdo da
sua funcdo teve como base a capacidade de produzir citocinas, entre as quais IFN-o, em

resposta a um estimulo mediado pelo TLR9.
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Abstract

HIV-2 is associated with an attenuated form of HIV disease. We investigate here the
immunosuppressive effects of the HIV-2 envelope protein, gp105. We found that gp105
suppresses activation of T cells through a monocyte-mediated mechanism. Suppression
of T cell activation by gp105 depends on contact between monocytes and T cells, but not
on CD4CD25" T cells. The TLR4 pathway is likely involved, since gp105 activates TLR4
signaling and induces TNF-a. production by monocytes. Immunosuppression is viewed as
the main pathophysiologic consequence of infection by HIV. However, the main
immunologic defect caused by HIV, depletion of T cells, requires T cell activation. Our
findings are consistent with a new concept that HIV-2 envelope proteins act on
monocytes to suppress T cell activation and that this property may contribute to the
benign course of HIV-2. We hypothesize that the HIV-2 envelope immunosuppressive
properties limit bursts of T cell activation, thus reducing viremia and contributing to the

slow rate of disease progression that characterizes HIV-2 disease.



86 Modulagdo de DC e mondcitos pelo HIV-2

Introduction

Besides promoting viral attachment and entry, HIV envelope (Env) proteins modify
immune responses [1]. In parallel with its recognized immunogenicity, the HIV-1 Env
modulates the function of T cells, B cells, NK cells and APC [1-7]. Several effects, such as
suppression of proliferation, induction of anergy and apoptosis, and cytokine imbalances
have been reported. Its relative importance varies according to the nature of Env used
and the cell culture system studied. Although some of the effects of Env are thought to
be mediated by CD4 binding, involvement of the chemokine receptors CCR5 and CXCR4
as well as C-type lectin receptors has been proposed [4-9].

The external domain of HIV-1 Env, gp120, is associated non-covalently with the
transmembrane protein gp41, facilitating release of gp120 into the extracellular milieu,
which can result in significant serum levels in infected patients [10]. Therefore, gp120,
whether as part of the intact virus or in a soluble form, can be taken up by neighbouring
uninfected cells, potentially modifying their function [1-9].

HIV-2 infection is considered a natural model of attenuated disease with limited
impact on the survival of infected adults [11]. Although HIV-2 infection exhibits the same
clinical spectrum as HIV-1 infection, viremia is at a much lower level, and peripheral
blood CD4 T cell counts decline at a slower rate in HIV-2-infected patients [12, 13]. What
attenuates HIV-2 relative to HIV-1 is unknown [14-20].

We explored whether and how HIV-2 Env might modify immune responses and in
this way potentially account for the relatively benign course of infection. We compared
HIV-1 gp120 with the external component of the HIV-2 Env, gp105. A more “open”
structure of gp105 is thought to explain the broader range of co-receptor usage by HIV-2
than HIV-1 isolates [21] and the higher levels of neutralizing antibodies documented in
HIV-2-infected patients [22]. Moreover, gpl05rop was shown to bind to the CD8
molecule with high affinity, whereas HIV-1;z gp120 was unable to [23]. We show here
that HIV-2 Env markedly suppresses TCR-mediated responses through a mechanism

dependent upon the contact between monocytes and T cells.
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Results

Inhibitory properties of HIV-2 Env

To address the effects of HIV-2 Env on immune responsiveness, we measured
proliferative responses of human T cells in the absence or presence of the whole
external Env component from HIV-2zop (gp105), a laboratory-adapted strain that uses
CXCR4 as its co-receptor, the 165 aa peptide covering the C2-V3-C3 region of the Env of
the ALl strain, an HIV-2 primary isolate that uses CCR5 as a co-receptor [24], as well as
the Env protein (gp120) from HIV-1;5, HIV-1yn and SIVmac2s1. Freshly isolated PBMC from
healthy donors were stimulated with immobilized anti-CD3 or the recall antigens
Candida albicans or Tetanus toxoid in the presence or absence of the HIV-2, HIV-1 or SIV
Env proteins, and proliferative responses were tested. Both gpl105 and the 165 aa
peptide suppressed PBMC proliferation by more than 50%, without a statistically
significant difference between them (Fig. 1). In contrast, HIV-1 or SIV Env only modestly
suppressed the proliferation, and this suppression was significantly less than the one
induced by HIV-2 Env (p<0,0001; unpaired t-test) as shown in Fig. 1B. The gp105-
associated impaired proliferation was only found in response to TCR-mediated stimuli
and was not observed with PMA plus lonomycin or PHA stimulation, as previously
reported [25]. This impairment in proliferation was not due to increased apoptosis as
measured by annexin/propidium iodide [25]. Both CD4" and CD8" T cells were
suppressed as assessed by flow cytometry using BrdU incorporation [25]. C2-V3-C3ay
was also found to inhibit only the TCR-mediated stimuli and was not associated with an
increase in cell death (data not shown). Although the significant inhibition of T cell
proliferation by anti-CD4 mAb precludes its use to block CD4 interaction [25], T cell
suppression is likely to be independent of Env interaction with the CD4 receptor, since

the C2-V3-C3,4. does not cover the CD4-binding region.

HIV-2 Env does not act directly on T cells

To determine whether HIV-2 Env acts directly on T cells, we purified T cells from

PBMC and tested whether proliferation was suppressed by HIV-2 Env. As Fig. 2 shows,
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neither gp105gop Nor C2-V3-C3,, suppressed proliferation of purified T cells stimulated
with anti-CD3. Moreover, there were also no suppressive effects when CD28 co-
stimulation was added to the anti-CD3 stimulus. Thus, the suppression of T cell

proliferation does not result from a direct effect of HIV-2 Env on T cells.
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Figure 1. Effects of the HIV-1 and HIV-2 Env proteins on TCR-mediated lymphocyte proliferation. PBMC
were cultured with different stimuli in the absence or presence of one of the following HIV Env proteins:
HIV-2gop gp105, the large peptide covering C2-V3-C3 region of the HIV-2,,, HIV-1,,5 gp120, HIV-1yy gp120
or SIVmacs1 80120. Lymphocyte proliferation was measured by *H-TdR incorporation. (A) Results of 3-day
proliferation in response to immobilized anti-CD3 mAb in six different healthy subjects. Bars represent the
individual mean cpm + SEM of triplicates. (B) Percentages of inhibition induced by each protein on anti-
CD3-mediated proliferation, calculated as the fold reduction in cpm levels of cells cultured in the presence
of Env protein versus cells cultured in its absence. Bars represent the mean = SEM of all the subjects
studied under the different conditions (°p<0.0001 as compared to the percentage of inhibition of
proliferation in the presence of gp120,;s gp120yn or gp120,.051, Unpaired t-test). (C) Lymphocyte
proliferation after 6-day culture in response to Candida albicans or Tetanus toxoid in the presence of
different Env proteins in one individual. Bars represent the mean cpm + SEM of quadriplicates.

HIV-2 Env immunossupression does not require CD25" T cells, IL-10 or TGF-1,2,3

We next asked whether T cell proliferation might be suppressed by regulatory T

cells. CD4'CD25" T cells, a subset that expresses the highest level of the lineage
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regulatory marker FoxP3, have been proposed to play a significant role in models of
experimental chronic infections by contributing to the suppression of T cell responses
[26]. Depletion of CD25" cells using magnetic anti-CD25 mAb-coated microbeads did not
abrogate the suppressive effects of the gp105rop (Fig. 3A), nor did the blocking of IL-10
and TGF-B, cytokines that are known to suppress T cell responses (Fig. 3B), with
antibodies at a concentration (10 pg/ml) known to exhibit neutralizing activity [27]. No
statistically significant differences were found between the inhibition of proliferative
responses observed in bulk PBMC versus CD25-depleted PBMC or between the inhibition
observed in the presence versus in the absence of the neutralizing antibodies. These
findings should not be taken to mean that regulatory T cells play no part in the response
to HIV-2 but rather that whatever part they may play is probably not conditioned by

gp105rop.
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Figure 2. HIV-2 Env proteins do not act on purified T cells. PBMC and purified CD4" and CD8" T cell subsets
were stimulated with immobilized anti-CD3 with or without anti-CD28 mAb in the absence or presence of
HIV-2g0p gp105, HIV-2,, C2-V3-C3 or HIV-1,3 gp120. Proliferation was measured by *H-TdR incorporation.
Bars represent individual mean cpm + SEM of triplicates in a representative case out of four.

Immunosuppression by HIV-2 Env depends on monocytes

We next tested whether gp105 suppresses T cell responses by acting on monocytes.

The suppression of T cell proliferation was completely abrogated by the depletion of
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CD14" cells (Fig. 4A) and was fully recovered when these cells were added back to
purified T cells (Fig. 4B). Thus, the suppression of T cell proliferation mediated by HIV-2

Env requires the presence of monocytes.
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Figure 3. The anti-proliferative effect of HIV-2 Env proteins is independent of CD25" cells or the
immunosuppressive cytokines TGF-B or IL-10. (A) Bulk PBMC and PBMC depleted of CD25" cells were
stimulated in triplicate with immobilized anti-CD3 in the absence or presence of HIV-2zop gp105 and HIV-
1,5 gp120, and proliferation was measured by *H-TdR incorporation. Bars represent mean cpm + SEM of
three different healthy subjects. (B) PBMC were cultured in triplicate with immobilized anti-CD3 mAb for 3
days in the absence or presence of HIV-2yop gp105 or HIV-1,3 gp120, with or without neutralizing mAb
against IL-10 and/or against TGF-B1,2,3 or the respective isotype controls IgG2b and 1gG1 Bars represent
mean cpm = SEM of three different healthy subjects.

Absence of an impact of HIV-2 Env on factors released from monocytes

Next, we asked whether the suppression of T cell proliferation by HIV-2 gp105 was
associated with substances secreted by monocytes. To test whether prostaglandins
produced by monocytes inhibit lymphocyte proliferation, we added indomethacin, an
inhibitor of prostaglandin synthase, to the cultures and then asked whether T cell
proliferation was modified. As can be seen in Fig. 4C, gpl05 suppressed T cell
proliferation in the presence of indomethacin, suggesting that PGE2 or other
prostaglandins were not involved. Nor was NO involved in the suppression of T cell
proliferation by HIV-2 Env, as addition of NG—monomethyI—L—arginine (L-NMMA), an

inhibitor of inducible NO synthase, to the cultures did not reverse immune suppression
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(Fig. 4D). Moreover, suppression did not depend on IDO, the rate-limiting enzyme in the
catabolism of tryptophan, as an IDO inhibitor (1-methyl-D-tryptophan, 1-MT) did not
reverse gpl05-mediated suppression (Fig. 4D). No statistically significant differences
were found between the inhibition of proliferative responses observed in the presence

versus in the absence of indomethacin, L-NMMA or 1-MT.
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Figure 4. The anti-proliferative effect of HIV-2 Env proteins depends on the contact between monocytes
and T cells. Cells were stimulated in triplicate with immobilized anti-CD3 for 3 days in the absence or
presence of HIV-2zop gp105 or HIV-1,z gp120, and proliferation was measured by *H-TdR incorporation
under the following conditions: (A) Bulk PBMC and PBMC depleted of CD14" cells; (B) purified T cells
cultured alone and co-cultured with PBMC or CD14" cells, as well as PBMC and purified T cells cultured in
the upper and lower chamber, respectively, of a transwell system, as described in E; (C) PBMC in the
presence of indomethacin; (D) PBMC in the presence of 1-MT or L-NMMA,; (E) Cells cultured in a transwell
system with PBMC in the upper chamber and purified T cells in the lower chamber, with both chambers
coated with anti-CD3 mAb. Bars represent: (A and D) mean cpm = SEM of three different healthy subjects;
(B) mean percentage inhibition of proliferation + SEM of three different donors, calculated as the fold
reduction in cpm levels of cells cultured in the presence of gp105 versus in its absence; (C) individual mean
cpm * SEM of triplicate of two different donors; (E) individual mean cpm + SEM of a representative case
out of three.
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T cell-monocyte interaction is required for suppression of T cell responses

We next asked whether contact between monocytes and T cells is required for the
suppressive properties of gpl05. Toward that end, we assessed the suppressive
properties of gp105gop in @ 0.4 um-transwell system that physically separated purified T
cells from monocytes or bulk PBMC. As shown in Fig. 4E, gp105gop inhibited proliferation
of PBMC in the upper chamber but not T cell proliferation in the lower chamber of the
transwell system, suggesting that suppression depended on contact between T cells and
APC. Furthermore, gp105gop-mediated suppression of T cell responses was recovered
when PBMC or isolated monocytes were added back to purified T cells (Fig. 4B). These
results suggest that inhibition of T cell activation by HIV-2 Env requires contact between

monocytes and T cells and further support the exclusion of the soluble mediators tested.

HIV-2 env activates TLR4 signaling

HIV-2 Env from strains that use either CCR5 (ALI) or CXCR4 (ROD) induced marked
TNF-a production by monocytes, while HIV-1 Env (llIB) did not (Fig. 5A), raising the
possibility that gpl105 activates TLR4 signaling in those cells. The same findings were
observed after stimulation of purified monocytes instead of PBMC (data not shown). To
determine whether gp105 activates TLR4, HEK 293 cells stably transfected with TLR4,
MD2 and CD14 were transiently transfected with an NF-xB-luciferase reporter vector to
reveal NF-xkB activation after TLR4 signaling [28]. As illustrated in Fig. 5B, gp105
stimulated TLR4 signaling in a dose-dependent manner, while gp120 had no effect on
TLR4 activation. HIV-2 gp105 acted specifically on TLR4, because HEK 293 cells that lack
TLR4 did not respond at any concentration of gp105 (Fig. 5C). Moreover, the addition of
Rhodobacter sphaeroides diphosphoryl lipid A (RsDPLA), an LPS-like TLR4 antagonist,
abrogated gp105-stimulated NF-kB-luciferase activity (Fig. 5C). A 6-h exposure of HEK
293 cells that express TLR4 to HIV-2 gp105 did not suppress subsequent stimulation with
LPS or heparan sulfate, another TLR4 agonist [29] (data not shown). These findings
indicate that gp105 is not contaminated by LPS and that signaling through TLR4 is by a

mechanism distinguishable from signaling by LPS. Thus, HIV-2 Env is able to activate
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TLR4 signaling, suggesting a possible involvement of TLR4 on the immunosuppressive

effects HIV-2 Env.
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Figure 5. HIV-2 Env proteins activate TLR4 signaling. (A) PBMC were cultured for 6 h in the absence or
presence of HIV-2zop gp105, HIV-2,,, C2-V3-C3, HIV-1,,s gp120 or LPS (positive control), with brefeldin A
(last 5 h). After a surface staining for CD14, cells were intracellularly stained for TNF-a.. Dot plots show a
representative example (out of three) of the analysis done in a large gate including monocytes and
lymphocytes. Values in the lower right table represent the proportion of monocytes induced to produce
TNF-a in the presence of the Env proteins or LPS (mean = SEM of three different donors). There are no
statistically significant differences between the TNF-a production induced by the two HIV-2 Env (* p<0.006
as compared to TNF-a production in medium alone, I°p<0.005 as compared to TNF-a production in the
presence of gp120 5, ‘p<0.001 as compared to TNF-o. production in the presence of gp120 ys; paired t
test). (B, C) HEK 293 cell lines stably expressing the TLR4 signaling complex (filled/shaded symbols) or
control cells lacking TLR4 expression (open symbols) were transfected with an NF-kB-firefly luciferase
reporter vector and the control pTK-Renilla luciferase vector. The cells were then incubated with various
concentrations of HIV-2 gp105 or HIV-1 gp120 Env proteins (B) or with gp105 in the presence of 0.1 ug/ml
Rhodobacter sphaeroides diphosphoryl lipid A (RsDPLA) (C) for 6h. Activation of TLR4 is reported as a ratio
of the NF-kB-stimulated firefly luciferase activity to the constitutively expressed Renilla luciferase internal
control. gp105 activated TLR4 signaling in a dose-dependent manner (dp<0.002 as compared to the
absence of protein), and TLR4 stimulation by gp105 was blocked by RsDPLA (°p<0.002 as compared to the
absence of RsDPLA). Shown in the graphs are the mean + SEM of triplicate wells, which are representative
of three independent experiments.
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Discussion

Here we report that HIV-2 Env, acting on monocytes, suppresses TCR-mediated
responses and that HIV-2 Env may do so by stimulating TLR4. One might expect that
immunosuppression generated by Env proteins would make HIV-2 immunodeficiency
worse, as it would add to the impact of CD4" T cell depletion. Contrary to this concept,
however, the Env of HIV-2 is more suppressive than Env of HIV-1, and subjects with HIV-
2 infection do not suffer striking immunodeficiency, at least compared to those infected
with HIV-1 [11-20]. Since it has limited impact on the survival of the majority of infected
adults, HIV-2 infection is considered a natural model of attenuated HIV disease [11, 20].
Why the CD4 depletion and viremia of HIV-2 infection are less severe than in HIV-1
infection remains unknown [12-20]. We postulate that the HIV-2 Env may limit the
bursts of T cell activation and therefore contribute significantly to the slower rate of
disease progression that characterizes HIV-2 disease.

Chronic immune activation represents a main driving force for the progressive
decline in CD4 counts and other manifestations of AIDS [16, 17, 30-34]. The plasma HIV
RNA load predicts no more than 10% of the subsequent CD4 cell loss in untreated HIV-1-
infected patients, suggesting that other factors, such as the persistent immune
activation, determine this outcome [35]. Although specific responses against HIV may
contribute, much and perhaps most T cell activation is thought to be driven by bystander
processes. Among the bystander processes may be bacterial translocation at the altered
gut mucosa and the subsequent increased levels of circulating bacterial products such as
LPS [36]. In this context, it is plausible that monocytes/APC are important modulators of
the state of activation. Interactions between HIV-1 components and those cells have
been extensively reported [37].

Suppressor monocytes/macrophages have been found in several conditions
associated with chronic inflammation, including leishmaniasis, tuberculosis and hepatitis
C [38-41]. Our findings suggest that HIV-2, like other pathogens, may direct monocytes
or DC to hamper T cell stimulation [38-42]. Suppression of T cell responses by these
pathogens is thought to enable evasion of clearance and promote persistence of the

microorganism. It is possible that suppression of T cell responses by HIV-2 Env also
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promotes persistence of the virus; however, the dominant impact of suppression of cell-
mediated immunity may be a reduction in the immunopathology associated with the
immune response, thereby contributing to the more benign outcome of HIV-2 infection.

Several mechanisms have been proposed for monocyte-mediated suppressive
effects [6, 38-41, 43, 44]. Prostaglandins, NO and induction of IDO have been classically
implicated, but our studies using inhibitors of these pathways suggest that they
contribute little to suppression of T cell proliferation in the presence of HIV-2 Env.
Moreover, IL-10 and TGF-B, two cytokines frequently implicated in T cell suppressive
responses, did not contribute appreciably to suppression of T cell responses. Recently,
monocytes have been shown to express programmed death-L1 (PD-L1) and, through the
PD-L1/PD-1 pathway, suppress TCR-mediated responses [45]. Our preliminary results
clearly show that some recombinant HIV-2 and HIV-1 Env proteins up-regulate PD-L1
expression in monocytes in vitro as assessed by flow cytometry. However, this pathway
is not implicated, since neutralization using anti-PD-L1 mAb did not reverse suppression
of lymphocyte proliferation (data not shown). Another possibility that we tested was
that the suppressive properties of HIV-2 Env are mediated by CD4°CD25" regulatory T
cells, which are known to be able to exert inhibitory effects on the activation and
function of DC [46] and monocytes/macrophages [43], but depletion of CD25" cells did
not impact the suppressive effects of HIV-2 Env.

We found that the contact between monocytes and T cells is essential for the
suppression of TCR-mediated proliferation by HIV-2 Env. A contact-dependent
mechanism was also shown to be involved on the suppression of T cell mitogenesis by
immunosuppressive macrophages in other persistent infections such as mycobacterial
infection [40]. Continuous interplay between several receptors on the surface of
monocytes and DC mediates a delicate balance of positive and negative signals that
ultimately determines the fate of the T cell responses. Although TLR, which recognise
pathogen-associated molecular patterns, trigger the functional maturation of APC
leading to the initiation of antigen-specific adaptive immune responses, they have also
been shown to induce immune suppression [47]. A switch from a pro-inflammatory to a

suppressive cytokine profile in the response of DC to TLR agonists was clearly
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documented during the establishment of the chronic murine infection by Plasmodium
yoelii [48]. Recently, the HCV Core protein was found to hamper antiviral immunity
through TLR2-mediated monocyte activation [41]. The mouse mammary tumor virus
was also shown to interact with TLR4 on DC and macrophages, leading to suppression of
cytotoxic immune responses [47].

Considering the previous reports of the interaction of mouse mammary tumor virus
and murine leukemia retrovirus Env proteins with TLR4 [47, 49], we also investigated the
possibility of HIV-2 Env signaling through TLR4. The HIV-2 Env induces TNF-a production
by monocytes at levels similar to those found with TLR4 agonists. Indeed, we found that
HIV-2 Env induces dose-dependent activation of NF-kB in HEK 293 cells that express
stable levels of TLR4. The HIV-1 Env recombinant protein produced using the same
expression system did not induce NF-kB. Corroborating the controls used for the
exclusion of LPS contamination, we found that the same HIV-2 Env recombinant proteins
were unable to induce maturation of monocyte-derived DC (data not shown). Others
have shown that TLR4 can form a complex with CXCR4 inside lipid rafts [50] and that
CXCR4 and its ligand SDF-1 may interfere with TLR4 signaling [51]. Thus, gp105 may
activate TLR4, at least in part, by disrupting the interaction between CXCR4 and TLR4. Of
note, anti-CXCR4 mAb has also been shown to activate TLR4 signaling [51], precluding its
use to investigate this possibility. If gp105 activates TLR4 indirectly in this manner, it may
explain how TLR4 on cells stimulated by gpl05 remain responsive to LPS, since the
receptor would be available for activation by ligand.

The differences between the biological properties of HIV-1 Env and HIV-2 Env may
reflect differences in protein structure, as HIV-2 and HIV-1 Env proteins share only 40%
homology [52]. It is plausible that the more “open” structural conformation of HIV-2 Env
may allow the protein to act on the surface of monocytes and, through this interaction,
modulate the observed suppression. Although the number of available HIV-2 Env
proteins to study is small and assumptions regarding the in vivo relevance of their
suppressive effects should be made cautiously, it is noteworthy that these effects were
also observed using an Env protein from a primary viral isolate. Our studies were

performed using a recombinant polypeptide to optimize the homogeneity of responses.
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Clearly, the response of any given individual to a naturally expressed polypeptide might
depart, in one direction or another, from what we report here. Neverthless, if our
contention about the impact of gp105 on the biology of HIV-2 is upheld, then the overall
direction and dimension of responses to recombinant gp105 will faithfully represent
what happens in vivo.

HIV-2 arose by cross-species transmission of SIVy, found naturally in sooty
mangabey monkeys [53]. Acute SIV,,, infection appears to induce suppressive cytokines
in the natural hosts that limit the pro-inflammatory characteristics of SIV-associated
immunodeficiency [54] and prevent subsequent CD4 depletion and progression to AIDS
[33]. HIV-2 disease is characterized by a much slower rate of progressive immune
activation and CD4 T cell decline than HIV-1 infection [12, 13, 17, 19]. Because HIV-2
strains are no less cytopathic than HIV-1 strains, host factors probably limit HIV-2
disease progression [55].

The DC/T cell microenvironment has been shown to be an ideal site for HIV-1
propagation through the transfer of the virus from DC to activated antigen-specific T
cells [56]. Thus, the action of HIV-2 Env on monocytes/DC during antigen presentation
may prevent the spread of the virus among T cells. Even a modest reduction in
transmission might have a drastic effect on the virus produced in local infection bursts
and contribute to reduce viremia [57]. Moreover, it might delay the progressive
disruption of secondary lymphoid environments by immune activation, thus reducing
the rate of CD4 decline [16].

These data point to a new line of research into the benign course of HIV-2 centered

on monocytes and raise the possibility of using HIV-2 Env as an immunomodulatory tool.

Materials and Methods

Cell Isolation

PBMC were isolated by Ficoll-Hypaque density gradient (Amersham Pharmacia

Biotech, Little Chalfont, UK) from healthy donor venous blood or from leukocyte-
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enriched buffy coats (Portuguese Institute of Blood, Lisbon), and resuspended at 1x10°
cells/ml in RPMI 1640 (Gibco-Invitrogen, Paisley, UK) supplemented with 10% heat-
inactivated human AB serum (Sigma-Aldrich, St Louis, MQ), 100 U/ml penicillin/100
ug/ml streptomycin (Gibco-Invitrogen) and 2 mM L-glutamine (Gibco-Invitrogen). T cells
were isolated from PBMC by negative selection using a cocktail of biotin-conjugated
mAb against CD14, CD16, CD19, CD36, CD56, CD123 and Glycophorin A, followed by
anti-biotin microbeads. The T cell purity was >99%, as assessed by flow cytometry as
previously described [25]. T cells were further fractionated using CD4 microbeads into
CD4" T cells (>97% pure) and a CD4"® fraction, corresponding to >94% CD8" T cells.
PBMC were depleted of monocytes using CD14" microbeads and of CD25" cells using
CD25 microbeads (purity >95%). All the separations were performed in a VarioMACS
(Miltenyi Biotec, Bergish Gladbach, Germany) using Miltenyi Biotec microbeads. Purified
monocytes were shown to have levels of CCR5 and CXCR4 expression similar to those in
bulk PBMC. This study was approved by the Ethical Board of the Faculty of Medicine of

Lisbon.

Proliferation assays

Cells (1x10°) were cultured in round-bottom 96-well plates (Costar, Corning
Incorporation, NY) with immobilized anti-CD3 (1 ug/ml, clone HIT3a; BD Biosciences, San
Jose, CA) or the recall antigens Candida albicans (40 ug/ml; Greer, Lenoir, NC) or tetanus
toxoid (dilution 1:800; Connaught, Swiftwater, PA) in the presence or absence of the
following Env proteins (1 pug/ml): gp105 from HIV-2grop and gp120 from HIV-1, HIV-1yn
or SIVmac2s1 produced using a baculovirus expression system (EU program EVA, MRC, UK);
or a 165-aa peptide covering the C2-V3-C3 Env region of the primary isolate HIV-2,,
provided by Nuno Taveira, produced in an E. coli expression system and negative for
endotoxin by the Limulus amebocyte assay (Pyrotell, East Falmouth, MA; detection limit
0.125 EU/mI). In some experiments, anti-TGF-$1.2.3 or anti-IL-10 as well as their
respective 1gG1 or 1gG2b isotype controls, alone or in combination (10 pg/ml; R&D

Systems, Minneapolis, MN), soluble anti-CD28 mAb (1 upg/ml; BD Biosciences),
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indomethacin (1 ug/ml; Sigma-Aldrich), 1-MT (200 uM; Sigma-Aldrich) or L-NMMA (1
mM; Sigma-Aldrich) were added to immobilized anti-CD3. All cultures were performed
in triplicate for 3 days (anti-CD3 stimulation) or in quadruplicate for 6 days (antigen
stimulation) at 37 2C in a humidified atmosphere of 5% CO,. Lymphocyte proliferation
was measured by [3H]thymidine (3H-TdR; Amersham Pharmacia Biotech) incorporation
after a pulse of 1 uCi during the last 18 h of culture, counted in a gaseous scintillation 3-
counter (Packard, Meriden, CT). Results are expressed as mean com + SEM. Percentages
of inhibition were calculated as the fold reduction in cpm levels of cells cultured in the

presence of Env protein versus cells treated in its absence.

Transwell experiments

Flat-bottom 24-well plates with a 0.4 um-transwell (BD Falcon, BD Biosciences) were
used. Both the upper and lower chambers were coated with anti-CD3 mAb as described
above. T cells (0.9x10°) were added to the lower compartment, and PBMC or CD14"
cells (0.9x10°) were cultured in the upper chamber in the presence of medium alone,
HIV-2 gp105gop or HIV-1 gp120y5. To control for diffusion of the Env protein in the
transwell system, experiments were performed in which PBMC were cultured in both
chambers with the HIV-2 Env protein added to the upper chamber, and the proliferation
levels were found to be similar in both chambers (data not shown). In parallel, 0.9x10° T
cells were stimulated in a co-culture assay with the same quantity of PBMC, CD14" or T

cells in the absence or presence of the Env protein.

Single-cell analysis of intracellular TNF-o.

PBMC were cultured for 6 h at 5x10° cells/tube in the absence or presence of the
HIV Env protein or LPS from E coli 0111:B4 (2 pg/ml). Brefeldin A (10 pg/ml; Sigma-
Aldrich) was present during the last 5 h of culture to block cytokine secretion.
Intracellular cytokine staining was performed as previously described [25] using PE

conjugated anti-TNF-o. mAb (BD Biosciences) after surface staining with FITC-conjugated
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anti-CD14 mAb (Sanquin, Amsterdam, The Netherlands). Briefly, cells were fixed with 2
% formaldehyde (Sigma-Aldrich) and permeabilized with PBS containing 1% BSA, 0.1%
sodium azide and 0.5% saponin (all from Sigma-Aldrich). Data were acquired using a
FACSCalibur flow cytometer and CellQuest software (BD Biosciences), and analysis was
conducted within a large manual setting gate including monocytes and lymphocytes
defined on forward/side scatter, with thresholds set according to the isotype-matched
negative controls. Results are expressed as the percentage of TNF-a." cells within CD14"-

gated cells.

TLR4-stimulated NF-kB activation

Activation of TLR4 was measured in HEK 293 cells stably expressing TLR4, MD2 and
CD14 as previously described [28]. Briefly, HEK 293 cells expressing the TLR4 signaling
complex or control cells were transfected with 0.1 pug pTK-Renilla luciferase (Promega)
and 0.1 ug NF-kB-firefly luciferase [58] using Superfect Transfection Reagent (Qiagen,
Valencia, CA). Following transfection, the cells were cultured for 24 h at 37 °C in medium
with low (0.5%) FBS. After various treatments, the culture medium was aspirated, and
expression of Renilla and firefly luciferase was assayed simultaneously using the Dual-
Luciferase Reporter Assay System (Promega) and a TD-20/20 luminometer (Turner
Designs, Sunnyvale, CA). Activation of NF-kB is reported as a ratio of the firefly
luciferase activity to the constitutively expressed Renilla luciferase internal control and is

the mean of triplicate wells.

Statistical analysis

Statistical analysis was performed using GraphPad Prism version 4 (GraphPad
Software Inc., San Diego, CA). Data were compared using paired t-test or Wilcoxon test

and unpaired t-test. p values <0.05 were considered significant.
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Abstract

Dendritic cells (DCs) are fundamental for the initiation of immune responses and are
important players in AIDS immunopathogenesis. Impairment of DC function may result
from bystander effects of HIV-1 envelope proteins independently of direct HIV-1
infection. HIV-2 envelope proteins are thought to interact with a broader range of
receptors than those of HIV-1, and have been shown to have T cell immunossuppressive
properties mediated by monocytes. The effects of HIV-2 envelope on DC differentiation
and maturation were investigated. The modulatory properties of the HIV-2 envelope on
DC generated from monocytes were assessed using both recombinant proteins (HIV-2rop
and HIV-24,) and whole chemically inactivated virus (aldrithiol-2 treated HIV-2gop). DC
phenotype was assessed by flow cytometry and DC function by their ability to stimulate
allogeneic T cells and to produce cytokines. We demonstrate that HIV-2 Env had no
effects upon DC differentiation and maturation despite its broad receptor usage and
ability to modulate monocyte function. It is plausible to speculate that a reduced ability
of the HIV-2 Env to impair myeloid DC function could represent a contributory factor to

the relatively benign course of HIV-2 disease.
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Introduction

Dendritic cell (DC) disturbances are thought to significantly contribute to AIDS
pathogenesis (recently reviewed?). In addition to direct HIV-1 infection of these
professional antigen-presenting cells, viral envelope (Env) proteins per se are able to
induce a significant impairment of DC function.”” The HIV-1 surface glycoprotein, gp120,
is readily shed from the cell surface due to its noncovalent association with the
transmembrane Env gp4l, exerting modulatory effects on bystander cells through
binding to CD4, chemokine receptors, or other molecules expressed by DCs, such as
lectins.®*° HIV-1 Env proteins were shown to functionally impair isolated primary DCs,
23,11

as well as the in vitro development and maturation of monocyte-derived DCs. *’

HIV-2 is associated with an attenuated form of HIV/AIDS disease as compared to HIV-1.

12-19 20-22

HIV-2 was shown to have a broader range of coreceptor usage and to elicit
higher levels of neutralizing antibodies,? suggesting that its Env has structurally distinct
properties. Moreover, the external component of HIV2gop Env, gp105, unlike gp120 of
HIV-1, was shown to bind to the CD8 molecule with high affinity** and to induce higher
levels of beta-chemokines. °

We have also shown that HIV2gop gp105, as well as a peptide covering the C2-V3-C3
Env region of the primary isolate HIV2,,, induced marked suppression of in vitro
lymphoproliferation to both recall antigens and anti-CD3 through a monocyte contact-
dependent mechanism as well as high levels of tumor necrosis factor (TNF)-a

production.zs'27

Thus, it is reasonable to hypothesize that these HIV2 Env proteins have a
significant impact on DC differentiation and maturation in vitro. To our knowledge there
are no data on the modulatory effects of HIV-2 Env on DC differentiation and
maturation. Contrary to our expectations, we report here an absence of such effects by
both these recombinant proteins and the whole chemically inactivated HIV2zop, leading

us to speculate on the possibility that a preservation of DC function could contribute to

the relatively benign outcome of HIV-2 disease.
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Materials and Methods and Results

To evaluate the impact of the presence of HIV-2 Env during DC differentiation, a
standard in vitro system was used. Briefly, monocytes were magnetically isolated from
peripheral blood mononuclear cells (PBMCs) of healthy donors’ buffy coats (Portuguese
Institute of Blood) with CD14 Microbeads (Miltenyi Biotec, Bergish Gladbach, Germany).
Immature DCs (iDCs) were generated by culturing monocytes (3x10°) for 6 days in RPMI
1640 medium (Gibco-Invitrogen, Paisley, UK) containing 10% fetal calf or human AB
serum (Sigma-Aldrich), penicillin/streptomycin (100U/100mg/ml; Gibco-Invitrogen),
glutamine (2mM; Gibco-Invitrogen) plus GM-CSF (50 ng/ml; R&D Systems, Minneapolis,
MN), and IL-4 (20 ng/ml; R&D Systems), in the absence or presence of recombinant
gpl105 from HIV-2rop (1 pg/ml; produced in a baculovirus expression system; EU
Programme EVA, MRC, UK) at 37 2C in a humidified atmosphere of 5% CO,.

As shown in Fig. 1A and Table 1, iDCs derived from monocytes in the presence of
gp105rop (iDCs/gp105) exhibited expression levels of HLA-DR, CD80, CD86 and CD83
similar to those generated in its absence. DC phenotype was assessed by flow cytometry
as previously described,* using monoclonal antibodies from BD Biosciences (San Jose,
CA) and samples acquired using a FACSCalibur flow cytometer (BD Biosciences) and
analyzed with CellQuest (BD Biosciences) and FlowJo (Tree Star, Ashland, OR). The iDCs
generated in the presence of gpl05rop Were fully competent to undergo subsequent
lipopolysaccharide (LPS)-induced maturation (100 ng/ml; Sigma-Aldrich, 48 hours), as
evaluated phenotypically by flow cytometry (Fig. 1A and Table 1), morphologically by
optical microscopy (data not shown), and by their allostimulatory activity in a mixed-
leukocyte reaction (Fig. 1B). DCs were cocultured with purified allogeneic T cells (1x10°
cells; Pan T cell Isolation Kit; Miltenyi Biotec) at different DC: T cell ratio and proliferation
was measured after a 5-day culture by [3H]thymidine incorporation (Amersham
Pharmacia Biotech, Little Chalfont, UK) using a gaseous scintillation B-counter (Packard,

Meriden, CT).
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FIG. 1. Effects of HIV-2 Env recombinant protein (gp105z0p) on DC differentiation. iDCs were generated
from monocytes cultured in medium containing GM-CSF/IL-4 in the absence or presence of gp105ggp.
After 6 days, cells were cultured with or without LPS for 2 additional days. (A) Expression of costimulatory
molecules assessed by flow cytometry. Filled histograms represent background staining of isotype-
matched control antibody. Numbers in the histograms represent the geomean fluorescence intensity of
the surface molecules expressed on DCs of one representative donor. (B) DC allostimulatory ability. DCs
generated in the absence or presence of gp105z0, and matured with LPS were cocultured with purified
allogeneic T cells for 5 days. Lymphocyte proliferation was measured by [3H]thymidine incorporation and
stimulation indexes (SlIs) were calculated by dividing the counts per minute (cpm) obtained in the DC:T cell
cocultures by the cpm obtained in the cultures of T cells alone. Results are expressed as mean stimulation

index * SEM of three donors.

TABLE 1. EFFECTS OF GP105g0p ON DC DIFFERENTIATION AND MATURATION®

DC difj‘ens*n1.‘ial‘ionb DC maturation®
iDCs generated in the iDCs generated in the
absence of gp105 presence of gp105d
Without LPS ~ With LPS Without LPS ~ With LPS Medium  gp105° LPS LPS/gp105°
CD80 31+10 60+24° 30t10 60+25° 47+12 45112 123138 136150
CD86 143142 378+74° 141440 348+71° 107452 75127 574+132° 5261197
HLA-DR 116450 160+68° 108+46 159468 203154 184454 302+86° 390+130

®Data are mean+SEM of the geomean fluorescence intensity of the costimulatory molecules assessed by flow cytometry. Statistical analysis was

done using the Wilcoxon signed rank test. iDCs, immature dendritic cells.
n=7.

n=6 except for the marker CD80 where n=5 and for the maturation in the presence of LPS plus gp105 (LPS/gp105) where n=4.
“There are no statistical differences between DCs cultured in the presence of gp105 and in its absence in the same conditions.
€ p<0.05 when comparing the marker geomean Fl of DCs cultured with LPS versus with medium in the same conditions.
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In parallel, similar experiments were performed using whole inactivated HIV-2gop
(HIV-2Tx). Inactivation is known to disrupt the nucleocapsid without changing the
conformational and functional integrity of the surface Env glycoproteins 2. Given that
only about 0,1% of circulating virions are infectious, it is believed that the exposure of
host cells to inactivated HIV may more accurately mimic the most frequent type of in
vivo cell-virion interaction 2. For the preparation of chemically inactivated whole virus,
HIV-2rop grown on H9 cells was inactivated at 4 °C with 1 mM aldrithiol-2 (AT-2; Sigma-
Aldrich, St Louis, MO) and purified and concentrated using a protocol kindly provided by
J. Lifson and J. Bess *°. As illustrated in Fig. 2A, the treatment with AT-2 fully abrogated
viral replication in activated PBMCs as documented by the absence of p26 in the
supernatants as assessed by ELISA (INNOTEST HIV Antigen mAb; Immunogenetics,
Ghent, Belgium; crossrectivity was confirmed using parallel standard curves of HIV-1 p24
and HIV-2rop p26). Microvesicles, prepared from supernatants of uninfected H9 cells
using the same procedures used to prepare HIV-2Tx, were used as negative control in all
the HIV-2Tx experiments and found to induce no effects (data not shown). Similar to
gp105, the presence of HIV-2Tx (300 ng of p26 Ag equivalent/ml) during DC
differentiation from monocytes did not alter DC phenotype (Fig. 2B), nor did it affect
their ability to mature upon LPS stimulation as assessed by DC morphology (data not
shown), expression of costimulatory molecules (Fig. 2B) or ability to stimulate allogeneic
T cells (Fig. 2C). Programmed death-1 (PD-1) signaling mediates an inhibitory pathway of
T cell responses and its overexpression is currently considered to contribute significantly
to the impairment of specific T cell responses in HIV-1 infected individuals.>>*? HIV-1
disease progression is also associated with an upregulation of PD-L1, a PD-1 ligand,
and, moreover, HIV-1-derived TLR-7/8 ligands were shown to induce PD-L1 expression
on DCs and monocytes.34 Therefore, we also assessed whether the expression of PD-1
ligands, PD-L1 and PD-L2 (antibodies from eBioscience, San Diego, CA), were up-
regulated upon HIV-2Tx exposure. No significant alterations were induced by the
presence of the whole inactivated virus (Fig. 2B).

In summary, our data showed that the HIV-2 Env tested does not affect monocyte

differentiation into DCs.
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FIG. 2. Effects of chemically inactivated HIV-2 (HIV-2Tx) on DC differentiation. iDCs were generated from
monocytes cultured in medium containing GM-CSF/IL-4 in the absence or presence of HIV-2Tx for 6 days,
and subsequently cultured with or without LPS for 2 additional days. (A) Levels of p26 gag protein
assessed by ELISA in supernatants collected after 7 day culture of phytohemagglutinin-stimulated PBMCs
infected with HIV-2Tx or noninactivated HIV-2 (HIV-2Mock), illustrating the absence of viral replication
after AT-2 treatment. (B) Expression of surface molecules assessed by flow cytometry in one
representative donor (out of three). Filled histograms represent background staining of isotype-matched
control antibody. Numbers in the histograms represent the geomean fluorescence intensity of the surface
molecules expressed on DCs. (C) Allostimulatory ability of DCs generated in the absence or in the presence
of HIV-2Tx and matured with LPS and cocultured with purified allogeneic T cells for 5 days. Lymphocyte
proliferation was measured by [3H]thymidine incorporation and results are expressed as mean stimulation
index (SI) = SEM of three donors, calculated by dividing the cpm obtained in the DC:T cell cocultures by the
cpm obtained in the cultures of T cells alone.
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Next we asked whether HIV-2grop Env per se was able to induce DC maturation and if

the presence of HIV-2rop Env concomitantly with LPS might modulate this process. For
this purpose, iDCs were cultured for 48h in the absence or presence of either gp105zrop
(Fig. 3A and Table 1) or HIV-2Tx (Fig. 3B) with or without LPS, and evaluated with respect
to their morphology (data not shown), phenotype, and allostimulatory capacity. As
illustrated in Fig. 3, iDCs exposed to gpl05gop or HIV-2Tx did not exhibit differences in
the expression of maturation markers as compared to unexposed iDCs. On the other
hand, DC maturation induced by LPS was not affected by the presence of either
gp105gop or HIV-2Tx during this process (Fig. 3). Thus, we conclude that the HIV-2 Env
tested was unable to induce DC maturation per se, and, moreover, did not affect LPS-
induced DC maturation.
We also assessed the effects of HIV2,,,, a primary viral isolate from an AIDS patient that
uses the CCR5 coreceptor,a5 in contrast to the laboratory-adapted strain HIV2gop that
uses CXCR4. As illustrated in Fig. 3C, no changes in the DC phenotype were documented
after culture of iDCs with a peptide covering the C2-V3-C3 Env region of HIV2,, (165 aa;
produced in an Escherichia coli expression system, kindly provided by Nuno Taveira,
Faculty of Pharmacy, University of Lisbon). Of note, similar findings were obtained using
higher concentrations of HIV2gop protein or whole inactivated virus (Fig. 3C).

We have previously reported that these same HIV-2rop and HIV-2,, Env proteins
induce high levels of TNF-o. production by monocytes.?® Therefore, we investigated
whether DC exposure to either gp105rop or HIV-2Tx could modify their ability to secrete
TNF-a or IL-10, an immunosuppressive cytokine shown to be induced by HIV-1 Env.®
Cytokines were measured by ELISA according to manufacturer’s instructions
(eBioscience) in supernatants post-48 h culture. As shown in Fig. 3D, secretion of both
cytokines in the absence or the presence of LPS was not significantly altered by the

presence of either gp105rop or HIV-2Tx, as compared to unexposed DCs.
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FIG. 3. Impact of HIV-2 Env recombinant proteins or inactivated virus on DC maturation. iDCs were
generated from monocytes cultured in medium containing GM-CSF/IL-4 in the absence of HIV-2 Env. After
6 days, iDCs were treated with gp105gop, HIV-24, Env peptide covering the C2-V3-C3 region, HIV-2Tx, or
with LPS for an additional 2 days. In parallel, cells were induced to mature with LPS in the presence of
gp105z0p or HIV-2Tx. DC phenotype was assessed by flow cytometry and the numbers shown in the
histograms represent the geomean fluorescence intensity of the surface molecules expressed on DCs of
one representative donor. The DC allostimulatory ability was evaluated after coculture of DCs exposed to
gp105g0p (A) or to HIV-2Tx (B) with purified allogeneic T cells for 5 days. Lymphocyte proliferation was
measured by [3H]thymidine incorporation and results are expressed as mean stimulation index (SI) + SEM
of three donors, calculated by dividing the cpm obtained in the DC:T cell cocultures by the cpm obtained
in the cultures of T cells alone. (C) Effects of HIV-2,, Env protein (1 ug/ml) and increasing concentrations
of gp105gop (1, 2 and 5 pg/ml) or HIV-2Tx (0.3, 0.6 and 1.2 ug p26/ml) on DC maturation. Filled histograms
represent background staining of isotype-matched control antibody. (D) TNF-a and IL-10 levels quantified
by ELISA in the culture supernatants of one representative case of the three different individuals tested
for the effects of gp105gop (top) and HIV-2Tx (bottom).
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Discussion

To our knowledge, there are no previous studies on the effects of HIV-2 Env on DC
differentiation and maturation. We report here no significant alterations induced by the
presence of HIV-2 Env on DC differentiation from monocytes or in their maturation upon
LPS stimulation, as assessed by morphology, expression of costimulatory molecules,
cytokine production, and allostimulatory ability, using both recombinant proteins from
HIV-2rop and HIV-2,, or the whole chemically inactivated HIV-2gop.

Of note, the same batches of recombinant proteins were previously shown to

significantly alter monocyte and T cell function.?*?’

Our discrepant results on the effect
of HIV-2 Env on monocytes and monocyte-derived DCs are interesting in light of the
ongoing debate on the origin and the developmental signatures of antigen-presenting
cells. It has been proposed that DCs do not represent a separate cell type, but rather a
heterogeneous subset of the mononuclear phagocyte system with a continuum of

3637 Our data

functional activities ultimately able to present antigens to naive T cells.
support the idea that monocytes would lose susceptibility to HIV-2 Env effects upon
initiation of the DC differentiation program.

Despite some discrepant strain-related results, it is widely accepted that HIV-1 Env
triggers signaling events that result in abnormal monocyte-derived DC differentiation

and maturation in vitro and induces significant disturbances of primary DC function.?

Circulating DCs from HIV-1-infected patients exhibit quantitative and qualitative

38-41 2,3,11

abnormalities and Env has been implicated in these impairments. In agreement
with a distinct impact of HIV-2 and HIV-1 on DCs, it was recently shown that primary DCs
are less susceptible to HIV-2 than HIV-1 infection in vitro using both HIV-2 CCR5 primary
isolates and a CXCR4 laboratory-adapted virus.*? Although more HIV-2 strains should be
studied to complement our data, HIV-2 Env proteins do not appear to significantly affect
monocyte-derived DCs, raising the possibility of a diminished impairment of myeloid DCs
in HIV-2 infection.

HIV-2 is associated with slow rate of AIDS progression and low viremia,1>192242:44
DCs play a central role in the generation of immune responses against HIV and

opportunistic infections. Moreover, DCs may be important in the modulation of HIV-
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associated immunopathology.”” Our data are consistent with the hypothesis that a
preservation of DC function could contribute to the relatively benign nature of HIV-2
immunodeficiency. The identification of possible factors that prevent HIV-2 from
impairing DC function may significantly increase our understanding of AIDS pathogenesis

and provide new therapeutic targets.
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Abstract

Myeloid dendritic cells (mDC) are professional antigen-presenting cells with a
pivotal role in initiating and maintaining adaptive immune responses and thought to play
a major role in AIDS immunopathogenesis. HIV-2 infection is considered a natural model
of “attenuated” disease, given its relatively more benign course than HIV-1 infection and
low to undetectable levels of viremia. Here we report a significant decrease in circulating
mDC in HIV-2 infected patients, particularly those in advanced stage and/or with
detectable viremia. Moreover, no major differences were found between HIV-2 and HIV-
1 cohorts when paired for the degree of CD4" T cell depletion. The decrease in mDC
levels was accompanied by an upregulation of CD80, CD86 and PD-L1 expression within
circulating mDC of both HIV-infected cohorts relative to seronegative controls.
Moreover, we documented an association between T cell activation and mDC
disturbances in both HIV-1 and HIV-2 infections. To our knowledge, this is the first study
characterizing mDC in HIV-2 infection. Our data suggest that differences in circulating
mDC do not represent a major determinant for the more favourable outcome associated

with HIV-2 infection.
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Introduction

Myeloid dendritic cells (mDC) are professional antigen-presenting cells with a
pivotal role in initiating and maintaining adaptive immune responses '. While in
peripheral non-lymphoid tissues, immature mDC sense their surrounding environment
for the presence of infection signals. The recognition of pathogen-associated molecular
patterns or inflammatory signals leads to mDC maturation. This is characterized by
several coordinated events, including upregulation of co-stimulatory molecules such as
CD40, CD80 and CD86, fundamental for antigen presentation and T cell priming .

mDC are considered to play a major role in AIDS immunopathogenesis. They
represent potential targets for HIV infection, since they express CD4 in addition to the
two main HIV co-receptors, CCR5 and CXCR4 23 Moreover, mDC are actively involved in
HIV spreading through viral capture and subsequent transfer to T cells *>.

HIV-1 infection has been consistently associated with a reduction of mDC number in
the peripheral blood and with defects in their function that may disturb the

2,6-13

development of adequate HIV-specific responses . mDC impairment has been found

to be more pronounced in individuals with higher levels of viremia and/or lower CD4" T

cell counts 781012,

There are no data on mDC during HIV-2 infection. HIV-2 is associated with an

14, 15

“attenuated” form of HIV disease, with reduced rates of CD4" T cell depletion and

with limited impact on the survival *°. Moreover, HIV-2 infected patients usually exhibit

17-21

very low to undetectable levels of viremia in all disease stages , Which explain the

lower rates of horizontal and vertical transmission and the confinement of this infection

22, 23

to West Africa . However, despite the lower levels of plasma viral RNA copies

associated with HIV-2, the levels of proviral DNA are not significantly different between
the HIV-1 and HIV-2 **%’, indicating that the estimated number of infected cells is similar
in the two infections. The reasons for the apparent better prognosis associated with HIV-
2 infection remain elusive. HIV-1 and HIV-2 have been shown to exhibit similar

destructive impact when tested in a human lymphoid tissue culture model 2 Moreover,

29-31

as previously reported for HIV-1 , we have shown that chronic immune activation is

32,33

also a major driving force for CD4" T cell depletion in HIV-2 infection . However, it is
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important to emphasize that the rate of progression of immune activation and CD4" T
cell decline is much slower in HIV-2 than in HIV-1 disease ** *.

Part of the mDC disturbances have been attributed to direct effects of HIV envelope
proteins per se >*. Contrary to what has been described for HIV-1 **, we had shown that
the HIV-2 envelope protein did not alter the capacity of monocytes to differentiate into
DC and the subsequent DC maturation > This is despite our previous data showing that
the HIV-2 envelope protein is able to induce TNF-a production by monocytes % and to

37

suppress T cell proliferation through a monocyte-mediated mechanism *’. Moreover,

mDC were shown to be less susceptible to HIV-2 than to HIV-1 infection in vitro, as
reported by Duvall et al *%.

We test here the possibility that a better preserved mDC compartment may
contribute to the favorable host-virus balance associated with HIV-2 infection. We
report, for the first time, a significant decrease in mDC frequency in the blood of HIV-2
infected patients, particularly in those in advanced stage and/or with detectable viremia.
The decrease in mDC levels was accompanied by an upregulation of CD80 and CD86
expression, and these alterations were tightly correlated with markers of T cell
activation, emphasizing the relationship between generalized immune activation and
mDC disturbances. The inhibitory molecule PD-L1 was also found to be up-regulated,
although without correlation with parameters of disease progression. Importantly, we

found no significant differences in mDC levels and phenotype between HIV-1 and HIV-2

infected individuals, in spite of the distinct outcome of the two infections.

Results

HIV-2 infected patients exhibit a reduction in circulating mDC

In order to evaluate the possibility that preserved mDC contributed to the more
favorable outcome associated to HIV-2 relative to HIV-1 infection, we characterized
circulating mDC in untreated HIV-1 and HIV-2 infected individuals. As shown in Table 1,

the two HIV-infected cohorts were selected to enclose comparable degrees of CD4™ T
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cell depletion, despite being expected that HIV-2 infected individuals were infected for
significantly more years than the HIV-1 patients °. As previously reported *, the two
cohorts exhibited a similar up-regulation of activation markers within CD4" and CD8" T
cells. Of note, 20 out of the 28 HIV-2 infected patients had undetectable viremia, the
highest level documented being 26,263 RNA copies/ml, which is significantly lower than

the levels observed in the HIV-1 cohort.

Table 1. Characteristics of the cohorts studied

Healthy controls HIV-1- infected patients HIV-2 —infected patients
Number (male/female) 17 (6/11) 22 (17/5) 28 (9/19)
Age, years 43 +2 (27-57) 39+2 (23-61)“ 48 +3 (19-78)
Ethnicity: Caucasian/Black 15/2 16/6 14/14
CD4 count, cells/pl 935 + 63 (518-1397) 569 + 105 (18-1848)" 666 + 80 (52-1511)°
% CD4" T cells 44.9+2.0(34.4-61.1) 22.8+3.3(1.3-47.2)" 28.5+2.6(7.1-54.1)""
Viremia, HIV RNA copies/ml NA 672,310 + 294,026 (40-4,470,000*" 3,035 + 1,125 (200-26,263)°
% HLA-DR" within CD4" T cells 4.1+0.4(1.9-7.6)° 17.1£3.0 (1.7-54.5)"" 11.3+1.7(1.9-36.3)"
% HLA-DR'CD38" within CD8" T cells 4.4+1.4(1.3-22.7)° 29.2+ 4.0 (1.4-62.2)"" 20.6 +3.6 (0.6-69.5)

NA, not applicable. Data are mean+SEM with limits in brackets. # p<0.05 when comparing HIV-1 with HIV-2 infected patients *p<0.05, np<0.01,
mp<0.001 when comparing infected cohorts with healthy individuals.

? 4 of 22 HIV-1 patients and 20 out of 28 HIV-2 patients had undetectable viremia. In these cases, the cut-off value of the test was used to calculate the
mean (40 and 200 RNA copies/ml for HIV-1 and HIV-2, respectively); ° n=16.

mDC were identified as CD11c'CD123™ cells after successive gating on lineage
marker negative and HLA-DR" cells (Fig. 1A). HIV-1 and HIV-2 patients exhibited a
statistically significant decrease in mDC levels both in terms of percentage within total
PBMC (Fig. 1B) and absolute numbers (Fig. 1C) in comparison with healthy controls. This
decrease tended to be less marked in HIV-2 than in HIV-1 patients, although no
statistically significant difference was observed between the two HIV-infected cohorts

(Fig. 1B and 1C).
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Figure 1. Circulating mDC levels in HIV-1 and HIV-2 infections. (A) Representative flow cytometric mDC
analysis. After a large gate including lymphocytes and monocytes defined by forward and side scatter,
cells were further gated in HLA-DR" cells that do not express lineage markers (left dot-plot). mDC were
subsequently identified as CD11c¢"CD123" cells (right dot-plot). Numbers represent the percentage of cells
within the illustrated gates from an HIV-2-infected patient with 523 CD4" T cells/ul and undetectable
viremia. The proportion of mDC within PBMC is 0.25% corresponding to 7 mDC/ul. (B) and (C) Graphs
show circulating mDC levels in HIV-1 and HIV-2 infected cohorts and healthy controls expressed as
percentage within PBMC and absolute numbers, respectively. Each dot represents one individual and bars
represent mean.

The decrease in mDC levels is only significant in patients with major CD4* T cell

depletion

In order to assess the mDC levels during disease progression, HIV-1 and HIV-2
infected individuals were stratified into two groups according to CD4" T cell counts: >350
and <350 CD4" T cells/pl. As depicted in Fig. 2A, the decrease in absolute mDC levels was

statistical significant only in those individuals with lower levels of CD4" T cells in both
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cohorts. Moreover, the HIV-2 patients with lower CD4" T cell counts exhibited significant
lower levels of mDC than the ones with better preservation of CD4" T cells (Fig. 2A). Of
note, no statistically significant differences were found in mDC levels between HIV-1 and
HIV-2-infected patients paired for the degree of CD4" T cell depletion (Fig. 2A).
Additionally, mDC absolute numbers directly correlated with the percentage of CD4" T
cells in both infections (Fig. 2B). Similar results were obtained when mDC percentage
was analysed (data not shown). In summary, a similar decline in circulating mDC in

parallel with CD4" T cell depletion was documented in both infections.

The decrease in mDC levels is only significant in patients with detectable viremia

As mentioned above, the majority of HIV-2 infected patients had undetectable
viremia. Therefore, we asked whether the presence of measurable plasma viremia in the
8 viremic HIV-2 patients could impact on mDC levels. Infected cohorts were divided into
two groups, those with detectable plasma HIV RNA levels and those with viremia below
the detection limit of the test (40 copies of HIV-1 RNA and 200 copies of HIV-2 RNA). As
depicted in Fig. 2C, the HIV-1 and HIV-2 infected patients with undetectable viremia
showed no decrease in mDC levels. It is worth to emphasize that the four HIV-1 patients
who were able to control viral replication in the absence of antiretroviral therapy
represent exceptional individuals, usually named “Elite controllers”, that are considered
to be less than 1% of HIV-1 infected patients ¥ Inthe present cohort, these subjects had
undetectable viremia from 2 to 10 years and well preserved CD4" T cell counts (814+242
cell/ul; range 344-1425). In contrast to “aviremic” patients, significant mDC depletion
was observed in HIV-infected individuals with detectable viremia (Fig.2C). However,
despite the much lower viremia observed in the HIV-2 than in the HIV-1 cohort, no
significant differences in mDC levels were found between the two viremic cohorts. The
same trend was documented when the analysis was done using percentage of mDC
within total PBMC (data not shown). Moreover, a statistically significant negative
correlation between viremia and mDC levels was found in both infections (HIV-1: mDC

absolute numbers r=-0.7073, p=0.0002, n=22 and percentage of mDC within PBMC r=-
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0.7173, p=0.0002, n22; HIV-2: mDC absolute numbers r=-0.5436, p=0.0028, n=28 and
percentage of mDC within PBMC r=-0.5656, p=0.0017, n=28). Overall, viremia is strongly

associated with mDC depletion in both infections.
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Figure 2. Relationship between absolute mDC numbers and parameters of disease progression in HIV-1
and HIV-2 infections. (A) The infected cohorts were stratified according to CD4" T cell counts (> 350 and <
350 cells/ul) and absolute mDC numbers compared. Bars represent mean+SEM. Numbers under the bars
represent the total individuals analyzed. (B) Correlation between the number of mDC/ul and the
percentage of CD4" T cells within PBMC. (C) Comparison of the number of mDC/ul between the viremic
and “aviremic” (below test cut-off) infected cohorts. (D) and (E) Correlation between the number of
mDC/ul and the percentage of HLA-DR within CD4" T cells or the percentage of HLA-DR'CD38" within CD8"
T cells, respectively. **p<0.01 and ***p<0.001 as compared to mDC levels in controls. “p<0.05 and *p<0.01
between different groups of the same HIV-1 or HIV-2 infected cohort.
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The decrease in circulating mDC correlated with T cell activation in both infected

cohorts.

As in HIV-1 infection, HIV-2 is associated with a generalized chronic immune
activation that is considered one of the main determinants of disease progression >* *>.
We have previously shown that, for the same degree of CD4" T cell depletion, HIV-1 and
HIV-2 infected cohorts exhibited a comparable up-regulation of the MHC class Il
molecule HLA-DR within CD4" and CD8" T cell populations and a similar increase in the
expression of the molecule CD38 within CD8" T cells, relative to healthy controls 3% *3.
Therefore, we asked whether the levels of activation markers within T cells correlated
with mDC levels. As illustrated in Fig. 2D and 2E, there was a significant inverse
correlation between the absolute number of circulating mDC and the proportion of CD4"
T cells that express HLA-DR as well as of CD8" T cells that simultaneously express HLA-DR
and CD38, in both infections. Regarding the percentage of mDC within PBMC, it also
inversely correlated with the proportion of CD8" T cells co-expressing HLA-DR and CD38
in both infections (HIV-1: r=-0.4814, p=0.0233, n=22; HIV-2: r=-0.4816, p=0.0095, n=28),
and with the proportion of CD4" T cells expressing HLA-DR in the case of HIV-2 infection

(HIV-1: r=-0.3780, p=0.0829, n=22; HIV-2: r=-0.4808, p=0.0096, n=28).

mDC from both infected cohorts exhibited an activated phenotype

We next assessed the expression levels of several molecules that define the state of
mDC maturation and regulate the ability of the DC to prime T cells, namely the co-
stimulatory molecules CD40 and the members of B7:CD28 family, CD80 and CD86, and
the co-inhibitory molecules PD-1 ligands, PD-L1 and PD-L2 *°. CD40 and PD-L2 were
almost absent within mDC in the three cohorts studied (data not shown). CD80, CD86
and PD-L1 expression, assessed both as percentage within mDC or geomean
fluorescence intensity (Fl), was significantly higher in the HIV-infected cohorts than in

healthy individuals (Fig. 3).
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Figure 3. Phenotype of circulating mDC in HIV-1 and HIV-2 infections. Levels of expression of (A) CD80, (B)
CD86 and (C) PD-L1 on mDC, assessed as proportion within mDC (left graphs) and as geomean Fl (right
graphs) within total mDC measured by flow cytometry. Each dot represents one individual and bars
represent mean.
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We then asked if mDC phenotype could be influenced by the parameters of disease
progression assessed, namely degree of CD4" T cell depletion, viremia and T cell
activation. Infected cohorts were stratified according to the degree of CD4 depletion
(>350 CD4" T cells and <350 CD4" T cells), as well as the viremia status (those with
undetectable and detectable viremia). As illustrated in Fig. 4A, only the patients with
lower CD4" T cell counts and/or detectable viremia showed a statistically significant
increase in the proportion of CD80" cells within total mDC as compared to healthy
controls. Moreover, the frequency of CD80" cells within mDC inversely correlated with
the percentage of CD4" T cells and directly correlated with viremia (Table 2). The extent
of T cell activation is also associated with the more differentiated mDC phenotype in

HIV-infected cohorts, as illustrated by the significant positive correlations depicted in

Table 2.
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Figure 4. Comparison of percentage of mDC expressing CD80 (A) or CD86 (B) in HIV-1 and HIV-2 infected
cohorts startified according to CD4" T cell counts (>350 and <350 cells/pl) (left graphs) and divided into
“aviremic” and viremic (right graphs) *p<0.05, **p<0.01 and mp<0.001 as compared to molecule
expression in healthy controls. *p<0.05 between different groups of the same HIV-1 or HIV-2 infected
cohort.
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The same trend was observed for CD86 but, in contrast to CD80, this co-stimulatory
molecule was already significantly up-regulated in the early stages of disease, as well as
in “aviremic” HIV-2 infected individuals (Fig. 4B). The absence of significant differences
in CD86 expression between early and late stage patients translated into the absence of
significant correlations between the frequency of CD86" cells within mDC and the
percentage of CD4" T cells both in HIV-1 and HIV-2 infections. Moreover, a statistically
significant direct correlation between CD86 expression within mDC and viremia was only
found for the HIV-1 cohort. Thus, although CD80 and CD86 provide co-stimulatory
signals to T cells and share the majority of their known ligands, our results support a
distinct regulation of these molecules during HIV disease. Nevertheless, significant
positive correlations were found between the percentage of CD86" cells within mDC and

the proportion of CD4" T cells expressing HLA-DR, as well as the proportion of CD8" T
cells expressing HLA-DR and CD38 (Table 2).

Table 2. Correlations between the percentage of mDC expressing a particular molecule and parameters of

disease progression

Cohort % CD4" T cells Viremia, % HLA-DR* % HLA-DR*CD38"
within PBMC HIV RNA copies/ml within CD4" T cells within CD8" T cells
Healthy® r=0.0147; p=0.9569 NA r=0.1941; p=0.4713 r=-0.0882; p=0.7452
% CD8O" HIV-1° r=-0.4778; p=0.0245 r=0.6029; p=0.0030 r=-0.3954; p=0.0686 r=0.5784; p=0.0048
0

within mDC .
HIV-2 r=-0.5485; p=0.003 r=0.4427; p=0.0208 r=0.6014; p=0.0009 r=0.5614; p=0.0023
Al r=-0.5672; p<0.0001  r=0.4819; p=0.0005  r=0.5742; p<0.0001  r=0.5760; p<0.0001
Healthy® r=-0.0794; p=0.770 NA r=0.0500; p=0.8541 r=-0.0823; p=0.7617
%CD86" HIV-1° r=-0.2874; p=0.1947 r=0.4258; p=0.0482 r=0.4591; p=0.0316 r=0.5144; p=0.0143
within mDC HIV-2° r=-0.2519; p=0.2049 r=0.2971;p=0.1324 r=0.4198; p=0.0293 r=0.4302; p=0.0251
All r=-0.4293; p=0.0004 r=0.3968; p=0.0048 r=0.4886; p<0.0001 r=0.5468; p<0.0001
Healthy® r=0.0029; p=0.9914 NA r=-0.0529; p=0.8456 r=-0.1618; p=0.5495
%PD-L1* HIV-1° r=-0.1706; p=0.4479 r=0.0045; p=0.9840 r=0.2790; p=0.2086 r=-0.0056; p=0.9801
within mDC HIV-2¢ r=-0.0076; p=0.9699 r=-0.2947; p=0.1357 r=-0.0354; p=0.8608 r=-0.2033; p=0.3091
All r=-0.2316; p=0.0634 r=-0.0716; p=0.6252 r=0.1990; p=0.1120 r=0.1747; p=0.1640

’n=16; bn=22; “n=27; Spearman’s correlation coefficient was used to assess the correlation between two variables; NA, not applicable.



136 Modulagdo de DC e mondcitos pelo HIV-2

On the other hand, the analysis of the co-inhibitory molecule PD-L1 revealed no
significant correlations with parameters of disease progression, in agreement with an
up-regulation of this molecule independently of disease stage and viremia status in both

HIV-2 and HIV-1 infections.

Discussion

The loss of mDC is thought to be an important contributor for the progressive
impairment of the immune system in HIV disease, given their role in linking innate and
adaptive immunity > ®*3. HIV-2 infection is considered a natural model of “attenuated”

1415 with limited

disease, with a relatively more benign course than HIV-1 infection
impact on the patient survival ®. We documented here a significant decrease in
circulating mDC in HIV-2 infected patients, particularly those in advanced stage and/or
with detectable viremia. Moreover, no major differences were found between the HIV-2
and HIV-1 cohorts when paired for the degree of CD4" T cell depletion. Both infections
were associated with a more differentiated mDC phenotype, with upregulation of the
expression of CD80, CD86 and PD-L1 in comparison with seronegative controls.
Therefore, our data suggest that differences in circulating mDC do not represent a major
determinant for the more favourable outcome associated with HIV-2 infection.

Several factors could contribute for the reduction of circulating mDC levels in HIV-2
infection. One possibility could be a destruction of mDC by the virus itself. As previously
reported, DC express CD4 and the HIV co-receptors CXCR4 and CCR5 and, thus,
constitute potential targets for HIV infection % >. However, mDC were shown to be less
susceptible to HIV-2 than to HIV-1 infection in vitro 38 We showed here that viremic HIV-
2 infected individuals exhibited a decrease in mDC levels as marked as that observed in
viremic HIV-1 infected individuals, although presenting lower levels of viremia. This
suggests that factors other than the direct viral infection could be associated with the
mDC decrease. In this case, viremia could indirectly impact on mDC numbers through
other alterations that can lead to mDC loss. For instance, we found in HIV-2 infection a

significantly higher up-regulation of activation T cell markers in the patients with
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detectable viremia than in the patients with undetectable viremia (Tendeiro et al.
scientific communication, “25 years of HIV” Meeting, Institut Pasteur, Paris, 2008). In
addition, our present study supports an association between immune activation and
mDC loss, since we found significant inverse correlations between mDC levels and the
percentage of activation molecules within CD4" and CD8" T cells in both HIV-infected
cohorts. Therefore, either directly or indirectly, viremia seems to be associated with
mDC loss. Of note, the large majority of HIV-2 infected patients exhibit undetectable
viremia, which could account for the lower extent of mDC depletion in HIV-2 as
compared to HIV-1 infected individuals, when analysed as a whole.

Another hypothesis for the loss of mDC in the circulation of HIV-2 infected patients
could be a decrease in mDC production from bone marrow CD34" or blood monocyte
precursors. This is corroborated by our previous observation of a marked leukopenia
with neutropenia in HIV-2 infected patients (AE Sousa, unpublished data). Moreover,
despite some discrepant results, it is widely accepted that HIV-1 Envelope (Env) may
contribute to induce abnormal monocyte-derived DC in vitro 3, However, our recent
findings showing that HIV-2 envelope glycoprotein gp105 does not affect the capacity of
in vitro differentiation of DC from monocytes %> do not support this possibility as a major
factor contributing to the depletion of circulating mDC in HIV-2 patients.

Several studies on mDC in the context of HIV-1 infection have been establishing a
causal relationship between cell traffic alterations and the decrease in mDC levels “**3.
The more differentiated mDC phenotype exhibited by both HIV-infected cohorts than by
healthy controls support the possibility that mDC are more prone to migrate to the
lymph nodes. However, this should be demonstrated by comparative measurement of
mDC in the blood and lymph nodes. CD80 and CD86 are co-stimulatory molecules
belonging to B7 family that are up-regulated during DC maturation “°. The increase in
the ex vivo expression of these molecules could reflect the generalized state of chronic
immune activation exhibited by HIV-1 and HIV-2 infected patients. PD-L1 also belongs to
the B7 family and its interaction with PD-1 mediates an inhibitory pathway of T cell
responses that seems to contribute to HIV-1-specific T cell exhaustion and poor control

of viral replication **. Moreover, a recent study suggested a contribution of PD-L1 up-
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regulation in the impairment of mDC function and disease progression in chronic HIV-1
infection . On the other hand, the interaction PD-L1/PD-1 could be beneficial to the
host by contributing to suppress inflammatory responses and, thus, to inhibit the
chronic pan-immune activation. Of note, we reported here an increase in PD-L1
expression both in HIV-1 and HIV-2 patients, without apparent relationship with disease
stage and viremia.

Importantly, although CD80 and CD86 can provide co-stimulatory signals to T cells
through the same ligands, the expression of CD80 and CD86 is differently regulated by
parameters of disease progression in both HIV-1 and HIV-2 infections. While the
frequency of mDC expressing CD80 was found to inversely correlate with the percentage
of CD4" T cells and directly with viremia and T cell activation in both HIV-1 and HIV-2
infections, no such correlations were documented for CD86. Thus, the significant
increase in the percentage of CD80 expression within mDC only occurred in advanced
stage and/or viremic patients, whereas the up-regulation of CD86 or PD-L1 expression
occurred even in the early stages and in HIV-2 individuals with undetectable levels of
viremia.

In conclusion, this is the first study characterizing circulating mDC during HIV-2
infection. Despite the slower HIV-2 course, we reported here a progressive mDC loss
associated with a more differentiated phenotype remarkably similar to the one found
during HIV-1 disease. Considering that pan-immune activation characterizes both
progressive HIV-1 and HIV-2 diseases in spite of their distinct viral load, our data support
a direct association between mDC disturbances and immune activation in HIV/AIDS

pathogenesis.

Materials and Methods

Studied cohorts

A cross-sectional study was performed involving 22 HIV-1 and 28 HIV-2 infected

untreated individuals, followed at the Hospital de Santa Maria, Lisbon, without any
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known ongoing opportunistic infections or tumors. 17 HIV-seronegative control subjects
were also included in the study. The clinical and epidemiological characterization of the
cohorts is described in Table 1. The study was approved by the Ethical Board of the

Faculty of Medicine, University of Lisbon.

mDC quantification and phenotype

PBMC were isolated from heparinized blood immediately after venopuncture by
Ficoll-Hypaque (Amersham Pharmacia Biotech, Little Chalfont, UK) density gradient
centrifugation. Freshly isolated PBMC were surface stained as previously described 3,
Briefly, cells were washed with PBS/BSA/AZ and stained for 20 min at room temperature
with the following anti-human mAb (clones specified in brackets): FITC-conjugated
lineage (lin) cocktail consisting of CD16 (NKP15, BD Biosciences, San Jose, CA), CD20
(2H7, eBioscience, San Diego, CA), CD3 (CLB-T3/2) and CD14 (CLB-mon/1), both from
Sanquin, Amsterdam, The Netherlands; PE-conjugated CD80 (L307.4, BD Biosciences),
CD40 (5C3) and PD-L2 (MIH18), both from eBioscience; PerCP-conjugated HLA-DR (L243,
BD Biosciences); PE-Cy7-conjugated CD123 (6H6, eBioscience); APC-conjugated CD11c
(B-ly6) and CD86 (FUN-1), both from BD Biosciences, and PD-L1 (MIH1, eBioscience).
After two washes in PBS/BSA/AZ, cells were resuspended in 1% formaldehyde. At least
400,000 events were acquired in a large gate including lymphocytes and monocytes,
defined according to forward/side scatter characteristics. Within this gate, mDC were
defined as lin"HLA-DR*CD11c'CD123". Gated mDC were further analysed for the
expression of PD-L1, PD-L2 and the co-stimulatory molecules CD40, CD80 and CD86.
Cells were acquired using CANTO flow cytometer (BD Biosciences) and analysis was
performed with Flowlo software (version 8.5.3, Tree Star, Inc.,, Ashland, OR). The
absolute numbers of mDC per microlitre of blood were calculated by multiplying their
representation by the sum of the absolute lymphocyte and monocyte counts obtained at
the clinical laboratory. The expression of mDC surface markers was evaluated both in

terms of percentage and of geomean fluorescence intensity (FI) within gated mDC.
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Plasma viral load assessment

Plasma viral loads were assessed using RT-PCR-based assays, with a 40 RNA
copies/ml threshold for HIV-1 detection (Roche, Basel, Switzerland) and a 200 RNA
copies/ml detection limit for HIV-2 2. In cases where detection was below the
aforementioned levels, the cut-off values of the tests were considered for statistical

analysis.

Statistical analysis

Statistical analysis was conducted with Mann-Whitney t tests and Spearman’s
correlations using GraphPad Prism version 5.00 for Windows, GraphPad Software, San

Diego, CA. p-values <0.05 were considered to be significant.
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Abstract

Plamacytoid dendritic cells (pDC) provide an important link between innate and
acquired immunity, mediating their action mainly through the production of interferon-
a (IFN-o). Although pDC are able to suppress HIV-1 replication, there is increasing
evidence suggesting they may also contribute to the increased levels of cell apoptosis
and generalized pan-immune activation associated with disease progression. HIV-2
infection is characterized by low levels of circulating virus and, despite having a clinical
spectrum similar to HIV-1, the rate of CD4 decline and AIDS progression is much slower
irrespective of disease stage. In the present study we aim to characterize circulating pDC
during HIV-2 infection. A similar marked reduction in circulating pDC levels was found in
untreated HIV-1 and HIV-2 infections in association with CD4 depletion and T cell
activation, in spite of the undetectable viremia found in the majority of HIV-2 patients.
Moreover, the same over-expression of CD86 and PD-L1 on circulating pDC was found in
both infections irrespective of disease stage or viremia status. Our observation that pDC
depletion occurs in HIV-2 infected patients with undetectable viremia indicates that
mechanisms other than direct viral infection determine the pDC depletion during
persistent infections. However, viremia was associated with an impairment of IFN-a
production on a per pDC basis upon TLR9 stimulation. These data support the possibility
that diminished function in vitro may relate to prior activation by HIV virions in vivo.
Importantly, serum IFN-a levels were not elevated in HIV-2 infected individuals. In
conclusion, our data in this unique natural model of “attenuated” HIV immunodeficiency
contribute to the understanding of pDC biology in HIV/AIDS pathogenesis, showing that
in the absence of detectable viremia, typical for the majority of HIV-2 patients, a major
depletion of circulating pDC in association with a relatively preserved IFN-a production

does occur.
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Introduction

Plasmacytoid dendritic cells (pDC) are one of the two main subtypes of human
dendritic cells. pDC, like the classical myeloid dendritic cells (mDC), are able to present
antigens to T cells [1], but have a distinctive feature of producing type | interferons (IFN)
[2]. pDC are able to secrete IFN-o at levels up to 1000 fold higher than any other blood
cell following viral infection [2]. They recognize pathogens mainly via two pattern
recognition receptors: Toll-like receptor 7 (TLR7), which recognizes single-strand RNA,
and TLR9, which recognizes unmethylated DNA. The triggering of these receptors
induces pDC activation and IFN-a production [3]. IFN-a is a potent stimulator of other
immune cells, like mDC and NK cells, playing a central role in the development of
immune responses, in addition to its well-documented antiviral effects [2].

pDC are thought to be particularly important in immune responses against viral
infections, including HIV. Accordingly, IFN-a is one of the most important cytokines able
to suppress HIV replication [4,5]. However, increasing evidence suggests that IFN-a
contributes to the generalized pan-immune activation and increased levels of cell
apoptosis associated with AIDS progression, and thus the exact role of pDC in HIV/AIDS
pathogenesis remains debatable [6-10].

HIV-2 infection is associated with low levels of circulating virus at all disease stages
[11-15]. This is thought to be the main reason for the reduced HIV-2 transmission and its
geographical confinement to West Africa and a few related European countries, in
particular Portugal [16,17]. Despite being associated with a clinical spectrum similar to
HIV-1 [18], the rate of disease progression and CD4 decline is much slower irrespective
of the disease stage [19,20], leading to a limited impact on the survival of the majority of
infected adults [21]. The reasons for the relatively benign course of HIV-2 infection
remain poorly understood, and its potential to generate valuable insights into HIV
immunopathogenesis has been little explored [16,17,22,23]. Importantly, we have
previously shown that in HIV-2 infected patients, as in HIV-1 infection, CD4 depletion is
directly linked to immune activation [22,24]. HIV-2 is closely related to HIV-1, sharing
~60% homology at the amino acid level in the group antigens (GAG) and polymerase

(POL) and 30-40% in the regions encoding the envelope protein (ENV) [23], and has been
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shown to be equally cytopathic in vitro [25]. Moreover, despite plasma viremia
remaining low or undetectable throughout HIV-2 infection, the levels of proviral DNA do
not significantly differ from those found in HIV-1 infected individuals [26-29]. These data
suggest that HIV-2, like HIV-1, is able to disseminate and establishes a similar pool of
infected cells. The reduced productive viral replication and the slow rate of the
progressive immune activation and CD4 decline through the natural history of the
disease are in agreement with distinct viral-host equilibrium during HIV-2 infection.
Evidence exists to support preserved polyfunctional cellular specific responses [30-32],
and broad neutralizing antibodies are found in HIV-2 infected patients [33,34]. However,
the debate continues as to whether these are the cause or the consequence of the
control of viral replication and/or of a better preserved immune system [23]. Given the
importance of the innate immunity in defining host-pathogen interactions, it is plausible
that DC and other components of the innate response play a role. Accordingly, NK
numbers and cytolytic activity have been shown to be better maintained in HIV-2 than in
HIV-1 infection [35].

Importantly, a recent study showed that pDC are less susceptible to HIV-2 than to
HIV-1 infection in vitro [36]. pDC express CD4 and both the HIV co-receptors CXCR4 and
CCR5, and may be infected by HIV-1 in vitro and in vivo [37,38]. Moreover, pDC
apoptosis may be triggered by the binding of HIV-1 envelope protein gpl120 in the
absence of direct infection [39].

In this study we characterized for the first time circulating pDC in HIV-2 infected
patients in order to generate insights into their role in HIV/AIDS pathogenesis. A similar
marked reduction in the frequency of circulating pDC was found in untreated HIV-1 and
HIV-2 infections that correlated with the degree of CD4 depletion and T cell activation, in
spite of the absence of detectable viremia documented in the majority of HIV-2 patients.
However, in contrast with HIV-1, IFN-a production upon TLR9 stimulation was relatively
preserved in HIV-2 infection, except in the few HIV-2 patients with detectable viremia in

whom major impairments were found.
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Results

HIV-2 infection is associated with a marked reduction of circulating pDC that

correlates with CD4 depletion

HIV-2 infection is characterized by reduced to undetectable viremia [11-15] and a
much slower rate of CD4 decline as compared to HIV-1 [19,20]. We first asked whether
this “favourable” outcome is associated with the preservation of circulating pDC. For this
purpose, pDC were defined within freshly isolated PBMC as HLA-DR'CD123*CD11c™ after
the exclusion of cell-lineage markers, as illustrated in Fig. 1A. Cohorts of untreated HIV-2
and HIV-1 individuals with similar degrees of CD4" T cell depletion but distinct viremia

were evaluated (Table 1).

Table 1. Characteristics of the cohorts studied

Healthy controls HIV-1- infected patients HIV-2 —infected patients
Number (male/female) 18 (7/11) 22 (17/5) 28 (9/19)
Age, years 42 +2[25-57] 39 + 2 [23-61]" 48 +3[19-78]
Ethnicity: Caucasian/ Black 16/2 16/6 14/14
CDA4" T cell count,, cells/l 935 + 63 [518-1397)° 569 + 105 [18-1848] 666 + 80 [52-1511]"
% CD4" T cells 44.9 +2.0 [34.4-61.1]° 22.8+3.3[1.3-47.2] 28.5+2.6(7.1-54.1]
Viremia, HIV RNA copies/ml NA 672,310 + 294,026 [40-4,470,000]”* 3,035 + 1,125 [200-26,263]°
% HLA-DR" within CD4" T cells 4.1+0.4[1.9-7.6]° 17.8+3.1[1.7-54.51* 11.3+1.7[1.9-36.3]"
% HLA-DR'CD38" within CD8" T cells 4.4+1.4(13-22.7) 29.7+4.2[1.4-62.2]° 20.6 +3.6 [0.6-69.5]

NA, not applicable. Data are mean+SEM with limits in brackets. " p<0.05 in comparison with HIV-2 infected patients; ‘p<0.05, Hp<0.01, u“p<0.001 in
comparison with healthy individuals.

*n=17; ®4 out of 22 HIV-1 patients and 20 out of 28 HIV-2 patients had undetectable viremia. In these cases, the cut-off value of the test (40 and 200
RNA copies/ml for HIV-1 and HIV-2, respectively) was used to calculate the mean; “n=16; 9n=21.

HIV-1 and HIV-2 infected patients exhibited a similar marked reduction in blood pDC
as compared to seronegative controls, assessed both as percentage of total PBMC, and
as absolute numbers (Fig. 1B).

In order to evaluate whether the two infections also have similar levels of pDC
depletion in early and advanced HIV disease, we stratified the HIV-1 and HIV-2 cohorts
according to CD4" T cell counts (>350 and <350 CD4" T cells/pl). As previously reported
[40-43], in HIV-1 infection pDC depletion was more marked in the advanced disease

stage (Fig. 1C). Of note, we found comparable pDC levels in advanced HIV-2 infected
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patients (Fig. 1C). Moreover, a similar significant depletion was also documented in early

disease in both infections as compared to seronegative subjects (Fig. 1C).
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Figure 1. Similar reduction of circulating pDC in HIV-1 and HIV-2 infections. A representative flow
cytometric pDC analysis is shown in (A). After a large gate including lymphocytes and monocytes defined
by forward and side scatter, cells were further gated on HLA DR cells that do not express lineage markers
(left dot-plot). pDC were subsequently identified as CD123°CD11c  cells (right dot-plot). Numbers
represent the percentage of cells within the illustrated gates from an HIV-2-infected patient with 523 CD4"
T cells/ul and undetectable viremia. The proportion of pDC within PBMC is 0.15% corresponding to 4
pDC/ul. (B) Graphs show circulating pDC levels in HIV-1 and HIV-2 infected cohorts and healthy controls
expressed as percentage within PBMC and absolute numbers. Each dot represents one individual and bars
represent mean. (C) The infected cohorts were stratified according to CD4" T cell counts (> 350 and < 350
cells/ul) and pDC levels compared as percentages and absolute numbers. Bars represent meantSEM.
Numbers under the bars represent the total individuals analyzed. *p<0.05, **p<0.01 and ***p<0.001 as
compared to pDC levels in controls. *p<0.05 between early and advanced HIV-2 cohorts.
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The association of pDC levels with disease progression in HIV-2 infection is further
demonstrated by the statistically significant positive correlation found between the
frequencies of pDC and circulating CD4" T cells (Fig. 2A).

Hence, HIV-1 and HIV-2 diseases are associated with similar extent of pDC depletion
in spite of the slower rate of CD4 decline and the better prognosis that characterize

HIV-2 infection.
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Figure 2. Relationship of pDC levels with CD4" T cells, T cell activation and viremia. Correlation between
percentage of pDC within PBMC and percentage of CD4" T cells (A), percentage of HLA-DR within CD4" T
cells (C), as well as percentage of HLA-DR'CD38" within CD8" T cells (D), in HIV-2 and HIV-1 infections.
Comparison of the pDC frequencies in the infected cohorts divided into viremic and “aviremic” (below test
cut-off) groups (B). Bars represent mean+SEM. Numbers under the bars represent the total individuals
analyzed. mp<0.001 as compared to controls. ##p<0.01 between aviremic and viremic patients of the
same cohort. &&p<0.01 between HIV-1 and HIV-2 “aviremic” patients.
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HIV-2 infected patients with undetectable viremia showed a marked decrease of

circulating pDC

Plasma viremia is thought to be a major determinant of pDC depletion in HIV-1
infection [7,40,42-45]. HIV-1 and HIV-2 infections are associated with markedly distinct
plasma viral loads [11-15]. As shown in Table 1, 20 out of 28 HIV-2 infected patients had
undetectable viremia and those with detectable viremia showed levels significantly
lower than the ones found in HIV-1 patients. Of note, the highest viremia documented in
the HIV-2 cohort was 26,263 RNA copies/ml.

In order to address the impact of viremia on the levels of circulating pDC, we divided
the patients into two groups, viremic and “aviremic” (levels below the test cut-off). As
shown in Fig. 2B, the HIV-2 group with undetectable viremia exhibited significantly lower
pDC levels than the seronegative cohort. In addition, HIV-2 infected patients with
detectable viremia had significantly lower pDC levels than the “aviremic” HIV-2 patients
(Fig. 2B). However, it is important to stress that HIV-2 viremic individuals had
significantly lower CD4" T cell counts than HIV-2 “aviremic” (356+60 cells/pl, n=8, and
790197 cells/ul, n=20, respectively, p=0.0112).

Nevertheless, a significant inverse correlation between the frequency of pDC within
PBMC and viremia was observed in both HIV-2 (r=-0.4485; p=0.0089; n=28) and HIV-1
(r=-0.7684; p<0.0001; n=22) cohorts.

As shown in Fig. 2B, HIV-1 individuals with undetectable viremia do not exhibit pDC
depletion. The HIV-1 patients able to control viral replication in the absence of
antiretroviral drugs are considered to represent less than 1% of HIV-1 infected
individuals [46]. Our small group of 4 HIV-1 “aviremic” individuals had follow-ups with
undetectable viremia ranging from 2 to 10 years and showed relatively well preserved
CD4" T cell counts (814+242 cells/ul; range 344-1425). Similar findings were obtained
when circulating pDC numbers were analysed instead of pDC frequency (data not
shown).

In summary, in agreement with previous reports [40,42,43,45], we found a
significant negative correlation between viremia and pDC levels in HIV-1 infection.

However, a major reduction of circulating pDC levels was found in HIV-2 infected
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patients with undetectable viremia, showing that HIV-2 infected patients exhibited a
major reduction in circulating pDC irrespective of the presence of detectable plasma

viral load.

The decrease in circulating pDC correlates with T cell activation in both infected

cohorts

Both HIV-1 and HIV-2 infections are associated with a persistent generalized
immune-activation, which is considered a main determinant of the immunodeficiency
and that inversely correlates with CD4" T cell counts [22,24,47]. We assessed the
relationship between pDC levels and expression of activation markers on T cells. HIV-2
infected cohort exhibited a significant inverse correlation between the frequency of pDC
and the proportion of CD4" T cells expressing HLA-DR as well as of CD8" T cells that
simultaneously expressed HLA-DR and CD38 (Fig. 2C and 2D). In the case of HIV-1
infection, a significant inverse correlation was only found with CD8" T cell activation, as
shown in Fig. 2C and 2D. Similar findings were obtained in relation to the absolute
number of circulating pDC as well as in relation to other parameters of CD8" T cell
activation, namely the percentage and mean fluorescence intensity (FI) of CD38
expression (data not shown).

Overall, pDC depletion directly correlates with T cell activation in both infections.

Phenotype of circulating pDC

We next asked whether the phenotype of circulating pDC differ in the two
infections. The co-stimulatory molecule CD86 was similarly over-expressed on pDC in the
HIV-1 and HIV-2 infected cohorts and this increase was statistically significant as
compared to healthy controls (Fig. 3A). No significant correlation was found between
the CD86 expression, as assessed by percentage or geomean Fl, and percentage of CD4"
T cells (r=-0.0699 for HIV-1; r=-0.08539 for HIV-2, in the case of CD86 geomean Fl) or

viremia (r=-0.01922 for HIV-1; r=0.1975 for HIV-2, in the case of CD86 geomean Fl) in
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both infections. Moreover, we also found no correlation with the different parameters
of CD4" and CD8" T cell activation evaluated. The ex vivo expression of the co-

stimulatory molecules CD40 and CD80 within pDC was minimal in all individuals (data

not shown).
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Figure 3. pDC Phenotype. (A) Phenotype of circulating pDC in HIV-1 and HIV-2 infections. Levels of
expression of CD86 and PD-L1 on pDC from freshly isolated PBMC assessed as proportion within pDC and
as geomean Fl within total pDC measured by flow cytometry. Each dot represents one individual and bars
represent mean. (B) pDC phenotype upon CpG stimulation. Freshly isolated PBMC were stimulated with
CpG or the non-CpG ODN control and the pDC phenotype was assessed by flow cytometry after 22 hours.
The up-regulation of CD40 expression on pDC is showed as stimulation index defined as ratio between the
geomean Fl in the presence of CpG or ODN and in its absence (medium). Data are presented within total
HIV-1 and HIV-2 cohorts (left graph) and within the infected cohorts grouped according to viremia status
(right graph). Bars represent mean+SEM. Numbers under the bars represent the total HIV-1 and HIV-2
infected individuals as well as healthy controls analyzed. The subgroups of patients analyzed are
representative of their respective patient population described in Table 1 with respect to CD4 counts and
viral load. There is no significant differences between HIV-1 and HIV-2 cohorts. *p<0.05, **p<0.01 and
mp<0.001 as compared to controls. #p<0.05 between aviremic and viremic patients of the HIV-1 cohort.
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Programmed death-1 (PD-1) signaling mediates an inhibitory pathway of T cell
response and its over-expression is considered to contribute significantly to the
impairment of specific T cell responses in HIV-1 infected individuals [48]. We compared
the expression of PD-1 ligands on pDC and found a statistically significant increase in the
percentage of PD-L1" pDC in both infections as compared to healthy controls (Fig. 3A). In
addition, the increase in the PD-L1 geomean Fl within total pDC also reached statistical
significance in HIV-1 infected individuals in comparison with healthy controls (Fig. 3A).
Again, no significant correlation was found between PD-L1 expression and percentage of
CD4" T cells (r=0.1200 for HIV-1; r=-0.02762 for HIV-2, in the case of PD-L1 geomean Fl),
or viremia (r=-0.02476 for HIV-1; r=-0.2501 for HIV-2, in the case of PD-L1 geomean Fl),
or the T cell activation markers assessed in both infections. pDC expression of PD-L2 was
minimal in all the three cohorts (data not shown).

In summary, both CD86 and PD-L1 were similarly up-regulated on pDC of both HIV-2

and HIV-1 cohorts, irrespective of disease stage.

Modulation of pDC phenotype by TLR9 stimulation in vitro

pDC are known to express TLR9, which binds to unmethylated CpG motifs, and to
mature upon TLR9 signaling [3,49]. We assessed the modulation of pDC phenotype upon
TLR9 stimulation by stimulating freshly isolated PBMC with a TLR9 ligand (CpG type A) or
a non-CpG oligodeoxynucleotide (ODN) as a negative control. After 22h, cells were
harvested and analysed within a pDC gate as described above.

CD86 and PD-L1 were also found to be up-regulated by the control non-CpG ODN
(data not shown), precluding their use to evaluate pDC maturation induced by CpG.
Therefore, we focused our analysis on the CD40 and CD80 molecules that, although
exhibiting reduced ex vivo expression, were specifically up-regulated upon CpG
stimulation. Results are shown as stimulation index (SI) calculated as the ratio of the
geomean Fl measured in the presence of CpG and medium alone. The capacity of pDC to
up-regulate CD40 after CpG stimulation was significantly decreased both in HIV-1 and in

HIV-2 individuals relative to healthy controls (Fig. 3B). An impairment of CD80 up-
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regulation was also documented in both infections, though without reaching statistical
significance in comparison with controls (CD80 SI: 2.4+0.3 for seronegatives, 1.940.1 for
HIV-1, 1.9+0.1 for HIV-2).

The stimulation index for CD40 geomean Fl was found to have a significant positive
correlation with the percentage of CD4" T cells (r=0.8451; p<0.0001) and a negative
correlation with viremia (r=-0.7312; p=0.002) in the HIV-1 cohort, but no significant
correlations were found in the HIV-2 cohort (r=-0.065 with percentage of CD4" T cells;
and r=0.0846 with viremia). Moreover, in contrast to the HIV-1 cohort, similar levels
were found in HIV-2 patients with detectable and undetectable viremia (Fig. 3B).

Overall, the circulating pDC of HIV-infected individuals showed a reduced ability to

further differentiate upon CpG-A stimulation as compared to seronegative controls.

Assessment of IFN-o production upon TLR9 stimulation

IFN-a. production is mainly triggered through TLR7 and TLR9 [3]. CpG-A has been
shown to preferentially act on pDC [49] and was used here to assess pDC ability to
secrete IFN-o. upon TLR9 stimulation.

Both HIV-1 and HIV-2 infected cohorts exhibited a significantly lower IFN-a
production upon CpG stimulation as compared to healthy controls (Fig. 4A). Patients
with less than 350 CD4" T cells/pl tended to produce lower IFN-o levels than the patients
with higher CD4 counts (Fig. 4B). The ability to produce IFN-a was also significantly
lower in viremic than “aviremic” cohorts in both infections (Fig. 4C).

We estimated the IFN-a production on a per cell basis, by dividing the concentration
of IFN-o. produced upon CpG stimulation by the absolute number of pDC in the culture.
Although there was a decrease in the ability of pDC to produce IFN-a in both infections,
significantly higher estimated IFN-o. levels per pDC were found in HIV-2 than in HIV-1
infected patients (Fig. 4D). Patients with less than 350 CD4" T cells/ul had lower levels of
IFN-a production per pDC (Fig. 4E), but no significant correlation was found between
IFN-a production per pDC and the degree of CD4 depletion in either infection.

Importantly, when the cohorts were divided according to the viremia status, the HIV-2
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patients with undetectable viremia exhibited preserved levels of IFN-a. production per
pDC (Fig. 4F). Moreover, detectable HIV-2 viremia was associated with a significant
decrease in the levels of IFN-a per pDC, reaching levels similar to the ones documented
in HIV-1 viremic patients (Fig. 4F). In agreement, a significant correlation was
documented between IFN-a production per pDC and viremia in the HIV-2 cohort (r=-
0.5849; p=0.0054; n=21) that was not observed in the HIV-1 cohort (r=-0.3298; p=0.23;
n=16). These data suggest a major role of plasma viral load, even at low levels such as

those found in HIV-2 patients, in the impairment of IFN-a production.
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Figure 4. IFN-a production upon CpG stimulation. Freshly isolated PBMC were stimulated with CpG or the
non-CpG ODN control. After 22 hours IFN-a was quantified in culture supernatants by ELISA. (A) Levels of
IFN-a upon CpG or the non-CpG ODN control in healthy, HIV-1 and HIV-2 cohorts. The infected cohorts
were further stratified according to CD4" T cell counts (B) or the presence or absence of detectable
viremia (C) and the levels of IFN-a upon CpG stimulation are shown. Results expressed as “net IFN-a” refer
to the amount of IFN-a produced upon CpG stimulation subtracted by the IFN-a measured with medium
alone. The “net IFN-a” was divided by the total number of pDC in the culture and results are shown for the
healthy, HIV-1 and HIV-2 cohorts (D), as well as for the infected cohorts stratified according to CD4" T cell
counts (E) or the presence or absence of detectable viremia (F). Each dot represents one individual. Bars
represent mean+SEM. Numbers under the bars represent the total individuals analyzed. The subgroups of
patients analyzed are representative of their respective patient population described in Table 1 with
respect to CD4 counts and viral load. “p<0.01 and mp<0.001 as compared to controls. *p<0.05 and
Mp<0.01 between the two groups of the same HIV-1 or HIV-2 cohort. & p<0.05 between HIV-1 and HIV-2
patients with >350 CD4" T cells.
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CpG has been suggested to modulate the production of other cytokines both
directly and indirectly through effects mediated by CpG-induced IFN-o0 [2]. We
investigated the effect of CpG stimulation on the production of IL-10, IL-12p40, TNF-a
and the B-chemokine MIP-13 by measuring their levels in the culture supernatants using
a Luminex-based multiplex assay. Of note, the analysis of the combined cohorts revealed
a direct correlation between the levels of IFN-a production upon CpG stimulation and
the levels of TNF-a (r=0.4033, p=0.0027 for net IFN-a. and r=0.4207, p=0.0017 for net
IFN-0,/1000pDC; n=53) and MIP-1B (r=0.3978, p=0.0035 for net IFN-o. and r=0.4272,
p=0.0016 for net IFN-a/1000pDC; n=52). No such correlations were found in the case of
IL-10 or IL-12p40. As illustrated in Fig. 5A the most striking finding was a reduced ability
of HIV-1 infected individuals to produce MIP-1f3 and TNF-a, as compared to healthy and
HIV-2 infected cohorts upon CpG stimulation. These decreases were clearer when the
stimulation index was analysed as illustrated in Fig. 5B. Of note, when the HIV-2 cohort
was split accordingly to viremia status, the individuals with undetectable viremia
exhibited a preserved ability to produce TNF-a (Fig. 5C) and MIP-1f3 (data not shown) in
response to CpG stimulation, whereas the patients with detectable viremia showed a
decrease in stimulation indexes similar to HIV-1 infected patients. However, despite the
clear trends (p=0.07 in the case of the viremic cohorts as compared to healthy controls),
none of these differences reached statistical significance (Fig. 5C). These data suggest
that viremia impacts on the ability to produce pro-inflammatory cytokines upon TLR9
stimulation ex vivo in HIV-2 infected individuals, as documented for IFN-c..

Despite the consensual data regarding the decreased ability of pDC to produce IFN-
o, upon in vitro stimulation in HIV-1 infected patients [40,41,45,50], there are conflicting
results regarding circulating IFN-a levels [43,51-53]. To our knowledge, there are no
reports of serum IFN-a levels in chronic HIV-2 infection. We assessed serum IFN-a by
ELISA and found that, similarly to seronegative donors, all HIV-2 and the majority of HIV-
1 infected patients had undetectable levels (< 12,5 pg/ml). The only exceptions were
two advanced HIV-1 infected patients with 13,18 pg/ml and 22,16 pg/ml of IFN-a
(patients with 6.5 and 5.7 log10 RNA copies/ml, and with 18 and 290 CD4" T cells/pl,

respectively).



160 Modulagdo de DC e mondcitos pelo HIV-2

A o Medium ¢ CpG
7007 p=0.0362  p=0.0832  p=0.0239 807 p=0.0371  p=0.0391  p=0.0005
— — —5 ol T — —
600
= 60
— 500- £
E > 501
%, 400- k-
o © 404
S 30/ 2
- ~ 30
= <
= 2004 a0l
100+ 10
0- oJ
HIV-1 HIV-2 Healthy HIV-1 HIV-2
=0.01 =0.0242
6000- P=0.0168 30001 .
—_
p=0.0167 i
ol 750
80007 -0.0056
= 5007
€ 4000 z
g3000 g',
: ;
£ 20001 L 2501 \
S 200 N Z
1000 é
o’ o) %
Healthy HIV-1 HIV-2 Healthy HIV-1 HIV-2
6 3 Healthy
- HV-1 4“1 = undetectable viremia

3 detectable viremia

6 16 21 16 16 21 15 16 21 16 16 21 0o 16 3 13 15 7

IL-10  IL-12p40 MIP-1B  TNF-a Healthy HIV-1  HIV-2

Stimulation Index
b bhd
I
o
|
~
|
[ 3
hel
g
e G
. °
Stimulation Index TNF-a
il ind

Figure 5. IL-10, IL-12p40, MIP-1f3 and TNF-a levels upon CpG stimulation in Healthy, HIV-1 and HIV-2
cohorts. Freshly isolated PBMC were cultured in the absence or in the presence of CpG. After 22 hours,
culture supernatants were harvested and analyzed for the secretion of IL-10, IL-12, MIP-1f3 and TNF-a
using the Luminex multiplex assay. (A) Cytokine levels. Each dot represents one individual. The levels
observed in non-stimulated cultures (open symbols) are connected with those documented in the
presence of CpG (closed symbols), and were compared using Wilcoxon test. (B) Stimulation indexes
defined as ratio between the level of cytokine in the supernatant of the culture in the presence of CpG
and in its absence (medium) in the three cohorts. (C) The HIV-2 and the HIV-1 cohorts were split
accordingly to the presence of detectable and undectable viremia and the stimulation indexes for TNF-a
are shown. Bars represent meantSEM. Numbers under the bars represent the total individuals analyzed.
The subgroups of patients analyzed are representative of their respective patient population described in
Table 1 with respect to CD4 counts and viral load. The Mann-Whitney test was used to compare the data
of the HIV-2, HIV-1 and healthy cohorts, and the significant p values (<0.05) are shown.
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In summary, despite the similar decrease of pDC in both infections, pDC from HIV-2-
infected patients appear to better preserve their ability to produce IFN-o upon CpG
stimulation. Of note, no increase in the ex vivo levels of serum IFN-a was documented in
HIV-2 infection. However, detectable viremia was associated with a similar impairment
of IFN-a production in both infections, suggesting a major role of circulating virus in the

pDC functional impairment in vitro.

Discussion

This study characterized for the first time circulating pDC in individuals with HIV-2
infection. A similar decrease in pDC levels was found in untreated HIV-2 and HIV-1
infections in spite of the much lower viremia and slower rate of disease progression that
distinguishes HIV-2 disease. Importantly, a significant depletion of circulating pDC was
documented even in HIV-2 infected individuals with undetectable viremia. The pDC
levels were directly correlated with the degree of CD4" T cell depletion and T cell
activation in both infections. Conversely, viremia appears to have a major impact on the
ability of the remaining pDC to produce IFN-o. upon TLR9 stimulation in vitro in HIV-2
infected patients.

HIV-1 infection has been consistently shown to be associated with reduced
frequency and impaired function of circulating pDC, both during primary and chronic
infection [40-45,50,51]. These defects have been found to be more pronounced in
individuals with higher viremia [40,42-45] and/or lower CD4" T cell counts [42-44] and to
be associated with the development of opportunistic infections and tumors [40]. Viral
infection and induction of pDC apoptosis are thought to significantly contribute to the
pDC depletion during both HIV-1 and SIV disease [39]. However, HIV-2 was shown to be
less able than HIV-1 to infect pDC in vitro [36] and reduced levels of viral replication are
documented in HIV-2 infected patients [11-15]. Therefore, the finding of a similar
reduction of pDC levels was unexpected and suggests that it may be related to other

mechanisms than direct viral effects. This possibility is further supported by the delayed
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and frequently incomplete recovery of pDC numbers and function following long-term
successful antiretroviral treatment in HIV-1 seropositive patients [44,45,51].

Traffic alterations have also been suggested to contribute to the reduced levels of
circulating pDC in HIV-1 infection. Several in vitro studies have documented a viral-
associated up-regulation of molecules, such as CCR7 on pDC, that may contribute for
their preferential homing to lymphoid tissues [54]. However, the changes in cell
redistribution have not been consistently confirmed either in HIV-1 infected patients
[7,55-57] or in non-human primates infected with SIV [58-61]. Although there are
studies that demonstrated an increase in pDC counts in lymph nodes and spleen during
HIV-1 and SIV infections [55-57,59,60], other studies reported a parallel pDC decrease in
the peripheral blood and lymphoid tissues [58] and an increase in pDC primed to
apoptosis in the lymph nodes [61]. There are no data available on lymphoid tissues
during HIV-2 disease. Of note, the establishment of HIV-2 infection is associated with
levels of proviral DNA similar to those found in HIV-1, suggesting an equivalent viral
dissemination despite the reduced HIV-2 viremia [26-29,62]. Therefore, it is plausible
that HIV-2 RNA and/or HIV-2 proteins may induce pDC maturation and migration. In
agreement, we found the same alterations in the phenotype of circulating pDC in the
two infections, and these changes were not associated with disease stage or viremia
status. Of note, PD-L1 has been shown to be up-regulated in pDC upon TLR stimulation
by HIV-1 products [63].

Strong correlations between pDC decline and up-regulation of markers of T cell
activation both in HIV-2 and HIV-1 infections represent another important finding of our
study. We have previously shown that generalized immune activation is likely to be a
main determinant of HIV-2 disease progression [22,24], as has been demonstrated in
HIV-1 infection [22,24,53,64]. Persistent HIV-2 infection is thought to induce a chronic
stimulation of the immune system leading to a progressive T cell impairment and CD4
depletion, though at much slower rates than in HIV-1 infection [22,24,47]. The
generalized pro-inflammatory state is likely to contribute to pDC depletion both by
altered cell traffic and apoptosis susceptibility, as well as through the impairment of the

ability of DC precursors to differentiate. On the other hand, besides their antiviral
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properties, pDC are increasingly viewed as conductors of the immune activation
associated with HIV/AIDS pathogenesis [6]. In this respect, a dual role has been
suggested. A deleterious contribution of the pDC-mediated activation of other cells of
the immune system [9] was further supported by the recently documented impairment
of pDC activation and IFN-a production in sooty mangabeys, a natural host of SIV
infection that are known to exhibit reduced levels of immune activation and do not
progress to AIDS [8]. Additionally, pDC were shown to be able to induce regulatory T
cells upon activation by HIV-1 through an indoleamine 2,3-dioxygenase (IDO)-mediated
mechanism [65] and, in this way, modulate immune activation and limit HIV specific
responses [65,66].

Despite some discrepant results, there is usually no significant increase in circulating
IFN-o. levels until advanced HIV-1 disease stages [43,51-53]. In agreement, we were
unable to detect increased serum IFN-a in the large majority of HIV-1 infected patients.
We also found no detectable serum levels of IFN-a during HIV-2 infection.

Importantly, although a decrease in the pDC ability to produce IFN-o in vitro has
been consistently observed during HIV-1 infection [40,41,45,50], several lines of
evidence suggest that there is increased production of IFN-a in vivo. HIV-1 infected
patients have been shown to exhibit increased transcriptional levels of IFN-o. and of
several genes that are known to be induced by IFN-a [7,39,67]. There are no data on
HIV-2 infected patients.

This paradox between reduced in vitro production and indirect evidence of
increased production in vivo has been interpreted as a result of continuous pDC
stimulation by TLR ligands in vivo leading to a refractory state of the pDC [7]. HIV-1 itself
has been shown to modulate pDC function, particularly through the binding of viral RNA
to TLR7 [68], as well as through the impairment of TLR9 signaling by the envelope
protein gp120 [69]. The corresponding HIV-2 envelope protein, gp105, was shown to
exhibit distinct impacts in several immunological systems [70-73], but there are no data
on its effects on TLR9 signaling.

We tested here the IFN-a production upon TLR9 stimulation in vitro and found it to

be significantly impaired in HIV-2 infected individuals. Given the limited volume of
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patient samples, we selected CpG type A as a standard TLR9 ligand thought to target
mainly pDC [49]. A similar decrease in IFN-a production upon CpG stimulation of whole
blood cultures was also recently reported in HIV-2 and HIV-1 infected cohorts in Guinea-
Bissau, West Africa, as compared to non-infected individuals [74].

As discussed above, HIV-2 infected individuals are thought to have reduced levels of
viral replication and, therefore, it is expected that their pDC would be exposed to much
less HIV-related molecules able to signal through TLR. Importantly, when we split the
HIV-2 cohort according to viremia status, we found that the individuals with
undetectable viremia exhibited a preserved IFN-a production on a per pDC basis. These
data suggested that despite their reduced number, pDC function was preserved in HIV-2
infected patients without detectable circulating virus. In contrast, a similar impairment
in IFN-a production was found in viremic HIV-2 and HIV-1 infected patients despite the
average 2 logl0 difference in the number of plasma viral RNA copy numbers. These
results suggest that even low levels of circulating virus are sufficient to intrinsically
impair IFN-a production by pDC or to induce a pDC refractory state that prevents their
subsequent response to further TLR9 stimulation.

In conclusion, we reported here for the first time a major depletion of circulating
pDC during HIV-2 infection, a unique natural model of “attenuated” HIV
immunodeficiency. This decrease was observed early in disease and also in HIV-2
infected patients with undetectable viremia, suggesting that mechanisms other than
pDC direct viral infection play major roles in their depletion during persistent infections.
On the other hand, viremia was associated with an impairment of IFN-a production on a
per pDC basis upon TLR9 stimulation, in agreement with the possibility that diminished

function in vitro is likely a consequence of prior activation by HIV virions in vivo.
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Materials and Methods

Ethics statement

The study was approved by the Ethical Board of the Faculty of Medicine, University

of Lisbon. All subjects gave informed consent to blood sampling and processing.

Studied cohorts

A cross-sectional study was performed involving 28 HIV-2 and 22 HIV-1 infected
patients without ongoing opportunistic infections or tumours, followed at Hospital de
Santa Maria in Lisbon, Portugal. 18 HIV-seronegative age-matched control subjects were

studied. Cohort characterization is summarized in Table 1.

Cell isolation and culture

PBMC were isolated from heparinized blood immediately after venopuncture by
Ficoll-Hypaque (Amersham Pharmacia Biotech, Little Chalfont, UK) density gradient
centrifugation. PBMC were cultured at 2x10° cells/ml in 24-well plates in 1.5ml of
RPMI1640 supplemented with 100 U/ml penicillin/100 pg/ml streptomycin, 2 mM
glutamine (all from Gibco-Invitrogen, Paisley, U.K.) and 10% human AB serum (Sigma-
Aldrich, St Louis, MO) at 37 2C with 5% CO,, in the absence or presence of 10 pug/ml class
A CpG-ODN 2336 (5'-ggGACGACGTCGTGgggeggG-3’) or the non-CpG-ODN 2243 control
(5’-geGGGAGCATGCTGGgggegG-3') provided by Coley Pharmaceutical Group (Wellesley,
MA). After 22h, cells were harvested for phenotypic analysis and culture supernatants

stored at -80 2C for subsequent cytokine evaluation.

Cell surface staining by flow cytometry

PBMC surface staining was performed as previously described [75], and analysed for

pDC frequency ex vivo with the following anti-human conjugated antibodies: FITC
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conjugated lineage (Lin) markers (CD3 and CD14 from Sanquin, Amsterdam,
Netherlands; CD16 from BD Biosciences, San Jose, CA; and CD20 from eBioscience, San
Diego, CA); HLA-DR PerCP (L243, BD Biosciences); CD123 PE-Cy7 (6H6 , eBioscience), and
CD11c-Allophycocyanin (B-ly6, BD Biosciences). Analysis was done within a large gate
including lymphocytes and monocytes, defined according to their forward/side scatter
characteristics. pDC were defined as Lin"HLA-DR'CD123*CD11c". Gated pDC were further
analysed using PE-conjugated mAbs against CD40 (5C3) and PD-L2 (MIH18) from
eBioscience, CD80 (L307.4, BD Biosciences) and Allophycocyanin-conjugated mAbs
against CD86 (FUN-1, BD Biosciences) and PD-L1 (MIH1, eBioscience). The same strategy
was applied to evaluate the phenotype of pDC after in vitro culture of PBMC with CpG-
ODN. At least 400,000 events were acquired within a lymphocyte+monocyte gate, using
a CANTO flow cytometer (BD Biosciences), and analysed using FlowJo (Tree Star, Inc,
Ashland, OR). The absolute numbers of pDC/ul of blood were calculated by multiplying
their representation by the sum of the absolute lymphocyte and monocyte counts
obtained at the clinical laboratory. The expression of pDC surface markers was evaluated

both in terms of percentage and of geomean Fl.

Quantification of cytokines

IFN-o. was quantified in serum samples and in culture supernatants using the
VeriKine™ Human IFN-Alpha Serum Sample ELISA and Human IFN-Alpha ELISA Kit,
respectively (PBL InterferonSource, Piscataway, NJ), according to manufacturer’s
instructions. IL-10, IL-12p40, MIP-1-3 and TNF-a were quantified in the supernatants of
PBMC cultured as described above using the Human Cytokine LINCOplex Kit (Millipore
Corporation, Billerica, MA) and the Luminex LX100 (Luminex Corporation, Austin, TX)

according to manifacturer’s instructions. Samples were assayed in duplicate.
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Plasma viral load assessment

HIV-1 viremia was quantified by RT-PCR (detection threshold of 40 RNA copies/ml,
Roche, Basel, Switzerland). HIV-2 viremia was quantified using a RT-PCR-based assay [15]
with a detection limit of 200 RNA copies/ml. The cut-off values of the tests were
considered for the purpose of the analysis in the cases where detection was below this

level.

Statistical analysis

Statistical analysis was performed using GraphPad Prism version 5.00 (GraphPad
Software, San Diego, CA). The data are presented as arithmetic mean + SEM and were
compared using Mann-Whitney test and Wilcoxon matched pairs test as appropriate.
Spearman’s correlation coefficient was used to assess the correlation between two

variables. p-values <0.05 were considered to be significant.
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CAPITULO 7

Conclusoes e Perspectivas Futuras

A infeccdo pelo HIV tipo 2 (HIV-2) caracteriza-se por uma virémia reduzida e um
declinio mais lento do nimero de linfécitos T CD4* do que a infeccdo pelo HIV-1 . O
menor ritmo de progressao de doenga configura a infecgdo pelo HIV-2 como um modelo
de doenca “atenuada”, cuja investigacdo pode ajudar a compreender muitas das
guestdes centrais na patogénese da SIDA. Apesar disso, em virtude da menor frequéncia
de individuos infectados pelo HIV-2 do que pelo HIV-1 a escala mundial, os estudos
realizados sobre a infeccdo pelo HIV-2 tém sido muito mais limitados. Portugal é o Unico
pais ndo-Africano com uma prevaléncia significativa de HIV-2 ** devido as suas conexdes

com Africa Ocidental >

, onde o HIV-2 é endémico, constituindo um local privilegiado
para o estudo desta infecgao.

As DC e os mondcitos/macrofagos constituem componentes essenciais na resposta
imunitaria contra microrganismos e podem desempenhar um importante papel na

1 2%, mas os dados na literatura sobre estas células na infec¢do pelo

infeccdo pelo HIV-
HIV-2 sdo muito escassos. Assim, com o intuito de investigar possiveis mecanismos que
contribuam para a menor patogenicidade do HIV-2 comparativamente a do HIV-1, este
trabalho incidiu no estudo de DC e mondcitos no contexto da infecgao pelo HIV-2.

Na primeira parte desta tese (capitulos 3 e 4), foram investigadas as propriedades
imunomoduladoras in vitro do invélucro do HIV-2. Concluimos que o invélucro de HIV-2
apresenta propriedades supressoras das células T que dependem do contacto entre
células T e mondcitos. Os efeitos das proteinas do invélucro do HIV-2 mediados por
mondcitos levaram-nos a investigar o eventual papel modulador destas proteinas na
diferenciacdo de DC a partir de mondcitos. Desta forma, demonstrdmos que as
proteinas do involucro de HIV-2 testadas nao afectam significativamente o fendtipo e a
funcdo de DC derivadas de mondcitos.

Na segunda parte desta tese (capitulos 5 e 6), foram realizados estudos ex vivo em

PBMC de individuos infectados pelo HIV-1 e de individuos infectados pelo HIV-2 com
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vista a caracterizacdo das duas principais subpopulacdes de DC no sangue periférico,
mDC e pDC. Os resultados permitiram concluir que, apesar de se associar a um melhor
progndstico e a menores niveis de virémia, a infecgao pelo HIV-2 apresenta, tal como a
infeccdo pelo HIV-1, alteracdes quantitativas e qualitativas significativas destas células,
em comparagao com individuos saudaveis. Relativamente aos niveis de mDC, observou-
se um decréscimo menos marcado nos individuos infectados pelo HIV-2 do que nos
infectados pelo HIV-1 em comparacdo com o grupo controlo de seronegativos. Em
ambas as infec¢des, esse decréscimo sé foi significativo nos doentes em estadios
avancados e/ou virémia detectavel. No que se refere aos niveis de pDC, observou-se um
decréscimo semelhante em ambas as infec¢des, em todos os estddios de doenca e, no
caso da infeccdo pelo HIV-2, mesmo nos individuos com virémia indetectavel. Em termos
funcionais, apesar de se ter documentado um decréscimo na capacidade de produgao
de IFN-a apds estimulagdo de PBMC via TLR9 em ambos os grupos de doentes, a
infeccdo pelo HIV-2 pareceu associar-se a uma melhor capacidade de producdo de IFN-a
por pDC. Para além disso, na infecgao pelo HIV-2, a diminui¢cdo da produgdo de IFN-a

por pDC so foi significativa nos individuos com virémia detectavel.

E actualmente reconhecido que a activacdo persistente do sistema imunitério
constitui um factor determinante da deplec3o de células T CD4" e da progressdo para

SIDA %’ e é fundamental para a replicagdo do HIV 28, 29

. Assim, embora pareca
paradoxal que uma proteina de um virus menos patogénico seja mais imunossupressora,
é plausivel admitir que, ao limitar os processos de activacdo linfocitaria, a gp105 de
HIV-2 contribua para reduzir a producdo de virus e o ritmo de progress3o da doenca °.
Os resultados descritos no capitulo 3 desta tese sugerem que na base dessa
supressao podera estar um mecanismo mediado pelos mondcitos. Assim, as proteinas
do invélucro do HIV-2, actuando nos mondcitos, poderao limitar a activagdo linfocitaria
e, desta forma, contribuir para o curso mais benigno da doenca. Os nossos estudos
permitiram excluir a contribuicdo de varios mediadores classicamente implicados nos

efeitos imunossupressores mediados por mondcitos, tais como prostaglandinas, 6xido

nitrico e a enzima catabolizadora do triptofano IDO 31 bem como a via de PD-L1/PD-1
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32, 33

recentemente caracterizada . Para além disso, apesar das células T reguladoras

CD4'CD25" exercerem efeitos inibitdrios na activacio e fungio de células T ***°, DC 3¢ 3/
e mondcitos/macréfagos **, ndo parecem estar implicadas na supressdo da activacdo das
células T pela gp105 de HIV-2.

Demonstramos num estudo anterior *° e no decorrer desta tese (capitulo 3) que as
proteinas do invélucro de HIV-2 tém capacidade de estimular a producao de TNF-a, pelos
mondcitos a niveis semelhantes aos induzidos por LPS, um ligando da molécula TLR4
expressa em células da linhagem monocitica. Assim, no presente trabalho investigdmos
a capacidade do invélucro de HIV-2 de modular as vias de sinalizagao de TLR4, hipdtese
que ¢é particularmente interessante tendo em conta estudos anteriores que
documentaram uma supressdo da imunidade por proteinas virais através de

3940 0s nossos dados sugerem que a proteina do

mecanismos mediados por TLR
invélucro de HIV-2 estimula a via de sinalizacdo de TLR4, sendo relevante no futuro
definir o seu contributo na supressdo das respostas de células T pela actua¢do do
invélucro do HIV-2 nos mondcitos.

A supressao da activagao linfocitaria foi também observada na presenga de um
péptido derivado de um isolado primario (HIV-2,,) que corresponde a regido C2-V3-C3
da gp105. No entanto, uma analise detalhada das regides da gpl05 implicadas nos
efeitos imunossupressores do involucro de HIV-2 sera fundamental no seguimento deste
trabalho. Tendo em conta a patogenicidade atenuada associada a infec¢do pelo HIV-2,
esta nova linha de investigacdo do curso benigno do HIV-2 centrada nos mondcitos
poderd conduzir a identificacdo de novos alvos terapéuticos baseados nas propriedades
imunomoduladoras do invélucro do HIV-2.

Ao contrario dos efeitos documentados nos mondcitos, ndao se observaram
alteragdes significativas nas DC derivadas de mondcitos na presenga do invélucro de
HIV-2. Tal como descrito no capitulo 4 desta tese, o invdlucro de HIV-2 (proteinas
recombinantes ou virus inactivado) ndo induziu alterac6es morfoldgicas, fenotipicas ou
funcionais na diferenciacdo de DC a partir de mondcitos nem na maturacdo de DC apds

estimulagao pelo LPS. Além disso, ao contrario do documentado em alguns estudos para
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41,42

a proteina gp120 do HIV-1 , a presencga do involucro de HIV-2 na auséncia de LPS nao
induziu maturacdo das DC.

A discordancia observada entre a presenga de efeitos nos mondcitos e a auséncia de
efeitos nas DC derivadas de mondcitos é particularmente interessante no contexto da
recente visdo de que as DC/APC ndo constituem um tipo de células distinto dos
mondcitos/macréfagos, mas sim uma subpopulagdo heterogénea de células do sistema
mononuclear fagocitico que representa um continuo de diferentes estadios de
diferenciacdo e de actividades funcionais 3 Assim, os dados obtidos neste trabalho
sugerem que os mondocitos sdo susceptiveis aos efeitos do invdlucro do HIV-2 antes do
inicio do seu programa de desenvolvimento em APC especializadas. No seguimento
deste trabalho, sera interessante investigar quais as vias de sinalizacdo que sdo
afectadas pelo involucro de HIV-2 e relaciona-las com o estadio de diferenciagao celular.

Apesar do potencial de diferenciacdo dos mondcitos em DC ndo ser afectado pela
presenga do invélucro do HIV-2, observou-se um decréscimo significativo dos niveis de
mDC nos individuos infectados pelo HIV-2 (capitulo 5). No entanto, comparativamente
aos individuos infectados pelo HIV-1, documentou-se na infeccdo pelo HIV-2 uma maior
preservacdao desta subpopulacdo de DC. Em ambas as infec¢cdes, o decréscimo
guantitativo das mDC s¢ foi significativo nos individuos em fases avancadas da doenca e
com virémia detectdvel. Destaca-se a correlacdao negativa documentada entre os niveis
de mDC e a expressdo de marcadores de activacdo de células T CD4* e T CD8", sugerindo
uma associagdo entre a activagao imunitaria generalizada presente na infecgao pelo HIV
e os disturbios das mDC.

Relativamente as pDC (capitulo 6), é interessante notar que ambas as infeccBes
apresentaram uma deplecdo significativa muito semelhante desta subpopulacdo. Ao
contrdrio do que se observou para as mDC, a deplecdo das pDC parece ocorrer muito
precocemente, uma vez que mesmo individuos com niveis relativamente preservados de
células T CD4" apresentaram uma deplecdo significativa desta subpopula¢do. Apesar
disso, o decréscimo dos niveis de pDC foi mais acentuado nos estddios mais avangados.
No caso da infeccdo pelo HIV-2, este decréscimo foi observado mesmo nos individuos

com virémia indetectavel e que constituem a maioria dos individuos infectados por este
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virus. Tendo em conta a correlagdao negativa observada entre as pDC e os niveis de
activacdo de células T CD4" e T CD8, os nossos dados sugerem a existéncia de uma
associacdo entre a activacdo de células T e o decréscimo de pDC.

Dado que as pDC sdo as principais células produtoras de IFN-tipo | ** %

, a avaliacdo
da producdo de IFN-a em PBMC estimuladas in vitro via TLR constitui um marcador
funcional das pDC. Neste trabalho foi utilizado como estimulo um ligando de TLR9, a
molécula CpG de classe A. Apesar das células B também expressarem TLR9, sdo

.47 Assim, observou-se nas duas

sobretudo as pDC que respondem ao CpG de classe A
infecgdes uma diminuicdo significativa da capacidade das pDC maturarem e de
produzirem IFN-a apds estimulagdo via TLR9, em comparag¢do com o grupo controlo de
seronegativos. Um estudo muito recente documentou também um decréscimo da
produgdo de IFN-a apos estimulagdo com CpG em culturas de sangue total de doentes
infectados pelo HIV-1 e de doentes infectados pelo HIV-2, na Guiné-Bissau 8 Contudo,
constatamos que a produgdo de IFN-a por pDC foi significativamente superior nos
individuos infectados pelo HIV-2 do que nos infectados pelo HIV-1. Tendo em conta o
papel do IFN-a. na promogdo da imunidade inata e adquirida ** e na diminuicdo da

replicagdo viral *°

, € plausivel admitir que a melhor preservacdo da producdo de IFN-a
por pDC possa contribuir para o melhor progndstico associado a infec¢ao pelo HIV-2.

Ao contrdrio do que se verifica em relacdo aos niveis de pDC, sé se observou
diminuicdo da producdo de IFN-a por pDC na infec¢do pelo HIV-2 nos individuos com
virémia detectdvel. Assim, a virémia parece ser um factor fundamental para o
decréscimo da capacidade de producdo de IFN-a pelas pDC. Os nosso dados estdo de
acordo com os de Tilton e colaboradores que documentaram uma diminuicdo da
produgdo de IFN-a pelas pDC, sem alteragdo dos niveis de pDC, em individuos infectados
pelo HIV-1 durante periodos de interrup¢ao de HAART na presenga de replicagdo viral
activa *°.

44, 51

Apesar dos reconhecidos efeitos antivirais do IFN-a , a literatura apresenta

dados controversos sobre o papel desta citocina na infeccdo pelo HIV, tendo sido

44, 51-53

descritos quer efeitos benéficos quer prejudiciais para o hospedeiro . Varios

estudos documentaram uma produgdo aumentada de IFN-a in vivo na infecgdo pelo
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HIV-1, traduzindo-se num aumento dos niveis da proteina no soro >* e de mRNA em

55 56, 57

tecidos linféides >, bem como da expressdo de genes induzidos por IFN ,
associando-se em alguns casos a elevados niveis de virémia *°. Estudos recentes
sugeriram que, em individuos infectados pelo HIV-1 virémicos, a activacdo cronica das
pDC, quer por exposi¢cdo ao IFN-a, quer por activacdo dos seus TLR pelo RNA viral, pode
conduzir a um estado refractario das células traduzido numa diminuicdo da sua
capacidade de produzir IFN-o. em resposta a estimulacdo via TLR in vitro 0 Assim, no
grupo de individuos infectados pelo HIV-2 estudados neste trabalho, pode observar-se
dois padroes distintos quanto a capacidade das pDC produzirem IFN-a apds estimulacdo
via TLR9 in vitro: a) os individuos com niveis indetectaveis de virémia apresentam uma
relativa preservacdo da capacidade de producdo de IFN-oo em comparagcdo com
individuos seronegativos; b) por seu turno, os poucos individuos estudados com niveis
detectaveis de virémia exibem uma diminuicdo da capacidade de resposta das pDC a
estimulacdo via TLR9 in vitro, sendo plausivel especular que a activacdo crénica destas
células tem um papel nestes efeitos. De notar que, mesmo com niveis de virémia
significativamente inferiores aos apresentados pelos individuos infectados pelo HIV-1, os
doentes HIV-2 seropositivos virémicos apresentam uma disfungdo semelhante das pDC.
Assim, estes dados sugerem que a virémia, por si s6 e mesmo em reduzidos niveis, tem
um impacto importante na producdo in vitro de IFN-a pelas pDC.

A andlise da producdo de outras citocinas por PBMC estimuladas com CpG-classe A
demonstrou uma diminuicdo significativa da capacidade de aumentar a produc¢ao de
TNF-ou apds estimulagdo nos individuos infectados pelo HIV-1, comparativamente ao
grupo controlo de seronegativos. Os individuos infectados pelo HIV-2 também
apresentaram um decréscimo da capacidade de aumentar a produgdo de TNF-a, sem,
contudo, se verificar uma diferenca estatisticamente significativa em relacdo ao grupo
controlo. Estes resultados sao interessantes tendo em conta um estudo recente onde foi
descrita uma diminuicdo da producdo espontanea de TNF-o. por mondcitos em
associagdo com replicagao viral activa e em correlagdo com elevados niveis de

transcritos de genes que se sabe serem induzidos pelo IFN-a. *®.
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Neste trabalho as DC foram caracterizadas apenas no sangue periférico. Assim, nao
foi possivel discriminar se o decréscimo dos niveis de DC em circulacdo é resultante da
diminuigdo da sobrevida destas células por destruigao directa ou indirecta pelo virus, ou
se é devido a sua activacdo e migracdo para os tecidos linféides ou a um compromisso
da sua producdo de novo. Estdo actualmente a ser desenvolvidas as condicdes no nosso
laboratério para que estas possibilidades sejam investigadas.

A compreensdao da imunopatogénese da SIDA tem beneficiado do estudo de
modelos com cursos clinicos particulares que tém sido fundamentais para a definicao de
uma possivel resposta protectora. Tal como referido no capitulo 1, o estudo de modelos
animais hospedeiros naturais de SIV que, apesar de apresentarem elevados niveis de

¥ A sua

virémia, ndo desenvolvem SIDA, tem dado um importante contributo
comparagao com modelos patogénicos de infecgdo pelo SIV permitiu concluir que a ndo
progressdo para SIDA estd dependente do controlo da imunopatologia associada a
infecgdo, ndo sendo a virémia, por si s6, um factor determinante .

Neste trabalho foi estudada a infecgcdo pelo HIV-2 que se distingue da infec¢do pelo
HIV-1 pelos reduzidos/indetectdveis niveis de virémia e pelo menor ritmo de perda de
linfécitos T CD4", o que a configura como um modelo natural Gnico de imunodeficiéncia

1-1 . qa . ;. . s . . 1
» 113 Dada a evidéncia de que o HIV-2 é igualmente citopatico in vitro *!, as

“atenuada
diferencas na histéria natural tém sido atribuidas a interac¢Ges virus/hospedeiro
distintas. Este modelo tem ainda a vantagem de permitir comparar as duas infec¢bes
utilizando individuos estratificados de acordo com o grau de depleg3o de células T CD4".
A maioria dos estudos envolvendo doentes infectados pelo HIV-1 com diferentes ritmos
de progressdao da doenga nao permite este emparelhamento, tal como ilustrado pelos
Long Term Non Progressors que, por definicdo, mantém um numero elevado de células T
CD4" na auséncia de terap@utica anti-retroviral ® .

Os nossos resultados salientam a importancia da modulagdo das células do
hospedeiro pelo invélucro viral, independentemente da infeccdo celular. As
propriedades imunossupressoras do invélucro do HIV-2 suportam o papel da activagao

cronica do sistema imunitdrio na patogénese associada a infeccdo pelo HIV. Os nossos

dados permitiram também clarificar os contributos relativos da activagdo do sistema
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imunitario, da deplecdo de células T CD4" e da carga viral circulante para os niveis e
funcdo das células dendriticas.

Em conjunto, os resultados aqui apresentados enfatizam a importancia dos
contributos Unicos que a infeccdo pelo HIV-2 pode dar ao estudo da modulagcdo de
DC/mondcitos pelo virus, uma area absolutamente critica para a compreensdo de

questées fundamentais na patogénese da SIDA e para o desenvolvimento de uma

vacina.
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