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RESUMO

A patogenicidade do Virus da Imunodeficiéncia Humana tipo 1 (HIV-1) é
caracterizada, principalmente, pela perda gradativa de celulas T CD4+ a partir da
modulacdo dos mecanismos de defesa do hospedeiro induzindo a producdo e secre¢éo de
citocinas pré-inflamatdrias e ativando vias extracelulares de morte. O estudo objetivou
analisar os mecanismos de ativacao das vias extrinsecas da apoptose (TNFR1, TNFR2 e
Fas) e suas correlacdes com mecanismos de inflamacéo durante a infeccdo pelo HIV-1.
Amostras de 102 pacientes em sucesso imunoldgico e 53 pacientes em falha imunologica
foram genotipadas por PCR em Tempo Real. Individuos em falha imunol6gica foram em
maioria homens (60.4%, p=0.002), com média de idade de inicio de tratamento alta (34.8
anos, p=0.034), e com maior tempo até a supressao viroldgica (6 meses, p=0.035).
Regime de terapia antirretroviral contendo AZT foi associada com sucesso imunoldgico
(p=0.029). O rs767455 (gendtipo T/T) foi mais frequente em individuos com falha
imunoldgica (p=0.022) enquanto o rs8904 (gendtipo A/G, p=0.02) e o rs1800629
(gendtipo G/A, p=0.024) foram mais frequentes em individuos com sucesso imunolégico.
A andlise dos 29 estudos incluidos na revisdo sistematica da literatura mostrou que
multiplas alteracBes imunologicas como pobre funcdo timica, falta de acesso a
interleucina 7 e expressdo de proteina de morte celular programada 1 na superficie celular
foram os mecanismos mais frequentes que resultaram na perda de linf6citos por apoptose,
ativacdo celular, inflamacdo e imunosenescéncia. Concluimos que a morte celular nos
grupos de individuos estudados foi induzida atraves da via extrinseca da apoptose e que
a gpl20 é capaz de agir sinergicamente com interleucinas e modular vias criticas de
ativacdo de proteinas envolvidas no normal funcionamento do sistema imunolégico (Jak
3 e STAT 5). Ensaios envolvendo Docking e Dindmica Molecular mostraram interacéo
estavel entre os receptores e seus ligantes de referéncia e também a capacidade de a
molécula gp120 viral interagir significativamente com o TNFR2 indicando uma possivel
competicédo entre gpl20 e TNF-a por esse receptor. Essa interacdo pode influenciar o
desencadeamento de inflamacéo, ativacdo e proliferacdo de células T estimuladas pela
presenca de antigenos virais em grupos de individuos infectados por HIV-1 com pobre

recuperacdo imunologica.

Palavras-chave: HIV-1. Inflamagdo. Apoptose. SNPs. Interagdes moleculares.

Recuperacao imunolégica. Ativacao celular.



ABSTRACT

The pathogenicity of the Human Immunodeficiency Virus type 1 (HIV-1) is
characterized mainly by the gradual loss of CD4 + T cells from the modulation of host
defense mechanisms inducing the production and secretion of proinflammatory cytokines
and activating extracellular death pathways. The aim of this study was to analyze
mechanisms of apoptosis extrinsic pathways activation (TNFR1, TNFR2 and Fas) and
their correlations with inflammation mechanisms during HIV-1 infection. Samples of 102
patients on immune success and 53 patients on immunological failure were genotyped by
Real-Time PCR. Individuals in immunological failure were mostly male (60.4%,
p=0.002), with a higher median of age at treatment onset (34.8 years, p=0.034) and a
higher time until virological suppression (6 months, p=0.035). In addition, ART
containing AZT was associated with immune success (p=0.029). The rs767455 (T/T
genotype) was more frequent in immunological failure individuals (p=0.022) and both
rs8904 (A/G genotype, p=0.02) and rs1800629 (G/A genotype, p=0.024) in
immunological success individuals. The analysis of the 29 studies included in the
systematic review of literature showed that multiple immunological changes such as poor
thymic function, lack of access to interleukin 7 and expression of programmed cell death
protein 1 on the cell surface were the most frequent mechanisms that resulted in the loss
of lymphocytes by apoptosis, cellular activation, inflammation and immunosenescence.
We conclude that cell death in the groups of individuals studied was induced through the
extrinsic pathway of apoptosis and that gpl20 is able to act synergistically with
interleukins and modulate critical pathways of activation of proteins involved in the
normal functioning of the immune system (Jak 3 and STAT 5). Assays involving Docking
and Molecular Dynamics showed stable interaction between the receptors and their
reference ligands and also the ability of the viral gp120 molecule to interact significantly
with TNFR2 indicating a possible competition between gp120 and TNF-a by that
receptor. This interaction may influence the triggering of inflammation, activation and
proliferation of T cells stimulated by the presence of viral antigens in HIV-1 infected

individuals with poor immune recovery.

Keywords: HIV-1. Inflammation. Apoptosis. SNPs. Molecular interactions. Immune

Reconstitution. Cell activation.
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1 INTRODUCAO

De acordo com o Programa Conjunto das Nagdes Unidas sobre HIV/AIDS
(UNAIDS), infecgdes pelo Virus da Imunodeficiéncia Humana do tipo 1 (HIV-1) tem se
propagado de forma acelerada atingindo até o ano de 2017, em média, 37 milhdes de
pessoas em todo o mundo, as quais sdo em sua maioria de paises de média e/ou baixa
rendas como a Africa Subsaariana. No Brasil, ja foram registrados mais de 830 mil casos
de pessoas vivendo com HIV/AIDS e 15 mil mortes por causas relacionadas, sendo o pais

ainda responsavel por cerca de 40% das novas infec¢cdes no mundo.

O HIV-1 infecta, preferencialmente, linfécitos T CD4+ e linhagens de
monaocitos/macrofagos (menor preferéncia). A principal caracteristica de sua
patogenicidade reside na deplecdo de células T CD4+, via apoptose, 0 que resulta na perda
da imunidade mediada por célula. Os complexos detalhes que envolvem a transmissao
desse virus, permanecem ainda ndo completamente compreendidos. Sabe-se que a
disseminacdo do HIV-1 ocorre entre células T suscetiveis através de dois processos: 1)
infeccdo de célula livre; e 2) propagacdo direta célula-célula através de sinapses

virologicas (VS), preferencialmente utilizada pelo virus devido ao acimulo de proteinas.

A modulacédo das vias e dos mecanismos comuns de apoptose na infeccdo pelo
HIV-1, resultam no aumento da viremia e na formacdo de reservatorios virais por
linfécitos T CD4+ de memodria e, principalmente, macrdfagos, por esses serem mais
resistentes a morte celular programada induzida por virus, aumentando a infectividade.
Esses mecanismos envolvem células adjacentes ndo infectadas que ajudam na supressao

do sistema imune.

Quanto a imunidade inata, as células dendriticas apresentam um papel importante
contra o HIV-1 por apresentarem receptores de reconhecimento de padrdes (PRR) que
ativam mecanismos pro-inflamatorios a partir da transcricdo do fator nuclear kappa B
(NF-xB), condicdo dada possivelmente como caminho alternativo ao do interferon tipo
1, que reconhece acidos nucleicos e particulas viras intracelulares. Ademais, essas células
podem ndo apenas atuar para a imunidade antiviral, mas também para a disseminacéo do
patdgeno e evasdo imune, ja que sao capazes de se ligar, preservar e transferir particulas

virais completas aos linfécitos T CD4+.
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O controle da epidemia de HIV/Aids no Brasil é baseado no diagndstico precoce,
em intervencdes de prevencdo combinada e no tratamento. A terapia antirretroviral
(TARV) visa diminuir a morbimortalidade das pessoas que vivem com HIV/Aids,
controlar a doenga e diminuir a transmissdo do virus pela diminuigdo da carga viral.
Alguns individuos, mesmo apresentando boa adesdo ao tratamento e carga viral
indetectavel, ndo alcancem niveis de células T CD4+ satisfatorios, caracterizando a falha
imunoldgica.

Estudos tém sugerido que a falha imunoldgica pode ser decorrente de mecanismos
apoptoticos. Diversos mecanismos intracelulares e extracelulares encontram-se
envolvidos na morte celular programada por apoptose e na ativacdo inflamatoria de
células especificas. Durante a ativacdo de linfocitos T citotdxicos (CD8+), auxiliares
(CD4+) e macrdfagos, tais células podem entrar em estagio de ativacdo inflamatdria ou
podem ser conduzidas a um processo apoptdtico como a producgdo e secrecdo de citocinas
pré-inflamatdrias ou ativacdo de vias intracelulares que conduzem a célula ao suicidio
quando expostas a infeccdo pelo HIV-1. Embora esses mecanismos sejam conhecidos,
ainda ndo se encontram completamente esclarecidos como ou por qué células de
individuos infectados por HIV-1 escolhem uma via principal de ativacdo molecular da
morte ou da via inflamatoria.

Neste sentido, esse trabalho teve como intuito analisar a influéncia das vias
extrinsecas da apoptose ativadas a partir de TNF-o/TNFR1, TNF-o/TNFR2 e FasL/Fas
no aumento da morte celular por apoptose de células infectadas por HIV-1 ou de células
adjacentes as infectadas, e a relacdo entre os receptores de morte, ligantes e moléculas
intracelulares especificas dessas vias visto que estudos envolvendo esse tema sdo
importantes para descricdo da patogénese viral e, consequentemente, para o possivel

direcionamento de tratamentos antirretrovirais.
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VIRUS DA IMUNODEFICIENCIA HUMANA TIPO 1 (HIV-1)
e Epidemiologia

O HIV é amplamente distribuido na populacdo mundial. Dados recentes, indicam
que mais 37 milhdes de pessoas vivem com o virus em todo 0 mundo, sendo a epidemia
mais concentradas em paises de média e/ou baixa rendas como a Africa Subsaariana
(UNAIDS, 2016; VALDIVIA et al., 2017).

Na América Latina, a taxa anual de novas infeccdes em adultos encontra-se em
lento crescimento com cerca de 91.000 casos até 2015. Em alguns paises da América
Central essa taxa teve crescimento significativo em torno de 20% entre 2010 e 2015
quando comparado ao Brasil que apresentou um aumento de 4% nesse mesmo periodo.
Ainda assim, o Brasil engloba a maior parte das novas infec¢Ges entre paises da América
Latina e Caribe (Figura 1) (UNAIDS, 2016).

Demais regides
Haiti
Jamaica

_ . Chile
Repiblica Dominicana

Peru
Cuba
Guatemala

Brasil

Argentina

Repiblica Bolivariana da Venezuela

Coldmbia

Figura 1. Distribuicdo das novas infecgdes por HIV em paises da América Latina e Caribe em 2015.
Adaptado de: UNAIDS, 2016.
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Em 2014, os grupos populacionais de adultos mais afetados por novas infeccgdes
por HIV, na América Latina e Caribe, englobaram os clientes de profissionais do sexo e
outros parceiros sexuais das populagdes chave, homem gay e homem que faz sexo com
homem (HSH) em relacdo aos grupos de transgénero, pessoas que fazem uso de drogas

injetaveis e profissionais do sexo (UNAIDS, 2016), como mostra a Figura 2.

Clientes de profissionais do
sex0 e outros parceiros
sexuais das populagdes ) -

Demais populacdes — 363
chave— 23% RopUiEE

Pessoa transgénero — 3%

Homem gay e H3H — 30% Profissicnais do sexo — 6%

Usugrios de drogas injetdveis — 2%

Figura 2. Distribuicdo das novas infec¢des por HIV entre grupos populacionais da América Latina e Caribe
em 2014. Adaptado de: UNAIDS, 2016.

O Programa Conjunto das Nacdes Unidas para HIVV/Aids (UNAIDS) sugeriu que
0 numero de mortes decorrentes da aids diminuiu 40% no perido de 2004 até 2015 (cerca
de 15,8 milhdes de pessoas), possivelmente devido ao aumento do acesso da populacéo
ao tratamento e a eficicia da TARV. Essa reducdo na mortalidade pelo HIV/Aids ocorreu
principalmente pela reducdo de novas infeccdes em criangcas menores de 15 anos e a
administracdo da TARV em gestantes (UNAIDS, 2015).

No Brasil, desde o inicio da epidemia até mar¢o de 2016, foram notificadas mais
de 830 mil pessoas vivendo com HIV e mais de 15 mil mortes com causa base relacionada
a aids (UNAIDS, 2016).

Dados mais atuais, publicados no Boletim Epidemioldgico da Secretaria de
Vigilancia em Satde do ano de 2018 (MINISTERIO DA SAUDE DO BRASIL, 2018),
indicam o diagndstico de 42.420 novos casos de HIV e 37.791 casos de aids no Brasil.
Entre os anos de 2007 até junho de 2018 foram observados 247.795 casos de infec¢do em

todo o pais distribuidos da seguinte maneira entre as regides: 47,4% (117.415 casos) na



23

regido Sudeste, 20,5% (50.890 casos) na regido Sul, 17% (42.215 casos) na regido
Nordeste, 8% (19.781 casos) na regido Norte e 7,1% (17.494 casos) na regido Centro-
Oeste. Quanto ao sexo, 68,6% dos casos ocorreram em homens e 31,4% em mulhes, com

uma razao entre os sexos de 2,6 (H:M), para o ano de 2017.

Baseado nos dados epidemioldgicos, o Departamento de DST, Aids e Hepatites
Virais (DDAHV) do Ministério da Salde entende que a melhoria da qualidade de vida e
reducdo da transmissdo do HIV estdo atreladas a iniciativas que visem intensificar as
acdes de diagnostico e acesso ao teste de HIV no intuito de administrar precocemente as
TARVs (MINISTERIO DA SAUDE, 2014).

Neste sentido, 0 UNAIDS definiu como meta global at¢é o ano de 2020
diagnosticar 90% de toda populacéo infectada, desta 90% deve receber a TARV, e desta
90% deve ter carga viral suprimida, meta essa denominada como 90-90-90 (UNAIDS,
2016). Globalmente, no ano de 2017, 75% das pessoas vivendo com HIV/aids (PVHA)
tinham conhecimento do seu status de infecgédo, das quais 79% faziam uso da TARV, e
81% das que tinham acesso a terapia alcangaram a supressdo da carga viral. Porém, apesar
do progresso observado, apenas um percentual de aproximadamente 47% das PVHA
suprimiram a carga viral até o final do ano de 2017 (Figura 3) (UNAIDS, 2018).
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Figura 3. Estado de conhecimento e lacunas de tratamento e supressao viral no mundo, em 2017. Adaptado
de: UNAIDS, 2018.
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e Histdrico da Infeccdo

Registros do Centro de Controle de Doencas (CDC) atestam a presenca da HIV-
1, em amostras sorologicas de individuos com hepatite, desde o ano de 1979, em Los
Angeles, embora 0s surgimento dos primeiros casos e a descoberta do virus tenha
acontecido apenas em 1983. O diagnéstico mais antigo que se tem registro ocorreu em
Kishna, capital da Republica Democréatica do Congo, através de uma amostra de soro
coletada em 1959 (DE COCK; JAFFE; CURRAN, 2011).

No inicio dos anos 80 comecaram a ser feitos os registros dos primeiros casos da
deficiéncia imune, mas o conhecimento sobre a nova doenca ainda era escasso.
Inicialmente, 0 que se sabia sobre a doenca que posteriormente seria chamada de
Sindrome da Imunodeficiéncia Adquirida (do inglés, Acquired Immunodeficiency
Syndrome — aids), era que estava relacionada ao comportamento sexual masculino e
usuarios de drogas injetaveis, sendo assim determinado os primeiros grupos de risco.
Posteriormente, hemofilicos, receptores de transfusdo sanguinea e heterossexuais também
foram incluidos como de risco (DE COCK; JAFFE; CURRAN, 2011).

Na Califérnia, em 1981, casos de pneumonia por Pneumocystis carinii e,
posteriormente, outras doengas oportunistas além de sarcoma de Kaposi em
homossexuais foram os primeiros casos registrados da doenca publicados pelo CDC (DE
COCK; JAFFE; CURRAN, 2011).

Em 1983, o numero de casos de aids ja era superior a 1000, estando distribuidos
em varios paises do mundo. Com isso, 0 CDC concluiu que o agente etioldgico, dessa
sindrome, tinha capacidade de ser transmitido e apresentava um periodo de laténcia
clinica antes de desenvolver a doenca. O agente podia ser transmitido por seu portador
sem que 0 mesmo apresentasse 0s sintomas, sugerindo que o nimero de infecgdes pelo
HIV e dos casos de aids eram subestimados. Ainda nesse ano, o patégeno foi isolado, por
dois grupos de estudo independentes, a partir de células do sistema imune de pacientes
gue apresentavam os sintomas da aids (BARRE-SINOUSSI et al., 1983; COELHO, 2013;
VALERIANO, 2016).

Luc Montagnier auxiliou Francoise Barré-Sinoussi e colaboradores na descricao
de um tipo viral presente em individuos com linfadenopatia, que foi denominado de Virus
associado a Linfadenopatia (LAV). No mesmo periodo, Robert Gallo e colaboradores

descreveram outro tipo viral ao qual denominaram de Virus Linfotrépico Humano tipo
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I (HLTV-IIl) como causa da deficiéncia imune. Posteriormente, a realizacdo de
clonagem e sequenciamento do material genético dos virus mostraram ser uma Unica
espécie causadora da aids. Tratava-se entdo de um retrovirus denominado Virus da
Imunodeficiéncia Humana (HIV) em 1986 (SILVA, 2015).

A partir de 1984, os primeiros testes soroldgicos para diagnostico do HIV foram
disponibilizados. Trés anos depois a primeira droga antirretroviral foi apresentada,
chamada azidotimidina (AZT) ou zidovudina (ZDV), porém com resultados
insatisfatorios, impulsionando o desenvolvimento de outras drogas. Em 1996, a
introducdo da terapia antirretroviral altamente ativa (do inglés highly active antiretroviral
therapy — HAART), baseada na combinacdo de trés drogas antirretrovirais, mudou o
panorama do tratamento anti-HIV por reduzir a carga viral e consequentemente

possibilitar a recuperacdo imunoldgica da maioria dos pacientes (SILVA, 2015).

e Aspectos Morfologicos, Gendmicos, Filogenéticos e Clinicos da infeccdo pelo
HIV

O HIV se apresenta como uma particula esférica com diametro entre 100 e 120
nanémetros (BRASIL/ MINISTERIO DA SAUDE, 2013), envolvido por uma bicamada
lipidica de origem hospedeira, formando o envelope viral. A regido central é composta
por uma estrutura cdnica, chamada de capsideo, o qual abriga duas méléculade RNA de
fita simples, além das enzimas fundamentais ao ciclo viral: transcriptase reversa,
integrase e protease (Figura 4) (ABBAS; LICHTMAN; PILLAI, 2018; HUTCHINSON,
2001; WATTS et al., 2009).
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Figura 4. Composicao e genoma do HIV. Estrutura de um virion maduro de HIV, apresentando as proteinas
no nucleocapsideo, protease (PR), transcriptase reversa (RT), integrasse (IN), glicoproteinas do envelope
(gp120 e gp41l) e proteina da matriz (p17). Adaptado de: BARMANIA & PEPPER, 2013.

A estrutura genética do HIV-1 é composta por um genoma de mais de 9 mil pares
de bases (pb) de nucleotideos. Apresentam-se em toda a extensao cerca de nove genes, a
partir dos quais sdo sintetizadas 15 proteinas, podendo ser classificadas em proteinas
estruturais e proteinas ndo-estruturais (ABBAS; LICHTMAN; PILLAI, 2018; WATTS
et al., 2009).

O genoma viral ¢é parcialmente semelhante entre os tipos virais 1 e 2 e engloba os
principais genes codificadores de proteinas estruturais e enzimas virais (gag, env e pol),
além de genes que controlam as fungdes acessorias e regulatorias (tat, rev, nef, vpu, vpr,
vif) (Figura 5). Os genes gag, env e pol codificam, respectivamente, a proteina p55, a
partir da qual ocorre a formacéo de proteinas estruturais do capsideo contendo protease,
transcriptase reversa e integrase; a glicoproteina precursora gpl160 cujas glicoproteinas
originadas atuam na fusdo e ligacdo aos receptores virais do hospedeiro gp4le gpl20; e
as enzimas estruturais p66 e p51 que formam a Transcriptase Reversa (RT) envolvida na
replicagéo do HIV (WERSOM et al., 2013). O precursor de gag gera, proteoliticamente,
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a matriz, o capsideo, a proteina p6 e o nucleocapsideo, cujas proteinas ajudam no
dobramento do RNA viral (WATTS et al., 2009).
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Figura 5. Esquema do genoma do HIV-1 mostrando as regides de codificacdo das proteinas virais em cinza,
juncdes de dominio de poliproteina em barras verticais, proteinas acessorias e regulatorias, envelope (Env),
capsideo (CA), integrase (IN), matriz (MA), nucleocapsideo (NC), protease (PR), transcriptase reversa
(RT) e as repeticdes terminais longas flanqueando os genes (5’LTR e 3’LTR). Modificado de: WATTS et
al., 20009.

O “botao” viral ¢ formado por trés proteinas gpl120 ligadas por ligacdes ndo
covalentes a trés proteinas transmembranas gp4l. A gpl20 sofre modificagio
conformacional apds ligacdo com o receptor CD4 celular, a qual é necessaria para facilitar
a entrada do virus na célula alvo, garantir a continuidade da interagdo entre gp120 e gp41

e a intermediacdo deste processo pela gp4l (PANCERA et al., 2010).

O ndcleo viral apresenta as proteinas p17 da matriz, p24 do capsideo e, p6 e p7 do
nucleocapsideo. A proteina do capsideo é responsavel por formar uma capa protetora em
volta do material gendémico. As proteinas p6 e p7 sdo responsaveis pela estabilizacdo do
RNA, montagem de nucleocapsideos e do virus, bem como a participacao do processo de
brotamento viral (BARMANIA; PEPPER, 2013).

Tat é uma proteina regulatoria que ativa a transcri¢ao viral no nucleo das células
hospedeiras, além de estimular a expressdo dos co-receptores virais CCR5 e CXCR4
(HERBEIN et al., 2010; VALERIANO, 2016). Ja a Rev regula o processo de remocao
dos introns, unido entre os éxons apos a transcri¢cdo do RNA (splicing) e o transporte do
RNA formado (BATTISTE et al., 1996).
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Em conjunto com a Tat, as proteinas Nef e VVpr também participam da ativacdo da
transcricdo viral, embora Nef isoladamente desempenhe um papel importante na
modulacdo de diversas vias de sinalizacdo, na sintese e na liberacdo de citocinas pro-
inflamatoérias (HERBEIN et al., 2010). Vpu e Vif atuam no escape viral posterior ao
brotamento e na formac&o da estrutura do capsideo, respectivamente (STANLEY et al.,
2008; VALERIANO, 2016).

Nas extremidades 5’ e 3° do genoma existem repetigoes terminais longas (LTRs)
que apresentam as seguintes funcdes: regular a expressdo dos seus proprios genes e inserir

0 genoma do virus no hospedeiro (WATTS et al., 2009).

O HIV-1 pertence ao género Lentivirus e familia Retroviridae (FANALES-
BELASIO et al., 2010). Sua origem tem sido relacionado ao Virus da Imunodeficiéncia
de Simios (S1V), o qual a ap0s sofrer inimeras mutagdes, passou a infectar humanos que
se alimentavam da carne desses animais, entrando em contato com o virus. Ja o HIV-2,
possivelmente surgiu na Africa ocidental a partir de outro SIV que infectava primatas
mangabeis (VALERIANO, 2016).

O HIV-1 apresenta alta capacidade de mutagéo, atribuidas a transcriptase reversa
e & sua alta taxa de replicacéo, mais propensa a erros (NOMAGUCHI et al., 2017). E um
virus bastante diversificado e por isso € classificado em grupos e subgrupos conhecidos
por: grupos M (Main), O (Qutlier), N (non-M e non-O) e P. Incluidos no grupo M
encontram-se os subtipos A, B, C, D, F, G, H, J e K, quatro sub-subtipos do subtipo A
(AL, A2, A3, e a4) e dois sub-subtipos do subtipo F (F1 e F2), 51 formas recombinantes
circulantes (CRFs) e formas recombinantes Unicas (URFs) (VALERIANO, 2016).

Além de semelhancas genéticas, os dois tipos virais compartilham semelhancas
bioldgicas como a deplegéo de linfocitos T CD4+ e mecanismos para transativagdo. Em
contrapartida, o periodo de laténcia clinica na infeccdo por HIV-2 é mais extenso e a
progressao e transmissdo da doenca sdo expressivamente menores com carga viral mais
baixa no periodo assintomatico quando comparados ao HIV-1 (VIJAYAN et al., 2017).
As tabelas 1 e 2 mostram as comparagdes entre as infec¢es por HIV-1 e HIV-2 em

relacdo as caracteristicas clinicas e epidemioldgicas e as respostas das células T CD4+.
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Tabela 1. Aspectos clinicos e epidemioldgicos da deplecédo de células T CD4+ na infeccdo por HIV-1 e HIV-2,

Aspectos Clinico-epidemioldgicas do HIV-1 e HIV-2

HIV-1

HIV-2

Distribuicdo geografica

Transmissao heterossexual
Transmissao vertical

Duracéo do estagio assintomatico

Doenga clinica

Carga de DNA pro-viral
Carga de RNA plasmatico
Cinética da replicagdo viral
Aptiddo de infeccdo e transmisso

Uso de co-receptor

Global

A forma de transmissdo sexual é maior
A transmissdo de méae para filho é maior

O tempo para desenvolver AIDS varia de alguns meses a
muitos anos, com um tempo médio estimado de 9,8 anos

Se ndo tratadas, cerca de metade das pessoas infectadas
com HIV-1 desenvolvera AIDS dentro de 10 anos

Semelhante
Alta
Maior replicacdo e 100 vezes mais apto
Semelhante e 100 vezes mais apto

CXCR4 e CCR5

Restrito & Africa Ocidental com propagagéo limitada.
Também relatado em antigas col6nias portuguesas, como
Angola, Mogambique e Brasil, e em partes da india

Cinco vezes menor do que HIV-1
20 a 30 vezes menor do que HIV-1

Duragdo mais longa, variando de 10 a 25 anos

86-95% das pessoas infectadas com HIV-2 séo ndo-
progressores lentos

Semelhante
Alta
Replicagdo transitoria e menos apto
Similar e menos apto

Varios co-receptores como CCR1, CCR2, CCR3, CXCRS,
BOB, CCR5 e CXCR4

Fonte: VIDYA VIJAYAN et al., 2017.



Tabela 2. Aspectos da resposta celular de linfécitos T CD4+ na infec¢do por HIV-1 e HIV-2.
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Respostas das células T CD4 +
entre infeccbes por HIV-1 e HIV-2

HIV-1

HIV-2

Contagem de células T CD4+

Resposta de células T CD4+

Funcéo timica

Producéo de citocinas

Expressdo de CD57 em células T CD4+
Nivel de ativacdo de células T CD4+
Suscetibilidade a
Dominio SAM e Proteina 1

contendo dominio HD (SAMHD1)

Ativagdo imune e apoptose de células T

Nef

Menor comparado ao HIV-2 com carga viral indetectavel, mas
semelhante ao HIV-2 com maior carga viral

Menor capacidade proliferativa e multifuncionalidade, e maior
diferenciacédo

O HIV-1 pode replicar-se eficientemente no tecido timico. N&o
ha correlagdo com a taxa de perda de células T CD4+

As células produtoras de interleucina (IL) -2 e IL-4 diminuem
com a progresséo da doenga
Visto em menor frequéncia

Correlagdo positiva entre o nivel de lipopolisacarideo (LPS) e
citocinas pro-inflamatorias IL-12 e IFN-y

As células mieldides sdo resistentes a infecgdo viral

Maior ativagdo imune e mais apoptose

N&o diminui a modulagdo do complexo CD3-Receptor de
células T (TCR)

Mais alto em HIV-2 com carga viral indetectavel e semelhante ao
HIV-1 com maior carga viral

Melhor capacidade proliferativa, multifuncionalidade maior e
menor diferenciacéo

O HIV-2 é capaz de infectar o timo humano, mas isso esta
associado a replicacdo viral limitada. Correlata com menores
taxas de células T CD4+

As células produtoras de IL-2- e IL-4 sdo melhor preservadas. A
expressdo de células produtoras de IL-2 e Interferon (IFN) -y é
maior

Visto em maior frequéncia

Correlagdo negativa entre o nivel de LPS e citocinas pro-
inflamatdrias em individuos HIV-2 com carga viral indetectavel

A presenca de Vpx** permite a infecgdo viral de células
mieloides através da degradacdo de SAMHD1
Menor ativagdo imune e menos apoptose de célula T

Diminui a modulagdo do complexo CD3-TCR

Fonte: VIDYA VIJAY AN et al., 2017. **Proteina acessoria do HIV-2 e SIV.
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e Ciclo Replicativo

Sao alvos do HIV-1 os tipos celulares que expressam em sua superficie os receptores
CD4 e de quimiocinas, CCR5 (virus M-tropico) e CXCR4 (virus T-tropico) (Figura 6), como
exemplo os linfécitos T CD4+, mondcitos, macréfagos e células dendriticas presentes em
linfonodos, baco, medula 6ssea, pulmao, cérebro, figado e vagina, amidalas e reto (centros
germinativos linfoides e superficies linfoepiteliais) (LUCAS; NELSON, 2015). A transmissao
pode ocorrer pela liberagdo de virions no plasma sanguineo (transfusdo sanguinea,
compartilhamento de seringa contaminada) ou fluidos corporais como sémen, fluido vaginal e
leite materno, a partir de contato sexual sem uso de preservativo, amamentacdo ou durante o
periodo gestacional e no momento do parto (KILMARX, 2009; KOURTIS; BULTERYS,
2010).

HIV M-trapico HIV T-tropico
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Figura 6. Tropismo do HIV: M-trépico — mondécito/macrofago tropico; T-tropico — linfécito T trépico. Adaptado
de: FANALES-BELASIO, et al., 2010.

A replicacdo do HIV-1 exige sua entrada na célula hospedeira e 0 uso da maquinaria
dessa celula para sua propagacdo (BARMANIA; PEPPER, 2013). Seu ciclo replicativo
compreende as etapas de ligacdo, fusdo, desnudamento, retrotranscricdo, integracdo do
provirus, sintese e montagem de proteinas virais e brotamento (Figura 7).

A entrada viral na célula alvo envolve sua ligacdo a célula e, posteriormente, ativacao e
fusdo, processos que dependem das proteinas do envelope, gp4l e gpl20, por apresentarem
peptideo fusogénico e capacidade de ligacdo com o receptor CD4 celular. A ligagédo a gp120
possibilita uma mudanca estrutural do envelope viral, permitindo a fusdo da membrana viral

com a membrana da célula hospedeira, liberando para o citoplasma o capsidio viral. O capsideo
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viral sofre um processo de desmonte, chamado desnudamento, e dessa forma o RNA viral é
revelado e liberado dentro do citoplasma. Neste processo se encontram envolvidas as proteinas
pl7, Vif e Nef (BARMANIA; PEPPER, 2013; FANALES-BELASIO et al., 2010).

Infecgao por HIV Nowva particula de HIV
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Figura 7. Etapas do ciclo replicativo do HIV. 1 — Ligacdo, fusdo e entrada; 2 — Desnudamento; 3 —
Retrotranscricdo; 4 — Integracdo do provirus; 5 - Sintese e montagem de proteinas virais; 6 — Brotamento. Adaptado
de: Fanales-belasio, 2010.

O RNA liberado € entdo transcrito em uma cadeia dupla de DNA complementar (cDNA)
pela transcriptase reversa e, posteriormente, incorporado a um complexo pré-integracdo e
transportado para o nucleo da célula pela Vpr. Nesta etapa, a enzima integrasse promove a
integracdo do DNA viral no genoma do hospedeiro, gerando um provirus. Apos a integracéo, a
RNA polimerase hospedeira estimula a transcricdo e a producdo de Nef, Rev e Tat,
responsaveis, dentre outras fungdes, pela promocdo da transcricao e facilitacdo do movimento
do mRNA para o citoplasma (BARMANIA; PEPPER, 2013), onde ocorre a sintese e a
montagem das proteinas virais.

A cadeia de RNA, que n&o foi traduzida, se junta com as enzimas virais e séo envolvidos
pelas proteinas do nucleo, formando o capsideo viral de uma particula, ainda imatura, que migra
para periferia celular. Logo apds, varias proteinas virais sdo clivadas pela protease, permitindo
a formagdo de particulas virais infecciosas. O processo de brotamento das particulas virais

engloba a incorporacéo de proteinas da membrana celular hospedeira (HLA de classes I e Il e
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proteinas de adesdo) para que ocorra a adesdo do virus a outras células alvo de forma facilitada
(FANALES-BELASIO et al., 2010).

DIAGNOSTICO E TRATAMENTO

O diagnostico de infeccdo pelo HIV-1 pode ser feito por testes biologicos que detectem
a presenga de anticorpos anti-HIV em amostras de sangue, saliva e secrecfes vaginais, em um
intervalo de tempo entre trés e seis semanas, em média, apds a infec¢do, ou também a partir do
aparecimento de infecgbes oportunistas, que caracterizam um sinal evidente dessa doenca
(LAXMINARAYAN et al., 2006; WERSOM et al., 2013).

No Brasil, o diagnostico por esse tipo de infeccdo é regulamentado pela Portaria 29, de
17 de dezembro de 2013, e realizado em laboratorios a partir de testes sorologicos e
moleculares, ou ainda por testes rapidos durante 0 acompanhamento médico, seja domiciliar ou
em centros de testagem e aconselhamento. A partir da confirmacéo, o individuo é direcionado
a uma Unidade Bésica de Saude (UBS) do Sistema Unico de Satde (SUS) ou a um servigo
especializado (MINISTERIO DA SAUDE, 2014).

No intuito de obter uma resposta efetiva no controle da epidemia, estudos mostram que
é necessaria a identificacao do perfil epidemioldgico para que haja a priorizacéo de estratégias
de prevencdo (LAXMINARAY AN et al., 2006). Dessa forma, o Ministério da Sadde (MS) tem
priorizado uma combinag&o de fatores incluindo diagndstico precoce, tratamento e intervencdes
de prevencdo combinada, visando a continua melhoria do cuidado dos individuos
(MINISTERIO DA SAUDE, 2013).

O Brasil, desde 2013, é pioneiro, entre os paises em desenvolvimento, na adocgédo de
medidas que visam o tratamento como prevencdo (do inglés Treatment as Prevention - TasP).
Essas mediadas estabelecem o tratamento imediado ap6s o fechamento diagnéstico, |,
independente da contagem de CD4, visando a melhoria da qualidade de vida das pessoas
vivendo com HIV/aids (PVHA) e a reducdo da transmissao viral. Para tanto, os pacientes sdo
acompanhados pelos servicos de saude, em média, a cada trés meses para avaliacdo das
dosagens de carga viral (CV), contagem de células T CD4+ e dosagens laboratoriais de rotina
(MINISTERIO DA SAUDE, 2014).

Com o surgimento da Terapia Antirretrovial (TARV), que atua eficientemente na
supressdo da replicacdo viral, o0 nimero de casos de morbimortalidade associados & aids

diminuiu significativamente, tornando crénica uma doenca que antes era considerada fatal
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(BRASIL/ MINISTERIO DA SAUDE, 2013; COELHO, 2013; CORBEAU; REYNES, 2011;
TOZZI, 2010).

Inicialmente adotou-se aa monoterapia, com o uso do primeiro medicamento anti-HIV,
a azidotimidina (AZT) (VELLA et al., 2012), no entato, com o passar do tempo, essa droga se
mostrou ineficiente quanto a promocdo da supressao da replicacéo viral devido a resisténcia
adquirida decorrente das altas taxas de mutacGes no genoma do HIV-1 ocasionadas pela
Transcriptase Reversa (TR) (TANG; SHAFER, 2012). Novos ensaios clinicos direcionaram a
terapia para a utilizacdo da combinacdo de mais de um antirretroviral, atuando em sitios
distintos na replicacéo viral , diminuindo as chances de resisténcia simultanea e aumentando o
éxito no combate do virus (CRESSEY; LALLEMANT, 2007; HAMMER, et al., 1996).

Os principais antirretrovirais que integram a TARV sdo classificados de acordo com 0s
seguintes regimes a depender do sitio ativo e modo de a¢do: Inibidores da TR Anélogos a
Nucleosideos (INTR), Inibidores da TR ndo Analogos a Nucleosideos (INNTR), Inibidores de
Protease (IP), Inibidores de Integrase (do inglés integrase strans transfer inhibitor, INSTI),
Inibidores de Fusao (IF) e Inibidores antagonistas do CCR5 (IAC) (BARREIRO et al., 2014;
COELHO, 2013; CRESSEY; LALLEMANT, 2007; MICHAUD et al., 2012; TOZZI, 2010).

Os INTRs séo analogos de nucleosideos ou nucleotideos que interrompem a sintese do
material genético do virus, sendo os primeiros medicamentos antirretrovirais disponiveis. Os
INNTRs também impedem a sintese do material genético do virus através ligacdo aos sitios
alostéricos da transcriptase reversa, impedindo sua atividade. Os IPs interagem com a protease
viral impedindo o processamento correto das proteinas, abolindo sua infectividade, mas seu
efeito antirretroviral é também dependente da sua farmacocinética (COELHO, 2013;
CRESSEY; LALLEMANT, 2007). Os INSTI atuam diretamente na integragédo do DNA viral
ao genoma hospedeiro. Ja os os IAC impedem a utilizacdo dos receptores CCR5 e CXCR4 pelo
HIV-1 para entrar na célula alvo, através do bloqueio antagonista desses receptores
(MICHAUD et al., 2012). J4 os IF impedem a fusdo entre o envelope viral e a membrana celular
(VALERIANO, 2016).

A Organiza¢do Mundial da Saude (OMS) preconiza 0 uso de regimes como primeira
linha por serem mais simplificados, menos toxicos e mais convenientes como combinacdes de
dose fixa. Nesse regime se encaixam as classes de INTR e INNTR. Como segunda linha, sdo
utilizadas as classes INTR e IP. E recomendado o uso de esquemas com trés drogas combinadas

(duas drogas INTR e uma INNTR ou IP) embora sejam tambem administrados esquemas com



35

quatro ou cinco drogas em casos de falha virolégica ou cepas resistentes a alguns
antirretrovirais (ALVES et al., 2012; MINISTERIO DA SAUDE, 2014).

A OMS classifica sumariamente o regime de primeira e segunda linhas de tratamento

para adultos como mostra a Tabela 3.

Tabela 3. Regimes de primeira e segunda linhas de TARV para adultos.

Regimes principais
Tenofovir (TDF) + Lamivudina (3TC) ou Emtricitabina

Até dezembro de 2018 (FTC) + Efavirenz (EFV)
A partir de dezembro de 2018 Tenofovir (TDF) + Lamivudina (3TC) + Dulotegravir
(DTG)

Zidovudina (AZT) + Lamivudina (3TC) + Efavirenz (EFV)
Regimes secundarios ou Nevirapina (NVP)

Até dezembro de 2018 Tenofovir (TDF) + Lamivudina (3TC) ou Emtricitabina
(FTC) +Nevirapina (NVP)

Zidovudina (AZT) + Lamivudina (3TC) + Dulotegravir
A partir de dezembro de 2018 (DTG) ou Tenofovir (TDF) + Lamivudina (3TC) +

Atazanavir/Ritonavir (ATV/r) ou Tenofovir (TDF) +

Lamivudina (3TC) + Darunavir/Ritonavir (DRV/r)

Fonte: Organizacdo Mundial da Sadde, 2013; Ministério da Saude, 2018.

No Brasil, 0 acesso ao tratamento é universal, gratuito e garantido por lei, 0 que tem
reduzido notavelmente a incidéncia de infec¢cdes oportunistas (EGGERS et al., 2017). No
entanto, cerca de 25% dos pacientes interrompem a TARV por condi¢cbes relevantes como
toxicidade medicamentosa, efeitos colaterais frequentes e/ou severos, incapacidade de suprimir
a carga viral a niveis indetectaveis (falha viroldgica) e resisténcia adquirida ou cruzada de um
medicamento sobre o outro (MICHAUD et al., 2012; MONTESSORI et al., 2004).
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IMUNOPATOGENESE DO HIV-1, MECANISMOS DE ATIVAGAO CELULAR E
APOPTOSE EXTRINSECA

e Receptores de Morte e seus Ligantes

O Fator de Necrose Tumoral alfa (TNF-a) é representante de uma familia de citocinas
e proteinas de superficie celular, como o Ligante do Fas (FasL/CD95L), que apresentam
semelhancas em sequéncias de residuos responsaveis por sua trimerizaco. E produzida por
diversos tipos celulares como linfécitos, macrofagos e mondcitos em resposta a inflamacao,
infeccdo e outras influéncias ambientais induzindo, por exemplo, respostas celulares como
ativacdo e migracao de leucocitaria, febre, respostas de fase aguda, proliferacdo e diferenciacdo
celulares e apoptose (BAUD; KARIN, 2001). Essa citocina é capaz de induzir diversas repostas
imunoldgicas através da sinalizacdo por dois tipos de receptores ligados a membrana, os do tipo
| (CD120a/TNFR1 - TNFRSF1A gene) expressos em todos os tipos celulares, e os do tipo Il
(CD120b/TNFR2 - TNFRSF1B gene) expressos principalmente em células do sistema imune
(SENNIKOV et al., 2014).

Condicdes patoldgicas estimulam a clivagem do precursor do TNF-a em duas formas
funcionais: uma forma associada a membrana plasmaética, que se liga preferencialmente ao
TNFR2, e uma forma solluvel, que se liga de maneira mais especifica a0 TNFR1
(PASQUEREAU; KUMAR; HERBEIN, 2017).

Os receptores TNFR1 correspondem a um grupo da familia dos receptores de morte
encontrados nos seres humanos, sendo classificados de acordo com a diversificagao estrutural,
0 que caracteriza a especificacdo das funcbes de cada grupo (SESSLER et al., 2013). Ja o
TNFR2 desempenha papel importante na poliferacdo celular e ativacao celular estimulada por
antigeno (MUKAI et al., 2013).

Os receptores do Fator de Necrose Tumoral (TNFR) apresentam em sua estrutura um
dominio extracelular, de ligacdo com o ligante, e um dominio intracelular, que atua como
mediador das vias de sinalizacdo celular e onde se localiza uma porcéo de interacdo proteica
chamada dominio de morte (DD), podendo ser classificados como: ativadores (incluindo CD40
ou TNFR2) ou de morte (incluindo TNFR1 e Fas) (Figura 8) (LI; YIN; WU, 2013).
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Figura 8. Componentes proximais das vias de transducéo de sinal do Fator de Necrose Tumoral (TNF), TNF
Receptor do tipo 1 (TNFR1), TNF Receptor do tipo 2 (TNFR2) e Fas e as suas rela¢gdes com a ativagéo e a inibicao
da morte celular programada e inflamacéo. Adaptado de: BAUD & KARIN, 2001.

A ligacdo TNFR1 com o0 TNF-a leva a uma mudanga conformacional desse receptor
induzindo o recrutamento de moléculas adaptadoras culminando na ativagdo das vias de
sinalizacdo intracelulares (LI et al., 2010). TNFR1 e Fas, transduzem sinais apoptoticos e anti-
inflamatorios através do recrutamento de proteina dominio de morte associada ao Fas (FADD)
e recrutamento e subsequente ativacdo de caspase 8. TNFR1 medeia também as respostas anti-
apoptoticas e inflamatorias através do recrutamento de Fator 2 associado ao Receptor TNF
(TRAF2) e Proteina 1 de Interacdo com o Receptor (RIP1). Outros membros da familia de
receptores de TNF, tais como TNFR2, recrutam TRAF2 e TRAF1 para transmitir 0s seus sinais
anti-apoptoticos e inflamatorios (BAUD; KARIN; KARIN, 2001).

A ativacdo desses sinais e consequente ativacdo da proteina DD associada ao receptor
TNF (TRADD), a qual recruta as proteinas RIP1 (proteina cinase que interage com o receptor),
clAP1 e 2 (proteina inibidora de apoptose celular 1 e 2) e TRAF2 (fator 2 associado ao receptor
TNF) (LI; YIN; WU, 2013), dispara uma cascata de sinaliza¢do, induzindo a ativagéo de um
complexo proteico, denominado NF-kB (fator nuclear-kappa B) (SHIBATA et al., 2012), que
por sua vez, ativa genes pro-inflamatdrios quando translocado para o ndcleo (Figura 9)
(CUBERO et al., 2013).



38

TNF

TNFR1

A20/CYLD '

\g; K63-poli Ub

B
"™
a MLKL
Caspase . E S
b

Inibicdo

@
IKK

Ativacio de NF-xB Apoptose celular Necrose celular

Figura 9. Resumo das vias de sinalizacdo da superfamilia de receptores de TNF. Apos a ligagdo do TNF com
TNFR1, ocorre o recrutamento de moléculas adaptadoras (TRADD, TRAF2 e RIP1). A formag&o do complexo de
moléculas adaptadoras recruta proteinas inibidoras de apoptose (IAP1/2) que agem formando cadeias de ubiquitina
ativando NF-xB. A quebra das cadeias de poliubiquitina induz a ativagéo de outras moléculas adaptadoras (FADD.

RIP3) e caspases estimulando mecanismos pro-apoptoticos. Modificada de: L1 et al., 2013.

Linfécitos T CD8+ também desempenham papel importante no combate a infec¢fes por
HIV-1 (KUERTEN et al., 2008). A indugdo de morte celular por ativacdo de Fas/FasL, a
secrecdo de perforina e granzimas, e também de IFN-y, a partir desses linfocitos séo
mecanismos ativados no intuito de impedir a disseminacéo do virus (CHORIN et al., 2014). As
perforinas, juntamente com granzimas B, sdo armazenadas em granulos no citoplasma dos LT
CD8+, sendo liberadas para a célula-alvo apenas quando ha reconhecimento do antigeno, o que
possibilita a insercdo de suas moléculas na membrana celular, ativando caspases e conduzindo
a morte (KUERTEN et al., 2008).

O antigeno Fas pertence a familia do TNF-a ¢ sua ligagdo com o ligante, ativa
mecanismos apoptdticos semelhantes aqueles induzidos pelo TNF, principalmente em células
T do sangue periférico, sendo assim considerada como uma possivel via para apoptose em
células infectadas pelo HIV-1 devido ao alto nivel de expressdo detectavel de FasL/Fas em
macrdfagos de pacientes infectados (MBITA; HULL; DLAMINI, 2014).

e Fator de Transcricdo Nuclear kappa B

O fator de transcricdo nuclear kappa B (NF-xB) consiste em um fator dimérico
composto por membros da familia Rel/NF-xB, dentre eles p50, p52, RelA, RelB e c-Rel
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(SHIBATA et al., 2012), que age como um fator de transcricdo essencial envolvido em
respostas imunes inata e adaptativa, inflamacéo, adeséao e sobrevivéncia celular (SHEMBADE;
HARHAJ, 2010; TOKUNAGA et al., 2012). Tais fatores sdo reguladores chave da imunidade
e de processos inflamatorios induzidos por les6es e infecgdes (NAPETSCHNIG; WU, 2013).

A regido dimérica do NF-«xB, que se liga ao DNA, consiste em subunidades da familia
Rel onde sdo formados dois dominios do tipo imunoglobulina: o terminal-C e o terminal-N de
contato com o DNA. Além disso, encontram-se seis proteinas inibidoras kB, que controlam a
ativacdo dos dimeros e liberacdo do NF-xB, através da fosforilacdo e degradacdo pelo
proteassoma (NAPETSCHNIG; WU, 2013). A fosforilacdo desse inibidor ocorre de forma
rapida e atraves de um complexo especifico de E3 ubiquitina ligase (KARIN; DELHASE,
2000).

Sua via comum de ativacdo estd relacionada ao TNF-o, uma citocina pleiotropica
(FRAGOSO LONA et al., 2013), pré-inflamatoria e envolvida na patogénese de diversas
doengas como artrite reumatoide (GARG et al., 2013), neuropatia periférica diabética (SHI et
al., 2013) e psoriase (DOGRA; KHULLAR, 2013).

e A20

A molécula A20 atua de forma antagdnica a via comum do NF-xB. Trata-se de uma
proteina desubiquitinadora, composta por multiplos dominios, com funcdo anti-inflamatoria e
pré-apoptotica, codificada pelo gene TNFAIP3 (GARG et al., 2013; MA; MALYNN, 2012;
SHEMBADE; HARHAJ, 2010; TOKUNAGA et al., 2012). Essa proteina € induzida por TNF-
a e IL-1 que regula negativamente a expressdo de NF-kB (HEYNINCK et al., 1999), além de
modificar ubiquitina dupla e apresentar importancia terapéutica no tratamento de doencas onde

haja resposta inflamatoria no processo patogénico (LIN et al., 2008).

Estudos mostram que a A20, na maioria das células, é induzida pelo NF-«xB e atua num
ciclo contrario a esse fator, equilibrando a transitoriedade da sua resposta, de forma que
camundongos que ndo a apresentam sofrem, por exemplo, de inflamacdo de maltiplos érgéos
(SHEMBADE; HARHAJ, 2010). Embora essa condi¢do ndo seja bem esclarecida, outras
abordagens indicam que ha também sua indugdo em outros tipos celulares, além das endoteliais
humanas, por tipos variados de estimulos tais como infec¢des virais, tratamento com LPS, e o
envolvimento de CD40 e CD30 (LIN et al., 2008).
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Atualmente é descrito que pela via do receptor do TNF-a, a E3, a TRAF2 ¢ a RIP1 sdo
alvos de A20, enquanto que pelas vias de sinalizacdo por IL-1R e TLR, a TRAF6 € o seu alvo
chave (GARG et al., 2013). Segundo Ma e Malynn (2012), essa molécula de sinalizacdo anti-
inflamatoria, é de grande importancia, pois regula diversas funcdes das células imunolégicas,
prevenindo doencas em condi¢des experimentais semelhantes as condi¢cdes humanas, e por

regular a sobrevivéncia celular.

Os mecanismos moleculares pelos quais a A20 executa variadas fungées como morte
celular e inibicdo de NF-xB sdo incompreendidos, mas entende-se que sao relacionados a
regulacdo de sinalizacdo dependente de ubiquitina (MA; MALYNN, 2012). Dentre as rotas
possiveis de morte celular pode-se encontrar a apoptose, que é a mais comum forma de morte
em infecgdes por HIV-1 (KORNBLUTH, 1994), e também a necroptose como tipo distinto de
apoptose sendo essa uma alternativa em que a caspase 8 cliva e, dessa forma, inativa a RIP1 ou
a RIP3 pela via dependente do TNFR1 (LI; YIN; WU, 2013).

e Imunopatogénese do HIV-1 e Apoptose

O HIV-1 tem capacidade de infectar células latentes e provocar efeitos citopaticos em
curto prazo, sendo essa infec¢do dada quando a glicoproteina do seu envelope (codificada pelo
gene Env) se liga ao CD4 celular e a um correceptor de quimiocina (ABBAS et al., 2011).

A infeccdo por HIV-1 é caraterizada pela ativagcdo continua do sistema imunolégico.
Macrofagos e outros tipos celulares sdo permissivos a infecgdo, modulando as vias de
sinalizacdo e 0s mecanismos apoptoticos proprios do hospedeiro (HERBEIN et al., 2010;
MBITA; HULL; DLAMINI, 2014).

A patogénese do HIV-1 ¢é desencadeada pela deplecédo dos linfocitos T CD4, que leva a
imunodeficiéncia, e a presenca de células latentes (macréfagos associados ao intestino), que
servem como reservatorios virais. Esses reservatorios possivelmente sofrem regulagdo negativa
dos receptores CD4 e CCR5 induzida pelo estroma intestinal, diminuindo a ativacdo de NF-xB
(KUMAR; ABBAS; HERBEIN, 2014).

Enguanto ocorre o declinio do percentual de linfécitos, o nimero de macréfagos
permanece constante contribuindo para a replicagdo viral. Tal declinio é consequéncia da

atuacdo dos linfocitos T CD8+ (LT CD8+) que matam os LT CD4+ infectados de forma que o
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hospedeiro se torna imunocomprometido e suscetivel a novas infec¢Bes oportunistas e novas
patologias (MBITA; HULL; DLAMINI, 2014).

O mecanismo que dispara o declinio progressivo de LT CD4+ em individuos infectados
é controverso. A maioria das infecgfes ocorre em células T latentes que expressam quantidades
minimas de proteinas virais (CHORIN et al., 2014). Acredita-se que na auséncia de relacéo
significativa entre a morte celular por apoptose e 0 TNF-a (Fator de Necrose Tumoral alfa) ou
0 Ligante indutor de apoptose relacionado ao TNF (TRAIL), embora ndo tenham sido
observados dados publicados suficientes para tal confirmacdo. Ja De Pablo-Bernall e
colaboradores (2014) dizem existirem concentragdes persistentemente altas de TNF-a e 1L-6

(Interleucina-6) no plasma de individuos infectados por HIV néo tratados.

Outros estudos tratam um dos fatores responsaveis pela perda de LT CD4+ durante
infecgbes por HIV-1 como sendo a morte celular por apoptose. Corbeau e Reynes (2011)
abordam em seu estudo, dentre outros fatores, sobre a intensidade da apoptose induzida por Fas
apos a TARV. Nesse contexto, é mostrado que a apoptose tem sido inversamente correlacionada
com a progressdo de LT CD4+ e, dessa forma, € natural que SNPs em genes como TRAIL, Fas,
FasL e Bim relacionados a apoptose tenham associacdo com o aumento da contagem de LT
CD4+ através da terapia.

Variagdes nos genes relacionados as vias de resposta imunoldgica podem apresentar
influéncia na interacdo entre o virus e o hospedeiro (COELHO et al., 2013). Estudos prévios
envolvendo polimorfismos de base Unica (SNPs) no TNFR1 e TNF-a, desenvolvidos por Xu e
colaboradores (2014), Rittore e colaboradores (2014) e Zidi e colaboradores (2015) apontaram
relagdo entre os SNPs estudados e severidade da Sindrome Periddica Associada ao TNFR, ao
aumento da producdo e transcricdo do TNF-a e aumento do risco de evolugdo de tumores

cervicais, respectivamente.

De acordo com Herbein e colaboradores (2010), é crucial entender as vias de sinalizacdo
envolvidas na ativacdo de macrdfagos a partir de infec¢des por HIV-1 visto que essa abordagem
pode levar ao desenvolvimento de novas terapias. Para tanto, foi proposto um modelo para a
patogénese do HIV-1 baseado em interacfes entre macrdéfagos e linfocitos. Esse modelo
envolve a capacidade das proteinas virais na modulacdo de vias de sinalizagdo em macréfagos,
que resulta na deplecédo dos linfdcitos T e formac&o de reservatdrios virais. Por esse modelo, a
proteina viral Nef, expressa no inicio do ciclo viral, regula negativamente a expressao de CD4,

CD28, MHC de classe I na superficie celular e varias vias de sinalizacdo. Ja a proteina Tat é
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tida como crucial para a replicacdo viral, enquanto Vpr tem sido relacionada com efeitos
pleiotropicos tanto na replicagdo viral, como na producdo de citocina e transcrigdo mediada por
NF-xB e apoptose. A gp120 também esta envolvida na producéo de citocinas pro-inflamatérias
e quimiocinas, que podem aumentar a expressao de TNF-a e seus receptores, conduzindo a
apoptose de células T CD8+ e contribuindo para a persisténcia viral e a supressao imunolégica
(Figura 10).
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Figura 10. Patogénese do HIV-1 baseada na interagdo entre macréfagos e células T. Observa-se a modulagéo das vias de
sinalizagdo por fatores virais (Tat, Nef e gp120) em macrofagos e a formagdo de reservatorios virais. A gpl20 aumenta a
producdo de citocinas pré-inflamatérias e quimiocinas que atraem células para a periferia dos macr6fagos aumentando o
ntmero de células alvo para futuras infecgdes enquanto Nef, Tat, Nef e Vpr ativam mecanismos anti-apoptéticos favorecendo
a persisténcia do virus e contribuindo para a formacéo de reservatorios virais. Por outro lado, Tat induz a secrecao de ligantes
de morte (TRAIL) e a gp120 aumenta a producdo de TNF-a e receptores de morte (TNFR2 e Fas) conduzindo as células
vizinhas a apoptose, aumentando a supressdo imunol6gica. Modificado de: HERBEIN et al., 2010.

Ainda de acordo com Herbein (2010), na patogénese do HIV-1 em macréfagos, Nef
atua prevenindo a morte mediada por receptores do TNF e Fas, visto que inibe ASK-1 (quinase
1 reguladora do sinal de apoptose), caspase 8 e caspase 3. Em seu modelo de patogénse baseado

na interacdo entre macrofagos e linfécitos T, a gpl120 viral aumenta a producdo de citocinas
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pré-inflamatorias e quimiocinas, recrutando outras células T para a vizinhanga dos macréfagos
infectados, aumentando a infectividade e a formacdo de reservatérios virais, onde a acao
conjunta de Nef, Tat e Vpr mantém a transcricdo viral. Por outro lado, Tat e Nef induzem a
ativacdo de célula T e a liberacdo de TRAIL, enquanto a gp120 induz a expressao de receptores
de morte (Fas e TNFR) em LT CD4+ e CD8+ e participa da morte dessas células por apoptose,
contribuindo assim para a persisténcia viral e supressdo do sistema imune durante a infeccéo.
Dessa forma, percebe-se que, em macrofagos, a interacdo entre as proteinas envolvidas na
patogénese do HIV-1 estd bem determinada, mas em linfécitos essa interagdo permanece

incerta.

A apoptose se apresenta como um mecanismo importante de deplecdo de células T na
infeccdo pelo HIV-1 (PITRAK et al., 2014). Esse tipo de morte celular programada ocorre por
duas vias que se convergem: a extrinseca e a intrinseca. Tais vias sdo induzidas pela ativacédo
de receptores de morte e seus ligantes, ou mesmo, pela ruptura da membrana mitocondrial, a
partir da perda do potencial da membrana em decorréncia do desequilibrio entre proteinas da
familia Bcl-2, que aumenta a permeabilidade dos poros membranares e permite 0
extravasamento de citocromo c, ativando as caspases. Pela extrinseca, as ligagcdes entre
FasL/Fas ¢ TNFo/TNFR 1 estimulam caspases ativadoras 8 e 10 e, consequentemente, caspases
efetoras 3 e 7 levando a morte da célula (MBITA; HULL; DLAMINI, 2014; PITRAK et al.,
2014). Em células vizinhas ndo infectadas, a apoptose ocorre por meio de mecanismos ja
estabelecidos como a liberacdo de inositol trifosfato (IP3) e sinais de célcio pelas juncdes gap,
além de interac@es proteina-proteina, por exemplo (CASTELLANO; PREVEDEL; EUGENIN,
2017).

Em infeccBes virais, a regulacdo da apoptose visa favorecer a replicacdo e sobrevivéncia
do virus através da ativacdo de pré-caspases e caspases. Por outro lado, esse mesmo mecanismo
em infeccOes persistentes, contribui para a persisténcia e/ou laténcia viral (SCHNEPPLE et al.,
2011).

Em um panorama mais atual, o estudo desenvolvido por Castellano, Prevedel e Eugenin
(2017) também aborda a formacao de reservatérios virais em macrofagos e células da micréglia,
através de mecanismos que envolvem a molécula pré-apoptotica Bim, reguladora negativa da
Bcl-2. Nas condicGes avaliadas, a Bim apresentou expressdo aumentada em alguns macréfagos
sobreviventes pos-infeccao, sugerindo uma funcéo alternativa de Bim nessas células ou que o

HIV pode bloguear sua acdo apoptoética e, assim, possibilitar a formacdo dos reservatorios.
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A ativacdo apoptdtica pelo HIV-1 tem sido relacionada a atuacdo de genes e proteinas
virais ligadas diretamente a infeccdo. Segundo Garg, Mohl e Joshi (2012), o gene Env se
destaca na ligacéo aos receptores hospedeiros e na fusdo entre as membranas viral e hospedeira,
formando sincicios e facilitando a transmissdo viral entre células infectadas e ndo infectadas,
aumentando a apoptose. J& Guenzel, Hérate e Benichou (2014), destacam a atuacéo do gene
Vpr e da proteina R viral (vpr) que regulam a replicacdo viral em macrofagos, importantes e
duradouros reservatorios virais. Ja a proteina Gag participa do capsideo viral e apos a expressao
do seu precursor, possibilita a migracdo para a membrana plasmatica e participacdo da
montagem de uma particula viral imatura (RUMLOVA et al., 2014).

A proteina Nef esta envolvida na regulacdo da expressdo de CD4, CD28 e MHC de
classe | na superficie celular e modula vias de sinalizacdo em células dendriticas (HERBEIN et
al., 2010). Tal proteinatambém pode ativar moléculas associadas a cascata de sinalizacdo,
mediando efeitos anti-apoptoticos (KUMAR; ABBAS; HERBEIN, 2014). Todo esse contexto
demonstra a importancia existente na interacao entre os fatores virais e citocinas, receptores de
morte e moléculas intracelulares do hospedeiro para a elucidacao do processo de patogénese do
HIV-1.

INTERACOES MOLECULARES IN SILICO

Com os avancos tecnoldgicos em sequenciamento e montagem de bancos de dados, a
criacdo de ferramentas de bioinformatica capazes de analisar tais informacGes nas areas de
cristalografia de raio x e ressonancia magnética nuclear (RMN) possibilitaram a criacdo, em
1971, do banco de dados denominado PDB (do inglés Protein Data Bank -
http://www.rcsb.org/pdb/home/home.do). Sua finalidade era armazenar estruturas cristalizadas

de macromoléculas biolégicas (BERMAN et al., 2000). Outros bancos de dados como o
TrEMBL e NCBI também apresentam essa finalidade com ndmeros de estruturas resolvidas
superior ao PDB, mas de acordo com (SCHWEDE et al., 2003) esse quantitativo ainda é baixo
levando alguns pesquisadores a utilizarem estruturas ja resolvidas como molde (modelagem

por homologia ou comparativa) a depender do objetivo dos estudos a serem desenvolvidos.

Docking proteico e analise pds-docking sdo exemplos de métodos computacionais
atuais utilizados a fim de complementar as analises experimentais e auxiliar na construcdo de
interacbes estruturais humanas, porém essa predicdo estrutural proteina-proteina ainda é
considerada desafiadora (BARRADAS-BAUTISTA; FERNANDEZ-RECIO, 2017). De uma


http://www.rcsb.org/pdb/home/home.do
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forma geral, a bioinformética foca no entendimento de moléculas e dos eventos mediados por
elas como a identificacdo do modo de interacdo dessas moléculas, e no cenario da dinamica
molecular que engloba a caracterizacdo da flexibilidade molecular e a avaliacdo do efeito das

mudangas estruturais e ambientais na funcéo de biomoléculas (VERLI, 2014).

e Docking Molecular

O docking molecular consiste em uma técnica para modelagem da interacdo atbmica
entre macromoléculas que possibilita determinar o comportamento de moléculas diversas no
sitio de ligacdo de proteinas e esclarecer processos bioguimicos relevantes. Essa técnica permite
predizer a conformacao, a posicao e a orientacdo do ligante no sitio ativo (complexo receptor-
ligante) e estimar a afinidade da ligagcdo (energia livre de interacdo) através de estratégias
computacionais (BROOIJMANS; KUNTZ, 2003; KITCHEN et al., 2004; MENG et al., 2011,
MORRIS; LIM-WILBY, 2008). As predicdes de energia livre sdo importantes para a
identificacdo da estrutura secundaria de moléculas de RNA e localizacao de regides de DNA
onde se ligam fatores reguladores da transcricdo para especificacdo enzima-substrato e
receptores por ligantes ou moduladores, focos deste estudo (VERLI, 2014).

Duas etapas, que se inter-relacionam, caracterizam o docking: 1) selecdo das
conformacdes do ligante no sitio ativo, e 2) ranqueamento dessas conformacdes através de
funcdo de pontuacdo. Neste sentido, os algoritmos de amostragem devem reproduzir a
conformacdo da mesma forma que a funcéo deve ranquea-la como a melhor em comparacao a
todas as outras obtidas (MORRIS; LIM-WILBY, 2008).

Inicialmente, os métodos computacionais utilizados para docking eram baseados no
modelo de Fischer, onde receptor e ligante eram considerados corpos rigidos. Posteriormente,
os métodos passaram a ser baseados na teoria de “encaixe induzido”, proposta por Koshland,
levando em consideracdo a remodelacdo dos sitios ativos a partir da interacdo com o ligante
(SA, 2015).

e Dinamica Molecular
A dindmica molecular se aplica a descricdo da variagdo do comportamento das

moléculas em relacdo ao tempo. Entende-se como comportamento as propriedades a seguir:

conteddo de estrutura secundaria, orientacao de cadeias laterais, conformacdo de alcas e energia
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de interacdo entre enzima-substrato, proteina-proteina, proteina-DNA ou ainda farmaco-
receptor. Mas, apesar de todos os beneficios obtidos a partir desse tipo de simulagdo, é
necessario ter conhecimento das limitacdes inerentes a uma técnica experimental, tais como
incapacidade de descrever rea¢es quimicas relacionadas a acdo de enzimas ou processos de
oxidagéo e reducdo, evitando interpretacdes equivocadas dos resultados (VERLI, 2014).

As simulagdes de dindmica se baseiam nas equacbes de movimento de Newton a fim de
calcular a trajetoria da particula a partir de uma dada configuracdo (SA, 2015). O sistema
utilizado contém um ambiente virtual com a molécula de interesse e moléculas de agua que
preenchem os espagos vazios dentro da caixa. (LINDAHL, 2008; SA, 2015).

De forma simplificada, a dinamica permite a obtengdo de modelos moleculares mais
fiéis a realidade biologica por agregar as caracteristicas de flexibilidade molecular e de

temperatura atraves da aceleracdo dos atomos (VERLI, 2014).
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1.1 OBJETIVOS

1.1.1 Objetivo Geral

Analisar os mecanismos de ativacdo das vias extrinsecas da apoptose (TNFR1, TNFR2

e Fas) e suas correlagbes com mecanismos de inflamagéo durante a infeccdo pelo HIV-1.

1.1.2 Obijetivos Especificos

e Auvaliar a influéncia de variagGes genéticas nos genes do TNF-o, TNFR1, A20 e NF-
kB na infeccéo pelo HIV-1;

e Avaliar a ativacdo de mecanismos de morte celular de Linfdcitos T CD4+ e T CD8+
de grupos de pacientes infectados por HIV-1 e de individuos saudaveis;

e Descrever as interagdes moleculares in silico entre a molécula HIV-1 gp120, TNFR1,

TNFR2 e Fas e seus ligantes envolvidos nas vias extrinsecas da apoptose.
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2 METODO

2.1 ESTUDO DA INFLUENCIA DE VARIACOES GENETICAS NA VIA DO TNF-
A/TNFRI1

2.1.1 Populagéo de estudo

Nossa populagdo de estudo foi composta por 155 individuos infectados pelo HIV-1, de
ambos 0s sexos, com faixa etaria de 18 a 50 anos, oriundos das cidades da regido metropolitana
do Recife e cidades do interior do estado de Pernambuco, atendidos e tratados no Hospital dia

do Instituto de Medicina Integral Professor Fernando Figueira (IMIP).

O recrutamento se deu no periodo de novembro de 2013 a dezembro de 2015. Os
individuos foram convidados a participar do estudo e aqueles que aceitaram, assinaram um
Termo de Consentimento Livre e Esclarecido (TCLE) (Anexo A). Todos os procedimentos
utilizados no recrutamento, no manejo das amostras bioldgicas e experimentos foram
aprecidados e aprovados pelo Comité de Etica em Pesquisa em Seres Humanos do IMIP
(registro n® 3629-13) (Anexo B).

Os critérios de incluséo definidos foram: individuos em uso regular de TARV, maiores
de 18 anos, em periodo minimo de um ano initerrupto e com carga viral indetectavel (< 50
copias/mL) no mesmo periodo (pacientes em sucesso viroldgico) e presenca dos dados clinicos
nos prontuarios. Foram excluidos: individuos menores de 18 anos, individuos com mé adesédo
a TARV e em falha viroldgica, bem como, aqueles com auséncia de dados clinicos nos

prontuarios.

O grupo de estudo foi formado por 155 individuos infectados por HIV-1, os quais foram
divididos em dois grupos de acordo com a classificacdo de LI et al., (2011): Grupo Controle
(Sucesso Imunologico) - individuos com recuperacdo de linfocito T CD4+ > 200 células em
relacdo ao baseline (contagem de CD4+ pré-tratamento); e Grupo Caso (Falha Imunolégica) -
individuos com recuperacédo de CD4+ < 200 células em relagédo ao baseline. Os grupos Controle
e Caso foram compostos por 102 e 53 individuos, respectivamente, conforme esquematizado
na Figura 11.
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Namero de pacientes
HIV+ tratados de 2013 a
2015 =479

Pacientes selecionados de acordo com os seguintes
critérios de inclusdo:
* Idade entre 18 e 50 anos
» * Uso regular de TARV por periodo de um ano
* Sucesso Virologico (carga viral indetectavel ou < 50
copias/mL)
‘ * Disponibilidade dos dados clinicos no prontuario

Namero de pacientes
selecionados = 155

¥ v

Grupo Controle Grupo Caso (Falha
(Sucesso Imunoldgico) = Imunoldgica) = 53
102 pacientes pacientes

Figura 11. Fluxograma e critérios de inclusdo para a selecdo de pacientes do estudo.

2.1.2 Extracdo do DNA Genbmico

O DNA gendmico foi extraido de sangue venoso periférico coletado em tubos de 4 ml
contendo &cido etilenodiamino tetra-acético (EDTA). A extracdo seguiu o protocolo para o
método Mini Salting-out (S.A.MILLER, 1988), com modificacdes. As amostras extraidas

foram quantificadas em Nanodrop a fim de verificar a concentracdo e a pureza do material.

2.1.3 Selecao dos Polimorfismos e Genotipagem

A selecdo dos polimorfismos foi baseada no impacto funcional dos variantes, nas
frequéncias alélicas minimas em populacdes africana e europeia, bem como na prévia
associacdo dos variantes com outras patologias de carater inflamatorio. Foram realizadas buscas
na literatura (HULIN-CURTIS et al., 2013; RITTORE et al., 2014; XU et al., 2014; ZIDl et al.,
2015) em bancos de dados (1000 Genomes, HapMap), e no Polyphen-2 (para predizer os
possiveis efeitos na estrutura e fungdo dos SNPs) e selecionados cinco polimorfismso de Unica
base (SNPs): rs1800692 A>G (intron 4 do gene TNFRSF1A), rs767455 C>T (exon 1 do gene
TNFRSF1A), rs2270926 G>T (exon 2 do gene TNFAIP3), rs8904 A>G (regido 3’UTR do gene
NFKBIA) e rs1800629 A>G (regido promotora do gene TNF) como demonstrado na Tabela 4.



Tabela 4. Caracterizacao dos SNPs selecionados para o estudo.
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Vv
Gene SNPs Cro RG TV MAF Funcéo
(SIVA)
TNFRSF1A  rs1800692 12 CIT Intron 4 Missense 0.307  Hapldtipos T-T associados com
doencas inflamatérias e C-C-C e
T-T-T com a severidade de
TNFRSF1A rs767455 12 cIT Exon 1 Sinénima 0.485 TRAPS* e com a delecdo do
exon 21,
. Efeito benigno apresentado no
TNFAIP3 1s2270926 6 T/G Exon 2 Missense 0.124 Polyphen-2.
Nivel aumentado de acido
NFKBIA rs8904 14 G/A 3LTR Regulatoria 0.424 hialurébnico como marcador
inflamatério?.
TNF rs1800629 6 G/A Promotor Regulatoria 0.095 Transcrigdo e producdo de TNF-a

aumentadas.

Cro= Cromossomo; V = variagdo; S = alelo selvagem; VA = variante; RG = regi@o do gene; TV = tipo de variacdo; MAF = frequéncia alélica
minima;; *Sindrome periodica associada ao TNFR; *XU et al., 2014; RITTORE et al., 2014. 2HULIN-CURTIS et al., 2013. 3ZIDl et al., 2014.

Foram utilizadas para realizagdo da genotipagem as seguintes sondas alelo especificas
fluorescentes (TagMan®): C__ 8921230 20 (rs1800692), C__ 2298465 20 (rs767455),
C__ 7514879 10 (rs1800629), C__ 145670_10 (rs8904) e C__ 8921230 (rs1800692). As
reacOes de genotipagem dos SNPs foram realizadas de acordo com o protocolo do fabricante
utilizando o sistema de deteccéo de sequéncia automatizado Real Time PCR (ABI 7500 SDS
System) (Foster City, CS, USA).

2.1.4 Anélises dos Dados

As frequéncias alélicas e genotipicas foram estimadas por contagem direta.A adesdo ao
Equilibrio de Hardy-Weinberg e possiveis associa¢des foram verificadas por meio do Teste
Qui-Quadrado (X?) e Teste Exato de Fisher, respectivamente. Todos os testes foram bicaudais
com um nivel de significancia de a = 0,05. O desequilibrio de ligacdo (DL) e as frequéncias
haplotipicas foram avaliados usando Haploview versdo 4.2 (BARRETT et al., 2005). As
frequéncias alélicas, genotipicas e haplotipicas foram comparadas entre 0s grupos de estudo

utilizando o teste exato de Fisher.

Anadlise estatistica univariada e regressao logistica foram realizadas. O teste do qui-
quadrado (X?) foi utilizado para comparagdes utilizando variaveis categéricas, enquanto o teste

de Mann-Whitney foi realizado para comparacdes envolvendo variaveis quantitativas.
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Adicionalmente, investigamos se alguns genotipos do gene da apoptose estavam
associados ao tempo até a recuperacdo imunoldgica através da modelagem da analise de
sobrevivéncia. Utilizamos testes de log-rank para avaliar se houve diferencas significativas no
tempo até a recuperacdo imunoldgica de acordo com o0s genétipos. Em seguida, incluimos
genotipos ao longo de variaveis clinicas em um modelo multivariado de riscos proporcionais
de Cox, para controlar possiveis confusdes. Todas as analises estatisticas foram realizadas com
o software R versdo 2.11.1 (R DEVELOPMENT CORE TEAM, 2013)

2.2 BUSCA DE MECANISMOS DE MORTE CELULAR RELACIONADOS A FALHA
IMUNOLOGICA

Para realizacdo da revisdo sistematica, foram acessados estudos publicados nos bancos
de dados PubMed, Biblioteca Virtual em Sadde (BVS) e SciELO no dia 03 de julho de 2018
utilizando as cadeias de pesquisa presentes na tabela a seguir (Tabela 5). Os tipos de morte
celular incluidos na busca foram baseados na determinacdo das Diretrizes do Comité de
Nomenclatura sobre Morte Celular (NCCD) (GALLUZZI et al., 2018).

Os estudos foram selecionados a partir dos seguintes critérios de inclusdo: artigo
publicado nas linguas inglesa ou portuguesa, artigo completo disponivel nos bancos de dados,
publicado em janeiro ou a partir de janeiro de 2003, inserido no contexto de morte celular e
patogénese do HIV. Foi elaborado um protocolo contendo os métodos de andlise e os critérios

de incluséo determinados inicialmente (Apéndice A).



Tabela 5. Cadeias de Pesquisa usadas para pesquisa de dados com base nos tipos de morte celular.

Tipos de morte celular Cadeias de pesquisa Resultados
(total de artigos
encontrados)
Apoptose hiv AND haart AND apoptosis AND imune reconstitution 64
Necrose hiv AND haart AND necrosis AND imune reconstitution 69
Piroptose hiv AND haart AND pyroptosis AND imune reconstitution 13
Morte celular acidental hiv AND haart AND accidental cell death AND imune reconstitution 0
Acd hiv AND haart AND acd AND imune reconstitution 0
Anoikis hiv AND haart AND anoikis AND imune reconstitution 0
Morte celular hiv AND haart AND cell death AND imune reconstitution 49
Senescéncia celular hiv AND haart AND cellular senescence AND imune reconstitution 4
Eferocitose hiv AND haart AND efferocytosis AND imune reconstitution 0
Morte celular entética hiv AND haart AND entotic cell death AND imune reconstitution 0
Apoptose extrinseca hiv AND haart AND extrinsic apoptosis AND imune reconstitution 14
Ferroptose hiv AND haart AND ferroptosis AND imune reconstitution 0
Morte celular imunogénica hiv AND haart AND immunogenic cell death AND imune 0
reconstitution
Apoptose intrinseca hiv AND haart AND intrinsic apoptosis AND imune reconstitution 14
Morte celular dependente hiv AND haart AND lysosome-dependet cell death AND imune 0
de lisossomo reconstitution
Necrose de transicao de hiv AND haart AND mitochondrial permeability transition (MPT)-
permeabilidade driven necrosis AND imune reconstitution 0
mitocondrial (MPT)
Catéstrofe mitética hiv AND haart AND mitotic catastrophe AND imune reconstitution 0
Morte mitética hiv AND haart AND mitotic death AND imune reconstitution 0
Necroptose hiv AND haart AND necroptosis AND imune reconstitution 0
Morte celular NETética hiv AND haart AND NETotic cell death AND imune reconstitution 0
Parthanatos hiv AND haart AND parthanatos AND imune reconstitution 0
Morte celular programada | hiv AND haart AND programmed cell death AND imune reconstitution 57
pcd hiv AND haart AND pcd AND imune reconstitution 2
Morte celular regulada hiv AND haart AND regulated cell death AND imune reconstitution 4
rcd hiv AND haart AND rcd AND imune reconstitution 0
Apoptose Artigos adicionais 2
292

2.3 DETERMINACAO DA INTERACAO ENTRE PROTEINAS CELULARES DAS VIAS
DE INFLAMACAO/APOPTOSE E GP120

2.3.1 Download e Edic¢éo das Estruturas Proteicas

Para a realizagdo dos testes de interacdo e dindmica proteina-proteina foram usadas
estruturas dos receptores Fas, TNFR1 e TNFR2, seus ligantes de referéncia (FasL e TNF-a) e
a gp120 viral (aqui considerada como ligante teste) armazenadas no banco de dados Protein
Databank (PDB) (https://www.rcsb.org/). Os PDB ID das estruturas foram: TNF-a: 1TNF;
TNFR1: 1EXT; TNFR2: 3ALQ; Fas: 3THM; FasL: 4MSV; e gp120: 4RZ8.

Antes do inicio das simulag0es, as estruturas foram editadas usando o software Chimera

v. 1.13.1 (https://www.cgl.ucsf.edu/chimera/) (remocéo de agua e outras moléculas). Os passos

seguintes foram constituidos por trimerizacdo da estrutura monomérica (TNFR1 e Fas) e

minimizacdo da energia utilizando o mesmo programa de edicao.


https://www.rcsb.org/
https://www.cgl.ucsf.edu/chimera/
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2.3.2 Docking Molecular

As dockings moleculares foram realizadas pelo programa ClusPro server

(https://cluspro.bu.edu/) assumindo o coeficiente balanceado e escolhendo o modelo com

menor score de cluster. As interacfes foram realizadas entre os seguintes grupos de proteinas:
TNFR1 versus TNF-a, TNFR1 versus gp120, TNFR2 versus TNF-a, TNFR2 versus gp120, Fas
versus FasL e Fas versus gp120.

2.3.3 Dinamica Molecular (DM)

A dindmica molecular foi realizada com o software GROMACS (versdo 2016.2) para
determinar a estabilidade do complexo de interagéo. O campo de forc¢a de simulacéo usado para
todas as simulacdes foi 0 GROMOS/53A6. As estruturas tridimensionais foram solvatadas em
uma caixa cubica com moléculas de agua SPC/E, e neutralizadas pela adi¢cdo de ions Sodio
(Na+) e Cloro (Cl-). O método de descida para a minimizacéo de energia do sistema foi usado

com 50.000 passos.

O equilibrio do sistema foi feito em duas fases: 1) equilibrio NVT (ndmero de particulas
constante, volume e temperatura), com temperatura constante (310 Kelvin (K)) por 10
nanossegundos (ns); 2) um equilibrio NPT (nimero de particulas constante, pressdo e
temperatura) com pressdo constante de 1bar e temperatura constante de 310K, também por 10
ns. Finalmente, apds minimizar a energia e equilibrar o sistema, a fase de producéo foi realizada
em 310K.

As ligacdes covalentes foram restringidas usando o algoritmo LINCS (Linear Constraint
Solver) enquanto as interacGes eletrostaticas foram avaliadas através do método PME (Particle
Mesh Ewald). As trajetérias do DM foram registradas a cada 10 picossegundos (ps) e o tempo

de producéo foi de 100 ns.


https://cluspro.bu.edu/
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3 RESULTADOS

Os resultados da pesquisa séo apresentados em forma de artigos.

3.1 ARTIGO 1 - POLYMORPHISMS ON TNF-A/TNFR1 PATHWAY GENES IN
IMMUNOLOGICAL RECOVERY OF HIV-1-INFECTED INDIVIDUALS ON
ANTIRETROVIRAL THERAPY
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Abstract

Antiretroviral therapy (ART) is a hallmark of HIV-1 treatment, enabling the suppression
of viral load to undetectable levels. Some individuals do not recover the CD4+ T cell
count to normal levels, even when viral suppression occurs. SNPs in genes involved in
apoptosis pathways may influence interindividual immune recovery during ART. We
assessed the allelic and genotypic distribution of five SNPs (TNFRSF1A: rs1800692,
rs767455; TNFAIP3: rs2270926; NFKBIA: rs8904; TNF: rs1800629) and their
relationship with immune recovery in HIV-1-infected individuals under ART. 155 HIV-
1 infected individuals (immunological success (102) and failure (53) groups) were
genotyped using fluorogenic allelic specific probes. Individuals in immunological failure
were mostly male (60.4%, p=0.002), with a higher median of age at treatment onset (34.8
years, p=0.034) and a higher time until virological suppression (6 months, p=0.035). In
addition, ART containing AZT (ACA) was associated with immune success (p=0.029).
The rs767455 (T/T genotype) was more frequent in immunological failure individuals
(p=0.022) and both rs8904 (A/G genotype, p=0.02) and rs1800629 (G/A genotype,
p=0.024) in immunological success individuals. Our findings suggested that female
patients carrying the G/A genotype (rs1800629) in use of ACA are more prone to immune
recovery (p=0.002; p=0.007; p=0.023, respectively).

Keywords: Death Pathway Genes; SNPs; HIV-1 Infection; Immune Response; ART.
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1. Introduction

The antiretroviral therapy (ART) has changed the landscape of human
immunodeficiency virus type 1 (HIV-1) treatment, since it decreases the viral load to
undetectable levels and enables the recovery of the immune system, reducing the
morbidity/mortality of those living with the virus [1,2]. However, in some individuals the
CD4+ T cell recovery to normal levels fails, even though the viral load is suppressed to
undetectable levels through a good adherence to ART [3]. The molecular mechanisms
that lead to this unexpected disconnection between virological suppression and the
immune recovery are still on debate [3-5].

Direct viral cytopathogenicity, thymic insufficiency, persistent T cell activation,
elevated levels of inflammation and apoptosis are important mechanisms that may be
involved in this condition [6] During HIV-1 infection, the apoptosis levels increase, and
bystander cells (not infected by HIV-1) in lymph nodes are especially affected [7,8].

HIV-1 promotes modulation of cell death pathways components, inducing death
receptors expression (tumor necrosis factor receptor 1 - TNFR1 and first apoptosis
signal receptor - Fas) and death ligands release (Fas ligand - FasL and Tumor necrosis
factor alpha - TNF-a) [9]. The continuous release of TNF-a could contributes to
exacerbated immune activation leading to cell apoptosis [10]. Thus, high levels of serum
TNF-a have been associated with loss of CD4+ T cells and consequently progression to
acquired immunodeficiency syndrome (aids) phase [11].

We hypothesized that single nucleotide polymorphisms (SNPs) in some apoptosis
extrinsic pathway genes could modulate the common activation of NF-kB and A20
molecules (a down regulator of NF-kB complex) by TNF-a/TNFR1 binding, increasing
cell death by apoptosis, and influencing immune recovery in HIV-1 infected individuals

in virologic success (undetected viral load).
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The rs1800692 belongs to a chromosomal segment that contains a haplotype block
where rs767455 is present. Although localized in intron 4, it forms a haplotype with
rs767455, related to the severity of cystic fibrosis, and to the greater expression of exon
2 skipping in HEK293T cells, besides presenting a strong association with fever
developed by patients with TRAPS (12)]. The rs8904, in the NF-kB inhibitor alpha gene,
and rs1800629, in TNF gene, showed, for example, increased frequency in female
patients with knee osteoarthritis and association with increased levels of hyaluronan
(marker of synovial inflammation) (13)], and significative association with advanced
cervical tumor stage (14)], respectively. The A20 molecule is an important regulator of
inflammation. Simanski et al (15)] cites A20 deregulation related to the appearance of
type 1 diabetes, systemic lupus erythematosus (SLE), inflammatory bowel disease,
ankylosing arthritis, Sjégren’s syndrome and rheumatoid arthritis.

Therefore, these SNPs in TNF receptor superfamily member 1A (TNFRSF1A)
(rs1800692 and rs767455), TNF alpha induced protein 3 (TNFAIP3) (rs2270926), NF-kB
inhibitor alpha (NFKBIA) (rs8904) and TNF (rs1800629) were selected to investigate
their distribution and relationship to immune recovery in HIV-1-infected individuals in

virologic success.

2. Materials and Methods

2.1 Population Study

One hundred and fifty-five HIV-1-infected individuals (HIV-1+) from Recife
metropolitan region and/or minor towns of Pernambuco State (Brazil) were recruited in
the period of 2013 to 2015, at Institute of Integral Medicine Professor Fernando Figueira
(IMIP). As Recife populations result of genetic admixture processes involving European
(59%), African (23%) and Amerindian (18%) contributions [16], the self-reported skin

color was include in the study.
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Individuals aged 18 to 50 years were recruited according to the following criteria:
regular ART treatment (uninterrupted for at least one year), undetectable viral load (<50
copies / mL) for at least one year (virological success) [17], and presence of clinical data
in medical records. The enrolled individuals were classified based on immunologic
recovery according to Li et al. (18)] as following: immunological success (recovery of
CD4+ T >200 cells compared to the baseline [CD4+ T cells count prior to treatment
initiation]) and immunological failure (recovery of CD4+ T <200 cells in comparison to
baseline).

The control of ART adherence was performed both through access to the national
health database SICLOM (Sistema de Controle Logistico de Medicamentos) designated
to the registration of ART drug prescriptions, and visits with the physicians, every two
months on average for clinical follow-up and medication replenishment, according to the
ART regimen belonging to each patient. Whole blood samples were provided every three
to four months for investigation of plasma viral load levels, quantification of T cells and
total blood cells, biochemical panel, serology of comorbities by hepatitis B and C virus,
toxoplasmaosis, syphilis, and/or other tests if necessary. These data were assessed on
CERPE, a Brazilian diagnostic laboratory database.

The study was approved by Human Research Ethics Committee from IMIP-PE
(registration n® 3629-13). Informed consent was obtained from all individual participants
included in the study. The genomic DNAs were obtained in full accordance with signed
informed consent forms.

2.2 SNPs selection and genotyping

The variants choice was made based on a minor allele frequency (MAF) major
than 0.05 in Caucasian and Yoruba populations (reference ancestral populations of

Brazil), impact functional of variant and previous associations with other pathologies,
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using the 1000 genomes database, PolyPhen-2 (to predict the possible effects on the
structure and function of SNPs) and literature reports (12-14,19)]. The selected SNPs
were rs1800692 A>G (intron 4 of TNFRSF1A), rs767455 C>T (exon 1 of TNFRSF1A),
rs2270926 G>T (exon 2 TNFAIP3), rs8904 A>G (3°’UTR of NFKBIA) and rs1800629

A>G (promoter region of TNF) (Table 1).

Genomic DNA was obtained from peripheral whole blood using Mini Salting out

protocol (20)] and genotyping by allele specific fluorogenic probes (TaqMan® assays) on
a real time PCR platform (ABI 7500 SDS System), following the manufacturer's
instructions.

2.3 Statistical Analysis

Allelic and genotypic frequencies were estimated by direct counting. The Hardy-

Weinberg Equilibrium adherence and possible associations were verified through Chi-

Square Test (X2) and Fisher's Exact Test, respectively. All tests were two-tailed with a
significance level of 0=0.05. Linkage disequilibrium (LD) and haplotypic frequencies
were evaluated using Haploview version 4.2 (21)]. Allelic, genotypic and haplotypic
frequencies were compared across study groups using Fisher Exact Test.

Univariate statistical analysis and logistic regression were performed. Chi-Square

test (X2) was used for comparisons using categorical variables, while Mann-Whitney test
was performed for comparisons involving quantitative variables.

Additionally, we investigated if some genotypes of apoptosis gene were
associated with the time until immunological recovery trough survival analysis modeling.
We used log-rank tests for assessing if there were significant differences in time until
immunologic recovery according to genotypes. Next, we included genotypes along
clinical variables in a multivariate Cox proportional hazards model, to control for possible

confounding.
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All statistical analyses were performed with the R software version 2.11.1 (22)].

3. Results

We enrolled 155 HIV-1 individuals for the study. After one year of follow up, 102
patients showed immunological success and 53 immunological failures. The clinic-
epidemiological characterization of groups is displayed in Table 2.

We did not find significant differences between the two groups in relation to self-
reported skin color, CD4+T cells count pre-treatment, ART regimens with protease
inhibitors, syphilis and hepatitis B serologies (p-value>0.05). Univariate analysis
revealed statistical differences regarding the male sex (p=0.002), age of treatment onset
(p=0.034), ART regimens containing AZT (p=0.029) and time until virological
suppression (p=0.035) (Table 2). The male sex and the time until immunological
success/failure were considered risks factors for immunological failure. Brown skin color
was more frequent in immunological failure individuals group, but the p-value was not
significative (52.8%; p=0.120) (Table 2).

Allelic and genotypic frequencies of SNPs in apoptotic pathway genes
(TNFRSF1A, TNFAIP3, NFKBIA, TNF) and their genetics association are showed in
Table 3. Significant differences were observed for both rs767455 (immunological failure
individuals), rs8904 (immunological failure and success individuals) and rs1800629
(immunological success individuals) SNPs. Genotypes distributions were not in Hardy-
Weinberg equilibrium in both the studied groups.

For rs767455 SNP in TNFR1SF1A, the T allele and T/T genotype were more
frequent in immunological failure individuals than in immunological success individuals
(49.1% versus 32.3%, OR=2.01, 95%CI=1.20-3.37, p=0.006; 30.8% versus 16.2%,

OR=2.96, 95% CI1=1.13-7.95, p=0.022, respectively). For rs8904 SNP in NFKBIA, the A
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allele was significantly more frequent in immune failure (65.4% versus 47.1%, OR=2.12;
95%CI=1.27-3.58, p=0.002) while the AJ/G genotype was more frequent in
immunological success than immunological failure individuals (43.1% versus 26.9%;
OR=0.38, 95%CI=0.16-0.89, p=0.02). Similarly, the G/A genotype of rs1800629 SNP in
TNF was significantly more frequent in immunological success individuals than in
immunological failure individuals (31.5% versus 15.4%; OR=0.35, 95% CI=0.12-0.92;
p=0.024).

The mean baseline T CD4+ cells count (pre-treatment) showed no discrepancy
between the success (272.5 [126-390]) and immunological failure groups (279 [130-

399]). Univariate survival analysis showed that individuals that started treatment with T

CD4+ cells count<200 cells/mm3 took a longer time to immunological recovery (median

time=27 months, 95%CI=22-48) when compared with those who had T CD4+ cells

count=200 cells/mm3 (median time=23 months, 95%CI=20-35; log-rank test X2=7,

d.f.=2, p=0.029). A similar trend was not observed when we increased the cutoff to >350
cells/mm3 cells count of T CD4+ (median time=24 moths, 95%CI=16-upper bound not

calculated; log-rank test X2=6.7, d.f.=2, p=0.352).

The linkage disequilibrium (LD) analysis of the two SNPs at TNFRSF1A, revealed
alow LD (D’<0.2). However, individuals carrying both alleles T-T, rs1800692-rs767455,
were more frequent in patients at immunological failure (36.7% versus 22.4%; OR=2.46,
95%CI=1.23-4.99, p=0.006) (Table 4).

Following, the multivariate logistic regression model revealed significant
association of immunological failure with male sex. Significant associations were also
observed of immunological success with rs1800629 G/A genotype and antiretroviral

therapy containing AZT (Table 5).
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Discussion

Immunological failure is the suboptimal recovery of CD4+ T lymphocytes by
HIV-1 individuals during the ART even in HIV-1 suppression (23,24)]. This phenomenon
is multifactorial, being attributed mainly to a chronic immune activation that results in
profound depletion of CD4+ T cells [7,25]. In addition, it is well known that cell death is
implicated on CD4+ depletion [26,27]. Thus, we decided to test if 5 SNPs in 4 genes
(TNFRSF1A, TNFAIP3, NFKBIA and TNF) on apoptosis extrinsic pathway, but also
involved in inflammation events, and some clinical variable could be involved in the
immunological ART response in patients with HIV-1.

Frist, we observed 3 variants associated with a higher risk of immunological
failure after one year of treatment (rs8904 at NFKBIA, rs767455 TNFR1SF1A and
rs1800629 at TNF; table 3). McDonald et al. [28] mentioned the rs8904 could promote a
functional impairment of NFKBL, releasing the NF-«B to promotor inflammatory
transcription. Moreover, the rs8904 variant was related to increased inflammatory
markers such as hyaluronic acid in patients with osteoarthritis [13]. Our results indicate
that individuals carrying the A/G genotype are more than 2 times chances to recovery
CD4+ T cells during the ART. Somehow these patients carrying the A allele can present
elevated levels of NFKBIA active could increase the transcription levels of NF-xB
and consequentially triggers immune cellular activation to produce inflammation. This
inflammation scenario is able to exhaust the immune system, impairing immune recovery
[9,29]. However, heterozygosis in this individuals group was an important factor for

immunological success.

Self-reported skin color was not associated with immunologic insufficiency,
although the brown color was more frequent in the individuals belonging to this group.
The population of the northeast region has higher ancestral contributions of Africans and

Amerindians [30] and this miscegenation makes impossible a reliable comparison between
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the groups. However, it is important to note that the African population has a high
immunological activation condition, with increased TNF-a plasma levels in both HIV-
infected and uninfected individuals [31] and amerindian population in Mexico and Central
America present HLA-HIV allelic associations both protection and risk to HIV disease
progression [32].

Our result showed an association between immunological failure and the presence
of rs1800629 at TNF-a polymorphism in our sample group, making us ratify our
hypothesis about the possible persistent inflammatory condition with immunological
recovery in ART. The -308A allele (rs1800629) present in TNF-a promotor increased
expression of this gene [14]. Heterozygosis -308G/A patients are more inclined to
recovery their immune system during ART, probably by the positive equilibrium of TNF
levels. In pathological conditions, the precursor of TNF-a, present in lymphocyte,
macrophages and other cells, is cleaved into two functional forms that can bind to
receptors 1 and 2 of TNF: plasma membrane-associated TNF and soluble TNF. Despite
of the pleiotropism of these forms, membrane-associated TNF binds preferentially to
TNFR2 while soluble TNF binds more specifically to TNFR1 [9]. Moreover, we also
hypothesis that an increased levels of TNF-a could bind alternatively to TNFR2, due to
decrease or suppression TNFR1 expression due to the T-rs1800692 and A-rs767455
haplotypes, and to active a cell death pathway or a similar proinflammatory response
being able to contribute to the immune suppression of the individuals, like Herbein et al.
[29] suggested.

The T-rs1800692 and T-rs767455 haplotypes of TNFR1SF1A induce the skipping
of peptide signal and exon 1 [12], so, protein could not be translocated to the plasma
membrane and decrease or suppress the expression of TNFR1 on the surface of CD4+ T
cells. Moreover, this haplotype is involved to increase the severity of cystic fibrosis and

fever in individuals with TNFR-associated periodic syndrome (TRAPS) [12]. Despite
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that, in our population study both SNPs were not in LD, however, patients carrying the
T-T haplotypes for rs1800692-rs767455, respectively, are at risk to a weak
immunological recovery during the ART (Table 4). However, these data should be
observed with caution because they are not in Hardy-Weinberg equilibrium.

We observed a significant relationship among pre-treatment CD4+ T lymphocytes

counts <200 cells/mm3 and delayed time to immunologic recovery, corroborating, in part,
the results of Hunt et al [33] and Batista et al [34] regarding immunological recovery
during ART considering the pre-treatment CD4+ T lymphocyte count. We believe that
individuals with lower CD4+ T counts before initiation of therapy are more susceptible
to immune failure [34].

Therapeutic guidelines for HIV prophylaxis and follow-up in Brazil changes over
the years with the aim of broadening the intervention and preventing new infections [35].
Currently, referral services for HIV treatment in Pernambuco use, based on Brazilian
guidelines, TDF+3TC+DTG (Tenofovir+Lamivudine+Dulotegravir) as the main ART
scheme, and as the first alternative scheme the AZT+3TC+DTG
(Zidovudine+Lamivudine+Dulotegravir). In this sense, since our primary aim was not to
evaluate ART regimens in relation to immunological failure, we included only the main
and alternative regimens cited in the univariate analysis and multivariate logistic
regression model. About that, our results showed association among regime containing
zidovudine (AZT) and the faster immunological recovery, corroborating the data of
Batista et al [34]. Individuals who used therapy containing AZT showed significant
improvements in a less time than others individuals who used other therapeutic regimens.
The AZT can increase individual’s survival, reducing the incidence of opportunistic
infections, resultant of immunological failure [34], in individuals with advanced HIV-1

infection, and delay aids progression in asymptomatic individuals [36].
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Our findings also showed relationship among male sex and immunological failure,
possibly due mechanisms of immune modulation by steroid hormones, such as estrogen
[37]. The estrogen is capable of interferer in apoptotic process of some cells, promoting
a pro-inflammatory effect (neutrophils concentration) and delay TNF-induced apoptosis
(monoblast cells) [37]. Studies as Al-Tarrah et al [38], examined the influence of sex
hormones on humoral and cellular immune responses of men and women under trauma.
They found increased levels of IL-6 and TNF-a in male sex. Anti-inflammatory and
immunosupressive effects may be influenced by testosterone and progesterone, increased
IL-10 and TNF-a synthesis, reduced Natural Killer cell activity, inhibit NF-xB activation
and induce the activation of pro-apoptotic mechanisms. The hormonal effects also may
be reduced with age of individuals [38].

Following, it was performed a logistic regression to include all variables with
p<0.1. We found that the sex, the use of ART containing AZT and the -308 G/A genotype
remained associated (table 5). We believe that HIV-1 individuals with reduced levels of
testosterone, possibly, undergo changes in TNF-a synthesis, NF-xB transcription and
macrophages activation, which are permissive to HIV-1 infection. This fact can induce a
continuous immune system activation, signaling pathways modulation and the host's own
apoptotic mechanisms and immunological failure of HIV-1 ART [26,29]. Although little
is known about ART effects on sexual diversity in viral suppression and immune
recovery, Castilho et al [39] suggest a relationship among the reduced risk of early/late
death after ART in women on comparison to men, corroborating our study, where was
verified an increased risk of immunological failure in men.

Limitations generated by factors such as lack of data available in medical records
and small number of samples have hampered the achievement of some primary outcomes.

Nonetheless, the data demonstrated may contribute to the understanding of inflammatory
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mechanisms and clinical-epidemiological variables that influence the immunological
recovery of HIV-1-infected patients.

4. Conclusion

Our results agree with previous studies on the slower immune recovery in ART
subjects is associated with numerical levels of suboptimal CD4+ T lymphocytes prior to
initiation of therapy involving other populations. Age and sex are possible risk factors for
immune failure.

Understanding the mechanisms related to immune dysregulation associated with
HIV-1 is essential for the development of possible therapeutic interventions. Although
we found associations between the SNPs studied of the molecules involved in the
apoptotic and inflammatory pathway further studies with larger numbers of molecules
and individuals need to be performed to uncover the role of SNPs in these genes in the

HIV-1 therapy.
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Table 1. Characterization of SNPs selected for the genotyping studies.

V

GR i
Gene SNPs Chr (WTIVA) VT MAF Function
TNFRSF1A rs1800692 12 CIT Intron 4 Missense 0.307
Haplotypes A-T associated
with inflammatory diseases.
and G-G-C and T-A-T to the
severity of TRAPS* and the
TNFRSF1A rs767455 12 CIT Exon 1 Synonym 0.485 exon 2 skippingl.
TNFAIP3 rs2270926 6 TIG Exon 2 Missense 0.124 Benign effect on Polyphen-2.
Increased level of hyaluronic
NFKBIA rs8904 14 G/IA 3’LTR Regulatory 0.424 acid as an inflammatory
marker?.
TNF rs1800629 6 G/A Promotor Regulatory 0.095 Increased of TNF-o

transcription and
production3.

Ch r=Chromosome; V = variation; WT= wild type; VA = variant; GR = gene region; VT = variation type; MAF =
minimal allele frequency;*TNFR-Associated Periodic Syndrome; 1XU et al., 2014; RITTORE et al., 2014. 2HULIN-
CURTIS et al., 2013. 3ZIDI et al., 2014.



Table 2. Clinical-epidemiological variables of HIV-1 infected individuals involved in the study.
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Immunological

Clinical-epid_emiological Success Failure Univaria_tte
Variables (n=102) (n=53) analysis
Sex. n (%)
Fema 68 (66.7) 21(39.6) X2=9 356. df=1.
la
Male 34 32 (60.4) p-value=0.002*
Skin color. n (%)
White 21 (20.6) 16 (30.2) X2=4.239. df=2.
Brow 49 (48.0) 28 (52.8) p-value=0.120
Black 32 (31.4) 9 (17.0)
Age at treatment onset (years)
Medi 31.1 34.8 W=2140.
(IQ (26.8-36.0) (29.0- p-value=0.034*
R) 42.3)
Virological suppression (months)
Medi 5 6 W=1829.
(IQ (2.5-8.0) (5-11) p-value=0.035*
D\
Pre-treatment T CD4+ cells count 272.5 279 W=2436. p-
(ceIIs/mm3)
Medi
an
(IQ (126-390) (130- value=0.654
R) 399)
Pre-treatment T CD4+ cells count
(cells/mm?3) (cateaories)
Yes 32 (35.6) 15 (34.9) X2=1.058e-30.
No 58 (64.4) 28 (65.1) p-value=1.000
<350 cels/pl
Yes 60 (66.7) 23 (53.5) X2=1.629. df=1.
No 30 (33.3) 20 (46.5) value=0.202
ART containing AZT. n (%)
Yes 85 (87.6) 35 (71.4) X2=4.783. df=1. p-
No 12 (12.4) 14 (286) value=0.029*
ART containing protease inhibitors. n (%)
Yes 42 (43.3) 18 (36.7) 2_
No 55(56.7)  31(633) X :&f’jg?bd;zé' p-
Serologies. n (%) e
Syphilis
Positive 6 (12.0) 4(17.4) 5
Negative 44 (88.0) 19 (82.6) X=0.065. df=1.
Immune by natural infection/vaccination 26 (59.1) 8 (53.3) X2=0.007. df=1.
Susceptible 18 (40.9) 7 (46.7) p-value=0.930

IQR = Interquartile range; X2 = Chi-squared test; df = degrees of freedom; W = Mann-Whitney test; TARV

= Antiretroviral therapy.



Table 3. Allelic and genotypes frequencies of SNPs TNF-a/TNFR1 pathway genes in HIV-1- infected
individuals from Pernambuco.

Gene/ Immunological Fisher’s Exact Test

SNPs Success Failure OR CI95% p-value
n(%) n(%)

TNFRSF1A - rs1800692

C 106 (54.1) 65 (65.0) Reference
T 90 (45.9) 35 (35.0) 0.6 0.37-1.07 0.082
CcC 28 (28.6) 22 (44.0) Reference
CT 50 (51.0) 21 (42.0) 0.5 0.23-1.22 0.1
TT 20 (20.4) 7 (14.0) 0.4 0.13-1.36 0.1
TNFRSF1A — rs767455
C 134 (67.7) 53 (50.9) Reference
T 64 (32.3) 51 (49.1) 2.0 1.20-3.37 0.006*
cC 51 (51.5) 17 (32.7) Reference
CT 32 (32.3) 19 (36.5) 1.7 0.75-4.23 0.163
TT 16 (16.2) 16 (30.8) 2.9 1.13-7.95 0.022*
TNFAIP3 - rs2230926
T 170 (83.3) 87 (85.3) Reference
G 34 (16.7) 15 (14.7) 0.8 0.41-1.73 0.742
TT 71 (69.6) 36 (70.6) ) Reference
GT 28 (27.4) 15 (29.4) 1.0 0.46-2.35 1.000
GG 3(3.0) 0 (0.0) ) nc
GT+GG 0.9 0.42-2.10 1.000
NFKBIA - rs8904
G 108 (52.9) 36 (34.6) Reference
A 96 (47.1) 68 (65.4) 2.1 1.27-3.58 0.002*
GG 32 (31.4) 27 (51.9) Reference
AG 44 (43.1) 14 (26.9) 0.3 0.16-0.89 0.020*
AA 26 (25.5) 11 (21.1) 05 0.19-1.29 0.137
TNF - rs1800629
G 122 (60.1) 72 (69.2) Reference
A 81 (39.9) 32 (30.8) 0.6 0.39-1.13 0.134
GG 45 (44.3) 32 (61.5) Reference
GA 32 (31.5) 8 (15.4) 0.3 0.12-0.92 0.024*
AA 24 (23.6) 12 (23.1) 0.7 0.28-1.72 0.535

n
OR = odds ratio; C195% = 95% confidence interval; nc = not calculated; n = size sample; *significant p-
value



Table 4. Haplotype frequencies of SNPs TNFRSF1A (rs1800692 and rs767455) in HIV-1- infected
individuals from Pernambuco.

Immunological Fisher’s Exact Test
Haplotype Success Failure OR Cl195% p-value
n(%o) n(%o)
C 68 (35.4) 23 (23.5) Reference
T 61 (31.8) 28 (28.6) 1 0.67-2.74 0.409
T 43 (22.4) 36 (36.7) 2 1.23-4.99 0.006*
C 20 (10.4) 11 (11.2) 1 0.60-4.20 0.353

OR = odds ratio; C195% = 95% confidence interval; nc = no calculated; n= size sample; *significant p-
value. Linkage disequilibrium, D’ < 0.2.
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Table 5. Logistic regression model of TNF-a genotypes influence over immunological success in HIV-1-

infected individuals under antiretroviral therapy.

Variable Coefficient OR 95% CI p-
value

Model Intercept -0.292 0.10-5.51 0.774
Male sex 1.313 3.72 1.61-8.56 0.002*
Age (in years) 0.006 1.01 0.96-1.06 0.799
Time until virological suppression 1.01 0.99-1.01 0.377
Antiretroviral therapy containing AZT ? ?éé 0.30 0.11-0,85 0.023*
rs1800629 G/A genotype -1.422 0.24 0.09-0.68 0.007*
rs1800629 A/A genotype -0,223 0.80 0.29-2.21 0.667

OR=0dds ratio; 95%CI=95% confidence interval; *Significant p-value
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Abstract

Purpose. About 16% of patients treated with antiretroviral therapy (ART) against human
immunodeficiency virus (HIV-1) do not recovery their CD4+ cell count to a basal level. Several
and divergent mechanisms for CD4+ cells destruction in HIV-1-infected patients are described,
but the complete elucidation remains in debate.

Objective. For that reason, this systematic review is intended to evaluate mechanisms involved
in HIV-1 pathogenesis that implicated in different cell type death as a justification for the
existence of poor immunologic reconstitution of nonresponders patients in regular ART.
Methods. A literature search was performed using PubMed, BVS and SciElo databases. Search
terms included HIV, HAART, immune reconstitution and types of cell death defined by
Nomenclature Committee on Cell Death guidelines. The review was registered in the
International Prospective Register of Systematic Reviews (CRD42019118602).

Results. 29 articles were included. The main outcomes involved with CD4+ depletion and
immune recovery were: the poor access to IL-7 due to collagen deposition, JAK3
downregulation and STATS upregulation; the immunosenescence and chronic immune
activation triggered by PD-1 expression or antibody-dependent cell-mediated cytotoxicity
mediation; dysfunctional T cells by defective IL-2 production; and inflammation by high levels
of cytokine expression.

Conclusions. The low recovery ratio of CD4+ T cell in NR individuals is related to multiple
immune alterations. Poor thymic function, lack of IL-7 access and programmed cell death
protein 1 expression were the main causes of lymphocyte loss
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Keywords. HIV infection; cell activation; cell death; antiretroviral therapy, poor immune
reconstitution.

1. Introduction

Cell death, for years, was seen as the supposed cell life result. However, experimental
evidence from decades indicates that cell death could applies to a clustering of genetically
coordinated mechanisms which directs functions such as controlled elimination of irreversibly

damaged and also potentially harmful cells (1).

Regulated cell death (RCD) is framed in dichotomous aspects that may involve intense
and/or prolonged intra- or extracellular environmental perturbations that impair the adaptive
stress-driven response and the recovery of cellular homeostasis. Others RCD begin
independently of exogenous environmental, characterizing an physiological responses or tissue

renewal of a complex programmed cell death (PCD) pathway (1).

In this sense, the basis of Acquired Immunodeficiency Syndrome (AIDS) researches
involves understanding about the prolonged disruption of lymphocyte function associated with
the destruction of CD4+ T cells by Human Immunodeficiency Virus type 1 (HIV-1) (2,3). Until
today, it is known that both death of infected and uninfected cells (bystander cells) can occur
through the excessive activation of T lymphocytes or the abortive infection of immune cells
induced by incomplete reverse transcripts or others viral proteins (e.g.: Env, Tat, Nef, Vpr and
Vpu). In fact, progressive loss of CD4+ T lymphocytes and host defense collapse by HIV-1
contributes to clinical progression to AIDS (2,4). This cell loss may involve several and
different forms of cell death such as apoptosis, necrosis, pyroptosis or other (4). In addition,
several other insights like high expression of inflammatory markers in plasma (5), poor
lymphocytes response to IL-7 in vitro, age and coinfections (6) are involved in the immune

failure and somehow implicated in cell death.

Since 1996, antiretroviral therapy (ART) was inserted in the HIV-1 treatment. The
standard treatment is effective, guarantees the reduction of viral replication and, consequently,
the patient's immune reconstitution (7). Despite the efficacy of ART, immune nonresponder
(NR) HIV-1 infected individuals represent, on average, 16% of treated people (8) and are unable

to reconstitute satisfactorily the CD4+ T lymphocytes levels after years of treatment. In
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contrast, increased frequencies of CD4+ T cells circulating in the cell cycle of these patients
are observed, however, in vitro, these cells do not complete the cell division, unlike that

observed in immunological responders and healthy controls (6).

The major pathogenic mechanisms of cell destruction in HIV-1-infected patients remain
divergent. Recent researches made by Garg and Joshi (9) show the phenomenon of apoptosis
as the main pathway for CD4 T cell loss in HIV-1 pathogenesis. However, Doitsh and Greene
(2) treat this line of reasoning as limited to elucidate the massive loss of CD4 T lymphocytes in
vivo. They argue that the presence of incomplete DNA fragments released after inefficient
reverse transcription in cells induces cell death by pyroptosis and maintains the chronicity of

inflammation and the chronic immune activation.

The implicit mechanisms of discordant immunological reconstitution are contradictory
and remain not completely understood. In this systematic review, the objective was to evaluate
the cell death mechanisms involved in HIV-1 pathogenesis implicated in a poor immunologic
reconstitution of global critical patients (children and adults nonresponders regardless of

gender) in regular use of ART.

2. Methods
2.1. Review Protocol

A review protocol, including analysis and inclusion criteria was registered in
PROSPERO  (International  Prospective  Register of  Systematic = Reviews -
https://www.crd.york.ac.uk/prospero/) platform under CRD42019118602 number.

2.2. Data searches and study screening

To obtain substantial literature, the electronic databases PubMed, Virtual Health Library
(BVS) and SciELO were searched on 03 July 2018. The search strings are in Table 1. The

inclusion criteria were:

e Article published in English or Portuguese;

e Article was an original report;

e Presence of the complete article available in the databases;
e Atrticle published on or after January 2003;

e Atrticle described cell death and HIV pathogenesis.
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At least two authors selected the articles independently and individually, according to the
inclusion criteria. Disagreements were resolved by a third investigator. Duplicated articles were
excluded. The types of cell death included in the research strings were established based on
Nomenclature Committee on Cell Death (NCCD) guidelines (1). We developed a selection
folder of data based on Cochrane Consumers and Communication — data extraction template
for included studies. The systematic review structure was performed based on PRISMA
guidelines (Transparent Reporting of Systematic Reviews and Meta-Analyses -

http://www.prisma-statement.org/) (10).

2.3. Ethics Approval

No ethics approval was required because we performed a systematic review of published

articles.
2.4. Studies Selection

The articles selection was based on the inclusion criteria, as shown in the flow chart
(Figure 1).

3. Results and Discussion

In the review, we screened 290 articles and only 29 studies (8,11-38) met the inclusion
criteria. Two additional articles were included in this review during the selection of full-texts
bibliographies (7,10) (described in the Figure 1). The characteristics of the included articles are
described in the Table 2. The studies involved 1783 participants among children and adults
infected, in ART, responders or nonresponders (NR) to ART, co-infected or not, and healthy
donors. A more specific counting of individuals groups was not performed because it was not

well specified in eight studies.

The criteria for assessing CD4 recovery levels were also not well specified or were not
fully available in all studies, not allowing to estimate statistically which mechanism was
associated with the activation of a major pathway of cell death in individuals with immune
failure recovery. Despite that, we were able to identify 5 mechanisms (or events) leading to a
poor immunological reconstitution in HIV-1 nonresponders patients: 1- cell death by apoptosis
(8,11,22,24,30,31,33-36,38,12,14-20), 2 - immunosenescence (27,32), 3 - cell activation
(29,37), 4 - response to ART (23,25,26) and 5 - inflammation (21,28) (Figure 2). The summary
of results is contained in Table 3.


http://www.prisma-statement.org/
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In more details, the favorable mechanisms to poor immunological reconstitution of
nonresponders patients in regular ART identified were: damage to the fibroblastic reticular cell
(FRC) network and restrict access to interleukin-7 (11,13,31,38), shorter telomere length and
dysregulated telomerase activity (22), down regulated CD27 expression (32), antibody-
dependent cell-mediated cytotoxicity (33), polymorphisms in interleukins, death receptors and
ligands (24,34), CMV and HCV co-infections (27,28,36), y-chain cytokines modulation
(36,37), increased reservoir (19,38), HIVV-co-receptors tropism (12,19), HIV RNA levels (23),
expression and signaling of cytokines and cell molecules in immune response
(13,14,30,31,15,16,18,20,25,26,28,29). In this scenario, no other death mechanisms reported
relationship with poor immune reconstitution such as necrosis or pyroptosis cell deaths.
However, Doitsh and Greene (2) pointed two mechanisms to cell death in HIV-1-infected cells:
1) caspase 1 and 3 activity, high levels of IL-13 and Interferon (IFN-) B suggesting that presence
of caspase is needed to cytopathic response, and 2) inflammasomes activation, cleavage and
secretion of IL-1p by caspase 1, suggesting abortive HIV infection and maturation in CD4+ T
cells. However, these mechanisms was not found in clinical investigation, thus, it was not
included in this systematic review outcomes. Yet, mechanisms involving persistent T-cell
activation and bystander apoptosis by X4 viruses and gpl20 viral molecule should be
considered. Continuous expression and/or secretion of HIV-1 proteins by persistently infected

cells in patients on regular ART is able to culminate in this bystander apoptosis (12).

Nonetheless, it was possible to categorize and compile some relevant mechanisms
involved in the immunological failure of HIV-1 infected individuals and treated according to
World Health Organization (WHO) recommendations.

The details of outcomes found are exposed in the following topics.
3.1. Apoptosis

Under normal conditions, individuals present the fibroblastic reticular cell (FRC)
network where IL-7 is available, allowing T cells to have access to survivorship factors. HIV-
1 infection is associated to progressive decreases in FRC network and consequent poor access
to IL-7 due to the deposition of collagen external to the FRC, resulting in an increase of
apoptosis cell death. Moreover, cells treated with autologous IL-7have 20 to 30% less chances
to undergo apoptosis than naive T cells without stromal cells (11).
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Reinforcing the Zeng results (11), Gaardbo et al (22)describes a negative correlation
between IL-7 levels and CD4+ T cell counts, but differs as to the level of IL-7 available showing
that although this cytokine is abundantly present the level of IL-7R is reduced in patients NR

in relation to healthy controls.

Despite this, it is possible that survival of naive T cells is maintained due to the presence
of other survival factors such as CCL19 even with IL-7 blockade, but the increase in naive T
cell apoptosis is related to depletion of CD4+ and CD8+ T cells and that both depend on the
decrease of FRC network (11). This mechanism is outlined in figure 3. Inflammation and
activation of Transforming Growth Factor B (TGFp) are predict to elicit a fibrosis in FCR result
in CD4+ T cell depletion (31). IL-7 and first-phase naive and total CD4+ T cells regeneration
in patients also was associated with low thymic score (15). Nunnari et al (16) demonstrated that
IL-7 administration act synergistically with gp120 viral molecule increasing neuronal
apoptosis, downregulating Jak3 and upregulating STATS5 in astrocytes. The impaired regulation
of Jak3 influences negatively the phosphorylation and activation of STAT5, though the
stimulation of STAT5 could occur by another route (Figure 4). However, higher levels of
STATS5 could increase both lymphocyte enlargement and immune regulation by Treg cells (39).
In addition, NR subjects present high levels of stromal IL-7 production in relation to the
individuals responding to the treatment, justifying the reduction of CD4+ production and its

low count (11).

The thymic function is normally assessed by three forms: T-cell receptor excision circles
(TRECs - fragments of DNA excised in T-cell receptor production in the maturing T cell),
recent thymic emigrants (RTES), or naive CD4+ cell count (22). The Gaardbo et al study (22)
showed that RTEs express CD31, a surface marker, and the count and levels both RTE and
CDa31 are lower in HIV-1 infection. Impaired thymic and bone marrow production also were
reported as cause of low levels of TRECs in subjects that presented low CD4+ T cell response
(34). ART administration is able to increase significantly the level of TREC in T CD4+ cells,
but not in T CD8+ cells, and the decrease of apoptosis levels in circulating T lymphocyte of
HIV-infected subjects was insignificant during follow up (17). Marchetti et al (38) showed that
both NR and full responders are prone to have lower CD4 and CD8 level of TREC, but without
statistical significance. Proliferation of immature thymocytes, measured by TREC in PBMC,
was not related with infection by X4 or R5 viruses, however, T cell activation was shown to be
high in NR that had both R5 and X4 viruses. This activation was not observed in good

immunological responders (12).
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Ratifying these results, increased levels of Ki67 (cell proliferation marker) were found
in NR, showing that the peripheral proliferation of Ki67 characterizes a compensatory
mechanism for poor thymopoiesis (22). Similar results were found by Marchetti et al (38) in
NR patients reporting an increased levels of Ki67 and cell proliferation. However, the T cell
activation and proliferation were linked to higher CD4+ T cell spontaneous apoptosis (p< 0.05)
in relation to full responders. These outcomes shows that NR carry less naive T cell and more
apoptotic cells like a parameter to activation and proliferation of T CD4-lymphopenia (38).

Another important view of Gaardbo et al (22) involves the action of the enzyme
telomerase in telomer shortening. When HIV infections occur there is an increase in cellular
production and consequently deregulation of telomerase activity happens as a compensatory
mechanism. This chromosome instability could impair cell growth and induce both early and

late apoptosis, especially in patients with CD4+ T cells counts <500 cells/ul.

T CD4+ cells lost by apoptosis could be present during immune activation through
several phenomena such as residual viral production (HIV RNA, gp120 and nef viral molecules
induces immune activation by TLR7, CD4 receptor and coreceptor and lipid rafts, respectively),
older age, high levels of CCR5, HCV and CMV co-infections, low level of Treg, genetic pre-
disposition and others (12,34-36).

Programmed cell death protein 1 (PD-1) is a co-inhibitory receptor in immune cells
which controls inflammation and also an important marker of chronic immune activation in
individuals infected by viral pathogens that present failure in immune reconstitution (Figure 4)
(40).

CD38 is a common marker of exacerbated immune activation in tumor cells, such as
escape mechanism to the PD-1/PD-L1 block, (41) and insufficient immune reconstitution.
Thus, Grabmeier-Pfistershammer et al (18) evaluated whether, in HIV-1 infection, CD38 exerts
this role, but they did not observed upregulation of either CD38 or another T cell activation
marker and concluded that PD-1 was the only marker of poor immune reconstitution and that

this event occurs isolated not associated with activation of the immune system as a whole.

However, a recent research shows important predictor of CD4 + T-cell apoptosis
observed in NR patients is antibody-dependent cell-mediated cytotoxicity (ADCC). This
mechanism was evaluated by Luo et al (33) who demonstrated that there is mediation of
cytolysis and cellular apoptosis by anti-CD4 1gG through ADCC in NR patients, and that anti-

CD4 1gG also stimulates an increased expression of CD4 and coexpression of CD38 and HLA-
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DR inducing cellular activation in total and memory CD4+ T cells (12), respectively. Yet, NK
cells from these patients showed significantly expression of CD107a in relation to responders
and control groups confirming the cytotoxicity and activation of NK through anti-CD4 IgG.
Regarding this theme, Gaardbo et al (22) reported that autoantibodies are present at low levels
in healthy individuals, but with low affinity and no pathological activity unlike in HIV infection
when elevated autoantibody levels are present early and lasted until the chronic phase. Even
ART treatment, not all of this activation is reversed meaning that, under these conditions, ART
may not be able to inhibit the pathogenicity of HIV

The occurrence of CD4 cell apoptosis in HIV patients co-infected with HCV is also
described. Analysis of PARP and TUNEL apoptotic markers showed significative increased of
cell death in co-infected patients than in HIV-positive individuals, indicating HCV/HIV-co-
infection as a predisposing factor to programmed cell death by apoptosis (35). Others co-
infections such as, CMV are also able to influence CD4+ T cell proliferation and apoptosis.
Patterson, Jesser and Weinberg (36) analyzed the y-chain receptor in HIV-infected and
uninfected patients and found that the apoptosis level of PBMC was significantly higher than
uninfected controls (p<0.0001), and among IL-15, IL-2, IL-4 and IL-7 treated cultures IL-2
has less effect against apoptosis while IL-15 has the most potent effect. IL-4 and IL-7 do not
exercised significantly change in apoptosis. But, no studies were found correlating the

immunological responder, co-infection and cell death mechanism.
3.2. Immunosenescence

Different from RDC, cellular senescence involves an irreversible and progressive loss
in proliferative capacity followed by specific features in cell morphology and biochemistry such
as cellular enlargement, altered chromatin structure and increased lysosomal galactosidase beta
1 (GLB1) activity (1). Cellular senescence is described in some immune responses as seen in
HIV-1 chronic infections (1) Moreover, ART administration could increment the chronicity
level of inflammation in HIV-1 infected individuals and possibly related to immunosenescence
(42).

Double-negative B cells (IgD-CD27-) population are present at low levels in healthy
individuals, but their presence is significantly higher in peripheral blood in elderly individuals,
patients with Alzheimer's disease, rheumatoid arthritis, systemic lupus erythematosus and HIV
infection. IgD-CD27- cells are unable to act presenting antigens, i.e., loss of expression of

CD27, a member of the TNF receptor superfamily, prevents the spread of activation signals,
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but little is known about the lack of CD27 in this cell population (43). Higher frequency found
of 1gD-CD27- B cells in HIV-infected children could mean both the late memory and/or
functionally exhausted cells with down regulated expression of CD27 or premature immune

senescence (32).

Immunosenescence was also investigated in HIV-infected individuals co-infected with
CMV. In patients seronegative for CMV was found inverse correlation between CD4+ and
CD8+ T cells means in peripheral blood (higher mean of CD4+ T cells versus lower mean of
CD8+ T cells counts) and higher CD4+/CD8+ T cell ratio. In addition, there was a high
percentage of CD8+ T cells expressing CD28 and a low percentage of CD8+ T cells expressing
CD57 in individuals who were seronegative for CMV compared to the group with positive
individuals for CMV co-infection, concluding that the evidence of immunosenescence
phenotype was lower in CD8+ T cells from CMV-seronegative individuals group than in CMV-
seropositive individuals group (27).

In agreement with these results, Gaardbo et al (22) show that the elevated expression of
the PD-1 molecule in NR patients is a marker of cell depletion and senescence in view of its
overregulation of T cells depletion due to chronic virus infection. Additionally, its expression

is negatively related to the CD4+ T cell count.
3.3. Inflammation

According to the recent publication of Watanabe et al (44) showing the persistent levels
of IFN-y in HIV-infected patients on ART even after two follow-up measurements. The authors
believe that results are linked to a possible association with endogenous anti-HIV response
where IFN-y is a factor related with poor CD4+ T cell count recovery, and discard inflammation

occurrence.

Several pro- and anti-inflammatory cytokines are released in HIV-1 patients co-infected
with tuberculosis that present immune reconstitution inflammatory syndrome (TB-IRIS).
Patients belonging to this group are more prone to present lower levels of IL-13, IL-15 and IL-
17A. After 24 hours of stimulation with M. tuberculosis, the TGF-p was the unique cytokine
that has not upregulated. IL-5 was higher in unstimulated non-IRIS patients unlike IL-2, IL-15
and TNF that were higher in TB-IRIS patients. To stimulated patients, I1L-1b, IL-5, IL-6, IL-
10, IL-13, IL-17A, IFN-c, GM-CSF and TNF were significantly abundant (pcor<0.03). Yet,
higher supernatant cytokine concentrations were observed to IL-2, originated from lymphoid
tissue, and IL-12p40, IL-1b, GM-CSF, TNF, IL-10, IL-6, and IL-8 (pcor<0.04), from myeloid
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cells. For serum concentrations analysis, the TNF, IL-6, and IFN-C (Pcorr<0.02) were
significantly higher in TB-IRIS patients. After corticosteroid therapy, IL-6 and TNF

concentrations declined, but not IFN-y.
3.4. Others factors trigging T cell death

During HIV-1 infection the host immune response trigger cells activation from several

ways and somehow involved in immune recovery in ART.

The pool of T cells, by homeostatic proliferation, is dependent on IL-7, IL-2 and IL-15
signals and self-MHC/peptide ligands. Their receptors share a common vy chain through Janus
Kinase (Jak)-3, but IL-2R and IL-15R also share a common B chain through Jak-1. Therefore,
dysfunctional T cells in HIV infections is result of defective IL-2 production and/or inability to
make IL-2, exhausted phenotype (increased expression of PD-1 molecule), alteration of
maturation and increased apoptosis (Figure 4). Assays also showed that Cy chain deficiency

was present in HIV-infected patients compared to controls (37).

The analysis of other cell activation markers showed that although CD4+ T cells naive
presented a slight increase and in a slower way, the number of CD4 + expressing Fas (CD95+
CD4+) increased significantly (p=0.01). This condition was not observed in CD8 + T cells
expressing Fas. Increased expression of CD28 and CD95 was significant between 12 and 48
weeks of ART administration. In addition, all patients showed an increase in TREC indicating
an inclination to increase naive CD4 T and viral load decline, although there is no statistical

power due to the small number of individuals analyzed (29).

The CD4+ T cells levels and HIV-1 RNA load at the baseline are important factors
influencing immune recovery after ART. In general, patients with CD4+ T cells count lower
than 200 cell/mm?3 at the baseline, even treated with triple-drug therapy containing a protease
inhibitor, have a higher risk of disease progression with weak immunologic response, favoring
the occurrence of opportunistic diseases (23). Besides that, Zidovudine has been shown to
induce apoptosis in NR individuals. Zidovudine could upregulated caspase-3, Fas and TNFR2
(8,20).

Moreover, NR patients using ART regimen containing three drugs: 2 NRTIs + a
PI/NNRTI/1I (corresponding to 89% of NR), did not recover CD4+ T cells levels even with
suppressed viral load for an extended period. The therapy was able to only partially reduce the

super activation of circulating CD4 and CD8 and in the gut. As for the Treg phenotype, the
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expression of CTLA-4 and PD-1 was higher in the gut relative to the peripheral blood and the
percentage of Treg expressing both CTLA-4 and PD-1 was higher in untreated patients than in
the others patients’ groups and controls. The frequency between circulating CTLA-4+ Treg and
PD-1+ Treg was heterogeneous. While CTLA-4+ was higher in NR patients, PD-1+ showed no

significant difference between NR, responders and controls (26).

However, in individuals under regular use of ART is observed a significant decrease in
cellular activation (low sCD14) and in the HIV Gag-specific CD8+ T-cell response (IFN-y or
CD107 and TNF-a reducing) (25).

Other factors involving subgroups expression of NK cells were evaluated by Giuliani et
al (21). The CD56"™" count and NK cells were increased in the NR patient group in relation to
the responders (12+3% vs 3£2%, p=0.0001; 20+4 vs 8x1 cells/ul, p=0.001, respectively). This
percentage of cell group and cell count showed an inverse relationship with pre-ART CD4+ T
cell count. Além disso, in CD56"9" high NKp46 and low CD25 expression is existent. The
potencial degranulation of this group of cells showed an increase of approximately three times
CD107a+ than untreated controls with K562 and K562/1L-12/1L-15. Finally, after stimulation
with IL-2/1L-12, CD56""9" presented higher levels of IFN-y+ (3% - unstimulated cells - to 14%
to responders patients).

4. Limitations

Our ability to analyze and establish a relationship between mechanism associated with
a major pathway of cell death in individuals with immune failure was limited by both the poor
level of details about the criteria for assessing CD4 T cell recovery and inconsistent specific or
not fully available measures across the included studies.

5. Conclusions

Overall, in this review, the evidence of the criterion adopted for defining the immune
failure is not robust enough to determine the key mechanism of cell death activation that
characterizes the loss of T cells in the HIV pathogenesis. Only two case-control and one cross-
sectional studies allowed substantial crossover of the required data. Hence, our findings on
which type of cell death is responsible for impairing the complete immune reconstitution of a
significant group of patients can not be applied.
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The main results showed that cell death by apoptosis in non-ART responding HIV-1-

infected individuals was activated by the extrinsic pathway. Although it was not possible to

determine statistically the mechanism responsible for impaired immune recovery in NR patients

in ART, it was possible to notice that lack of recovery of CD4+ T cells depends on multiple

factors. Poor thymic function and lack of access to IL-7 were the main reported factors in

association with lymphocyte loss CD4 + T by apoptosis as a consequence of impaired immune

activation in HIV-1 infection. As a secondary but important result, we found the expression of

Programmed cell death-1 (PD-1) molecule exerting an immunomodulatory role in cellular

activation and immunosenescence. In addition, tuberculosis co-infection and IRIS are factors

that contribute to increase inflammation condition via TNF, IL-6 and IFN, and the baseline T

CD4+ count influence in apoptosis due to chromosome instability. Some studies suggested

supplementary treatment with recombinant human IL-2.
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Table 1. Search strings used for data search based on the types of cell death

Cell death types

Search string

Results (total
articles found)

Apoptosis
Necrosis
Pyroptosis
Accidental cell death
Acd
Anoikis
Cell death
Cellular senescence
Efferocytosys
Entotic cell death
Extrinsic apoptosis
Ferroptosis
Immunogenic cell death

Intrinsic apoptosis
Lysosome-dependent cell
death
Mitochondrial permeability
transition (MPT)-driven
necrosis
Mitotic catastrophe
Mitotic death
Necroptosis
NETotic cell death
Parthanatos
Programmed cell death
pcd
Regulated cell death
rcd
Apoptosis

hiv AND haart AND apoptosis AND imune reconstitution
hiv AND haart AND necrosis AND imune reconstitution
hiv AND haart AND pyroptosis AND imune reconstitution
hiv AND haart AND accidental cell death AND imune reconstitution
hiv AND haart AND acd AND imune reconstitution
hiv AND haart AND anoikis AND imune reconstitution
hiv AND haart AND cell death AND imune reconstitution
hiv AND haart AND cellular senescence AND imune reconstitution
hiv AND haart AND efferocytosis AND imune reconstitution
hiv AND haart AND entotic cell death AND imune reconstitution
hiv AND haart AND extrinsic apoptosis AND imune reconstitution
hiv AND haart AND ferroptosis AND imune reconstitution
hiv AND haart AND immunogenic cell death AND imune
reconstitution
hiv AND haart AND intrinsic apoptosis AND imune reconstitution
hiv AND haart AND lysosome-dependet cell death AND imune
reconstitution
hiv AND haart AND mitochondrial permeability transition (MPT)-
driven necrosis AND imune reconstitution

hiv AND haart AND mitotic catastrophe AND imune reconstitution
hiv AND haart AND mitotic death AND imune reconstitution
hiv AND haart AND necroptosis AND imune reconstitution

hiv AND haart AND NETotic cell death AND imune reconstitution
hiv AND haart AND parthanatos AND imune reconstitution

hiv AND haart AND programmed cell death AND imune reconstitution

hiv AND haart AND pcd AND imune reconstitution
hiv AND haart AND regulated cell death AND imune reconstitution
hiv AND haart AND rcd AND imune reconstitution
Addicional articles
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Table 2. Characteristics of the included studies.

Reference, Year

Population (n)

Study Subject

Study designs included

Conclusions/Other Characteristics

Zeng et al., 2012(1)

Gaardbo et al.,
2012(2)

Singh et al., 2018(3)

Luo et al., 2017(4)

Corbeau and Reynes,
2011(5)

Korner et al.,
2009(6)

Patterson et al.,
2008(7)

Pahwa, Savita,
2007(8)

Marchetti et al., 2006
(13)

Delobel et al., 2006
(14

Torti et al., 2004
(15)

Wang et al., 2008
(16)

Kalayjian et al., 2005
(17

LTs from HIV-1
infected
patients (70
Male/Female)
NA

Chidren<5 years of
age (110)

Healthy controls
(17), HIV-positive
responders (26),
and HIV-positive
nonresponders (22)
NA

Patients (94) and
healthy controls (12)

Cytomegalovirus-
seropositive
individuals (62):
HIV-infected on
ART (36) and HIV-
uninfected controls
(26)
HIV-infected
pediatric patients in
cohort study

Immunologic
nonresponders (27),
virological non-
responders (15) and
full responders (22)

Group of patients
having poor
immjune rec

onstitution (15) and
group of patients
having good
immunological and
virological responses
(15)
Patients divided in 4
groups: 1-concordant
viro-immuno-
logical success (32),
2- virological
success and
immunological
failure (9), 3-
virological failure
and immunological
success (9), 4-
concordant
failure (11)
HIV-1 infected
subjects and healthy
individuals

Older (45 years old)
(92) versus younger
(18-30 years old) (
46) HIV-1-infected
subjects

Response to ART

Mechanisms, clinical care
and immunological
nonresponse
Effect of ART in the B cell
compartment

Specific mechanism to
direct CD4+ T cell
destruction

Response to ART. Discuss
the tools to identify the
mechanisms that may impair
immune rescontitution

Ex vivo CD4+ T cell
apoptosis in HIV/HCV-co-
infected and HIV-mono-
infected groups of patients
in ART
In vitro tests with PBMC
from HIV-infected subjects

The role of gamma
cytokines (Cy) in response
modulation to HIV infection

T cell dynamics, HIV
intracelullar reservoir,
homeostatic balances
between antigen-driven
activation, proliferation, cell
death and thymopoiesis
Different impacts of residual
replication of CCR5 and
CXCR4 receptors on T cell
homeostasis during immune
reconstitution on ART

Virological and
immunologic responses after
ART

B7-H1 expression on mDC
in a cohort of HIV-1-
infected individuals

Clinical, immune, and viral
responses to
initial ART regimen

Baseline and 6 months after

initiating ART in the acute, pre-
symptomatic and AIDS stages

Review article

Prospective cohort study

Case-control study

Review article

Cross-sectional and serial
analysis spontaneous

Case-control study

Literature review

Cross-sectional study

Case-control study

Case-control
study

Cross-sectional and
longitudinal study

A prospective, multicenter cohort

study

Apoptosis increases progressive
depletion of naive CD4+ and CD8+ T
cells

NR was associated to high levels of
immune activation and apoptotic cells

B cells are conduced to over-activation
and functional exhaustion by HV.
ART could be inefficient in
normalizing the levels of Fas
Anti-CD4 1gG from NR induce
cytolysis and apoptosis in NK and
naive CD4+ T cells

Polymorphisms associated with non
immune response to ART. CCR5 was
a co-activation molecule involved in
immune
activation and rise in CD4 count
Early initiation of ART in HIV/HCV-
co-infected patients may be no
effective measure to prevent excessive
loss of CD4+ T cells

The frequence of T-cells in early
apoptosis was increased by IL-2

Failure of immune reconstitution have
a proliferative response to IL-2, IL-7,
and IL-15. Cytokine receptor
deficiencies may contribute to immune
deficiency in HIV-infected pa-
tients
The lack of CD4 cell recovery in NR
is consequence of a augmented
activated apoptotic T cell
compartment, elevated IL-7 and
thymic impairment and high levels of
intracellular HIV DNA
X4 viruses could influence a poor
immune reconstitution on ART by
triggering persistente T-cell activation
and bystander apoptosis via gp120-
CXCR4 interactions. X4 viruses could
account for the depletion of the naive
T-cell pool by the impairment of the
thymus output or by the destruction of
mature naive cells in the periphery
Virological suppression may induce
Bcl-2 and IL-15 hyperexpression
during incomplete immune-
reconstitution phase. The more
complete immune reconstitution
appeared to be marked by both high
TRECs and low LSA levels, indicating
both central and peripheral CD4 T-cell
repopulations

B7-HL1 is significantly up-
regulated on circulating mDC in HIV-
1-infected individuals and successful
immune reconstitution after ART and
B7-H1 expression decreased were
inversely proportional
Reductions
in immune activation were associated
with reductions in spontaneous
lymphocyte apoptosis. Changes in T
cell counts suggest distinct
pathophysiologic
mechanisms to HAART-induced
restoration
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Nunnari et al., 2005
(18)

Aladdin et al., 2003
(19)

Almodovar,
Sharllyn, 2014 (21)

Wallace et al., 2016
(22)

Giuliani et al., 2017
(23)

Koletar et al., 2004
(24)

Nasi et al., 2005 (25)

Wilson; Sereti, 2014
(31)

Hayes et al., 2013
(26)

Rueda et
al.,2013(27)

Barrett et al., 2014

(1)

Tadokera et al., 2011
(28)

Human mature
neuron and
astrocytes (hNNT-2
cell cultures)

HIV-infected
individuals (27) and
healthy controls (11)

NA

PBMCs from HIV-
positive adults.
Regimen ART with
zidovudine — ZDV -
(10) or without ZDV
(10) and healthy
donors (10)
HIV-1-infected non
responders patients
(12) and HIV-1-
infected responders
patients (16)

HIV-infected
subjects with CD4+
T cell counts <50
cells/mm?® (612)

HIV-infected
treatment-naive
pateints (131) and
healthy donors (136)

NA

PBMC, and rectal
and duodenal
biopsies from

chronic HIV-infected
individuals (14)

Healthy controls
(13), ART
immunological
responders (8), ART
non-immunological
responders (9), and
untreated patients
(16)
HIV-infected CMV-
seropositive (126)
and HIV-infected
CMV-seronegative
individuals (27)
Culture of PBMC
from tuberculosis
(TB) and HIV-
infected individuals
with IRIS

The role of IL-7 in HIV-1-
associated dementia (HAD)

Effect of ART on viral
suppression on TRECs,
telomere length,
proliferative responses and
PHA-stimulated apoptosis

HIV infection associated
with pulmonary
complications (chronic
obstructive pulmonary
diseases, pulmonary arterial
hypertension and lung
cancer)

Use of zidovudine and
mitochondrial stress
associated with primary t
cell survival

Frequency, phenotype and
various functions of NK-cell
subsets of NR in ART in
comparasion with full
immune responders

Response to ART

Fas and FasL
polymorphisms and
response to ART

Acute complications like
IRIS after ART iniciation,
chronic immune activation
in long therm therapy
involved in immune
restoration
Effects of ART iniciation on
CD4+ T cell immune
activation in gastrointestinal
tract

Immune reconstitutionand
response to ART

Cellular senescence

Pro- and anti-inflamatory
cytokines in TB-IRIS
pathology

Cross-sectional study

Case-control study

Literature review

Cross-sectional study

Cohort study

Prospective, placebo-controlled

study

Retrospective study

Review article

Cohort study

Cross-sectional study

Observational cohort

Case-control study

IL-7R transcripts are not stable in
specific human cells. IL-7 down-
modulated IL-7Ra expression and
increased HIV-1 mediated Fas-
induced T-cell death, besides up-
regulate STATS5 in astrocytes.
Proapoptotic genes were up-regulated
expression
Patients in virological success have
TREC level normalization of CD4+
T-cell population

HIV-X4 viruses relation with COPD
and lung cancer

Association amog Zidovudine
exposure, impaired mitochondrial
turnover and increased susceptibility
to apoptosis in T cells was found and
contributes to a worse immune
reconstitution

The NK-cell compartment that may
play a role in disease progression and
impaired CD4+ T cell recovery. NRs
present descreased capacity of IFN-y
production in response to cytokine
stimulation contributing to the
susceptibility to infections and tumors
Opportunistic illnesses occurrence
were associated with decreases in
CD4+ cell counts and suboptimal
control of virologic replication.
Discordant responses (CD4+ cells
increased and lack of suppression of
viral replication) may be related to
higher memory CD4+ cells count,
activated CD8 cells and lower IL-2-
producing CD4+ cells
Combination of polymorphisms of Fas
or FasL could influence CD4+ T cell
production and viral load decrease.
Immunereconstitution triggered by
ART may be influenced for this genes
Early ART is important to immune
system restoration, limiting the
imbalances and disfunction of
leukocyte subsets

Immune activation was decreased in
blood and rectal CD8+ T cells after
ART. CD28 expression in peripheral
and mucosal CD8+ T cells was
increased. Early effects of ART
included CD4 recovery in blood,
duodenal and rectal mucosa, changes
in T-cell differentiation and
costimulatory molecule expression,
and decreased HIV-specific CD8+ T-
cell response
Viral replication control is not
sufficient to normalize gut Treg
frequency. Partial normalization was
observed only in the subsets of
patients with overall CD4
reconstitution.

HIV-infected CMV-seronegative
individuals present ART-induced
reconstitution of CD4+ T cell levels,
normalization of CD4+/CD8+ T cells
ratios and less immunesenescence
Cytokine release contributes to
pathology in TB-IRIS. IL-6 and TNF
were elevated. Corticosteroid therapy
influence IL-6 and TNF decrease in
serum
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Al-Harthi et al., 2004
(29)

Benveniste et al.,
2005 (8)

Piconi et al., 2010
(30)

ART naive HIV-
infected patients
evaluated
longitudinally (13)

HIV-1-infected
subjects who had
CD4+ cell count

<250/mm?® (19) and
control patients with

CD4+ cell count

>500/mm? (19)
HIV-infected and

treated patients with

undetectable viremia
divided in group

with CD4 cell counts
>500 cells/pl and

group with CD4 cell

counts <500 cells/pl

(67)

Therapeutic effect in HIV-1-

infected patients

Response to ART

Relationship between

immune activation and poor

CD4+ T-cell-recovery
during virologically
successful ART

Cohort study

Prospective transsectional case-
control

Transversal case-control

This increase in CD95 expression
could not be explained by enhanced
apoptosis, but shows the activation

status of T cells. ART prior to CD4 T-
cell
decline below 500 cells/mL
Low-level regeneration of CD4+ cells
is related to regeneration of central
CD4+ cells deficiency and apoptosis.
Increased T cell death by apoptosis
was related to a higher level of CD4+
cells activation

Immune alterations are present in
ART-treated patients with CD4+ T
lymphocyte counts reduction. Altered
gut permeability resulting in increased
LPS serum concentrations would
trigger TLR-4-mediated immune
activation of multiple cell types.
Activated Treg lymphocytes could
avoid complete CD4+ T cells
reconstitution via immunosuppressive
cytokines and apoptotic mechanisms
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Note: NA — not available; NR — immune non responders; ART — antirretroviral therapy; LT — lymphoid tissue; TREC — TRC excision circle; IL-2, IL-
15 - cytokines interleukin 2 and 15; Fas — Fas receptor; Cy — gamma cytokines; LSA — lymphocyte spontaneous apoptosis; B7-H1 — CD274,
programmed death-1 ligand-1 (PD-L1); mDC — myeloid dendritic cells; PHA — phytohaemagglutinin; PBMC — peripheral blood mononuclear cells;
COPD - chronic obstructive pulmonary disease; IRIS — Immune reconstitution inflammatory syndrome; CMV — Cytomegalovirus; TNF — Tumour

necrosis fator; LPS — lipopolysaccharide.
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Table 3. Summary of characteristics of included studies based on outcomes of mechanisms of cell

death.
Outcomes Mechanisms Conclusions References
- Damage to the FRC network - Enhaced perforin expression of CD8
- Poor access to I1L-7 - Pro-liferative response to IL-2, IL-7, and IL-15
- Dysregulation of terlomerase - Chromosome instability
- Antibody-dependent cytotoxicity - Deposition collagen
- TREC activation - High immune activation
- Polymorphisms in IL-2, IL-15 genes - Cytolysis and apoptosis activation via Anti-CD4 IgG in
- Measure of apoptosis using PARP and | nonresponders
TUNEL - Impaired activity and production of thymus
- y-chain cytokines modulation - Apoptosis induced by spontaneous Fas and HIV
- Reservoir and immunophenotyping subsets | - HCV/HIV-co-infected patients with higher levels of apoptotic
and IL-7/IL-7R measurement cells
- TREC, spontaneous apoptosis and HIV-1 env | - IL-2 increased the early apoptosis in cells
regions quantifications - Poor CD4 recovery caused by high activation of apoptotic T
- IL-7/1L-7R pathway activation cells, elevated IL-7, thymic impairment and high levels of HIV
- Treatement of PBMC with PHA, FITCand 7- | DNA
AAD - Poor immune reconstitution due persistente cell activation and
- Monoclonal antibodies and endotoxin levels | bystander apoptosis via gp120-CXCR4 interactions
analyzes - Neuronal apoptosis augmented by HIV-1 gp120 and Fas
- mtROS and mtMass quantification - High susceptibility of PBMCs to spontaneous and PHA-
- TGF-B, immunomodulatory cytokines and | stimulated apoptosis in HIV-infected patients
Apoptosis interleukins sinalling - Increased susceptibility to apoptosis is correlated with (1,2,14-
- T cell proliferation and count, TREC, increased PD-1 expression 17,20,21,2
cytokines, apoptosis, cellular proviral DNA | - Increased spontaneous apoptosis of zidovudine-exposed T 7-29,4—
and plasma viral RNA assesment cells by upregulation of caspase-3 7,9,10,12,1
- Stimulation with gag+env or CMV peptides | - Higher ROS-positive frequence in zidovudine presence 3)
for analyzes of PD-1, TLR2 and TLR4 | - mt-ROS-positive CD8+ and CD4+ T cells caused excessive
expression, IL-10 and TGF-B production, | cell death
annexin V and caspases 8 and 9 activation - TGF-p pathway induced fribosis and prevents access to IL-7
- Polymorphisms genotyping in Fas and FasL resulting in apoptotic depletion
- HIV reservoir and CXCR4/CCR5 receptors | - High levesl of CD4+ cells activation, lower thymic output,
evaluation increased apoptosis, Fas induced and TNFRII
- Thymic-dependent and —independent | - Altered gut permeability causes TLR-4-mediated immune
pathways of T cell regeneration activation
- B7-H1 expression - Treg activation prevent CD4+ t cell reconstitution by
- Spontaneous apoptosis and evaluation of Bcl- | immunosupressive cytokines and apoptotic mechanisms
2, IL-7, IL-15, CD45RA and CDA45R0 | --670 polymorphism association with apoptosis and diseases
expression related to apoptosis across cell proliferation or NF-xB
activation
- HIV-CXCR4 associated with risk of cancers and apoptosis
associated with inflammatory proccess due to HIV
complications
- Higher levels of STNFRII and IL-7 in HIV-1-infected patients.
TREC increased in older infected subjects
- Upregulation of B7-H1 and PD-1 in HIV-infected subjects
related with apoptosis in myeloid dendritic cell
- Bcl-2 more expressed in immune failure patients, spontaneous
apoptosis more frequent in complete failure group, IL-7
increased in HIV-positive subjects
- Downregulation of CD27 and CD25 | - ART-induced normalization of CD4 and CD8 T cells levels and
Immunosene  expression immune senescence phenotype (3,24)
scence - HIVICMV co-infection - ART is inneficient to normalizing Fas levels
- Over-activation and exhaustion of B cells induced by HIV
- Plasma HIV RNA levels - Fas expression increased reflect the T cells activation
Cell - y-chain cytokines modulation - Proliferative response to IL-2, IL-7, and IL-15 stimulation
activation - IL-21 enhanced perforin expression in CD8 T cells (8,26)
- CD4+ cells count decrease associated with higher baseline HIV
- CD4+ T cell and HIV RNA levels count RNA load (suboptimal control of virologic replication) and
- Quantification of markers of immune | opportunistic illnesses
acrivation and LPS levels - Discordant response (increased CD4+ and lack of viral
- Biomarkers panel replication suppression) was related with activated CD8+ count
and IL-2 producing by CD4+ cells
Response to - Patients in ART therapy present decreased levels of CTLA-4 | (19,22,23)
ART and PD-1 expression compared with untreated patients
- Gut Treg frequence is partially normalized in patients with
overall CD4 reconstitution
- Immune activation decrease in CD8+ T cells after ART
- Cytokine gene expression and secretion by | - Increased cytokine transcripts, release and concentrations in
heat-killed ~ Mycobacterium  tuberculosis | serum
Inflammatio  stimulation - This condition contribute to phatology in TB-IRIS (18,25)
n - Quantification of soluble CD14 and LPS and | - Corticosteroid therapy decreases IL-6 and TNF in sérum

evaluation of functional activity of NK-cell

- In CD56"9" NK-cell and infections susceptibility increase, the
CD4+ T cell count and CD25 levels were decreased

Note: FRC — fibroblastic reticular cell; IL-7 — interleukin 7; TREC - TRC excision circle; IL-2, IL-15 - cytokines interleukin 2 and 15; PARP — poly(ADP-ribose)
polymerase; TUNEL — terminal deoxynucleotidyl transferase-mediated dUTP nick-end labelling; IL-7R — interleukin 7 receptor; PBMC - peripheral blood
mononuclear cell; PHA — phytohaemagglutinin; FITC — annexin-fluorescein isothiocyanate; 7-AAD — 7-amino actinomycin D; mtROS — mitochondrial reactive
oxygen species; TGF-B — transforming growth fator 8; PD-1 — programmed death-1; CMV — Cytomegalovirus; TLR2, TLR4 — Toll-like receptors 2 and 4; 1L-10 —
interleukin 10; CD25 — interleukin 2 receptor subunit alpha; CD27 — CD27 molecule; Fas — Fas receptor; HCV — hepatitis C virus; CXCR4 — C-X-C chemokine
receptor type 4; TNFRII — tumor necrosis factor receptor superfamily, member 1b; IL-6 — interleukin 6; TB — tuberculosis; IRIS — Immune reconstitution
inflammatory syndrome; TNF - Tumour necrosis fator; CTLA-4 — cytotoxic T-lymphocyte-associated antigen 4; CCR5 — C-C chemokine receptor type 5.
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Figure 1. Flow chart of excluding and selecting studies. Adapted from (30).
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OUTCOMES OF INCLUDED STUDIES

B APOPTOSIS B IMMUNOSENESCENCE M CELL ACTIVATION = RESPONSE TO ART B INFLAMMATION

Figure 2. Distribution of outcomes related with poor immunologic reconstitution of HIV-1 nonresponders patients
in ART.
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Fibroblastic HIV destroys FRC
reticular cells network
(FRCs)

-
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TCR 1
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T-cell lacks stimuli
Figure 3. Deregulation of lymphoid tissue architecture during HIV infection. In chronic phase of infection, HIV

induces the destruction of FRC (fibroblastic reticular cell) network in the paracortex. FRC network destruction

induces collagen deposition causing fibrosis and loss of IL-7 production. T cells lose the survival stimulus and
undergo apoptosis.
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HIV-infected

HIV causes downregulation of IL-2, others Cy cytokines Teell

and its receptor. This leads to cellular exhaustion,
increases PD-1 expression and induces apoptosis

Blocks inflammation - }'Q?
suppressor signals '\
| &

#p120 and IL-7 synergism causes 7

downregulation of JAK3 -

Calcium liberation

Regulation of intrinsic
apoptosis pathway

Figure 4. Modulation of cell activation pathways in HIV infection. Levels of IL-7 and IL-7R are deregulated during
infection. IL-7 and gp120 act synergistically downregulating Jak3 and preventing the activation of STAT5
increasing apoptosis. HIV also decreases or inhibits the production of IL-2 and increases the expression of PD-1
(exhausted phenotype). PD-1/PD-L1 linkage controls inflammation through NFAT activation and causes chronic
immune activation, cell depletion, senescence and insufficient immune reconstitution.
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Molecular Interaction between HIV-1 gp120 Protein and Cell Activation Receptor: A
Possible Mechanism of Immune Suppression
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Abstract

Pathogenicity of Human Immunodeficiency Virus (HIV) is characterized by the gradual loss of
CD4+ T cells and loss of cell-mediated immunity. Viral infection mechanisms can modulate
cell death and inflammation through the TNF-a or FasL pathways in CD4+ and CD8+ T
lymphocytes causing death of these cells by apoptosis and viral persistence and suppression of
the immune system. Clarify how the activation of TNF-a/TNFR1, TNF-a/TNFR2 and FasL/Fas
is involved in the increase of cell death by apoptosis or inflammation due to HIV-1 infected
cells is crucial for understanding viral pathogenesis and the possible targeting of antiretroviral
treatment. Thus, we describe the in silico molecular interactions between the TNFR1, TNFR2,
Fas receptors, their ligands and viral gp120 molecule involved in the extrinsic pathways of
apoptosis. Structures of TNFR1, TNFR2, Fas, TNF-a, FasL and gp120 stored in PDB Databank
were used for Molecular Docking and Dynamics simulations. Combinations were made
between receptors, ligands, intracellular molecules and viral factors. We found that gp120
molecule binds strongly to TNFR2 in the same region that TNF-alpha does and may be a major
competitor with TNF-a. in groups of individuals even on antiretroviral therapy may present poor
immune recovery.

Keywords: Death receptors; HIV-1 infection; gp120 modulation; Molecular interactions;
Immune response.
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Introduction

The mechanism that involves the progressive decline of CD4 + T lymphocytes in
infected patients is controversial (1), however host and viral factors can play a key role in CD4+
T cell loss (2) stimulating the modulation of the signaling pathways in these cells (3). Several
molecules, cells and mechanisms of recognition, death or help to the infected cell are involved
in host immune response during infections. On the other hand, viruses may present several ways
to escape of the immune system of host (4).

Apoptosis is recognized as an important mechanism of T cell depletion in HIV
infections (5) since its regulation occurs in order to favor viral replication and survival through
the activation of pro-caspases and caspases, increasing virus transcription. At the same time,
this apoptotic mechanism, in persistent infections, contributes to the persistence and/or latency
of the virus (6). Garg, Mohl and Joshi (7), described the performance of two viral envelope
glycoproteins, gp120 and gp41, in binding to cellular CD4 chemokines receptors and fusion
between viral and cellular membranes, cooperating for the formation of syncytia and facilitating
virus transmission between infected and uninfected cells and, consequently, increased
apoptosis.

The gp120/gp41 viral structure (spike) undergoes changes in the configuration that
allow the virus to enter the target cell through a high potential energy used for fusion between
viral and cellular membranes. These changes in the configuration are necessary to guarantee
flexibility for gp120 even retaining contact with gp41(8). The gp120 plays an important role in
the pathogenesis of hiv because it induces the expression of death receptors (Fas and TNFR) in

CD4+ and CD8+ T lymphocytes and activates the production of proinflammatory cytokines
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such as TNF-a participating in the death of these cells by apoptosis contributing to viral
persistence and suppression of the immune system during infection (3).

Tumor necrosis factor (TNF) is an immunity-modulating cytokine that activates signals
through TNF receptors 1 and 2 and is required for defense against infectious diseases (9). In
HIV-1-infected individuals the concentrations of TNF-a are persistently high (10). Tumor
Necrosis Factor receptors (TNFR) can be classified as activators (TNFR2) or death (TNFR1
and Fas). These receptors contain a transmembrane region and extra- and intracellular domains
to which ligands and adapter proteins bind, (FADD, TRAF2, RIP1, TRADD), respectively,
transmitting pro- or anti-apoptotic signals by the activation of caspases or NF-kB (11,12). The
formation of Fas/FasL complex activates apoptotic mechanisms similar to those induced by
TNF, another possible pathway for apoptosis in HIV-1 infected cells due to the high level of
detectable expression of this complex in macrophages of infected patients (13).

Several intra- and extracellular mechanisms are involved in both apoptosis and
persistent cell activation, but insufficient data on the influence of the direct action of gp120 on
the activation of TNFR1, TNFR2 and Fas receptors that characterize the modulation of cellular
activation or apoptosis pathways, which is the focus of this study. Here we describe the
molecular interactions between HIV-1 gp120, TNFR1, TNFR2, Fas and their ligands involved

in the extrinsic apopotosis of HIV-1-infected individuals cells.

Methods

1. Structures

For molecular docking and Dynamics simulations, we used structure stored in Protein

Databank (PDB). The PDB ID of the structures are: TNF-alpha: 1TNF; TNFR1: 1EXT,
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TNFR2: 3ALQ; Fas: 3THM; FasL: 4MSV; and gp120: 4RZ8. Prior simulations, the structures

were edited using Chimera v. 1.13.1 software (removing water and other molecules).

2. Protein-Protein Docking

We used ClusPro server to perform molecular docking between the structures assuming

the balanced coefficients, choosing the model with lowest cluster score.

3. Molecular Dynamics simulations

Molecular dynamics (MD) was performed with GROMACS software (version 2016.2)
to determinate the stability of the docked complex. The simulation force field used for all
simulations was the GROMOS/53A6. The tridimensional structures were solvated into a cubic
box with SPC/E water molecules, and neutralized by adding Na* and CI ions. The steepest
descent method for Energy minimization was used with 50,000 steps. The equilibration of the
system was made in two phases: first, NVT (constant number of particles, volume and
temperature) equilibration, with constant temperature (310K) for 10 ns; second, an NPT
(constant number of particles, pressure and temperature) equilibration with constant pressure
of 1 bar and constant temperature of 310 K, also for 10 ns. Finally, after minimizing energy and
equilibrating the system, the production phase was carried out at 310 K. The covalent bonds
were constrained using the LINCS (Linear Constraint Solver) algorithm whereas the
electrostatic interactions were assessed through the PME (Particle Mesh Ewald) method. The

MD trajectories were recorded every 10 ps and the production time was 100 ns.

Results
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Docking results are displayed in Table 1. The gp120 molecule binds to TNFR2 in the
same region that TNF-alpha does, although with less affinity than TNF-alpha (cluster scores: -
951.3 and -1831.9, respectively). Moreover, gp120 did not bind to TNFR1 or Fas in the region
that TNF-alpha and FasL binds, respectively.

To evaluate the stability of the complexes, we carried out Molecular Dynamics. In
general, the complexes with the native ligands of TNFR1, TNFR2 and Fas were more stable
along the simulations (Figure 1). Analyzing the RMSD plot of TNFR2-gp120, we observed
that, although the docking suggested the binding of the complex, the stability of this system did
not persist after 50 ns, where one unit of the TNFR2 trimer dissociates of the complex (Figure
2).

Furthermore, although RMSD plot from Fas-gp120 complex points to a stable system,
the region where gp120 binds, according to docking, did not suggest activation of the receptor.
Finally, the complexes with TNFR1 suggests a non-activation of the receptor through gp120.
Other MD analysis (radius of gyration, and solvent accessibility analysis) also corroborates

RMSD data.

Discussion

We sought to characterize and correlate, from a molecular approach, the interaction of
three receptors involved in the extrinsic pathway of apoptosis and inflammation (TNFR1,
TNFR2 and Fas) with their respective ligands and with viral gp120 regarding the response of
HIV-1-infected individuals to antiretroviral therapy. The viral gp120 protein was chosen as the

link between HIV and its target cell through direct binding to the cellular CD4 and coreceptors.
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The structure of TNFR2 may be formed by both dimers and trimers to which two or
three TNF trimers bind by recruiting other complexes and forming TNF-TNFR2 aggregates on
the cell surface. These models present symmetry and allow the formation of a realistic structural
arrangement for both models described. Subsequently, the formation of these aggregates
induces the recruitment of intracellular molecules such as TRAF2 that binds to the internal
region (intracellular domain) of TNFR2 initiating the signaling pathway mediated by that
receptor (9). Even though it is not clear how TRAF2 triggers signal transduction through this
pathway, it is known that from the activation of the TNFR1-TNF-a pathway, it forms complex
with other adapter molecules (TRADD and RIP1) inducing the activation and transcription of
NF-kB to activate proinflammatory responses (14,15).

Due to the possibility of gp120 replacing TNF-a with TNFR2 binding in the mechanism
described above, we consider the possibility that the molecular mechanisms of HIV-1 infection
and defense observed in treated individuals involve the following scenario: gp120, because it
is a flexible glycoprotein (does not bind to gp4l by disulfide linkages) and is capable of
undergoing conformational changes after initially binding to the CD4 present in the cell
membrane and subsequently binds with high affinity with both the CCR5 and with CXCR4 co-
receptors (8), is also able to bind stably with TNFR2 triggering a persistent cell activation
condition, given the dynamic behavior of these two molecules.

In addition, since the formation of complexes between TNFR2 and TNF-a can occur
both in the presence of homodimers and homotrimers, the fact that one of the TNFR2 trimers
departs after 50 ns during simulation with gp120 makes us hypothesize that this event may not
interfere in the recruitment of intracellular molecules.

On the other hand, the TNFR1 and Fas receptors are involved in signaling pathways of
cellular death and activation making us to think, similarly to Herbein (3), that gp120 acts

synergistically with these receptors and modulates key mechanisms of these pathways as
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increasing the expression of these receptors and consequently transcription of NF-xB or
increased activation of caspases, stimulating the recruitment and chronic activation of
bystanders cells and resulting in death due to cell exhaustion. However, the results of the
simulations between TNFR1 or Fas and gp120 showed that gp120 was not able to bind in the
same regions as the natural ligands of these receptors and there was no formation of stable
complexes.

Our results show the importance regarding the molecular characterization of these
pathways of inflammation and cell death by apoptosis in relation to HIV-1 infection.
Considering that apoptotic mechanisms and concentrations of persistent proinflammatory
cytokines in viral infections are important factors for the virus latency condition (6,10) and that
viral gp120 is capable of interacting strongly with the TNF receptor 2 that is related to T cell
survival (9), we propose that this viral envelope glycoprotein may be a competitor with TNF-a
and that groups of individuals even on antiretroviral therapy may present poor immune recovery
because of increased levels of viral reservoir and/or cell depletion induced by modulation of
signaling pathways by gp120.

Even if this possibility exists, new studies involving the analysis of interactions between
intracellular molecules with other viral factors are still needed to better clarify the behavior of

the defense cells against HIV-1 infection and make possible new directions for ART.

Conclusions

We concluded that gp120 and receptors of cell activation and death are able to interact

significantly and gp120 may compete with TNF-a for TNFR2 binding. These interactions

suggest that there is an important mechanism of blocking cell death and activation of
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inflammation in HIV-1 infected cells that may influence the formation of viral reservoirs and

consequently impair the immune recovery of HIV-1 infected individuals.
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Table 1. Results of Molecular Docking

ligands and HIV-1 gp120

among activation and cell death receptors,

Receptor

TNFR1
TNFR1
TNFR2
TNFR2
Fas

Fas

Ligand

TNF-a
gpl120
TNF-a
gpl120
FasL
gpl120

Cluster Value Presence of

interaction
-1300,7 Yes
-888,6 No
-1831,9 Yes
-951,3 Yes
-970,9 Yes
-932,6 No
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A2 (70 ns)

A
B1 (100 ns)
l

Figure 1. TNFR1-TNFa (A1), TNFR1-gp120 (A2), TNFR2-TNFa (B1), TNFR2-gp120 (B2), Fas-FasL (C1) and
Fas-gp120 (C2) interactions showing the behavior of the receptors and ligands at 0 ns (initial time), 50 ns, 70 ns
and 100 ns (final time). gp120 is not able to bind to TNFR1 and Fas receptors (A2 and C2, respectively). Receptors
and their natural linkers have stable bonds (A1, B1 and C1). The B2 image at 50 ns and 70 ns times shows a
discrete dissociation of one of the TNFR2 trimers. B2 image, at time 100 ns, shows the restoration of the TNFR2

trimer to the complex.
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Figure 2. Graphs representing the distance between the atoms (nm) in the times of 0 to 100 ns. The lines in black
represent the reference ligands (TNF-a or FasL) and the red lines represent the test ligand (gp120). (A) Fas-FasL
and Fas-gp120 interactions, (B) TNFR1-TNF-a and TNFR1-gp120 interactions, and (C) TNFR2-TNF-a and
TNFR2-gp120 interactions.
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4 CONCLUSOES

Influéncia de variagdes genéticas na via do TNF-o/TNFR1

Nossos resultados estdo de acordo com estudos anteriores envolvendo outras
populacdes sobre a recuperagdo imune mais lenta em individuos em TARV estar
associada a niveis numéricos de linfécitos T CD4+ subdtimos antes do inicio da terapia;
Média de idade de 34,8 anos e sexo masculino sdo possiveis fatores de risco para falha
imunoldgica;

A compreensdo dos mecanismos relacionados a desregulacao imunolégica associada ao
HIV-1 é essencial para o desenvolvimento de possiveis intervencdes terapéuticas.
Embora tenhamos encontrado associagdes entre os SNPs estudados das moléculas
envolvidas na via apoptotica e inflamatoria, novos estudos com maior nimero de
moléculas e individuos precisam ser realizados para descobrir o papel dos SNPs nesses

genes na terapia do HIV-1.

Mecanismos de morte celular relacionados a falha imunoldgica

Os estudos incluidos na revisdo sistematica ndo evidenciaram os critérios adotados para
definir a falha imunoldgica de maneira robusta o suficiente para determinar o
mecanismo chave da ativacdo da morte celular que caracteriza a perda de células T na
patogénese do HIV-1. Apenas dois estudos de caso-controle e um estudo transversal
permitiram substancial cruzamento dos dados necessarios. Assim, nossos achados sobre
qual tipo de morte celular é responsavel por prejudicar a reconstituicdo imune completa
de um grupo significativo de pacientes ndo podem ser aplicados;
Os principais resultados mostraram que a apoptose em individuos infectados pelo HIV-
1 ndo respondedores a TARV foi ativada pela via extrinseca;
A falta de recuperacdo das células T CD4 + depende de multiplos fatores como: baixa
funcao timica e falta de acesso a IL-7 associados a apoptose ativacdo imune prejudicada,
expressdo da molécula de morte celular programada-1 (PD-1) exercendo papel
imunomodulador na ativagéo celular e na imunosenescéncia, co-infecgdo por tuberculose
e Sindrome Inflamatéria da Reconstituicdo Imune (IRIS) como fatores que aumentam a
condicdo de inflamacdo via TNF, IL-6 e IFN, contagem basal de células T CD4+

influenciando a apoptose devido a instabilidade cromossémica.
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Analises in silico

HIV-1 gp120 e receptores de inflamacdo e morte sdo capazes de interagir entre si de
forma significativa,;

gp120 pode competir com TNF-a pela ligagdo com TNFR2 devido a sua capacidade de
mudanca de conformacéo estrutural decorrente da auséncia de ligagGes covalentes;
Essas interacBes sugerem a possibilidade de haver um mecanismo importante de
blogueio de morte celular e ativacdo de inflamacao em células infectadas por HIV-1 que
pode influenciar a formacdo de reservatorios virais e, consequentemente, prejudicar a
recuperacdo imune de individuos acometidos pela infeccao;

A ativacdo dessa via pode direcionar o entendimento a respeito da patogenicidade da

infeccdo pelo HIV-1 em células T.
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APENDICE A - PROTOCOLO DE ESTUDO - REVISAO SISTEMATICA DA
LITERATURA

Numero de Registro no International Prospective Register Of Systematic Reviews:
CRD42019118602

A STUDY PROTOCOL

Cell death and immune failure correlation in global HIV-infected patients: a systematic
review

Objective:
To estimate mechanisms involved in HIV-1 pathogenesis that implicated in the increase of one
principal cell death type as a justification for the existence of poor immunologic reconstitution
of critical patients (nonresponders) in regular ART.
Research Questions:
1- What are the major mechanisms activated in CD4 + and CD8 + T lymphocytes from HIV-1
infected individuals which stimulate cell death pathway?
2- What type of induced cell death by the activation of these mechanisms can be considered the
main?
Population:
Immunologic nonresponders (NR) patients in antiretroviral therapy treatment or cell cultured
obtained from these patients
Interventions:
Response to antiretroviral therapy, infection progression, immunological mechanisms and/or
co-infections.
Control:
Immunologic responders (IR) patients in antiretroviral therapy treatment or cell cultured
obtained from these patients and healthy controls.
Outcome:
Cell death and cytokines pathways, HIV-1 pathogenic mechanisms and cell immune
mechanisms to assess the immune landscape of nonresponders and responders patients.
Study Design:
Determination of a main cell death type that may substantiate the immunological failure of a
portion of individuals undergoing effective antiretroviral therapy.
Eletronic Databases:
PubMed, BVS (Biblioteca Virtual em Saude) and SciELO. Languages:
English and Portuguese.
Publication Date:
Studies published on or after January 2003.
Inclusion criteria for article selection:
e Atrticle published in English or Portuguese languages;
The article is an original report;
Presence of the complete article available in the databases;
Article published on or after January 2003;
Study inserted on the HIV cell death and pathogenesis contexts.
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Preliminary selection process of studies:

To construct a search string from the combination of the words: hiv AND haart AND “cell
death types (28 terms based on Nomenclature Committee on Cell Death guidelines)” AND
imune reconstitution.

Terms
“apoptosis”
“necrosis”
“pyroptosis”
“accidental cell death”
“acd”
“anoikis”

“cell death”
“cellular senescence”
“efferocytosys”
“entotic cell death”
“extrinsic apoptosis”
“ferroptosis”
“immunogenic cell death”
“Intrinsic apoptosis”
“lysosome-dependent cell death”
“mitochondrial permeability transition (mpt)-driven necrosis”
“mitotic catastrophe”
“mitotic death™
“necroptosis”
“netotic cell death”
“parthanatos”
“programmed cell death”
“ped”
“regulated cell death”

‘Crcd77
Terms definitions available on Galluzzi et al., 2018 (GALLUZZI et al., 2018).

Reviewers will read the abstracts. Studies that present relevant content will be selected for full
text reading. The data collected from the studies that meet the selection criteria will be included
in the systematic review driving sheet. The repeated studies will be documented once only.
Final selection process of studies:

Reviewers will document study data (PMID, DOlI, title, authors, kind of study/methodology,
study theme, association or not to cell death and conclusions) in the review driving sheet.
Results Summary:

The relevant collected data from the selected articles will be grouped into a table.
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ANEXO A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(TCLE)

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo da pesquisa: Fatores Genéticos Humanos Envolvidos no Curso da Infec¢do pelo HIV:
Transmissao Vertical, Imunidade e Resposta a Terapia Antirretroviral

Pesquisador responsavel Comité de Etica em Pesquisa
Antonio Victor Campos Coelho Rua dos Coelhos, 300, Boa Vista, Recife, PE.

Local de trabalho: Laboratdério de Imunopatologia Diretoria de Pesquisa, Prédio Orlando Onofre, 1°
Keizo Asami (LIKA) Andar.

Av. Prof. Moraes Rego, 1235, Cidade

Universitaria, Recife, PE. CEP: 50670-901. ) 8 a 20 X A
Telefone: 2101-2542 Funcionamento: 22 a 6° feira, 7h as 11h30/13h30 as

16h.

antonio.victor@ufpe.br
Telefone:2122-4756

comitedeetica@imip.org.br
Médico supervisor da pesquisa

Luiz Claudio Arraes de Alencar (IMIP)

lularraes@hotmail.com

Convidamos vocé a participar de uma pesquisa que estamos realizando sobre diferencas
genéticas envolvidas no comportamento do HIV no organismo. Algumas pessoas combatem
melhor o virus que outras durante a infec¢do; outras respondem melhor a terapia com o0s
antirretrovirais. Além disso, algumas criangas adquirem o virus durante o parto ou amamentagdo
(transmissdo vertical), enquanto outras ndo. Estamos fazendo essa pesquisa para tentar descobrir
se diferencas genéticas expliquem essa diferenca entre as pessoas convivendo com o HIV e
pretendemos recrutar 400 voluntérios ao todo. Essa pesquisa € importante porque podera
contribuir para que no futuro os médicos melhorem os tratamentos contra o HIV. Além disso,
vocé podera solicitar aos pesquisadores que comuniquem os resultados a vocé e a seu médico
para que ele avalie se vocé obteria beneficios com as descobertas.

Com sua autorizagdo, gostariamos de realizarmos entre uma e cinco coletas de pequenas
quantidades do seu sangue (no maximo 8 mL por coleta), colhidas durante os exames de rotina
de acompanhamento da infeccéo pelo HIV. Caso sejam necessérias mais de uma coleta, elas serdo
feitas a cada trés ou quatro meses, de acordo com a rotina de suas consultas. Solicitamos também
a sua autorizacdo para utilizar dados do prontuario, como idade que iniciou 0 acompanhamento
médico e os resultados dos seus Gltimos exames de rotina para avaliar o controle do HIV. Como
a Genética esta em constante evolucdo, é possivel que novas pesquisas além desta sejam
realizadas com suas informagBes e material bioldgico armazenados. Caso isso ocorra, 0S
pesquisadores entrardo em contato com o comité de ética e com vocé para solicitar nova
autorizacao.


mailto:lularraes@hotmail.com
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Informamos que o material contribuido por vocé serd armazenado no Laboratdrio de
Imunopatologia Keizo Asami (LIKA), que fica na Universidade Federal de Pernambuco (UFPE).
Seu material ndo seréa enviado a outros pesquisadores brasileiros ou estrangeiros, permanecendo
apenas no LIKA. O enderego do LIKA e as formas de contato com os pesquisadores estdo no
comeco desse documento.

Informamos que 0s riscos que VOcé corre ao participar da pesquisa s@o apenas sintomas
provocados pela coleta do sangue como: vermelhiddo e dor no braco no local da coleta e enjoo.
Além disso, todas as suas informacdes pessoais estardo seguras. Nenhuma pessoa fora da pesquisa
teréd acesso a elas.

A participacdo na pesquisa é totalmente voluntaria. Ndo havera nenhum gasto pela sua
participacdo, ndo recebendo cobranga com o que serd realizado. Vocé também nédo receberd
nenhum pagamento ou beneficio financeiro pela sua participacdo. Da mesma forma, ndo havera
nenhum prejuizo a vocé caso ndo queira participar ou desistir de participar desta pesquisa.

Caso voceé se sinta prejudicado(a) pelo andamento da pesquisa, asseguramos que VOCé
recebera todas as assisténcias cabiveis neste hospital, incluindo o direito de solicitar indenizago
aos pesquisadores por eventuais danos. Caso vocé possua alguma duvida acerca dos objetivos do
estudo, por favor, entre em contato com 0s responsaveis pela pesquisa. Além disso, se vocé tiver
alguma consideracao ou duvida sobre esta pesquisa, também pode entrar em contato com o comité
de Etica em Pesquisa em Seres Humanos do IMIP (CEP-IMIP), que objetiva defender os
interesses dos participantes, respeitando seus direitos e contribuir para o desenvolvimento da
pesquisa desde que atenda as condutas éticas.

Eu, (nome
completo) compreendi as informagdes repassadas e autorizo que seja realizada a avaliacdo
genética da amostra de sangue coletada, e concordo que os dados obtidos sejam utilizados para
pesquisa. Declaro que fui informado(a) pela equipe do pesquisador Sergio Crovella sobre os
objetivos da pesquisa e estou consciente de que:

1. Concordei em participar da pesquisa sem nenhum tipo de presséo;

2. Posso a qualquer momento entrar em contato por telefone com o pesquisador se tiver
qualquer davida sobre os procedimentos, riscos e beneficios da pesquisa;

3. Posso a qualquer momento desistir de participar da pesquisa, sem que isso prejudique
meu atendimento no hospital;

4. O pesquisador podera ter acesso a0 meu prontuério e que minhas informacdes pessoais
serdo mantidas em sigilo;

5. Recebi uma copia deste documento.

Assinatura do Voluntéario

Assinatura da Testemunha Assinatura da Testemunha

Assinatura do Pesquisador Responsavel
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Inclusdo no Brago (Transmisséo vertical do HIV) C do estudo?

SIM( ) NAO ( )

Se SIM, aplicar o termo de assentimento para a coleta do(a) filho(a) da paciente.
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ANEXO B - APROVACAO PELO COMITE DE ETICA EM PESQUISA EM
SERES HUMANOS DO IMIP - PE

DECLARACAO

Declaro que o projeto de pesquisa n® 3629 - 13 intitulado “Fatores Genéticos
humanos envolvidos no curso da Infeccdo pelo HIV: Transmisséo
vertical, imunidade e resposta a terapia antirretroviral.” apresentado pelo
(a) pesquisador (a) Antonio Victor Campos Coelhos foi APROVADO pelo
Comité de Etica em Pesquisa em Seres Humanos do Instituto de Medicina
Integral Prof. Fernando Figueira — IMIP, em reunido ordindria de 13 de
novembro de 2013

Recife, 18 de novembro de 2013

Dr. Jos%ué'/o%{égl;ilho

Coordenador do Comité de Etica
em Pesquisa em Seres Humanos do
Instituto de Medicina Integral Prof. Fernando Figueira
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PERSPECTIVAS

Nossa perspectiva inclui determinar formas de dar continuidade as analises de
interacdo molecular proteina-proteina nas vias dos receptores de ativacdo e morte celular
(TNFR1, TNFR2 e Fas) como um todo.





