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RESUMO 

 

 

O Mycobacterium tuberculosis e o vírus da imunodeficiência humana (HIV) agem em 

sinergia prejudicando a resposta imune para eliminação de ambos os patógenos. 

Fatores genéticos dos hospedeiros podem ser determinantes para o risco de 

progressão da tuberculose (TB) e infecção pelo HIV. Algumas variações genéticas 

têm sido associadas a diferenças no potencial para indução de apoptose e a 

alterações na produção de citocinas, tais como os polimorfismos de base única 

(SNPs) TNF-308G>A, DDX39B -22 G>C e -348C>T. Outra característica que 

acompanha a evolução da infecção é o estresse oxidativo sistêmico e o aumento da 

peroxidação. A Heme oxigenase-1 (HO-1) é o principal agente anti-oxidante 

expresso no tecido pulmonar, uma enzima de resposta ao estresse que degrada 

moléculas heme para a liberação de íons ferro, monóxido de carbono (CO) e 

biliverdina (BV). O presente trabalho propôs investigar fatores genéticos e 

imunológicos relacionados à imunopatogênese da TB e co-infecção TB-HIV. Para a 

realização do trabalho foram realizados: 1) uma revisão sistemática da literatura 

sobre os polimorfismos genéticos envolvidos nas vias e morte e associados com TB, 

2) um estudo observacional de corte transversal para determinar a frequência de 

polimorfismos em voluntários monoinfectados com TB latente ou ativa e co-

infectados com TB-HIV. Para este último foram recrutados 109 pacientes com 

tuberculose pulmonar (PTB), 60 pacientes coinfectados com HIV (TB-HIV) e 74 

indivíduos com infecção tuberculosa latente (LTBI), e 3) Uma coorte avaliando os 

níveis de HO-1 e MMP-1 em pacientes com TB. Na revisão sistemática os 

polimorfismos dos genes do TNF, TNFR, IL-1 e P2RX7 estavam associados com 

tuberculose. No estudo de corte transversal a frequência do genótipo TNF-308G foi 

maior para o grupo LTBI comparado com TB e TB-HIV. A produção de TNF foi maior 
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entre os pacientes com PTB portadores do genótipo TNF -308GG. Os níveis de IL-

1α e IL-1β também foram mais elevados entre os pacientes com PTB portadores dos 

genótipos DDX39B -22CC e DDX39B -348CC. Não houve relação entre a produção 

de citocinas e a extensão da doença. Na coorte, os pacientes com TB apresentaram 

uma dicotomia na resposta de HO-1  MMP-1 com dois fenótipos, HO-1hiMMP-1lo e 

MMP-1 HO-1loMMP-1hi. Nosso estudo sugere que polimorfismos envolvidos na via 

de morte podem estar associados com susceptibilidade para o desenvolvimento da 

tuberculose, contudo, a frequência dos alelos e genótipos para os polimorfismos 

estudados não diferiram na co-infecção pelo HIV. O mecanismo entre o estresse 

oxidativo e remodelamento do tecido pode ter aplicabilidade clínica nos estágios da 

progressão da TB.  

 

Palavras-chave: Tuberculose. TB-HIV. Polimorfismos. Apoptose. HO-1 
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ABSTRACT 

 

 

Mycobacterium tuberculosis and human immunodeficiency virus (HIV) act 

synergistically damaging immune response to eliminate both pathogens. Genetic 

factors of the host can be decisive for the risk of progression of tuberculosis (TB) and 

HIV infection. Some genetic changes have been associated with differences in 

potential for induction of apoptosis and changes in cytokine production such as single 

nucleotide polymorphisms (SNPs) TNF-308G> A, DDX39B -22 G> C and -348C> T. 

Another feature that monitors the infection is systemic oxidative stress and increased 

peroxidation. The heme oxygenase-1 (HO-1) is the primary anti-oxidant expressed in 

lung tissue, a response of the enzyme to stress that degrades heme molecules to the 

release of iron ions, carbon monoxide (CO), and biliverdin (BV) . This study proposed 

to investigate genetic and immunological factors related to TB immunopathogenesis 

and co-infection TB-HIV. To carry out the work were performed: 1) a systematic 

review of the literature on genetic polymorphisms involved in the pathways and death 

associated with TB, 2) an observational cross-sectional study to determine the 

frequency of polymorphisms in volunteers monoinfected with latent TB or active and 

co-infected with TB-HIV. For the latter were recruited 109 patients with pulmonary TB 

(PTB), 60 patients co-infected with HIV (HIV-TB) and 74 individuals with latent 

tuberculosis infection (LTBI), and 3) a cohort evaluating the levels of HO-1 and MMP- 

1 in patients with TB. In the systematic review of TNF polymorphisms of genes, 

TNFR, IL-1 and P2RX7 were associated with tuberculosis. In the cross-sectional 

study the frequency of TNF-308G genotype was higher for LTBI group compared 

with TB and TB-HIV. The production of TNF was higher among patients with PTB 

patients TNF -308GG genotype. IL-1α and IL-1β were also higher among patients 
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with genotypes of PTB patients DDX39B -22CC and DDX39B -348CC. No relation 

between the production of cytokines and the extent of disease. In cohort, patients 

with TB presented a dichotomy in HO-1 MMP-1 response with two phenotypes, HO-

1hiMMP-1lo HO-1 and MMP-1loMMP-1hi. Our study suggests that polymorphisms 

involved in the death pathway may be associated with susceptibility to the 

development of tuberculosis, however, the frequency of alleles and genotypes for the 

studied polymorphisms did not differ in co-infection with HIV. The mechanism of 

oxidative stress and remodeling of the tissue may have clinical applicability in the 

progression of TB staging. 

 

Keywords: Tuberculosis. TB-HIV. Polymorphisms. Apoptosis. HO-1 
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1. INTRODUÇÃO 

 

 A Tuberculose (TB) é maior ameaça para saúde global e atualmente lidera com a 

infecção pelo vírus da imunideficiência humana (HIV-1) como a principal causa de 

morte por doenças infecciosas no mundo. Em 2014, foram estimadas 1,2 milhões de 

mortes pelo HIV, incluindo 0,4 milhões com tuberculose. No mesmo ano, foram 

estimados 9,6 milhões de casos novos de TB, dentre entres 5,4 milhões de homens, 

3,2 milhões de mulheres e 1,0 milhão de crianças. Globalmente, estima-se que 12% 

dos 9.6 milhões de casos novos de TB estejam co-infectados com o HIV, 

correspondendo a 1,2 milhões de casos [1]. Dos 9.6 milhões de casos novos 

estimados, 6 milhões foram notificados à Organização Mundial de Saúde (OMS), 

menos de dois terços (63%). Isto significa que em todo o mundo, 37% dos casos 

novos de tuberculose não foram diagnosticados ou relatados [1]. 

 No Brasil, a cada ano, são notificados aproximadamente 70 mil casos novos 

de TB e ocorrem 4,6 mil mortes em decorrência da doença, o que deixa o Brasil no 

17º lugar entre os 22 países responsáveis por 80% do total de casos de tuberculose 

no mundo [2]. Em 2014, foram diagnosticados 67.966 casos novos de tuberculose. 

Ao longo dos anos, observou-se redução do coeficiente de incidência, passando de 

41,5/100 mil hab. em 2005 para 33,5 por 100 mil hab. em 2014, o que corresponde a 

uma redução média de 2,3% ao ano nesse período [3].  

 A testagem para HIV é uma recomendação do Ministério da Saúde voltada 

para todos os pacientes com tuberculose, priorizando o teste rápido. Isso se deve ao 

fato de as pessoas com HIV serem mais propensas a desenvolver a tuberculose 

ativa em comparação à população geral; frequentemente, o diagnóstico da infecção 

pelo HIV ocorre durante o curso da tuberculose. No Brasil, em 2014, 62,7% dos 

casos novos de tuberculose foram submetidos à testagem para HIV. No Estado da 

Bahia em 2014, foram notificados 30,7/100 mil hab. de casos novos de tuberculose 

com 6,3% de soropositivos para o HIV [3].  

O HIV aumenta o risco de transição da infecção tuberculosa latente (LTBI) para a 

forma ativa da doença, e aumenta o risco de morte comparando-se com indivíduos 

sem infecção por HIV [4]. O HIV e o Mycobacterium tuberculosis (Mtb) sinergizam 

causando a diminuição da imunidade celular, de modo a  favorecer a infecção por 

ambos os patógenos. O Mtb impacta o curso da infecção pelo HIV por facilitar a 
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replicação do vírus nos linfócitos e macrófagos alveolares, desregulando a resposta 

imune contra o bacilo [5]. A resposta efetora contra o Mtb envolve a coordenação 

das respostas imunes inata e adaptativa, ambas alteradas pelo HIV [6]. A morte 

celular por apoptose constitui um importante mecanismo da resposta imune inata 

para a proteção do hospedeiro que reduz a viabilidade do Mtb in vitro [7].  

A apoptose dos macrófagos alveolares é um mecanismo importante para promover 

a eliminação do Mtb [8]. Contudo, macrófagos infectados pelo HIV não sofrem morte 

celular como ocorre com os linfócitos T CD4+, persistindo a infecção do vírus no 

interior dessas células [9]. Cepas clínicas do Mtb também inibem a apoptose através 

da inibição da via dependente de TNF [10], e macrófagos co-infectados com Mtb e 

HIV apresentam ainda maior redução da apoptose dependente de TNF [11].  

A apoptose é regulada por diferentes vias e alguns estudos já demonstraram que 

polimorfismos genéticos que regulam a expressão de moléculas envolvidas com a 

apoptose podem influenciar o curso das doenças, incluindo a tuberculose [12-13]. 

Reconhecendo a importância da apoptose para a resistência do hospedeiro contra o 

Mycobacterium tuberculosis, o presente trabalho propôs investigar o papel de 

polimorfismos em genes de moléculas envolvidas na apoptose na imunopatogênese 

da co-infecção TB-HIV. 
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2. REVISÃO DE LITERATURA 

 

2.1. Fisiopatologia da Tuberculose 

 

A infecção tuberculosa é adquirida pela inalação de partículas suspensas contendo 

bacilos de Mtb liberadas por indivíduos com a doença ativa. Existem certos grupos 

de risco que são mais susceptíveis à infecção pelo Mtb: adultos jovens, profissionais 

de saúde que têm contato frequente com a doença e indivíduos imunodeficientes, 

como portadores do HIV [14-15].  Uma vez que o bacilo é inalado, ele reside nas 

células da linhagem mielóide, os macrófagos, onde persiste dentro dessas células e 

interfere nos eventos celulares que estimulam a maturação do fagossomo e 

apoptose para replicar ativamante no compartimento endossomal [16] .  

As células apresentadoras de antígenos, incluindo os macrófagos, detectam o bacilo 

através dos receptores de reconhecimento padrão (PRRs). O Mtb interage com 

várias classes desses receptores nos fagócitos, incluindo receptores tipo Toll (TLRs), 

receptores tipo selectina (CLRs), porção Fc das imunoglobulinas (FcRs), receptores 

scavengers (SRs), receptores tipo NOD (NLRs) e receptor de células dendrítica DC-

SIGN [17]. Alguns desses receptores ativam os macrógafos para síntese de 

moléculas antimicrobianas, quimiocinas e citocinas. Outros permitem a entrada 

silenciosa do Mtb e replicação no interior dos macrófagos. O DC-SIGN está 

envolvido na fagocitose do bacilo pelas células dendríticas, mas não torna as células 

permissíveis à replicação do bacilo [18].  

Adicionalmente, se o bacilo não for eliminado logo após a fagocitose, ele pode 

proliferar-se no interior de células dendríticas e macrófagos alveolares rapidamente, 

estimulando a secreção de citocinas inflamatórias, como Interleucina-1 alfa (IL-1α), 

interleucina-1 beta (IL-1β), Fator de Necrose Tumoral (TNF), Interleucina-6 (IL-6) e 

Interleucina-8 (IL-8), que atuam como quimioatraentes recrutando novos macrófagos 

e granulócitos para o local da infecção e formação do granuloma [19]. 

Dentro de duas a quatro semanas após a infecção, as células dendríticas 

transportam os antígenos do Mtb para os linfonodos mediastinais, para a ativação da 

resposta imune adaptativa, mediada pelas células T. O bacilo que reside no interior 

do endossomo e seus antígenos são apresentados via complexo principal de 

histocompatibilidade (MHC) de classe I e II. A apresentação via MHC II facilita a 
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ativação das células T helper (Th) naive no subtipo Th1 secretoras de Interferon-

gamma (IFN-γ), as quais rapidamente migram para o pulmão. Não somente as 

células T CD4+ são ativadas, há uma forte ativação das células T CD8+, onde essas 

células coletivamente geram uma resposta imune adaptativa polarizada do tipo 1 

[20]. 

Os produtos das células Th1 estimulam a síntese de radicais livres e óxido nítrico 

(NO) pelos macrófagos. O efeito do IFN-γ não está associado apenas aos produtos 

do estresse oxidativo, mas também induz a autofagia, mecanismo 

antimicobacteriano essencial para a defesa do hospedeiro [21-22]. O TNF controla a 

morte celular via apoptose das células infectadas. Muitos estudos já demonstraram 

que as cepas virulentas do Mtb inibem a apoptose e preferencialmente induzem a 

necrose [23-24]. Na tuberculose, a apoptose é um mecanismo benéfico para o 

hospedeiro [25-26]. Já a necrose ajuda o escape do Mtb e provoca inflamação [24].  

IFN-γ e do TNF também aceleram a infiltração de células com perfil inflamatório no 

sítio de infecção, iniciando a formação do granuloma. As células T que migram para 

o pulmão interagem com as células apresentadoras de antígenos, incluindo 

macrófagos infectados e não infectados em vários estágios de ativação. Na 

presença das células T ativadas o granuloma torna-se totalmente organizado com a 

micobactéria no interior do macrófago circundado pelos linfócitos T (Figura1). A 

formação do granuloma é benéfica para o hospedeiro e o patógeno, pois controla a 

infecção e fornece um nicho para o Mtb replicar e disseminar [27]. 

No interior do fagossomo, o Mtb fica privado de nutrientes e fontes de carbono. Para 

facilitar a sua adaptação, a bacilo modifica seu metabolismo dando preferência para 

os lípideos. Estudos já revelaram 250 genes do Mtb envolvidos no metabolismo dos 

lípideos, mostrando o potencial do bacilo para se adaptar às fontes de energia 

disponíveis do hospedeiro [28]. O bacilo também induz o acúmulo de lípideos no 

interior dos macrófagos, que se diferenciam em macrófagos espumosos (FMs), 

garantindo maior disponibilidade de substrato lípidico [29-30]. Os FMs ricos em 

lípideos no seu interior asseguram a sobrevivência dos bacilos pela disponibilidade 

da fonte de energia, e conferem proteção contra as atividades bactericidas, como 

autofagia e acidificação lisossomal [30-31]. A morte dos MFs encontrados no centro 

do granuloma provoca o acúmulo de lípideos como debris caseosos que induzem 

cavitação e liberação da bactéria para disseminação (Figura 1) [29]. Estudos 
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demonstraram que os macrófagos espumosos contribuem para a persistência do 

bacilo, pois perdem suas principais funções como fagocitose e produção de agentes 

oxidantes, tornando-se reservatórios do Mtb [37].  

Outro mecanismo de escape do Mtb é a alteração da resposta imune no interior do 

granuloma, criando um ambiente inibitório através da indução de interleucina (IL)-10 

[32-35]. A IL-10 inibe as células T e a ativação dos macrófagos no interior do 

granuloma. A inibição da resposta imune mediada pela IL-10 não é apenas um 

mecanismo de escape do patógeno, mas também pode ser um mecanismo mediado 

pelo hospedeiro para limitar a imunopatologia [36].  

Com a progressão da infecção, o granuloma formará um foco necrótico devido à 

caseação no centro onde encontram-se os macrófagos. Acredita-se que a necrose 

de células no interior do granuloma facilite a transmissão do Mtb por alterar a 

estrutura pulmonar e permitir a liberação do bacilo para as vias aéreas superiores. 

Está claro que a evolução do granuloma é a dinâmica entre a persistência do bacilo 

e a resposta imune do hospedeiro, evoluindo de forma continuada durante o curso 

da infecção [38]. Esta visão está em conformidade com o processo de disseminação 

do bacilo em indivíduos co-infectados com HIV. Nesses indivíduos, há diminuição da 

liberação da bactérias para as vias aéreas superiores, pois o bacilo falha na indução 

da necrose e cavitação do granuloma. Estas observações sugerem que o Mtb utiliza 

o granuloma necrótico como uma porta para a transmissão pessoa a pessoa [39]. 

Outra característica que acompanha a evolução da infecção é o estresse oxidativo 

sistêmico e o aumento da peroxidação [40-41]. Estudos em pacientes com 

tuberculose ativa demonstraram diminuição sistêmica de antioxidantes e aumento de 

radicais livres comparados com indivíduos sem tuberculose, refletindo o estresse 

oxidativo associado com TB [42]. A Heme oxigenase-1 (HO-1) é o principal agente 

anti-oxidante expresso no tecido pulmonar, uma enzima de resposta ao estresse que 

degrada moléculas heme para a liberação de íons ferro, monóxido de carbono (CO) 

e biliverdina (BV) [43]. A expressão da HO-1 está associada à citoproteção em 

modelos de doenças vasculares e pulmonares [44-46].  

Alguns estudos em modelos animais mostraram que a infecção pelo M. tuberculosis 

induz a expressão de HO-1 em macrófagos in vitro e in situ, promovendo o 

desenvolvimento do granuloma e a resistência do hospedeiro [42-44]. A proteção do 

tecido envolve a inibição das vias de morte incluindo a apoptose, através das 
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propriedades anti-inflamatórias e antioxidantes mediadas por CO e BV [47]. Já foi 

descrito que o CO exógeno inibe a apoptose dependente de TNF em fibroblastos e 

células endoteliais [48-49]. Em culturas de células do músculo liso vascular, a 

apoptose induzida por TNF, IL-1β e IFN-γ foi inibida pela liberação de CO [50-51]. 

Elevados níveis de HO-1 foram encontrados no plasma de pacientes com TB 

pulmonar e extrapulmonar, assim como níveis diminuídos de TNF [52]. 

A elevada expressão da HO-1 está associada à proteção em diversas doenças 

inflamatórias, como isquemia cardíaca [53] e hipóxia pulmonar [54]. Na infecção pelo 

HIV há diminuição da expressão da HO-1 no cérebro dos pacientes com 

neurodegeneração acompanhada de disfunção cognitiva e replicação do HIV [55]. O 

uso do antiretroviral aumenta a expressão do RNAm para o HO-1 e da proteína em 

células de carcinoma do cólon em pacientes com HIV [56].  

 

 

Figura 1: Dinâmica da evolução do granuloma com formação de necrose central e escape do bacilo 

Fonte: [Front. Immunol., 07 January 2013 http://dx.doi.org/10.3389/fimmu.2012.0041 

 

 

 

 



23 

 
 

2.2. Fisiopatologia da infecção pelo HIV 

 

A infecção com o HIV resulta numa destruição progressiva dos linfócitos T CD4+, 

geralmente associada com a progressão da doença. O primeiro receptor identificado 

para o HIV foi a molécula CD4. O receptor CXCR4 foi identificado como um co-

receptor responsável pela entrada eficiente nas células-alvo de cepas HIV-1 com 

tropismo para células T, e o receptor de quimiocina CCR5 foi identificado como um 

co-receptor para cepas HIV-1 com tropismo para macrófagos [57].  

A transmissão do HIV ocorre através de fluído genital, sangue e mucosa. A rota para 

a transmissão sexual do vírus inclui a vagina, ânus, pênis e o prepúcio. Essas 

superfícies têm barreiras anatômicas (barreiras epitelial e secreção de muco) e 

biológicas (sistema imune) para resistir à infecção viral [58]. O trato genital feminino 

é protegido por ter várias camadas de epitélio colunar e escamoso na ectoderme e 

endoderme vaginal que dificulta a penetração do vírus. O reto é composto por uma 

única camada de epitélio colunar, o que contribui para a maior rota de transmissão 

[59]. A transmissão do HIV ocorre quando virions infecciosos ou células infectadas 

de um doador atravessam essas barreiras e encontram uma célula susceptível do 

hospedeiro. Nas mucosas o vírus preferencialmente infecta células T CD4+ co-

expressando o receptor CCR5 [60].  

Uma vez que a infecção ocorre, o vírus replica-se localmente, e esta fase antes do 

RNA viral ser detectado no plasma é chamada fase de eclipse [61]. O vírus ou 

células infectadas pelo vírus trafegam para os linfonodos onde se encontram as 

células T CD4+CCR5+ ativadas que representam os alvos para a infecção. As 

principais células que trafegam com os virions são as células dendríticas. Essas 

células ligam-se ao vírus na mucosa através do receptor de lectina tipo-C (DC-SIGN) 

e migram para o tecidos linfóides secundários, onde o HIV será transmitido para os 

linfócitos TCD4+ contribuindo para a disseminação da infecção [62]. Por possuirem 

receptor CD4 e co-receptores para entrada do vírus, esperava-se que as células 

dendríticas fossem susceptíveis à infecção pelo HIV como as células T CD4+ e 

macrófagos. Contudo, estudos já demonstraram que as células dendríticas são 

resistentes à infecção, sendo necessária grande carga viral para que a infecção 

ocorra [63].  
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As células dendríticas retém o vírus em um compartimento endossomal não clássico 

que protege o vírus da degradação citosólica [64-65]. Atingindo os tecidos linfóides 

secundários, o vírus é transmitido para as células T ativadas onde se replicam e se 

disseminam [66]. O HIV tem maior predileção para o tecido linfóide associado ao 

trato gastrointestinal (GALT), onde as células T de memória efetora CD4+CCR5+ 

estão presentes em altos níveis [67].  

A viremia no plasma atinge o pico máximo 21-28 dias após a infecção junto com a 

queda no número das células T CD4+, principalmente no GALT [67]. Estudos 

demonstram que no período agudo da infecção há maior expansão clonal de células 

T CD8+ com controle da viremia. Esses dados demonstram a importante função das 

células T CD8+ na inibição do HIV [68-69]. No período da viremia os pacientes 

podem desenvolver sintomas da síndrome viral aguda, como gripe, febre, dor de 

garganta, linfadenopatia e exantema. Seguindo esta fase, uma forte resposta imune 

resulta na diminuição da carga viral e aumento do número de células T CD4+ vírus-

específicas circulantes, mas nesta fase o hospedeiro não é capaz de eliminar a 

infecção [70]. Finalmente, após 12-20 semanas a carga viral diminui e permanece 

num nível estável, iniciando a fase crônica da infecção, também conhecida como 

fase de latência [71]. 

A latência é definida como um período da infecção onde as células infectadas 

sintetizam partículas virais não infecciosas e persistem no interior do hospedeiro 

infectado [72-73]. Geralmente a infecção do linfócito T CD4+ resulta em morte, 

contudo, alguns estudos já demonstraram que algumas células infectadas tornam-se 

células de memória e permanecem num estado de repouso que contribui para a 

persistência do vírus [74-75]. Nesta fase, o número das células T CD4+ retorna 

próximo ao nível normal e os pacientes tornam-se assintomáticos por um período 

prolongado (Figura 2) [76-77].  

Nessa fase ocorre a ativação da resposta imune pelos constituintes virais, como a 

glicoproteína (gp) 120, nef (uma proteína viral localizada no citoplasma) e produtos 

dos ácidos nucleicos liberados durante a replicação viral. A ativação do sistema 

imune resulta na secreção de citocinas proinflamatórias e de Interferons tipo I, 

incluindo o IFN-α e IFN-β [78-79]. A última consequência da ativação imune é a 

depleção das células TCD4+ por diferentes mecanismos (citotoxidade direta e 

apoptose), incluindo a diminuição da meia-vida das células T CD4+ e CD8+, tráfego 
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anormal das células T e exaustão das células T. Em pacientes não tratados, a perda 

gradual de linfócitos T ativados contribui para as infecções oportunistas e 

desenvolvimento das características da Síndrome da Imunodeficência Adquirida 

(SIDA) [79-80].  

As células T CD4+ depletadas são substituídas por células T de vida curta com 

potencial regenerativo mais limitado [80]. Outro fator importante é a evolução viral 

acelerada neste estágio, observada pela alta mutação viral e alteração do tropismo 

celular. Há uma mudança no perfil do tropismo das cepas para o CCR5, para o 

CXCR4 ou para ambos os receptores, resultando no aumento da virulência e 

tropismo para as células-alvo [80]. A infecção pelo HIV também afeta o sangue e os 

tecidos linfóides com apoptose massiva das células B e perda dos centros 

germinativos dos tecidos linfóides [81-82].  

 

 

Figura 2: Curso da infecção pelo HIV  

Fonte: [Int J Epidemiol. 20 de Abril de 2010 doi: 10.1093/ije/dyq057] 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=HIV+transmission+risk+through+anal+intercourse%3A+systematic+review%2C+meta-analysis+and+implications+for+HIV+prevention
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2.3. Cooperação entre o Mycobacterium tuberculosis e HIV 

 

Os linfócitos T CD4+ mediam a resposta imune celular contra o Mtb. A função 

central dessas células no granuloma tem sido demonstrada na infecção pelo HIV, 

onde a depleção dos linfócitos T CD4+ afeta a resposta granulomatosa contra o Mtb 

[83]. 

A infecção pelo HIV diminui a capacidade do granuloma em conter o Mtb induzindo o 

aumento do crescimento bacteriano e patologia grave. A exacerbação da patologia 

pode ocorrer pelo aumento da carga viral no local da infecção pelo Mtb, rompimento 

dos macrófagos e depleção das células T CD4+ específicas para o Mtb, fatores que 

induzem mudanças funcionais e prejudiciais dentro do granuloma [84].  

O HIV replica-se preferencialmente no interior das células T CD4+ ativadas e 

macrófagos, células encontradas no granuloma, local considerado ideal para a 

replicação do vírus. Estudos demonstram que existe um aumento da carga viral no 

fluído pleural comparado com o plasma entre pacientes com TB pleural e maior 

replicação do HIV em macrófagos co-infectados com o Mtb e o HIV quando 

comparados com macrófagos não infectados com o vírus, enfatizando que a 

replicação do HIV é aumentada nos locais da infecção pelo bacilo [85-86]. O 

aumento da replicação viral pode estar associado ao tipo de cepa do bacilo. O Mtb 

pode induzir a replicação do HIV em diferentes níveis. Por exemplo, em células 

mononucleares do sangue periférico (PBMCs) co-infectadas, a cepa CDC1551, uma 

cepa clínica menos virulenta [87], induz mais replicação viral do que cepas clínicas 

mais virulentas, como a HN878 [88].  

O ambiente imune que se desenvolve com a infecção pelo Mtb promove a replicação 

viral ex vivo. O bacilo promove o aumento de citocinas inflamatórias in vivo, as quais 

podem induzir a ativação de células T e macrófagos aumentando a replicação do 

HIV. A incubação de PBMCs infectadas com HIV com fluído pleural de pacientes 

com TB induz maior replicação viral do que a observada em células incubadas com 
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fluído pleural de pacientes sem TB. Este aumento na replicação é dependente de 

citocinas inflamatórias como IL-6 e TNF [89].  

A funcionalidade de macrófagos também está alterada em indivíduos co-infectados 

[90-91]. Após a entrada do Mtb no parênquima alveolar, monócitos migram o pulmão 

e se diferenciam em diferentes tipos de macrófagos no interior do granuloma. 

Estudos demonstram que o HIV infecta macrófagos in vivo, e provavelmente inibe a 

função dessas células infectadas com Mtb. Todos os tipos de macrófagos são 

susceptíveis à infecção pelo HIV [90-93]. Macrófagos co-infectados diminuem a 

liberação de TNF e diminuem a apoptose dependente de TNF quando comparados 

com macrófagos infectados apenas pelo Mtb [91]. Essas células são importantes 

para a patogênese da tuberculose e infecção pelo HIV e servem como reservatório 

para ambos os patógenos. 

A apoptose dos macrófagos é um mecanismo importante durante a co-infecção. A 

adição da proteína nef do HIV à cultura de macrófagos infectados com o Mtb diminui 

a secreção de TNF e a apoptose dependente de TNF, sugerindo que não apenas o 

vírus, mas também seus constituintes podem alterar a funcionalidade dos 

macrófagos [92]. Estudos sugerem que o HIV pode manipular tanto a apoptose, 

quanto a acidificação do fagossomo em macrófagos infectados com o Mtb [93-94]. 

Macrófagos humanos infectados com HIV e o Mycobacterium tuberculosis mostram 

 translocação de NF-

sugerindo interação dos patógenos para a falha da resposta imune através da 

diminuição sinalização celular e liberação de citocinas pro-inflamatórias [95]. 
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3. HIPÓTESE 

Fatores genéticos (TNF-308G>A e DDX39B -22G>C e -348C>T) e imunológicos 

(HO-1 e MMP-1) estão associados com a susceptibilidade e gravidade da doença 

em pacientes com tuberculose ativa e co-infectados com o vírus da imunodeficiência 

humana. 
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4. OBJETIVOS 

 

4.1 GERAL 

 

Avaliar Fatores genéticos (TNF-308G>A e DDX39B -22G>C e -348C>T) e 

imunológicos (HO-1 e MMP-1) associados com a susceptibilidade e gravidade da 

doença em pacientes com tuberculose ativa e co-infectados com o vírus da 

imunodeficiência humana. 

 

4.2 ESPECÍFICOS 

 

1. Realizar o levantamento bibliográfico sobre os polimorfismos genéticos envolvidos 

com a apoptose e associados com tuberculose. 

2. Comparar a frequência genotípica e alélica dos polimorfismos dos genes TNF-

308G>A e DDX39B -22G>C e -348C>T em voluntários com infecção tuberculosa 

latente, monoinfectados com tuberculose ativa ou co-infectados com TB-HIV. 

3. Comparar a produção de citocinas em culturas estimuladas com antígenos do Mtb 

associadas com a apoptose e patogênese da tuberculose (TNF, IL-6, IL-1α e IL-1β) 

em voluntários com infecção tuberculosa latente, monoinfectados com tuberculose 

ativa ou co-infectados com TB-HIV. 

4. Correlacionar o perfil genotípico com a produção de citocinas em voluntários com 

infecção tuberculosa latente, monoinfectados com tuberculose ativa ou co-infectados 

com TB-HIV. 

5. Correlacionar a produção de citocinas com a gravidade da doença tuberculosa. 

6. Comparar a produção de mediadores do estresse oxidativo (HO-1 e MMP-1) do 

plasma de voluntários com infecção tuberculosa latente, monoinfectados com 

tuberculose ativa ou co-infectados com TB-HIV. 
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Abstract 

Cell death is a primordial event in the innate immune response against invading 

pathogens. The triggering of programmed cell death in infected cells is part of the 

innate mechanisms of the host to fight infections. Various pathways are involved in 

this response. This mechanism is important for the control of mycobacterial 

replication, thus it is not surprising that virulent Mycobacterium tuberculosis interferes 

with the induction of programmed cell death deviating cell fate to necrosis. Necrosis 

allows the bacteria to evade host defense mechanisms by inducing cellular lysis and 

the spreading of viable bacilli that become available to infect the surrounding 

macrophages. Many genes for which polymorphisms have been described regulate 

infection-driven cell death. In this review, we focus on the significance of these 

polymorphisms to cell death induction and to the pathogenesis of mycobacterial 

infections, with emphasis in the host response to M. tuberculosis infection. 

Keywords: Apoptosis, genetic variation, tuberculosis, cellular immunity 
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Introduction  

 

The development of a protective immune response against Mycobacterium 

tuberculosis (Mtb) is regarded as crucial for the containment of tuberculosis infection, 

as only a small percentage (approximately 10%) of infected individuals will develop 

active disease during lifetime [1], and vaccination with Bacille of Calmette-Guérin 

(BCG) can provide at least partial protection against infection and disease [2]. 

Exciting new information on the importance of innate immune mechanisms for the 

development of a protective immune response has emerged in the past decade [3]. 

Among innate resistance mechanisms, the importance of programmed cell death has 

been highlighted by studies that have demonstrated that infected cell fate can 

influence bacilli survival and the mounting of a protective adaptive response [4]. Mtb 

infects macrophages and subverts its mechanisms of killing [5], as well as inhibits 

apoptosis and triggers necrosis of macrophages to evade innate immunity and delay 

the initiation of the adaptive immune response [6-7]. On the other hand, programmed 

cell death is regulated by different pathways and genetic variability in genes that 

regulate the expression of molecules involved in cell death can influence the 

successful mounting of a protective response against Mtb [7].  

There are different forms of cell death, which are reviewed elsewhere [8–10]. They 

are broadly categorized as accidental (ACD) or regulated (RCD) cell death [8]. The 

former category comprises cell death involving sudden disassembly of the cell 

structures due to exposure to extreme physical, chemical or mechanical stress, in a 

way that no specific molecular machinery is involved. The latter, in contrast, involves 

a molecular machinery that is genetically encoded and allows its modulation and 
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pharmacological inhibition. Table 1 summarizes the most relevant molecules involved 

in regulated cell death.  

Here we systematically review the current state-of-the-art regarding the role of cell 

death in the immunopathogenesis of tuberculosis, the single nucleotide 

polymorphisms (SNPs) in genes that regulate programmed cell death and their 

observed and potential role in the development and progression of tuberculous 

disease.  

 

Methods 

Data sources and search strategy 

This systematic review followed the PRISMA guidelines and checklists [11]. A 

Medline/PubMed and Google Scholars search was conducted including the studies 

available online on January 27, 2016. Data collection from published articles was 

performed without time restriction. The search criteria used are listed in 

Supplementary Table 1.  

 

Eligibility criteria 

Eligibility for inclusion focused on studies reporting polymorphisms in molecules 

involved in cell death pathways among TB patients. We included all original articles 

in English published in academic journals until January, 2016. 7.064 non-duplicated 

records were identified through database searching and records were screened to 

check whether they were related with the topic. 6.884 studies were not included as 

they described cytokine polymorphisms not involved in cell death pathways. The 

reference lists of included articles were also screened to identify relevant studies not 

previously detected in the electronic search (Figure 1). The information obtained from 
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these studies was organized in topics regarding the role of death pathways in M. 

tuberculosis infection, the genetic polymorphisms reported in genes involved in cell 

death pathways, and the data available on the association between these 

polymorphisms and susceptibility to tuberculosis. 

 

Genetic polymorphisms in genes involved in cell death pathways 

 

Single nucleotide polymorphisms (SNPs) of genes coding molecules involved in cell 

death pathways play a crucial function in genetics host that contribute to 

microorganisms killing. There are variants of several genes involved in the process of 

cell death such as TNF, TNFR, TRAIL, Fas/FasL, Caspase, P2X7 and  IL-1β, that 

are crucial to active the apoptosis.  

TNF is a cytokine involved in apoptosis extrinsic pathway. The gene is located within 

the major histocompatibility complex (MHC) region in the short arm of chromosome 

6, between the human leukocyte antigen-B (HLA-B) and the HLA class III genes. 

TNF production is both transcriptionally and post-transcriptionally regulated. Many 

allelic polymorphisms of the TNF gene have been described, including eleven single 

nucleotide polymorphisms (SNPs) in the promoter region at the 1031 (T/C), -863 

(C/A), -857 (C/T), -308 (G/A), -238 (G/A), -1196 (C/T), -1125 (G/C), -572 (A/C), -316 

(G/A), -163 (G/A), and -70 (G/A) loci [12]. The polymorphism at the −238 position lies 

within a putative regulator sequence where a G to A substitution defines two variants 

(TNF-G and TNF-A). The second polymorphism at position −308 the presence of G 

defines the common variant TNF1 and the presence of A defines the less common 

variant TNF2. The presence of the TNF -308A allele is considered to be associated 

with higher TNF gene transcription and TNF  over production [13].  
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TNF cytokine binding to two receptors, TNFR-1 (encoded by the TNFRSF1A gene) 

and TNFR-2 (encoded by the TNFRSF1B gene). TNFR-1 is dominant receptor to 

TNF binding  and can activate NF-kB, mediate apoptosis, and function as a regulator 

of inflammation [14]. TNFR-1 is located in the short arm of chromosome 12 (12p13) 

and TNFR-2 at 1p36 [15]. The SNPs to TNFR-1 were found  in promoter region, exon 

1 and introns 2, 4, 6, 7, and 8 [16-18]. Four polymorphisms were described in 

promoter region (-383 A/C, -609 G/T, -580 A/G, and -383 A/C) and exon 1 (+36 A/G) 

[47-48]. TNFRSF1B gene contains two sequence alleles in exon 6 at 196 position 

(T/G)  that encode differing amino acid sequences of TNFR-2 (M196R). This amino 

acid difference occurs close to the cleavage site that leads to the shedding of TNFR-

2 receptors. Some studies observe decreased sTNFR-2 levels with the R196 

receptor form [19-20]. The M196 and R196 forms differ in their ability to mediate TNF 

signaling and activate downstream pathways and pathologic processes (such as 

apoptosis), such that the R196 form allows less activation of NFκB and recruitment of 

TRAF2, and greater induction of apoptosis after activation of the TNFR-1 pathway 

[21]. The frequencies of the  R196 TNFRSF1B allele is associated with various 

inflammatory and autoimmune diseases (including SLE, Crohn’s disease, and familial 

rheumatoid arthritis), suggesting a role for this allele in inflammatory diseases [22-

24]. 

The TNF-related apoptosis-inducing ligand (TRAIL), is a endogenous a homotrimeric 

cytokine that belongs of the TNF cytokine family that inducing apoptosis [25]. TRAIL 

gene is located on chromosome 8p21 with five exons. Five SNPs have been 

identified in TRAIL exons. Three of them are in the 3’ untranslated region (3’UTR) at 

1525(G/A), 1588 (G/A) and 1595 (C/T) positions. Some studies have shown that the 

3’UTR of TRAIL has important role in TRAIL gene regulation and it is a promising 
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anticancer agent due to its critical regulatory role in apoptosis. There are other two in 

exon 1 at site of 1192 and 5912, which do not alter the encoded amino acid 

sequence [26-28]. TRAIL binds to the TRAIL receptor 1 (TRAIL-R1), a gene also 

known as DR4 and TNFRSF10A. The TRAIL-R1 triggers apoptotic proteases to 

regulate apoptosis. There are multiple well-characterized polymorphisms in the 

TRAIL-R1 gene, but the most extensively studied polymorphism has been the C/G 

substitution resulting in a threonine to arginine amino acid change in exon 4 

(Thr209Arg, rs20575). Thr209Arg is of special interest in recent decade most likely 

due to the involvement in receptor ligand binding activity and stimulation of apoptotic 

pathways [29].  

The Fas/FasL signaling system activates a major extrinsic apoptosis pathway that is 

responsible for maintaining immuno-privileged sites, which is of particular importance 

for the regulation of the acquired immune response. It also fulfils other regulatory 

functions [30-31]. Fas (TNFRSF6/CD95/APO-1) is a cell surface receptor, expressed 

in a variety of tissues [32-33]. The gene is located chromosome 10q 24.1 and 

consists of nine exons and eight introns. The promoter region is responsible for allelic 

variations in Fas, which can also modify the transcriptional rate [34]. Two SNPs have 

been identified in the FAS promoter region: one in the silencer region, G to A 

substitution at the nucleotide position -1377 (rs2234767), and the other in the 

enhancer region, A to G substitution at the nucleotide position -670 (rs1800682). 

These two polymorphisms are located within the sites that bind to the transcription 

factors stimulatory protein-1 (Sp1) and the signal transducers and activators of 

transcription 1 (STAT1), respectively. The FAS –1377A allele and the FAS –670G 

allele disrupt the Sp1 and STAT1 binding sites, respectively, thereby diminishing the 

promoter activity and decreasing Fas expression [35-37]. The FasL also known as 
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TNFSF6 or CD95L, is a member of the tumor necrosis factor superfamily and the 

natural ligand to Fas.  The human FasL gene is located on chromosome 1q23. It 

consists of four exons spanning approximately 8 kb, and encode a protein of 281 

amino acids [38]. To FasL gene there are two reported polymorphisms: a C to T 

change at the nucleotide position -844 (FASL-844 C/T, rs763110) of the promoter 

region and an A to G change at nucleotide position -124 of intron 2 (FASL INV2nt -

124 A/G, rs5030772). FASL -844 C/T is located in a putative binding motif for a 

transcription factor, CAAT/enhancer-binding protein h, and the -844 C allele may 

increase basal expression of FASL compared with the -844 T allele [39], suggesting 

that the FASL -844 C/T polymorphism may influence FasL expression and mediated 

signaling. The Fas/FasL polymorphism has been associated with cancer, lupus 

erythematosus and rheumatoid arthritis [40-41].  

Sequential activation of caspases plays a central role in the execution-phase of cell 

apoptosis. There are multiple polymorphisms in genes to caspase that are involved in 

multiple disease [42-45]. The human CASP8 gene contains 11 exons located in 

chromosome 2q33–34 [46]. The common variants of the CASP8 gene disrupt 

apoptosis and enhance the risk of developing various types of cancer, including 

breast cancer [47] and prostate cancer [48]. There were at least 474 single 

nucleotide polymorphisms in the CASP8 gene according to the SNP database 

(http://www.ncbi.nlm.nih.gov/SNP), including the most commonly occurring CASP8 

−652 6N ins/del polymorphism (rs3834129). It was reported that the CASP8 −652 6N 

ins/del promoter variant destroy the binding element for stimulatory protein 1 and 

reduce the expression of CASP8, thus resulting in a reduction in the apoptosis 

reactivity of T lymphocytes upon stimulation by cancer cells [49].  

http://www.ncbi.nlm.nih.gov/SNP
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The P2X7 gene, located at position 12q24, encodes for a 595-aa long polypeptide 

with two transmembrane stretches [50]. The human P2X7 gene is highly polymorphic 

with five previously described loss-of-function (LOF) single-nucleotide polymorphisms 

(SNP; c.151+1G/T, c.946G/A, c.1096C/G, c.1513A/C and c.1729T/A) and one gain-

of-function SNP (c.489C/T). However, the majority of these SNPs are intronic, with 

approximately 150 nonsynonymous (or missense) [51]. The A common SNP in exon 

13 (1513A/C) results in the substitution of glutamic acid at position 946 by alanine 

(G496A) (GU). This polymorphism occurs in the region of the gene that encodes the 

carboxyterminal tail of the protein, and different studies have demonstrated that 

homozygosity for the C allele (C/C) leads to almost complete loss of the P2X7 

function with lack of ATP-induced mycobacterial killing in these individuals  [52-53] . 

This amino acid change impairs cation fluxes in a variety of cells, the release of IL-

1β, IL-18, and matrix metalloproteinase (MMP)-9 from macrophages, and shedding 

of CD23 and CD62L from lymphocytes [54-55]. The other polymorphisms identified 

include the 1729T/A SNP that abolishes trafficking of the receptor to the cell surface 

[56], the 946G/A SNP that abolishes the binding of ATP to the extracellular domain of 

P2X7R [57], and the 151+1 G/T SNP, leading to a null allele [58]. IL-1β gene is 

involved in Pyroptosis pathway. In the IL-1 processing is involved interleukin (IL)-1-

converting enzyme called caspase-1 that cleaves the pro-inflammatory cytokine pro-

interleukin (IL)-1β to an active secreted molecule in monocytes and macrophages. 

Additional consequence of caspase-1 activation in macrophages following infection 

by intracellular pathogens is a rapid, and caspase-1- dependent cell death called 

pyroptosis Figure 2 [59] . The loci for human IL1B gene is found as a cluster on 

chromosome 2q12. Several common polymorphisms within the IL-1 gene complex 

have been described, including single nucleotide polymorphisms (SNPs) in IL1B at 
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position −511 (T/C), −31 (C/T), -3737 (T/C), -889 (C/T) and  -1464 (C/G) in the 

promoter region and at position +3954 (C/T) in exon 5 [60].  

 

Role of death pathways in M. tuberculosis infection 

 

 The apoptosis of infected macrophages provides an important link to adaptive 

immunity, as apoptotic vesicles containing bacterial antigens are taken up by 

Dendritic cells (DC). The DCs can efficiently present these antigens to naive T cells, 

leading to their activation [61-62]. Avirulent M. tuberculosis strains induce apoptosis 

in antigen presenting cells (APCs) through TNF/TNFR, toll like receptors (TLRs), 

Fas/FasL or by altering the expression of Bax/Bcl-xL via an oxygen dependent 

pathway [63-65].  

Necrotic cell death may be an important factor in inflammatory tissue damage and 

transmission of the bacilli [66]. Several studies have suggested that pathogenic M. 

tuberculosis strains use inhibition of apoptosis as a virulence mechanism and 

induces necrosis, which allows the bacteria to evade host defense mechanisms by 

inducing cellular lysis and spreading of the infection to the surrounding macrophages 

[67-70].  

Virulent strains such as Mtb H37Rv induce less macrophage apoptosis than avirulent 

or attenuated strains such as Mtb H37Ra by activating the release of membrane-

bound TNFR2 as the soluble form to evade TNF-dependent apoptosis [71-72], and 

by increasing the expression of Mcl-1 protein that is a member of anti-apoptotic B-cell 

lymphoma/leukemia 2 (Bcl-2) family. The Bcl-2 family proteins, which are located in 

the outer membrane of mitochondria, can block the release of cytochrome c from 

mitochondria preventing caspase activation [73-74].  
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Mtb cell wall components cause stimulation of TLR2, which leads to translocation of 

NF-κB to nucleus and induces expression of TNF. During certain stages of infection, 

virulent Mtb strains might cause higher expression of TNF than avirulent strains to 

induce more necroptosis. Alternatively, virulent strains could, while avirulent strains 

could not, secrete a biological factor which can block caspase-8 activity to inhibit 

apoptosis [75-76]. 

M. tuberculosis activates the NLRP3 inflammasome [77] and macrophages infected 

with virulent Mtb (H37Rv) release high levels of IL-1β [78]. Caspase-1 activity and the 

pyroptosis of infected cells are inhibited by the Mtb Rv3364c protein, that can bind to 

the host cell protease cathepsin G [79]. To IL-1β function in tuberculosis studies has 

been shown that M. tuberculosis prevents inflammasome activation and IL-1β 

processing, which normally lead to improved mycobacterial clearance and a lower 

bacterial burden in the lungs of aerosol-infected mice. However, it should be noted 

that macrophages infected with M. tuberculosis produce IL-1β in a manner that is 

dependent on bacterial virulence [80]. 

The role of P2X7 receptors in the pathogenesis of tuberculosis is controversial. 

Macrophages treated with ATP reduces of M. tuberculosis-colony-forming units and 

presenting high P2X7 receptor expression in the lung, while P2X7R−/− mice increase 

of M. tuberculosis burden in lung tissue [81]. However, others evidences show that  

P2X7R-/- mice have attenuated disease with substantially reduced bacillus 

dissemination and lung inflammation without evidence of necrosis [82]. In humans, 

P2X(7)R and extracellular ATP mediate apoptosis of human 

monocytes/macrophages infected with Mycobacterium tuberculosis reducing the 

intracellular bacterial viability [83].  
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Genetic polymorphisms in cell death pathways associated with susceptibility 

to tuberculosis disease 

 

Susceptibility to TB is partly genetically determined [84] and variations in genes 

involved in the cell death pathway may affect the host response to M. tuberculosis 

infection. Indeed, human mononuclear cells with certain polymorphisms in death 

related genes displayed an impaired ability to control M. tuberculosis growth, thus 

suggesting that polymorphisms in death genes may be associated with TB [85].    

Two biallelic polymorphisms in the promoter region of the TNF gene may be relevant 

for the production of TNF in the tuberculosis. The TNFRSF1B polymorphism has 

been associated with tuberculosis in different populations [86-87]. The Fas/FasL 

polymorphism has not been investigated in tuberculosis. However, Fas and FasL 

soluble are elevated in the serum levels of pleural tuberculosis patients suggesting 

that Fas-mediated apoptosis may be at least a part of protective immunity to 

tuberculosis [88-89].  

A SNP in the promoter region of P2X7R gene at nucleotide position − 762 (C/T) has 

been described that has a protective association with tuberculosis [90]. The 

functional polymorphism in the IL1B gene influences the susceptibility to TB. IL1B 

+3954 C to T (rs1143634) has been associated with tuberculosis [91]. 

In clinical studies, the association among TNF polymorphism and tuberculosis remain 

unclear. The frequency of -308A TNF polymorphism has been known to be linked to 

a high TNF production. In a study with Sicilian patients affected by chronic 

tuberculosis (TBC), the frequency -308A allele was significantly increased in TBC 

compared to healthy subjects. However, the effect of an allele is largely dependent 

by homo- or heterozygous state and the percentage of subjects carrying the "TNF 
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low producer" -308GG genotype was reduced in TBC group [92]. In a study 

systematic of the published studies was performed to clearer understanding of the 

association between TNF-308 (rs1800629 G/A) polymorphisms and the susceptibility 

tuberculosis. This study indicated that the TNF-308 polymorphism was not 

associated with the risk of TB in the total population, however the significant risk for 

TNF-308 A allele was found among Asians and not Caucasians [93]. In Pakistan,  TB 

patients with different lung tissue involvement the TNF-308G/A polymorphism in 

combination with IFNG+874T/A show weak associations with severe form of the 

disease [94]. In a Indian population the TNF -238 and -308 polymorphisms not were 

associated with the disease severity in patients sub-groups and were found to don't 

affect the TNF levels in both the patients and controls populations and in the patients 

sub-groups [95]. A meta-analysis study including nine case-control studies 

revaluated that there was association between TNF -238G/A polymorphism and 

tuberculosis susceptibility [96]. In Colombia TNF -308G was associated with TB. 

However, the TNF -238A allele represented a susceptibility factor for TB [97]. A study 

evaluating  genes cytokine associated with tuberculin test response in a Brazilian 

indigenous, showed that TNFR1 not were associated to immune response and 

anergy [98]. Other study in Brazil evaluated serum levels of the cytokines and  

polymorphisms in the genes in patients with pulmonary tuberculosis. The study 

showed no association among IFN-γ and TNF-α gene polymorphisms at positions 

+874 and -238, respectively with the corresponding cytokine serum levels [99].  

Haplotype analysis in South Africans revealed an association in the 3′untranslated 

region of TNFRSF1B with tuberculosis [86]. In Asian population the TNFRSF1B 

polymorphism also found to be associated with TB [87-100].  
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The SNPs at ATP of P2X7 gene are associated with TB in different population. A 

cohort study in Southeast Asians showed that  +1513A/C polymorphism was strongly 

associated with extrapulmonary, but not pulmonary TB. The +1513C allele increases 

susceptibility to tuberculosis and this defect is associated with the reduction in the 

capacity of macrophages to kill M. tuberculosis. It can worsen the clinical situation in 

TB [60,101]. The analyze of two single-nucleotide polymorphisms (SNPs) in the 

P2RX7 gene (-762 C/T and +1513A/C ) in the Slavic population revealed no 

significant association to -762 C/T P2RX7 promoter between pulmonary TB patients 

and control subjects. In contrast, the frequency of the C allele at position +1513 in 

exon 13, resulting in a loss of P2X(7) function, was significantly higher among 

pulmonary TB patients [102]. In a Mexican population P2X7R-762 gene 

polymorphism not was associated with tuberculosis. In contrast, the P2X7R A1513C 

polymorphism was associated significantly with tuberculosis [103]. In Punjab, North 

India, the distribution of +1513 A/C genotypes in the TB patient and the control 

groups revealed a significant association of +1513C allele such risk factor for the 

development of TB [104]. However, in a Gambian population five SNPs at  promoter 

region of P2RX7R were screened for associations with clinical tuberculosis. A 

significant protective association against tuberculosis was found for 1 promoter SNP, 

at nucleotide position -762 for variant C allele [105].  

The functional polymorphism in the IL1B gene influences the susceptibility to TB in 

some populations. In Iranian patients with pulmonary tuberculosis a positive, 

significant difference was found in IL1B at position -889, , where the T/T genotype 

was over represented in PTB patients [106]. In Gambian TB patients, decreased risk 

of pulmonary TB was associated with both heterozygosity and homozygosity for the 

IL1B -511/C allele and no association there was between the IL1B+3953-T/C 
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polymorphism with TB in this population [107]. The association of IL-1β and IL-10 

cytokine gene polymorphisms with risk of developing tuberculosis in TB patients, 

their HHC and healthy controls (HC) showed that the genotype and allele frequencies 

of IL-1β +3954C/T polymorphism was similar between TB patients and HC [108]. In 

extrapulmonary tuberculosis the IL1B +3953 C/T polymorphism was associated was 

associated  with the disease compared to PPD+ controls [109]. In a Northwestern 

Colombian population, an endemic area of M. tuberculosis infection, the  IL1B +3953 

C/T polymorphism was significant different between patients and controls [110]. A 

meta-analysis about the association of the IL1B polymorphism with TB indicated 

there is a lack of association between the IL1B (-511 and +3954) polymorphisms and 

TB risk [111].  

 

Conclusion 

 

Cell death is a protective mechanism of the innate immune system to eliminate 

intracellular pathogens. Macrophage apoptosis during Mycobacterium tuberculosis 

infection has focused much attention on its possible role in disease pathogenesis. 

This is a mechanism that contribute to amplification of the immune response by 

activating the adaptive immune response. Genetic polymorphisms that are 

associated with the death pathways may be beneficial or not to the host. 

Polymorphisms in TNF, TNFRSF1B, P2X7R and IL-1β may contribute to protection 

against Mtb infection, facilitating their elimination (Figure 2). Functional studies are 

necessary to elucidate whether these polymorphisms are associated with protection.  
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Figure legends 

 

Figure 1: Flow of information through eligible criteria to systematic review [40]. 

Figure 2: Genetic variation in regulated cell death that has been associated with 

susceptibility to tuberculosis 
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Supplementary Table 1. Search strategies employed in this systematic review. 

Search criteria 

(Cytokine [All Fields] AND polymorphism[All Fields])  NOT review [PT] 

(tuberculosis [All Fields] AND "cell death" [All Fields]) NOT review [PT] 

(tuberculosis [All Fields] AND apoptosis [All Fields]) NOT review [PT] 

(tuberculosis [All Fields] AND polymorphism [All Fields]) NOT review [PT] 

(polymorphism [All Fields] AND apoptosis [All Fields] AND tuberculosis [All Fields]) NOT review [PT] 

(Cytokine [All Fields] AND polymorphism [All Fields] tuberculosis [All Fields]) NOT review [PT] 

(CD95 [All fields] AND polymorphism [All fields]) NOT review [PT] 

(TNF [All fields] AND polymorphism [All fields]) NOT review [PT] 

(TNFR [All fields] AND polymorphism [All fields]) NOT review [PT] 

("TRAIL" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("FASL" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("TRAF" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("nemo" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("cIAP" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("TAK" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("IKK" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("caspase" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("Bid" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("cFLIP" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("CUL3" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("Bcl" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("BH3" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("Bax" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("Bak" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("Smac" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("cytochrome c" [All fields] AND polymorphism [All fields]) NOT review [PT]  
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("apaf" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("xiap" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("DR4" [All fields] AND polymorphism [All fields]) NOT review [PT] 

("DR5" [All fields] AND polymorphism [All fields]) NOT review [PT]  

("DIABLO" [All fields] AND polymorphism [All fields]) NOT review [PT]  
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Table 1: Molecules critically involved in regulated cell death. 

RCD type Molecules involved Role in RCD Refs. 

Apoptosis 

(caspase-

dependent) 

   

Extrinsic: TNF receptor 1 

(TNFR1/TNFRSF1A), FAS 

(CD95/APO1/TNFRSF6), 

TRAIL receptor 1 

(TRAILR1/DR4/TNFRSF10A), 

TRAIL receptor 2 

(TRAILR2/DR5/TNFRSF10B), 

DR3 (APO3/TNFRSF25), 

DR6 (TNFRSF21) 

Death receptors [9,10] 

 lymphotoxin-α (LT-

α/TNFSF1), tumor necrosis 

factor (TNF/TNFSF2), 

FAS/CD95 ligand 

(FASL/CD95L/TNFSF6), TNF 

ligand superfamily member 

10 (TRAIL/Apo2l/TNFSF10), 

TL1A (TNFSF15)  

Death receptor 

ligands; FASL, TNF 

and TRAIL also play 

a role in necroptosis 

[9,10] 

 Deleted in colorectal 

carcinoma (DCC), UNC5B 

Dependence 

receptors 

[9] 

 Netrin-1 Dependence 

receptors ligand 

[9] 

 Fas-associated protein with a 

death domain (FADD) 

DISC formation [8,9] 

 TNFR-associated death Recruits [9] 
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domain (TRADD) FADD/caspase-8 

upon TNF signaling 

 Receptor-interacting protein 

kinase 1 (RIPK1/RIP1) 

DISC component; 

also plays a role in 

necroptosis 

[9,10] 

 FADD-like apoptosis regulator 

(CFLAR/c-FLIP) 

DISC component, 

regulates caspase-8 

[8-10] 

 Cellular inhibitor of apoptosis 

proteins (cIAPs) 

DISC component [9,10] 

 TNFR-associated factor 2 

(TRAF2), TRAF5 

DISC component 

recruited upon TNF 

signaling 

[9] 

 Protein phosphatase 2A 

(PP2A), death-associated 

protein kinase 1 (DAPK1) 

Activation of 

executioner caspases 

in the absence of 

dependence 

receptors ligation to 

netrin-1 

[9] 

 Procaspase- 8 DISC component, 

activates caspase-3, 

cleaves BID 

generating the 

mitochondrion-

permeabilizing 

fragment tBID 

[9] 

 Procaspase 10 DISC component [9] 

Intrinsic: Holocytochrome c (CYTC) Apoptosome 

component, induces 

caspase 3/9 

activation 

[8,9] 
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 Deoxy-ATP- and apoptotic 

peptidase-activating fator 1 

(APAF) 

Apoptosome 

component, induces 

caspase 3/9 

activation 

[8,9] 

 Multi-BH motif proteins: B-cell 

CLL/lymphoma 2(BCL2)-

associated X protein (BAX), 

BCL2-antagonist/killer 1 

(BAK1) 

Death agonists, pore 

formation 

[8, 

10] 

 Multi-BH motif proteins: 

BCL2, BCL2-like 1 

(BCL2L1/BCL-XL), BCL-W, 

A1, Myeloid cell leukemia 1 

(MCL-1) 

Death antagonists, 

BCL2/BCL2L1, MCL-

1: BAX/BAK1 inhibitor 

[8,10] 

 BH3-only proteins: 

BCL2binding component 3 

(BBC3/PUMA), BCL2-like 11 

(BCL2L11/BIM), BH3-

interacting domain death 

agonist (BID), BAD, BIK, 

BMF, NOXA 

Death agonists, 

regulation of BCL2-

like proteins 

[8, 

10] 

 Procaspase-9 Activates caspases-3, 

7 

[10] 

Both: Procaspases-3, 6, 7 Apoptosis 

executioners 

[8] 

 IAP-binding mitochondrial 

protein (DIABLO/SMAC) 

IAP family inhibitor, 

sequesters XIAP 

[8-10] 

 X-linked inhibitor of apoptosis 

(XIAP) 

Regulation of 

mitochondrial outer 

membrane 

[8, 

10] 
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permeabilization, 

inhibition of 

caspases-3, 7 and 9  

Necroptosis 

(RIPK1/RIPK3/MLKL-

dependent) 

RIPK1 Induces RCD upon 

death receptors 

ligation in the 

presence of caspase 

inhibitors; regulates 

caspase activation 

When catalytically 

inactive 

(necrostatin(Nec)-1 

bound), inhibits 

necroptosis triggered 

by TLR ligation/type I 

interferons 

[8] 

 Receptor-interacting protein 

kinase 3 (RIPK3/RIP3) 

Induces necroptosis 

in response to TLR 

ligation/type I 

interferons, regulates 

caspase activation 

[8] 

 TLR adaptor molecule 1 

(TICAM1/TRIF) 

Induces necroptosis 

in response to TLR 

ligation/type I 

interferons 

[8] 

 Z-DNA binding protein 1 

(ZBP1) 

Triggers necroptosis 

in response to viral 

infection 

[8] 

 MLKL Binds to membrane 

phospholipids 

[8] 
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resulting in loss of 

barrier function 

Pyroptosis 

(caspase-1 

dependent) 

Adaptor protein ASC Inflammasome 

component, 

pyroptosome 

component 

[9] 

 NOD-like receptors, absent in 

melanoma 2 (AIM2) 

Inflammasome 

component 

[9] 

 Caspase-1 Proteolysis and 

release of interleukin-

1β (IL-1 β) and IL-18, 

activation of caspase-

7 

[9] 

Netosis (NADPH 

oxidase dependent 

death restricted to 

granulocytes)  

NADPH oxidase Superoxide 

generation 

[9] 

Mitochondrial 

permeability 

transition-driven cell 

death 

CYPD Inducer, component 

of the permeability 

transition pore 

complex (PTCP) 

[8] 

 ATP synthasome Putative pore-forming 

unit of PTCP 

[8] 

Parthanatos PARP1  [8] 

 Apoptosis-inducing factor, 

mitochondrion-associated 1 

(AIFM1) 

 [8] 

Ferroptosis Gluthatione peroxidase 4 

(GPX4) 

 [8] 
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Autosis 

(“autophagic cell 

death”, can be 

modulated by 

targeting at least 

two components of 

the autophagic 

machinery) 

Microtubule-associated 

protein 1 light chain 3 

(MAP1LC3/LC3/Atg8) 

 [8,9] 
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Figure 1: Flow of information through eligible criteria to systematic review [40] 
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Figure 2: Genetic variation in regulated cell death that has been associated with susceptibility to 

tuberculosis. Susceptibility to tuberculosis was found to be associated to the extrinsic apoptotic 

pathways related with TNF and ATP signaling and with pyroptosis (bold characters). The TNF receptor 

is activated by TNF, promoting caspase activation and DNA disruption. Apoptosis induction through 

the purinergic receptor P2X7 is gated by ATP. Activation of the P2X₇ receptor opens a cation-specific 

channel that alters the ionic environment of the cell, activating several pathways, as the caspase 

cascade and phospholipase D, stimulating phagosome-lysosome fusion to mycobacterial killing.  
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Introduction  

Mycobacterium tuberculosis (Mtb) and human immunodeficiency virus (HIV)-1 

infections are the leader killers worldwide [1]. Their wide geographic distribution 

facilitates the occurrence of co-infection, which is associated with up to 40-fold 

greater risk of active tuberculosis (TB) disease and death [2]. These pathogens 

synergize to dowmodulate the immune response by influencing several aspects of 

the host’s innate and acquired immunity (reviewed in [3]).  

The risk of progression in TB and HIV has been partly associated with the genetic 

background of the host [4-5]. Genetic variation in this context involves alterations in 

key immune mediators that regulate the immune system and influence outcomes in 

TB and HIV disease progression [6-7]. Mtb-infected alveolar macrophages produce 

increased levels of TNF, IL-1 and IL-6, leading to enhanced HIV replication and 

persistence within macrophages [8]. TNF has a critical role in the induction of 

apoptosis of infected cells. Some studies have shown that Mtb-mediated apoptosis of 

human alveolar macrophages (AM) is reduced in HIV+ subjects compared with 

healthy subjects in a TNF-dependent manner [9]. On the other hand, in vitro HIV 

infection of AM from healthy persons reduces both TNF release and AM apoptosis in 

response to irradiated Mtb [10] suggesting that the inhibition of the macrophage 

response to Mtb may contribute to disease pathogenesis in HIV+ individuals. The 

TNF gene is located within the major histocompatibility complex (MHC) region in the 

short arm of chromosome 6, between the human leukocyte antigen-B (HLA-B) and 

the HLA class III genes. Many allelic variants of the TNF gene have been described, 

of which two biallelic single nucleotide polymorphisms (SNPs) have been shown to 

influence TNF production in TB: -238G<A and -308G<A [11]. The TNF-308G>A 

polymorphism leads to increased TNF production due to augmented gene 
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transcription [11]. In TB patients with chronic disease the frequency of the -308A 

allele was significantly increased when compared with healthy subjects [12].  

In the vicinity of the TNF gene, the DDX39B gene encodes a nuclear protein called 

HLA-B-associated transcript 1 (BAT1). The human DDX39B gene (D6S81E, UAP56) 

is a member of the DEAD ([Asp-Glu-Ala-Asp] )-box family of ATP-dependent RNA 

helicases. DDX39B gene is situated in the central region of the major 

histocompatibilty complex (MHC) on the short arm of human chromosome 6 and is 

40 kb telomeric to TNF [13]. Two polymorphisms in the promoter region of DDX39B, -

22C/G and -348C/T, have been shown to affect the transcriptional activity and the 

binding of nuclear transcription factors at the start site of the DDX39B gene. The 

nuclear transcription factors are two proteins identified as YY1 (binding directly at -

348) and Oct1 oligonucleotide (binding directly at -22) [14]. BAT1 downregulates the 

production of inflammatory cytokines such as TNF, IL-1 and IL-6, which suggests that 

it plays a protective role in several immune mediated disorders [15], but its role in TB 

and HIV infection has not been appreciated. IL-6 is produced in response to Mtb in 

the early phase of infection. Its levels are increased in plasma, sputum, and cell 

culture supernatant in active pulmonary tuberculosis patients and in macrophages 

treated with M. bovis Bacillus of Calmette-Guérin (BCG) [16-17]. IL-1 is critical for the 

host control of Mtb infection. It is an important mediator of innate immunity but can it 

also promote inflammatory tissue damage. iNos−/− animals infected with Mtb produce 

high amounts of mature IL-1β and show extensive tissue necrosis, neutrophil 

infiltration, and relatively high bacterial burdens [18]. Mice deficient in IL-1R1 infected 

with Mtb die shortly after infection with 2-log higher bacterial load in the lung and 

necrotic pneumonia as compared with wild type animals [19]. 
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The present study describes the frequency of polymorphisms in TNF-308 and 

DDX39B -22/-348 in a TB endemic setting, and its association with cytokine 

production and clinical outcome in TB infected individuals with or without HIV co-

infection.  

 

Material & Methods 

Study settings 

The present study was carried out in Salvador, Bahia, Brazil from 2011 to 2014 in 

three reference centers: one hospital that is a reference for TB diagnosis and 

complicated TB treatment and two outpatient clinics that are reference for HIV 

infection diagnosis and clinical management.  

 

Inclusion and exclusion criteria 

Three groups of individuals were invited to participate of this study: 1) newly 

diagnosed pulmonary TB (PTB) patients with bacteriological confirmation by positive 

sputum smear and/or culture; 2) TB-HIV co-infected PTB patients (individuals newly 

diagnosed in the routine HIV infection sceening upon TB confirmation, or inpatients 

from the TB reference hospital, or outpatients under follow-up in the two reference 

clinics); 3) undergraduate students screened for tuberculin skin test positivity prior to 

engagement in voluntary or academic stage at the reference TB hospital, which 

presented a positive test (induration equal or above 10mm, LTBI). For all groups 

individuals from both sexes were eligible if aged 18-60 years. Exclusion criteria were 

HIV test refusal, indeterminate HIV test result, nonadherence to the present 

treatment for tuberculosis disease and / or acquired immunodeficience syndrome, 
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absence of amplified PCR product after 3 attempts of DNA extraction from 2 different 

aliquots.  

 

Ethics statement 

All the study protocols were reviewed and approved by the institutional review boards 

of the Centro de Pesquisas Gonçalo Moniz (FIOCRUZ), Hospital Especializado 

Octavio Mangebeira (reference TB hospital), Centro Estadual Especializado em 

Diagnóstico, Assistência e Pesquisa (outpatient reference clinic), and Secretaria 

Municipal de Saúde (for the Servico Municipal de Assistencia Especializada 

outpatient reference clinic of Salvador). Written informed consent was obtained from 

all the participants enrolled in the study. This study complies with the Brazilian 

current legislation (CNS Resolution 466/2012) and is registered with the CAAE 

21823713.8.0000.0040. 

 

Culture and cytokine production 

Whole blood cultures were performed by diluting vacuum-collected heparinized blood 

1:10 with RPMI 1640 (Gibco) supplemented with antibiotics streptomycin, with or 

without mycobacterial antigen (10 µg/ml of Mycobacterium tuberculosis H37Rv 

culture lysate, kindly provided by the Colorado State University, USA as part of NIH, 

NIAID Contract No. HHSN266200400091C, entitled "Tuberculosis Vaccine Testing 

and Research Materials", which was awarded to Colorado State University). The 

cultures were incubated for 72h at 37°C, 5% CO2 in a humidified atmosphere. Culture 

supernatants were kept at -20°C until analysis. The cytokines (TNF, IL-6 and IL-1α/β) 

were measured in culture supernatants using multiplexed bead-based 
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immunoassays (BD Cytometer Bead Array™, Becton-Dickinson Bioscience, San 

Jose, CA).  

 

Single nucleotide polymorphism genotyping 

DNA was extracted from blood collected in EDTA vaccum tubes using a commercial 

kit Qiagen QIAamp DNA Blood Mini Kit (Valencia, CA, USA) according to the 

manufacturer's protocol. The DNA was quantified by spectrophotometry Nanodrop 

2000 UV-Vis Spectophotomer and was stored at -20°C until further processing. 

Polymorphisms in the promoter region of DDX39B at the positions -22 (G>C; 

rs2239527; G ancestral allele) and -348 (C>T; rs2239528; C ancestral allele) were 

typed using PCR restriction fragment-length polymorphism analysis with the 

restriction enzyme NlaIII (New England Biolabs) [22]. The polymorphism of TNF-308 

(G>A; rs1800629; G ancestral allele) was evaluated using PCR restriction fragment-

length polymorphism analysis with the restriction enzyme NcoI (New England 

Biolabs) [23]. 

 

Evaluation of disease extension  

The extension of PTB was evaluated based on radiographic examination, smear 

grade, nadir HIV viral load and CD4+ cell counts, and HIV viral load / CD4+ cell 

counts in the last three months. Two experienced medical evaluators (one 

pneumologist and one radiologist) blindly reviewed the x-ray photographs 

independently, regarding the presence of cavitation in one or both lungs, in 

agreement with the Brazilian Ministry of Health guidelines for tuberculosis control 

[24]. The discordant cases were resolved by a third experienced evaluator (a 

pneumologist). The smear results obtained with the first sputum sample (or with the 
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second sputum sample if the first result was negative) were used to grade the smear 

positivity from 1 to 3, in agreement with the Brazilian Ministry of Health guidelines for 

tuberculosis control [24]. HIV viral load and CD4+ cell counts were obtained from 

medical records. 

 

Statistical analyses 

Categorical variables were described using absolute and relative frequency values. 

They were compared using the chi-square test (with Yates correction when 

applicable) and the Fisher’s exact test (with the corresponding odds ratio, OR, and 

associated 95% confiance interval, 95% CI). Continuous variables were described 

using median and interquartile range (IQR), except for age that was described using 

mean and standard deviation. They were compared using the Wilcoxon test for 

unpaired data, the Mann-Whitney test for paired data and the Kruskal-Wallis ANOVA 

for three or more groups. Spearman regression was used to relate the cytokine 

production with the radiographic classification, the sputum smear grade, the HIV viral 

load and the CD4+ cell counts. The Hardy-Weinberg equilibrium (HWE) was 

assessed by comparing the observed genotypic frequencies with the expected 

frequencies under HWE estimated from the allelic frequencies. 

The databanks were mounted in EpiData Entry (EpiData Association, Denmark), and 

the analyses were performed using GraphPad prism software version 6 (GraphPad 

Software, San Diego, CA, USA). The linkage disequilibrium was analyzed using Plink 

1.9 beta program (available in: https://www.cog-genomics.org/plink2). 

 

Results  
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Study sample 

The study included 109 PTB, 60 TB-HIV and 74 LTBI volunteers (Table 1). The LTBI 

group had a significantly lower proportion of males, and was composed of younger 

individuals. The highest frequency of Bacille of Calmette-Guérin vaccination scar was 

found in the LTBI group, and BMI was above 18.5 for 96% of the individuals, in 

contrast with 68% in the PTB group and 61% in the TB-HIV group (P<0.0001). 

 

Frequency of TNF -308 (G>A) and DDX39B -22 (G>C), -348 (C>T) polymorphisms  

The genotypic and alellic frequencies of the TNF -308 (G>A), DDX39B -22 (G>C) 

and -348 (C>T) polymorphisms were compared among the studied groups (Table 2). 

LTBI volunteers exhibited increased frequency of the TNF -308 GG genotype (post-

hoc estimated power of 99.8% and 68.6 for the LTBI x PTB and LTBI x TB-HIV, 

respectively). The G allele frequency was also augmented among LTBI volunteers 

(post-hoc estimated power of 44.0% and 97.7% for the LTBI x PTB and LTBI x TB-

HIV groups, respectively). TNF -308 GG was the most frequent genotype found in 

LTBI and TB-HIV individuals, while the GA genotype was the most frequent in the 

PTB group. PTB volunteers exhibited increased frequency of DDX39B-22 GG 

genotype (post-hoc estimated power of 77.5% and 60.0% for the PTB x TB-HIV and 

PTB x LTBI groups, respectively). No differences in the allelic frequencies were 

observed. DDX39B-22CG genotype was the most frequent in all groups. The G allele 

was the most frequently observed in PTB, while the C allele was the most frequently 

observed in both TB-HIV and LTBI. PTB volunteers presented the highest 

frequencies of DDX39B-348 CC, but differences were only observed between PTB 

and TB-HIV volunteers (post-hoc estimated power of 68.3%). No differences in the 
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allelic frequencies were observed. The C allele was the most frequently observed in 

all groups. 

Correlation between alleles at two or more genetic loci is referred to as linkage 

disequilibrium (LD). LD is generated as a consequence of a number of factors and 

results in the shared ancestry of a population of chromosomes at nearby loci [33]. 

The variants studied are not in linkage disequilibrium (Figure 1).  

 

Dominant model and haplotype analyses 

 

Considering a common dominant model, the odds of PTB against TB-HIV co-

infection were increased among individuals bearing the DDX39B-348 recessive 

genotype (Table 3). The odds of active versus latent TB infection were decreased 

among individuals with the TNF-308 GG recessive genotype for both mono- and co-

infected subjects. No association was found between genotype and odds of co-

infection versus PTB disease or latent versus active TB for the DDX39B -22 locus. 

As DDX39B and TNF are located in the same major histocompatibility complex 

(MHC) region on chromosome 6, we assessed the association of these 

polymorphisms with TB outcomes using haplotype analysis. The frequencies of 

haplotypes representing all possible combinations of TNF-308 G>A, DDX39B-22 

G>C and DDX39B-348 C>T SNPs are shown in Table 4. The combinations TNF-

308G/DDX39B-22C/DDX39B-348T and TNF-308A/DDX39B-22G/DDX39B-348C 

were more frequently found in TB-HIV and TB volunteers, respectively.  

 

Cytokine production and its association with TNF -308 (G>A) and DDX39B -22 

(C>G), -348 (C>T) polymorphisms 
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The levels of TNF, IL-6, IL-1α and IL-1β were measured in the culture supernatants 

of 42 PTB, 47 TB-HIV and 49 LTBI volunteers. PTB subjects produced higher levels 

of TNF (Figure 2A), and this association was evidenced among individuals bearing 

the TNF-308 GG genotype (Figure 3A). The genetic variants of DDX39B -22 and -

348 were not associated with differential TNF production (Figures 3B and C, 

respectively). PTB volunteers also produced higher levels of IL-1β (Figure 2D), which 

was observed among individuals bearing the DDX39B -22 GG+GC genotype (Figure 

3 H). When comparing PTB and LTBI volunteers, IL-1β was increased in PTB among 

the individuals bearing the DDX39B-348 CC genotype, while when comparing PTB 

and TB-HIV individuals this cytokine was elevated in PTB patients of the DDX39B-

348 CT+TT genotype (Figure 3I). Among volunteers with the DDX39B-348 CC 

genotype it was also possible to observe higher production of IL-1β when comparing 

TB-HIV with LTBI (Figure 3I), which was not observed for the whole group (Figure 

2D). The levels of IL-1α were increased in the cultures from PTB volunteers when 

compared with the TB-HIV group (Figure 2C), and this difference was associated with 

the DDX39B-22CC/-348CC genotype (Figures 3F and G). 

 

Cytokine production and disease severity in PTB and TB-HIV patients 

The levels of the cytokines TNF, IL-6, IL1-α and IL-1β were compared among PTB 

and TB-HIV patients with different degrees of disease severity, regarding the 

presence of cavitation and the number of bacilli in sputum smears, nadir HIV viral 

load and CD4+ cell counts, and HIV viral load and CD4+ cell counts in the last 

evaluation (within three months of blood collection). In the PTB group, no association 

was found between cytokine production and disease severity based on the presence 

of cavitation or smear grade (Figures 4 and 5 respectively). Regarding the TB-HIV 
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group, no association was found between cytokine levels and disease extension 

based on HIV viral load and CD4+ cells (data not shown).  

 

Discussion 

 

Several studies have examined the potential contribution of TNF promoter 

polymorphisms to TB and HIV susceptibility, but the findings of these studies are 

inconsistent [25-28]. TNF is a strong pro-inflammatory mediator and contributes both 

to the protection and immunopathology in tuberculosis. Increased levels of TNF were 

reported in cultures from TB patients with moderate and advanced disease [28] and 

in the serum [30-31] of TB patients compared with healthy controls, and TNF 

deficiency affects phagocyte activation, chemokine expression, cellular influx to the 

granuloma and apoptosis of infected cells [9,32-33]. The presence of the TNF -308A 

allele was associated with higher TNF gene transcription and increased production of 

TNF and may be associated with tissue destruction [11]. TNF -308A has been 

associated with increased risk of TB in patients affected by chronic lung tuberculosis 

and of HIV in long-term non-progressive patients [34-36]. TheTNF -308G allele was 

associated with protection against HIV infection among children, suggesting that the 

G allele might be a marker of differential susceptibility to HIV transmission [7]. Our 

study indicated a significant association between TNF -308G with protection and TNF 

-308A with risk of active TB disease in our population. The odds of having a GA/AA 

genotype were increased 4.82 fold among PTB volunteers, and 2.71 among TB-HIV 

co-infected subjects, compared with the LTBI group. We found increased TNF 

production in the PTB group compared to TB-HIV and LTBI individuals, but the levels 
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of this cytokine were not related with disease severity parameters neither among 

PTB volunteers nor among TB-HIV co-infected subjects.  

This is the first study undertaken to examine the potential influence of the DDX39B 

gene promoter polymorphisms -22C>G and -348C>T in the outcomes of PTB and 

TB-HIV. The DDX39B polymorphism has been associated with inflammatory disease 

and downregulation of proinflammatory cytokines [15, 51-52]. The DDX39B promoter 

polymorphisms alter the binding of transcription factors (Oct1 and YY1), and the 

sequences with -22G and -348 T alleles were expressed more efficiently than 

sequences containing -22C and-348C alleles [14]. In Chronic Chagas 

cardiomyopathy both DDX39B -22C and -348C were associated with disease 

development [22]. In malaria, the DDX39B-22G allele was associated with resistance 

against the disease, and conversely the the C allele was associated with increased 

risk of disease complications [23]. A strong association of TT+CT with Leprosy was 

observed in three cohort studies in India [53].  

The DDX39B -22 GG genotype and the DDX39B-22 G allele were associated with 

PTB, while the -348 CC genotype was more frequent among PTB when compared 

with TB-HIV. The haplotype analysis revealed that the allelic combinations TNF-

308G/DDX39B-22C/DDX39B-348T and TNF-308A/DDX39B-22G/DDX39B-348C are 

associated with PTB. The latter haplotype is related with higher production of 

proinflammatory cytokines?. DDX39B polymorphisms did not relate with TNF 

production, but the increased production of IL-1α and IL-1β among PTB individuals 

was dependent of the DDX39B genotype. The DDX39B -22 GG+GC genotype was 

associated with higher IL-1β production and the DDX39B-22CC/-348CC genotype 

was associated with higher IL-1 α production in this group. The relationship between 

the DDX39B-348 polymorphisms and the production of IL-1 β was less clear for the 
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PTB group, but the DDX39B-348 CC genotype was associated with higher IL-1β 

production among TB-HIV individuals.  

IL-1 is critical for the host control of Mtb infection. Mice deficient in IL-1R or MyD88 

adaptor succumb rapidly to low dose aerosol infection with Mtb [37-38]. In humans, a 

role for IL-1 signaling in host resistance to Mtb is supported by a number of genetic 

studies demonstrating an association of polymorphisms in the IL-1 or IL-1R genes 

with altered disease progression and susceptibility [39-40]. Some studies showed 

decreased IL-β levels in patients with AIDS compared to patients with AIDS and 

dementia [41-42]. High levels of TNF and IL-1β are associated with dementia in HIV 

patients causing neuronal apoptosis [43-44]. In our study IL-1 levels were not related 

with disease severity parameters.  

None of the studied polymorphisms affected the IL-6 response, and its production 

was not different among the groups studied. This is a potent cytokine that is induced 

by Mtb but it is dependent of the nature of the challenge. High serum levels of IL-6 

were observed in the serum from pulmonary tuberculosis patients compared with 

healthy controls [45-47]. In vitro, cells cotransfected with HIV-1 long terminal repeat 

sequence (LTR) and infected with Mycobacterium smegmatis, Mycobacterium avium, 

Mycobacterium bovis BCG and Mycobacterium tuberculosis showed silimar levels of 

IL-1β and IL-6 [48].  

Our study was limited by the reduced sample size. We also experienced technical 

difficulties especially in the assessment of DDX39B polymorphisms.  
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Conclusion 

 

The results of the present study indicate that polymorphisms in the TNF and DDX39B 

genes may be associated with susceptibility with PTB in our population. However, the 

genotypes studied were not related with HIV co-infection. Although the variants 

studied have influenced the TNF and IL-1 response, the disease extension was 

independent from cytokine production, suggesting that other factors may play a role 

in disease severity. 
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Figure legends 

Figure 1: Linkage disequilibrium between DDX39B -22 (rs2239527), DDX39B -348 

(rs2239528) and TNF-308 (rs1800629) 

Figure 2: Cytokine levels in culures from PTB, LTBI and TB-HIV groups 

Figure 3: Cytokine levels in culures from PTB, LTBI and TB-HIV groups stratified by 

the TNF-308, DDX39B -22 and -348 genotypes. 

Figure 4: Cytokine levels in PTB volunteers stratified by presence of cavitation. 

Figure 5: Cytokine levels in PTB volunteers stratified by sputum smear grade. 
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Table 1 Clinical characteristics of the study groups. 

 

*P value by chi-square analysis 

# P value by Kruskal-Wallis test 
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Table 2 Allelic and Genotypic frequencies in TNF and DDX39B among PTB, TB-HIV 

and LTBI 

 

* P value <0,05 
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Table 3 Dominant model analysis in TNF and DDX39B among PTB, TB-HIV and 

LTBI 

 

P value by Fisher's exact test 

* P value <0,05 
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Table 4 Haplotype frequencies in TNF and DDX39B among PTB, TB-HIV and LTBI 

vs all groups 

 

P value by chi-square analysis 

* P value <0,05 
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Figure 1: Linkage disequilibrium between DDX39B -22 (rs2239527), DDX39B -348 (rs2239528) and 

TNF-308 (rs1800629) 

 

 

 

Figure 2: Cytokine levels among PTB, LTBI and TB-HIV groups. Levels of TNF, IL-6, IL-1α and IL-1β 

(2a, 2b, 2c,2d) The lines within the boxes represent the median, and the linoutside the boxes 
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represent the minimum and maximum values. PTB: Pulmonary Tuberculose; LTBI: Latente 

Tuberculsis Infection; TB-HIV: TB patients co-infected with HIV 

 

 

 

 

Figure 3: Cytokine levels stratified by genotype of TNF-308, DDX39B -22 and -348 

polymorphisms among PTB, TB-HIV and LTBI groups. Levels of TNF, IL-6, IL-1α and IL-1β 

stratified by genotypes  (3a-i) The lines within the boxes represent the median, and the lines outside 

the boxes represent the minimum and maximum values. PTB: Pulmonary Tuberculose; LTBI: Latente 

Tuberculsis Infection; TB-HIV: TB patients co-infected with HIV 
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Figure 4: Cytokine levels and disease extension scored by radiographies classification among PTB 

patients. Levels of TNF, IL-6, IL-1α and IL-1β stratified by genotypes  (4a,4b,4c,4d) The lines within 

the boxes represent the median, and the lines outside the boxes represent the minimum and 

maximum values. 
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Figure 5: Cytokine levels and disease extension scored by classification smear among PTB patients. 

Levels of TNF, IL-6, IL-1βand IL-1α stratified by genotypes  (5a,5b,5c,5d) The lines within the boxes 

represent the median, and the lines outside the boxes represent the minimum and maximum values. 

The numbers represent:1-one +, 2-two ++ and 3-three +++ 
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5.3 CAPÍTULO 3: Heme oxygenase-1 regulation of MMP-1 underlies distinct disease 

profiles in tuberculosis 
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6. DISCUSSÃO 

Dentre os mecanismos da resposta imune inata, a morte celular programada tem 

sido destaque nos estudos que demonstraram o papel deste mecanismo na 

sobrevivência do bacilo e no desenvolvimento da resposta imune adaptativa [96]. O 

Mtb infecta macrófagos e consegue evadir deste mecanismo de morte [97]. A 

apoptose pode ser regulada por diferentes vias e SNPs em genes que regulam a 

expressão de moléculas envolvidas na morte celular podem influenciar o 

desenvolvimento da resposta protetora contra o Mtb [98-99]. No estudo de revisão 

sistemática, conseguimos identificar quatro genes envolvidos nas vias de morte 

celular associados com o desfecho da tuberculose, nomeadamente TNF, TNFR, 

P2X7R e IL-1β. Entretanto, os estudos associando o polimorfismo no gene do TNF 

com TB em diferentes populações são controversos [100-101].  

Na nossa população, encontramos associação entre o genótipo TNF-308 GG com 

proteção contra a TB, pois houve maior frequência do genótipo GG e do alelo G 

entre os indivíduos com infecção latente. Foi observada maior produção de TNF 

entre os pacientes com PTB portadores do genótipo TNF-308 GG. Um estudo 

anterior no Brasil investigou a posição -238 do gene do TNF e não encontrou 

associação do polimorfismo com a doença [102].  

O nosso estudo foi o primeiro a investigar a associação de polimorfismos no gene 

DDX39B com a TB e coinfecção TB-HIV. Polimorfismos nas posições DDX39B -22 e 

-348 alteram a expressão de citocinas importantes na imunopatogênese da TB, 

como TNF, IL-1 e IL-6 [103]. Polimorfimos no gene DDX39B alteram a ligação de 

fatores de transcrição e consequentemente, alteram a expressão de genes. Os 

alelos DDX39B -22G e -348 T expressam maior eficiência na ligação aos fatores de 

transcrição, sugerindo maior expressão de citocinas inflamatórias [104]. Nosso 
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estudo revelou maior frequência dos genótipos ancestrais DDX39B -22GG e 

DDX39B -348CC entre os pacientes com PTB. Nos indivíduos coinfectados foi 

observado que o genótipo heterozigoto foi o mais frequente. A produção de IL-α e IL-

1β foi influenciada pelos polimorfismos no gene DDX39B. Nosso estudo também 

revelou que a produção de citocinas inflamatórias in vitro não se correlacionou com 

a gravidade da doença.  

Ao avaliar a possível interação entre os biomarcadores HO-1 e MMP-1 com TB em 

duas coortes diferentes, Brasil e India, observamos que pacientes com TB ativa 

possuem níveis elevados de HO-1 e MMP1- no plasma comparados com indivíduos 

com LTBI. O estudo também revelou que existe uma correlação negativa entre os 

biomarcadores avaliados no plasma destes pacientes, apresentando um perfil de 

HO-1 (HO-1hiMMP-1lo) ou de MMP-1 (HO-1loMMP-1hi) com dicotomia. Estes 

mediadores também estão relacionados com a evolução da doença durante o 

tratamento. SNPs que impactam a expressão de HO-1 e MMP-1 já foram 

demonstrados em diferentes condições [105-112]. A heterogeneidade genética para 

essas enzimas pode explicar a dicotomia existente na produção destes marcadores 

nas duas diferentes populações de pacientes com TB. Por outro lado, será 

importante avaliar a relação entre a produção das citocinas estudadas e os níveis 

destas enzimas no soro dos pacientes para entender sua possível relação com a 

progressão da doença. 
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7. CONCLUSÕES 

O presente trabalho revelou que polimorfismos nos genes TNF, TNFR, P2X7R e IL-

1β (moléculas envolvidas em vias de morte celular programada) podem contribuir 

para o desfecho clínico da tuberculose. Observamos em nossa população que 

polimorfimos nos genes TNF-308G>A, DDX39B -22 G>C e -348 C>T podem estar 

associados com a tuberculose pulmonar ativa, porém não parecem contribuir para a 

resposta contra o HIV. Estudos futuros são necessários na investigação de genes de 

ancestralidade para confirmar se a ocorrência dos genótipos está associada com 

susceptibilidade à infecção pelo Mtb.  
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