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Resumo

A tuberculose permanece como um dos principais problemas de saude publica no Brasil € no
mundo. Tem como principal agente 0 Mycobacterium tuberculosis, e € uma doenca letal sem
tratamento, e seu controle é dificultado pela longa duracdo e auséncia de marcadores, para
medir o sucesso ou a falha deste. Os TLRs sdo receptores que ap6s o reconhecimento de
produtos microbianos, ativam a resposta inata e adaptativa. Assim, os receptores TLRs e as
citocinas possuem um papel chave na defesa contra o bacilo. Considerando a auséncia de
informac@es na literatura em relacdo a resposta imune de pacientes com tuberculose pulmonar
durante o tratamento antituberculose, principalmente em relacdo a interacdo inicial do M.
tuberculosis com as células da imunidade inata e de seu papel, na inducdo da resposta
adaptativa, através dos receptores TLR, estudos neste sentido, sdo necessarios para se
compreender melhor como é a resposta imune do hospedeiro contra o bacilo, frente ao
tratamento. Assim, 0 objetivo deste trabalho foi avaliar a expressdo dos receptores TLR2 e
TLR4, do fator de transcricdo Foxp3 e da enzima Oxido nitrico sintase induzivel (iNOS),
producdo e expressdo de citocinas, e alteracdes genotdxicas em pacientes durante o tratamento
antituberculose. Foram coletadas amostras de sangue total dos controles saudaveis PPD* em
um unico momento (G1) e de pacientes (G1) em trés momentos diferentes: M1: inicio; M2:
terceiro més e M3: ao sexto més de tratamento antituberculose. Apos a obtencdo das células
mononucleares do sangue periférico (PBMC), as concentracOes celulares foram ajustadas para
a realizacdo da qPCR, da citometria de fluxo e do teste do cometa. Pacientes com tuberculose
pulmonar apresentaram expressdo génica, e na superficie célular de linfocitos e mondcitos, de
TLR2 e TLR4 maiores do que os individuos controles, tanto em M1, M2 e M3. Entretanto, a
expressao e na superficie celular do receptor TLR2 foi maior que de TLR4. Niveis elevados
de IL-12, IFN-y, TFN-a, TGF-B e expressdo génica de Foxp3 foram observados durante todo
0 tratamento antituberculose. Produgdo e expressdo de IL-10 e IL-17 apresentaram-se
menores em pacientes com TB do que nos controles em M1, e ap6s o inicio do tratamento
houve aumento dessas citocinas em pacientes. A expressdo génica da enzima iNOS esteve
diminuida durante todo o tratamento dos pacientes, quando comparada aos controles,
tendendo a aumentar gradativamente. Além disso, pacientes também induziram elevados
danos no DNA em células do sangue periférico, e resposta antioxidante. Nossos resultados
sugerem que pacientes com TB pulmonar apresentaram alteracdes genotdxicas,

provavelmente devido ao stress oxidativo, e que o tratamento antituberculose modulou a



resposta imune, induzindo aumento de receptores TLR e citocinas pré e antiinflamatorias,

para combater a bactéria e diminuir o processo inflamatorio.

Palavras-chave: Tuberculose, receptores TLRs, citocinas, Foxp3, iINOS, antioxidantes, danos

de DNA



Abstract



Abstract

Tuberculosis (TB) remains a major public health problems in Brazil and worldwide. Its main
agent Mycobacterium tuberculosis, and is a lethal disease without treatment, and its control is
hampered by the long duration and lack of markers to measure the success or failure of this.
The TLRs are receptors that after the recognition of microbial products, activate innate and
adaptive response. Thus, TLRs receptors and cytokine have a key role in defense against the
bacillus. Considering the absence of information in the literature regarding the immune
response of patients with pulmonary tuberculosis during antituberculosis treatment, especially
in relation to the initial interaction of M. tuberculosis with the cells of innate immunity and its
role in the induction of adaptive response through the TLR receptors, studies in this direction
are needed to better understand how the host immune response against the bacillus, towards
treatment. The objective of this study was to evaluate the expression of TLR2 and TLR4
receptors, the transcription factor Foxp3 and inducible nitric oxide synthase (iNOS)
production and expression of cytokines and genotoxic alterations in patients during TB
treatment. Samples were collected from whole blood of healthy PPD + controls in a single
moment (G1) and patients (G1) at three different moments: M1: start, M2, M3, and the third
month, the sixth month of TB treatment. After obtaining the peripheral blood mononuclear
cells (PBMC) and cell concentrations were adjusted to carry out the gPCR, flow cytometry
and testing of the comet. Patients with pulmonary tuberculosis showed gene expression and
cell surface of lymphocytes and monocytes from TLR2 and TLR4 greater than the control
subjects, both in M1, M2 and M3. However, the expression and cell surface receptor TLR2
was greater than that of TLR4. Elevated levels of IL-12, IFN-y, TFN-o, TGF- and Foxp3
gene expression were observed throughout the tuberculosis treatment. Production and
expression of IL-10 and IL-17 were lower in TB patients than in controls in M1, and after
starting treatment there was an increase of these cytokines in patients. The enzyme iNOS gene
expression was decreased during the treatment of patients compared to controls, tends to
increase gradually. In addition, patients also induced higher DNA damage in peripheral blood
cells, increased activity of antioxidant enzymes. Our results suggest that patients with
pulmonary TB showed genotoxic alterations, probably due to oxidative stress, and that the
anti-tuberculosis treatment modulates the immune response, inducing an increase in TLR
receptors and proinflammatory and anti-inflammatory, to fight bacteria and reduce

inflammation.



Keywords: Tuberculosis, TLRs receptors, cytokines, Foxp3, iNOS, antioxidants, DNA
damage
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1.1. Tuberculose

A tuberculose (TB) é uma doenca infecciosa de evolugdo crénica, tendo como agente
etioldgico, a bactéria intracelular Mycobacterium tuberculosis (M. tuberculosis). O bacilo se
dissemina pelo ar através de goticulas de saliva expelidas pela tosse, fala ou espirros dos
doentes 2. Assim, o contagio se da com maior freqiiéncia pelas vias respiratdrias, indo o
bacilo se alojar principalmente nos pulmdes, onde a presenca do oxigénio favorece sua
multiplicacdo, e a ligacdo do 6rgdo com o meio externo facilita sua transmissdo. A partir dai,
espalha-se pela linfa ou pelo sangue para outras partes do organismo, principalmente para o
apice pulmonar e os linfonodos regionais. A tuberculose extrapulmonar, ocorre na pleura,
sistema linfatico, meninges, 0ssos, sistema génitourinario, meninges, peritdneo ou pele ¢,
Fatores como o numero de microrganismos expelidos, a concentracdo de microrganismos no
ar, determinada pelo volume do espaco e a sua ventilacdo, o intervalo de tempo que a pessoa
exposta respira o ar contaminado (> 8 horas), e o estado imunolégico do individuo exposto,
tém sido descritos como determinantes na transmisséo do M. tuberculosis e adoecimento .

A Organizacdo Mundial da Saiude (OMS) estima que um terco da populacdo mundial
esteja infectado pelo bacilo, com 9,4 milhGes de casos novos e 1,7 milhdes de mortes devido a
doenca por ano. No Brasil, existem mais de 50 milhdes de individuos infectados e cerca de
oitenta mil casos novos por ano ©®®. Cerca de 5% a 10% dos infectados desenvolvem a
doenca. Entre os fatores que tentam explicar este fato, os que interferem na imunidade do
hospedeiro, como a desnutricéo, o etilismo, a idade avancada, aids, diabetes, entre outros ©.
Entretanto, na maioria dos individuos infectados a micobactéria é destruida pelos macréfagos
alveolares ou permanece na forma de infeccdo latente, podendo o bacilo permanecer por
tempo indefinido, contido nas células de defesa. Durante o estado de laténcia o M.
tuberculosis fica dormente, replicando e com metabolismo alterado, 0 que gera um
reservatorio enorme de micobactérias. Em uma minoria dos casos, desenvolve-se a doenca
ativa (tuberculose primaria) preferencialmente no pulméo, embora possa atingir qualquer
tecido do organismo apés disseminacdo hematogénica. A destruicdo do bacilo depende
inicialmente da capacidade microbicida intrinseca dos macrofagos alveolares, e dos fatores de
viruléncia da micobactéria 9.

O diagnostico precoce e o inicio de tratamento, sdo fundamentais para minimizar a
transmissdo e reduzir a morbilidade e mortalidade da tuberculose. O diagndstico presuntivo da
tuberculose pulmonar se faz pelos dados clinicos e radioldgicos. Atualmente, o diagndstico de

tuberculose ainda depende de exames microbiolégicos, 0s quais requerem um manuseio
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cuidadoso e um transporte rapido da amostra ). O definitivo é feito pela baciloscopia e pela
cultura do M. tuberculosis da amostra do paciente. A baciloscopia identifica os bacilos alcool-
acido resistente (BAAR) em esfregacos corados pelo método de Ziehl-Neelsen que é um
método rapido e barato, mas que apresenta baixa sensibilidade. O método mais sensivel e
especifico é o isolamento da micobactéria em cultura, no entanto, como a reproducgdo do
bacilo é lenta, a definicdo do diagndstico s6 é alcancado em quatro a oito semanas, tempo
muito longo, que pode influenciar o controle da endemia ©. Portanto, a tuberculose é uma
doenca de dificil diagnéstico, principalmente por causa do crescimento lento deste organismo
em meio de cultura. Uma avaliacdo completa para o diagnostico inclui a historia médica,
radiografia do térax, exame fisico, microbiologia de biépsia e culturas ®©.

A tuberculose é letal sem tratamento e este € fundamentalmente quimioterapico, o qual
diminui drasticamente a mortalidade, reduz o periodo de transmissibilidade e, quando usado
profilaticamente, previne o adoecimento, constituindo assim a ferramenta mais importante no
controle da doenga @) Pporém, por ter longa duracgdo, aproximadamente seis meses, muitas
vezes é interrompido pelo paciente facilitando o desenvolvimento de cepas resistentes a

drogas 12,

Existem atualmente quatro antimibrobianos de primeira linha: isoniazida,
etambutol, pirazinamida e rifampicina, que sdo razoavelmente efetivos no tratamento de
individuos com tuberculose ativa, porém, ineficientes durante o estagio latente da doenca
(1319 De uma maneira geral, as drogas antituberculose atuam por interferéncia enzimatica ou
bloqueio na sintese protéica. Podem ser bactericidas ou bacteriostaticas, intra ou
extracelulares, dependendo de como agem sobre os bacilos com maior ou menor poder de
esterilizacdo, relacionados a rapidez e a amplitude com que atuam sobre as diversas
populaces baciliferas . Entretanto, mais de 50 milhdes de pessoas no mundo ja se
encontram infectadas com cepas multirresistentes as drogas (CMR), e 15% dos casos de TB
s30 causadas por essas cepas ™. A mortalidade pelas CMR é de 40% a 60%, que equivale a

doentes nio tratados *©,

1.2. Resposta imune na tuberculose

O reconhecimento inicial de microrganismos é mediado por receptores celulares
expressos em células da imunidade inata. Entre esses receptores destacam-se 0s receptores
semelhantes a toll (TLRs, toll-like receptors), através dos quais as células sdo capazes de

reconhecer microrganismos com consequente regulacdo da fagocitose, da atividade
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microbicida, producéo de citocinas, diferenciacdo de célula dendriticas imaturas, capacitando
0 sistema imune a induzir resposta imune adptativa *"%).

O receptor Toll foi originalmente identificado em Drosophila melanogaster, devido ao
seu papel na determinacdo do padrdo dorso-ventral durante a embriogénese da mosca. Mais
tarde, observou-se que ele também participava na sinalizacdo em resposta a infeccdo em
moscas adultas. Sao expressos em Vvérias células do sistema imune como macrofagos, células
dendriticas, linfocitos T e B, além de células ndo imunes como fibroblastos e células epiteliais
(% Reconhecem certos constituintes microbianos denominados padrdes moleculares
associados ao patégeno (PAMPs). Os PAMPs sdo produtos produzidos e conservados pelos
microorganismos e ndo por células do hospedeiro, sendo essenciais para 0 seu metabolismo e
sobrevivéncia®. Os TLRs reconhecem, individualmente, um repertério distinto, mas limitado
de PAMPs, tais como, glicolipideos, LPS de bactérias Gram-negativas, lipopeptideos e
peptideoglicanos e outros componentes da parede celular microbiana Y. O TLR-4 e LPS,
TLR-5 e flagelina, TLRs-1/2/6 e lipoproteinas e TLRs-3/7/8/9 e diferentes &cidos nucléicos
sdo exemplos de pares ligantes bem caracterizados ?V.

Os TLRs caracterizam-se por apresentar dois dominios, o dominio extracelular contém
repeticdes ricas em leucina (LRR) e o dominio intracelular que, possui homologia ao receptor
para interleucina 1, é chamado de Toll/IL-1R (TIR) ¥*?®. Todo TLR sinaliza através da
proteina adaptadora MyD88 (fator de diferenciacdo mieldide), que também contém um
dominio Toll/IL-1R, resultando em translocagdo do fator de transcricdo NF-kf e subsequente
transcricdo de genes para citocinas pré inflamatorias. Além dessa via, uma via dependente de
TRIF pode também ser ativada, a qual interage com TRAF 6 e RIF 1, mediando assim a
ativacdo de NF-kp @, NF-xp é o maior fator de transcricdo e regulador pleiotrépico na
expressdo de muitos genes, tem a funcdo de ligar-se a sequéncia alvo de DNA para iniciar a
transcricdo .

O reconhecimento do M. tuberculosis pelos TLRs na superficie celular ¢ um
determinante importante da eficacia da resposta imune do hospedeiro. Os produtos
micobacterianos podem ser reconhecidos principalmente pelos TLRs2/4, e a presenca de seu
DNA pelo TLR-9 ©®,

O TLR-2 ¢ o principal receptor para os constituintes micobacterianos, reconhecendo a
lipoarabinomanana (LAM), o seu precursor “phosphatidylinositol mannoside” (PIM) e a
lipoproteina de 19-kDa "V Este receptor esta envolvido na resposta a micobactéria integra,
podendo influenciar também seu processamento apés a fagocitose pelos macréfagos 2. Além
disso, a propria micobactéria possui a propriedade de induzir a expressdo do TLR-2, através
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do recrutamento deste receptor para o envelope fagossdémico dentro dos M@s, apresentando
este receptor Como um sensor primario para o reconhecimento do microrganismo invasor 2.

Estudos demonstram que o TLR-2 é responsavel pela ativacdo intracelular e morte de
M. tuberculosis em macrofagos humanos e de camundongos. Em ambos os macréfagos, as
lipoproteinas bacterianas ativam o TLR-2, ocorrendo a destrui¢do intracelular do bacilo,
através de um mecanismo dependente de NO. No caso dos macr6fagos murinos a producao
deste metabolito foi dependente de IFN-y e TNF-a, enquanto que em células humanas estava
relacionada com a produgdo de I1L-12 ©%,

O TLR-4 ndo é um receptor apenas para ligantes exdgenos, como o LPS de bactérias
gram-negativas, podendo reconhecer ligantes enddgenos, como fibronectina, proteinas do
choque toxico e oligossacarideos hialurénicos ©. Os ligantes do M. tuberculosis para este
receptor ainda ndo sdo bem conhecidos, mas um estudo recente demonstrou que a via de
sinalizagcdo da proteina micobacteriana de choque térmico 65 € exclusivamente através do
TLR-4 ©®?_ Além disso, foi comprovado que o BCG induziu a transcripcdo da quimiocina
CXCL8 em neutréfilos humanos através dos TLRs-2/4, em conjunto com a proteina MyD88
@9 Em outro estudo, a glicoproteina de 38-kDa, purificada do M. tuberculosis, induziu a
ativacdo de proteinas kinases via TLR-2/4 e a subseqliente producdo de citocinas pro-
inflamatorias, como TNF-o. e IL-6 em mondcitos humanos. A relacdo entre TLR4 e a
susceptibilidade ao M. tuberculosis parece ser dependente da dose do bacilo. Experimentos
que utilizaram baixas concentracGes do M. tuberculosis, mostraram que na auséncia do TLR-
4, a resisténcia a tuberculose ndo foi comprometida, enquanto que doses elevadas do M.
tuberculosis aumentaram a suscetibilidade, na auséncia da sinalizacéo pelo TLR-4 %,

Uma das caracteristicas dos microrganismos intracelulares, como é o caso do M.
tuberculosis, é a sua capacidade de sobreviver e mesmo se replicar dentro dos fagdcitos,
tornando-se inacessiveis aos anticorpos circulantes, sendo que sua eliminacdo requer a
interacdo de varias populacdes celulares imunocompetentes, principalmente de macrofagos e
linfocitos T, caracterizando como o principal mecanismo de resposta imune contra este
agente, a imunidade mediada por células ®>Y.

O mecanismo de defesa inicial contra o M. tuberculosis envolve a fagocitose do
microrganismo por macrofagos alveolares. Apds este processo, ocorre producéo de IL-12 por
macrofagos e células dendriticas, que impulsiona desenvolvimento de uma resposta Thl para
producéo de IFN-y ®®37 A IL-12 é crucial contra o M. tuberculosis, fazendo uma ligacdo

entre imunidade inata e adaptativa, induz células NK e células Thl a produzirem IFN-y, 0
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qual por sua vez ativa macrofagos levando a producdo de TNF-a. e aumentando sua atividade
microbicida. Assim, em resposta a IL-12, as células NK proporcionam uma defesa inicial
contra esses microrganismos antes do desenvolvimento completo da imunidade adaptativa ©®.
Estudo utilizando a administragdo precoce de IL-12 em camundongos BALB/c infectados
com M. tuberculosis, resultou em diminui¢do da carga bacteriana e aumento da sobrevida
média dos animais . Por outro lado, IL-12 teve apenas efeitos marginais sobre o niimero de
bactérias em camundongos C57BL/6, talvez isto reflita o fen6tipo naturalmente mais
resistente desta espécie, comparado ao BALB/c “°.

O IFN-y, produzido pelos linfécitos T CD4+, T CD8+ e células NK “** ¢ uma
citocina exigida para a atividade litica de macrofagos alveolares/mondcitos contra o M.
tuberculosis, que passam a produzir reativos intermediarios de nitrogénio e oxigénio
envolvidos na inibicdo do crescimento e morte da micobactéria, e IL-12, levando a uma
retroalimentacéo positiva que amplifica essa via “**®). A importancia do IFN-y para infeccdes
micobacterianas humanas foi demonstrada em individuos com genes defeituosos para
producdo de IFN-y, ou no receptor desta citocina, os quais foram mais propensos a sérias
infeccdes micobacterianas, incluindo o M. tuberculosis. Estudos tém mostrado o aumento de
IFN-y em pacientes com TB ativa (4749 De fato, um estudo demonstrou que o M. tuberculosis
pode impedir macréfagos de responder adequadamente ao IFN-y 9.

Outra citocina envolvida na tuberculose € o0 TNF-a.. O M. tuberculosis induz secrecdo
desta citocina por macréfagos, células dendriticas, e células T ©6%75142 Esta citocina é
necessaria para o controle da infec¢do aguda pelo M. tuberculosis, devido ao seu papel na
inflamacdo local e na ativacdo de macrdfagos, sendo essencial para a formagdo e manutencéao
do granuloma ©2 43 Em camundongos deficientes de TNF-o. ou de seu receptor de 55 kDa,
a infeccdo pelo M. tuberculosis resultou em morte rapida dos animais, com carga bacteriana
mais elevada, quando comparado & dos animais controles ®**¥. Camundongos infectados pelo
M. tuberculosis e tratados com anticorpo anti-TNF-a, resultou em 100% de mortalidade e o
numero de bactérias nos pulmdes aumentou. O exame histologico revelou que os pulmdes dos
camundongos tratados com anticorpo anti-TNF-o apresentaram patologia grave, com
granulomas desorganizados, infiltracdes celulares difusas, exsudados alveolares e, em alguns
casos, metaplasia escamosa. Assim, TNF-o apresentou um importante papel como um
modulador de inflamagdo nesta infeccdo ©*. O TNF-a. em sinergia com IFN-y, induz a

(56-58)

expressdo da enzima Oxido nitrico sintase induzivel (iNOS) Em camundongos

deficientes de iINOS, ocorreu elevada replicacdo do M. tuberculosis quando comparados aos
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animais normais, demonstrando a importancia do NO na defesa do hospedeiro contra a
micobactéria & % 2 9 Apesar da acdo dos véarios mecanismos de defesa, o M. tuberculosis
sobrevive e se multiplica no macroéfago, ativando linfécitos T, o que leva a producdo de
citocinas pré-inflamatdrias como o IFN-y, o TNF-a e a formagdo do granuloma tipico, com
necrose central caseosa, causada pela acdo de enzimas lisossémicas que lesam o tecido. A
area de necrose caseosa € circundada por células miel6ides, células gigantes multinucleadas e
linfocitos T CD4+ e T CD8+. A medida que a &rea se solidifica, o bacilo, antes visivel,
desaparece e a lesdo calcifica e é reabsorvido, ou permanece em estado de liquefacio 16 5
%) O M. tuberculosis se replica exponencialmente nestas areas de necrose liquefeita. Se
ocorrer a ruptura da lesdo para as vias aéreas, 0s bacilos podem atingir outras areas do proprio
pulmao infectado, ou serem expelidas para o ambiente, infectando novos individuos ¢ 459,
Estudos tém sugerido que a imunidade protetora ao M. tuberculosis requer, além das
células Thl, de células Th1l7. A diferenciacdo das células Thl7 € iniciada pela ativacdo de
células T naive, na presenca de IL-6, IL-21 e baixas quantidades de TGF-B. A sinalizacao
conjunta dessas citocinas em células T induz a expressdo do receptor nuclear RORyt através
de STAT-3. STAT-3 e RORyt induzem a expressao do receptor para IL-23, resultando na
sinalizagdo subseqiiente desta citocina, que entdo estabiliza o fenétipo Th17 V. Estas
células apresentam importantes fungdes pro-inflamatorias e séo definidas pela producdo das
citocinas IL-17A a IL-17F ™) Tanto a IL-17 A quanto a IL-17F apresentam propriedades
pré-inflamatorias, induzindo a expressdo de citocinas (IL-6, 1L-8, GM-CSF e G-CSF),
quimiocinas (CXCL1, CXCL10) e metaloproteinases, importantes no recrutamento, ativagéo
e migracdo de neutréfilos . Alguns estudos tém sugerido o papel da IL-17 na protecdo do
hospedeiro contra alguns patdgenos especificos, incluindo o M. tuberculosis 7. Células
dendriticas, apds a interacdo com a micobactéria, produzem IL-12 e IL-23 que atuam de

forma sinérgica para producdo de 1L-17 79

. Estudos sugerem que o recrutamento de
neutréfilos e quimiocinas é provavelmente, um dos mecanismos pelo qual o eixo 1L-23/Th17
promove a integridade do granuloma na fase aguda da infecc¢do, independentemente da
resposta protetora '%. Entretanto, em uma fase mais tardia da infeccdo, alguns estudos tém
sugerido que a resposta Th17 é altamente patoldgica, causando acentuado dano tecidual, pelo
acumulo de células produtoras de IL-17 no local da infeccdo, dependentes da expressdo de
IL-23 para manutencéo desta resposta %.

A constante producdo de citocinas inflamatdrias essenciais, como IFN-y, e TNF-a,
assim como outros produtos bactericidas, incluindo os reativos intermediarios do oxigénio e

nitrogénio, gerados pelos macréfagos e células efetoras imunes, parece ser o fator chave para
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a laténcia do M. tuberculosis no granuloma. *%9. O controle dos rumos da infeccéo se deve
principalmente & deficiéncia do IFN-y, e as formas mais graves da tuberculose estdo
associadas ao aumento de IL-4 e de TGF-B, que suprimem a proliferacdo linfocitaria e

direcionam para o perfil Th2 ©182

. Entretanto, apesar do efeito protetor da resposta Thl
contra a tuberculose, a elevada expressdo de algumas citocinas, como o TNF-o, esta
relacionada com a imunopatogénese da doenca ©*®%. Para limitar esta acdo deletéria, surgem
0s mecanismos antiinflamatorios, representados pelos receptores sollveis de TNF-a, que
impedem a ligacdo dessa citocina ao seu receptor, por bloqueio da sinalizacédo, pelas células T
regulatérias e pelas citocinas antiinflamatorias, I1L-4, IL-10 e TGF-p %884

As células T regulatérias (Treg) constituem um componente chave para a tolerancia
periférica, suprimindo células autoreativas e desenvolvendo um papel critico no controle da
intensidade da resposta imune nas infeccdes. Estas células inibem a proliferacdo e/ou a
producéo de citocinas por outras células. Esta capacidade supressora requer o contato célula-
célula e/ou producdo de citocinas inibitorias, tais como, 1L-10 ou TGF-B. As Treg expressam
marcadores de superficie como o CD25+, e o fator de transcricdo nuclear Forkhead box P3
(FoxP3), o qual parece ser fundamental para o desenvolvimento e fungdo desta capacidade
supressora, sendo 0 marcador molecular mais especifico >,

A IL-10 produzida por macrofagos e células Treg durante a infeccdo pelo M.
tuberculosis, atua inibindo a proliferacdo das células e a producdo de IFN-y, dessa maneira
desativa macréfago, modulando as citocinas pro-inflamatérias e diminuindo a funcao
apresentadora de antigenos da célula . A 1L-10 inibe diretamente as respostas de células T
CD4+, bem como a funcdo das células apresentadoras de antigenos (APCs) infectadas com
micobactérias . Como citocina antiinflamatéria, a 1L-10 relaciona-se ao aumento da
gravidade da doenca, pela inibicdo da resposta imune protetora. Previne danos teciduais, pela
regulacdo da inflamacdo e da apoptose, tendo efeito contrario ao do TNF-o. Sua producéo
pelos macréfagos é estimulada por componentes da parede celular micobacteriana ©%%).

O TGF-B, citocina produzida por linfocitos Treg, macrofagos e células dendriticas,
tem sido implicado na supressdo do perfil Thl e também participa na inducéo da fibrose em
modelos experimentais de infeccdo pulmonar, e em lesdes granulomatosas de pacientes com
tuberculose, induzidas pela inflamag&o em resposta ao M. tuberculosis. ®*°”. Apresenta acéo
pré e antiinflamatéria, dependendo de sua concentracdo ®V. Em baixas concentracdes, atua
como fator quimiotatico para monadcitos e induz a secrecdo de interleucina-1la (IL-1a) e TNF-

a ®® O TGF-B, em ata concentracdo, durante a fase cronica da tuberculose inicia um
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processo antiinflamatério e de regeneracdo, desativa macrdéfagos, inibe a expressdo e
funcionamento de receptores para IFN-y, IL-1o e IL-2 e diminui a producdo do TNF-a,
eventos paralelamente relacionados com aumento do crescimento micobacteriano intracelular.
Além disto inibe a proliferacdo de células TCD4", induz a expressdo de receptores CD8 e
aumenta a producao de citocinas do perfil Th2, como IL-10. Rojas et al. ®, estudando células
TCD4" ativadas pelo M. tuberculosis, ndo observaram efeito sinérgico entre TGF-B e IL-10.
Relatam, no entanto, inibicio da resposta das células TCD4" ao M. tuberculosis por ambas
citocinas, porém, por diferentes mecanismos de acdo. Hirsch et al. 0, empregando cultura de
células mononucleares do sangue periférico (PBMC) de individuos com tuberculose,
observaram aumento significativo na producéo de IFN-y, na presenca de anticorpos anti-TGF-

B3, comprovando o efeito imunomodulador dessa citocina.
1.3. Alteragdes genotoxicas

Outro aspecto a ser considerado, e que também poderia estar associado a infeccao pelo
M. tuberculosis, é a possibilidade de mutacdes no DNA, que podem decorrer de alteracfes na
resposta imune, e responsaveis pelo aumento a susceptibilidade a transformacfes malignas
(10 " Estima-se que 8% a 17% de todos os casos de cancer sejam causados por infeccdes
crbnicas por virus como o virus do papiloma, da hepatite C, mas também por parasitas e
bactérias, como, Opisthorchis viverrini, Helicobacter pylori e Mycobacterium tuberculosis.
(192) " A carcinogénese associada & infeccdes é um processo complexo, muitas vezes mediado
por condicBes inflamatdrias cronicas, evidéncias indicam que uma inflamacéo latente é um
componente do microambiente do tumor. Alguns estudos constataram a presenca de danos

genéticos na tuberculose “°Y. Rao et al. @

, Observaram aumento na frequéncia de
aberracfes cromossdmicas em linfécitos de pacientes com tubercul ose ndo tratados. D’ Sousa
& Das 1% estudando os efeitos genotéxicos da infeccdo com o Mycobacterium leprae,
observaram que os danos no DNA podem ser proporcionais a gravidade da doenga, e que o
tratamento aumentou significativamente este processo, quando comparado aos pacientes nao
tratados. Esses resultados sugerem que tanto a infec¢do bacteriana quanto a terapia com
drogas sdo fatores causadores de danos no DNA % Além disso, a coexisténcia de
tuberculose pulmonar e carcinoma foram descritos inicialmente por Bayle em 1810. Assim,
uma associacao de carcinoma de células escamosas metastatico do pulm&o com lesdes de TB

cavitaria tem sido demonstrada %% 199,
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A tuberculose pulmonar ocorre principalmente em adultos imunocompetentes, sendo
um processo infeccioso crénico associado com intenso remodelamento tecidual pulmonar. O
principal mecanismo envolvido neste processo é a formacdo do granuloma contendo a
bacteria viva, assim como células linféides e mieldides. A formacdo e manutencdo do
granuloma sdo mediadas por resposta imune ativa, ocorrendo a produgéo de citocinas e outros
mediadores inflamatorios. A subsequente ativacdo de macrofagos por citocinas e produtos
micobacterianos resulta em elevada producdo local de espécies reativas de oxigénio e

nitrogénio, prostaglandinas, proteases e citocinas inflamatérias "%

(106)

. Este processo pode
causar dano intenso no tecido do hospedeiro, podendo estar associado a um dano
gendmico. D'souza & Das ™® | relataram que o M .leprae desencadeou producéo de radicais
de oxigénio, como o peroxido de hidrogénio, por neutrofilos presentes no sangue de
individuos infectados, que exerceram atividade genotoxica. Em pacientes com tuberculose
pulmonar ativa foi observada associacdo entre stress oxidativo e danos no DNA 9. Na
infeccdo experimental causada pela L . chagasi e pelo T. cruzi, os danos de DNA detectados
em células esplénicas foram correlacionados com elevada producdo de NO 12 o
acumulo de danos no DNA, ao longo do tempo, pode levar a modificacdes em celulas que
podem se tornar alteracdes mutagénicas ou carcinogénicas ™. O ensaio do cometa (single-
cell gel electrophoresis) € um método utilizado para avaliar alteraces genotoxicas e lesdes
primarias no DNA. E um método rapido, simples e sensivel para determinar os niveis de dano

no DNA em diversas situacdes %,
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1.4. Justificativa

Entre as doencas infecciosas que atingem a humanidade, a tuberculose, apesar dos
esforcos para sua eliminacdo, permanece como um dos principais problemas de satde publica
no Brasil e no mundo. Seu desenvolvimento depende de uma relagdo complexa entre o
homem e o bacilo e varios mecanismos moleculares estdo envolvidos na sua suscetibilidade.
Ap0s o diagndstico, € importante 0 acompanhamento do doente em tratamento até a obtencéo
da cura, que por ser longo pode levar ao abandono pelo paciente, favorecendo o aparecimento
de cepas multirresistentes do bacilo. Os receptores TLRs e as citocinas possuem um papel
chave na defesa contra do bacilo. Considerando a auséncia de informacdes na literatura em
relacdo a resposta imune de pacientes com tuberculose pulmonar durante tratamento
antituberculose, principalmente em relacdo a interacdo inicial do M. tuberculosis com as
células da imunidade inata, atraves dos receptores TLRs, e do papel deste receptor na inducéo
da resposta adaptativa, acreditamos, assim ser relevante a avaliacdo dos receptores TLR, da
producdo de citocinas, da expressdo da iNOs e do fator de transcricdo FoxP3 em pacientes
com TB pulmonar submetidos ao tratamento antituberculose. Além disso, ndo existem relatos
na literatura a respeito das alteracdes genotoxicas durante o tratamento antituberculose.

Os resultados deste estudo permitirdo uma melhor compreensdo da interagdo ente o

Mycobacterium e 0 hospedeiro durante o tratamento antituberculose



2. Objetivos



29

2.1. Objetivos gerais

O objetivo deste estudo foi avaliar o efeito do tratamento antituberculose na expressao
dos receptores TLR2 e TLR4, do fator de transcricdo Foxp3®, da enzima 6xido nitrico sintase
induzivel (iNOS) e no perfil de citocinas, assim como verificar a presenca de alteragdes
genotdxicas associadas com a expressdo de iINOS e com a capacidade antioxidante total

hidrofilica em pacientes com tuberculose pulmonar.

2.2. Objetivos especificos

Em pacientes com tuberculose no inicio do tratamento (M1), no terceiro més de

tratamento (M2) e no final dos seis meses de tratamento (M3):
2.2.1. Avaliar a expressdo génica dos receptores TLR2, TLR4, do fator de transcricido Foxp3”,
da iNOS e das citocinas TNF-a, IFN-y, IL-12, 1L-17, IL-10 e TGF-$, pela PCR em tempo real

(QPCR), em células mononucleares do sangue periférico;

2.2.2. Avaliar a expressdao dos receptores TLR2 e TLR4 na superficie de células

mononucleares do sangue periférico, através da citometria de fluxo;

2.2.3. Avaliar a produgdo de citocinas plasmaticas pelo método CBA, atraves da citometria de

fluxo;

2.2.4. Verificar se pacientes com tuberculose pulmonar induzem alteracdes genotoxicas em

células mononucleares do sangue periférico, através do teste do cometa;

2.2.5. Avaliar a capacidade antioxidante total hidrofilica (CATH) no plasma;



3. Casuistica e Métodos




31

3.1. Casuistica

Neste estudo foram coletadas amostras de 31 pacientes com tuberculose pulmonar,
atendidos no Servico de Moléstias Infecciosas e Parasitarias do Hospital das Clinicas da
Faculdade de Medicina de Botucatu, Unesp — Universidade Estadual Paulista “Jdlio de
Mesquita Filho”, Centro de Salde Escola de Botucatu, Unidades Bésicas de Saude de
Botucatu, Avaré, Conchas, Itai, Santa Maria da Serra, Paranapanema, Sdo Manuel e Itatinga.
Como controles normais, foram coletadas amostras de 20 individuos saudaveis, voluntarios,
profissionais da saude com teste tuberculinico positivo (PPD+). O teste do PPD consiste na
injecdo intradérmica de 0,1 ml (2U) do derivado de proteina purificado. Enduragdo > 5 mm,
medido apds 72 hs foi considerado positivo O PPD foi aplicado por profissional devidamente
habilitado. O valor médio do PPD para o grupo controle foi de 10 mm.

Foram incluidos apenas os pacientes e controles que concordaram em participar do
estudo, ap6s o devido esclarecimento e assinatura do Termo de Consentimento Livre e

Esclarecido.

3.2. Métodos

3.2.1. Formacdao dos grupos de estudo

Foram formados dois grupos:

Grupo 1 (G1): grupo controle, constituido por 20 individuos, sem queixas clinicas de
tuberculose pulmonar, profissionais da area de saude do Departamento de Doengas Tropicais
e Diagndstico por Imagem da Faculdade de Medicina de Botucatu-Unesp, com PPD+ ( > 5

mm).

Grupo 2 (G2): formado por 31 pacientes com tuberculose pulmonar. Neste grupo todas as
variaveis foram determinadas em trés momentos: M1- com até um més de tratamento
antituberculose; M2- no terceiro més de tratamento; M3-ao final dos seis meses de
tratamento. As amostras de sangue foram obtidas de:

e 28 pacientes em M1;

e 24 pacientes em M2;

e 21 pacientes em M3;
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e 19 pacientes seguidos com todos os momentos (M1+M2+M3);

Critérios de Inclusdo: ldade maior ou igual a 18 anos, ambos os sexos, diagndstico de
tuberculose pulmonar comprovado por baciloscopia ou culturas positivas para M. tuberculosis
ou, entdo, por quadro clinico-epidemioldgico, exames laboratoriais e de imagem compativeis

com tuberculose em atividade.

Critérios de Exclusdo: foram excluidos todos os pacientes com tuberculose pulmonar
concomitante a outra doenca granulomatosa em atividade ou a sorologia positiva para HIV,
mulheres gravidas, doencas auto-imunes, TB extra-pulmonar, com outras imunodeficiéncias e

cancer.

3.2.2. Diagnostico da Tuberculose

3.2.2.1. Baciloscopia

Foi realizada a pesquisa de bacilos alcool-acido resistentes em esfregacos de amostras
seriadas de escarro. Este procedimento foi feito na rotina da Secdo de Microbiologia do

Laboratorio Clinico do Hospital das Clinicas da Faculdade de Medicina de Botucatu.

3.2.2.2. Exame Histopatoldgico

Determinacdo por exame histopatolégico do bacilo alcool-acido resistente, em
material de lesdo colhido por equipe médica, nos doentes atendidos na Enfermaria de
Moléstias Infecciosas e Parasitarias do Hospital das Clinicas da Faculdade de Medicina de
Botucatu, foi realizada no Servico de Patologia da Faculdade de Medicina de Botucatu.

3.2.2.3. Exames de Imagem

Exames de imagem, como raio-X simples e tomografia computadorizada, fazem parte
da rotina de conduta diagndstica dos casos com suspeita de tuberculose, e foram realizados
segundo indicacdo medica. Os exames de imagem foram realizados no Setor de Diagndstico

por Imagem do Hospital das Clinicas da Faculdade de Medicina de Botucatu.
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3.2.2.4. Marcadores inflamatorios

A determinacdo dos marcadores inflamatorios foi realizada no Laboratério Clinico e
no Laboratorio de Hematologia, ambos do Hospital das Clinicas da Faculdade de Medicina de

Botucatu.
3.2.3. Tratamento

O tratamento antituberculose foi realizado nos doentes com doenga confirmada por
baciloscopia de escarro. Quando ndo se conseguiu demonstrar o bacilo, o tratamento foi
introduzido nos pacientes com quadro clinico-epidemiologico e de imagem sugestivos de
tuberculose em atividade e com alteracdo dos marcadores inflamatorios, como as proteinas de
fase aguda, indicativos de doenca em atividade ou, ainda, com presenca de granuloma em
exame histopatoldgico. O tratamento dos pacientes foi realizado durante seis meses, com

esquema padréo.
3.2.4. Coleta de sangue

Foram colhidas amostras de 20 ml sangue da veia do antebraco, em um Unico
momento no grupo controle, e nos trés momentos no grupo de doentes com tuberculose
pulmonar. As amostras do sangue foram coletadas em tubos heparinizados e inicialmente
foram centrifugadas a 1500 x g por 10 min para obtencdo do plasma, para realizacdo das
dosagens das citocinas pelo CBA e CATH. As amostras restantes de sangue foram utilizadas
para obtencdo das células mononucleares do sangue periférico para posterior avaliagcdo da
expressdo de TLR2, TLR4, Foxp3, IFN-y, TNF-a, IL-10, TGF-p e alteracfes genotoxicas.

3.2.5. Obtencao de células mononucleares totais do sangue periférico

As células mononucleares do sangue periférico (PBMC) foram obtidas por meio da
separacdo em gradiente de Histopaque ® . O anel rico em linfcitos e mondcitos foi lavado
com PBS 15 minutos a 1500 rpm. Apds este periodo, a suspensdo celular foi ressuspensa em
PBS, sendo a identificacdo e viabilidade das mesmas realizadas pela contagem com reagente de
Turk. A seguir, foi acertada a concentracdo da suspensdo celular para 1x10%ml, para realizacéo

da citometria de fluxo, ou para 2x10%ml, para a realizacéo dos demais protocolos.
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3.2.6. Quantificacdo da expressdo génica dos receptores TLR2 e 4, das citocinas, da iINOS
e do Foxp3+ pela PCR em Tempo Real (QPCR)

3.2.6.1. Extracao de RNA

O RNA total foi extraido das células mononucleares do sangue periférico obtidas
segundo o item 3.2.5, 2x10° céls/ml foram colocadas em tubo com 500 ul de Trizol e
homogeneizadas. Em seguida foram acrescidos 150 ul de cloroférmio na solugdo obtida, a
qual foi homogeneizada durante 15 segundos. Os tubos foram mantidos em temperatura
ambiente por dez minutos e centrifugados por 15 minutos, a 12000 g & 4°C. A fase translucida
obtida foi transferida para um novo tubo contendo 300 ul de alcool isopropilico. Apds
homogeneizacdo dos tubos em agitador as amostras foram incubadas em temperatura
ambiente por 10 minutos. As amostras foram entdo centrifugadas por 10 minutos (12000 g
4°C ) e 0 sobrenadante foi desprezado. Foi adicionado 1 ml de etanol 75% e a solucdo foi
homogeneizada em agitador até a liberacdo do pellet da parede do tubo e, em seguida,
centrifugada por 5 minutos, a 75009 a 4°C. O sobenadante foi novamente desprezado e o tubo
deixado em temperatura ambiente para secagem completa. O pellet foi resuspenso em 30 ul de
agua ultrapura e colocados a 56°C por 10 minutos. As amostras de RNA foram mantidas em
freezer -80°C até 0 momento de uso.

As amostras de RNA foram submetidas a eletroforese em gel de agarose a 1%, para
verificar a existéncia de contaminacdo com DNA, bem como a integridade do RNA extraido,

que foi constatada pela presenca das bandas 28s, 18s e 5s/5.8s rRNA (Fig 1)

DNA<+——

—» 28s
= 18s

—5s/5.

Fig. 1: Eletroforese de RNA

As concentracOes e a integridade do RNA das amostras foram determinadas a partir
dos valores de absorbancia, dados pelo aparelho NanoDrop® ND Spectophotometer, do
laboratério de Biologia Molecular da Divisdo Técnica do Hemocentro do Hospital das

Clinicas da Faculdade de Medicina de Botucatu, UNESP. A razao Ajeoso deve estar entre 1,8
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e 2,0, o que demonstra a pureza do acido nucléico. As amostras extraidas de G1 e G2 estdo
entre 1,8 e 2,18.

3.2.6.2. Tratamento com DNase

As amostras de RNA que apresentaram contaminacdo com DNA em gel de agarose,
foram submetidas ao tratamento com DNase (Promega). Para cada 8 ul de amostra foram
acrescentados 1 ul de DNase e 1 ul de tampdo. As amostras foram incubadas a 37°C por 30
minutos. Apos a incubacdo foi adicionado 1 ul de stop solution nas amostras as quais foram
incubadas a 65°C por 10 minutos.

3.2.6.3. Sintese de cDNA

O cDNA foi sintetizado a partir de 1 ug de RNA total, pelo Kit SuperScript™ III
Reverse Transcriptase (Invitrogen). Para cada 1ug de RNA foi utilizado 1ul de random primer
(Invitrogen), 1ul de 10 mM Mix dNTP (Invitrogen) e g.s.p. de &gua DEPC para um volume
final de 13 ul. A mistura foi homogeneizada, rapidamente centrifugada e aquecida a 65°C por
5 minutos. Para cada amostra, foram adicionados 4 ul de 5X First-Strand Buffer (Invitrogen),
1 ul de DTT (Invitrogen), 1 ul de RNaseOUT™ Recombinat RNase Inhibitor V e 1 ul de
SuperScript™ 111 RT. A solucdo foi homogeneizada, rapidamente centrifugada e incubada nas
seguintes condi¢cOes da reagdo: 25°C por 5 minutos, 50°C por 50 minutos e 70°C por 15
minutos. Para remover 0 RNA complementar do cDNA, foi adicionado 1 ul (2unidades) de E.
coli RNase H. O cDNA foi novamente incubado a 37°C por 20 minutos.

Foi sintetizada, em uma Unica vez, a quantidade suficiente de cDNA para a realizacéo
de todo o experimento. As amostras foram mantidas em freezer -80°C, até a utilizacdo na PCR

em tempo Real (QPCR).

3.2.6.4. Padronizagao das curvas padréo para expressao de citocinas, dos receptores TLR 2 e
4, do Foxp3+ e da iNOS pela técnica de PCR e tempo real (QPCR).

A fim de comprovar a eficiéncia da reagédo, os genes de cada citocina, dos receptores,
Foxp3+, INOS e o gene controle B-actina foram amplificados, em diluigdes seriadas
(pura,1:10, 1:100, 1:1000) em duplicata. As reacdes utilizaram o Power Sybr-Green (Applied
Biosystems) para amplificacdo das amostras. Isso resultou em variagfes no valor de Ct
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(Threshold cycle - nimeros de ciclos necessarios para atingir o limiar de detec¢éo), visto que,
quanto mais diluida a amostra, mais tardiamente aparece a amplificacdo. A partir do valor de
Ct de cada uma das diluicbes, o termociclador desenhou uma reta, formada a partir dos
valores de Ct e da concentracdo da amostra, em cada uma das diluicdes. O calculo da
eficiéncia de cada primer foi feito com base na inclinacéo (slope) encontrada na reta feita pelo
7300 Real Time PCR Systems- Applied Biosystems. O valor do slope foi inserido na férmula

a sequir:

E=10 (-1/slope) 1

Eficiéncia (E) de 100% resulta em uma curva padrdo com slope de -3,32. As

caracteristicas dos genes analisados foram:

Genes slope Eficiéncia
TLR-2 -3,57 90(%)
TLR-4 -3,33 99(%)
IL-12 -3,38 97(%)
IFN-y -3,32 100(%)
TNF-o -3,37 98(%)
IL-10 -3,37 98(%)
TGF-B -3,57 90(%)
IL-17 -3,32 100(%)
Foxp3+ -3,39 97(%)
iINOS -3,38 97(%)
B-actina -3,37 98(%)

Todos foram considerados dentro do padrdo de eficiéncia aceitavel, com slope
variando entre -3,30 e -3,57. Todas as reacGes foram finalizadas com a curva de dissociacao
melting, realizada para verificar a especificidade da amplificagdo e confirmar a auséncia de
formacdo de dimeros de primer ou de qualquer outro produto inespecifico. Até 0 momento
nenhum gene apresentou irregularidade nesta etapa. As sequéncias de cada um dos primers

estdo descritas na Tabela 1.
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Gene Sequéncia Reverse Sequéncia Forward Gene Bank Tamanho
produto
IL-12 CTCCTGCCTCATCCTCCTGAA CAGCCTGGGAAACATAACAAGAC NM_002187.2 109
IFN-y GTTCCATTATCCGCTACATCTGAA AGCTCTGCATCGTTTTGGGTT NM_000619.2 118
TNF-a GATGATCTGACTGCCTGGGC CACGCTCTTCTGCCTGCTG NM_000594.2 105
IL-10 TCATCTCAGAACAAGGCTTGGC CGAGATGCCTTCAGCAGAGTG NM_000572.2 128
TGF-B TCCAGGCTCCAAATGTAGG GGACACCAACTATTGCTTCAG NM_000660.4 150
TLR-2 GGTCTTGGTGTTCATTATCTTC TCTCCCATTTCCGTCTTTTT NM_003264.3 125
TLR-4 TCTGCTGCAACTCATTTCAT CCGCTTCCTGGTCTTATCAT NM_138554.3 141
IL-17 GGATTTCGTGGGATTGTGAT TGGGAAGACCTCATTGGTGT NM_002190.2 84
Foxp3+ ACAGTCTCTGGAGCAGCAGC CCACAGATGAAGCCTTGGTC NM_014009.3 101
iNOS GCGTTACTCCACCAACAATGGCAA ATAGAGGATGAGCTGAGCATTCCA NM_000625.4 109
B-actina AAGGGACTTCCTGTAACAATGCA CTGGAACGGTGAAGGTGACA NM_001101.3 140

3.2.6.5. Quantificacéo relativa da expressao génica (qPCR)

A anélise da amplificacdo dos genes foi realizada pelo método da quantificacdo
relativa. Para isso foi realizada a amplificacdo génica, de acordo com o protocolo da Applied
Biosystems Power Sybr® Green no ABI Prims 7300 Sequence Detector (Applied
Biosystems).

O volume total da reacéo foi de 20 ul composto de: 1,5ul de cDNA, 10 pl Sybr Green,
7,5 ul H,O RNase/DNase free e 0,5 ul de cada primer (10pmol). As condi¢des da reacao
foram de 95°C por 10 minutos, seguidos de 40 ciclos de anelamento, a 95°C por 15 segundos
e extensdo a 60° por 1 minuto, sendo os sinais de fluorescéncia adquiridos nos passos de
anelamento e extensdo do ciclo de amplificacdo (60°C por 1 minuto). Para andlise de
especificidade de cada gene, foi adicionado o passo da curva de dissociagédo. Paralelamente,
foi realizada a amplificacdo do gene da B-actina, visto que o valor real de express@o génica foi
realizado através da comparacdo do resultado da amplificacdo dos genes de interesses, e desse
gene constitutivo. Este controle enddgeno corrige variacOes relacionadas a quantidade de
amostra utilizada na extracdo, a eficiéncia da extracdo do RNA e da transcrigdo reversa, a
amplificacdo, a quantificacdo, a pipetagem e a degradacdo do RNA. Em todos os ensaios, as
amostras foram processadas em duplicata e a concentracdo de cada amostra testada foi

fornecida diretamente pelo programa “ Sequence Detection Systems’ 1.2.3 — 7300 Real Time
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PCR Systems- Applied Biosystems, calculada em relacéo a curva padrdo. Os resultados foram
expressos em aumento ou diminuigdo da expressao génica, fazendo uma comparacao entre 0s

diferentes momentos nos pacientes com tuberculose pulmonar e ainda entre 0s grupos.

3.2.7. Avaliacdo da expressdo de TLR-2 e TLR-4 na superficie das células por citometria
de fluxo

As células mononucleares do sangue periférico (PBMC), obtidas conforme item 3.2.5,
ajustadas na concentracdo 1x10° células/ml, foram colocadas em tubos Falcon para citdmetro
(BD-Becton, Dickinson and Company) e centrifugadas a 1800 rpm por 10 minutos & 4°C.
Apos centrifugacdo, foi descartado o sobrenadante, em seguida, as células foram incubadas
com anticorpo monoclonal anti-TLR4 conjugado com PE, com anti-TLR2 conjugado com
FITC, anti-CD3 conjugado com PE-DY647 e anti-CD14 conjugado com PE-DY647 durante
20 minutos em ambiente escuro. As células foram ressuspendidas em 1 ml de solugédo
eletrolitica (ISOTON 1I) e fixadas com 50 pL de solucdo de fixagdo contendo 5% de
formaldeido (BD-Becton, Dickinson and Company). As analises foram realizadas em
citometro de fluxo modelo FACSCALIBUR™ (Becton Dickinson) usando o programa “Cell
Quest” (Becton Dickinson) para aquisicéo e andlise celular. A aquisi¢éo foi padronizada para
10.000 eventos por amostra. Para cada teste houve um tubo controle no qual as células foram
incubadas com anticorpos controles isotipicos marcados com os respectivos fluorocromos dos

testes.

3.2.8. Avaliacdo da producéo de citocinas plasmaticas

As dosagens das citocinas TNF-a, IFN-y, IL-12, IL-10, IL-17 e TGF-$ foram realizadas

pela técnica do CBA, e analisadas em citdmetro de fluxo modelo FACSCALIBUR™

(Becton
Dickinson) usando o programa “Cell Quest” (Becton Dickinson) de acordo com as indicacdes

do fabricante.
3.2.9. Alteracdes genotdxicas
O protocolo usado para deteccdo das alteracfes genotdxicas em PBMC foi o descrito

por Sasaki et al. “** com algumas modificacdes. Ap6s obtengéo de PBMC, conforme descrito

no item 2.5, 10 ul da suspensdo celular foi adicionado em 0.5% de agarose low melting point,
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120 pl a 37°C, em seguida esta mistura foi adicionada em laminas previamente recobertas
com 1.5% agarose e cobertas com laminulas. Depois da solidificacdo da agarose em
refrigerador, as laminulas foram removidas e as laminas foram imersas em solucdo de lise
(2.5M NaCl, 100 mM EDTA, 10 mM Tris-HCI buffer, pH 10, 1% sodium sarcosinate com
1% Triton X-100, e 10% DMSO) por 1 h. Primeiramente as laminas foram lavadas em PBS,
colocadas em solucgéo alcalina (pH>13) por 20 min e entdo submetidas a eletroforese por 20
min a 25V/cm, 300 mA. Depois da eletroforese, as laminas foram neutralizadas com 0.4 M
Tris-HCI buffer (pH 7.5), fixadas em etanol absoluto e estocadas para analises posteriores.
Independentemente, controles positivos (PBMCs) foram tratados com 100 uM H,0, por 5
min, em triplicata, para garantir a sensibilidade e reprodutibilidade do ensaio. Todas as etapas
foram realizadas sob condi¢des de pouca luz. As laminas foram coradas com SYBR Green
(10mg/mL) e 100 nucleoids por lamina foram examinados com ampliacéo de 400x usando um
microscopio de imunofluorescéncia conectado a um sistema de anélise de imagem (Comet
Assay 11, Instrumentos Perceptive, Haverhill, Suffolk, UK). Danos no DNA foram medidos
através da analise de "tail intensity” (% do DNA migrados) e “taill moment” [o produto do
comprimento da cauda (DNA migragdo) e fracdo de DNA na cauda do cometa, ou seja,
DNA% na cauda] ™®. Como os grupos mostraram diferencas estatistica entre estes

parametros, escolhemos "tail moment" para apresentar 0s nossos resultados.
3.2.10. Capacidade Antioxidante Total Hidrofilica (CATH) no plasma

O protocolo utilizado para a realizagdo do CATH foi descrito por Beretta et al. ‘17,
100 ul de plasma foi diluido em 300 ul de PBS (pH 7,4) gelado. Apds a diluicdo foram
acrescentados 100ul de BODIPY (substancia oxidavel e fluorescente) em todas as amostras.
Em seguida as amostras foram homogeneizadas por 10 segundos e incubadas em banho-maria
a 37°C por 10 minutos, protegido da luz. Enquanto isso foi preparado o AAPH (gerador de
radicais livres). Apos a incubacdo foram acrescidos 420 ul de PBS pH 7,4 T.A. e adicionados
em todas as amostras 80 ul de AAPH agitando rapidamente. As amostras foram colocadas em
triplicata em placa de 96 wells, as quais foram corridas durante 4 horas com intervalo de
leitura de 5 minutos no aparelho Victor X2 — software Perkinelmer 2030 Manager. Os

resultados foram expressos através do calculo da area sobre a curva.
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3.2.11. Andlise Estatistica

Para comparar a expressdo génica dos receptores TLRs, citocinas, Foxp3 e iNOS pela
gPCR, a expressdo dos receptores na superficie celular pela Citometria de fluxo, alteracdes
genotdxicas pelo ensaio do cometa e capacidade antioxidante total hidrofilica (CATH) no
tempo, foi ajustado um modelo em medidas repetidas no tempo, utilizando o proc mixed do
programa SAS. Para comparar a expressao génica dos receptores TLRs, citocinas, Foxp3 e
INOS pela qPCR, a expressdo dos receptores na superficie celular pela Citometria de fluxo,
alteracbes genotoxicas pelo ensaio do cometa e capacidade antioxidante total hidrofilica
(CATH) com o grupo controle foi ajustado um modelo linear generalizado de acordo com a
distribuicdo gamma. O ajuste foi feito utilizando o proc genmod do programa SAS for

windons versdo 9.2. Considerou-se p<0,05 como nivel de significancia.
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Abstract

Toll-like Receptors (TLRs) play an important role in mycobacterial infection, however little is
known about the effect of treatment in this process. Our objective was to evaluate the effect of
anti-tuberculosis treatment on RNAm expression and on surface cell of TLR2 and TLR4,
INOS expression, and cytokine profile Thl, Th2, and Th17 in pulmonary tuberculosis
patients. Total blood samples were studied from PPD" healthy controls and from patients
during tuberculosis treatment. After obtaining mononuclear cells from peripheral blood, gene
quantification was by gPCRand cell surface expression by flow cytometry. Cytokine
quantification was by the CBA technique. Treated patients presented higher gene expression
and higher numbers of receptors on the cell surface of lymphocytes and monocytes than
control individuals. Cytokines IL-12 and IFN-y increased after the start of treatment while
TNF-o reduced. TGF-p presented the highest levels during treatment. 1L-10 and IL-17
expression and production tended to increase during treatment. Gene iINOS expression was
reduced throughout all treatment in patients.Our results suggest that anti-tuberculosis
treatment modulates immune response, inducing an increase in TLR receptors and pro and

anti-inflammatory cytokines to combat bacteria and reduce the inflammatory process.

Keywords: Tuberculosis, TLR receptors, Cytokines, Anti-tuberculosis treatment
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1. Introduction

Tuberculosis (TB) is an infectious disease with chronic evolution; it’s a etiological
agent is intracellular bacteria Mycobacterium tuberculosis." The World Health Organization
(WHO)? estimates that one third of the world population are infected by the bacillus, with 9.4
million new cases and 1.7 million deaths from the disease every year. Tuberculosis is lethal
without treatment which is fundamentally chemotherapy, drastically reducing mortality,
reducing the transmissible period, and when used prophylactically, prevents sickening, and is
thus a very import tool in disease control. There are currently four first-line antimicrobials,
isoniazid, ethambutol, pyrazinamide, and rifampicin, which are reasonably effective in
treating individuals with active tuberculosis, but they are inefficient during the latent stage of
the disease.>* In general, anti-tuberculosis drugs act by enzymatic interference or by blocking
protein synthesis.

The initial defence mechanism against M. tuberculosis involves phagocytosis of the
microorganism by alveolar phagocytes. After this process, 1L-12 is produced by macrophages
and dendritic cells which stimulate Natural Killer cells (NK) to produce IFN-y. 1L-12
stimulates a Thl response to produce more IFN-y.‘r”6 IFN-y is responsible for activating
macrophages to produce TNF-o, which in synergy with IFN-y, acts increasing the
phagocytosis process and its microbicide activity, through the production of the reactive
nitrogen and oxygen intermediaries involved in growth inhibition and death of
mycobacteria.”™® Also, TNF-o is essentiadl for forming and maintaining granuloma.'**?’
Studies have suggested that protector immunity to M. tuberculosis, as well as Thl cells,
requires Th17 mainly at the start of infection.® The differentiation of this profile is initiated
by naive T cell activation in the presence of IL-6, IL-21, and low quantities of TGF-j,
inducing the expression of nuclear receptor RORyt.***> These cells have important pro-
inflammatory functions and are defined by the production of IL-17A to IL-17F cytokines.®*’
IL-17 has pro-inflammatory properties inducing expression of cytokines (IL-6, IL-8, GM-
CSF, and G-CSF), chemokines (CXCL1, CXCL10), and metaloproteinases, important in
neutrophil recruitment, activation, and migration.*®> However, despite the protector effect of
Thland Thl7 response against tuberculosis, the elevated expression of pro-inflammatory
cytokines is related with its immunopathogenesis.**?° To limit this deleterious action, anti-

inflammatory mechanisms appear, represented by soluble TNF-a receptors which impede this
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cytokine binding to its receptor, through signal blockade by regulatory T cells and anti-
inflammatory cytokines IL-4, IL-10, and TGF-B.%%

Initial microorganism recognition is mediated by pattern recognition receptors
(PRRs), germ line-encoded receptors that conserve microbial structures referred to as
pathogen-associated molecular patterns.”® Toll-like receptors (TLRS) are essential PRRs that
mediate the recognition of microbial structures and induce inflammatory and adaptive
responses.?* Recognition of M. tuberculosis by TLRs on the cell surface is an important
determinant of host immune response efficacy. Mycobacterial products can be mainly
recognised by TLRs2/4, and their DNA by TLR-9. ?® TLR-2 is the main receptor for the
mycobacterial ~constituents, recognising lipoarabinomannan (LAM), its precursor
“phosphatidylinositol mannoside’ (PIM), and 19-kDa lipoprotein.?®® This receptor is
involved in response to full mycobacteria and may also influence in your the processing after
phagocytosis by macrophages.®* Also, this mycobacterium can induce TLR-2 expression by
recruiting this receptor for the phagocytic envelope inside macrophages, presenting this
receptor as a primary sensor to recognise invader microorganisms.** TLR-4 is not a receptor
just for exogenous ligands, such as LPS from gram-negative bacteria, it can recognise
endogenous ligands like heat shock protein HSP 60/65, a protein excreted by
mycobacteria.***® Studies have shown that recognition of mycobacterial products by TLRs
leads to NF-«xB activation and consequently to gene transcription producing pro-inflammatory
cytokines such as IL-12, TNF-q, IL-1p, and nitric oxide.*® Also some studies have shown that
heat shock protein HSP60 can modulate immune response in a microenvironment favouring a
Th2 environment through increased TLR2 and reduced TLR4 expression on the surface.®’

Studies have shown that TLRs are decisively involved in infection pathogenesis for
M. tuberculosis, in that expression of these receptors in some way regulates the intracellular
destination of bacteria through a complicated cascade of regulator and deregulator factors. In
light of these observations and due to the absence of information in respect of anti-
tuberculosis treatment in these processes, studies evaluating TLR receptors and Thl, Th2, and
Th17 cytokines in patients during anti-tuberculosis treatment, may contribute to a better
understanding of the host/parasite relationship in this disease. This study evaluated the effect
of treatment on RNAmM expression from TLR2, TLR4 and iNOS, the expression and
production of IL-12, IFN-y, TNF-a, IL-17, IL-10, and TGF-B in pulmonary tuberculosis

patients.
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2. Materials & Methods

2.1. Patients

The study recruited pulmonary tuberculosis patients attending the Infectious and
Parasitic Diseases Services at Botucatu Medical School University Hospital — UNESP,
Botucatu Teaching Health Centre, and Primary Healthcare units of Botucatu and the
surrounding region, and healthy individuals working in health areas at Botucatu Medical
School University Hospital. The tuberculosis patients were diagnosed using information about
contact with TB, medical history, and clinical symptoms (cough, haemoptysis, thoracic pain,
fever, and weight loss), presence of alcohol-acid resistant bacilli by bacilloscopy, and those
who had symptoms characteristic of pulmonary TB in thoracic x-rays. Exclusion criteria were
patients with extra-pulmonary TB, HIV-positive individuals or those with other
immunodeficiencies, patients with other granulomatous, autoimmune diseases, or cancer, and
pregnant women. Controls were healthy adults without clinical pulmonary tuberculosis, health
area professionals from Botucatu Medical School University Hospital, and with PPD". The
PPD test consists of an intradermic injection of 0.1ml (2U) of derived purified protein.
Hardening >5mm, measured 72h later was considered positive. In total, 20 controls (G1) and
19 pulmonary TB patients (G2) (13 males and 6 females, mean aged 49 and 37 years,
respectively) were studied. In this group measurements were taken at three times: M1-
patients with up to one month of anti-tuberculosis treatment; M2-in the third month of
treatment; M3-at the end of six months treatment. Signed free informed consent forms were
obtained from all individuals. The study was approved by Botucatu Medical School — UNESP
Research Ethics Committee.Patients were treated for six months using the standard RIPE
(isoniazid, ethambutol, pyrazinamide, and rifampicin) scheme.

2.2. Blood sample collection

Blood samples (20ml) were collected from the forearm vein at one moment in the
controls and three different moments in the pulmonary TB patients. Samples were collected in
heparinized tubes and initially centrifuged at 1500 g for 10 minutes to obtain plasma for
measuring cytokines by CBA. Remaining blood samples were used to obtain peripheral blood
mononuclear cells for later evaluation of gene expression of TLR2, TLR4, INOS and

cytokines and expression of TLR2, TLR4 in the cell surface by flow cytometric.
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2.3. Harvesting mononuclear cells from peripheral blood

Peripheral blood mononuclear cells (PBMC) were obtained by Histopaque® gradient
separation ©®. The lymphocyte and monocyte rich ring was washed with PBS for 15 minutes at
1500 rpm. The cell suspension was then re-suspended in PBS.Cell identification and viability
was performed by Turk count. Then 1x10%ml or 2x10°ml cell concentrations were obtained for

the prescribed protocols.

2.4 RNAm expression for TLR2 and 4 receptors, IL-12, IFN-y, TNF-a, IL-17, IL-10 and TGF-
/3 cytokines, and iNOS

Total RNA was extracted from 2x10° cells/ml of PBMC obtained at M1 to M3 by the
TRIZOL method (GibcoBRL, Séo Paulo, Brazil). RNA concentration was determined by
absorbance at 260nm; all samples showed an absorbance value of approximately 2.0. One
microgram of RNA was used for the synthesis of 20uL of complementary DNA (cDNA) by
SuperScript™ |11 Reverse Transcriptase (Invitrogen, S&o Paulo, Brazil). TLR2, TLR4, IL-12,
IFN-y, TNF-a, IL-10, TGF-B, and IL-17 mRNA levels were determined by real-time PCR.
Primer sequences are shown in Table 1. The B-actingene was used as internal control.
Quantitative measurement was performed using the SYBR Green gPCR kit (Invitrogen)
according to manufacturer’s instructions on an ABI Prims 7300 Sequence Detector (Applied
Biosystems). The real-time PCR cycler conditions were as follows: 95°C for 10 minutes,
followed by 40 annealing cycles at 95°C for 15 secondsand extension at 60°Cfor 1 minute,
with fluorescence signals taken during the annealing and extension cycle of amplification
(60°C for 1 minute).Product purity was confirmed by dissociation curve analysis. Gene
expression was quantified relative to control group values after adjusting for p-Actin. Samples
from each moment (M1-M3), from each group (G1 and G2) were analysed in duplicate.

Results were presented as increase or decrease in gene expression.
2.5. TLR-2 and TLR-4 expression on the cell surface

PMBC obtained as per item 2.3 adjusted to a concentration of 1x10° cells/ml were
centrifuged at 1800 rpm for 10 minutes at 4°C. Supernatant was then discarded and cells
incubated with monoclonal anti-TLR4 antibody conjugated with PE, anti-TLR2 antibody
conjugated with FITC, anti-CD3 antibody conjugated with PE-DY647, and anti-CD14
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antibody conjugated with PE-DY647 (Biolegend, Brazil) for 20 minutes in a dark
environment. After incubation, cells were re-suspended in electrolyte solution (ISOTON II)
and fixed with a fixer solution containing 5% formaldehyde (BD-Becton, Dickinson and

Company). Analyses were made in a flow cytometer (FACSCALIBUR™

Becton Dickinson)
using Cell Quest software (Becton Dickinson) for cell acquisition and analysis. Acquisition
was standardized for 10,000 events per sample. Each test had a control tube in which cells

were incubated with isotopic control antibodies marked with the respective fluorochromes.
2.6.Plasmatic cytokine production

Cytokine levels for IL-12, IFN-y, TNF-a, IL-17, TGF-B andIL-10 were measured by
the CBA technique and analysed by flow cytometer (FACS CALIBUR™ Becton Dickinson)

using Cell Quest software (Becton Dickinson) according to manufacturer’s instructions.
2.7. Statistical Analysis

Gene expression of TLR2, TLR4, IL-12, IFN-y, TNF-a, IL-10 and TGF-f was
compared bygPCRand plasma cytokines quantified by CBA with time, using an adjusted
model of repeated measurements in time and the Mixed procedure in SAS statistics software.
A generalized linear model adjusted to gamma distribution was used to compare TLR2,
TLR4, IL-12, IFN-y, TNF-q, IL-10, TGF-B,and IL-17 gene expression by gPCRand quantify
plasma cytokines by CBA with controls. The adjustment was made using the Genmod

procedure in SAS for Windows V9.2. Significance level was considered as p<0.05.
3. Results
3.1. Effect of treatment on TLR2 and TLR4 receptors gene expression

To verify whether anti-tuberculosis treatment altered TLR2 and 4 expression, mMRNA
expression for both receptors was evaluated in the control group (G1) and patient group
(G2)during anti-tuberculosis treatment (M1-M3). No statistical differences were detected in
TLR2 gene expression between patients at different treatment moments (M1, M2, and
M3).TLR2 gene expression in patients during treatment (M1-p=0.003; M2-p=0.003; andM3-

p=0.0002) was significantly higher than in control individuals. Gene expression by this
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receptor tended to increase during treatment (Figure 1A). TLR4 gene expression was
significantly higher in pulmonary tuberculosis patients (G2) during treatment (p=0.01;
p=0.01; p=0.04) than in controls (G1) (Figure 1B). No statistical differences were detected in
TLR4 gene expression between patients at different treatment moments (M1, M2, and M3).

Gene expression by this receptor tended to diminuided during treatment (Figure 1B).

3.2. Surface expression of TLR2 and TLR4 on lymphocytes and monocytes during anti-

tuberculosis treatment

To determine the effect of treatment on the expression and co-expression of TLR2
and 4 receptors on monocyte and lymphocyte cell surfaces was evaluated by measuring the
percentage of CD3%and CD14"cells positive for TLR2 and 4 during treatment. Surface
expression of TLR2 on lymphocytes (FigurelC) in patients was significantly lower at M1
than M2 (p=0.006) andM3(p=0.04).G2 presented a significant increase in expression of this
receptor at M2(p<0.0001) andM3 (p<0.0001) than in G1. At all three treatment moments in
G2, expression of TLR4 (M1-p=0.0019; M2-p<0.0001; M3-p<0.0001) and co-expression of
TLR2/4 (M1-p=0.0006; M2-p<0.0001; M3-p<0.0001) on lymphocyte cell surfaces was
significantly higher than G1, and tended to increase during treatment. TLR4 expression was
also significantly higher at M3 than at M1 (p=0.001) and M2 (p<0.0001). Co-expression of
TLR2/4 at M3 was significantly higher than at M1 (p=0.02) (FigurelC).

Monocyte analysis (Figure 1D) showed increased TLR2 expression in G2 at M1 (not
significant), M2 (p=0.004), and M3 (p<0.0001) compared to G1. It was also significantly
higher in M3 than M1 (p=0.004). Co-expression results for these receptors on monocyte cell
surfaces also showed a significant increase in its expression in G2at the start of treatment
(M1; p=0.005), in the third month of treatment (M2; p<0.0001) and at the end of treatment
(M3; p=0.01) compared to G1. Expression of TLR4 in G2 at M1 (p=0.0019) was significantly
higher compared to G1. Interestingly, cell marking with anti-CD3"and anti-CD14"showed that
TLR2 expression was much higher than TLR4 in both monocytes and lymphocytes, and that
the majority of cells expressing TLR4 also expressed TLR2.

3.3. Effect of treatment on RNAm expression and cytokine production

To determine the effect of treatment on Thl, Th2 and Th17 response, we evaluated
RNAm expression and IL-12, IFN-y, TNF-a, IL-17, IL-10, and TGF-B production during
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treatment. In G2 RNAmexpression and IL-12 production tended to increase during
treatment.Significantly higher levels of RNAmM expression were detected at M2 and M3
(p=0.005and p=0.001) in relation to controls.Increased IL-12 production levels were in G2 at
M2 and M3 (p<0.0001 and p=0.0009 )in relation to controls (Figure 2A and B). In relation to
gene expression and IFN-y production, treatment induced significantly elevated levels of this
cytokine at M2 (p=0.02) and M3 (p=0.001), and gene expression presented higher levels at
M1 (p=0.0003), M2 (p<0,0001) and M3 (p=0,001) compared to control individuals. No
significant differences were detected in RNAmM expression for IFN-y during treatment; and
production was significantly higher at M2 in relation at M1 (p=0.02); both gene expression
and IFN-y production tended to decrease at M3 (Figure2Cand D).

Analysis of gene expression and TNF-a. production (Figure 2E and F) showed a
significant increase in expression at M1 (p=0.03) and M2 (p=0.009), and in production at M1
(p=0.005) in pulmonary tuberculosis patients (G2) compared to controls (G1). No statistical
differences were detected in TNF-a expression between different treatment times. TNF-a
production was lower in M3 (p=0.01 ) than in M1. Gene expression and IL-17 production in
patients (G2) did not present any statistical differences in relation to the control group. There
were also no differences between the different treatment times (M1, M2 and M3) (Figure 2G
and H).

Gene expression of IL-10 in patients was significantly higher at M1 (p=0.01) and M3
(p=0.01) compared to controls; IL-10 production in patients (G2) did not present any
statistical differences in relation to the control group.There were also no differences between
the different treatment times (M1,M2 and M3) (Figure 3A and B). Gene expression of TGF-3
in the patients group (G2) was significantly higher at M2 (p=0.006) in relation to controls
(G1). TGF-B production showed a significant increase in expression at M1 (p<0,0001), M2
(p=0,001) and M3 (p=0,01) in relation to G1(Figure3C and D)

3.4. Inducible Nitric Oxide Synthase (iNOS) expression during anti-tuberculosis treatment
Induction of iINOS genic expression in the pulmonary tuberculosis group (G2) was

significantly lower at M1 (p=0.01) and M2 (p=0.03) than in controls (G1) (Figure 4). Also
expression of this enzyme was higher at M3 (p=0.001) than M1.
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4. Discussion

In this study we evaluated the effect of anti-tuberculosis treatment on gene
expression and cell surface receptors TLR-2 and TLR-4 in pulmonary tuberculosis patients.
We detected that patients express both receptors and expression increases with anti-
tuberculosis treatment.We also found that when the cells were marked with anti-CD3"and
anti-CD14", both lymphocyte and monocyte populations presented higher TLR2 expression
than TLR4, and that most cells which expressed TLR4 also expressed TLR2. These results are
in agreement with other studies demonstrating that TLR2 and 4 receptors are involved in M.
Tuberculosis recognition. 2>3%4°

Our results also show that although receptor expression is higher in in monocytes, we
also observed it in lymphocytes. These results are in agreement with other studies which have
shown increases in mMRNA expression fromTLR receptors in CD4and CD8'T lymphocytes in
acute tonsillitis **, and increased TLR2 and TLR4 expression in TB patient pleural fluidin
various lymphocyte subtypes.*? TLRs play an essential role in innate immune response and in
initiating adaptive immune responses, however, certain TLR are also expressed in T
lymphocytes, including CD4* T, CD8" T, and Foxp3™ T regulator cells, and their respective
ligands can directly modulate the function of these cells. These receptors in T lymphocytes
can act as co-stimulation receptors for TCR receptor, increasing the proliferation and/or
production of stimulated T cell cytokines. Different antigens from mycobacteriacan indirectly
modulate T cell function through functional changes in antigen presenting cells, however,
direct interactions between M. tuberculosis molecules and T cells can occur when
mycobacterial components contained in vesicles are liberated by infected macrophages. “**°
This suggests that TLR ligands can become accessible to the extracellular environment and
interact with uninfected cells, for example T cells. *** In this way, the bonding of
mycobacterial lipoproteins to TLR2 directly induces NF-kB activation in resident CD4'T
cells, in the absence of TCR, developing a pre-activation. *® However, a complete and
productive activation of T cells depends on simultaneous stimulation of the TCR receptor. *'
Also, TLR ligands have different effects on innate immune system cells, such as monocytes;
these effects include the induction and production of cytokines, expression of co-stimulatory
molecules, and expression of MHC Il molecules. Studies in mice with genes from inactivated
TLR show that TLR2 expression in monocytes is important in infection control and survival
in these animals.On the other hand, other studies have suggested the protector role of TLR4

expression in monocytes in mouse survival **!, depending on Mycobacterium dose. >*
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In this study mRNA expression in patients was elevated in both TLR2 and TLR4, but
flow cytometry analysis showed a much higher TLR2 expression on the cell surface. These
results could have occurred because the stable state of mRNA levels is represented by the
balance between messenger stability and gene transcription ratio. Messenger RNA for many
molecules involved in inflammation in response to stress, is normally unstable probably to
permit fast regulation in response to environmental changes. ** Studies have reported that
TLR4 expression is destabilized after challenge with LPS in murine models, and both
transcription activity and RNA stability contribute to TLR4 expression levels. Studies have
suggested that the mRNA levels for TLRs are sensitive to increases in inflammatory cytokine
levels or to circulating mycobacteria components. >

The important role of IL-12 in protection against M. tuberculosis has been observed.
> We detected that patients with pulmonary tuberculosis presented similar plasmatic levels
and gene expression of this cytokine to controls when at the start of treatment, which rose
during anti-tuberculosis treatment. Some studies have shown that mononuclear cells from
peripheral human blood, when stimulated with 19kDa and 38kDa antigens from
mycobacteria, produced elevated levels of this cytokine. > Contrary to what we observed in
our study, others have shown that serum levels of IL-12p40 were not higher in patients with
active tuberculosis than in healthy controls or with contactants during anti-tuberculosis
treatment. °® A possible explanation for these differences could be differences in experimental
protocols, such as treatment periods evaluated and cytokine detection techniques. On the other
hand, and in agreement with our results, other reports have shown that after 2 months of
treatment, 1L-12 levels considerably increased, becoming higher than controls. *” Our results
show that IL-12 levels in patients at the start of treatment were similar to control individuals,
suggesting that in this phase, these levels were probably still insufficient to induce a protector
response, a process which was seen during treatment. In individuals where the disease was
more severe, 1L-12 levels were higher than in those where the disease was more moderate %,
results which agree with ours, as probably our patients presented a more moderate form of the
disease, as in the absence or start of treatment, levels of this cytokine were similar to those in
control individuals.

IFN-y has a fundamental role in the development of protector response in
tuberculosis.” It has been shown that genes defective production in IFN-y or its receptor are
inclined to serious mycobacterial infections, including M. tuberculosis.® However, in patients
our study presented significantly increased mRNA expression for IFN-y at the beginning of

treatment, while plasma levels tended to increase during treatment in relation to control
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individuals. Also, protein expression but mainly production increased in the three months of
treatment, and tended to decrease at the end of treatment. Recently diagnosed patients
presented higher serum IFN-y levels than individuals with previous tuberculosis history, and
these individuals presented similar levels of this cytokine to healthy controls. However, when
evaluating treatment, untreated individuals presented much higher levels of this cytokine
which gradually reduced during treatment.®* These results differ from ours and other studies
where IFN- y is shown to increase during the course of treatment.>’ The probable explanation
for this cytokine increasing after treatment is based on some studies which have shown that at
the moment of tuberculosis diagnosis, IFN-y concentration is much higher at the infection site
than in peripheral blood, suggesting that during tuberculosis activity, there is a
compartmentalisation of specific lymphocytes against the mycobacterial antigen at the
infection site, and that the increase in IFN-y serum concentrations, in the chemotherapy stage,
coincides with the arrival of the lymphocytes in peripheral blood.®? In contrast to our findings,
other studies have observed that IFN- vy levels were depressed in patients with active
tuberculosis.®®*®* Patients with the moderate form of TB presented higher IFN-y levels than
those with the more severe form.>” Therefore, through these studies we can suggest taking
into account that IFN-y levels in untreated patients were similar to those in control
individuals, and that treatment significantly increased these levels, our patients presented a
more moderate form of the disease, as most of them were recruited from out-patient clinics
and not from hospital wards. Although our results showed that expression of this cytokine was
higher at the start of treatment, this did not translate into production which only showed a
trend towards being higher than control individuals. Levels in this phase of treatment were not
related to protection, probably because quantities were still not adequate to activate the
mechanism responsible for mycobacteria destruction. IFN-y increased during treatment and
was probably sufficient to activate protector response.

TNF-a, an important cytokine for infection control, is involved in the macrophage
activation process, but it is also an important factor related to disease immunopathology.®
Tuberculosis patients in our study presented significantly higher TNF-a levels than controls.
During treatment, patients presented gradually reducing levels of this cytokine. Other studies
have also shown that individuals with tuberculosis presented elevated TNF-o levels in
mononuclear cell culture supernatant from peripheral blood compared to controls, which
reduced during treatment.®>®* However, our study shows that despite the high TNF-o. levels in

patients at the start of treatment, we would suggest that in this phase it was not protector, and
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was probably involved with disease pathogenesis, and with treatment these levels became
much lower and could be related to protection, involved in the parasite destruction
mechanisms. TNF-a, depending on concentration produced, could be involved in
immunopathological effects such as fever, body weight reduction, tissue necrosis, and
shock.®®" In this sense, low body weight in African tuberculosis patients was associated with
increased levels of TNF-q, IL-6, and IL-1p."

In our study, pulmonary tuberculosis patients tended to present much lower IL-17
levels at the start of treatment compared to controls. During treatment, production and
expression tended to increase. Thl7 cells which are involved in the development of
inflammatory and autoimmune diseases are also involved in protection against some

> including M. tuberculosis.”®’® However, the exact role of Th17

intracellular pathogens
cells in individuals with pulmonary tuberculosis is not very clear.?® IL-17 can be induced
immediately after pulmonary infection with BCG™, and can also be detected in the later
stages (4-52 weeks) of M. tuberculosis infection.” The frequency of Th17 cells in pulmonary
TB patients has been reported as significantly lower than in healthy controls and individuals
with latent TB.” These results suggest that reduced Th17 response could be associated with
the clinical of the infection, and that this cell subtype might be more involved with protection
than disease immunopathogenesis, which probably agrees with our findings, as untreated and
patients at the start of treatment had low IL-17 which tended to increase with treatment and
parasite destruction.

Some studies have shown that patients with a recent diagnosis of pulmonary
tuberculosis present higher serum levels of IL-10 than previously treated or healthy
individuals; however treatment reduces serum concentrations of this cytokine.”®®" Results
which disagree with ours as levels of IL-10 tended to increase during treatment. We observe
differences in relation to production and expression during treatment. Differences between
expression and production can be explained by mRNA stability and transcription rate and
factors of translational regulatory which can directly affect the expression and production of
mediators involved in immune response.>® However, other studies have observed that before
treatment, tuberculosis patients presented similar levels of this cytokine to controls.® In our
study, despite elevated expression, IL-10 production was low in patients at the start of
treatment, suggesting that its main actuation was at the end of treatment, exerting a regulatory
role to control the inflammatory process.

In tuberculosis, TGF-p can primarily exert a suppressor role for Thl profile, and

participate in fibrosis induction.®® In low concentrations, it still acts as a chemotactic factor
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for monocytes, inducing IL-1a and TNF-a secretion, as well as participating in Thl7 cell
differentiation together with 1L-6 and IL-21%, and in Treg cells.? In our study, gene
expression of TGF- mainly tended to increase in the third month of treatment, compared to
controls. Treatment also increased its expression, mainly in this period, which tended to drop
at the end of treatment. TGF-p production was higher in patients during at treatment. In a
similar manner to our study, others have detected elevated levels of this cytokine in
supernatant from cell cultures from pulmonary tuberculosis patients, which reduced at the end
of treatment.®® High TGF-B levels were also found in plasma and pleura fluid of patients
before cure, in relation to healthy contactants, with a drop in its concentration after cure.®" As
shown, our results agree with literature which reports that patients with pulmonary TB don’t
present a deficiency in TGF-p production in the active disease and during anti-tuberculosis
treatment. During treatment, we can suggest that the high levels of this cytokine are regulating
inflammatory activity, contributing to protect against the damage caused by exacerbated
inflammatory response, as well as acting in the extracellular matrix deposition and fibrosis
processes.

NO is considered one of the main mediators involved in mycobacterium destruction®
and its generation is dependent on the iNOS enzyme.®* In our study we observed an inhibition
in gene expression of this enzyme during treatment compared to control individuals. Some
studies have suggested that inhibition of INOS expression and NO production can be
considered as an escape mechanism for various infectious agents as in the case of
Mycobacterium leprae and M. tuberculosis.®> Some M. tuberculosis antigens, such as CFP-10
and 19kDa protein, can act in function of macrophages, inhibiting their microbicidal capacity,
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creating a favourable environment for M. tuberculosis survival.” The mycobacterial cell wall

component, Lipoarabinomanan(LAM), can directly inhibit phagolysosome fusion®”°

, and
studies have suggested that the Mycobacterium can impede its recruitment for the
phagolysosome, also characterising an escape mechanism for this bacteria.®® Another fact
which must be taken into account is that other microbicide mechanisms such as oxygen
metabolites can be important in bacteria destruction, including the superoxide anion and
hydrogen peroxide.®

In conclusion, our results show that M. tuberculosis interacted with TLR2 and TLR4
receptors on the surface of monocytes and lymphocytes, and this interaction was probably
responsible for inducing gene production of cytokines. Also, anti-tuberculosis treatment
increased the expression of these receptors and the levels of pro and anti-inflammatory

cytokines responsible for controlling infection and excess inflammation. We can therefore
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suggest that anti-tuberculosis treatment not only acts to destroy the bacteria, but also

modulates immune response.
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Legends

Figure 1A, B, C, D: Gene mRNA expression for TLR2 (A), TLR4 (B) receptors, Mean
percentages of CD3"(C) and CD14"(D) cells expressing TLR2, coexpressing TLR2 and
TLR4, and expressing TLR4 in PBMCs from control individuals (G1) and pulmonary
tuberculosis patients (G2) during anti-tuberculosis treatment, M1 (up to one month of
treatment); M2 (three months of treatment); M3 (end of treatment). Results are expressed as
mean + S.E.M. *p<0.05 comapred to G1; # p<0.05 compared to M2 and M3; ° p<0.05
compared to M1 and M2; A p<0.05 compared to M 1.

Figure 2A, B, C, D, E, F, G, H: Gene mRNA expression and production of IL-12 (A, B),
IFN-y (C, D), TNF-a (E, F), IL-17 (G, H) in the control group (G1) and patients group during
anti-tuberculosis treatment (G2), MO (without treatment), M1 (up to one month of treatment);
M2 (three months of treatment); M3 (end of treatment). Results are expressed as mean *

S.E.M (standard error of mean). *p<0.05 compared to G1; # p<0.05 compared to M1.

Figure 3A, B, C, D: Gene mRNA expression and production of IL-10 (A, B) and TGF-f (C,
D) in the control group (G1) and patients group during anti-tuberculosis treatment (G2), M1
(up to one month of treatment); M2 (three months of treatment); M3 (end of treatment).

Results are expressed as mean + S.E.M (standard error of mean). *p<0.05 compared to G1.

Figure 4: Gene mRNA expression of iNOS in the control group (G1) and patients group
during anti-tuberculosis treatment (G2), M1 (up to one month of treatment); M2 (three
months of treatment); M3 (end of treatment). Results are expressed as mean * S.E.M
(standard error of mean). *p<0.05 compared to G1; # p<0.05 compared to ML1.
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Gene Reverse Sequence Forward Sequence GenBank Product

Length
IL-12 CTCCTGCCTCATCCTCCTGAA CAGCCTGGGAAACATAACAAGAC NM_002187.2 109
IFN-y GTTCCATTATCCGCTACATCTGAA AGCTCTGCATCGTTTTGGGTT NM_000619.2 118
TNF-a GATGATCTGACTGCCTGGGC CACGCTCTTCTGCCTGCTG NM_000594.2 105
IL-17 GGATTTCGTGGGATTGTGAT TGGGAAGACCTCATTGGTGT NM_002190.2 84
IL-10 TCATCTCAGAACAAGGCTTGGC CGAGATGCCTTCAGCAGAGTG NM_000572.2 128
TGF-B TCCAGGCTCCAAATGTAGG GGACACCAACTATTGCTTCAG NM_000660.4 150
TLR-2 GGTCTTGGTGTTCATTATCTTC TCTCCCATTTCCGTCTTTTT NM_003264.3 125
TLR-4 TCTGCTGCAACTCATTTCAT CCGCTTCCTGGTCTTATCAT NM_138554.3 141
B-actin AAGGGACTTCCTGTAACAATGCA CTGGAACGGTGAAGGTGACA NM_001101.3 140
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Abstract

Tuberculosis (TB) is a chronic infectious disease and one of the biggest causes of morbidity
and mortality worldwide. The expression of iINOS with the consequent production of NO
during the inflammatory process is an essential part of bacteria destruction. There are no
studies on peripheral DNA damage in TB patients on anti-tuberculosis treatment and its
association with oxidative stress. Thus the objective of this study was to investigate whether
pulmonary TB patients undergoing anti-tuberculosis treatment suffer DNA damage and if this
damage is related to oxidative stress, by evaluating total hydrophilic antioxidant capacity and
INOS expression. Peripheral blood mononuclear cells from pulmonary TB patients on anti-TB
treatment and healthy PPD" controls were used to evaluate DNA damage by single-cell gel
electrophoresis (Comet Assay), and quantify iNOS expression by gPCR. We also evaluated
total hydrophilic antioxidant capacity in plasma from patients and controls. Pulmonary TB
patients under treatment presented increased DNA damage compared to controls, which
diminished during treatment. Similarly, the antioxidant capacity of these individuals was
increased at the start of treatment in relation to controls, and reduced during treatment. As for
INOS expression, TB patients presented expression inhibition of this enzyme in relation to
controls, but during treatment it tended to increase, but was still lower than controls. In
conclusion, our results indicate that pulmonary TB patients under treatment present DNA
damage in peripheral blood mononuclear cells. However, this damage isn’'t related to nitric
oxide, but is due to elevated antioxidant enzyme activity probably associated with other free

radicals.

Keywords: DNA damage, tuberculosis, antioxidants, iINOS
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1. Introduction

Tuberculosis (TB) is an infectious disease with chronic evolution; it’s a etiological
agent is intracellular bacteria Mycobacterium tuberculosis [1]. The World Health
Organization (WHO) [2] estimates that one third of the world population are infected by the
bacillus, with 9.4 million new cases and 1.7 million deaths from the disease every year.
Tuberculosis is lethal without treatment which is fundamentally chemotherapy, drastically
reducing mortality, reducing the transmissible period, and when used prophylactically,
prevents sickening, and is thus a very import tool in disease control [1]. There are currently
four first-line antimicrobials, isoniazid, ethambutol, pyrazinamide, and rifampicin, which are
reasonably effective in treating individuals with active tuberculosis, but they are inefficient
during the latent stage of the disease [3,4]. In general, anti-tuberculosis drugs act by
enzymatic interference or by blocking protein synthesis.

Pulmonary TB mainly occurs in immunocompetent adults, being a chronic infectious
process associated with extensive lung tissue remodelling with the formation of granuloma
containing the live bacterium as well as lymphoid and myeloid cells. The formation and
maintenance of granuloma are mediated by active immune response [5,6,7]. The initial
defence mechanism against M. tuberculosis involves phagocytosis of the microorganism by
alveolar macrophages. After this process, IL-12 is then produced by macrophages and
dendritic cells, which stimulate the development of a Th1 response to produce IFN-y and
TNF-a [8,9]. TNF-o in synergy with IFN-y and mycobacterial products activate
macrophages, resulting in the production of reactive oxygen species (ROS) and reactive
nitrogen intermediates (RNI) [5,6,7]. NO is synthesized when L-arginine is converted into L-
citrulline by the enzyme synthase activity of inducible nitric oxide (iNOS) [10], considered
the main microbicidal mechanism involved in micobacteria destruction. NO can react with
oxygen to produce a variety of products including NO,  and NOj’, and with superoxide to
produce ONOO™ [11]. NO and ROS can modify DNA bacterial, lipid, and protein, both host
and microorganism. Other potential mechanisms for bacteria destruction by NO include
interactions with accessory proteins as targets, such as as iron-sulfur groups, heme groups,
thiols, aromatic or phenolic residues, tyrosyl radicals, and amines. These reactions result in
enzymatic inactivation and/or other protein malfunctions [12]. Expression of iNOS the
consequent generation and production of NO during the inflammatory process is essential for

destroying ingested bacteria, however, when this metabolite is produced in high quantities, it
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can cause damage to host cells, and induce alterations in their DNA. The accumulation of
DNA damage can cause mutagenic or carcinogenic changes in host cells [13].

In this way DNA damage can be mainly caused by oxidative stress [14,15], and
inflammation [16]. This process can cause [17] extensive damage in host tissue, and can be
associated to a genome damage. In experimental infection caused by L. chagasi and T. cruzi,
DNA damage detected in spleen cells was correlated with elevated NO production [18,19]. In
patients with active TB, an association was observed between oxidative stress and DNA
damage [20]. Also, other studies have shown that M. leprae leads to the production of oxygen
radicals, such as hydrogen peroxide and peroxidase, by neutrophils in blood of infected
individuals, which performed genotoxic activity [21]. So infection by M. tuberculosis could
cause mutations in DNA, which can be linked to alterations in immune response, and
responsible for an increased susceptibility to malignant transformations [22]. The coexistence
of pulmonary TB and carcinoma was initially described by Bayle in 1810. Studies have
demonstrated an association between metastatic lung squamous cells and cavitary TB lesions
[23,24].

Comet assay (single-cell gel electrophoresis) is a method used to evaluate genotoxic
alterations and primary lesions in DNA. It is a fast, simple, sensitive method of determining
the levels of DNA damage in different situations [18]. Thus, the objective of this study was to
investigate whether pulmonary tuberculosis patients submitted to anti-TB treatment presented
DNA damage in peripheral blood mononuclear cells using the Comet assay. We also
investigated whether DNA damage was related to oxidative stress by evaluating total

hydrophilic antioxidant capacity (THAC) and iNOS expression.

2. Patients and Methods

2.1. Patients

The study recruited pulmonary tuberculosis patients attending the Infectious and
Parasitic Diseases Services at Botucatu Medical School University Hospital — UNESP,
Botucatu Teaching Health Centre, and Primary Healthcare units in Botucatu and the
surrounding region, and healthy individuals working in health areas at Botucatu Medical
School University Hospital. The tuberculosis patients were diagnosed using information about
contact with TB, medical history, and clinical symptoms (cough, haemoptysis, thoracic pain,

fever, and weight loss), presence of alcohol-acid resistant bacilli by bacilloscopy, and those
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who had symptoms characteristic of pulmonary TB in thoracic x-rays. Exclusion criteria were
patients with extra-pulmonary TB, HIV-positive individuals or those with other
immunodeficiencies, patients with other granulomatous, autoimmune diseases, or cancer, and
pregnant women. Controls were healthy adults without clinical pulmonary tuberculosis, health
area professionals from Botucatu Medical School University Hospital, and with PPD". The
PPD test consists of an intradermic injection of 0.1ml (2U) of derived purified protein.
Hardening >5mm, measured 72h later was considered positive. In total, 20 controls (G1) and
19 pulmonary TB patients (G2) (13 males and 6 females, mean aged 49 and 37 years,
respectively) were studied. In this group measurements were taken at three times: M1-
patients with up to one month of anti-tuberculosis treatment; M2- in the third month of
treatment; M3- at the end of six months treatment. The study was approved by Botucatu
Medical School — UNESP Research Ethics Committee. Signed free informed consent forms
were obtained from all individuals. Patients were treated for six months using the standard

RIPE (rifampicin, isoniazid, pyrazinamide and ethambutol,) scheme.

2.2. Blood sample collection

Blood samples (20ml) were collected from the forearm vein at one moment in the
controls and three different moments in the pulmonary TB patients. Samples were collected in
heparinized tubes and initially centrifuged at 1500 g for 10 minutes to obtain plasma for
measuring antioxidant capacity and total hydrophilic. Remaining blood samples were used to
obtain peripheral blood mononuclear cells for later evaluation of DNA damage and iINOS

expression.

2.3. Harvesting total mononuclear cells from peripheral blood

Peripheral blood mononuclear cells (PBMC) were obtained by Histopaque® gradient
separation [25]. The lymphocyte and monocyte rich ring was washed with PBS for 15 minutes at
1500 rpm. The cell suspension was then re-suspended in PBS. Cell identification and viability
was performed by Turk count. Then 2x10%ml cell concentrations were obtained for the

remaining protocols.
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2.4. Genotoxic alterations

The protocol for detecting genotoxic alterations in PBMCs was as described by Sasaki
et al. [26] with some modifications. After obtaining PBMC as described in Item 2.3, 10ul of
cell suspension was added to 120ul 0.5% low melting point agarose at 37°C, this mixture was
then placed on slides previously covered with 1.5% agarose, and covered with coverslips.
After agarose solidification in a refrigerator, the slides were removed and immersed in a lysis
buffer solution (2.5M NaCl, 100mM EDTA, 10mM Tris-HCI buffer, pH10, 1% sodium
sarcosinate with 1% Triton X-100, and 10% DMSO) for 1h. Firstly for electrophoresis, slides
were washed in PBS, placed in alkaline solution (pH>13) for 20 minutes, and submitted to
electrophoresis for 20 minutes at 25V/cm and 300mA. After electrophoresis, the slides were
neutralised with 0.4M Tris-HCI buffer (pH7.5), fixed in absolute ethanol, and stored for
analysis. Independently, positive controls (PBMCs) were treated with 100uM H,0, for 5
minutes in triplicate, to guarantee assay sensitivity and reproducibility. All steps were
performed under low light conditions. Slides were stained with SYBRGreen (10mg/mL) and
100 nucleoids per slide were examined at 400x magnification using an immunofluorescence
microscope connected to an image analysis system (Comet Assay Il, Perceptive Instruments,
Haverhill, Suffolk, UK). DNA damage was measured by analysis of tail intensity (% migrated
DNA) and tail moment [the product of tail length (DNA migration) and fraction of DNA in
the comet tail, i.e. % DNA in the tail] [27]. As the groups showed statistical differences
between these parameters, we chose tail moment to present our results.

2.5. Total hydrophilic antioxidant capacity (THAC) in plasma

The protocol for performing THAC was as described by Beretta et al. [28]. Plasma
(100 pl) was diluted in 300 ul cold PBS (pH 7.4). After dilution, 100 ul of BODIPY
(fluorescent oxidizable substance) was added to all samples. The samples were then
homogenised for 10 s and incubated in a bain-marie at 37 °C for 10 minutes, protected from
light. During this stage the AAPH (free radical generator) was prepared. After incubation, 420
ul PBS pH 7.4 T.A. was added and 80 ul AAPH was added to all samples and quickly
agitated. Samples were placed in triplicate in 96 well plates, which were run for 4 hours with
a 5 minute reading interval in a Victor X2 plate reader and software (Perkinelmer 2030

Manager) Results were expressed by calculating above the curve.
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2.6. Quantification of genic expression of inducible Nitric Oxide Synthase (iNOS)

Total RNA was extracted from PBMCs (obtained as per Item 2.3), 2x10° cells/ml at
the different moments (M1 to M3) by the TRIZOL method (GibcoBRL, Sdo Paulo, Brazil).
RNA concentration was determined by 260 nm absorbance; all samples showed an
absorbance value of approximately 2.0. One microgram of RNA was used for the synthesis of
20 uL of complementary DNA (cDNA) by SuperScript™ Il Reverse Transcriptase
(Invitrogen, Sdo Paulo, Brazil); iNOS mRNA levels were determined by real-time PCR.
Primer sequences were: iINOS forward, 5 -ATAGAGGATGAGCTGAGCATTCCA-3" and
reverse, 5-GCGTTACTCCACCAACAATGGCAA-3" (GenBank ID: NM_000625.4) and f-
Actin  was used as internal control and the sequences were: forward,5 -
CTGGAACGGTGAAGGTGACA-3" and reverse 5'-AAGGGACTTCCTGTAACAATGCA-
3'(GenBank ID:NM_001101.3). Quantitative measurement was performed using an SYBR
Green gPCR kit (Invitrogen) according to manufacturer’s instructions on an ABI Prims 7300
Sequence Detector (Applied Biosystems). The real-time cycler conditions were as follows:
95°C for 10 minutes, followed by 40 annealing cycles at 95°C for 15s and extension at 60°C
for 1 minute, with the fluorescence signals acquired in the annealing and extension steps of
the amplification cycle (60°C for 1 minute). Product purity was confirmed by dissociation
curve analysis. Gene expression was quantified relative to the values of the control group after
adjusting for pB-Actin. Samples from each moment (M1-M3), from each group (G1 and G2)
were analysed in duplicate. Results were presented as increase or decrease in gene expression.

2.7. Statistical Analysis

To compare genic expression of iINOS by gPCR, genotoxic alterations by Comet
assay, and THAC in time, a repeated measurements in time model was adjusted using the
mixed procedure in SAS software. To compare genic expression of iNOS by gPCR, genotoxic
alterations by Comet assay, and THAC with the control group, a generalised linear model was
adjusted according to gamma distribution. The adjustment was made using the Genmod

procedure in SAS for Windows Version 9.2. Considering a significance level of p<0.05.
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3. Results

Figure 1 shows DNA damage levels (tail moment) in PBMC from control individuals
(G1) and pulmonary TB patients (G2) at three different treatment moments. PBMCs from TB
patients (G2) at the start (M1) and third month (M2) of treatment showed a significant increase
in DNA damage compared to controls (G1) (p<0.0001 and p=0.03 respectively). At the end of
treatment (M3) DNA damage tended to reduce in relation to controls (G1). Also, no significant
differences were detected in DNA damage in the different treatment moments.

To establish whether this damage was related to oxidative stress, experiments were
performed to detect iINOS expression and THAC in control individuals and patients during
treatment. Figure 2 shows a significant increase in iINOS expression at the end of treatment
(M3) (p=0,03) in relation to M1, but no significant differences were detected between these
two moments M1 and M2. Comparison between groups (G1 and G2) showed a significant
reduction in this enzyme occurred at M1 (p=0,012) and M2 (p=0,03) in TB patients (G2) in
relation to controls (G1). At the end of treatment (M3), although no significant differences
were detected between the two groups, INOS expression tended to augmented, but to be lower
in patients.

Figure 3 shows no significant differences existed in antioxidant capacity between the
different treatment moments in patients with pulmonary TB, although at the start of treatment
(M1) there was an increase in THAC (Figure 3). Comparison between groups showed a
significant increase in THAC (p=0.04) at the start of treatment (M1) in TB patients (G2)
compared to controls (G1). In the third month (M2) and at the end (M3) of treatment, this
activity dropped, but it was still higher than in G1, but without significant difference.

4. Discussion

In this study we investigated whether mononuclear cells in pulmonary tuberculosis
patients in anti-tuberculosis treatment presented damage in DNA. Our results showed that
individuals with pulmonary TB presented a significant increase in DNA damage in peripheral
blood mononuclear cells compared to healthy controls at the start of anti-TB treatment. Our
results also showed that the DNA damage tended to decrease during treatment. These results
agree with other studies which verified increased DNA damage in cells from patients with
pulmonary [20,29-31] and pleural [32] tuberculosis. However, this is the first report in respect

of genotoxic alterations in pulmonary TB patients during treatment. The origin of this damage
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could be intimately linked to the increase in oxidative stress related to chronic inflammation
[20]. In this sense, cells subjected to oxidative stress can suffer severe metabolic dysfunctions
such as membrane lipid peroxidation, nicotinamide nucleotide depletion, cytoskeletal rupture,
and DNA damage [15]. Studies with in vitro cell cultures have shown that M. tuberculosis
causes DNA fragmentation and promotes apoptosis of human alveolar macrophages [33, 34].
From our results we can therefore suggest that the increase in DNA damage at the start and
drop at the end of treatment was initially due to higher bacterial stimulations, with a
consequent increase in inflammatory process and oxidative stress, a process which was
reversed with treatment.

Infection by M. tuberculosis activates a chronic inflammatory process mediated by
macrophages and T cells with the subsequent formation of granuloma. After infected aerosol
inhalation, alveolar macrophages are the first cells to encounter the Mycobacterium, causing
activation of these cells with the consequent initial liberation of IL-12 which activates T cells
to produce IFN-y and TNF-a, which activate infected macrophages, increasing their
microbicide activity [35]. In this way, activation of inflammatory cells can generate reactive
oxygen (ROS) and nitrogen (RNS) species, important mediators related with host defence in
tuberculosis patients [36]. However, these reactive species not only cause destruction of
various infectious agents, but large quantities can induce oxidative stress and cause DNA
damage in other cells or tissues [36]. Tuberculosis studies have shown that NO, whose
generation is dependent on the iNOS enzyme, is one of the main microbicide mechanisms
involved in controlling M. tuberculosis [37].

Faced with our results and what they showed, our next objective was to verify whether
the DNA damage was related to oxidative stress by evaluating iINOS expression and THAC.
Our results on iNOS expression in TB patients during treatment, showed an inhibition of gene
expression from this enzyme compared to controls. However, when we evaluated iINOS
expression in patients, our results showed that it tended to increase during treatment.
Detection of low expression of this enzyme agrees with the results of other studies that also
show a reduction in INOS expression and NO production, and suggest that this inhibition
could be related to the escape mechanism of various infectious agents as occurs in infection
caused by Mycobacterium leprae and M. tuberculosis [38]. Some M. tuberculosis antigens,
such as CFP-10 and 19kDA protein, can act in macrophage functioning, inhibiting its
microbicide capacity, creating a favourable environment for M. tuberculosis survival [39].
The mycobacterial cell wall component, Lipoarabinomanan (LAM), can directly inhibit

phagolysosome fusion [40,41], and studies have suggested that the mycobacteria can impede
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the recruitment of this enzyme for the phagolysosome, thus characterizing an escape
mechanism for this bacteria [11]. On the other hand, it has been shown that rifampicin, as well
as chemotherapy for treating tuberculosis, is also considered an immunomodulator abgle to
increase iINOS expression and NO production via NF-«xB [42]. These studies may explain our
results, in that perhaps low iINOS expression could be due to a mycobacterial escape
mechanism directly inhibiting some macrophage functions, or also by the existence of
suppressor mechanisms, which inhibit the production of adequate levels of some cytokines
responsible for efficient macrophage activation, a process reversed by treatment [20].
Therefore from our results we cannot link DNA damage with iNOS expression, which is
fundamental for producing NO. However, we can suggest that this damage is caused by other
free radicals and oxidants such as the superoxide anion, nitrogen dioxide, hydrogen peroxide,
and hypochlorous acid, which are produced to combat various infectious agents such as M.
tuberculosis. Also, some studies have demonstrated increased hydrogen peroxide in
pulmonary tuberculosis [43].

In response to acute and chronic increases in oxidative stress, cells have adaptation
mechanisms to increase antioxidant defences. Antioxidant enzymes, including isoforms of
superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT), were found
to be induced in different cells in response to oxidative stress [44]. It has also been suggested
that a reduction in the activity of these enzymes could be intimately linked to increased DNA
damage [45]. Studies have shown a reduction in antioxidant enzymes in cancerous tissues
[46]. Also, a study performed in Ethiopia with pulmonary TB patients showed a correlation
between a reduction in circulating antioxidant agents and increased lipid peroxidation [29].
However, our results showed increased activity for these enzymes in pulmonary TB patients
at the start of treatment, which reduced in the third and sixth month of treatment. Probably,
this increase in antioxidant enzyme activity is related to the increase in free radicals at the
start of infection in an attempt to combat it, but as already mentioned, we did not manage to
link the damage with reactive nitrogen species, the increase in antioxidant enzymes reinforces
the idea of the existence of oxidative stress which in our study could have been caused by
other free radicals. In line with our results, other authors have also observed an increase in
gene expression of antioxidant enzymes such as GPx, CAT, CuzZnSOD, and MnSOD in
skeletal muscle cells exposed to oxidative stress. This increase was dependent on exposure
time to pro-oxidant agents, which correlated with increased cell damage due to treatment with
oxidants [47]. It has also been shown increased MnSOD and GPx expression in rat lungs

under oxidative stress conditions [48], and higher CAT induction in response to H,O; in lung
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epithelial cells [49]. Zhou et al. [50] showed that transcription factors such as NF-xB and AP-
1 are activated by oxidative stress, and are potent activation mediators of gene antioxidant
enzyme expression in skeletal muscle cells under oxidative stress.

The coexistence of pulmonary tuberculosis and carcinoma has been described in
various studies which report that pulmonary TB can coexist with a variety of histological
types of lung cancer [23]. A close association has also been seen between squamous
metastatic carcinoma cells (SCC) from lungs with large cavitary TB lesions [23]. A study in
India reported that active and latent TB lesions were found in the lungs of 30-33% of patients
with bronchogenic tumours compared with 7% in the population in general [51], while others
have reported high coexistence indexes for pulmonary TB and lung cancer, mainly
represented by SCC [52]. In autopsies, high death rates from lung cancer have been observed
in both smoking and non-smoking TB patients [53]. Although the precise mechanism for the
direct involvement of tuberculosis in the development of lung cancer is still not clear, it has
been suggested that the chronic intense inflammatory process could stimulate cell
proliferation and growth [54]. Additionally studies have shown that DNA damage caused by
reactive nitrogen species contributed to the carcinogenesis process which was associated to
the chronic inflammatory process [24]. It has also been established that an accumulation of
DNA damage can cause carcinogenic or mutagenic alterations in cells [20,36,21]. Therefore,
based on the findings of this study, we can suggest that the increase in antioxidant enzyme
activity, probably to impede an excess of free radicals, associated to DNA damage, is
involved in the pathogenesis of lung cancer.

In conclusion, our results indicate that pulmonary TB patients under treatment
presented DNA damage in peripheral blood mononuclear cells. However, this damage was
not related to nitric oxide, but due to elevated enzymatic antioxidant activity which was
probably associated with other free radicals.
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Fig 1: DNA damage in PBMCs from the control (G1) and patients (G2) group during anti-
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tuberculosis treatment at three moments: M1 (start of treatment); M2 (three months of
treatment); and M3 (six months of treatment). Results are represented by mean + SEM

(standard error of the mean). *p<0.05 compared to G1.
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Fig 2: Gene expression of INOS mRNA in the control (G1) and patients group (G2) during
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anti-tuberculosis treatment at three moments: M1 (start of treatment); M2 (three months of
treatment); and M3 (six months of treatment). Results are represented by mean + SEM

(standard error of the mean). *p<0.05 compared to G2; #p<0.05 compared to M1.
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months of treatment); and M3 (six months of treatment). Results are represented by mean +

SEM (standard error of the mean). *p<0.05 compared to G1.
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Resumo

Aproximadamente 10% das pessoas infectadas com o Mycobacterium tuberculosis
desenvolvem doenca ativa, e a producdo de citocinas Thl apresenta importante papel no
controle da infeccdo. As células T regulatorias (Treg) constituem um componente chave para
tolerancia periférica, suprimindo células autoreativas e desenvolvendo um papel critico no
controle da resposta imune nas infeccbes. Tem sido demonstrado que as Tregs expressando
Foxp3, tém envolvimento na patogénese da infeccdo pelo M. tuberculosis, ja que a expressao
desse fator de transcricdo, assim como as citocinas TH2 de algum modo regulam a resposta
imune, entretanto pouco é conhecido sobre o efeito do tratamento nesse processo. N0sso
objetivo foi avaliar o efeito da terapia antituberculose na expressdo do RNAm Foxp3 e no
perfil de citocinas TH1/TH2 em pacientes com tuberculose pulmonar. Foram estudadas
amostras de sangue total de controles saudaveis PPD™ e de pacientes durante o tratamento
antituberculose. Apds a obtencdo das células mononucleares do sangue periférico, foi
realizada quantificacdo génica pela gPCR. A quantificagdo das citocinas foi realizada pela
técnica do CBA. Pacientes tratados apresentaram expressdo génica de Foxp3 maior do que 0s
individuos controles durante todo o tratamento. A citocina IFN-y, aumentou apds o inicio do
tratamento enquanto o TNF-o diminuiu. JA o TGF-3 apresentou 0s maiores niveis durante
todo o tratamento. Expressdo e producdo de IL-10 tendeu a aumentar durante o tratamento.
Nossos resultados sugerem que mecanismos efetores e supressores atuam simultaneamente
durante o tratamento da tuberculose, e o balango entre os dois tipos de resposta é importante
para controlar a destruicdo do Mycobacterium e a imunopatogénia da doenca. Além disso, o
tratamento contribui ndo somente com o clearence das micobactérias, mas também para um

restabelecimento da resposta imune.

Palavras chaves: Tregs, citocinas, Thl, Th2, tuberculose, tratamento
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1. Introducéo

A tuberculose (TB) é uma doenca infecciosa de evolucdo crénica, tendo como agente
etioldgico, a bactéria intracelular Mycobacterium tuberculosis @ De acordo com a
Organizacdo Mundial da Satde (OMS) @ estima-se que um terco da populagdo mundial esteja
infectado pelo bacilo, com 9,4 milhGes de casos novos e 1,7 milhdes de mortes devido a
doenca por ano. A tuberculose é letal sem tratamento e é fundamentalmente quimioterapico, o
qual diminui drasticamente a mortalidade, reduz o periodo de transmissibilidade e, quando
usada profilaticamente, previne o adoecimento, constituindo assim a ferramenta mais
importante no controle da doenca ™. Existem atualmente quatro antimibrobianos de primeira
linha, isoniazida, etambutol, pirazinamida e rifampicina, razoavelmente efetivos no
tratamento de individuos com tuberculose em atividade, porém, ineficientes durante o estagio
latente da doenca @4 De uma maneira geral, as drogas antituberculosas atuam por
interferéncia enzimatica ou bloqueio na sintese protéica.

O mecanismo de defesa inicial contra o M. tuberculosis envolve a fagocitose do
microrganismo por macrofagos alveolares. Apds este processo, ocorre producdo de IL-12 por
macrofagos e células dendriticas, que estimula células Natural Killer (NK) a produzirem IFN-
v. IL-12 impulsiona desenvolvimento de uma resposta Th1 para producio de mais IFN-y 9.
O IFN-y é responsavel pela ativacdo do macréfago para produzir TNF-a, que em sinergismo
com o IFN-y, atua aumentando o processo de fagocitose e atividade microbicida desta célula,
através da producdo dos reativos intermediarios de nitrogénio e oxigénio, envolvidos na
inibicdo do crescimento e morte da micobactéria "#%19_ Além disso, 0 TNF-o é essencial
para a formacdo e manutencio do granuloma 2. Estudos tém sugerido que a imunidade
protetora ao M. tuberculosis requer além das células Thl, das células Th17, principalmente no
inicio da infeccdo *®. Estas células apresentam importantes funcdes pré-inflamatérias, e séo
definidas pela producdo das citocinas IL-17A a IL-17F > Entretanto, apesar do efeito
protetor da resposta Thl e Th1l7 contra a tuberculose, a elevada expressdo de citocinas pro-
inflamatérias esta relacionada com a imunopatogénia da doenca “®*". Para limitar esta acéo
deletéria, surgem os mecanismos antiinflamatérios, representados pelos receptores sollveis de
TNF-a, que impedem a ligacdo dessa citocina ao seu receptor, por bloqueio da sinalizagéo,
pelas células T regulatérias e pelas citocinas antiinflamatérias, 1L-4, 1L-10 e TGF-p ®/819)
As células T regulatorias (Treg) constituem um componente chave para tolerancia

periférica, suprimindo células autoreativas e desenvolvendo um papel critico no controle da
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resposta imune nas infecgdes. As Tregs podem se desenvolver intratimicamente, de

precursores CD4" simples 02V

, que desenvolem a funcdo de células da linhagem Treg antes
de sair para a periferia e podem também ser geradas extratimicamente de células T CD4"
CD25 naive, nas quais a expressao de Foxp3 é induzida na dependencia de TGF-$3 @2 As
Treg expressam o marcador de superficie CD25", e o fator nuclear de transcricdo Forkhead
box P3 (FoxP3), o qual parece ser fundamental para o desenvolvimento e fungdo desta
capacidade supressora, sendo o marcador molecular mais especifico **%°. Estas células
inibem a proliferacdo e/ou a producdo de citocinas por outras células e esta capacidade
supressora requer o contato célula-célula e/ou producdo de citocinas inibitorias, tais como, IL-
10 ou TGF-pB. Desssa forma, os mecanismos de supressao da resposta imune descrito contra o
M. tuberculosis incluem aumento da atividade destas células ®®?". As Tregs sdo recrutados
para Orgdos infectados e nestes diminui a resposta imune contra a infeccdo pelo Mtb,
previnindo o clearence da micobactéria, suprimindo as células T CD4+ antigeno-especifico e

interferindo com as células apresentadoras de antigenos 3230

. Assim Tregs tém a
capacidade de controlar o dano tecidual, enquanto interfere no controle adequado da
replicacdo dos bacilos Y, permitindo a persisténcia e o estabelecimento de uma infeccéo
crbnica, porém podem também estar envolvidas na reativacdo da infeccdo e disseminacdo do
Mtb. Estudos demonstram aumento na expressao do mRNA Foxp3 e aumento na proporgao
de células T CD4* CD25" "9 em células mononucleares do sangue periférico de individuos
com TB do que em controles saudaveis ©?. Além disso, tem sido demonstrado aumento na
proporcdo de células T CD4+ CD25+ high e niveis aumentados na expressdao de mRNA
Foxp3 de individuos com TB ativa quando comparado a individuos com TB latente ou em
controles 2.

Pouco é conhecido sobre o balanco entre as células Tregs expressando Foxp3 e
citocinas Th1/Th2 durante o tratamento antituberculose. Desta forma, estudos avaliando a
expressao do fator de transcricdo Foxp3 e citocinas Th1/Th2 em pacientes durante a terapia
antituberculose, poderiam contribuir para o melhor entendimento da relacdo
parasita/hospedeiro nesta doenca. Este estudo avaliou o efeito do tratamento na expressdo do
RNAmM do Foxp3, a expresséo e producdo de IFN-y, TNF-a, IL-10 and TGF-p em pacientes

com tuberculose pulmonar
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2. Casuistica e Métodos

2.1. Casuistica

Foram recrutados pacientes com tuberculose pulmonar atendidos no Servigo de
Moléstias Infecciosas e Parasitarias do Hospital das Clinicas da Faculdade de Medicina de
Botucatu, Unesp — Universidade Estadual Paulista “Julio de Mesquita Filho”, Centro de
Saude Escola de Botucatu, Unidades Béasicas de Salde de Botucatu e regido e individuos
saudaveis, profissionais da area da satde do Hospital das Clinicas da Faculdade de Medicina
de Botucatu. Os pacientes com tuberculose foram diagnosticados utilizando a informagoes
sobre 0 contato com TB, historia médica e sintomas clinicos (tosse, hemoptise, dor toracica,
febre, perda de peso), presenca de bacilos alcool-acido resistentes pela baciloscopia e aqueles
que tinham sintomas caracteristica de TB pulmonar em raio X do térax. Foram excluidos do
estudo pacientes com TB extra-pulmonar, individuos HIV-positivos ou com outras
imunodeficiéncias, pacientes com outras doencas granulomatosas, doencas auto-imune,
cancer e mulheres gravidas. Os controles foram adultos saudaveis sem queixas clinicas de
tuberculose pulmonar, profissionais da area de saude do Hospital das Clinicas da Faculdade
de Medicina de Botucatu, com PPD". O teste do PPD consiste na inje¢do intradérmica de 0,1
ml (2U) do derivado de proteina purificado. Enduragdo > 5 mm, medido apos 72 hs foi
considerado positivo. No total, foram estudados 20 controles (G1) e 19 pacientes com TB
pulmonar (G2). Neste grupo as variaveis foram determinadas em trés momentos: M1-
pacientes com até um més de tratamento antituberculose; M2- no terceiro més de tratamento;
M3- ao final dos seis meses de tratamento. O termo de consentimento livre e esclarecido
assinado foi obtido de todos individuos estudados. O estudo foi aprovado pelo Comité de
Etica em Pesquisa Clinica da Faculdade de Medicina de Botucatu “UNESP. O tratamento dos
pacientes foi realizado durante seis meses, utilizando-se o esquema padrdo RIPE (isoniazida,

etambutol, pirazinamida e rifampicina).

2.2. Coleta de sangue

Foram colhidas amostras de 20 ml sangue da veia do antebraco, em um unico
momento no grupo controle, e nos trés momentos no grupo de doentes com tuberculose
pulmonar. As amostras do sangue foram coletadas em tubos heparinizados e inicialmente

foram centrifugadas a 1500 x g por 10 min para obtencdo do plasma, para realizacdo das
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dosagens das citocinas pelo CBA. As amostras remaining de sangue foram utilizadas para
obtencdo das celulas mononucleares do sangue periférico para posterior avaliacdo da
expressédo de Foxp3, IFN-y, TNF-a, IL-10 e TGF-f.

2.3. Obtencao de células mononucleares totais do sangue periférico

As células mononuclearesdo sangue periférico (PBMC) foram obtidas por meio da
separacdo em gradiente de Histopaque ® Y. O anel rico em linfécitos e monécitos foi lavado
com PBS 15 minutos a 1500 rpm. ApGs este periodo, a suspensdo celular foi ressuspensa em
PBS, sendo a identificagdo e viabilidade das mesmas realizadas pela contagem com Turk. A
sequir, foi acertada a concentracéo da suspensdo celular para 1 x10%ml ou 2x10%ml, de acordo

com o protocolo a ser utilizado.
2.4. Total RNA isolation and real-time PCR

O RNA total foi extraido das células mononucleares do sangue periférico, (obtidas
segundo o item 2.3), 2x10° céls/ml nos diferentes momentos (M1 to M3) by the TRIZOL
method (GibcoBRL, Sao Paulo, Brazil). RNA concentration was determined by the
absorbance of 260nm, and all the samples showed an absorbance value of approximately 2.0.
One microgram of RNA was used for the synthesis of 20uL of complementary DNA (cDNA)
by SuperScript™ 111 Reverse Transcriptase (Invitrogen, S&o Paulo, Brazil). Foxp3, IFN-y,
TNF-0, IL-10 and TGF-B mRNA levels were determined by real-time PCR. As sequencias
dos primers esta representada na tabela 1. O gene da B-Actin was used as internal control.
Quantitative measurement was performed using the SYBR Green gPCR kit (Invitrogen)
according to the manufacturer’s instructions on a ABI Prims 7300 Sequence Detector
(Applied Biosystems). The real-time cycler conditions were as follows: 95°C por 10 minutos,
seguidos de 40 ciclos de anelamento, a 95°C por 15 segundos e extensdo a 60° por 1 minuto,
sendo os sinais de fluorescéncia adquiridos nos passos de anelamento e extensdo do ciclo de
amplificacdo (60°C por 1 minuto). Product purity was confirmed by dissociation curve
analysis. Gene expression was quantified relative to the values of the control group after
adjusting for B-Actin. Samples from at each moment (M1-M3), from each one of the two
groups (G1 and G2) were analyzed in duplicate. The results were presented as increase or

decrease in gene expression.
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2.5. Quantificacao da citocinas plasmaticas pelo CBA

As dosagens das citocinas IFN-y, TNF-a, IL-10 e TGF-$ foram realizadas pela técnica
do CBA, e analisadas citdmetro de fluxo modelo FACS CALIBUR™ (Becton Dickinson)
usando o programa “Cell Quest” (Becton Dickinson) de acordo com as indicacdes do
fabricante.

2.6. Analise Estatistica

Para comparar a expressao génica do Foxp3, IFN-y, TNF-a, IL-10 e TGF-B pelagPCR
e quantificacdo das citocinas plasmaticas pelo CBA no tempo, foi ajustado um modelo em
medidas repetidas no tempo, utilizando o proc mixed do programa SAS. Para comparar a
expressdo génica do Foxp3, IFN-y, TNF-a, IL-10 e TGF-B pela gPCR e quantificagdo das
citocinas plasmaticas pelo CBA com o grupo controle foi ajustado um modelo linear
generalizado de acordo com a distribuicdo gamma. O ajuste foi feito utilizando o proc
genmod do programa SAS for windons versdo 9.2. Considerou-se p<0,05 como nivel de

significancia.

3. Resultados

3.1. Aumento da expressdo génica de Foxp3 em individuos com TB pulmonar durante o

tratamento

A expressdao génica do Foxp3+ em individuos controles (G1) e em pacientes (G2)
durante o tratamento antituberculose (M1-M3) esta representada na Figura 1. Quando
analisamos o tratamento antituberculose, podemos observar que houve uma maior expressao
génica em M2 nos pacientes com tuberculose pulmonar. Em relacdo a comparacdo entre G1 e
G2, os resultados mostraram que no inicio do tratamento (M1), houve um aumento da
expressao deste fator de transcricdo nos pacientes com tuberculose pulmonar G2 (p=0,0047),
em relacdo ao grupo controle (G1). No terceiro més de tratamento (M2), a expressao génica
deste fator continuou aumentando significativamente maior em relagdo ao G1 (p=0,0036). No
fim do tratamento (M3), ocorreu uma pequena queda desta expressdao em G2, apresentando

ainda diferenca significativa (p=0,0002) em relacéo ao G1.
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3.2. Efeito da terapia antituberculose na producao e expressao de citocinas em pacientes com
TB pulmonar

Em relagdo a expressdo génica e a producdo do IFN-y, o tratamento induziu uma
expressao génica maior em M1 (p=0,0003), M2 (p<0,0001) e M3 (p=0,001), quando
comparado aos valores detectados nos individuos controles. Nao foram detectadas diferencas
significativas na expressao do RNAm para o IFN-y durante o tratamento. Quanto a producéo
desta citocina, esta foi significativamente maior em M2 em relacdo a M1 (p=0,02), e maior
em M1 (p=0,002) e M2 (p=0,01) em pacientes com tuberculose em relagcdo aos individuos
controles, tanto a expressdo como a producgédo desta citocina tenderam a diminuir em M3
(Figura 2A e B). A andlise da expressao génica e producdo do TNF-a (Figura 2C e D),
mostrou que houve um aumento significativo na expressdo génica em M1 (p=0,008) e M2
(p=0,009) e na producdo em M1 (p=0,04) nos pacientes com tuberculose pulmonar (G2), em
relagdo ao grupo controle (G1). Ndo foram detectadas diferencas estatisticas na expresséo
génica do TNF-a entre os diferentes momentos do tratamento. A producgdo do TNF foi menor
em M3 (p=0,01) em relagdo ao M1.

A expressdo génica da I1L-10 em pacientes foi significativamente maior em M1
(p=0,02) e M3 (p=0,01) em relacdo ao grupo controle, ndo apresentando diferencas
significativas durante o tratamento. A producdo da IL-10 foi menor em pacientes em M1 e
aumentou em M2 e M3, porém sem diferencas signifiativas (Figura 3A e B). A andlise da
expressao génica e producdo do TGF-B (Figura 3C e D), mostrou no grupo de pacientes com
tuberculose pulmonar (G2) a expressdo génica foi significativamente maior em M2 (p=0,006)
em relacdo ao grupo controle (G1). A producdo do TGF-B foi maior em M1 (p<0,0001), M2
(p=0,001) e M3 (p=0,01) em relacdo ao controle, porém sem diferenca durante o tratamento
(Figura3C e D).

4. Discussao

O balango entre os mecanismos de resposta imune efetores e supressores pode ser o
papel chave para o controle do desenvolvimento da infecgao causada pelo M. tuberculosis.
As células T regulatdrias tém sido associadas com a regulacdo de fungdes imunologicas em
algumas doencas como as autoimunes, as causadas por tumores >3 e as infecciosas®"*®.
Estas células podem regular células efetoras durante a longa persisténcia da doenca,

impedindo um dano tecidual causado por estas células ®**?). Entretanto, durante uma infeccéo
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crénica, como a causada pelo M. tuberculosis, as células Tregs podem também ser
prejudiciais, porque podem regular as células T antigeno especifico, desativando macréfagos
e, portanto, inibindo o controle da replicacdo da bactéria “**¥. Na tuberculose o papel das
Tregs ndo € bem entendido, uma vez que nao esta claro se sua expansdo seja causadora ou
uma conseqiiéncia da doenca. Essas células podem limitar a reacdo inflamatéria e o dano
tecidual, induzido durante a reacdo imunoldgica contra as micobactérias. E possivel que a
expansdo dessas células ocorra em resposta a infeccdo pelo M. tuberculosis, ao reconhecer
produtos bacterianos particulares, ou através da inducdo de IL-10 e TGF-B, produzidos
durante a infec¢do. Neste estudo, observamos uma maior expressao génica do Foxp3 durante
todo o tratamento, quando comparado aos individuos controles. Estes resultados estdo de

acordo com estudos conduzidos por Marin et al. “®

, que mostraram um aumento da
frequéncia de células T CD4" CD25"%" FOXP3* em pacientes com tuberculose ativa,
comparado com individuos latencialmente infectados com o M. tuberculosis. Além disso,
aumento dessas células tanto no sangue periférico, como no infiltrado pleural, de pacientes
com tuberculose pleural, tem sido observado, indicando que estas células sdo capazes de se
expandir tanto no sangue periférico como no sitio da infeccdo. Guyot-Revol et al. “®,
encontraram aumento da expressdo do mMRNA de Foxp3 em pacientes com tuberculose ativa,
guando comparado com controles ndo infectados. Baseados nestes achados, foi sugerido que
esta elevacdo foi devido ao aumento da frequencia de células Treg. Além disso, em um estudo
utilizando uma dupla marcacéo para CD25+ e Foxp3 demonstrou um aumento da frequéncia
de células Treg expressando Foxp3, no sangue periférico de pacientes com Tb ativa 547,

O IFN-y apresenta papel fundamental no desenvolvimento de resposta protetora na
tuberculose “®. Tem sido demonstrado que individuos com genes defeituosos para produco
de IFN-y ou no receptor desta citocina estdo propensos a sérias infeccdes micobacterianas,
incluindo com o M. tuberculosis “9. Entretanto, no presente estudo, os pacientes apresentaram
niveis significativamente aumentados da expressdo do mRNA para o IFN-y no inicio do
tratamento, enquanto os niveis plasméaticos aumentaram ap0s o terceiro més de tratamento,
em relacdo aos individuos controles. Pacientes recém diagnosticados apresentavam maiores
niveis IFN-y, no soro, quando comparados a individuos com histéria prévia de tuberculose, e
estes individuos apresentavam niveis desta citocina semelhantes aos controles saudaveis. No
entanto, quando se avaliou o tratamento foi verificado que individuos ndo tratados
apresentavam niveis mais elevados desta citocina, que durante o tratamento diminuiram

gradativamente ®%. Entretanto, esses resultados n&o estdo de acordo com 0s Nossos e outros
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que mostraram a producdo do IFN-y aumentou durante o curso da terapia G A provavel
explicacdo para a 0 aumento desta citocina ap0s o tratamento é baseada em alguns estudos
que verificaram que no momento do diagndstico da tuberculose, a concentracdo de IFN-y &
mais elevada no sitio de infeccdo do que no sangue periférico, sugerindo que durante a
atividade da tuberculose, ha uma compartimentalizacdo dos linfocitos especificos contra o
antigeno micobacteriano no local da infec¢édo, e que o aumento das concentracdes de IFN-y no
soro, no periodo quimioterapico, coincidem com a chegada de linfocitos ao sangue periférico
®2). De forma contraria ao que detectamos em nosso estudo, outros observaram que os niveis
de IFN-y estavam deprimidos em doentes com tuberculose ativa ®*°¥. Pacientes apresentando
a forma moderada de TB apresentaram niveis de IFN-y maiores, do que 0s que posuem a
forma mais grave Y. Desta forma, diante destes estudos podemos sugerir levando-se em
conta que os niveis de IFN-y em pacientes sem tratamento foram semelhantes aos detectados
nos individuos controles, e que o tratamento aumentou significativamente estes niveis, que
nossos pacientes apresentam uma forma mais moderada da doenga, uma vez que a maioria
dos individuos foi recrutada de ambulatérios, e ndo se encontrava internada. Embora, nossos
resultados mostraram que a expressdo desta citocina foi elevada no inicio do tratamento, néo
se traduziu em producdo, que apresentou apenas uma tendéncia em ser maior que a dos
individuos controles. Nesta fase do tratamento, esses niveis ndo foram relacionados com
protecdo, provavelmente porque ainda ndo estavam em quantidades adequadas para ativar os
mecanismos responsaveis pela destruicdo da micobactéria. No decorrer do tratamento 0s
niveis do IFN-y aumentaram, e provavelmente foram suficientes para ativar a resposta
protetora.

O TNF-a, uma importante citocina para controle da infeccdo, envolvida no processo
de ativacdo de macréfagos, mas também é um importante fator relacionado com a

imunopatogenia da doenca ©°.

No presente estudo, 0s pacientes com tuberculose
apresentaram niveis de TNF-a significantemente mais elevados do que os controles. Durante
o tratamento dos doentes, a producdo e a expressdo génica desta citocina foram diminuindo
gradativamente. De acordo com nossos resultados, outros também demonstraram que
individuos com tuberculose pulmonar apresentaram niveis elevados de TNF-o, em
sobrenadantes de culturas de células mononucleares do sangue periférico, quando comparados
aos controles, que diminuiram ao longo do tratamento ®>°%" Entretanto, este estudo mostra
que apesar do TNF-o apresentar niveis elevados, em pacientes no inicio do tratamento,

podemos sugerir que nesta fase ndo foi protetor, e provavelmente estaria envolvido com a
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patogénese da doenca, e com o tratamento, esses niveis tornaram-se mais baixos e poderiam
estar relacionados com protecdo, envolvidos nos mecanismos de destruicdo do parasita. O
TNF-a, dependendo da concentragdo em que é produzido, pode estar envolvido nos efeitos
imunopatoldgicos, tais como febre, diminuicdo do peso corporal, necrose tecidual e choque
(56-6%) Neste sentido, em pacientes africanos com tuberculose o baixo peso corporal foi
associado com aumento dos niveis das citocinas TNF-a, IL-6 e IL-1p %,

Alguns estudos tém mostrado que pacientes com tuberculose pulmonar recém
diagnosticada apresentam niveis séricos de IL-10 maiores, do que os individuos tratados
previamente e os sadios, entretanto, a terapia diminuiu as concentragdes séricas desta citocina
(6550) Resultados que discordam com os nossos em relacdo a expressdo e producdo da IL-10,
uma vez que a expressao foi maior no inicio e no fim do tratamento. De forma semelhante
ocorreu com a producdo, j& que os niveis tenderam a aumentar durante o tratamento. Estas
diferencas entre a expressdo e a producgdo podem ser explicadas pela estabilidade do mRNA e
pela taxa transcricional e fatores de regulacdo traducionais, que podem afetar diretamente a
expressdo e producdo de mediadores envolvidos com a resposta imune ©®. Por outro lado,
outros estudos observaram que antes do tratamento antituberculose, pacientes com
tuberculose pulmonar apresentam niveis séricos semelhantes desta citocina em relacdo ao
controle, resultados que concordam com os deste estudo no inicio do tratamento ©”. Em
nosso estudo, apesar da elevada expresséo, a producdo da IL-10 foi baixa, em pacientes no
inicio do tratamento, sugerindo que sua principal atuacdo foi no final do tratamento,
exercendo um papel regulatério para controlar o processo inflamatorio.

Na tuberculose, o TGF-p pode primeiramente exercer um papel supressor do perfil
Thi, e participar na inducéo da fibrose ©®. Em baixas concentracdes, ainda atua como fator
quimiotatico para monacitos, induzindo a secre¢do de IL-1a e TNF- a, aém de participar na
diferenciacdo de células Th17 junto com IL-6 e I1L-21 ®® e na de células Treg . No
presente estudo a expressao génica do TGF-p tendeu a aumentar principalmente no terceiro
més de tratamento, quando comparada aos controles. O tratamento também aumentou a
expressao desta citocina, principalmente neste periodo, que tendeu a cair no final do
tratamento. Além disso, os niveis plasmaticos desta citocina foram maiores em pacientes com
TB pulmonar do que em individuos controles em todos os momentos do tratamento. De forma
semelhante ao obtido neste estudo outros detectaram niveis elevados desta citocina, em
sobrenadante de cultura de células obtidos de pacientes com tuberculose pulmonar, que
diminuiram no final do tratamento ®®. Altos niveis de TGF-B, também foram encontrados no
plasma e no fluido pleural de pacientes com TB antes da cura, em relagdo a contactantes
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saudaveis, ocorrendo uma queda na concentracao desta citocina apés a cura ©”. Diante do que
foi apresentado, nossos resultados estdo de acordo com a literatura, que relatam que pacientes
com TB pulmonar ndo apresentam deficiéncia na producdo de TGF-B, na doenca em atividade
e durante o tratamento antituberculose. Podemos sugerir que os altos niveis desta citocina em
pacientes, no inicio do tratamento, estejam atuando suprimindo a resposta imune protetora, e
no decorrer do tratamento, poderiam estar regulando a atividade inflamatdria, contribuindo
para protecao contra danos causados pela resposta inflamatoria exacerbada, além de atuar nos
processos de deposicdo de matriz extracelular e de fibrose.

Em resumo, no inicio do tratamento foi detectada baixa producdo de citocinas de
perfil Thl como IFN-y, atos niveis de TNF-a que ndo foi protetor, alta expressdo de Foxp3 e
principalmente de TGF-B que provavelmente estariam atuando inibindo os mecanismos
protetores e excesso de inflamacdo, enquanto que ao longo do tratamento ocorreu aumento
dos niveis de IFN-y, e queda de TNF-a, e nesta fase provavelmente os elevados niveis do
Foxp3 e do TGF-B estariam relacionados com diminuigcdo do processo inflamatorio. Nossos
resultados sugerem que mecanismos efetores e supressores atuam simultaneamente durante o
tratamento da tuberculose, e o balanco entre os dois tipos de resposta é importante para
controlar a destruicdo do Mycobacterium e a imunopatogénia da doenca. Além disso, 0
tratamento contribui ndo somente com o clearence das micobactérias, mas também para um

restabelecimento da resposta imune.
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Tabelal. Primers para citocinas, Beta- actina e Foxp3
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Gene Sequéncia Reverse Sequéncia Forward Gene Bank Tamanho
produto

IFN-y GTTCCATTATCCGCTACATCTGAA AGCTCTGCATCGTTTTGGGTT NM_000619.2 118
TNF-a GATGATCTGACTGCCTGGGC CACGCTCTTCTGCCTGCTG NM_000594.2 105

IL-10 TCATCTCAGAACAAGGCTTGGC CGAGATGCCTTCAGCAGAGTG NM_000572.2 128
TGF-B TCCAGGCTCCAAATGTAGG GGACACCAACTATTGCTTCAG NM_000660.4 150
Foxp3+ ACAGTCTCTGGAGCAGCAGC CCACAGATGAAGCCTTGGTC NM_014009.3 101
B-actina AAGGGACTTCCTGTAACAATGCA CTGGAACGGTGAAGGTGACA NM_001101.3 140
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Figura 1: Expressdo génica do mRNA do Foxp3 no grupo controle (G1) e no grupo de
pacientes durante o tratamento antituberculose (G2) nos trés momentos: M1 (até 1 més de
tratamento); M2 (trés meses de tratamento) e M3 (seis meses de tratamento). Os resultados
estdo representados pela média + S.E.M (erro padrdo da média). *p<0,05 quando comparados

ao G1.
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Figura 2A, B, C, D: Expressédo génica do mRNA e producdo de IFN-y (A,B) e TNF-a (C,D)
no grupo controle (G1) e no grupo de pacientes durante o tratamento antituberculose (G2) nos
trés momentos: M1 (até 1 més do tratamento); M2 (trés meses de tratamento) e M3 (seis
meses de tratamento). Os resultados estdo representados pela média + S.E.M (erro padrdo da
média). *p<0,05 quando comparados ao G1; #p<0,05 quando comparado ao M1;
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Figura 3A, B, C e D: Expressdo génica do mRNA e producdo de IL-10 (A,B) e TGF-B (C)
no grupo controle (G1) e no grupo de pacientes durante o tratamento antituberculose (G2) nos
trés momentos: M1 (ate 1 més do tratamento); M2 (trés meses de tratamento) e M3 (seis
meses de tratamento). Os resultados estdo representados pela média + S.E.M (erro padrdo da

média). *p<0,05 quando comparados ao G1,



	FOLHA DE ROSTO
	FICHA CATALOGRÁFICA
	DEDICATÓRIA
	AGRADECIMENTOS
	EPÍGRAFE
	RESUMO
	ABSTRACT
	SUMÁRIO
	1. INTRODUÇÃO
	2. OBJETIVOS
	3. CASUÍSTICA E MÉTODOS
	REFERÊNCIAS
	4. ARTIGOS CIENTÍFICOS
	Artigo 1:
	Artigo 2:
	Artigo 3:




