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RESUMO

A Tuberculose (TB) € uma doenca infectocontagiosa de relevancia global para
saude publica, principalmente em paises subdesenvolvidos e em
desenvolvimento. E uma das principais causas de morte por patégeno Unico,
atrés apenas do SARS-CoV-2, somando 1.4 milhdes de 6bitos em 2021 em
pessoas ndo portadoras de HIV e um total de 10.6 milhdes de infectados.
Inicialmente um patégeno pulmonar, o Mycobacterium tuberculosis (Mtb) pode
se disseminar por outros 6rgdos e tecidos, além de apresentar diferentes niveis
de gravidade clinica na dependéncia da interacao entre a resposta imune do
hospedeiro e o Mtb, sendo, portanto, uma imunopatogénese, onde a ativacao
inflamatoria créonica do hospedeiro definira o espectro clinico apds o contato com
0 patégeno, e o dano tecidual determinado pela ativacéo inflamatéria do paciente
na tentativa de contencéo bacilar. Com trabalhos iniciados ainda no periodo de
iniciacao cientifica, eu e o meu grupo desenvolvemos diversos projetos que
visam o melhor entendimento de biomarcadores moleculares associados nesse
processo que definird o espectro da doenca em seus portadores. Por tratar-se
de imunopatogenia, processos que afetem os mecanismos homeostaticos de
ativacao inflamatoria podem interferir na montagem de uma resposta adequada
e capaz de conter a proliferacdo bacilar. Nesse contexto, ganha destaque o
diabetes melitus, doenca metabdlica crbnica com incidéncia crescente,
principalmente em consequéncia dos maus habitos de vida e obesidade, com
aproximadamente 422 milhdes portadores ao redor do mundo e, responsavel por
cerca de 1.5 milhdes de mortes anualmente. Diversos estudos tém avaliado a
influéncia do diabetes na TB, porém o impacto da disglicemia na ativacdo
inflamatdria de portadores de TB permanece incerto. Essa tese utiliza dados do
RePORT Brasil e india, somados a dados publicos do consércio TANDEM, de
pacientes com TB seguidos por 6 meses durante a terapia anti-tubercular.
Amostras de fluidos biologicos foram coletadas e analisadas. Os dados utilizados
foram previamente coletados e obtidos através da plataforma Luminex e
transcriptoma do sangue periférico e dosagem de eicosanoides na urina.
Utilizando analises multidimensionais e de inteligéncia artificial do tipo
aprendizado de maquina, encontramos que as condi¢cdes clinicas TB, DM e
TBDM compartilham poucos genes diferencialmente expressos na comparacao
entre os paises do estudo, pacientes com TBDM apresentam maior grau de
perturbacdo molecular, a influéncia dos genes diferencialmente expressos nas
vias bioldgicas € distinta, ndo apresentando um mesmo padrao entre os paises,
exceto as vias de degranulacdo de neutrofilos, peptideos antimicrobianos e a via
de organizacdo da matriz extracelular, além de identificar a correlacdo entre
niveis de HbAlc e vias bioldgicas. Aléem disso, estudamos as alteragbes multi-
Omicas no contexto TBDM, além de avaliar o impacto de RNA néo codificadores
no processo. Em conjunto, os manuscritos dessa tese identificam alguns
aspectos do impacto da disglicemia na ativacdo inflamatoria de pacientes com
TBDM, que poderédo futuramente ser utilizados como alvo para estratégias
terapéuticas, além de trazer marcadores multi-dmicos que poderdo embasar



novos estudos mecanisticos na busca de marcadores para definicdo de
prognostico e evolucdo da TB em portadores de DM.

Palavras-chave: Tuberculose, Diabetes mellitus, ativacdo inflamatoria,
transcriptomica, multi-6mica, RNA ndo codificante.



ABSTRACT

Tuberculosis (TB) is an infectious disease of global relevance to public health,
mainly in low and middle incomes countries. It is one of the leading causes of
death by single pathogen, second only to SARS-CoV-2, adding up to 1.4 million
deaths in 2021 in people without HIV and a total of 10.6 million infected people.
Initially a pulmonary pathogen, Mycobacterium tuberculosis (Mth) can spread to
other organs and tissues, presenting different levels of clinical severity depending
on the interaction between the host's immune response and Mtb, thus being an
immunopathogenesis, where the chronic inflammatory activation of the host will
define the clinical spectrum after contact with the pathogen, and the tissue
damage being determined by the inflammatory activation of the patient in an
attempt to contain the bacillary. With work started still in the period of scientific
initiation, my group and | developed several projects aimed at a better
understanding of molecular biomarkers associated in this process that will define
the spectrum of disease. Because it is an immunopathogenesis, processes that
affect the homeostatic mechanisms of inflammatory activation can interfere with
the assembly of an adequate response capable of containing bacillary
proliferation. In this context, diabetes mellitus, a chronic metabolic disease with
increasing incidence, stands out, mainly because of poor lifestyle habits and
obesity, with approximately 422 million carriers around the world, and responsible
for about 1.5 million deaths annually. Several studies have evaluated the
influence of diabetes on TB, but the impact of dysglycemia on the inflammatory
activation of TB patients remains uncertain. This thesis uses data from RePORT
Brazil and India, added to public data from the TANDEM consortium, from TB
patients followed for 6 months during anti-tubercular therapy. Samples of
biological fluids were collected and analyzed. The data used were previously
collected and obtained through Luminex and peripheral blood transcriptome and
measurement of eicosanoids in the urine. Using multidimensional and artificial
intelligence analyses, we found that the clinical conditions TB, DM and TBDM
share few differentially expressed genes in the comparison between the countries
of the study, patients with TBDM have a higher degree of molecular disturbance,
the influence of differentially expressed genes on biological pathways is distinct,
not showing the same pattern between countries, except for neutrophil
degranulation pathways, antimicrobial peptides and the extracellular matrix
organization pathway, in addition to identifying the correlation between HbAlc
levels and biological pathways. Together, the manuscripts of this thesis identify
some aspects of the impact of dysglycemia on the inflammatory activation of
patients with TBDM, which may in the future be used as a target for therapeutic
strategies, in addition to bringing multi-omic markers that may support new
mechanistic studies in the search for markers to defining the prognosis and
evolution of TB in patients with DM.

Keywords: Tuberculosis, diabetes mellitus, inflamatory activation,
transcriptome, multi-omics, non-coding RNA.
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1 INTRODUCAO

A Tuberculose (TB) € uma doenca infectocontagiosa milenar, que leva a impactos
econdbmicos e sociais catastroficos em todo mundo, principalmente nos paises
subdesenvolvidos e em desenvolvimento, como Brasil, india, Africa do Sul e China.
Trata-se de uma das principais causas de morte por patégeno Unico, atras apenas do
SARS-CoV-2, somando 1.4 milhdes de 6bitos em 2021 em pessoas ndo portadoras
de HIV e um total de 10.6 milh&es de infectados (1). Ademais, durante a pandemia de
COVID-19, houve grande dificuldade no processo diagndéstico e, principalmente,
falhas de notificacéo, podendo esse numero ser ainda maior. Adicionalmente, emerge
a preocupacao com as cepas resistentes as principais drogas utilizadas no esquema
terapéutico, colocando a TB dentre as doencas de preocupacdo global pela
Organizacdo Mundial de Saude (OMS).

Inicialmente um patégeno pulmonar, o Mycobacterium tuberculosis (Mtb) pode se
disseminar por outros 6rgaos e tecidos, resultando em diferentes niveis de gravidade
clinica na dependéncia da interacdo entre a resposta imune do hospedeiro e o0 Mtb
(2). Por essa razdo, a TB é entendida e estudada como uma imunopatologia, um
processo de ativacao inflamatoria crénica do hospedeiro que definird o espectro
clinico ap6s o contato com o patdgeno, sendo o dano tecidual determinado pela
ativacao inflamatéria do paciente na tentativa de contencao bacilar. Nosso grupo vem
se empenhado no entendimento das vias imunopatogénicas da TB, seja isoladamente
ou em associacao com HIV (3-9). Em trabalho publicado ainda como estudante de
iniciacao cientifica, pudemos avaliar diferencas na ativacao inflamatoéria de acordo
com o sitio de infeccao por Mtb, TB pulmonar (PTB) ou extrapulmonar (EPTB) (10).
Nossos achados revelaram, como esperado, um perfil de ativacao similar, entre PTB
e EPTB. No entanto, evidenciamos que a terapia anti-tubercular (ATT) induz
alteracdes inflamatorias mais precoces em PTB quando comparado com EPTB (10).
Digno de nota, concluimos que as alteracdes em concentracdes plasmaticas de
proteinas inflamatdrias e mediadores lipidicos permanecem mesmo apés o término
da ATT (10). Em outros dois trabalhos, visamos avaliar se a nacionalidade (11) e a
idade (12) influenciam tal ativacdo. Nossos achados revelaram perfis distintos
comparando populacées da China e india utilizando o grau de perturbacéo molecular,

“‘molecular degree of perturbation (MDP)” (11). Ainda aplicando MDP, evidenciamos
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gue a idade se associa a aumento no grau de perturbacédo molecular (12). Isso sugere
gue o envelhecimento esta intimamente associado a capacidade do hospedeiro
infectado de induzir um grau de inflamacdo mais exacerbado, possivelmente

resultando em maior dano tecidual.

Portanto, condicBes outras que afetem a resposta imunologica, e sua efetividade
antimicrobiana assim como a sua regulacéo para minimizar dano tecidual colateral,
podem influenciar na ativacdo das vias inflamatorias dos pacientes com TB. Nesse
contexto destacam-se outras doencas infecciosas, como o HIV, determinantes
genéticos (13), ambientais (14), nutricionais (15) e metabdlicos como as alteracdes de

glicemias no plasma, denominadas aqui disglicemias.

Disglicemia refere-se as alteracdes, para mais ou para menos, no considerado nivel
normal para glicemia plasmatica, entre 80-100 mg/dL. A presente tese foca
principalmente nas hiperglicemias e diabetes mellitus (DM). O DM é uma doenga
metabolica crénica de grande relevancia mundial, com incidéncia crescente,
principalmente em consequéncia de habitos de vida e obesidade. De acordo com a
OMS, atualmente 422 milhdes de pessoas possuem DM ao redor do mundo, a maioria
em paises de baixa e média renda, com 1.5 milh6es de mortes atribuidas a doenga
anualmente (16).

Usualmente, os niveis de glicose elevados a longo prazo geram les6es em érgaos
alvo, como rins, olhos, coracédo, nervos periféricos e vasos sanguineos. No entanto,
hiperglicemias sustentadas levam a um processo de inflamagdo sistémica
desencadeada pela alteracdo metabdlica, com efeitos na regulacdo imune do portador
de DM, que por muitas vezes € caracterizado como imunossupresso ou desregulado
(17). Exemplo atual dessa condicéo, € o DM como fator de risco para desenvolvimento
de quadros mais graves de COVID-19 (18). Dessa forma, tratando-se de patologia
gue compromete 0os mecanismos de ativacdo inflamatdria e com grande incidéncia
mundial, principalmente nos paises de baixa e média renda, que também séo os que
rednem maiores incidéncias de TB, emerge no mundo uma superposicdo das

condicOes e, a relacdo TBDM passou a ser amplamente estudada nos ultimos anos.

Nesse contexto o DM surge como condi¢cao prevalente que contribui com a carga
global da TB (19). A superposi¢cdo dos processos inflamatorios, um mediado por

condicéo infecciosa e, 0 outro por condicdo metabdlica, vem sendo marcada por
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apresentacoes mais graves de PTB (20), maior transmissibilidade a contatos proximos
(21), alteracbes de mediadores inflamatérios derivados do acido araquidénico na urina
(22) e, a desfechos desfavoraveis em um estudo peruano (23) e, desfechos
desfavoraveis e morte no Brasil (24).

No entanto, pouco ainda se sabe a respeito do impacto a nivel molecular que a
disglicemia exerce em portadores de TB, culminando nas consequéncias supra
escritas. O entendimento dessas vias e mecanismos pode auxiliar tanto no diagndstico
de TB em pacientes com DM, tanto quanto no seguimento e monitoramento de
tratamento e definicdo de progndéstico naqueles portadores das condicdes. Porém, até
pouco tempo atras, as ferramentas investigativas ndo eram capazes de extrapolar
simultaneamente aspectos clinicos ou, no maximo, bioquimicos, para elucidacéo de

pontos determinantes no manjo clinico das doencas.

Gracas as inovagfes na coleta e armazenamento de dados, associados a Medicina
de precisdo, surgem inimeras abordagens que unem determinantes gendmicos e
multidbmicos com informacdes clinicas, a fim de aprimorar estratégias diagnosticas e
prognésticas (25), com impactos diretos na assisténcia prestada a nivel individual e
global. Possibilitada pelos avangos descritos, a Inteligéncia Artificial (Al), surge
trazendo entusiasmos ao meio cientifico, principalmente por viabilizar abordagens
baseadas em Predicdo, Prevencao, Personalizacdo e Participacdo, conhecido como
modelo de Medicina 4P (26). Nesse contexto, diversos modelos vém sendo
construidos e testados utilizando Al, em medicina nuclear (27), oftalmologia (28),
anestesiologia (29), neurocirurgia (30), cardiologia (31) e infectologia. Recentemente
0 Nosso grupo pode contribuir para o desenvolvimento de uma assinatura génica para
diagnéstico de TB em pacientes com HIV (32) e avaliacdo multi-6mica de marcadores
de TB em HIV avangado (33).

Utilizando essas e outras técnicas estatisticas multidimensionais, a presente tese,
composta por trés manuscritos, visa identificar os fatores moleculares associados a
disglicemia que influenciam na ativacao inflamatoria sistémica de pessoas com TB.
Utilizamos dados previamente coletados do RePORT internacional (34), no Brasil e
india (35, 36), associados a dados publicos do consoércio TANDEM (37) nos sitios da
Africa do Sul e Roménia, para comparar a expressdo génica de pacientes com TB

pulmonar, quantificar e qualificar a resposta inflamatoria utilizando grau molecular de
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ativacao inflamatoria (10-12, 38-41) e vias de expressao biolégicas, buscar um perfil
de expressdo génica que caracterize a superposicao TBDM, identificar o efeito das
condicdes clinicas aqui estudadas na expressao das vias biologicas, além de estudar
a expressao multibmica de TB e Diabetes, que ao nosso conhecimento € o primeiro
estudo a avaliar multiplas plataformas émicas, coletadas nos mesmaos pacientes e nos
mesmos tempo de estudo, na relacdo TBDM. Adicionalmente, avaliamos o impacto

dos RNAs nao codificadores no contexto TBDM.

Os resultados obtidos nessa tese de doutorado poderao servir de base molecular para
o desenvolvimento futuro de novas técnicas e métodos diagndsticos que utilizem
assinaturas génicas, ferramentas de seguimento terapéutico, além de identificar
potenciais marcadores em plataformas multibmicas para desenvolvimento de novas
vias de intervencao terapéutica, auxiliando assim o campo de estudos em TB afim de

reduzir a carga global da doenca.
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2 OBJETIVOS
2.1 Geral:

Identificar os fatores moleculares associados a disglicemia que influenciam na

ativacao inflamatdria sistémica de pessoas com Tuberculose.
2.2 Especificos:

Comparar expressdo génica de pacientes com tuberculose pulmonar e diabetes
mellitus (DM) entre os sitios do RePORT;

Quantificar e qualificar a resposta inflamatéria de pessoas com TB e TBDM,;

Avaliar se ha um perfil de expressao genica que caracterize pessoas com Tuberculose
e Diabetes mellitus;

Identificar o efeito das condi¢Bes clinicas (TB, TBDM e DM) na expressao de vias
bioldgicas;

Estabelecer o impacto da disglicemia na ativacdo das vias biolégicas;
Avaliar o efeito da disglicemia nas multiplas plataformas émicas;

Estudar o impacto dos RNAs néo codificadores na interacdo TBDM.
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3 REVISAO DE LITERATURA

A interagdo Tuberculose-Diabetes vem sendo amplamente estudada nos ultimos
anos, principalmente pela crescente incidéncia de ambas as doencas que tém gerado
tal superposicdo de condicbes com relevantes impactos na sautde publica. E sabido
gue a presenca de DM se impde como fator de risco para TB e, que esta associada a
desfechos desfavoraveis. No entanto, as intera¢des fisiopatoldgicas que justificam tais
efeitos adversos na interacdo TBDM permanecem pouco elucidadas. Com 0s avangos
na Medicina moderna, diversos estudos vém sendo realizados a fim de delinear perfis
inflamatorios e de expresséo génica que caracterizem as condi¢cdes TB, DM e TBDM
(35, 37, 42) a fim de buscar ferramentas alternativas para diagnostico, seguimento

terapéutico e definicdo de progndstico.

Parte dos mecanismos imunoldgicos que contribuem para elevada susceptibilidade
de pessoas diabéticas a TB se associam a deficiéncia no reconhecimento
micobacteriano, atividade fagocitica e ativacdo de resposta imune celular, culminando
em inadequada producéo de citocinas e quimiocinas, sumarizados em uma revisao
de literatura publicada em 2019 (43). O status de hiperglicemia cronica leva a diversas
alteracdes na ativacdo imunoldgica que provavelmente estdo associados a maior
susceptibilidade e desfechos desfavoraveis, haja vista que para o controle da
proliferacdo micobacteriana o hospedeiro precisa estruturar uma resposta eficaz.
Estudos prévios demonstram diferencas na imunidade inata, primeira linha de defesa
contra patégenos, entre DM e ndo DM. Parece haver um prejuizo na funcédo de
neutrdéfilos, macréfagos, células dendriticas (CD), natural killer e de outros aspectos

da ativacao inata (44-46).

As células dendriticas sdo uma das células apresentadoras de antigeno, que por sua
vez tem a funcdo de mediar a intercesséo entre imunidade inata e adaptativa (47).
Migrando para os linfonodos, as CD desempenham papel fundamental na ativacéo
dos linfoécitos T na TB (48). Estudos prévios demonstram reducdo significativa na
frequéncia de CD em TBDM, acreditando-se haver correlagéo entre o numero de CD
e niveis de HbAlc (48, 49).

Outro tipo celular marcadamente afetado pela hiperglicemia sdo os neutrdfilos.
Neutrofilos se caracterizam néo sO por possuirem a funcdo de migrar para o tecido

infectado e matar patégenos, mas também, secretando citocinas e quimiocinas, estao
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associados a uma série de reacdes que culminam na ativacdo e recrutamento de
outros tipos celulares (49, 50). Individuos hiperglicémicos apresentam neutréfilos com
maior expressdo de adesinas e integrinas, reducdo da quimiotaxia, defeitos em
fagocitose, e atividade microbicida comprometida quando comparados a controles
normoglicémicos (49). As funcdes fisioldgicas das células da imunidade inata e o
consequente impacto da disglicemia nas suas atividades estdo sumarizadas na
Tabela 1.

Tabela 1: Funcéo fisioldgica das principais células envolvidas na imunidade inata
contra o Mycobacterium e as consequéncias da disglicemia em sua ativacao.

Macrofagos ]’I'Sx Fagocitam o Mth; Ativam -Impacto no encontro dos
i fusdo do fagolisossomo; macrofagos alveolares com o Mth;
-Apoptose; -Atraso na transicio inata -=
-Reducdo da carga bacilar;  adaptativa;
-Ativacgo de outras vias -fumento logaritimico na carga
imunolagicas; bacilar.
Células - Apresentadoras de -Reducido na frequéncia de CD;
Dendriticas & antigeno; -Correlacdo entre HbALc X CD.

-Intercessdo imunidade
Inata->adaptativa;
-Papel na ativagdo dos

linfacitos T.

Neutrdfilos o -Maorte de patogenos; -Maior expressao de adesinas e
-Ativacdo e recrutamento integrinas;
de ocutras células. -Quimiotaxia reduzida;

-Defeitos na fagocitose.

Além das deficiéncias na imunidade inata que levam a uma ineficaz ativacdo da
resposta adaptativa, a interagdo TBDM com elevados niveis glicémicos afeta também
diretamente os mecanismos adaptativos do hospedeiro. Tratando-se de defesa contra
Mtb, a principal linha de imunidade adaptativa € a celular (43). Células T helper (Th)
1, estimulando a producao de interferon (IFN)- y potencializam as vias dependentes
de 6xido nitrico nos macréfagos (51), além de estarem associadas a uma séria de
outras cascatas de ativacao celular. Postula-se que o prejuizo na agéo das células Th
no contexto da hiperglicemia, pode ser um dos maiores responsaveis pela maior
susceptibilidade a TB (51). Por outro lado, postula-se ainda ndo s6 deficiéncia na
qualidade da ativagdo, mas também na intensidade e frequéncia da resposta (52),

com reducgédo de Thl e Thl7, respostas marcadamente pro-inflamatoérias, e aumento
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no braco Th2, com caracteristica menos inflamatdria que antagoniza as duas

primeiras (47, 51).

Figura 1. Efeito da disglicemia na dindmica das células T helper e o seu impacto na

fisiopatologia da TB.
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No entanto, com 0s avancos no campo da imunologia, os estudos vém evoluindo e
ultrapassando o entendimento da ativacdo imunolégica apenas no que tange
imunidade inata e adaptativa. Nesse contexto, o estudo das dmicas, muitas vezes
associados a aplicacdes de IA, emerge como chave para respostas ainda néo obtidas
no meio cientifico, contexto no qual se inserem os objetivos do presente trabalho.
Apesar de algumas limitacdes no uso de transcriptomas de RNA mensageiro, diversas
assinaturas genicas vém sendo estudadas como ferramentas para diagnéstico,

prognostico e monitoramento do tratamento da infeccdo por Mtb (53-55).

Em um recente coorte indiano, foi realizada analise integrativa de citocinas
plasmaticas e expressdo genica de sangue total afim de comparar a ativacédo
inflamatéria de pacientes com TB, DM, TBDM (56). Os resultados revelam um
aumento na expressdo de biomarcadores inflamatérios no grupo TBDM.
Adicionalmente, foram avaliados genes diferencialmente expressos (DEGs) e
encontrados 993 DEGs comparando TBDM, TB e DM com o grupo controle (56). Entre
esses, 455 genes foram comummente encontrados em TB e TBDM, alguns deles
previamente reportados em assinaturas de TB. O estudo n&o encontrou assinatura

genica no sangue periférico que distinguisse TBDM de TB.
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Em um pequeno estudo Chines, incluindo 9 participantes (3 controles, 3TB,3DM e 3
TBDM), foi utilizado sequenciamento de RNA (RNAseq) para identificar alteracdes em
vias biolégicas especificamente em TBDM (57). Em uma analise similar ao que foi
avaliado em um dos trabalhos da tese, os autores encontraram um maior numero de
DEGs na comparacdo TBDM vs. Controle, sendo 582 dos 1516 positivamente
regulados “up regulated” e 934 negativamente regulados “down regulated”. Além
disso, uma andlise de enriquecimento de vias foi realizada com os 952 DEGs
identificados apenas nos pacientes com TBDM. Entre as vias biolégicas com maior
namero de DEGs expressos estavam a via do ciclo celular, homeostase e as vias
relacionadas a processos imunologicos. Algumas das analises realizadas pelo nosso
grupo no presente projeto, incluem a identificacado do efeito das condicbes TB, DM e
TBDM na expressdo de vias bioldgicas, além de tentar estabelecer o impacto da

disglicemia na ativacdo dessas vias.

Em um recente coorte multinacional, com amostras da Africa do Sul, Roménia,
Indonésia e Peru, foi novamente utilizada abordagem de RNAseq para identificar vias
imunologicas alteradas em TBDM comparados com TB (42). Além disso, o trabalho
do consorcio TANDEM avaliou o impacto de niveis intermediarios de HbAlc na TB, a
fim de entender como o DM aumenta a susceptibilidade a TB (42). O estudo conclui
que individuos TBDM apresentam alteracdes transcriptbmicas com maior nimero de
DEGs positivamente regulados em comparacdo ao grupo controle. Dentre esses,
genes associados a citocinas pré inflamatorias, como interleucina (IL)-1p, IL-15, IL-18
e IL-10 (42), marcador regulatério das vias inflamatoérias. Curiosamente, foi
encontrada reducdo nas vias de interferon do tipo |, sugerindo um inexplicado
desacoplamento no fenétipo na associacdo TBDM (42). Achado similar foi encontrado
em individuos com niveis intermediarios de HbAlc, sugerindo potencial
susceptibilidade a TB (42). No entanto, outros estudos se fazem necessario para
melhora avaliacdo do impacto da disglicemia na ativacdo inflamatéria de pacientes

com TB.

Em outro trabalho utilizando transcriptoma, pesquisadores do consércio TANDEM
avaliaram amostras da Africa do Sul e Indonésia em um coorte que acompanhou
pacientes com TB com e sem DM por 12 meses. Utilizando estratégia de inteligéncia
artificial similar as aplicadas nos artigos que compdem essa tese, 0s autores buscaram

uma assinatura transcrptdmica que pudesse predizer desfecho ao tratamento da TB
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(58). Como esperado, foi encontrada uma assinatura transcriptémica distinta no
sangue periférico daqueles com TBDM (58). Além disso, duas assinaturas, uma
composta por 8 genes no inicio do tratamento e, outra composta por 22 genes 2
semanas apos o inicio da terapia, distinguiram pacientes considerados com desfecho
favoravel em relacéo aos que desenvolveram desfechos desfavoraveis. Os resultados
obtidos utilizando analise de curva ROC revelaram acuracia de 81.5% e 83.4%,

respectivamente, na predi¢cao do desfecho do tratamento de TB (58).

Apesar do grande e relevante aumento nos trabalhos utilizando émicas no campo da
TB, ao nosso conhecimento nenhum projeto avaliou mais de um estrato 6émico
coletado ao mesmo tempo e dos mesmos pacientes com TB e DM. Estudos multi-
Omicos vem sendo publicados no campo de doencas parasitarias como a
Leishmaniose (59, 60) e na coinfec¢cao TB-HIV (33). Integrando citocinas plasmaticas,
transcriptoma e lipidémica, nosso grupo participou de um projeto que visou uma
assinatura de predicdo a de falha terapéutica em pessoas de area endémica para
Leishmaniose cutanea (59). Mais uma vez, foi aplicada inteligéncia artificial e foi
encontrada uma assinatura biolégica incluindo citocinas plasmaticas e lipidios para

falha terapéutica (59).

Recentemente nosso grupo participou de um estudo inovador no campo da TB,
conduzido com pacientes HIV severamente imunossupressos, com CD4<50 células/
ML (33). Foram avaliados microRNAs (miRNAs), metabdlitos e citocinas plasmaticas
a fim de avaliar associacao dos extratos 6micos estudados com novos diagnésticos
de TB nos participantes HIV. Ap6s aplicar uma estratégia de IA, arvore de decisao, o
grupo encontrou dois marcadores com potencial para classificar TB incidente, com

acuracia de 96% na andalise de curva ROC.

Algumas barreiras sao iminentes na producéo cientifica envolvendo multiplos extratos
omicos. O primeiro deles, financiamento. As estratégias de dosagem para cada um
dos extratos, sejam eles citocinas, RNA, lipidios, microrganismos, é distinta e envolve
etapas diferentes, muitas vezes em laboratorios alocados em cidades diferentes, o
gue onera muito o processo. Em segundo lugar, a coleta das amostras, que muitas
vezes ocorre em fluidos corporais distintos (como sangue, urina, fezes) e o
encaminhamento para andlise que impde grande dificuldade operacional ao processo.

Aqui, utilizando o biorrepositorio do RePORT Brasil, pudemos utilizar uma abordagem
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inovadora no campo da imunologia e da TB e trazemos 0 que, ao hosso conhecimento,
€ 0 primeiro estudo multi-6mico em TB, a fim de avaliar o efeito da disglicemia em trés
plataformas dmicas, citocinas plasmaticas, trasncriptoma e eicosanoides dosados na

urina de pacientes com PTB.



23
4 METODOS
4.1 Populacéo dos estudos

A presente tese fundamenta-se em trés manuscritos utilizando dados previamente
coletados do RePORT Brasil (21, 22, 24) e RePORT india (35, 36) e dados publicos
do consorcio TANDEM (42) dos sitios Africa do Sul e Roménia, para o primeiro
manuscrito, nomeado Assinaturas Moleculares da Interacdo Tuberculose-Diabetes
(Molecular Signatures of Tuberculosis-Diabetes Interaction — MSTDI). O RePORT
trata-se de um consorcio internacional que visa erradicacdo da TB no mundo, com
sitios de pesquisa clinica em 7 paises. Termo de consentimento escrito foi obtido de
todos os participantes do estudo e os protocolos de estudo aprovados pelos
respectivos Comités de Etica do RePORT Brasil e RePORT india.

Seguindo o protocolo do RePORT Internacional (34) foram incluidos pacientes
maiores de 18 anos, diagnosticados com TB pulmonar (ou sem o diagndstico para o
grupo controle). Foram excluidos aqueles com TB resistente, retratamento para TB,

gestantes, em uso de medicac¢des imunossupressoras e HIV.

Os pacientes com TB pulmonar ativa confirmados por culturas incluidos no estudo
foram seguidos no inicio do tratamento e nos meses 2 e 6, quando é finalizada a
terapia de TB pulmonar. Durante as visitas foram coletadas amostras biologicas de
multiplos sitios. Para os estudos incluidos nessa tese utilizamos plasma com extracdo
de RNA e dosagem de biomarcadores inflamatérios por metodologia LUMINEX e,
urina, de onde foram dosados eicosanoides, mediadores inflamatorios lipidicos
derivados do &cido araquidénico. Ao final dos seis meses de acompanhamento, todos
os participantes foram adequadamente tratados conforme os critérios da OMS (61).

O grupo controle foi definido por pessoas sem diabetes e sem TB, pareados por sexo
e idade nas amostras do RePORT, formando entdo 4 grupos de estudo que foram
utilizados nos trés trabalhos que compdem essa tese: HC, o grupo controle sem
nenhuma das condi¢Bes clinicas; DM, aqueles apenas com Diabetes Mellitus; TB,
agueles apenas com TB pulmonar e, por fim TBDM, 0s que possuiam ambas as
condi¢cdes clinicas estudadas. Ao todo, foram avaliadas amostras de 429
participantes.
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4.2 Classificacdo e Amostragem Sanguinea

Para os trés trabalhos que compde essa tesa, o diagndstico de TB foi baseado em
cultura do escarro positiva para Mtb com um raio-X de térax compativel no tempo zero.
Culturas negativas e raio-X ndo compativeis, definram o grupo controle. A
classificacdo de DM foi baseada na histéria médica pregressa e uso de
hipoglicemiantes orais, ou ainda nos niveis de hemoglobina glicosilada (HbAlc) =
6.5% no tempo zero, seguindo os critérios da Associacdo Americana de Diabetes
(American Diabetes Association — ADA) (62).

4.3 Sequenciamento de RNA

As amostras de pacientes com TB pulmonar foram coletadas no tempo zero, dois e
seis. Amostras de pacientes do grupo controle ou DM foram coletadas apenas no
tempo zero. O RNA total do sangue venoso nos tubos PAXgenes RNA foi extraido
usando o kit PAXgene blood miRNA (Qiagen) e quantificados usando sistema LabChip
GX HiSens (PerkinElmer). Maiores detalhes do processamento das amostras de RNA

estdo contidos na sessdo de métodos dos artigos apresentados na tese.
4.4 Andlises estatisticas

A analise estatistica foi feita utilizando mediana e intervalo interquartil como medida
de tendencia central e disperséo, aplicando o teste de Kruskal-Wallis com o teste de
Dunn para multiplas comparac¢des. Variaveis categoricas foram avaliadas com o teste
de Qui-Quadrado. Correlacbes realizadas nos trabalhos da tese, foram feitas
utilizando o modelo de Spearman. Utilizamos também andlise de cluster hierarquico,
com o método de Ward, representados por mapas de calor (heatmap), com bootstrap

de 100x do score z normalizado.

Genes diferencialmente expressos (DEGs) foram definidos como aqueles com Log2
fold-change > +1.4, a divisdo do valor de expressao de um gene nos grupos DM, TB
e TBDM pelo valor de expressdo desse mesmo gene no grupo controle. Aqueles que
apresentaram valores corrigidos de p<0.05, por False Discovery Ratio (FDR) foram

considerados significantes.

Para andlise utilizando inteligéncia artificial, escolhemos aplicar o modelo de Random
Forrest (63). No primeiro artigo, aplicamos a técnica utilizando os valores dos DEGs

na tentativa de identificar uma assinatura especifica que caracterizasse a populagao
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TBDM. Ja no segundo artigo, onde utilizamos multiplas plataformas 6émicas, a técnica

foi aplicada para reduzir a dimenséo dos dados.

Adicionalmente, empregamos a metodologia do grau de perturbacdo molecular
(Molecular Degree of Perturbation — MDP), estratégia estatistica adaptada de estudos
em genoma, que vem sendo aplicada em diversos projetos do nosso grupo (10-12,
38-41). Utilizando o MDP somos capazes de mensurar o quéo distante da normalidade
(definida pelo grupo controle) estd um determinado biomarcador. Inicialmente
calculamos a mediana e o desvio padrdo dos marcadores de interesse no grupo
controle. Esses valores séo utilizados para normalizacdo de todos os outros grupos.
Posteriormente, os valores de z-score sdo computados, e aqueles maiores que 2 sao
considerados perturbados, e serdo incluidos, enquanto os menores que 2 Sao
transformados em zero e, ndo serdo considerados no calculo do MDP. Entéo,
calculamos a média dos valores normalizados para cada biomarcador em cada

amostra, e chegamos ao valor final de MDP, como demonstrado na Figura 1.

Figura 2 — Entendendo o Grau de Perturbacédo Inflamatéria (GPIl) ou “Molecular
Degree of Perturbation (MDP).

(Grau de Perturbagéo Inflamatéria (GPI))
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parametros a sarem analisados do
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3 - Os valores de Z-score sdo computados
e aqueles com valor abaixo de
2 sdo transformados em 0

2 - A mediana e o desvio padrao do grupo
controle séo utilizados para a
normalizacéo de todos os grupos

4 - O Grau de Perturbacéo Inflamatéria é a

média dos valores normalizados dos
parametros a sarem analisadospara cada

At

O GPI ou MDP é calculado usando mediana e o desvio padrdo do parametro a ser analisado no
grupo controle como ponto de partida. Em seguida, calcula-se o Z-score para todos 0s grupos, se
estabelece um ponto de corte e, por fim, realiza-se o célculo de perturbacdo média para cada
amostra. Araljo-Pereira 2022.

amostra
o
V]

grupo controle grupo teste 1 grupo teste 2

Demais analises exclusivas de cada um dos trabalhos que compdem a presente tese

estdo detalhadas na sessao de apresentacao dos artigos.
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Figure 1. Distribution of differentially expressed genes (DEGs) between clinical groups in the sites from
MSTDI and TANDEM coharts. (A) Venn Diagrams show the DEGs defined by the threshold corrected
p-value <0.05 and log twofold change > + /- 1.4 from each comparison of TB vs, TEDM vs, and DM vs HC from
the subjects within the cohort sites. (B) Heat maps of z-score normalized data of all DEGs from each cobort site.
Each heat map depicts all DEGS from TB vs, TBDM vs, and DM vs HC comparison from subjects within each

cohort site.

and TBDM, recei tor ch istic (ROC) curve analysis demonstrated that the s§
podmnqmd.-fynmdnmﬁmnundrtcn.nrmzm-haomustpg_t).

we tested the accuracy of published gene Wmmﬂym-ﬁ

of most of signatures to i either TB or TEDM (Scwkuhyl’b.ﬁss.mdy)m

m&&ummm course of TB treatment differed amang the individual

genes, the condition (TB or TBDM), mdbﬁmthh&nmd&nﬁndﬂﬁ(?gs) Expression levels
d'lnﬁuw’uhnbdbbehdtxmﬂw&nmm&&zﬂ at month-6, rising from
2 nadir at month-3. In the India cobort, expression of BATF2, VAMPS, and ANKRD22 tended to be higher in
‘TBDM than TB at baseline and month-2, with VAMPS and ANKRD22 continuing that trend to month-6. These

Pathway enrichment and interaction analysis across conditions and populations. While com-
mﬂudDﬁWhWbﬂmﬂd“MnWMﬂmw
the

to reveal condition-specific differences. Reactome pathways of interest were identified within
nphz@<ons)ldﬂn&omymmmmmﬁunﬂmndmm

was uniquely enriched within the TB or TBDM groups at all sites, but interferon signaling that has been identi-
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ferant between sites mentary Fig. 57). Although mﬂmdﬂmamﬂrm

TROM from TR across mnﬂ:.:r.r:ndﬁ:rmu' N:mnpﬂ::lﬂegmu]mnu.ﬁ.numnﬂ:n]?:pud:g
and Matrix Organimtion fits with priar reports of neutrophilic inflammation and elevated circulating levels of
cathelicidin, human beta defensin- 2, human neatrophil peptides 1-3, and matrix metalloproteinases in TE-Dh{
comarhidigy 1M,
"I'hl.-Ne Degranulation, Antimicrobial Peptides, Interferon Signaling, It of C 1
mmdwmmmmuﬂﬂmlhﬂﬂnﬂ]
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Figure 3. Relative expression of four TB signature genes at sach site. Using a machine learning anabyss, we
dcﬁnudim.rlnppnﬂmunglhecimu] sites {as showed in Supplementary Material). A z-score noemalized

mun]ﬂ.u'_md mﬂmﬁmmmmhwmn&mm
as indicated. Panels to the ri shiow the average fold-difference between the signature gene
expression in the HC group versus TB TBDOM (log-transformed values).

custer analysis ordinating participants by MDP levels in TB and TBDM punplﬁ.?ﬂ.,ﬂ-} This analysis was
limited by the abssnce of some pathway enrichment data from South Africs and Remania, thus box plots from
aaly Brazil and Indz are displeyed. We cbserved a higher expression of the Interfercn Signaling and Neatrophil

'D:g;lmlh:mp:ﬂlwp mﬂmmpmwhmmduﬂhhﬂ p\onPfrml.ndu (Fig. TAL
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ment Cascade pathway was mrhng'!lfupmdmlndll[l’tg. Tl‘l}

To further evaluates the int=raction betwesn mﬂm“mhmmm
identified from DEGs compared to Reactome in the TEDM {Fig. B) and TB groups {Supplementary
Kg_“]wh:hﬂmnbm’ndllu:tmm'rhu %Emummhﬂ amalysis by
estimating

highly expressed in Brazil while the Cample-

nrichment analysis (Fig. 6], which was not suitable to imvestigate
mfm&mmmmwmmﬂﬁumm] Tnadia (0.0591), denzﬂ{ﬂm}
Metwork pathway density was markedly lower in the Romanian TEDM group (0.013) despite a b.‘]lﬂrmm])ﬂ'
aof vertices found in thess correlations (Fig. 8). Exchuding the Romanian cobiort, the top correlated
TBIM was Ehﬂdt.ﬂhll mmmﬂmll.lﬂmﬂhmmlmﬁlnﬂﬁmsmhhﬁn

site-specific
ﬂuﬂﬂ:ﬂ'mdmpm])l:dmmﬂ;rbﬂw:mnﬁﬂ(&lﬂ)lﬂnﬂiﬂr

Comrelation of ssGSEA pathways with HbAlc.,  Finally, to assess the influence of average blood gluoose
Iﬂd‘..i.f way engagement, we ﬂnplnj:dlmﬂlim.mddninlﬂhﬁlckuhmdmmﬂtﬂ

G). Amaong TE group 'ﬂ:e[uilmbmthhlhmdl
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with more in the Indian cobort {7 positive and 7 negative cocrelations) compared to Braxil (6 positive and 2
neghr:cnnﬂmﬂlﬁ.g] "I'I!.l:n.-mno mlhuemnchedpl&mpbetwnm&:m:rmum
vul:'l]:l: hhﬂmmmﬁrpﬂ&n}:mﬂﬂluﬂhmﬁn

rl:rnm:[:g.hun‘r:T mﬂm!ﬂplaﬂlh’ﬂ]ﬂlﬁz&hﬂuﬁtﬂ
F_l:prem diabetic complications { Axon Guidance,
Regulation of Kit Signaling, Kinesins, MAFK F:mﬂySugp:lmngdﬂ. Mitochondrial Transkation, WEGE
Sigmaling, Factors Invalved in Megakaryocyte ot and Platelet Production, Unblocking of MMDA
Receptors Glutamate Binding and Activation), and ways amociated with chromosomal instability (Mitotic
Prometaphase, Centrosome Maturation, G2 M DNA Damage, M Phase, Chromatin Otrganization, Mitotic Meta-
pl:.l.na.nrl Anaphase). Correlation with immune and inflammatory pathways were less prominent but induded
u:rr:h:.-uu.:wlﬂ! the RORA Activates Gene Eq:lzma.nﬂﬂ! hnﬂ:lmmn.neﬂyﬂﬂnpnﬂrmpmlh
negative correlations with B Cells Memory and Potassium Channels Pathways. The univer-
mfﬂhnlcpmdmmhumufthm pathways in TEDM individuals.

Discussion
Whhﬂuudﬁﬂﬂmthaﬂ;uﬁcmnmhmbwhm] nﬂltﬂ!.l:pmni.rynir:f'l'ﬂdnﬂzm
the bung. In an earlier mqﬂzmmuchmwﬁm of participants, we and
mdﬁmummmmmmmrﬁﬂmmrTﬂ shartcomings of that
done at one site and wsing microarrays, the MSTDI study included participants from Chennai and Pune
in India and Sabvador in Brazil and used RNAssq pecformed on the same platform. Results of the MSTD stady
s our prior findings. There was no evident signature pattern of immune responss geos expression of
activation that offered mechanistic insight to the basis of TB susceptibility in people lving with DML
Huwemt'm.d:fwmcmdnnﬂ:uphﬂmﬂmnﬂmpﬂlrwq activation in TBOM were noted. Studies
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in lung bacterial load. Once the ad mdlﬁe(tmudbcmelylmt
Mtﬂatﬂmrephahnnmd-qmlnhvdymduhngu-hbk—gmlh of
mice with TB. If a similar mech inh m&m&:kqmnmnbpﬂlmm
mmpﬁbﬂtymllhveoomnadmbsbeﬁun‘ is. Gene
Wb&hmmhdmmwﬁmhmﬂ—m&&dwm-ﬁﬂy

Blmdmmﬂmodddﬁ&nlnhﬂp&dﬂln pathology in human TBDM would be qualitatively
lmﬂume@ycm:nbmqnmdymm" That prediction was supported by plasma cytokine and
studies™", but not so clearly by differences in whole blood gene expression”. The TANDEM study
%mﬂw“mnmc{mm gene expression with decreased
;nu
supports the

badqtnemmnymp-ﬂmnﬂ:ﬂcmﬂmdﬂhm m-DM"'llut

luult logy in TBDM but does not the broadly

r
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Figured. Integmative aralysis of HbAlc and Pathways expression in Brazil and India. Levels of HbA Lo were
correlated with the pathways according to disease group as indicated in the lefi bax (red refers to TRDM
whereas m?umﬂlmwﬂhmdhnﬂmdhﬁm&MHhﬁmdm
:ng]nnnsu red for positive cormelation, blue for negative correlation, and for positive and negative
correlations). Lines in center of the igure refers to the country {red for India and yellow for Braxil).

elevated plasma levels of Th1, Th2, and Thl7 cyiokines ried in this condition™'. The MSTDI data presented
here showed 2 non-significant trend for higher MDP s in TBDM than TB participants, whereas the dif-
ferences in MDF between sites were statistically signihcant. Pathway enrichment, interaction, and correlation
mahﬂlhwmﬁl:dﬂlhﬁamnlﬂlhmmm attern of engagement. Cherall, the
data suggest greater severity of immune in TEDM, which more likely reflacts a conssquence rather

RethmlnLhﬂimmdj,nmnhlythemnchﬁmnfﬁnhnymmwhbﬂhllchﬂg&nhﬂ'
suppart the potential for TB to exacerbate non i disease processes™. Bacterial preumonia and
COVID-19 are both associated with increased risk of cardiovascular disease events™. & similar association
has been made with TE* where the longer duration of inflammation, particularly with comarbid DM, could
be particularly damaging. Similar reasoning would apply to the microvascular complications of DM, but this

has not been studied.

An unexpected fnding in our analyses was the high degree of variability in baseline gene expression between
all four populations evaliated. OF note, some differences in the dinical fon and disease severity were
found in our stisdy, as in TB, with a higher percentage of cavitations in India when compared with Brazilian
TBDM participants, as well in DM, with hi HbAle levels detected in India. The heterogensity in this pro-
portion could affect the gene ion and to verify its infwence we performed an additional analysis that
mmmuzmm:dm differences in geoe expression profiles
amang the countries. Equally remarkable were the different patterns of gene expression in the Inds
EBrazil coborts from baseline through TE treatment completion at month 6. This variability presumably reflects
have the application of concise gene son signatures for TH diagnosis and treatment re at
b kot e o i T et e
interaction and their ion in diverse populations.

This work has some limitations. Pirst, not all clinical and epidemiclogical data are available from all datasets
used. The data from Soath Africa and Romania did not present other information such as HhA lc levels, Cavita-
tion or aloohal, and smoking usage. Por this reasom, only age and sex were used to adjust the models in differential
expression amabysis. The second limitation was the differences ohserved in the BMI vabues, age, sex, smoking, and
alcohiol use between the population of Brazil and India nitary Tables 51 and 52). Additionally, some
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gene expression, their systemic influence could not be fully corrected in the model. Moreover, use of metformin
and/or statins, and frequency of cavitary TH were significantly different in TE-infected individials between those
countries. Cavitary TH and BMI values are known to affect immune activation and thos could influence the gene
of those subjects and may the absence of ove ing ys in Brazil and India
mmwhmmmmdm&mmmnmpk:mmhr F*“cdrwu[
Fig. S1). South Africa data presented 11 TB and 15 TBDOM samples, Romania 10 TE and 15 TEDM samples,
Eﬂn]l‘gTBnndﬁlTEDMnunPIﬂ.andlnduﬁﬂTEmddﬂTEDMnmplu '.ﬂnsu:ﬁuhnaﬂ:mp]emmu]rl
have influenced both geoe expression analysis and signature performance. DM is a metabolic dissase, and it &
reasonable to speculate that using other platforms, such as metabolomics, could increase the odds of detecting
discrepancies between TE and TEDM. We are currently performing new investigations using multi-omics to
portrzy the TE-DM interaction.

Mm&hmdﬁmmﬂﬂhhTﬁMﬁﬁMﬂhhﬁMﬂﬂmm-
som of the results difficult. First, the TANDEM has used data from 4 different sites (South Africa, Romania, Peru,
and Indonesia). However, all the analysis was performed with whole data, without performing the compariscns
ﬂﬁnhm“mpmdhhmmﬂhmemﬂﬂdnmﬁehﬂhﬁymkﬂmsaﬂ

muEmmﬂmﬂu:ﬂ:jaﬂsfmumandlnﬂnnul“mPaﬁm:ﬂwﬂ!Enrq,umlml,whchmly
have inserted variation. Second, the enrichment analysis was rﬁ:rmed.n.nngd.lﬂ'uzntwmlﬂ:ﬂ In TAN-
DEM, the transcriptional module enrichment analysis erformed with tmod package while two different
approaches were performesd in the MSTD, qumrﬁu&e:mdﬂncmudn:bmand&:nnghnmpk
gene set enrichment analysss with ssGSEA package. This shows that the coborts explored the disesse dynamics
madiﬁmupgm&ﬁ:ﬁnqlmlug&:mmﬂmaﬂhmﬂmmmhwdm]
contribution on this impact.

In summary, we found substantial variahility in whole blood gene expression between HC, DM, TB and
TBDM participants across the twe METDI study sites in Braril and India and the TANDEM study Scath African
and Romanian cohorts. Mo mechanistically informative signature of im mune m{aﬁwﬂgﬂqmﬂ!ﬂm
guished TBDM vs TE in all populations, althaugh increassd innate immune and vascular complication patbway
activation was common across some sites. Our findings lend evidence in support of adjunctive anti-inflammatory
and antinxidant therapies during TE treatment. In that regard, retrospective evidence demonstrated that met-
mﬂﬂbmmmmmmﬁﬂhmwmﬂmmmﬂ
amﬁoﬂmp&ﬂmﬁﬂﬂmhﬂe&lﬁlﬁmwpﬁmhmmﬂﬁmmﬁ:mmﬂ
inflammation and radiographic severity in disease™.

Materials and methods
Ethics statement and study population.  The MSTD] study wsed unpablished dats and les from
hmﬂhﬁ:mﬁ:wﬂmﬂmﬂmm&mﬂuﬁmhﬂrmmhdhm under
roved by the Ethics Committes of the Prof. M. Viswanathan Diabetes Research Center and the
Mwh&ﬁhﬂ}mﬂh}ﬂmﬁmtﬁdﬂ]ﬂnﬂ* Pune and Mational Institute
ﬁrﬂ.ﬂmﬂ!.mTubexu]mumd]n]ms Uunrnn".m:umpbsm\oﬂadﬁnmﬂumﬂmhﬂ
their protocols by the institutional rewiew boards of the Institate Gongalo Moniz, Fundagio Oswaldo
Crux and Vanderbilt University Medical Center. Written informed conssnt was obtained from all participants
w&ﬂdum&&hmmhﬁmﬂmmihkmﬂmﬁlmrﬁ;wﬂh
organirational s from RePORT International™®. mmdymmdncmdmrﬂmgmﬂmmksnf
h&dmnjmmmmmmwﬁmmPudeﬁmHm
while the Brazilian site was in Salvador (RePORT International Common Protocol . The combined M3TII
cobart of 790 individuals comprissd 120 participants frem Chennai, 80 from Pune and 90 from Sabador. These

participants were selected from a larger cohort of the RePORT protocals based of sxmple availability. Partics-
]n.ntgmq!smd'l.l.d:rl ﬂmﬂwmmmMﬂmmmﬂf}mﬂ
two control groups wi TE, with or without DM (DM and HC groups, rspectively). Inclusion criteria were

age 18-65 and new diagnosis of pulmonary TE (or ahsence of pulmonary TE for the cootrol group partici-

pants). Drug-resistant TH, retreatment TE, treatment of incident TB for =7 days prior to enmllment, pregnancy,

mun:-upfmm:rh:mandm infection were exclisions. Al TR data used hiere were obitained from

P“'“":Eﬂ’ companied during the & months of anti- Tﬂ-lhugrm'ﬂmg_mﬁ:mMummﬂﬂ
were

successfully treated according to WHO crite Participant characteristics are presented in
mrnemwTﬁhSlmdﬂJh&wlmemmmdSmhym“umdﬁm&eIﬁm
r_qﬂmadﬂuTEDMmun:tmuﬂdtmalnhﬂmh 3a, Peru, B i, and South Afrca

Patients from TANDEM were also on TH mhnmlmdmgmﬂmns])emlnulmpmgnm_“‘emd
Tmmdmﬁmhﬂﬁmﬂmwmmﬁ&hﬁ]mudmmdmwnnﬂ
able. This data s2t comprised £3 participants from Souath {24 HC, 33 DM, 11 TE, 15 TBDM) 56 from
Romania (12 HC, 19 DM, 10 TR, 15 TEDM). mMm&raﬂskSMmmmﬂfmmmd

in Su]:p].un:ntn'f Fig. 51

Oassification and bleod sampling. Tﬂhmumhndmpmmmcuhmﬂwﬂ_mm
sis with a compatible chest x-ray at enrcllment, while negative culture and x-ray the contral groups. Clas-
sification with [¥M was based on self-reported medical and anti-diabetic medication history or ghycchemoglobin
{HbAlc) 2 6.5%. Clasification as euglycemic was based on self-reported medical history and HbAlc< 5.7% or
75-g oral glucose tolerance test 2-h blood ghacose < 140 mg/dL. Baseine blood samples were collected in RNA
storage tubes from all participants at the time of enrollment and no kbter than 7 days afier the mitiation of ants-
tubercular treatment.
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Library preparation and RMA sequencing. The samples from TE-infected individuals from both India
mdﬂmd]dhﬂmonﬂxmdilnuﬂn:.lanﬂﬁmunﬂunflmhnmtSampluEnrth:HCanﬂDMgmupsm
collected at baseline. Whaole blood (5 mL) was collected PAXgene Blood RMA tubes (Qfagen, catalog #762165)
and frozen at — 80 “C. RNA was extracted using the PAXgene Blood FENA kit (Qiagen, catalog #762174) and
quantified wsing Qubit KNA asay HE (Invitrogen, Cat #031852). RNA purity was checked using QlAxpert, and
BMA integrity was assessed on TapeStation using BNA HS ScreenT: Fﬂgﬂ:n:t,&.lfﬂ:lﬁ]"SEW:l MEE Ula Il
Directional BMA- chl.ﬁuwf?mrhtpmmlmmdm]mqlm si:rhnhlﬂN.ﬂ.sequm.ﬂ.ng_?rcrmd
libraries were quantibed using Crubit High Sensitivity Assay {Invitrogen, Cat #032852), poolsd and diluted to
final optimal loading concentration before duster amplification on lumina flow cell Once the duster genera-
tion was completed, the chester Bow coll was loaded on lemina HiSeq 2500 instrument to geoerate painsd and
:rndsi.ld.:rlﬁminﬂanplnm.ln:lh.

RMA-seq data analysis. HRaw EMNA-s=q dat from the MSTII cobort were retrieved from lumina HiSeq
2500 platform. Sequence data from the TANDEM cohort® was retrieved from the SRA database using BioProject
FRIMAATOS12 wsing the SRA tooks. MmdmﬁmmmlaﬂTﬁmMmquﬂqmlrmd
Irfn:m-wlng'l.uw quality bases and adapters wsing Trimmomatic ¥032. After the quality check, sequences were
whhmmm{ﬁﬂﬂmm}mmmbﬂhmﬂﬂﬁmdm&ﬂﬂh
salmon VLB 2™ and rru:nhndlm::n g rate of 6803+ 128, Afier mapping, the output was converted
o a count tahble n.nnar_m!pnrt mﬁﬂi!l&mw ression matrix was examined using the
ackage™ from R4 1.3 to identify differentially exp %EGIJ METDI gene expression data are
Ilihﬁ at the GED database {Accession oumber GSCE.ISJ.M} https/fwww.nchinbm.nih govi geo/quenyfacc.
cgifacc=EE1E81143).

Differential mnnn:]f!umt]:eml chmrmdll:mecmdlhﬂm{mmDM D) at two
sites tBnﬂmﬂMn}mﬁ:hnﬁrcmMﬂﬂmihwmm&mﬁewmﬂ
p-valus of each gene. For instance, the T, TEDM, and DM subjects from one country are compared with the
HC subjects from the same country, and not from ancther country, to avoid inserting operational variation in
'ﬂ::am]pls.Pmm hTﬁMMmMmhmﬂufhﬁﬁﬁnaﬂﬂmmmﬂmﬁrw
upcmm]p&hu&:rﬂﬂ{?mmﬂhﬂnﬂuuﬂa&&ef[ﬂmmﬁ:rqmmﬂ testing
mnﬂchmmpﬂ'ﬁmadmmgtb:ﬂeqmm&bhd:bﬂxfakzdmﬂryrﬂ-@ﬂk]mﬁnﬂx in

ression were considered significant when corrected p-values remained < 005 after FDR adjustment and

:.FI]:: d change differences were higher thant 1.4 The lete bist of proes is availsble in Supplementary File

1. The DEGs were visualized using the Venn Diagram from R.4.1.3. The compareCluster package™ from

RJIJmmdm&&:obmndDEGsmmﬁszpﬂqwm H'.E:rm'ﬂ:epﬂ.l]:w:y

mﬂmﬂm};mmﬂhﬁtﬁmtﬁndbﬂgﬁludmrmm ‘was used to correct
the p-values for multipls testing.

Pa.rhl:q;l:.ntdnndrnsl.lutl]:lu sent the median and.l.nlzrquau'h]:mp:rpercz:ﬂ:#ﬁ:rﬂ:rmmﬂ]
variahles. .ﬁ]]mmpﬂtmm}mgmﬂlmﬂiﬂnuhl ‘l'lh]]uwﬂl!l'uhrsp-mtﬂ'tmﬂch squares tests
using B.4.1.3.

Population hetercgeneity evalvation and feature selection analysis. Sample variation within and
between sites was evaluated wsing the molecular degree of son (MDF) package'™ applied in the gene
ion values after variance-stabiliring transformation , for Brazil, South Africa and Romania data,
and batch effect cormection with sva package® m'ﬂmmnflndn:ﬂzdmlgmemdmtﬁ:dupﬂmlbed
when it variation compared to HC was =2 standard deviations.
Tnnduﬂﬁ:nmpkdmwddmimnnmhmwpﬂfwmdunrnﬂmpﬂmd
hierarchical clustering Ward's method!!, Hestmaps*™ and the Principal component analysis (FCA) plot in the VST
ion values from each cobort (Supplementary Figs. 52, 53A,B). This approach allows the visualiation
nt'n:pEE. mmﬂmwm the sites. T maximnize the performance in the TE and TROM dassifica-
mwmmmeﬁmim associated with TR, Thus,
“mir &:mwﬂrmmﬂﬂmﬂm:ﬁmh The data from South Africa and
Fomania were wsed as a discovery set in 2 random mw:ﬁmm:mmmh
m“ﬂmﬂmwmmhnﬁmhﬂmdhdumnﬂulmmﬁmnﬂim
Fig. 54). The minimal gene set exhibiting higher classification power to descrabe the groups was d by the
wru]i:mumﬂmmdnmiurﬂmnﬂﬁm:::pmmnlm from each were retrieved from each site
and the Receiver Operator Characteristics (ROCH® were used to asess the accuracy of the gene set to distinguish
hetween comparison groups specified in the TANDEM and MSTD] datasets.

Performance analysis with previously identified signatures. We conducted a performance com-
ison wsing 69 i i gene ion sigratures for TE diagnosis, progression, and treatment
Pumpnnd:d by the Fmrrwﬂr?uw ﬂmﬂgﬂhu}r :nmfonmp]:mad.l'] ESJgF matureProfiler). In addi-

tion, we have included RISKS, RISK1] and BATF] signatures jor comparison (Supplementary Figs. 55 and S&)
The signature classshcation was performed using data from each signature data from TB and HC
{Supplementary Fig. 55], THDMand.HE mentary Fig. 55) within each country, Smilar to the analy-

sis performed to identify the DEGs. We estimal area under the curve (A1C) values of each signature with
its confidenice interval (CI), by applying a general linear model to gene expression values from each compari
mmﬂHﬂmeuHﬂwﬁhﬁemlmdﬂmPﬂmJﬂsmheﬂ

dinical conditions is shown in the otary File 52. Moreoves, linear modeling allows the comparison of
performance from signatures by DEGs and compossd by scores, 2s well as a fair comparison between
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them*¥. The outcomes were birarized to measure the sens#ivity and thaity of dassihcation, allowing us to
mezsure each group rate and plot each Sgoature AUC and CI value, each country. This allows the direct
Perﬁ:'ma.nu-mmpa.rimnf:ldli.gnﬂ:.nindmﬁm different countries and different conditions (TE or
THDM).

Single sample gene set enrichment analysis (ssGSEA). The normalized enrichment scores (NES)
from each were calculated with ssGSEAY wsing the Reactome database™. Only significant NES wal-
ues were used <ﬂﬂ5mdlﬁlmnnm}mpcrﬁrmmdmamlpuwﬂhﬂm:nrﬂrdpmhm
HbAlc values and gene expression Correlation relationships were depicted as chord disgrams and nat-
wacks, performed by cirdize™ and igraph™ package.

Data availability

The dataset from the TANDEM cohort analyzed during the current study is available at the BioProject data
repasitory, identified by the accession code PRIMA4T0512 (hetps:/'www.nchinlm.nih.gow'bioproject/ term=
PRIMA4TOS512). The MSTD] gene expression data is available at the geoNCBI data repositary, i tified by the
accession number GSEI81143 (hetps:/{www.nchi nlm nih govgea/ querylace cgifacc=GSE181 143).
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Country Healthy controls DAL B TEDAL
Brazil 15 15 20 31
T ) 0 0 0
Total (M) 5 55 20 71
Age-y 35 54 38 48
(30-42) {(#4-58) (28-46.5) (40-55)
Female —no. (%) 47 M 15 15
(2%} [43%) (28%) E1%)
EMI (Ezn) 200 179 187 21
(153-145) (24.8-30) {17.3-21) (19-173)
Smuking (ourrent) 7 13 23 12
(%) (23%) (25%) 25%)
Alcohol (ourent) 24 b} 4 33
(32%) [42%) (4T (457}
Metformin NiA 26 NiA 13
) [47%) (da%)
Satin NiA 3 NiA [
(3%) (1%
Cavitary TH WA A 37 15
(#15%) (35.2%)
Hhalc (%) 5l g 54 109
3-33) (1.73-11) (3-5.7) (121}

Supplementary Table 51: Characteristics of study population according to clinical groups
among the sites of study. Data represent medians and interquartile ranges [age, BMI and

F-valme

<1001
<1001
<1001
0.03
019
09
.21
042
<1001

HbAlc) and frequencies [female gender, smoking current use, aloohol current use, metformin
and statin use and cavitary TE). The KEruskal-Wallis test was used to compare distributions of

age, BMI and HbAlc while the Chi-sqguare test was used to compare frequencies of gender,
smoking current use, alcohol current use and cavitary, whereas Fisher Exact test used to
compare frequencies of metformin and statin use TB. P-values in bold font are statistically

significant. Abbreviations: BM|, Body Mass Index; HbAlc, glycosylated hemoglobin, N/A, Non-
Applicable.



Heslthy controls ] TB TED#M
Brazil India Brazil Indiz Brazil India Brazil Indizi
N 15 1] Pvalue 15 40 P-value 9 60 Pvalue 31 af P-value
B —y 35 35 064 56 525 [42.5 0.46 29 a5 0.002 48 (I8-67) AR (402~ oz
[2E-51) [31-38.7) {51-57) 7E) [35-43.5) {3167} 65)
Femzle — na. [%] o 3z 0.6 B 22 0.88 10 15 035 9 10 o7
{607%) 53%] (57%) (55%) %) (24%) (29%) (25%)
BRI (K] 29 169 0.z 303 254 0001 20.6 1689 <001 225 Fa - o7
(20.5-28.9) (16-2104 (26-32) (23.6-27.7) (186-221)  (16-20) [20-25.7) (18-28.9)
Smwoking (current) 5 2 0004 3 10 117 B 15 (25%) o7 12 [ ooz
{33.3%) [3.3%) (20 [25%) [Z7.6%) [38.7%) (15%)
Mcohol [ourrent) 13 11 001 14 9 0001 25 17 <001 2B 5 0 01
(BB 7] [1E.4%) [93.4%) [#2.5%) [BE.2%) (28.4%) [90.3%) [12.5%)
Metformin N/A [T NfA Mot 26 Nat MNiA N/A N [ 7 ) 001
assessed [6%) assessed [19.4%) (BE7%])
Statin N/A 1) NfA Mot 3 Nat NiA N/A N Not g 0 01
assessed [7.5%]) assessed assessed [22.5%)
Cawitary TH N/A [T NfA NiA MiA NfA 15 22 017 9 26 ) 001
5L7%)  (36.7%) (29%) (65%)
HbALc (%) 51 5 025 6.1 o4 0001 55 53 084 BS 17 0001
(4.85.2) {5-5.5) (5.9-7.4) [B.4-11.1) (5.2-5.6) [5-5.9) (6.8-11.4) (10-12 5)

Supplementary Table 52: Characteristics of study population according to clinical groups among the sites of study. Data represent medians
and interguartile ranges (age, BMI and HbAlc) and frequencies (female gender, smoking current use, alcohol current use, metformin and statin
use and cavitary TB). The Kruskal-Wallis test was used to compare distributions of age, BMI and HbAlc while the Chi-square test was used to
compare frequencies. P-alues in bold font are statistically significant. Abbreviations: BMI, Body Mass Index; HbAlc, glycosylated hemoglobin,

N/A, Non-Applicable.
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Romania
(n =56)

WHc I D™ BB [l TBDM

Supplementary Fig. S1. Sample distribution in the MSTDI and TANDEN cohort. Colored
sections show the percentage of individuals at (A) Brazil, (B) India, and (C) South Africa and (D)
Romania in the healthy control group (HC), diabetic control group (DM), and the non-diabetic
and diabetic pulmonary TB groups (TB and TBDM, respectively).
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Supplementary Fig. S2. Identifying TB participants using Differential Expression Genes (DEGs). A principal
component model was employed to test whether DEGs could cluster the patients in each clinical site, as
indicated.
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Supplementary Fig. S3. Impact of clinical and epidemiological features in the gene expression variability.
(A-B) A principal component model was employed to test whether the presence or absence of cavitation
could explain the differences in the gene expression profile between the countries. (C-D) A Spearman
correlation analysis was used to evaluate if changes in BMI values is associated with the degree of the
molecular degree of perturbation (MDP) in each clinical group.
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Supplementary Fig. S4. Identifying the top genes expression associated with TBDM. (A)DEGs values were

inputted for a Random Forest model. South Africa and Romania sites were used as discovery set and the
accuracy of the model was tested in the validation set composed of samples from the Brazil and India site. (B)
A Spearman correlation analysis were performed between top genes expression and levels of HbAlc in each
group from Brazil and India. Correlations with p-value < 0.05 were indicated as green bars.
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Supplementary Fig. S5. Assessing performance of previously published gene
biosignatures to identify TB cases in each country. Receiver Operator
Characteristics (ROC) analysis were performed to test the accuracy of previous
reported signatures in our TB population. The y-axis shows the area under curve
(AUC) values.
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Supplementary Fig. S6. Assessing performance of previously published gene biosignatures to identify TB-
diabetes cases in each country. Receiver Operator Characteristics (ROC) analysis were performed to test the
accuracy of previous reported signatures in our TB population. The y-axis shows the area under curve (AUC)

values.
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Supplementary Fig. S7. Changes in pathways expression after started antitubercular therapy. The colored spots
indicate the enriched pathways identified from the DEGs of the comparisons of (A) TB and (B) TBDM in each time
point with the HC. The sites are highlighted by colors: pathways from Brazi are colored yellow and India are colored
red. The color gradient of spots corresponds to the FDR-corrected p-value and the size corresponds to the gene
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SUIM MARY

Tuberculesis-dia betes mellitus (TB-DM) is linked to a distinct inflammatory profile, which can be assessed
using multi-omics analyses. Here, a machine learming algorithm was applied to multi-platform data,
induding cytoldnes and gene expression in peripheral blood and sicosancids in urine, in a Braziian
multi-center TB cohort. There were four dinical groups: TE-DM(n = 24), TE only(n = 28), DM{HbAc =
&.5%) only(n = 11), and a control group of cdose TB contacts who did not have TB or DM(n = 13).
After cross-validation, baseline expression or abundance of MMP-28, LTE-4, 11-dTxB2, PGDM, FEXOS,
SECTM1, and LINCD 2009 differentiated the four patient groups. A distinct multi-omic-d erived, dimen-
sionally reduced, signature was associated with TB, regardless of glycemic status. SECTM1 and FEXO&
mRMA |levels were positively correlated with sputum add-fast bacilli grade in TB-DM. Values of the bio-
markers dewreased during the course of anti-TB therapy. Owr study identified several markers assodated
with the patho physialogy of TB-DM that could be evaluated in future mechanistic investigations.
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association b TE anc Db bhasimg thaalth comsaquences P viouss tudies hawe revealad that Db increas.es the risk of incident TR
3fold and increases tha risk of TB unfavomble cutcomas 2-dold. ™"

Owr group hias studied TB.DM interaciions, including acthation of tanserptonal pathways in dissase omplictons,” perssmnt nflam.
mation dusing ant-TH Taatment ATT),"” incrmased Mth tansmission to dase contacts,”’ mom severa TB dinical pesentation,'” and
! i risk of unfanorable ATT out " Howewer, while maost of e studies used diferent asays, which wene analyzed separately
to characmaze TEDM, the use of muliple omic platiosms remains poody eqpdomd in the contest of TBDM nemctions. Muli-omics peo-
wides the opporunity i gain sights inio disexce pathogeness, given that it smultanecwsly expiones sewnl components of mmune m-
sponses through multiple 22y phitforms. Thisis apuwllﬁl tood tu-g-n-'au hypotheses pertaining o the inticate molroular miationships
tha it mary b deving disease. To our nowledoe, no previous in gaton s s mined wheth iti-omics analyses can help chamchenze
TE-CM pathogenesis. To fill this inosledge gap, we Inlngud:.rpll: and dhta colecwmd in the multicenimr prospectve cohost of the
Regional Prospective Oibserational Ries aarch in Tubenoubosis (RePORT)Brazil fasss mportbrazilong). We wused transonipiomic and cyipdone
data from perpheral blood and eic scks rmears urasd in usine, collacted at thesames Smee peonts feom pa s ons with TB-D, TEonly, Db only,
and non-TE/non-D# dose contacks jcontel group). We applied a random fonest modal to investigate a possible multiomic sgnatum that
oould characmsze TB-Di. Furthenmaone, we radoed theexpmssion of the mmp 5 of the maulti-cmic signatunein the study geoups dusing
the course of ATT. Qur msulls identified nowel pathways that may deve dsese pathogeness and sere a s tangets for futune hostdscied
thempies for TB-D# and as masdoes of progmssion to wme after antitubercular thempy initdation. Additionally, the tan soriptomic madoes
idantifiad here have shosn a robust acoumoy to dewect TE-DM in an ectenal wa lidation study using cohors from India, South Afric, and
Romamia.

RESULTS

Charmacteristics of study popul ation

Allpatients induded in our analyss wene daedfied amonding to fher status segaeding TB disax e and D, The groups wene composed of 24
with TE-DM, 28 TB only, 11 DM only, and 13 non-TB/non-D# {conteols). TB-D8 and DM only participants wem dider, with a medan age of
&4 5{37=55.7) and 54 (JOR-51 <59 yea s, res pectvaly | p < 0L001; Table 51). In addition, controds and participants with Db were meore freguently
famale than those with TEDMM and TR only. Higher BM| vas found inthe contrals andiin DM only groups, with a madiian (I0R) of 29 (24-33) and
29 (27 =32, mspactiealy, compared o 204 18-22) and 22 (18-25) in TB only and TBDM patents (o< 0001)(Table 51). The levels of HBATcwam
higher in thosewith TB-D8 madian [IOR]8.1 [ 4<11.3], followsdby Db only 7.1 [4.9%<8 4] p< 0.001). OF note, TB only patien s were notsignid-
icantly diflerent regarding AFB {acid-fet baclll) smear gmde and the proportion with cavities on chest Xoray (Talble 510

Multi-omic expression profiles of tubenculcsis and dishetes aso dations
Toaddres the aim of finding a distinctprofile that distinguishes TB regardies of DM, our fist stp was tostudy the multi-omic almotions in
TE and Db using a well ilished dimensionality mduction appeoach (Figum 51). This appeoach seleded 7 parameters that ooubd maost
oontrbuie 1o discrimination betseen all the study groups { Figure 5 1). The Gini soone and mean acum o for each marioer used in our modael
o cliscsmanaie: betseen the dinial groups were prosdedin Table 52 and Fgure 52 To further evaluate the baseline multiomic profiles of
the diinical groups, we first examined the espression of the seven seledted featums (Figure 1), a5 desaibed in the 5TAR mathocs sechon
Umgihmmhg-mu’nb-nlduhnmmn:tl all sampie &epOs Son, vwe disn d that TB patients | TB-Dd and TB
only) hada distinct axp peofile companed io non-TB geoups, incdhuding conteols and D only, with a tendency 1 highar
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of 11dT=E2, PGDM, FRMOW, SECTMI, and LINCIX0Y in TR patents (Foure 1, keftpanel; Table 53). 0f note, the heatma p demonsrated that
the impac of TE disease on the bosignatum exqpression values was able o dusier TB-disease particpan s independent of DM states (Fig
um 1, beftpanef; Tabie 52). The fold.difference of the multiomic mariers be tween the dinical gnoups versus con'ted geoup i summearized in
Figure 1, right pan el When tha TBonly group wes compamd with conteods, #he peofile was smiario that obsersed batwesn TB-Dbvs. conirol
group, with higher espressions cbsarsed in the majosity of the markes in both TB groups, sxospt for MWP2E, which was higher in e control
group when compam dwith the TE only geoup. (Figum 1, Sght panel]. Ectendingthe appeoadch to D only and matnod differenmes, we found
higher bevals of LTES Jeukotdane E4) and PGDM [postglandn D metabolite) in DM only particpants (Fgure 1, right panall. These findings
rria | & higher malti-omic e xpe ssion of biomariers capable of dustering TB patients, mgardess of D status, which suggests differential
axpression miggened by TR dsaxe.

Variation in the multi-omic activation acconding to AFB grade and dinical group

After dantifying a multi-omic profie that chamderzed the TE only and TEDM geoups, our next step was o evaluate whether ghycemic
status afiected the expression of mariers acooeding to AFB smear grade (Foure 2). Using hiemechical dhsmring on the Zsomoe nonmalized
data at baseling, we obssred that patents with TB jwith and wihout DM and AFB smaar grade equal i 2+ ended to espress hgher
lewmls of SECTM1, FBNOE, and 11 dT=B2 compamd with other AFE grades (Figure 24). Those marker bewels were lower among those wit
TB with AFE gade 14 (Fgure 28). On the other hand, the TB-D#M group showed higher expression of ITEL and MMP28 in those with AFR
grade 1+, PGDM and 11dTxB2 in AFR grade 24+, and finally FBNOS, SECTMI, and LINCO2009 in AFB grade 3+ (Figum 24). Mext, using
Spearman conelation analsis we found that the AFB smear grade was conm bated with SECTM1 and FENOS expression in TBDM partic-
ipants. Mo significant comelation wias obsersed in the TB only geoup (Fgures 24 and 2B). No significant cormiation was observed in the TE
anly group | Fgure 28). This finding suggests that fe pmsence of TB was associated with changes in multi.omic expression acondng bo
AFB smaar grade.
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Changes in mult-omi ¢ expression after anti-uberculosis therapy inftiation

Wi n st s buated changaes in ﬂ'll Iimairiosr & apnes Sons o conoentration sa fe e ATT nftiation (Figum 3. Usinga heatma p appeoach, v m
abda toshowan all o g imncken oy in maricer walues, in both the TBand TE-Dé groups (Fgure 34) Next, we peospe dively 2 sessed
Mg & §OrEs S0 to evaluate the djn.rl: of mubt-omic expmsson during 4TT (Figure 3B) We dsoemned areduoed beselof11 dl«B2in the
TE geoup, a5 well 25 a redumd level of FEXOW and SECTMY expression in both the TB and TE-DM groups, and mduosd LINCOX09 expres-
sion in tha TEDM group.

The mult-omic approsch resulbed in a transodp tomic signature to detect TE-DM

After evaluating the multi.omic profie of TR and TEDM interaction, we ectended ouranalyss to wefy the eqpeescion of the taneoipiomic
markers idantified here. Using data from a multi-center, prspecive cohort study of cur group, ™ which am essed trans oiptomic data from
Z¥0partidpant, mouimd fromteosies in India, one in Brazl and publicity aralable RNA-seq data from two sims of a TANDBM consortium
{Romania and S outh Atrica),” wetest e scoum o of thaetrans oiptomic marie s iden Sfiadhem by ourmaching keaming anabs is{Figures 2and
53 Frst, wa used a heatmap approach appiied to the fouwr countries, verifying e expression of MMP28, SECTMI, FBOMA, and LIMOD200?
{Figure 53). Qurmsuls identfied that these genes wem capable of detmding TB mgaediess of the glymmic status inBrari India, and Romania
{Figura 53), marked by higher eqpression of the mark mﬁﬂl.ﬂﬁmﬁ!ﬁg:ﬂﬂ.&dﬂmﬂyuunﬂaﬁdﬂlwlﬂgﬂmmﬂy
the expression of the marises in each dinical groupandin eadh country (Fgum 533 Of interest, curmsuls i F pefia
in TE-Didand TR onlyin Bori and India, with higher expeescion of SECTMA, FROM, and LINCO2 009 whaen vmmpc-dwﬂl e TR meons D
o s, v MAAP 28 wars higheran tha ksilF igum 53] Nest, weused thaenecs ive r opemiing cham denstsc (ROC) curea, e mploying the
genes MMP2E, SECTMI, FROMA, and LINCO2009 o warify the acoum o of fiese masoers, to-gether, to identify TB only, TB-D8, and D8 only
{Figura &), shown a rabu staoumcy n dmgTBm.uurﬂ-'mlAmﬂ.‘?? 091,098, and 0.9 in Brael, India, Romania, and Sout
Adrica, respa cively (Foum £ Our resultiden tfiesa transonp e, dby expressionbeselsof MMPEE SECTRY, FBOXE, and
LINCD2009, and identifiedusngmachine beaming anabyss q:nphd o mlh-pl.'lﬁmmdata. with a gmat acoumgy todeima TEDM.
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Toachiewa the Workd Health Owganization targets for TR eiménation, new st gas in the TR field are required. The study of omics has baen
axmeray appled to provids sights into the pathophysiological changes indumd by Mtb infection . Seweml mRMNA ranscsptomic signa-
tures have been peoposed in moent years a5 new tods for the diagnosis, peognosis, and treatmsen t monitoning of Mtb infection and TE ds-
aza” " Newarthebess, schances have Boaen made usingisdlatedomis, and the employmant of an ivbegraties an akysis could batinr dis act
the changes riggered by bib infedion. Here, we pericrmed an inmegated omics analysis, using fran oy oC data; ebmsanoid maasure-
ments i uring; and soli be infl amma ey biomasfes in blood, 1o identify a multi.omic profile that characmsred TB and Db

O first step was to perform dimensionality data redudsion. & mndom forest modal was applied to the negrated multiomic data
{Luminex and Rhléseq from penpheral blood and eic ks from uring) i select the mostinioemative features. The random forest algo-
rithm works based on summaszing multiple decsion trees, evalua ing the importance of markers in dasifying the samples within the data.
The variabdes were evakoted by using the mean decnesse of acomop and Gini ndeces. This algoofhim has been usedby our geou in TB and
HIV coinfection studes. ™ This appeoach was alse applied to the concepiua lzation of prediciwe modals in cardiowscular diseases™ andto
pradict oUiCoMES in I'ILI\EILIWM After cross-aidation, MBMP28, LTE-4, 11- dT=B2, PGEDM, FEMDE, SECTRMI, and LIKNOD2009 wam
salacted. Imporanty, despém the owdial role of gtddnes in TB inflammatosy actiation, none of tese markes were selected by this
approach.

MBAP- 28 & proten coding genae that encodes a seoeted enzyms asocated wih casen degradation and & inwobsed in the breakdosnof
extracelular matric ™ The robe of MMPs in TB patho-gene sis hasbeen Langely s tu.died andlinke dwith tissue remodeing ™ Afwer Mitbinfecton,
inflammainry adivaton beads 0 a host response that nowases tisue destructon imedving MMPs, and disupts homeostass, which is
i d for bt de snafon. Some edencs has shown the eqpeesson of MMP28 in normal #ssues, indicating i mbe in the peesensation
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o ma intenance of homaostatc conditions ™' In accosdanon, cur results identified higher expression of MMP.2 in the @arol group when
oompamd with TB only patienis, which reinfonces the marier activity in homeostags Hm‘ﬁ'mldm other cohors. and futune studies, the
AP 28 pathway ould b usedin the future 2 a target for host-diseded therapées, to mp trsun haaling cowary or lmitn g the dam-
age cased by the mspomes against the b

Tha roba of sicosancids in TE patho-genesis has been Legely eqplomd, ™ 7and the chan ges in the a mchidonic acid pathways pesistater
ATT Here, wa idenEfied three eicosanoids which, in TAMDEM, could hap futum studies that develop a host-based thempy. LTE4 is a Epid
inflammatony mediator and he unique grsteinyl keukotiene stable and abundant in vivo.™ LTES hasbeen descibed as hasinga oitialrde in
pubmonary nflammation,™ through keukocybe adwation and teogesn g ortdone produdion and macophage necross ™ Ther ackon n TR
patho-gen s isremains unchear, but LTE-4 was aesodated with mucosal eosinophilia and ainsay ypeenmsponssen assin asthmadiseases™ and
seams incmased in persons with D8A.™ In accordance, cur results demonstrated highar bevels of LTES in TB only, TE-D# and DM anly when
oomipans dwith non-TB/non-Did contrd group. Ofnote, we showed a decreass in the bevals of LTE4 after ATT nitiation, mainly in those with
TE only, suggesting an indred atenuaton of ung damage afwr the induction phase of ATT, the first two months. Howeser, in TB-DM par-
ticipants, the bevels of LTES returna d to higher aspression in month &, comoborating a hypothesiz fiom one of our pevious publications that
showed parsstent inflammation during ATT in TB-DM parsicipants (11dTs82 & a usnay metabolite produced from the braskdown of the
thromiboxaneA 2). Theirbewels, messunedin usne, can be used to esaluatethe msponmse toaspisn ﬂlnprhll.‘l'tci:u:rl.‘“ ﬂh‘ru,‘“ andin
disaases asociated with higher plaielet activation™ a5 an indirect measum of plataletadivity. The mle of 11dT382 in TB pathogeness m-
rmaing undiaar, bt TB patien's usually presant with highar platelet counts that comelate with dseace sevesty andhypescoaguiabdity ' Plate-
e contrbuie to MMP -mediamd tissne damage theough their effects on monocyms, eading o upreguiation of actiation masoers, noreses
in MMP secmtion and enhanced phagoaptosic”’ Our msults mweal higher levak of 11dTB2 associated with TE, independant of ghycamic
status, with decrexses in te expresson afmer ATT that could be assodawmd with platelet adivation and tEsue injury comsequences. OF
note, consdaring the affects of platele® on TR pathogenesis, soma antiplatelat drugs sudh 25 apirin could ba 3 potental tanget for
host-direcd therapy in pulmonary TE. Finally, PGDM is a usinary metabolte from PGOE, and lttle is knoswn about its function in TB
and in infected alveclar macrophages. A recent study in Histopla sma capsulatum infection demomnstated an immunostimulatory efled of
PGED2, contributing to fungicdal mechanizms and controlling the inflammatosy damage ' Our resuls showed higher levels of PGD2 in al
thres geoups when compam.d with conteols, sugges ting lung damage tiggemd by TB disease, bt the real roe of the molecule in the path-
ophysiology of the disexse needs to be better ewluated. Our finding highlights the pomntial robe of soosanoids a5 candida ws for hosts
directed therapyin TBand TE-Di. The Hodcage of LTE4 pathways could atimnua ie the cytddne storm, inflammataony actia fon, ™ andtissue
damage. Leukotrinne biockers are being used in astma teatment, and 11dT=E2 has the potential to be wed in the future as a mafkerof
platebet actiation in TE, a5 in dEsase progression, x5 wel as bmmmpmntatlhstchlﬂdﬂlnp-:mmgmhphihtag-'l:

FBMOY i a profein code gene associated with phosphosylats dant ubdquitinats L'.guly:hjdﬂdmnnﬂ.“mﬁmtmbtﬂm
idence in infectipus diseases. hammmﬂra{hﬂ-m.&lﬁmxchﬁumm:m FENOW axpr L sated with decmased
pubmonary vima | mpliction, nflammatory responss, and modality. ™ Daspite the absence of robust publications inwolving the gene in the
TE fiabd, wa found an intenes tn g conrelation betweenthe gene expression levek of FEXNOW and the AFBsmear grade in TB-DM patients. Add-
teonally, after ATT initiation, wa iden tifieda decreasein the expesssion in both TBand TED#, high ightng the possbdities ofa new molecule
amsnoiatad with bacili peolife otion and tage tior host directed tharapies. Totest this hypothesis, future shudies am requised to dalinaate the
machanisms of a potential role for FBXOE in TE.

SECTM1 is a gene that encodes atransmemiran and secoreted peotein. n humans, 5ECTH 1 wiods a5 a2 TN K osll me-stimulatory molecule
that has been amociated with (04 and (D@ T call profiferation and intederon.gamma {IFM-y) producion” and mported as an IFN aardy
respanse gane_ ' In TB, IFN- 1 displays a pivotl robe in magophage actvation and immune protection against the baclli ™™ Importantly,
SECTM1 wias idlen tfiedin arecent study that evakoted host profmin featunes in persors with HIV, asa marier to evaluate Mt infecion psorto
TB diagnosis.” In aordance with the kterature, cur findings revealed inomased epemssion of SECTMI in TB partidpants, indepandentof
the glycemic status. Additonally, we showed a dredt momlation baty SECTM1 exprassion bewel and AFB smaar grade in the TE-Ci
group, highlighting it 2= a possible mafeer o evaluate diaxs sevarity in TB-DM. Fnally, during ATT the lewels of SECTM1 decrazed, in
Eoth $ha TR and TB-D8 groups. Qur findings emphasizethercle of SECTM a5 a marier of T, ds progmssion in TB-DM, and prognoss,
= mamnty proposed ™ The kst sebectsdmarkerby currandom fomst model was the LINCO2009, a noncoding RNA with unionown function
in TE. Tha non-coding RN A displays a high poeniial i modulaie biochemical pathways, and our msults could mpsesent a pomnisal iopicof
inmmst for further nwestigations in TB-DM pathology. Futum studies am requisdto beterealuae the rde and potental of LINCD2009 in
TB and TB-DA

The final siep of our shudy was to analyze the acouracy of e transaiptomic masies i detect TEDM. Several studies around the woedd
hawae been conduded toidently a rams ciptomic profile that cham derizes TB-DM nteracion, but none of these dbtained robast msuls "
Wi recenfly publisheda multi-center, prospactie cohort study of whae blood gene expression in TB-Db (the M5 T study).* We applieda
randbm fosmst modelto a whae RNA-seq from two sites in india™* and one site in Brazl, a a discovery set, and wed public RMAseq data
from two sims of the TAMDEM consortum™ a5 a validation set (Romania and South Afica), to verify the dynamicity a cos populaion. We
identifiad four genes 2 mom informaties faatures todetect TEDM, SMARCDS, BATFZ, WAMPS, and ANKRD22, with an acouracy of 097 in
Brazid and South Aféca, 092 inlndiaan d08Yin Romania. " Hem, using asimiarmadhine bamin g analsis appiiedto multiplatioen data from
Brazil, wa identified another fowr genes a5 more informatee features to detect TEDM, UNOD200?, SECTMI, FBNOS, and MMP28, with a
ooncess and mobast aooumcy in disoimination TE-DRM. W axiended our approach and iested this new tramsonipiomic sgnatum in the stes
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pravicusly s tudied in M5 TDI and founda beter periosman cein all four sims. usin.g the ta neor : imrsidentified here, with an accuracy
of 099,051, 098, and(0.94in Brazi, Inda, Romania, and South Africa, respectively. This findin ghighlghts te potental applicabiity of maiti-
omic platioems and madhine karmning appeoach e in e study of inflammatosy and/or infeciows diseases sinoe the fin dings obtained theough
the applicton of the decsion res on the fime platicems wem beter and mom concss than what was found when we applied the modal
anly to tansoriptomic data,

Daspite some Emitaticns, tothe best of curlnowledge, this is the fist study to ewaluate the maulti-omic an alysis of TBand TBDM, with data
retriesed from samples collecied from the same patients and tims points. By dentifying novel mafoers that could sere a5 tangets for future
hos tdirecied thempes, cur resulfts eqpand the cumment knowlsdge reganding TB-DM pathog i and that can be useful i mpross ans-TE
treatmant outcomes in this popaulation.

Limitations of the study

This study had somes Emita tions.. Frst, the populations were diffemnt regarding age and BMI, faciors that could influence inflammaiong a di-
wation. A validaton in an independent cohort is necessary i ensure the mbastness of curfindings. In the pre-analytical phase of the cument
study, wa defined that all RePORT Brazil particpants who had data on all the omics platiorms inves Sgated haere would ba induded, and no
pra-ana lytical matching of the study samphe was par_i d. This appeoach may have intsoduced bizs, which will requim further investigation
in additional cohorts to dasify. Seoond, the mesas unemen tofHbA 1c bevels was. periosme d only at ba selfine, and changes in glymmiacouldals o
afiedt thammunenesponses after the e py nfation. We are curmntly developnga peospe cive inwestigation to assaess Hbd 1 clevels in anowel
cohort feom the RePORT Baeil atiended population.

STARA®METHODS
Dwtailed methods ane provided in the online wersion of this paper and indude #he folowing:

& KEY REZDURCES TABLE
& RESDURCE AVAILABILITY
2 Laad contact
O Materials avallabdity
@ Data and mda
& EXPERIMENTAL MODEL AND STUDY PARTIIPANT DETAILS
3 Efhic statemsant
O Study design and popaulation
& METHOD DETAILS
0 RMAsequencng
@ Collection, processng, and analyss of soosanad metabolies
O Immunoas says
& DUANTIRCATION AND STATISTICAL AMALYSIS
O Gene expmston analyss
o Featum selection analyss wsing machine leaming
O Statistical analysic

SUPPLEMENTAL INFORMATION
Suppleman tal informa tion can be found online at h tesdod oeg 1010147 o 2024 109135
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Furfher infonmation and requests m.gadin g the padkages employed for the analys s perfosmed in this study should b disecied to an dwill be
fuifilad, by the bead contact, Bruno B. Andrade (Drunc. andrade@ifioore b,

Materials availability
* This study did not QENGITLE MW LNBJUE NESGHEN TS

Data and code avallability
* Dita usad here ware from o previous wodes. The gene expmssion fiom the main popaulation, Salvadorsite feom RBe PORT Brael, and
Indian popaulaon jused only in the wlidation of the transor o mgnatum]) wem from the MSTD study and have ben deposited at
the GEC nohi da tabas e andis publidy availlable a5 of the date of publication (&uooession number GSE18 1143, htips »awes. nobdnimeonih
gow' geo/queng'acc.ogitacc=0G SE181143).

The walidation of the trans cipiomic sonaturs identifisd ham wes parfosmed using an ecternal cohost, with popu Lation from South Afria
and Romania, pedously publshed by the TANDEM consostium and have been pmsicusly deposimd atthe SRA datbase and are publicy
avalable as of fie date of publication (BioProjed ID PRINASTOS1Z).

+ Al employed paciages” references are aailable at the key msources tbles and methoddiogy.

- 'I'I'l':pq:-"dn-unctrm-nltuip"dm-&.ﬂnyadﬁﬁmihmmmmﬂuhmmhﬁmprkam
from the lead contact upon reguest.

EMPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Ethics statement

The studywas conductd accosding to the Dacl of Hesinki Data and spacimans wem obtaine dfram the RePORT-Brazi cbsarvatonal
cohortstudy. Tha studywas appeoved by e nsStutionsl Resew Boards of the Instiuts Macion sl de Infectobaia Brandro Chagas, Fundagss
Ciswalde Cruz, Brasl {CAAE- 25102412 31 001 5243 Wittn infaemad o were ok 4 i all volutany pasticipants
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Study design and popul ation
This was a rebospadie analsis of a prospectee dhsenational study with data and speamens collecied wihin fie scope of RePORT-
Brazid, ™" at the Salvador ste. All parficipants wem enmiled batwesn June 2015 and June 2019 and followed for up o 24 months. Saveral
studies from RePORT-Bazil have aqplored different aspads of TEDM. ™ " Howeear, the evaluation of mult-platiorm data has not been
pravvicusly saploned. &ddtionally, o evaluate the aoumcy of the fransonptomic signatum identified in this study we used public data froma
pravicusly published wosk from the Re PORT-India™ ' and TANDEM cons artium. ™

Partoipants from the RePORT Brazd were at laxst 18 yaars dd, had an Mtb culbure-positive sputum ot anmimant (| for those in the TR
groups) and wem evaluated at thee in-person visits §) ATT initiation (baseline], (5) two months after initatng ATT, and (&) afer completing
treatment (appeoodma ey month &) The spatm smeas wene prepaned by the Fel=his ken mathod wsing 1% carbol fu dhsin an dsooed wsing
the Intemational Union Against Tubeecubosis and Lung Disesxse (JUATLD) sabe™ Mon-TE/Mon-DM contras and DM patients fwithout TE)
wara selected from dose TB mntacts who agmed o particpate in the study. These patients were esaluamd at two visits baseline and
& months after enmiiment. 'We seleced those participants who tesied negative, at both ssis, for Mith infecton by CuantiFEROMN-TR
Gald. The selecton of the paticpants induded in the sub.groups wes based on avallabiity of databares on sadh assay platfosn asessed
in the presentsudy. As a msult only participants who had data on all the platicems evaluated were induded. This was pre-specfied in the
analys plan 1o allow data inmgration and muli-omic snalsae Sododemogophic, dinical, and epidemiéclogic data such 2= age, sex, oo/
atnicty (sefrepormd), and body mass index | BMI) were colecied at ba sefine and shown in Table 51. 0f note, gander wariable was not
oollected. Regarding the biological sex and race/s thnicity iseif-repored) our analysis found no differences baetween the groups. Glyaed
hemoghkin (HEATC) was mexsured in all parfcpants at enclimant ™

Diab-ims wias daefined acording tobas eine Hb.c, following Smmaenican Diabeies Association ﬂ.ﬂ}.&,‘lg.idﬁn.“‘ Indiiviclals were das-
sified 25 hasing DM (Hbi1c > 45%) or normoglymmia (Hba1c<S T3

METHOD DETAILS

RMNA sequending

Sampdas from TR patien & {with andwithout DU) wem colected at basaling, 2, and & maonthe of treatmaent. Samples for the non-TE/non-DM
oontral and Db only geoups wem colected at baseline. Totl RMA from venous binod (2.5 mil) was collecmdin FANgene Blood RNA Tubes
(Pratnalytl), exracted using a PAXgene blood mikh 4 kit (Oiagen) with the semi-automaed Oléoube (Oiagen) and quantified using the
LabChip GX HSes RNA system (PerionEimed. RdA-seq Eorares were pmpamd isng the Biosoentific MEXTHex Rapid Derectonal
miNAseq sample pmpanton with the Caliper 5000one. Samples were sequenced using the NexSeqgS00 High Output kbt V2 (Blumina)
fior 75 cyches . For all sampiles, RNA was sequenced by Bumina HiSeq 2500 at MaedGenome in Bangalore, India.

Collection, processing, and analysis of sicosancid metabo ites

Usna samples from pa tents wem collected a t baseling, 2 months, and 4 months of treatment. Urine was sioredat =80 C within 1 h of ample
collection. ™ PGE-# and FGD-Mare urstable if urine is not storedat ~80°C within 0 min of mllection. Concentmticns of e major urinany
prostaglandin (PG)E: metaboite, PGE-M; fhatetranorPGE,, TN-E, the major urinary matabalite of FGD,, PGDLM; 11 dehydro-thromboocng -
B, Tl the metabolim of PG, PGl and beukotriane (LT)Eswane messes uned in urine at aach time point in allstudy participant. The assays
ware prionmed at the Boosanoid Core Labomtory at 'Vandedhilt University Medical Canter, in the USA_Samples wereshipped on dryios and
siored at =80°C unil anabys.

PHg-PGEM and [(Hy}-TH-E wam synthaszed as pasiously describad ™ [*Hy] $151M and [PHal-1 16TeB; were purchased from Capman
Chemicals (&nn Arbos, M US&), and [20,2020°Ha}LTE, $om Enzo Life Scences (Famingdale, NY USA)L Sep-Pak C18 and Oasis HLB
{3 ilimeg)) exchaction cartdges waere obiined fom Waters Corporation Wilford, MA USA). Theorganic magents were of highpaeformance
Liquid Cheomatograph (LC) quality and purchase d from Sigma Abdinich (5t Louis, MO USS).

Immunoassays

Plazma wae stored at -8FC for immandogy assays Using the Bio-Plex P Human Cytokine Standard 27 Ples bt (Group ) on the Bioad
Biopdes 200 Luminex platform the following analytes wem measumd: inmdeuisn {IL-1f, IL-1 receptor antegonist {IL-1Ra), IL-2, IL-4, IL5,
ILeth, IL=T, IL-8, IL-9, IL=10, IL-123p70, IL-13, IL=15 IL- 174, sotaxin, gamuiocyte colomy stimulating tactor {G-C5F), granulooyte-ma crophage ool
wmwg{mmmmm gammaa (IR -], mon ooyie chemaoa thractant peotens 1 MCP1WACC motl chemesion e Bgand

200, : atoey proten-1 alpha (MIP- 1/ 0CLE), MIP1 bata (MIP-1RCCLE), platelet-derved geowth fador BB (PDGF,
r-gjhidmmx al Toall d andseoreted (R&NTESAOCLS), wumor necross tactor-alpha (TINF-a), and vasou L endothelial
Mﬁcﬁwﬂiﬁﬂhﬂdﬁsmcﬁmmbﬂduﬂmﬂ*aﬂ. e i an o inchudied g purareiously chesosied

to ba involved in TB pathogenesis ™

QUANTIFICATION AMD STATETICAL AMALYSIS

Gane expression anal ysis

After the quality check, sequences were aligned i the human tansoriptoms { GRCh 38 version 100), comprising mBkA and ncRhA, wsing
STAR ™ Count gene expression ma frixwas examined wsing fhe DESeq2 Rpadoage,™ wsion 422, toidentify difiemntially e spressed genes

12 Sderes 27, 107135 March 15 3024
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{DEG) aorms the four patent groups. Changes in gene epression with false discovery ote (FOR}adpswd p sabe <0.05 and log2 fold-
differenm +1.4 were corsdemd sgnificant

Feature sd ection analyss using machine learning

Wa amployed a feature selection appeoach to dentdy the most mbevant featums from e multiomic fctors usedhere associaied with TB-
Ddd. Thae integraied multi-omic data, compsos ed by all three platforms messs unedin the study, transoiptomic data, gptolines, and sicosanoids,
ware used i trained the model and cross validation, applying $ia random fonest akgosthm, using the randomFomst package ™ 1000 taes
ware used in the model and at aach split the number of features wais 41 88, the square root of the otal of vasables in the dataset plus one.
Furthermaore, a baave-one-out ooas salidation with S0-folds, and Srepe ftions was perfonmed to asse ss the markers’ acouracy, using the caret
padagl""Thm«ﬁdﬂimMﬁllﬂimiuﬂdtlnuﬂ‘:mxy:ﬂﬂuMuhﬁ-mﬁunrmﬂﬂvmﬁhﬂ.‘?ﬂmdﬂj&
respactivaly. The psalus for acouracy > Ko information @i wais 0.0000000000000002 2. With this meetho.d, we 2im to mdice the dimemsion
of data and dbtain the mostaouste model. Seven featunes wene selected after applied the random fomstmode and indudediand the anal-
y=s peusanted here Figure 51 Shstraies the model design. Table 52 and Rgure 52 show the varable mportance of the iop 20 festums.

Statistical analysis

The madian values with interquartile ranges (K00 were used 2 measums of central mndency and dspersion. Features were compamd
batapan the study groups wing the KnuskalsVallis test with Dunn's mulitiple comparnisons. Cawmgonical sasables were compamd using
Chi-squam test Hi il dismr analyses (Ward's mathod), with 100 bootshap of Z score normalioed dats were employed to dapict
the owemll mult-omic expression profibe in the study geoups .. Dende-gams. represent banhattan distance.

S pesanman conm b Sion analysis ws wsed to evaluaie the interacton baetween sputum smear &FB gade and mult-omic expemsson data,
andbestwesn Hod 1clewek and the mubi-omec expeesson data. Alunivasate compansonswith poralues <005 after adpsbmants wers consd-
amd statetically significant The statstical analyses wem pericemed using R 42 2 The R padage wed o pedorm the analses here is
desoibad in Tabde 54,

Edwrea T, 109135, Mareh 15, 2024 13
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Supplemental Tables and Figures
Table 51. Characteristics of the study population

Characteristic TB-DAL TB anly DM only Non-TB/Non- P-valne
DA contrals

N 1 28 11 13

Agp — years 46.5 (37-55.T) 284.;5!5— 56 (51-50) 34 (27-5m <M1

Female —na. (%5) LIED) ] II}GSJS} 7 (63) 06, 0o

Race—no. (3%) 06

White 3(ly) Eel] ] 1M

Black 14 (58) 11035 6 () T(53)

Pardo 7029 14 (50 5(4%) 5(38)

BMI (Eg/mr) 11 (18-26) 0 (18-12)  2932732) 20 (24-3%) <M1

HibAlc (%) B1(6.6-113) 55(52-58) 7.1(69-84) 5(4853) <M1

AFB smear grade — 036

nao. ()

o iqn 1(8)

1+ B(28) 6(15)

i+ 4014 I(12)

3+ 11 (3%) 14 (38)

Cavities om chest X- 15 (62) 13 (46) 02

oy —oo. (35)

Data represent medians and interquartile ranges (age, BMI and HbAle) and frequencies
(female sex_ race, AFB smear grade and cavities on chest X-ray). The KEmskal - Wallis test
was used to compare continnous variables between the groups and the dismbutions while
the Chi-square test was used to compare frequencies. AFB, acid-fast bacilli; BMIL Body
Mass Index; HbAlc, Glycated hemoglobin P-values in bold font are statistically
significant.



Table 52. Top 20 variables from the multi-omic database that were identified by
the Gini score and mean accuracy to discriminate between all the clinical groups.

‘Variable Crimi score Acouracy
TAKRICSF 24 03
CASEIN1 L4 03
CDCAIPR 0 0.5
CSMIM2 14 0.5
DUSF3 15 02
ESYT3 12 03
FBXOG 35 Lo
HNENFAIF61 12 02
IL1§ 16 02
IL& 17 03
KCNHT L7 025
LIMNCO2009 24 12
LTE4 37 48
MIR1256 14 03
MAIF28 13 13
PCIVLTES 24 03
PCDM 25 116
PCININE 17 0.2
SECTMI1 34 L&
114TxB2 49 73

PGDM, prostaglandin D Metabolite; 11dTxB2, 11-dehydrothromboxane B2; LTEA,
Leukotriene E4; MMP28, Matrix Metalloproteinase 28; FBOXS6, F-Box Protein 6;
PGEM, Prostaglandin E Metabolite: IL- Interleukin: PGIM, Prostaglandin T Metabolite.



Table 53. Expression of multiomic markers used in the study according to the

clinical sroups.
Parameter Unit Non-TB/Non-DAd DM TB TBDA P-value
comirols
FBXD46 V5T 6.5 54 132 73 <01
(64467 (62-6.5) (6.9-7.7) (6.9-7.4)
SECTM1 V5T B3 4 o8 og <0001
(E3EE) EIET) (03105  (@S-103)
MMF2E V5T 58 55 55 56 0.00s
(5.7-6.0) (5458 (5456 (5557
LINCO2009 V5T 54 34 55 30 0002
(5.1-5.8) (3155 (5438 (574D
PGDAL g mg Cr 04 07 18 44 <0001
(0.3-0.5) (0.5-0.9 (1.4-2.5) (19-134)
11dT1B2 nz_msCr 02 03 0o 0L <0001
(0L20-0.27) (0.2-0.4) (0.7-1.6) (0.7-2.4)
LTE4 ng meCrl A 007 02 0l 03 <0001

Data represent medians and interquartile ranges. The Kruskal-Wallis test was used to
compare the distnbutions of the multicmic markers between the study groups. P values
in bold font are statistically significant. VST, variance stabilizing transformation gene
expression; FBOX6, F-Box Protein 6; MMP28, Matrix Metalloprotemase 28; PGDM,
Prostaglandin D Metabolite; 11dT=xB2, 11-dehydrothrombexane B2; LTE4, Lenkotriene
E4.



Table 54: Packages used for statistical analyses.

Tl}jerﬁre E package Version  Eeference
Taentity differentially expressed DEseq W) 1
EEBES
Feature selection analysis wsing Fandom Forest R4232 2
maching learning
Cross-validation Caret R4213 3
Heatmap ComplexHeatmap R422 4
Spearman correlations Himisc R4213 5
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Figure 51. Dimensional data reduction. A graphical abstract from the dimensionality
reduction approach: A random forest model was applied to the multiplatform data
(Luminex and BEMAseq from penpheral blood and eicosanoids from urine) for feature

selection based on clinical groups.
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Figure 52. A dot plot to show the feature importance of the top 20 markers used in the
randomForest model.
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Figure 3. A partial transcriptomic signature to detect TB-DM. A z-score
normalized heatmap was employed to depict overall trends in gene expression among
the chinical groups on each study site, as indicated Panels to the right of heatmaps show
the average fold-difference between the signature gene expression in the HC group
versus TB-DM, TB only and DM only (log-transformed values)
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The sound of silent RNA in tuberculosis
and the IncRNA role on infection
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SUMMARY

Tuberculosis (TB) is one of the leading causes of death worldwide, and Diabetes Mellitus is one of the ma-
jor comaerbidities (TBS/DM) associated with the diseasa. A total of 103 differentially expressad neRNAs
have been id entified in the TB and TB/DM comparisons. A machine leaming algorithm was employed to
identify the mast informative IncRMAs: ADM-DT, LINCO2009, LINCO2471, SOX2-OT, and GK-AS1. These
IncRMAs presented substantial accuracy in classifying TB from HC (AUCs >0.85) and TB/DM from HC
(AUCs =0.90) in the ather three countries. Genes with significant correlations with the five IncRNASs en-
riched common pathways in Brazil and India for both TB and TB/DM. This suggests that IncRMAs play
an impartant role in the regulation of genes related to the TB immune response.

INTRODUCTION
Tubseulosis (TE) is an infectious dissase cased by Mycobaderium tubesmrmulosis ity and is one of the leading causes of death worldwide
due to a single pathogen.” it is estimated #hat ', of the global population have been infected by the Mib® and about 10% of the infecied
pcple develop the adive form of TE during their ifetime.? The dinical pmsantation of active TH wanies depanding on the site of infaction
and tha host inflamma oy msponse. An aggravating oondition to TBis the comarbadity with diabates mealitus (D), a poten Sally desastating
madical condifion with an akimming incress e in its prevalence since the ba ginning of this century_* [ is cha mctenzed as a metabolic disease
with patholo-gically high blood glucose bevel dus to insulin action falum.®

The main TB aggravating tactor for DM & the immandogial desfundion caused by the hyparglyoamia, as it mpairs both tha innate and
dlaptive mmune resp hw\-dlim:.mmgﬂlm“mmﬁume&“?mmMﬂmdmﬁy
m*ummﬂu traatmean tior TR, ofmn hachgmpmlmg-d:psnmu.hlucmunmaﬂmhuﬂu ant=-TH tematment (ATT) out-
comes, such a5 death, teatment fallure, and TErecuren o attmrtmatment. Furthemnaom . TE/DM s a ssociated with an albened trans coptome
mdmmhbﬂmj:dpaﬁm:ﬂﬂrnqhmrmﬁlmdm Rhlas incRbas)

Asnund 0% of the transoriptional cutpu tin human cells is represenie diby ncithlés ™ and its Lasgast type is the lbngnan-coding fincRRA) .
These am composed of A0 or more nudeotiies, and despite thar functions baing Ftle undesinod, they hase major mpostanoe in mgu-
lating a large range of bickogical processes. ' At genetic leval, IncRNAs parfcipate in gene expression regulation by controling acces or
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dismissal of regulatosy peoteins from chroma iin.' They @n also regulate other ncliMAs™ and microfthlAs activities, by acingas micoRN A
sppeon g a5 wiall 25 afledting the mthAs rashion ' Addifonally, it & also known that IncRMAs can modify the mRN A epression by magu-
lating the pre-mRA splicing, ediing and ewen sabilizing mik s "7

In fhe TE scenaso, diffemntially espressed IndthAs are important molecules with the robe of mgulating mmune mspomse pathways
against Mth. Such regulation i done on essentia | molsoube and bickogical promsses, such a5 TGF4, IFN-y, T- and B- colls difiems ntiation
and adaptve immune responses. ' While for DM, diffem ntially epresed IncRNSs have boen mainly assodated with insulin secetion
by the panceatc beta cells and insulin msstanm ”' Duspite being ks eqplored, Indthlas oe a5 potental biomaries © evalam
the dynamics of TR infeciion and peognoss, as soma IncRMA sgnatums have been previcusy proposed. ™ However, more stucdies are
requimd & further valichie the previcusly proposed TB biomarkers, induding ofher populations.

Cur guoup has llclnﬂ_pdnci:-ldﬂlp.lt-mu{aﬂggmlup-nmmmpmudeBJdTmmfmrdﬂl-mWhm
{Brazil, Inckia, Romania, andSouth Aucal.” The perious resuits dapicted highly difl erent patbems of gene axpres sion, suggaestinginfluen ceod
peopulation-spacific differenoes on TBand TE/Dé gene eqpee ssion. In the present study, we used arobust bioinfosmati ch b peop
a IndtA basedbiomasrer for TR, which is consismntly espressad through difierent m.gions and maintains i amlncy“mtl TR/
oomarbidity. This béomaricer was identified in RMA-saq data from patients feom Bral, enrolled by the hp-crt&aﬂﬁandhadmmraq
walidated in data from patients enmled from Inda, ™ Romania, and South Adrica ™

RESULTS

Identifying incRMNA that characterize tuberculosis and tuberculo sis/di abetes mellitus

Wa usad prevously published and public data i identify diferen tally expressed ncRNés and evaluste their expmssion. A detalied popu-
lation desoiption @n ba found in our persicus work |n Bazl, cur dscoveryset, a total of 187 DEGs. between TE and HE groups wene iden-
tified, from which 120 were upm gulated and 49 were downregulated (Foure 5 1). Regading the TRVDM w«. HC compaszon, a total of 1128
DEGs wam identified, fromwhich 182 DEzs were upregubimd and ‘944 were downmgulated (Fgum 5 1). Following, the IncRMNAs and micmo-
Rhas wem fikered from the DEGs on each comparison, e, TB vs HC and TB/DM . HC. A ptal of 25 diffesntially eqpresed nchés
(DEncRMAS) wara identfiad in the TE comparizson, baing 15 upmgulated and 10 downregubimd The TE/DM compasson identified 95
DEncRMAs (28 upregulamd and &7 dosnregulamd). A summary of all identified DEGs and DEncRN s, as wall ax the statistical values are
available in supplemental material 51. The overall study procedure and dosnstmam analyses am resumead in a flowchast (Figure 1)

Discriming tubsrculosis and tubsroulo s/ diabetes melitus wing diffarentially expressed non-co ding RINAs signatune from
miachine learning application

Adfteriden tifying 103 DENcRN A, wa applied the Random Fomst (RF)machine beaming algosith m i their expressiondata, aiming todetect the
frve best classifying DEn cRAs to dharacterze TB and TE/DM. The IndtMas ADM-DT, LINCI2002, LINCD24T, SONZ-0Tand GKCAST wam
the top five fsatumsin tenms of vasia ble impostance according 1o the RF model{Tatle 51). Thefive most infosmative incRNAs" fold dhan gewas
shown in Figum 52 Toesaliate thess genes " axpresson in asch dinical groupin Brasl, the dscoveny set, wa employed a haatmap, depladgng
the zscores of V5T nosnalined expression data (Figure 24). Our analysis resealed a total of two major cheims: the first wa s predominantly
oompsad of patients with TB{$4. £3) and TB/DM (55.5%), while the secondwas comprsed by amictoneof HC (34 53], TB (34 7% and TB/TM
{28.99%) | Fgure 28). Fusthesmons, the k-dold ooss slidation applied tothe dEocoseny set appoented an aoumoy of 1, 95% C L 095, 1], ano-
infosmation rate of 042, sarsitivity of 1, specificity of 1, positve and negative predictive salies of 1. To chedk the acouragy of the identfied
DEncRMA signatum in sach different regon dataset (india, Romania, and Sowth Afsca), we used Remrer Opemtng Characmsssc (ROC)
oursis {Fgums 2B and 2C and 20 When dassiying Indian samples, the IncRNA sgnatum achimwed an AUC of 084, 95% CI (078, 0.93],
whan dassifying TB and HC samples andan AUC of 090, 95% C L[0.84, 0.97), when dassifping TRB/DM and HC samgles (Fgum 2B). A similar
i giying periormance was cbsensed in the Romanian dataset, 2 the biomarker achiewed AUCs of 056, 95% C 1L (090, 1.00], and 0.9, 953%
C L [085, 1.00], when dassifying TB and TR/DM from HE samples, respactively (Fgure 20) Lastly, fhe IncRhA sona tum was tested with South
Adrican samphes, acheedng AUCs of 090,955 C 1L [079, 1.00], and0.24, 95% C1. (085, 1.00], whendlassifying TE and TB/DM from HC samples,
respacticely (Figum 2D). This finding has shown tha tthe DEncPN A signature, herain identified using RF, could deosmina e TE/D with an
acoumcy higher than %0%in the dinical siwsindudedin cur study. Companed to the pem vinushy published TE signatures,, this IncRRA sonaum
hadan owerall smilar perio of, but could provide insights regarding pomntially mporant indthléds in TB (Foum 53). Further infonmation
ragarding the model & awilable at Table 51.

Impact of IncRMA in the overall gene epression
Toazsass how the signature affects tha Il gy & s SO N aach dition and region, wae paricamada sp corralati LTS
beatapan the epresions of the five seleded nciids and all mRNA genes. The cormelated genes and their respectie toa‘dpﬂ-:a-
available in supplemental matenial 52 Bazi was the stewith the highest numiber of strong comrellations, [rhof = 0.7, with 22'92in TBand 1214in
TE/DM. Arddition ally, most of th posires comalations E5% and B9, mepectely) { Foure 3. The Indian mgion mvealed 1484 inter.
actions, 807 in TB and 477 in TER/DM, with 92% and 81% positive comelation, respactiely (Figure 31

45 for the Romanan mgion, 317 and 425 come b tions wene identified in TB and TB/DM goups, respectiwely. Despibe the: deomased nums
bear ofsirong onmlaton s, compam dbo Braal and India, posis Lations wara also predomanant, with 743 in the TB group and 57% in the
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Fegure 1. Flowehart of shady’s proos dured from dais s quiiiti & throagh Sl iy e ] e tio e, {wdurs i dbe i o walnlaits & wvidl
eerbdunint anali s of geeid cormlated with #e bap Fvs sl tinformeties DEsSRNA
el ik e kel 1 i i o 1 iy et Bl il vl 5 i i e it 1 oo v il i ol A, st o i ey e vt o e et

et i, Bl firoich e it 1ol ool o ] erricherien anaysis. Pople boos s iloaraog the rsls

TE/DM group. Lastly, the baast numbser of correlations wem obssred in Sowth Afrca, beain g only four for the TE group ithres posite and one
negative) and 130 for TE/DM( 78 positives and 52 negatiees) (Fgum ). The result suggests a onsderable impa o of the ncRMAn the owerall
DN axpession, masked mainly by positive comalations.

Impact of the comelated mRMA genes in the bicko gical pathways

N, i esaluaie the impact of the abowe-men foned corelated genes on biclogical patiways, wa perfonmed an ennchment analysis (Fo
wre £ Thus, all stron gly comalated genes’ Bnirez IDs and ther mspective fold dhanges wem used as inpat, geoupss d by the region n which the
guns waene commbaied. A otal of 177 pathways were ensched by the genes which wem strongly com lated with cur incRNA TB signature.
Further infosmation about all ensdhed pathwanys. i avallable at supolemantal matenial 53. The iop 10 gene otio pathways for each mgion
mdmiﬁldmdﬂﬂlp:ﬂwmbmdmﬂlaﬁ-m Tt respen Cive QUana ratios vwene retseved. The genses wihich comprise
tha sa paths had the ir regpa diy Latmd IncRIMA 2 sesse d, to chede sach IncRMes impact on the ennichmeen t. Within the free most indor-
rn.'mu h:RMk thma wara comalated with e majosty of the mrrelated genes comprising these pa thways: LINOIZ471, ADM-DT, and GK-
AST (Fgum 54). Both Neutophil degranula fion and Signaling by in terieuldns wene among the op 10gene ratios in all TB infeced groups (TE
and TE/TM) in Brazd and India regions (Foure S The pathways which were amaong the top 10 gene ratios for at beast one group, bat also
annchad by the other ones wem Inierdeuin {IL)=4 and IL-13 sgnaling Regulaied Neooss, Sgnaling by C5F3 {G-C5F), Inactvation of
C5F3 (G ~(5F) signaling, Disexses associamd with the TLR signaling cascade, Disea ses of Immune System, IR&KS defidency (TLR2/4) and
MyDE8 deficenoy (TLR2/) | Fogure £). The pathways commonly enniched hrﬁlmhidgmu ld-'luﬁudm Brazi TB, Brazl TE/D# and
India TB warse Programmaed Call Death, Tol-Eee RBecepinr Cascades, Interderon o 0 . T [ g = ross p

and ER=Phagosome pathway (Fgure ). The interfercn alpha/beta signaling was ensched only by the Bazl TE, aniTa-m and ndia
TE/DM cormlaimd genes. Inedeukin=3, lnmdaukin=5, and GM=C5F signaling was enniched by the Brazl TB, India TB and India TE/TH
commbind genes. The FOGR actvation pathway was enrched by the Braril TE/DM, india TE and India TRDM cosebied genes. Lasty,
the Class | MHC madiaied antigen peocessing & presentation pathway was esclusiely enniched by the Brazl region (Figure ).
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DISCUSSION

This study aimed 1o ewluate the rde of a TB signature @omposed of IncRiés in TB and TE/DM, impeoving the meoleoular inowledge and
prosiding further insights regarding the pathophysiology. Sudh insigh®s could contshata, in the futum, toward the dewslopmant of new
TB host directed thecpy, regardiess of DM dbidity. We use the data from samples mllected by the RePORT-Bazl in Salvador as the
mdﬁoﬂﬂydﬂtﬂ.dﬂtﬂﬂndﬂhhmpﬂ'ﬂd end and presenting anly one batch. Catsets from other regions were maintained
s st datasets, as they wem single-end RNA s eq data (Romania and South Afnra) andwens sequenoed n more $han one batch, demanding
ﬂ'llq:piﬂﬁonu-{aba‘b:hlﬁldmMmm:wdmwmmgammmﬁmiﬁMBh
been used bafom with HTLV-1,” mosquitces with dengue, Tika, Chiungunya, and Yeliow Fever™ ' and to identify a pedictive model in
candiovasaular diseases ™ The model mmposed of five IncRNAs (ADMDOT, LINCOO009, LINGIEA 7, SWDT’ and GK-AST) achieved

AU s >0 8 Swhaen discsminating patmnts with TB fom HC and >0 Swith TE/D8 fom HC, even in samphes populatons, axhibitng
an mthwmm accunqa ‘When compamdwith the peesiousy proposed TR signatunes, this mudulhad:l'ri.'l' acourady, bat peo-
widkes unigua insigh q Emgp thnchiNAs in TR

The identificaton of 3 condse tRmsorpimic signature to characmaze TR/DM inmadion hes been the focus of saveml grogps ™
Recently, by apphing a smilar methoddogy, we identified a signature for TR and TE/DM composed of four mRNA genes usmg:.rnplu
oo the same ovhort. Despite the signature’s acouracy, it was noted that the expression of fhese four genes hada high degree of varabiity
across the study regions, suggestng a stong influenm of populationspedfic epresion patten.™ Here we identfied a more consistent
pattern of expmsion, 2 thma inci Az (ADMDT, GE-A51, and LINCIR2471) had similar fold changes for TR and TE/DM in ol regons and

LINCX09old changes wem similar in Brazl, inda, and South Afeca. The pears: tpattenn of expres s b d in cur signature oo
Jngﬂn:mubﬂ'mmﬂmmmpEn:-mﬂnnrq:ndbvjdaiwﬁwﬁg:.ﬂ-mﬂnhnhdlﬂﬂ&mai
peossibin comipson an t penmeoting changes inthai azmnriated with thainomased sk of persons with DM o desalop active
T&“Dlﬂﬂlra-nﬁﬂdmﬁbﬁmmublmmhw-uﬂu msion of TR g DM p ¥ and sewmng is the

prasentation of TE/DM, followed by an inoeased risk of unfavorable TB cutcomes ™

4 iSceres 27, 10BSEE Jarasary 17, 2024
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To gain insights about tha role of IncRNA in the biological pathways, wa usad an enscdhmant analysic of tha s frongly cormlbaed genas in

Brazil and Inda.Mostof e genes assocaiedwith the pathwa s were comalated to three bndthas (LINCISSTT ADMDT and GE-AST), whils
'Iilaﬁ-‘bmptnmndrrm-ﬁlmclmﬂ-mldnmtcur-nhuudldpiﬂmﬂutnrdﬂidbﬂlInﬂ:‘:mmlmpmn
o b, Neutmophil degranulation is one of the man neuirophil aciewie s when facing Mib, a5 they reeass p s wihich are ¥
bial, prowmdytic or even st cural. These promins ane incorpoated inio the neutrophil’s membrane o chan ge the mular mgponse toward
the envisonmaent ™ The ganule reeased molecubes can inhibit the bacmsal mplcation within #ie mntacted macrophages,™ but @n ako
harm the hast, as they damage bath bacterial and host cells ™ Nautrophils am #ha fisstimmuna calls toenter #ie kings during Mib infection,
in the immunopathoiogical side, and they ane oritical cells for ganuloma @yitation in the actve TE."' On the other hand, they are inds pens-
able 1o controd fhe Mib and to induce the antidith adaptive immune response ™ Both Signaling by and Inacthation of CSF1 iG=C5F
pathways m-gulate the hematopoistic peolileation of neutrophils, by the ortdkine Granulocyte colony-stimalating factor (G-C5F) " Dusng
infactions, G-C5F is induced by inflamma tony optoldnes, such as IL-1, THFa and ipopoysacchasde (LP5). " This pafhway causes its own inac-
tivation i prevent an overpopulation of newrophils, exphining both pathways mpmsenting i actiation and inacivation being enriched
simubtaneously 'S

The robeof interbeukins {IL) in modulating the inflammatony s ponse tosand Mt havaebeen Largely explored. ™ [t is lnown that IL-12 and
IFM-y platy 3 coucial robe in profscting the host against bt indection, as both molscules and theirinduced Thi immaune mspons o have baen
exmrsivaly exploredin TE.* Them am also interbeuling that @n be induad by Mtk to impair the host Th1 response, such as IL-10, a potent
immune regula oy in e uldn. This inedeultn reduoes the antigen peesentaton and IL-12 peoduction, enhanding inta o Bular bace fa sur-
wivability by inhibéting macmphages ph al maturation and cellular a poptosis * Regarding the second ennidhed pathway, both IL4 and
IL13nam‘hdmﬂ1-ﬂurﬂlTmmaﬂlmb-nnmidmﬁlngd.mglmTﬂ.tIL»-l-tm:n'n-cmplug- andocytoss by
mannose mEpior, a majorroute of Mib infection ™ and its suppression enhanms the host resistance against b in mioe animal models ™
Merecver, IL-13 upregulation in TE enhanms Mtk replication and necratizing ganulomasin TB mice exqpenmental model. ™

The Interieron sgnaling = ocucal for ant-TB immune ll:pu:ml,‘“ = nown by exploring the IL-12FN-madiated Th1 immune
response,” 1PNy maoophage and (08" Toelk ackvation o kdl intraceliular Mitb and 1o hse hostinfected colls, respacivaly. Neverthaloss,
the excessive Th1 mspomnse actvation fimugh IFN-y @n ke detrimental o the hast, often keading to teddual damage and nedoss.™ Thus,
the Inmferon signaling is mbwd o the commonly ennched pathway of Regulamd Neorosis, which is mainly induced by the Th resp-onse
bypmdact and Neutophil produced resctve Soyan speoes.”

Regarding the Lt four commeonly ensched pathways, MyDE8 deficency (TLRZM) and IRAKS daficency (TLR2/L) am part of the DEsases
associated with the TLR signaling mscade, which is a participant of the Dis sases of inmone System pa thway (stable 1D RHSA5 240271 in the
Readomedatabase). Thus, all four pathways ane related to Diseases of lmmun e Sysiem, parh apes this major pathway haes been ensched due to
ﬂlahnﬁmuhﬂulmﬁirmnlmnmdbrﬂuub,aﬁp:ﬂngminpﬁﬂlImmm.ul#dml;“
Dwspiw the adk of in fosmation about the biclogical functions mgarding the fiwe selecd IncRMAs, the enschment of impostant pa fvays
to the Emmune response tosand TB by the coselated genes & a gmat indicator of biokogical consstency i our findings.

In the present study, we have analzed chta from samples mllected in Brazi Inda, Romania, and South Afdica and identified a set of
Incithl&s with comsistent acouracy at all four ountses” st dy popaulations. Despite e kadk of infosmation reganding its biological fundions
in tha Fterature, #hefive most niosmatree bncRilAs weres tongly comela ied with genes associaiedwith patheays miaiedto s L
ugjhiunag-stTB.Thmggl:BﬂutﬂluiﬂMkmqphranmmhmtlrugjhmdgmuuhithBmpnnu.hjt
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further studies ane 58l required to enlighten their béoiegical funcions and regulation medanisms. We popose this highly consstent setof
IncdtMAs a s biomades for TB, mgasdiess of DM status.

Limitations of study

This wiosk has some Emitations, starting with the methodology used in fie RNA-ssquendng, as the data feom Sowth Afsica and Romaniawam
sequenced in single-end plativems, while the data fromthe India mgion has been sequenced in a paied-end phatiom. The employed nega-
tivabinomial modelfor diff ial gene axpres S abysis has limitations milaiedto multiph iable adpstmen . Furthenmaore, as this pre-
san twiork employs the same samples as our previous wark, all Emitatons mgaeding the metadat related tosamples haee been inhested
wall, such a5 the obsersed diflemnces in BMI, age, sex, smodting and alcohol use batween the h:immdhcﬁmpﬂpﬁhﬁm:.“lhmr,
STl patimnts v under e imeent with meetfonman and statin, which could afiect the infl ammatosy responses.

STAR®METHODS
Dwiailled methods are provided in the online wersion of this paper and indude e folowing:

& KEY RESOURCES TABLE
& RESDURCE AVAILABILITY
o Laasd contact
O Materials availlabdlity
< Data and mde aaillabdity
@ EXPERIMENTAL MODEL AMD SUBJECT DETAILS
3 Particpants enralimant and data acquisition
METHOD DETAILS
O Data pmpeoessing
& UANTIRCATION AND STATISTICAL ANALYSIS
@ Diffesmntial expression anaksis and ncRNAs fitering
@ Machine leaming - Random fomst application and walidation on independent datase s
@ Correlations IndtNAs - mRMNAs and enndment anabyss

& Sl 27, 10BLET laraary 15, 2024

80



iScience

Articde OPEN ACCESS

SUPPLEMEMNTAL INFORMATION
Supplaman tal informa tion can be found online at htes dodoeg/ 1010147 ol 202 3108642

ACKMNOWLEDGMENTS

‘W thank Ms Daphne Martn and Ms. Samyra Cox for cutstanding administrativs suppaort, Mr. Paul Simon and Mr. St Garfunied for the
amaring inspaation they give tous for repodting the poatry of shent RNAs. This wod was funded by OISE-17-43459-1 froms the Nationalln-
sttutes of Health, admin istered by CRDF Glabal; DAA3- 18447 18- 1, fosmeardy USE1-3114230(-1 3 from the Indo-LUS Vacodine Action Initativeon
TE Rasaarch, sdministemd by CROF Giobal. The Bo zlian Ste wes suppoted by the National neftutes of Health (MIH U01A0S9923 and
RO ANTR, OCASANet, RePORT-Brazl Tenms see Centmr for AIDS Researdh (TH-CFAR). The study was ako suppored by the Intramural
Reseanch Progam of the Fundagio José Siveira, and the intemuml Reseach Prgam of the Oswaldo Cuz Foundation, Bazid. BBA and
AT 2w senior investige iors from fhe Borilian Counal for Scence and Tedinology (CNPg). BRF and MBA receved mseanch fellosship

fmm tha Fundagio de Ampam 3 Pesquisa do Btadp da Bahia (FAPESE).

AUTHOR CONTRIBUTIONS

CLV_ERF TFM MAP, and M B A pardosned the data cumtion, analyss, interpretation, and draftof the first version of the artide. A NG,

d the data

NG, VI SG., RE, VA, MLP, and AG. parf

approsal of the artcle. KUP.K. parf

d sampla £

tion and oura

fior the Ch

Pretation, revising articke aitically for importan tinmBectual conmnt, final
i cohost. TR S supsands ed the Bordan study and

halpad with data iupnuimmSl..ﬂV.‘H‘.mﬁ;n-dt-cﬁidmd;hﬂ-mi.A.T.DJ_aﬂuA_p-ﬁmudh study conoeptu-
aliration, data analyss and inmpretation, and draftof the artide. HK. pericemed data cumtion, analysis and intepretation, medsing artice

oritically for important intellecthual content and oo

DECLARATION OF INTERESTS

The authors dedam no compa ting intenests.

Received: September 5, 2023

Revisad: Movember 27, 2003

Ampb-d:Drc-'nb-'im

Published: December 8, 2003

REFERENCES

1. Ghatnal Tubyasenbenics Raggant T2 (321
el Haslth Oeganicaton)

Z. Hendvary, MG, ared Desded, PLL (2005 Thea
Ghaitsal Busdin ol Litért Tubsesuboi
bbb & Ra- sslirmabon Uiireg
Matvena cal Modellng. PLaS Med 13,
Ll e arabond

X Masidirrhan, P, Waood, |, Mesatea TR,
ared Mabas, D POTE). Rk lacies far
witeruknes. Puin. Med 2013, E5537

4. T, P, Abeni KG., aed Shaw, J
(0] Ghakal arvd wochinal implsataro al
v ke apnderie. Mause 414
TEI-TET.

B A ican Dhakwec Ao san (2013)
Dl cich iofed] o Booa o ool ol itk
el Dhakwtec Case 33 SE7-51.

& Furdarny B, Aasaute, FLE, A, 8.,
iy it Wi, B8 M, eted i D, B
(D0 Ireheaborn ol S ghatal e a |
chiakvinic for hiaetuln s canral ard
P! i Teogs . Iisd. lnt Haald 15,
FEF-1TT

7. Mamterwar, &, and Garlanda, T 3]
Hurrea il vt ey and Acule.
Phuaces Pyt N Engl 1 Maed 388,
4F-457

B - Comana, M E, Cour- Hidwa, L P,
Gassia-Garca, L, Pasery o Ry, L,

Dhary el oS i, G, Bastnaecila-Dial- Vi,
M., Cirvrdle-Turaa, 5, Pad -
Gt e a, £, Hae-Saldane, B, Tala:-
Wi, M, &1 @l P03 Saocwbon al
iyt anel Do Fnpa an

dina el all sites. stu

]

T

.

W rrvarr] @ f ot e el SRuie v
Theaacn S8, 21420

L, T, 'Warg, Y., Gui, L, Fuy, Y. Ya, T, Hang,
B, O, L, L5, Y., Tharg, X, ared Hang, W
(D). Trarder g anidn o | S maes
al chakvings @ & cormaknditg on ulbaroulons
Maedicire 101, S182
Arastasiacdou, E, Jaak, LS, and Sk, F
(D). MNaw-cocliveg RN A rrt wer el ) clsfoisi
Mat Rere. Carear 18 515
Karrmecryk, M., Fidgen wier, WUC, ik,
MLE., arecl 'W¥'emaciindks, J . (20D, Hurnas Lasng
Mameadiveg RN b ot D eobon,
Chir i aiea o and Funcbon . | Mal S
21, W

Farm, LI dsfedd Ching, HLY. (2013 Gl
megulaicnby kang eoncding BN As. Aaeu
Rre. Becechviarn. B1, WE-155

Saervind, L, Polisena, L, Tay, Y, Kat, L, and
Parecd s, PP (07 1) A PN A, Byt i v
Feexiirtl i Stewvin &l @ biclclien BNA, larrquicge
Cal 188, T3-IE

Wiitakey, | (20N 5. levtanies ieac vt bl
vl ey monsoding RMAS. FEBS Len. 592,
ET4-EER

Rearrvincy- Basshers, M., Lbgyaicum, MF.
Bartharrecd, M., Asal F_, and Craspi M
(D). Splang reguinban by bang noncading
R Mucks: S Res 44 7657154
Genty, 1M, el Ervisec s, RUB. (200

Fumc oo i Frisc b o | BNA, editing
Agrra. Rare. Ganel 34 459531
Tigads, v, B, 10, Shen, I, Sarg, DY,
Par, O, Way & T, Frase, SW, Barrwn, CF,

Sharend, A, Bulbulys, PA_ et al (D00 The
Frachii -salaared noncoding RMA MALAT
segullitics @i i isng by maduling
SR splcing leser pheagpiery bon. Mal. Ca
I% TE-EE

1B Faturacled, H, Haat SMG, Des, 5,
G, K, Tanernasel, A, Adaghar aclal,
M, arel Kall, HS. (OO0 Lewy meewcn clivg
RMA rie eculen i Dubrassbeniy bl | Bl
Macrarmnal. 154, 340345

12 ‘Wang, Y., Dhaney, H, X, X, Ohin, TY,
Huiarey, D, Sy, 1L, Dhistvg, H., Tl T,
aedd Ty, G (ADTE]. Lewvy rcairitacinyy M
chairie] learn DD segriny apmgaibealy
o e DS To el ivervorsn ¢ i) cxfriesck 1
Ry cnalenins ibectinn. Pee. Matl Aead Sed
USA 112 EES|EEET

T Tharey, 0, Thae, TAC, Pas] VS, 06, Y,
Tovairy, SE, i, 1, D, A, Taad, "M,
Li Z., D, ., wt al (2009). Theat bengy
rearnees iy PN iyt ik el oy cpinvin
gy ki . EM B0 1 38, @000

L benad, M, Alckiliak, B, ekl Mo, BLA,
Jasnal, B, el Salsiam, SA (2T Lang
M- Cexkirng P A fleecSIH A
Casizraicecilas Tt Coricaonal Tyae
7 Dhakwaties, Dhiaegrociics 11, 145

T Y, X, Yang, 1, Weling, 1, Wen, O Warg,
H. He,J. Ho 5. He W, Du, X, L, 5, dnd
Ma, L (D15 Meraarmy anadas ol Bog
marrding RNA and mBMA s scaion
el o B P s g i lisctiec with
S5 Rap. 5, 35963

Belwrecm 27, WEALE, laruary 15, 2004 7

81



¢? CelProas

OPEM ACCESS

I3 Hu, ¥, Las, 5, Ba, H, Gupta, 5, The, Y,
Theeny, |, i, L, Wy L, Wlamsy, ML, Chvan, 3,
il dl PO e Manending FIMA and
Praicien Mada Ta erem Dhacyenis al

Tubiarenbenin | Chn Wierakiel 58,
W01

24 Chssismie, AT L, Vikuis, T L, Fubitani ER,
Gy, A M, Kusnar, M P, Fukenani, KF,
Aadags, M., Sy, TR, Bakw, 5,

Giaquﬁums oo ﬁaimuazl
Ll

ectnn Si Ren 13 TRS
IS i chiar Hasjeban, YUF., b challaby, B, Avclrocle,
B8, Asehrin, LA, Cheisagiv, D, Cooda,
1 En-hg.H Haas, DWW, Hadwasl, M,
B CR, ke, mdmmﬂ.ﬁg
i sl
ﬂipw&gdlh!ﬁdm
3 & 113,

153062

mﬁ.lu“d.H MLMLW‘I‘S
e s
S g e
Wit TH i Sowth ndi: ARapan ot
Efhet ol Dhakwtecs an Tubweedeoni
HZIGTEIM it 148, 1901908

. G A Padeagsppdasin, T, M,V

arn, O, Sr i, M, ik

P PR backity Ranmals S

iScience
Article

i ik il et (B, ] Ol e seitinal

ool Dhsies Covrpicaborn, Soi Rep. 7, W99

M. e Do, CLR, Baald, T, Ranude, K,
Reriir, B, i Vi, 5, L, 15, Kawvuar, W,
KanwpBamaed, 5, Makvisbig, 5T, Kryrhara,
L, tal (AR Tardoiptional poble
el it WeTran crrlccwe D e with

braesibaia amel ehiakaatas at chisey arel at

Ty iy aher inltiaBon ol ank beeuba s
el EBabademe 82 1HI1TE

kN llﬂupq.u mmm:ﬂ

m-,num;_-.n.,rﬂt.nrcns
Crmivar, A.T.L, Rodrigus, MW.S., Radha,
M.E, Sours, AB., ek, L, al.
G:IZ?.TMEM TFakmten ared

P iy st Al ez T
Ohllcrwrvic: A, Wul e Proog i fee Dol
Stuchy. L I D 225, 517526,

I Calclarrry, FLIL, Myiaya, WUE., Alwge, 1G.,
Basmwca, MM, Sananda, O M, Bt
Dearte, B, Fanen, | PO, Ly, L, Sncdmde,
B, Carvaben, & T, and Kinki AL (ATA
Pudmdpgymnu:iudim

lerbies i 2, 5436
A8 Coepvaan, & M., Kigwis, A, Tomier, |, Magmaen,
A, Fesmeie, |, are Orene, L. (D03 hes
laeking babct IL- 12 i g
oot i, v sins e ol
s a1y ey e tehal indecion anly i
v 1L I o) st i el | everraniesl.
148, BEE-13ET.
42 Aleddle, AE., Lirmben, M., Duar, X, and 368,
L (200 5], evisebanicin- 10 Fasniy ared
Tt Ik A Ol Sy R it .
Bl 52012, MO-N7T.
mﬂmcudﬂ.mdiﬁ_m&

- H.%HJ,NMH}I.
HMLML -
preschuctionm o | i e 4 by CD4-+and
DS+ Teomls fom pats vl hubar ol
i kil e vl par il & e miey
e, | Ifect Dha. 181, 17241157

SL Ereat, 10 5] Iluapl-g-uupﬂ:h
Myerhact i oo bnles rrmun
&4 1371281

52 Buechasd, S Ralje, B, Coorarna, N, hasyi 1,
MH S‘Hu,.ﬂhndl:ﬂ.jmu

dhpmwﬁmm L L
et D 114 F98-201

SVEY KabiE, B, Gupte, N, Tinrsngadanm,
K, K, A, atal (PONG) Ceberrt few
Ty cuiberis Fasnasch by tha lrdda 05
Maclical Paswisihin (CTRIVMPH): peatacel
far armbinyic o e ok aional
- B Opsien 6, N 542
B Echaiel, O, Kurna, V., Wi, 1,
B, Rira, & L, Renaekr, 1, Coarand, 1, n-y.
Barnard, 5, Malkberbe, 5T,
& @Oz npud
R
Dpinﬁm -nTnhudnhﬂ. Chin. ek, DRs
72,6978
8 ﬁmnmmnp Fasew epraci |
1, Arerenda, LG, Ra MaaAs,
Lmur.d.cp da Beackn darizcw, HFS.,
Fudstars, K, aned de Ousirar, A TIL (2019
Mt Aratpes ol HTIA. L kdeced Patens
Nelrnt ok CDMOLG el GEPZ s Mk ool
ATLL areed HAMTEP Chirieal St Toe
G Bas e Do Franl Geanel ¥, 10ES

C 1L, Rarneni, PP, uui‘d- Chusiirae, ATL
(FOTT). Wbt i ol B icicsienns Diaticiesrti:
Cnnplibg Wi ket i and Blaod Fed
£y t Hatdy Markes of Vias
Fracerca Frort Boey Boawdra 584
N Fubistan, F_,nahg..u.u ¥ it ey ke,
A1, Agmnip, CF o, Pakchral, AR, R,
PP, Fleetiani, KF, e Ousiisar, & TLd

X Tan, BH., Mainkesn, T, Batan, M, Bas, H.,

mﬂmuﬂ

s g8 st 1 e
msuaﬂ_uagmm Fp—y )

ﬂHﬂI‘hﬂI\.L N!.dl:ﬂ,ll Sctbwmiloa, T,
b 1, Ak AN
BMF B, S, arel Hepteekar, O
m:l'lﬂ Thl.1m.inluditdii
ihabady. | Pathal

Ligaies, &, Dicbeana, MLT, Kruteik, S, "

Biaaen, BR, Gase, T, Madin, RL, and 23, T|EEE0

wﬁmwlﬁpﬂ B4 Thm, KL A, BT Sawvaie, ME,
i e by il gty Nesarsi, ML, ared Acesita, A (FO7). Ao

acpaiat i el putheers L & | 1 v Diaral al

I77, 1851

M. Daliernsya, T, arel Schakva, LE. (2015)
Ny i Sk v e ol
ko o kit of disiss ard Lar gt for
Frenitcl et 1 ap y7 Pathog. Dis. 74,
w12

21 Oy, CW.M, Ekingtem, PT., Bria, 5,
Ugare G, T, Tarme Exekan, M.T, T,
LB, Paksiak, P, Moovas, R,
s.-lg.mm,.'r Patad, W, wtal (D15,
Mqﬂi I"-!I:Iuim

shorrvt Watrin I e Hesruan
leTlhi&lﬂ.H.dEthg. I,
a0 T

a0 R, amdl Ereat, 10 (D11
enephs o wr o bmon of
g an- ipecie CDdt+ Tuﬂ?ﬂg
1 lwmmal 18, TI0-N1S

B Pebirty, AW, [POE). G-OSF: & by sl oo
il et ey bl priel wiinr, bt 1T dat @il
G erwith Factes 23,3341

(20 Feallonm w ol @ esbwrit vt sy
16 By Th v indecion in Sdde
a6 v bk i B wil M bt
Ot Caue 113, @853

3 Yarg, L, Wi, H., Bn, 2, Themg, P Hu, 5, X,
B, Y, W, amed Yas, | (FO0) Swedy ol

£ i A o =

ded

M. Desrats, GO, aned Géln, 10 (1551).
G irrlbency iy kg lackr awl 'n
mcmpiter. Blaod 78, T9-E08

lwﬂ.mﬂ'l’mlf.m1n.ﬁ-m

Bl 115 53155

DR, Voo, and Thisagy o
Teaksinr cas ik | Ierwermmanl. Raes. 2017, 52179100

5 OrGass A Radlsed PS5 M, FW,
B, TI, mn_l,,ndnn_.,urn.
N3, Thii
Brvna, R Ievornani 31, 475557

55 Sakas S, Kaillnan, )0, Salia, MLA_, Sharpa,
BH, Yenufg, HA |, G, VW, anel Badsir,
DL {2005 O04 T Call-Diasbuieed IFM- ¥ Plags &
Miienal Rala i Carkala | Pufmanady
Wy et vy Tk denicn it o f el
it Bar Actroily Ristwirceid by POL1 18
Pereiril Ll Daviices. PL&S Pakag. 12,
a1 OSEET.

5. Dalenga, T, ik, U, Corlan, B, Bch, 1,
Raievsar, AL, Gllibo, GW and Schahle, UE
mn.u.m-mwuﬂmd

Gmww
Mupl\tgu.ﬁll-hm“adhﬂ,ﬂ?—

L1 uudu,l' G%SLHH&;JA
e B el by
Wbyt i iy 1ubawenidenis W Ran.
Maerakiial. 20, TSO-TE5.

58 Hasnitan, C0., Swarning b, 5,

Oty bvar, D), Ellvier, 1, Gt &,
gu.gg.'rn,,mv L Serieaan, S, Karyana,
:hq... 5., stal (D15 RePORT

el can sarsd carn o i st China. 55
Rag. 10, 545,

33 Pricls Meding, T4, Fuites KF, Pan
Kusnar, N Gi-Sartans, L, Bakw, 5,
Lkt ., W), K, Sraalasne S,
Mamen, PLA, Viwana s, W e & @O

| it

-] Sl 27, 10BLET laraary 15, 2024

o Ha, X, X, L, EI'-HLH-IL.HH.JH.I-..J"
Wil Y0, Ha, B, G, Y, ared Shi B-Y.
(D0 T seguilstery cals and ThThe
etakifvin i paptveal blosd Fam

Biwnark o Rasurch Thecugh Giokdl
Cellay v Ol brbest D &5zl 3,
S1E-E15F

B0 B, S0, Lobia, M., and Uksded, B
:z:nq Tiirereamatie: & Moskbbs viener o

data Baeh 3aq

2114—2133

82



iScience
Artice

&1 Dk, & , Davis, T8, Sehlasinga, F,
Dioserleerws, |, Tabaesds, T, B, 5, Bismert, P,
Chaiicer f, M., el Girrgansass, TR (F013).
STAR: ubtralant wrier s RNA iy dogre.
Bl maties 29, 15-21.

B2 Sewvickcan, T, Lervn, ML, aed Resbyicewn, M.
(015, D bt aayeics e RPA ey
Al il dErTE e e g el
b F Y00 4, 157 FIODiRe.

53 Julbay, TIL, Ewan, W1, Hiasy, 5F, Elana,
JF, Ascloww, ., Jabw, DS Yuging, T, ardl
Liscwarche, . (201 7). s Suwrecsgpatsn Viar indsban
Aeapsin Bocondosar f package.

B Maicaas, L, Padra, B, e Haldir, N (2013,
rel . Wherbsecaiias D gy s ol Parrinationn
i e e by bartes Bikrme e
aartira buded o B geelubabon ban
o . Bconducar F padigs.

B Lerwi, WL, Mok, W, il Al 5 (2014)

&5 Rarie, 1, Gana, L, and ‘Wbt ange,
CX (P07 eririddy an 7 pacags 1o
aretatan

B Kb, M (PDE). Builing Prdic o Madals
i1 7 Uiy e st Pk iy | S
Serla.

. Jabwean, W E, Ddarn A, Ciean, T, Muaalk,

aal P Cornparng b gee

OPEN ACCESS

s enanehadindishal usr the
THSgrakraPrlie. BMC ke Dis 21, 106
TO (POER) Herise bt hisierita ey U Herivied

TL Mukaka, MM (D13 Suves o A
giche e dpp o e wie ol o selaion
el fe et e a et WMaaw Wad

TZ Wiw, T, Hu, E, Xy 5., Oven, M., Gua, P, Das,
I, Fang, T, Bhewa, L, Tang, W, Than, L, @ al.
(BT, chuitePr b 4004 wniarsd
ardhmiant o al ke inepeting amc dea
Ieraaan 2, 100141

TR Gilenpiia, M., Jasad, B, Steshan, 7, Milaci,
M., Rentblas, K, Senill-Ahaia, A, Gria, 1,
Sanila, C, Mantbas, L, Garg, C, #tal
(PR This seactern @by
Ircrvbichyiby el BT Muchaic feiels Rk, 50,
DESTDETE.

Belwrecm 27, WEALE, laruary 15, 2004 L)

83



¢? CelPreas iScience
OPEN ADCESS Article
STAR*METHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER
Drapr e clama
Faw BN by clama frarm TAMDEM Eckolel @ d Hepremet ID: PRIMALOS1Z
s R iy e R OAT Eerriald a1 al * (GEn 1D
Gupaet a7 GEE1E1143
arwilee wtal ™
Sedveara ared alged iwa
Rvamion 427 B T Taarm L L S
e nenl wien 3006 sl b @ T s e A gl L e L . T
Tieiocsies i i .oy I it e P i Tt oy i e ey i
Trimwrearmate varmion 032 i e 10 1 0B, i bemnafeabm 170 [ S P e

STAR wairsem 2710
T e 1 280

Sha v anm 1420

Ik e 110 O i e Gea st 35
gk M0 1 8 12989 ke Ve

Ik o M0 18 1289 bise v

rlen T g = 1
I e g o s e s
[ e ey

s T A R P

B e e gy oy

s T e

el i 1,200 Iirgsaebei gy 0.1 B 129089 banemdp T e e e vy e
g cred T el B

DS Fuarsion 1402 Iirsa ke ey 1011 56 1 IEF0 1405508 L praapee )
e ey s e OV ey 2 bt

il varsion 2 24.0 Iirgsa kel ey 0. | OB e e 03 T e Lty gy e’
i e B e riearitalecl e

Farackes e it e s 4.7-1.1 [T T et vy
v b it b Pt evchian e

carat warsion & 094 Bk a T e et vy
[uiechaecpici ey ki b

cloiter Prebler wersion 487 Iirgsa kel ey 1018 125087 bisese. buitar Pl Iiryateerrnd Lt gk a el
LR S i L

RESOURCE AV AILABILITY

Load contact

Further information and requests m-gaeding the packages employed for the analys is perfcemed in this study should bae diecied toandwill ba
fuifilad, if possble, by the kead contact, Ao Tenomo Lopoe de Ousinee (arturlono@gmail oom).
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EXPERIMENTAL MODEL AMD SUBIECT DETAILS
Partic pants enrod iment and dats acquisition
The arentstudyused an aeady publiched data (GEQ MBI acces sion numbaer G SE181143), Regional Prospaectise Dbsareational Reseach
in Tubsraubosis (RePORT), from Inda and Baial consoetia. Protocoks hawe been appewed by the Ethics Committess of fhe Pod. M. Vswana-
than Diabates Research Canter and the Institutional Review Boards ofByramipe Jeejeebhoy Governmeant Madical College, Pun e and Mational
Institutn for Research in Tubemulogsis and Johre Hopldns University. Partispans anrdled from e RePORT Brazi had their protomls
approved by Institute Gon@lb Moniz, Fundagic Oswalds Cne, as wall 25 Vanderbilt University Medical Canter insStutional review boasds.
'Witten infonmeed consentwas oibtained from all parcpants. The enoliment of particpan s was pros pectve at two sites of the RePORT4nda
Comnortumandone s of RePORT Brazi, with organizatonal suppaort provided by RePORT 4nmmational ™ The |ndian sites were locamdin
Chennai [EDOTS study)”™ and Pune (CTRIUMPh study),™ while the Brazlian site was in Sakvadaor (RePORT Intemation al Commeon Protood). ™
Furthermaore, data fromsamgies enmiied at the TANDEM study™ wem ako retrieved, featusng samphes from Indonesia, Pes, Romania and
South Asica. Howewer, onllythe Romania and South Afsca regions had sibe-s pedlic contral patient da ta, being the only regions nduded in
tihis study. Particpant geou psin duded a dive pulmonasy TB disease, with or withowt T3 (TB and TE/DCM geoups, respaectivae by and one control
group, composed of healthy controds (HC). Indusion oritesia were age 1845 and new diagnost of actie pulmonany TR jor absence of pul-
mesinary TB for the conteol geoup paricpants). Dnug-msstant TB, ant, trea tmant of incident TR for >7 days prior to enroliment, prag-
nancy, mmunosuppmssre media tions and HIV infection wem the exdision oiteria.

The comibined 122 cohost mmprsed 180 partcipants from inda, being 90 pasticipants from Chennai and 70 from Puna (80 HC, 80 TB and
40 TB/DM), 75 participants from Bozil (15 HE, 29 TR and 31 TR/DM), 37 partcipants from Romania (12 HE, 10 TB and 15 TE/DM) and 50
partidpan't from South Africa (24 HC, 11 TB and 15 TB/DM).

METHOD DETAILS

Data preprocessing

Feawws A - sy clats e tha MSTID cohast wam ratriswnd from lllumina HE aq 2500 platioen. ™ Saquenca dut from tha TANDEM cohartwas
retriewed from the SRA database using BioProject PRINASTOS12. Both MSTD and TANDEM ow data were retseved using the SRA tools and
fastq files wem prooesse diden tcally to M5 TD data. Sequencedata from MSTDland TANDEM wem prepaned by mmosing bow.squality bases
and temming adapters using Trimmomatic V032 After the quality chack, sequances wam aligned against the human tramscsptome
(G RCh38version) comprising baoth mRHA and rdmﬁtﬂlSTARJguiﬂrnvl?.m.ﬂl Aftar mapping, the cutputs were maverted o ount
tables using teimport package.*” The India dataset was dbtained by mesging the Chennai and Puna individual datasets, folowed by baich
aflect comection usng the 5w package. ™ Outhers detecton g the samples in aadh ndsecu | d tvwaes perdormeed by the mdppadc:
age,™ after pedarming data lization in eachdats et using the vatance stabilizing transfonmation, from the DES.eq? package. Al data
promssing, post mapping, and dosns ream analyss have been periommed in R envionmaent o2 2
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Differential expression analysis and ncRMNAs filtering

The data anabysiz an dbiomasiosr discowe fy were performadin the Braslin datacet, consisting of 82 non-cutliarsamplas (15 DM, 14 HC, 29 TR
and 31 TE/DM), whemas the other datasets were used as validation datset. Difiemntal expression analsis hae been emploped to compam
the gene expmsions between the goups HC vs. TB and HC vs. TB/DM, identifying the differen tially expemessed genes (DEGs). This analysis
has bean pedfosmed using the DESeq? pa deage using fhe @w ransonphomic count tabdes. The kog? fold chan ge and significan o values of all
genes waene caloulated by applying generalized Enear models to the data, mnsdening the mean and dispesion values of each gene. Fora
gene o be comnsidemd a DEG, we used the fimshold of % 1.4 log? fod dchange and false discosery rate (FDR) < 005, Afterwaed, the nons
ooding RNAs imikMAs and ncRiAs) were identified within the DEGs, using the ensambldb padkage quaeny with fhe homo spisns ansdb
varsion AH109338 . The mithAs and IncRMNAs wem mtsved using the gene bictype vasable and tie assessed database was the Ensemid
108 EreCh for Homo sapiens ™

Machine leaming - Random forest application and wvalid ation on independent datasats

Aftersard, the franson oC olata ¢ gning miR Az and IncRNAs was normalioed wsing the wriance Stabikring Tansformation function
from the DESeqZ padeage. Fallowing, we applied e mndom fomst algosithm™ using the DEncRi s normalized expresion data, alongside
the disease categoses TR and TE/DM, plus the haalthy (HC ) as fa ctos for pediorming the dlassification. This algorithm aims to identify the bast
wariables to distinguish thesamphe groups and has baen employed dus to itsabiity te han die mu icolinearity et than Enear modals, such
= Lamo in example. Collinaarity & frequantly obssrved in gene axpmssion data, since different genes can b 2z sociamd with the sama
patiway. & total of 10000 decsion rees wem paerioomed by the BF, miy parameter was set 1o 50. The bestvariables were selected using
the Maan deomasing accuracy and Mean deorease gini > thind quartbe as ofteria, which are disedly related to the wriable importance
whan dassfyngsamples. Saleciedvaniables were mineved from the datasetand ther sooum op wes e buated wvsn g the area under the cre
(AUC) value, using mosrver opem@iting cham chenistic (ROC) curas. The kdald onos validation was also peronmed toesaate the RF modal,
using the caret package’s confusion matric to assess the model's overall pericemana, with 1004dds and 25 mpatitons. ! The inputs forthe
oonfusion matsx wem the mal dasses foreach sample, alon gside with predicions pefonmaed by the mode rainedwith fie ™ method The
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trilontrol paramater was set wsing the ranContrd funciion with method “mpaatedos”, fokd of 100 and repsea ting 25 timses. Furthenmeo s, the
sample overall dispersion among the geoups was asesed in 2 heamap using the biomaries 7 <mbed espression values with Manhattan
distance caloulation and Ward test.

To validam the random fomst model's acouracy and conssmncy in other populations, independent datasets with sampdes from lndiia,
Romania and 5outh Africawens smploped This, the béomarionn oo ne s & gone ssion walu s were used to dieifi ot the sampbes in adh dataset
In order toamess the dassfication overall performance, ROC cunes wem employed foreach independent o The pmdocusly proposed

TEsignatures waere mireved from fe TESgn atum Profiles package,” and fhe sams maethodwas wsedin order to evabuate the perosnance of
our identified IncRMA sgnatum in compasson to the previous TE signatunes.

Cormelations incRMNAs - mRMNAs and enrichment analysis

To assess how the IncRNAs sebected by RF muld impact the owa il gene expmssion in each mgon and group, we periceneda ormslation
analysis using the Spaaman rho @nkcoeffickent between these selected inchias andall mRNA genes. The comelation s have been made for
wach TBinfected group (TB and TB/DM) in sadh mgion datasets (Brazl, Inda, Romania and South Afsca). Only highly postive/negate cor
ralations {ho| > 0.7) and False Discovary Rt (FDR] < 005 were considered ™" Afmeward, the fdd changes and enmz IDs of aach mere-
I.tbld‘h'm‘wtmumdampmbp-'b-nﬂllrndrn-tm#nmmgiuduihﬂnpﬂagl”ﬂ-.Iﬂmtm#uw.np.
{n'nudmﬁthEﬂﬂTDHEchhi.ﬂaﬂur eters ware Mnimum gene set see = 10, Masmum gene set sie = 500, q value
ouinff = 0.2, p value cubalff = 005, with FDR a5 p value adustmant mathod.
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Supplementary Tables

Supplementary table 1. Top 20 most informative variables identified by the random
forest to discriminate between TB infected (TB and TB/DM) and healthy samples.

Mean Mean
Variable Decrease Decrease

Accuracy Gini
ADM-DT T9.0320117 837621125

LINCOZ009 41.1253564 J.89386917
LINCO2471 J2.8127581 273420516
S0OX2-0T 24 3243278 1.44404636

GK-AS1 22 8644554 178390002
GBF1P1 22 7993965 1.76137836
MIRE34 19.900712 1.15368108
FAMEEE 17.7154344 082191718

RMASEZCP  17.1820544 158252723

EEEKAMB— 143098826 161164586

CARMMN 14.335319 063802151
CLRN1-A51  13.4143081 0.95281672
CATIP-AS1 12.8489688 1.09357793
LINCDDEE2 11.4597303 0.60009585
LINCDO824 111180142 1.34911805
KIFZ3-A51 11.0589127 0.65188955
NR2F1-A51 738277416 0.34185621
BASP1-AS1  7.16056428 0.535554485
LINCD1088 6.06485928 0.80397838
MED25-DT 2.98847452 127584087




Supplementary table 2. Packages employed in this study
Platfor

_Package Objeciive Verslon __m Refsrance
Downioad Uy Avakanie &
&E-ools SRA datassd 306 Sl gmumugmmmm
FMA-52] pr—
Trimmomatic read quallty 0.3z che D0 10,1093 bioinformatics/stu1 70
contrml
Allgn Ubundu =
STAR 2710 oo DOl: 101093 ioinfommaticets63s
tdmport e count 1280 R431 DOl 10.15123/89 bloc bimport
sva m 3480 R431 DO 10.15123/B9.bloc.sva
Detect
map potential 1700 R4E1 DO 10L161Z3/E5.bloc mag
outilers
Identty
DESeqz if‘“ 1402 R4A1 DO 10.1186%13053-014-0550-8
nomallzztion
Retrieve the
Eensembid rr“ﬁ"'mam 2240 R431 DOl 101093 bioinformaticanizog
NCANAS
Select e Lizw, A_ & Wiener, M. Classication and Regression by
randomForest fommathve 4711 R431 r@EndomForest. Preprint at hips:CRAN.R-
i project ongidociRnews! (2002
K. foid exmss Kuhn, M. Bullding Fredictive Models In R Using Me caret
caret valldation B.O8d  R4I1  pavkane J St Softw. 28 (2008)
‘ComplexHaatma .
5 Heatmap 2160 R431 DO 101512389 bioc.CompiexHaatmap
Wicknam H (2016). gopiotz: Elegant Graphics Tor Data
ggpiotz graphics 342  R4A1  Analysls. Sornger-Verag New York ISBM 378-3-313-
24T77-4, hApe-igqpiotz Hayverse. o).
Robin X, Turck M, Hainam A, Tibartl N, Lisacek F, Sanchar
J, Mier M {2011 : for R
moc  roame  tme maa LSS DROC ot
Bloinfymatics, 12, 77.
cisteroromer  Comonment 482  R43A1 DO 1015129/B9blocsva

Analysls
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Supplementary figures
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Supplementary figure 1. Volcano plot displaying the differentially expressed
genes' log2 fold change and -Log10 p-value. Comparisons were made between the
TB vs control and TB/DM vs control in the Brazil region dataset. Gray dots represent
genes with no significance as DEG, green dots represent genes with sufficient log2
fold change but non statistical significance, in blue there's genes with significant p-
value but no log2 fold change, red dots represent the DEGs.
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Supplementary figure 2: Most informative IncRMAs fold changes across
regions. Barplots displaying the 5 selected IncRMNAs fold change per region (Brazil in
green, India in yellow, Romania in blue and South Africa in red) and group (DM, TB
and TB/DM). Dashed red lines represent the threshold of 1.4 and -1.4 log2 fold

change.
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Supplementary figure 3: Previously published TB signatures and most
informative IncRNAs" overall performance when classifying the samples comprising
this study. The AUCs for each previously proposed TB signatures were summarized
in the boxplot when classifying TB and TB/DM samples.
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Supplementary figure 4: Genes comprising each enriched pathway and their
respective comelated IncRNA. Dot plot displaying the percentage of genes comelated
with each IncRNA. Dot size is related to the percentage of genes comprising the
pathway which are comelated with IncRNA. The X axis displays the IncRMAs, while
the pathway names are displayed on the Y axis.
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Abstract

Amid the global health landscape, tuberculosis (TB) presenits an ongoing
challenge, demanding innovative strategies for its control. This review spotlights
the intersection of TB with diabetes mellitus (DM), recognized by the World Health
Organization as a key risk factor in the TE epidemic. Particularly prevalent in low
and middle-income nations, the TB-DM comorbidity drives up TB rates through a
nexus of chronic inflammation. By delving into the epidemiological, clinical, and
inflammatory dimensions, we elucidate the impact of TB-DM on patient prognosis
and the multifaceted complications it introduces to disease transmission,
diagnosis, and treatment protocols. Our synthesis aims to offer a fresh lens on
TB-DM, fostering a nuanced understanding that could imform future healthcare
policies and interventions.
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Introduction

In the contemporary global health landscape, tuberculosis (TB), a persistent
challenge, intersects infricately with another widespread condition, diabetes
melitus (DM)*<2. Recognized by the World Health Organization (WHO) as a
crucial risk factor in the TB epidemic, TB-DM comorbidity emerges as a significant
concem, especially in low and middle-income countries'. The coexistence of TB-
DM presents a unique challenge in global health, demanding a nuanced
understanding of their interplay. This complex synergy significantly affects
disease progression and individual outcomes. An integrated approach,
incorporating both traditional epidemiological methods and advanced molecular
technigques, is essential to fully comprehend and effectively address the TB-DM
comorbidity.

TB remains one of the major causes of death by a single pathogen worldwide,
leading to a global health concemn, with the disease affecting around 10 million
people each year®. The interplay between the Mycobacferium fuberculosis (Mth)
and the host, mediated by the inflammatory responses, determines a wide
spectrum of clinical presentations. The challenge of reducing the disease burden
ascends from different factors, including the influence of different comorbidities,
mainly those that affect the quality of inflammatory responses, such as HIVE,
malnutrition* and DM.

DM is a chronic metabolic disorder that represents a dramatically high burden to
healthcare systems worldwide. It has been reported that around half a billion
persons live with this disease?, mainly in low- and middle-income countries.
Additionally, DM is a significant contributor to global morbidity and mortality,
leading to an amray of severe complications, including kidney failure, stroke, and
heart disease, and is directly responsible for a substantial number of deaths
annualy?. DM affects the metabolism through multiple mechanisms, many of
them related to the activation of poorly controlled pro-inflammatory pathways 35,
that influence disease progression and susceptibility to infectious diseases, such
as SARS-CoV-27 and Mth?.

In this context, the TB-DM comorbidity has gamered significant attention in the
last years. Interestingly, some studies revealed regional disparities in the immune
profile resulting from this interaction and emphasized the influence of socio-
demoagraphic and clinical factors on both diseases®?. This article delves into the
multifaceted relationship between TB and DM, exploring how this interplay
exacerbates TB incidence. Our review compiles recent findings on the
epidemiological, clinical, and inflammatory aspects of this nexus, highlighting its
profound implications on patient outcomes and the broader challenges it poses
in disease management. By scrutinizing the TB-DM interconnection, we aim to
provide a comprehensive multiplatform perspective that not only sheds light on
the complexities of this comorbidity but also suggests pathways for innovative
healthcare strategies and policy formulations.

Epidemiological Trends of DM Among TB Patients

The intersection of DM and TB poses a global health challenge, as DM is
recognized by the WHO as a primary risk factor for new TB cases. Interestingly,
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many of the top ten countries with the highest DM rates are also significant
contributors to the global TB burden, creating a dual challenge that has serious
public health implications™. Grasping the epidemiological and clinical pattemns of
DM in TB patients is vital for delivering patient-centered care and managing these
diseases to reduce the global TB impact?.

The global prevalence of DM in TB cases exceeds 15%, surpassing the
prevalence in the general adult population by over 50% in 2021'%123 A recent
metanalysis, including 2.3 million TB patients, identified that this trend in notably
higher in Morth America (19.7%), Westem Pacific (19.4%), Southeast Asia
{19.0%) and Middle East and Morth Africa (17.5%)'2. While these variafions in
DM prevalence among TB patients appear to comelate with the general DM
prevalence in each region, disparties within the same regions suggest more
infricate underlying factors. India and Sri-Lanka, for example, possess a
significantty higher burden of TB-DM than the other countries in the South Asia
region 24 This points to the potential influence of regional epidemiological
pattems, as well consumption habits, environmental factors, and genetic
predispositions, now being explored through multiplatform studies, indicating a
complex interplay of epidemiological elements in TB-DM comorbidity.

The epidemiological factors associated with the TB-DM dynamicity has been the
focus of several studies. Among the known risk factors, advanced age was
consistently identified as a prominent risk factor for TB-DM comorbidity 1518
Lifestyle habits, such as illicit drug use 7% and sedentarism'®20 behavior, along
with socio-demographic factors like urban living and high-income status?!22 have
also been recognized as elements that increases the TB-DM prevalence. Clinical
varables such as family history of DM®232 and hypertension®s, further
contribute to increase the risk of TB-DM. However, the relationship between Body
Mass Index (BMI) and TB-DM is unclear, with both low and high BMI values, as
well as obesity and malnutrition, having been separately associated with TB-
DM%2  Fyrthermore, genetic factors at the population level may significantty
influence the occummence of TB-DM comorbidity. A study on Indian TB-DM
individuals and their household contacts (HHC) observed that HHCs who
developed TB, had a specific genetic pattern called the "GG genotype’ of the
interdeukin(lIL}5 -174G=C gene, indicating a genetic component in TB
susceptibility??.

The insights from epidemiological and molecular studies on TB-DM comorbidity
have significant implications for future healthcare policies and interventions. The
relationship between clinical and lifestyle factors, along with the genefic factors
like: the IL-6 GG genotype influencing TEDM susceptibility, pave the way for more
personalized medicine approaches. These findings encourage the design of
molecular epidemiology projects to identify specific SMPs associated with
increased disease risk. Such targeted research can explain varied disease
burdens across populations and inform tailored public health strategies,
potentially reducing the incidence and improving the management of TB-DM
comorbidity.

Dissecting the Clinical Interplay and Implications of TB-DM Comorbidity
The relationship between TB-DM represents a complex, bidirectional nexus
significantly impacting clinical presentation, and disease dynamics and
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outcomes. DM is not only associated with the prevalence of TB but also
exacerbates its progression®-22. By 2050, projections suggest that one-third of
TB incidence and mortality within the Asia-Pacific region and similar
environments, will be attributable o DM3. This alarming trend underscores the
need for integrated health strategies that address both TB and DM, particularly in
regions with high prevalence rates.

Clinically, DM complicates TB management, manifesting in higher mycobacterial
loads and more pronounced lung lesions in patients. In recent research
spearheaded by our team, we uncovered a positive association between DM and
increased mycobacterial loads, as well heightened Acid-Fast Bacilli (AFB)
positivity, at diagnosis in TB-DM participants if compared with those without
DM®3 Furthermore, DM has been implicated in the presence of distinct lung
lesions in chest radiographs of TB-DM patients in our Brazilian cohort?. The
presence of DM also influences the clinical presentation of TB, with studies
indicating alterations in symptoms and increased challenges in diagnosis and
treatment initiation. DM increases the occumrence of TB symptoms such as
hemoptysis, night sweats, and weight loss, as well as elevates the scores on
clinical severity indices if compared with those without DM 8313 In contrast, TB-
DM patients exhibited lower fever, reduced cough, and less sputum production,
leading to delays in diagnosis and initiating appropriate treatment®®. This results
in more severe disease progression and heightened nisks of adverse outcomes,
including death, treatment failure and recurrence of TB*. The changes in clinical
presentations and the consequences of a late diagnosis and start of TB treatment
emerge as a clinical challenge in TB management and disease burden control.

It is important to emphasize that DM also impacts on anti-TB treatment, being
associated with unfavorable outcomes, such as death, treatment failure and
relapse cases'3_ Specifically, mortality and anti-TB treatment failure have been
consistently linked with DM and higher glycated hemoglobin (HbA1c)
levelg1%3383840  Of note, treatment failure is more pronounced in TB-DM
comorbidity within low- and middle-income countries*!, where DM conferred 2 3.9
times increased risk of treatment failure in contrast with TB-only patients*+_ A
pooled metanalysis also had shown that TEB relapse nisk increases in TB-DM
individuals ™44,

As a consequence of late diagnosis and challenges in treatment, DM also affects
another important nexus to TB control, the transmission cascade. TB-DM patients
shown an increased risk of Mib fransmission to their close contacts, evidenced
by an increased likelihood of TB infection among contacts of pulmonary TB
patients with dysglycemia if compared with the contacts of those TB patients
normoglycemic*. The challenges of TB-DM regarding clinical manifestations
and, consequently, outcomes play pivotal role in the future direction of TB
management. First, is necessary to expand the glycemic tests among TB
patients, identifying and treating DM with better glucose control. On the other
hand, among those DM patients, an active search for TB is fundamental to early
diagnosis and treatment. In addition, it is important to focus on screening close
contacts of TB-DM individuals, given the higher risk of TB infection. Finally,
improve the understand of the molecular mechanisms associated with the worse
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clinical presentation and unfavorable outcomes could help to tailoring effective
and patient-centered interventions, improving treatment, and contributing with the
diseases burden control.

Cellular and Molecular Mechanisms Underlying TB-DM Comorbidity

The varying global incidences of TB-DM and the notable impact of DM on the
clinical presentation, outcomes, and transmission of TB underscore a complex
and intricate synergy between these conditions. In this landscape, multi-platform
approaches are essential for dissecting the intricate cellular and molecular
interactions in TB-DM comorbidity, and provide a comprehensive view of the
inflammatory processes involved. Such advancements have the potential to
significantly enhance prognosis, follow-up, and contribute to a reduction in the
burden of TB. In this context, several mulimolecular biomarkers have been
explored with the goal of enhancing diagnosis and clinical management of TB-
DM patients.

Cellular immunology aspects

Focusing on the cellular immunology aspects of TB-DM comorbidity, it becomes
evident that the interplay between TB and DM significantly alters immune cell
function and response. In TB infection, the effector functions of alveolar
macrophages are crucial to containing the infection within the lungs*. However,
in DM patients, the functionality of these cells is decreased due to metabolic
alterations associated with the hyperglycemia*™#¢. DM impairs the functional
activity of neutrophils*® and reduces macrophage migration to sites of infection?s.
Animal studies with diabetic mice have shown a delay in innate immune response
initiation, which include a compromise of nitric oxide production and phagocytic
cell functionality, notwithstanding cytokine stimulation*®. In this same model,
alveolar macrophages exhibited increased expression of CCR2, which potentially
hampers the migration of monocytes to the lungs. Therefore, this may result in a
compromised capability to Kill intracellular Mib, thus further contributing to both
infection susceptibility and increased bacterial load*&3051_

Similarly, the T cell response is notably affected, with DM patients often
displaying dysregulated T cell responses. This dysregulation is hallmarked by
imbalance in T helper (Th) cell subsets, with decreased Th1 responses and
increased Th2 and Th17 responses. Such an imbalance can significantly alter the
host ability to mount an effective response against TB. In a study comparing
euglycemic and diabetic mice, it was obsernved that at the onset of infection
diabetic mice exhibited a delayed activation of the adaptive immune system. This
delay was indicated by decreased production of IFN-y and fewer Mtb antigen
(ESAT-6) presence compared to euglycemic mice®=2 These cellular alterations
contribute to a weakened immune defense against TB in diabetic individuals,
underining the importance of targeted interventions that address these specific
cellular immune challenges in TB-DM comorbidity.
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Genomics

Multi-omics research has delved deeper into the layers of complexity in TB-DM
comorbidity. Genomics, proteomics, and transcriptomics, each provide unique
insights into the pathophysiological mechanisms in TB-DM. Genomic studies, for
instance, have identified genetic variants that predispose individuals to TB-DM,
revealing potential targets for personalized medicine approaches.
Polymorphisms on IL-6 and IL-18 genes were associated with TB-DM comorbidity
and the occurrence of TB in close contacts®™. Another study analyzed the
interferon-gamma gene variants and found that the TACCCAGA haplotype was
negatively associated with TB-DM. The frequency of this haplotype was high in
the healthy controls compared to TB-DM patients, what may denote the
importance of genetic varation in TB-DM predisposition, as well as facilitate to
identify individuals at risk.

1 ) _

In the realm of transcriptomics, investigations in samples from TB-DM patients
have illuminated the molecular pathways that may are dysregulated in this
comorbidity. The superposition of TB-DM is marked by chronic inflammation,
alongside qualitative and quantitative changes in immune activation
characterized by distinct gene expression pattemns. In a recent multi-center cohort
study involving TB-DM individuals®, our group identified a concise transcriptomic
signature specific o TB regardless DM status™. In a more detailed analysis,
pathway enrichment analysis had shown a notable trend towards heightened
neutrophil and innate immune pathway activation in TB-DM pariicipants, as well
as higher expression of BATF2, VAMPS and ANKRDZ22 genes in TB-DM even
after anti-TB treatment commencement™. This finding might reflect persistent
inflammation in TB-DM.

The findings of this same study unveiled that the genetic and immune responses
may vary across different geographical regions™, as discussed in the sections
above. Another important aspect of this study was the positive comelation
founded between HbA1c levels and pathways associated with insulin resistance,
metabolic dysfunction, diabetic complications, and chromosomal instability®.
These comelations may play a pivotal role in the pathophysiology of TB-DM,
contributing to a more severe clinical presentation and unfavorable outcomes.

Another multicentric study conducted by an intemational consortium has found
that DM amplifies the expression levels of genes related to the innate
inflammatory response and reducing genes related with the adaptative immune
response in TB individuals®. A decreased type | interferon (IFM) response was
identified in TB-DM participants if compared to TB-only patients, suggesting an
uncoupling in IFN pathwaysss. Additionally, a Chinese study revealed 952
differentially expressed genes (DEGs) in TB-DM, enriched in pathways
associated with the cell cycle, homeostasis, and immunological processes,
shedding light on the infricate interplay between TB and DM>E,
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Expanding the scope of transcriptomic studies in TB-DM, our group evaluated the
role of the long non-coding RMA (IncRNA) in this synergic condition®. Using
transcriptomic data from a Brazilian cohort, the IncENA expression profiles were
compared across TB, TB-DM and healthy control {(without TB and DM) groups® .
This comparison led to the identification of a distinct IncRMA signature, which
effectively distinguishes TB-DM from TB-only cases with an accuracy of 90-94%.
MNotably, the IncRMAs included in the signature (LINCO2009, LINCO2471, ADM-
DT, and GK-AS1) hold a critical role in the pathways related to inflammatory
activation against Mib=.

These studies demonsirate that transcriptomics has shed light on the field of TB-
DM, revealing that there are consistently altered pathways in TB-DM patients
compared to those with TE only. These pathways are often linked to the
regulation of the inflammatory response, potentially reflecting increased and
persistent inflammation in patients with both diseases. This indicates that further
research in the transcriptomics of TB-DM is necessary, but it also suggests the
need to integrate data from this platform with that of other platforms for a more
comprehensive understanding.

FProteomics

Proteomic analyses, through the quantification of cytokines, chemokines, and
other immune-related proteins, have significantly advanced in the understanding
of immune responses in TB-DM. This approach has been essential in revealing
how hyperglycemia-induced metabolic alterations in DM patients impair the
functionality of the innate and adaptive immune responses in TB-DM. Proteomic
data in TB-DM also have the potential to reveal key alterations in protein
expression and pointing toward potential novel biomarkers. These insighis are
crucial in delineating the complex dynamics of immune dysfunction in TB
susceptibility, transmission, and treatment outcomeg8.52.53.58-61

In TB-DM patients, proteomic data indicate an increase in complement
component 2 (C2), as well APOB and APOC2 levels if compared to TB-only
group. These proteins are involved in the complement and coagulation cascade,
as well as in the cholesterol metabolism. This elevation suggests a potential link
hetween lipid metabolism dysregulation and the heightened inflammatory state
observed in TB-DM comorbidity. In another study, 18 differentially expressed
protein spots were identified in TB-DM patients. These alterations were
associated with potential metabolic complications specific to TB-DM and shifts in
proteins govemning cell cycle and growth regulation hint at disrupted processes
like cell proliferation and apoptosis. These findings not only provide a deeper
understanding of TB-DM pathophysiclogy but also open avenues for new
diagnostic, monitoring, and treatment strategies.

DM patients also present an altered cytokine milieu that favors immune
dysregulation. In several studies, with TB and TB-DM individuals, it was observed
that DM participants experienced higher levels of inflammatory acfivation than
those without DMS'82  Patients with TB-DM have higher levels of pro-
inflammatory cytokines such as IFN-y, IL-1B, and IL-17, as well as lower levels of
antiHinflammatory cytokines such as IL-10, compared to patients without DM.
Additionally, throughout the anti-TB treatment, these markers remained elevated
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for a longer period in TB-DM patients compared o non-DM individuals, which
characterized persistent hyperinflammation in this group of individuals®. In
summary, the comorbidity of TB-DM is hallmarked by chronic and unbalanced
inflammation, reflected in abnormal levels of proteins, and the superposition of
these disorders lead to qualitative and guantitative changes in immune
activation34.

Lipidomic

In a previous study of our group, we ufilized lipidomic approaches to identify
persistent hyperinflammation by ewvaluating unnary lipid mediator profiles of
participants with TB and TB-dysglycemia. In this study, levels of a urinary
metabolite of prostaglandin 2 (PGE-M) and leukotriene 4 (LTE4) were
consistently higher during anti-TB treatment in the DM group compared to the
normoglycemic group. These lipid mediators play a crucial role in modulating the
immune responses®. Interestingly, in an adjusted multivariable model TB-DM was
independently associated with increased concentrations of PGD-M, PGI-M, and
LTE4 at baseline®. This profile of exacerbated inflammation in TB-DM patients
help explain why these individuals present severe symptoms and more enduring
lung damage more often®, which can be associated with unfavorable outcomes
and Mtb dissemination.

Metabolomics

Metabolomics, by analyzing the small molecule metabolites present in TB-DM
patients, offers insights into the metabolic disruptions caused by the interplay of
TB and DM. In studies exploring metabolomics from an omics perspeciive,
specific metabolic changes induced by TB-DM were delineated®. Plasma amine
and acylcamitine levels were measured in TB and TB-DM patients, with partial
least squares discrimination analysis showing robust group discrimination®.
Motably, TB-DM exhibited lower levels of choline, glycine, serine, threoning, and
homoserine compared to TB-only patients. Of note, the levels of these
metabolites did not normalize during treatment™. In a recent Korean study,
plasma metabolic profiles of TB and TB-DM were investigated using
metabolomics and lipidomics®™. TB-DM participants presented higher
concentrations of bile acids and molecules related to carbohydrate metabolism,
as well as the depletion of glutamine, retinol, lysophosphatidylcholine, and
phosphatidylcholine®. Arachidonic acid metabolism, crucial for eicosanoid
production, emerged as a key factor in TB-DM pathophysiology®™. Eicosanoids,
extensively studied in TB and TB-DM®385 were found to mirmor disease severity
and extents® with potential as markers for disease extension.

Integrartive analysis

Multi-omics investigations have significantly advanced our comprehension of the
complex interplay between these two diseases. By integrating data from various
omics layers such as genomics, franscriptomics, proteomics, metabolomics, and
epigenomics, it is possible to achieve a holistic understanding of the biological
processes involved in TB-DM interaction and consequently prognosis. Funding
multi-omic studies is fundamental to better understanding the pathophysiology of
TB-DM and its impact on anti-TB treatment outcomes. Additionally, the findings
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on multi-omic studies can help not only in new prognosis strategies, but also in
the identification of new targets to host directed therapies.

In a groundbreaking study aimed at deciphering the mechanisms of TB
susceptibility in DM patients and assessing the impact of TB on DM
complications, a sophisticated integrative analysis was employed. Using whole
blood gene expression and plasma analytes®, our group identified that DM in
comorbidity with TB intensifies the neutrophilic inflammatory response, possibly
indicative of a higher bacterial load or a distinct disruption in immune function.
This heightened response was marked by increased plasma levels of cytokines
and growth factors, as well differentially expressed genes, that differentiating
individuals with TB-DM from the majority of those with only TB or DME.
Intriguingly, the expression pattems of TB-DM exclusive genes were linked to
critical biological processes and therapeutic targets. They were associated with
endoplasmic reticulum siress, a vital cell stress response, and showed
connections to the mechanisms of action of the antibiotic doxycycline and anfi-
cancer drugs such as 5-flucrouracil and semaxanib®. This insightful research not
only sheds light on the complex interplay between TB and DM at the molecular
level but also opens new avenues for potential therapeutic strategies and better
understanding of these comorbidities.

In a recent article, our group employed a multi-platfiorm approach, integrating
clinical, transcriptomic, lipidomic, and proteomic data from a Brazilian TB-DM
cohort, to unravel the molecular interactions in this synergistic scenario. UMilizing
machine leaming to analyze combined data from cytokines, gene expression,
and eicosanoids, we identified several multimolecular baseline markers — MMP-
28, LTE4, 11-dTxB2, PGDM, FBXO6, SECTM1, and LINCO200% — that
effectively differentiate between TB-DM, TB-only, DM-only, and healthy control
qgroups. After anti-TB treatment onset, a notable decrease in these markers was
obsenved, comelating with microbiological cure. Significantly, markers such as 11-
dTxB2, SECTM1, and LINCO2009 not only emerged as indicators for new host-
directed TE treatments but also as potential predictors of treatment outcomes.
Furthermore, this integrated molecular signature demonstrated high accuracy in
distinguishing TB-DM cases in Brazil and was validated in three external cohorts,
outperforming signatures derived solely from transcriptomic data®. Crucially,
these findings highlight that multimolecular signatures can be more predictive and
impactful for precision medicine compared to single-omic approaches,
underscoring the enhanced potential of multi-omic platfiorms in advancing our
understanding of inflammatory and infectious diseases, as well in finding markers
that can be implemented in the clinical practice.

Paving the Path for Future Breakthroughs

The studies included in this review provide substantial evidence of the interplay
between TB and DM and highlight the need for advanced research
methodologies. Current evidence in epidemiology demonstrates a global
prevalence of DM in TB cases, emphasizing age, lifestyle, socio-economic
factors, family history, and hypertension as key risk factors. However, there exists
a knowledge gap that needs addressing to understand the regional disparities in
TB-DM comorbidity. Invest in molecular epidemiclogy studies is crucial for this
understanding and is pivotal for developing targeted public health strategies. This
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approach would not only elucidate regional differences but also aid in formulating
more effective, region-specific interventions.

The clinical nexus of TB-DM presents a bidirectional impact, with DM
complicating TB management and exacerbating disease progression. Research
shows a positive association between DM and increased mycobacterial loads
and distinct lung lesions, underscoring the need for integrated health strategies
addressing both diseases. The next step in addressing TB-DM comorbidity in the
clinical point of view would involve developing more targeted public health
policies for individuals with both condifions. This could include enhanced TB
screening in DM patients and the other way around, as well as expanding
research into contacts of these patients to assess transmission dynamics. These
strategies would improve individual patient care and contribute to broader public
health efforts in managing and preventing the spread of TB-DM comorbidity.

It is also known that DM impacts immune cell function and response in TB, with
specific genetic variations associated with TB susceptibility. This points to the
potential of using advanced technologies like single-cell analysis to uncover new
therapeutic targets and biomarkers.

This review provides several cellular and molecular insights associated with TB-
DM comorbidity. We discussed the altered immune cell function in DM patients
which are crucial in containing TB infection, as well as the influence of genetic
factors, such as polymorphisms, and the role of multi-omics in understanding
molecular pathways disrupted in TB-DM. Building on this, the use of muli-
platfiorms, as well as the addition cutting-edge technologies such as single-cell
analysis could be instrumental. This technology can allow for a more granular
understanding of cellular responsas in TB-DM comorbidity at an individual cell
level, potentially uncovering new pathways and therapeutic targets. In addition,
the development, wvalidation and implementation of point-of-care testing for
specific biomarkers already identified through these advanced methods could
revolutionize early detection and monitoring of TB-DM comorbidity. This
approach aligns with the development of predictive scores, integrating genetic,
molecular, and clinical data o accurately assess disease progression and
treatment outcomes.

Moreover, the creation and improvement of comprehensive risk scores,
incorporating socio-demographic, lifestyle, and clinical varables, could greathy
enhance the precision of public health interventions. These scores, denived from
multi-omic and epidemiological data, could be tailored to specific populations,
considering regional variations in TB-DM comorbidity. Figure 1 encapsulates the
cument state of knowledge and future directions in TB-DM comorbidity research.
In essence, leveraging these innovative technologies and approaches could
bridge the gap between cumment knowledge and the untapped potential in
managing TB-DM comorbidity, leading to more effective, personalized treatment
and prevention strategies.

Concluding remarks

The intricate relationship between tuberculosis and diabetes is a worldwide
health threat, impacting treatment outcomes and mortality rates. This intersecting
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epidemic demands a multifaceted research approach. The synthesis of
epidemiological, clinical, genomic, transcriptomic, proteomic, and lipidomic
studies is vital for understanding the complexities of TB-DM comorbidity. A new
approach is reguired to deepen the inflammatory profile in TB-DM interactions
and understanding how the multimolecular markers interact and impacts in the
epidemiological and clinical fields. The study of multi-omic platforms emerges as
an opporunity to gain insights into disease pathogenesis, given that it
simultaneously explores several components of immune responses through
multiple assay platforms. The identification of precise biomarkers for diagnosis
and individualized treatment, along with public health strategies informed by
molecular and epidemiological findings, is crucial. This area of research holds the
promise of significant advancements, offering enhanced management of TB-DM
comorbidity and contributing to global public health outcomes.
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Figure Legend

Figure 1: Overview of the interplay between Tuberculosis (TB) and Diabetes
Mellitus (DM} and future directions. Upper: Current epidemiological, clinical, and
cellularmolecular  knowledge conceming TB-DM  co-morbidity. Down:
Prospective actions for advancing research and healthcare strategies.
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7 DISCUSSAO

A presente tese traz resultados de trés artigos originais que avaliam o impacto da
disglicemia em paciente com tuberculose. O estudo necessario no processo do
doutoramento resultou ainda em um artigo de revisdo. Em consonancia com a era da
Medicina de precisdo, 0os nossos achados, em conjunto, trazem novas perspectivas
moleculares que podem servir de base para o desenvolvimento de técnicas
inovadoras e eficazes para o diagnostico, prognéstico e seguimento terapéutico de
pacientes com TB e TBDM. Adicionalmente, destacamos o papel e valor de estudos
envolvendo multiplas plataformas dmicas em doencas infecciosas e inflamatorias,
emergindo com grande potencial de estabelecer insights para melhor entendimento
dos processos fisiopatoldgicos e desenvolvimento de terapias guiadas.

O primeiro trabalho da tese foi parte de um coorte multicéntrico, com dados extraidos
de dois sitios da india e um no Brasil, em Salvador, sendo utilizados dados
transcriptbmicos do MSTDI (Molecular Signature of Tuberculosis-Diabetes
Interaction). A fim de melhor estudar a variabilidade entre populagées, incluimos em
nossas analises dados publicos do consorcio TANDEM, projeto que estudou possivel
relacdo causal entre TB e DM (37). Nossas analises objetivaram a avaliagdo da
intensidade e qualidade na ativacao inflamatéria de pacientes com TBDM, além de
avaliar o impacto dos niveis de HbAlc nas vias de expresséo bioldgicas, aquelas que

regulam o funcionamento homeostéatico do organismo.

O primeiro resultado demonstra variabilidade nos DEGs entre os paises do estudo.
Encontramos 6 DEGs compartilhados entre os 4 paises em TB, 12 em TBDM e
nenhum DEG foi encontrado compartiihado entre os paises do estudo nos
participantes com DM. Esses achados sugerem que a TB leva a alteracdo em alguns
genes estudados no nosso trabalho, independente do sitio de estudo, mantendo,
porém, algum grau de especificidade na resposta de acordo com o pais de origem.
Além disso, a auséncia de DEGs compartilhados nos participantes com DM
demonstram efeitos epigenéticos importantes associados a condicdo. Esses
resultados ndo nos causam surpresas. Em estudo anterior, identificamos diferencas
no perfil de ativacdo inflamatoria em pacientes chineses e indianos com tuberculose
(11). Utilizando o MDP, evidenciamos que pacientes do grupo controle eram

indistinguiveis do ponto de vista de perturbacdo molecular, enquanto agueles com
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PTB demonstravam uma distincdo na perturbacdo molecular capaz de distinguir por
completo os dois paises (11). O impacto da expressao genica, da epigenética e de
fatores ambientais, é foco de varios trabalhos no campo da DM. Esta bem descrito
que o diabetes e suas complica¢cdes surgem da combinacgéo de alteracdes genéticas

e epigenéticas, resultando em mudancas no fenotipo celular (64).

Posteriormente, ainda no primeiro artigo, buscamos quantificar a expressao dos DEGs
nos paises entre os grupos de estudo e, nos grupos de estudo entre os paises. Para
isso, utilizamos o MDP, técnica amplamente utilizada pelo nosso grupo em estudos
em doencas infecciosas e ndo infecciosas (11, 12, 38-41). Notamos que a
superposicdo de processos TB e DM leva a um elevado grau de perturbacéo
molecular, independente do pais estudado, sugerindo impactos quantitativos na
associacdo TBDM. Além disso, notamos que 0s pacientes da Roménia apresentam
0S maiores valores de perturbacdo molecular, exceto no grupo controle. Diferencas
quantitativas na ativacao inflamatoria entre paises foram também encontradas em
publicacao previa, onde um elevado grau de perturbagao molecular foi encontrado em

pacientes PTB na india quando comparados com pacientes da China (11).

Apés identificadas alteracfes quantitativas na resposta, nosso proximo passo foi
avaliar qualitativamente o impacto da disglicemia na ativacdo inflamatéria de TBDM.
Utilizamos entdo o enriqguecimento de vias utilizando os DEGs previamente
identificados. Apesar de ndo identificarmos vias unicamente expressas em TBDM nos
sitios clinicos estudados, obtivemos resultados compativeis com a literatura ao
encontrar via de sinalizacao do interferon enriquecidas entre os pacientes com TB no
Brasil, Africa do Sul e Roménia. Estudos prévios utilizando transcriptoma reportaram
as vias de IFN identificadas em pacientes com TB ativa, mas ndo naqueles com TB
latente (54). Complementarmente, vias associadas ao IFN-y e ao IFN do tipo | (alfa e
beta), foram identificadas em uma assinatura de TB, onde dominou o perfil de inducéo
de IFN dirigido por neutréfilos (65). Por outro lado, identificamos nas vias de TBDM
expressdo de degranulacdo de neutrofilos, peptideos antimicrobianos (AMPS) e
organizacdo de matriz extracelular nos participantes de Brasil e india. A associac&o
das vias de AMPs e TBDM foi foco de estudo anterior, que revelou niveis aumentados
de catelicidina e defensina humana beta-2 em TBDM (66). As vias de organizacdo de
matriz extracelular, e as metaloproteinases de matriz (MMP) presentes nesse

resultado e em analises do nosso segundo manuscrito, vem sendo amplamente
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estudadas na TB e na TBDM, sendo inclusive tema de um artigo de revisdo do nosso
grupo publicado em 2021 (67). As MMPs e os seus inibidores (TIMPs) foram foco de
estudo preditivo de prognéstico de TB pulmonar (68) e, ao que parece, NnosSsos
resultados do segundo manuscrito dessa tese reforcam a relevancia das MMPs

também na interacdo TBDM.

Conflitando resultados obtidos no enriquecimento de vias do artigo | com os resultados
identificados no enriquecimento de vias do artigo Ill, onde utilizamos RNA longos nao
codificadores (IncRNA), observamos maior heterogeneidade na ativacdo das vias
biolégicas em vias reguladas por IncCRNA, destacando potencial papel dessas

moléculas na fisiopatologia da TB e TBDM.

A fim de aprimorar a avaliacdo dos impactos da disglicemia na ativacao inflamatoria,
estudamos a correlacéo dos niveis de HbAlc com a expressao das vias bioldgicas.
Identificamos correlacdo positiva da HbAlc com a via de ativagdo das MMP. Portanto,
agui mostramos alteracfes quantitativas e identificamos alteracbes qualitativas que
podem justificar as consequéncias da associacdo TBDM. A presente tese traz a
participacdo das vias de organizacdo de matriz celular, no primeiro manuscrito e, a
MMP-28 no segundo manuscrito. No processo imunopatogénico da TB, o balancgo
entre MMP e TIMP esté ligado ao remodelamento tecidual e a MMP-28 vem sendo
descrita em condicbes homeostaticas (69, 70). Nossos achados demonstraram
aumento desse marcador em pacientes do grupo controle, o que reforca o papel da
MMP-28 na homeostase e argumenta a favor da quebra desse equilibrio na cascata
que envolve inflamacdo, remodelamento tecidual e estresse oxidativo (67), que
culmina por fim na disseminacdo bacilar apés destruicdo tissular. Esses achados
contribuem para o entendimento do risco aumentado de conversdo no QuantiFERON

em contactantes de pessoas com TB e disglicemia (21).

O préximo passo dessa tese traz abordagem cientifica inovadora utilizando
inteligéncia artificial baseada em aprendizado por maquina (machine-learning). A
técnica escolhida se aplicou aos trés trabalhos originais, com pequenas adaptacdes

para o objetivo desejado.

No primeiro estudo, utilizamos os dados do consércio TANDEM como set de
descoberta, aplicando o Randon Forrest. O modelo selecionou 4 variaveis que foram
posteriormente aplicadas nos dados do coorte MSTDI como validagdo. Os 4 genes
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encontrados pelo nosso modelo, SMARCD3, VAMP5, ANKRD22 e BATF2
apresentaram boa acuracia na identificacdo de TBDM, com 97% de acuracia no Brasil
e na Africa do Sul, 92% na india e 89% na Roménia. Esses achados podem embasar
estudos futuros na identificagdo de uma assinatura transcriptomica que caracterize a

associacao TBDM.

Apds avaliar possiveis assinaturas transcriptobmicas relacionadas ao TBDM,
estudando quantitativamente e qualitativamente a resposta, nos propomos a estudar
mais de uma plataforma 6mica, a fim de delinear o expressao multi-6mica da interacao
TBDM. No segundo manuscrito dessa tese, que ao nosso conhecimento é o primeiro
trabalho que traz avaliagcdo multi-Omica da interagcdo TBDM, utilizamos a IA como
ponto de partida para reduzir a dimensdo do dado, haja vista integracdo de trés
plataformas: transcriptoma, dosagem de biomarcadores inflamatérios em sangue
periférico por LUMINEX e dosagem de eicosanoides na urina, coletados dos mesmos
pacientes e nos mesmos pontos temporais do estudo. Aqui nosso modelo selecionou
7 variaveis: MMP-28, previamente citada, o leucotrieno E4 (LTE4), o 11-
dehidrotromboxano (dTx) B2, o metabdlito D da prostaglandina (PGDM) e os genes
FBXO6, SECTM1 e LINCO2009, RNA néo codificador (hcRNA), com poucos estudos
no contexto TB.

O papel dos eicosanoides na patogénese da TB foi previamente descrito pelo nosso
grupo (10, 71). O LTE4 vem sendo associado a inflamacédo pulmonar (72), apesar de
0 seu papel na TB permanecer incerto. Nos resultados obtidos no segundo artigo
dessa tese, demonstramos elevacdo dos niveis do analito nos grupos de TB, DM e
TBDM em comparacdo com o grupo controle. Digno de nota, os niveis apresentaram
gueda apos o inicio da ATT, principalmente nos pacientes com TB sem DM, sugerindo
uma reducdo nos niveis do marcador com a atenuac¢do da inflamacdao tissular ap6s
inicio da terapia. Estudos anteriores demonstram que pacientes com DM apresentam
niveis elevados de LTE4 (73), o que pode justificar a reducéo no grupo de TB sem DM
ter sido mais expressiva do que naqueles com TBDM. Outro eicosanoide encontrado
no nosso segundo estudo foi o PGDM, com niveis elevados em nossos grupos de
estudo quando comparados com 0s controles. Pouco se sabe a respeito desse
marcador no contexto da TB e de patologia pulmonar, com um estudo demonstrando
um papel de estimulo a mecanismos fungicidas em modelo de Histoplasma

capsulatum (74). Futuros estudos mecanisticos sdo necessarios para um melhor
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entendimento do PGDM na TB e o seu papel como marcador de progressao de

doenca ou controle terapéutico.

Por outro lado, o0 11dTxB2, um metabdlito urinario da quebra do tromboxano A2 vem
sendo utilizado como marcador indireto da atividade plaquetaria em uma série de
doencas (75-77). O status de hipercoagulabilidade vem sendo correlacionado com a
gravidade da TB (78), justificando o uso de alguns antiplaquetarios como potenciais
agentes terapéuticos nas terapias alvo para PTB (79), conforme reportado em -
recente artigo de revisdo do nosso grupo. O nosso achado reforca o papel do
marcador associado com dano pulmonar, uma vez que 0s niveis mostram queda apos
a ATT, independente do status glicémico, destacando o 11dTxB2 como potencial
marcador para estudos futuros em progressao de doenca pulmonar e resposta

terapéutica.

Ademais, encontramos dois genes apoés aplicacdo do nosso modelo de IA, o FBXO6
e 0 SECTM1, além de um RNA néo codificador, o LINCO2009. O achado nos intrigou
e motivou o terceiro trabalho dessa tese. Desses trés genes, o mais estudado no
campo das doencas infecciosas € o0 SECTM1, sendo reportado em estudos prévios
como um gene associado a respostas precoces de IFN (80), marcador crucial para
ativacdo macrofégica e protecao contra o Mtb (81, 82). Nossos achados revelaram
uma correlacdo entre o SECTM1 e a graduacdo do escarro em pacientes TBDM,
destacando uma possivel utilidade do marcador na avaliacdo da extensdo da doenca

pulmonar em individuos com ambas as condicdes.

Estendemos nossa andlise a fim de avaliar a acuracia dos genes identificados na
nossa abordagem multi-6mica na identificacdo das condicdes estudadas. De maneira
curiosa, a assinatura genica identificada pelo modelo de aprendizado de méaquina
treinado com as multi-plataformas revelou acuracia oscilando de 91%-99% na
identificacdo de TBDM e 89%-96% na identificacdo de TB, a depender do sitio testado,
revelando melhor performance do que a assinatura genica identificada no primeiro
trabalho dessa tese, onde apenas dados transcriptdmicos foram fornecidos no
aprendizado de maquina. Dessa forma, ressaltamos a relevancia de trabalhos multi-
Omicos nos estudos de doencgas inflamatorias, sejam ou ndo infecciosas, para uma
avaliacdo mais completa dos estratos biologicos envolvidos na fisiopatologia das

doencas.
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Destacamos o0 achado do LINCO2009, que apesar de nao ter sua funcao esclarecida
no campo da TB, € um ncRNA, com potencial de modular vias biolégicas e, potencial

analito para estudos futuros.

Esse intrigante achado foi o ponto de partida para o terceiro trabalho dessa tese, que
visou avaliar o papel dos RNAs nao codificadores no contexto da TB e TBDM, um
objetivo inovador haja vista a escassez de trabalhos que avaliam tais moléculas no
contexto das doencas infecciosas. ncCRNA representam aproximadamente 60% dos
produtos transcricionais, sendo o0 os ncRNA longos (IncRNA) os mais comuns. Apesar
de pouco estudados e com funcbes pouco elucidadas, os INncCRNA exercem papel
crucial na regulacdo de uma gama de processos biolégicos, como regulacdo da
expresséo génica e das atividades de RNA mensageiros, afetando a tradugéao de

proteinas e consequentemente processos bioldgicos e homeostaticos.

O ponto de partida do nosso trabalho foi a identificacdo de DEGs em um set de
descoberta, os dados transciptomicos do RePORT Brasil, previamente citados aqui.
Foram identificados 189 DEGs na comparacao de TB com os controles e 1128 DEGs
entre TBDM e controles. ApoOs isso, buscamos identificar entre esses genes
diferencialmente expressos quantos eram NncRNA, resultando em 120 ncRNA. Entéo,
aplicamos o modelo de aprendizado de maquina afim de identificar os 5 ncRNA que
caracterizassem TB e TBDM. ADM-DT, LINC02009, LINC02471, SOX2-OT e GK-
AS1 foram os top ncRNA. Posteriormente avaliamos a expresséo desses marcadores,
além de avaliar a acuracia dessa assinatura de ncRNA na identificacdo de TB e TBDM
nos sitios india, Romenia e Africa do Sul, a fim de validar nosso achado. Os resultados

mostraram robustez na identificacdo de TB e TBDM nos sitios avaliados.

Buscando insights sobre o papel dos ncRNA nas vias bioldgicas, performamos uma
correlacdo entre os ncRNA e a expressao dos demais genes, selecionando aqueles
fortemente correlacionados com os NncRNA no Brasil e india. A maior parte dessas
correlagbes foram positivas, e encontramos expressdo dos genes fortemente
correlacionados com os IncRNA em diversas vias de relevancia no contexto da TB,
como a via de degranulacéo de neutrofilos, sinalizacdo por interleucinas e interferons,

vias de regulacao de necrose dentre outras.

Nossos achados revelam a influéncia dos IncRNA na patogénese da TB e TBDM,

destacando o impacto na expressdo de genes associados a vias fundamentais na
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resposta inflamatéria a TB, evidenciando potencial papel dos IncRNA como

biomarcadores de TB que podem futuramente ser estudados.

A presente tese possui algumas limitagdes. Primeiro, encontramos algumas
diferencas em fatores epidemioldgicos, como idade, sexo, tabagismo, uso de alcool e
indice de Massa Corporal (IMC) entre os grupos de estudo utilizados aqui, que podem
afetar o processo de ativacdo inflamatéria. No entanto, performamos analises
suplementares a fim de avaliar o efeito dessas variaveis na distincdo dos grupos.
Outra limitacao foi a auséncia de alguns dados epidemioldgicos da amostra publica
do TANDEM, limitando o ajuste das variaveis apenas idade e sexo. Além disso, alguns
pacientes estavam em uso de metformina e estatina, que também podem afetar a
expressdao inflamatdria, podendo constituir-se como fator de confusdo. Podemos ainda
mencionar a diferenca numérica das amostras do primeiro estudo, que podem
influenciar tanto nas analises de expressao genica, com também na performance de
possiveis assinaturas. Apesar dessas limitacfes, a presente tese traz conteddo de
grande relevancia para o campo da TB e da interacdo TBDM, utilizando metodologia
inovadora, identificando alguns aspectos do impacto da disglicemia na ativacao
inflamatoria de pacientes com TBDM, que poderdo futuramente ser utilizados como
alvo para estratégias terapéuticas, além de trazer marcadores multi-6micos e destacar
o papel de IncRNA na patogénese da TB, que poderdo embasar novos estudos
mecanisticos na busca de marcadores para definicdo de progndstico e evolucao da

TB em portadores de DM.
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8 CONCLUSOES

O conjunto de achados dos trés manuscritos que compode a tese levam as seguintes

conclusdes:
Artigo 1:

e As condicbes clinicas TB, DM e TBDM compartilham poucos genes
diferencialmente expressos na comparacao entre os pacientes do Brasil, india,
Africa do Sul e Roménia;

e Pacientes com TBDM apresentam maior grau de perturbagédo molecular;

e A influéncia dos genes diferencialmente expressos nas vias biolégicas é
distinta, ndo apresentando um mesmo padrdo entre os paises, exceto as vias
de degranulacdo de neutrofilos, peptideos antimicrobianos e a via de
organizacao da matriz extracelular;

e A assinatura génica encontrada apés aplicacdo do modelo de Randon Forest
caracterizou TBDM com acuracia de 89%-97% nos diferentes sitios;

¢ Niveis de HbAlc estéo correlacionados com importantes vias biologicas, como

a das metaloproteinases de matriz.

Artigo 2:

e A disglicemia esta associada a impactos em multiplas plataformas 6émicas;

e Existem potenciais marcadores multi-bmicos que podem ser Uteis no
desenvolvimento de ferramenta de predicdo de desfecho e prognoésticos de
pacientes com TB e TBDM,;

e Estratégias multi-6micas podem somar na avaliacao de doencas inflamatérias.
Artigo 3:

¢ RNAs ndo codificadores, apesar de pouco estudados, podem influenciar
diversas vias inflamatérias na TB e TBDM;
e O set de ncRNA selecionados pela IA apresentou acuracia robusta na

identificacdo de TB, independente do status glicémico;
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Por fim, o conhecimento gerado por essa tese de doutorado é de grande contribuicédo
ao meio cientifico, principalmente ao campo da interagcdo TBDM, trazendo aspectos
quantitativos e qualitativos do impacto da disglicemia na ativacdo inflamatéria de
pacientes TBDM. Além disso, utilizando nosso modelo de inteligéncia artificial
identificamos sete marcadores multi-6micos associados com a interacdo TBDM. Em
conjunto, nossos achados poderéo servir de embasamento para futuros estudos que
visem a utilizacdo da medicina de precisdo para rastreio, seguimento de tratamento,
definicho de prognostico e, também, no desenvolvimento de terapias alvo,

contribuindo para sociedade cientifica na estratégia de erradicacdo da TB.
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PERSPECTIVA HISTORICA DA TESE

Ingresso no programa de Iniciacdo Cientifica em 2016, ainda na faculdade de
medicina, iniciei junto ao meu grupo estudos focados no entendimento de marcadores
moleculares associados a ativacdo inflamatéria na Tuberculose. Inicialmente
caracterizamos o perfil de expresséo inflamatéria de pacientes com PTB e EPTB,
utilizando 27 citocinas inflamatorias, receptores sollveis e mediadores lipidicos. Nos
anos que seguiram, agora como bolsista do CNPq, adaptamos a ferramenta
estatistica MDP, utilizada em estudos de genoma, para o estudo de biomarcadores
soltveis, em uma linha que se mantem até os dias atuais, de estudos que buscam
caracterizar perfis de expressdo inflamatéria em véarias doengas, como Malaria,
Hepatite B, Zika virus, TB, HIV e Sindrome de Reconstituicdo Imune. Com o passar
dos anos, novas linhas de pesquisa foram surgindo buscando ferramentas inovadoras
na andlise de dados que possam predizer desfechos dessas doencas. Ao final do
periodo de iniciacdo cientifica, foram publicados 17 artigos em periddicos
internacionais, incluindo revistas de grande relevancia no meio das doencas
infectocontagiosas, como o Clinical Infectious Diseases, o The Journal of Infectious
Diseases, o Internacional Journal of Infectious Diseases, Science Immunology e Cell
Reposrts. Com uma linha forte de pesquisa dentro do grupo que estudava a interagéo
de Tuberculose e Diabetes escolhemos dar continuidade aos projetos agregando
fatores que estiveram presentes durante a iniciacdo cientifica, agora aplicados ao

entendimento do impacto das disglicemias em pacientes portadores de diabetes.
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ANEXOS
Anexo |: Producéao cientifica no Doutorado

O estudante iniciou os trabalhos no Laboratorio de Inflamacdo e Biomarcadores em
junho de 2016, como estudante voluntario de iniciacao cientifica. Até 01 de marco de
2023, o estudante foi autor de 25 trabalhos cientificos em periddicos, incluindo 11
como primeiro autor e 14 colaboracdes. Abaixo esta ilustrada a producéo durante todo
periodo, com uma lista dos manuscritos que foram produzidos no periodo do
doutorado. O primeiro artigo dessa tese esta publicado na revista Scientific Reports,
do grupo Nature, com fator de impacto 4.99. O segundo e terceiro trabalhos estdo em

fase de revisdo na revista iScience, com fator de impacto 5.8.
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Interplay between systemic
inflammation, anemia, and
mycobacterial dissemination and
its impact on mortality in TB-
associated HIV: a prospective
cohort study

Mariana Aradjo-Pereira™**, Charlotte Schutz™*,
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Intreduction: Anemia frequently affects people living with HIV (PLHIM).
Nevertheless, the impact of anemila on treatment outcomes of patlents with
HN-asmociated tuberculbasis (TH) and the underling moleoular profiles are not
fully char acterized. Thealm of this study was to imestigate the interplay between
anemia, the systemic inflammatory profile, dissemination of TH and death in HWV -
TH patients in an ad hoc analysks of results from a prospective cohort study.

Methods: 496 hospitalized PLHIV 218 years old, with CD4 count <350 cellsiful and
high clinical suspicion of new TH infedion were enrolled in Cape Town between
2014 -2016. Patents were clasified acoording to anemia severity in non-anemic,
milld, moderate, or severe anemia. Clinical, microblologic, and immunologic data
were collected at baseline. Hierarchical cluster analysis, degree of inflammatony
perturhation, sundval cures and C-statigics analyses were perfomned.

Results: Through the analysks of several clinical and laboratony parameters, we
observed that those with svere anemia exhibited greater sysemic inflammation,
characted zed by high concentrations of IL-8, |L- 1RA and IL-6. Furthemnore, severe
anamia was asociated with a higher Mtb dissemination soore and a higher risk of
death, particulary within 7 days of admision. Most of the patients who died had
severe anemia and had a more pronounced systemic inflannmatory profile.

Discussion: Ther efore, the results presented here reveal that severe anemia ks
associated with greater TH dissem ination and increased risk of death in PLHW.
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Dissecting disease tolerance in Plasmodium
vivax malaria using the systemic degree of
inflammatory perturbation
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Abstract

Homeostatic perturbation caused by infection fosters two major defense strategies, resis-
tance and toleranca, which promote the hosfs survival. Resistance relates fo the ability of
the hast fo resfrict the pathogen koad. Tolerance minimize s collateral tissue damage without
directly afiecting pathogen fitness. These concepts have been explored mech anisfically in
mwrine models of malaris but only superficially in human disesse. Indeed, individuals
infected with Plasmodium wivax may present with ssympiomatic malaria, onby mild symp-
toms, orbe severaly ill. We and othears have reported a diverse repertaire ofimmunopatho-
logical events that potentially underty suscepfibility to disesse severity in vivax malaria.
Nevertheless, the combined epidemiclogic, clinical, parasitological, and immunologic fea-
tures associated with defining the disease outcomes are still not fully undersiood. Inthe
presant study, we perform an extensive oufiining of cytokines and inflammatony proteinsin
plasma samples from a cohort of individuals from the Brazilian Amazon infected with F.
wivax and presenfing with asymptomatic (n= 108) or sympiomatic (n= 134) disease (106
with mild presentation and 28 with severe malaria), aswell as from uninfected end emic con-
trols (n= 128) to eluddate these gap s further. We employ highly mulidi me nsional Systems
Immunalogy analyses using the molecular degres of parturba fion to reveal nuances of a
unigue profile of systemic inflammeation and imbal anced immune acfvation directly linked o
disease severity &s well as with ofher clinical and epid emiclogic charaderstics. Ad difionally,
owr findings reveal that the main facior associated with severe cases of P. vivax infedtion
was fhe number of symptoms, degpile of a lower global inflammatory perurhation and para-
gitemia. In these pariicipants, the number of symptoms diredly comelated with perturbation
of markers of inflammafion and fissue damage. On the other hand, the main factor
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Abstract: Antiretroviral therapy (ART) has represented a major advancement in the care of people
living with HIV (PLWHH), resulting in significant reductions in morbidity and mortality through
mmdmwdwdmhpmdy restoration of im-

Akrami, KM ; Andrace, BE. mune function in PLWH with opp fi lky leads to an intense and uncon-
Sy Inf) lled cytokine storm following ART initiation known as immune reconstitution inflammatory
wik ® = ynd (IRIS). IRIS is d with the and rapid clinical deterioration that
Infammatory Sndromw inPences. results in significant morbidity and mortality. Here, we detail the determinants underlying IRIS
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development in PLWH, compiling the available knowledge in the field to highlight details of the
inflammatory resp in IRIS iated with the most commonly reported opportunistic patho-
gens. This review also highlights gaps in the understanding of IRIS pathogenesis and summarizes
therapeutic strategies that have been used for RIS

Keywards: systemic inflammation; mycobacteria; HIV; immune reconstitution inflammatory syn-
drome (IRIS)
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1. Introduction

Globally, nearly 38 million people are living with HIV (PLWH) [1]. The most critical
advancement in this epidemic was the development and increased access to antiretroviral
therapy (ART), which led to significant reductions in morbimortality through immune
reconstitution and attenuation of h ystatic disruption [2]. This has reduced the inci-
dence and severity of opportunistic infections (Ol) such as Mycobacterium tuberculosis
(Mtb) and Avium complex (MAC), Cytomegalovirus (CMV), Kaposi sarcoma-associated her-
pesvirus (KSHV), hepatitis C (HCV) and B (HBV) virus, Cryptococcus neoformans, Preumo-
cystis firovecei and Toxoplasma gondii. However, paradoxically in a subset of PLWH, ART
initiation may trigger clinical worsening with pathologic immune activation against these

Life 2021, 71, 65. httpse/idolorg/10.3390/1i6e1 1010063
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PD-1 blockade exacerbates Mycobacterium tuberculosis
infection in rhesus macaques

Keith D. F.'auﬂm_ Shunsuke Sakai', Hll:ii._nli.l.m Sinr:nnjnli H.nmnsinr- MJ Baker®,
ﬂlena!.nmenyma I'arlnrwﬁhm E]lristhe[.ﬂalson , Delvide Oliveira-de-Souza®,
Caian L. Vinhaes®, Ziv Yaniv®, Cecilia 5. Lindestam Arleham’, msm‘smluum.
Rashida Moore'?, . NIAID/DIR Tuberculosis Imaging Program, Alan suf. Katrin D. Mayer-Barber®,
Bruno B. Andrade’ l-:jl'.lbit Laura E. Via''*, Daniel L. Barber"

Boosting immune cell function by targeting the coinhibétory receptor PD-1 may have applications in the treat-
ment of chronic infections. Here, we examine the role of PD-1 during Mycobacterium tuberculosis (Mth) Infection
of rhesus macagques. Animals treated with anti-PD-1 monodional antibody developed worse disease and higher
granuloma bacterial loads compared with Isotype control-treated monkeys. FD-1 blockade ineased the num-
ber and functionality of granuloma Mtb-specific CDa T cellls. In contrast, Mtb-specific (D4 T cells in anti-PD-1-
treated macaques were not Increased in number or function in granulomas, expressed Increased levels of CTLA-4,
and exhibited reduced intralesional trafficking in live Imaging studies. In granulomas of ant-PD-1-treated
animals, multiple proinflammatory cytokines were elevated, and more cytokines comelated with bactenial loads,
leading to the identification of a role fior caspase 1 In the exacerbation of tuberculosts after PD-1 blodkade. Last,
Increased Mtb bacterial loads after PD-1 blockade were found to assodate with the composition of the iIntestinal
microblota before Infection in Individual macagques. Therefore, PD-1-mediated coinhibition is required for control
of Mtb Infection In macaques, perhaps because of its role in dampening detrimental inflammation and allowing for
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INTRODUCTION

Mycobacierium tuberculpsis (Mtb) infection is the leading cause of
dezth due to a single infectious agent worldwide, ite the zvail-
ability of amibiotics that can effectively wreat mos: Mib infections (1.
Drugs that target the host rather than the bacteria, Le., hoss-directed
therapies (HD'Ts), may be useful in shorening the siandard &-month-
long course of antibiotic treatment, as well as providing sorely needed
new options for the treasment of drug resistant infections (2-4)_ In
particular, there is interest in developing straegies to boost hos-
protective immune responses or on the other hand limiting the des-
rimental inflammation that causes tissue destruction and promotes
bacterial growth during tuberculosis (TH). However, the mecha-
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nisms of host resistance and tisswe during Mtb infec-
tion are incompletely understood, impeding the development of
HDTs.

PD-1 (programmed death-1) is a coinhibisory retﬁrprimmity
expressad on activated CD4 and CD8 T cells that has shown o
limit the function of pathogen-specific T cells during chronic infec-
tion and tumor-specific T cells during cancer (5, &). Blockade of
PD-1 or its ligands with monoclonal amibodies {mAbs) enhances
the number and function of antitamor cytotoxic T cells resulting
in enhanced twmor control, and there are multiple PD-1-targeting
drugs approved for use against varieus malignancies (). The major
success of immune int blockade—targeting drugs in cancer
treatment has highlighted how potent such approaches can be in
thee treatment of human disease. Booming T cell funcrion by block-
ing PD-1 has been suggested as a therapy for TE (7.

Human Mih-specific T cells in circulation can express low levels
of PD-1 during disease, and in vitro bockade of PD-1 can enhance
T call , althowgh the effects are modes: (81, The first in vivo
data on the role of FD-1 in Mib infection came from knockouwt (KO}
miouse shudies where it was found that PD- 1~ mice die very rapi
after Mth infection compared with wikd-type (WT) mice (%, 10). In
the shsence of PD-1, CD4 T cells and, to 2 lesser extent, CDB T cells
drive this early mortality (10). Althowgh the T cell mechanisms that
cause pathobogy in Mib-infected PD-17" mice are not completely
understood, we have shown that the overproduction of interferon-y
(IFNy) by CDd T cells is at least panldy responsible (11), and in &
human in vitro three-dimensional {30 granuloma model, it was
found thas PD-1 blockade drives higher bacterial loads in 2 tumor
necrosis facor (THEF)-dependent manner (12). Consisent with these
data showing a host-provecive role for PD-1 in Mtb infection, clinical
Case Tepans of int bockade -associated TH in patiemts tresved
wiith anti-FD-1 (aPD-1) are accumulating in the liverasure (12-18).
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Zika-exposed microcephalic
neonates exhibit higher degree
of inflammatory imbalance

in cerebrospinal fluid

Gustave C. Mascimento-Carvalho'™, Edvardo C. Mascimento-Carvalho?, Clara L. Ramos?,
Ana-Luisa Vilas-Boas!, Otavio A- Moreno-Carvalhe?, Caian L. Vinhaes» 5,

Beatriz Bameto-Duarte®** Artur T. L. Oueiroz®*, Bruno B. Andrade®® %5 &7810 &
Cristiana M. Nascimento-Carvalho®2?

Mot every neonate with congenital Zika virus (ZIKV) infection (CZ1) is bomn with microcephaly. We
compared inflammation mediators in CSF (cerebrospinal fluid obtained from lumbar puncture)
between ZIKV-exposed neonates with/without microcephaly (cases) and controls. In Brazil, in the
same laboratory, we identified 1% ZIK v-exposed necnates during the ZIKV epidemic (2015-2016),
7i50%4) with and 7(50%) without microcephaly, without any other congenital infection, and 1%
negnates (2017-2018) eligible to be controls and to match cases. 29 inflammation mediators were
measured using Luminex immunaassay and multidimensional analyses were employed. Meonates
with ZIKV-associated microcephaly presented substantially higher degree of inflammatory
perturbation, assodated with uncoupled inflammatory response and decreased cormelations between
concentrations of inflammatory biomarkers_ The groups of microcephalic and non-microcephalic ZIKV-
exposed neonates were distinguished from the control group (area under curve [AUC]=1; P <0.0001).
Bebtween controls and those non-microcephalic exposed to ZIKY, IL-1[, IL-3, IL-%, IL-7 and EQTAXIN
were the top C5F markers. By comparing the microcephalic cases with controls, the top discriminant
scores were for IL-1p, IL-3, EOTAXIM and IL-12p70. The degree of inflammatory imbalance may be
associated with microcephaly in CZ1 and it may aid additional investigations in experimental pre-
clinical models testing immune modulators in preventing extensive damage of the Central Nervous
System.

A wa epidmd:ofﬁh\ﬁnu{,ﬂﬂ}inﬁcﬁmmrcpoﬁadinhﬂh&mﬁ:aiﬂ!ﬂﬁ'.h)ﬁ]ﬁam@
relationsh bemminﬁecﬁondming]mepmqudm' H'rm:lmnghnupeﬂnd’.uhmam‘iﬂm
epidemic a migjor concern given the hundreds of microcephalic necnates borm in Brazil®. Subsequently,
several ies have shown that ZIKV has high Central Nervous System: (CN5) tropism and is harmful when
the CNE is immature®.
Inlﬂl?.miawepha}ymmﬁﬂadunmmmimﬁmﬂ?mswﬁhcmﬂZ:I]C\":inbc-
tion (CZTF. Leptomeningeal and cerebral parenchymal inflammation was described with varying inteosity and
distribution®. In 2018, an immunohistochemical analysis of neural chyma tissues from 8 deceased neonatef
stillbirth babies, 4 with and 4 without ZIKV infsction, showed significantly higher expression of several cytokines
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Brazl. *University Salvador (UNIFACS), Laureate Universities, Salvador, Bahia $1820-021, Brazi. “School of
Medicine, Faculdade de Tecnologia e Céncias (UniFTC), Salvador, Bahia $1741-590, Brazil. welicome: Centre
for infectious Disease Research in Affica, institute of Infectious Disease and Molecular Medidne, University of
(Cape Town, Cape Town 7700, South Africa. "Division of infectiows Diseases, Department of Medidne, vanderbitt
University School of Medicine, Mashville, TH 37232, USA. "Department of Pediatrics, Federal University of Bahia
Schiool of Medidne, Sahador, Bahia $0210-634, Brazil. *These authors contributed equally: Bruno B. Andrade and
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CD4 T cells are rapidly depleted from tuberculosis
granulomas following acute SIV co-infection

Graphical abstract Authors
Taylor W. Foreman, Christine E. Malson,

Kaith D. Kauffman, ..., Juraj Kabat,
Lavra E. Via, Danid L. Barber

Corres pondence
barbard@niaid.nib.gov

In brief

HiV-madiated destruction of CD4 T cells
enhances suscaptibility to
Mycobacterium tubarculosis. Using
macaques, Foreman aetal show that G4
T cells in granulomas are depletad very
rapidly after SIV co-infection, indicating
that loss of immunity at the site of
bacterial replication occurs long before
signs of paripheral T cell depletion.

Highlights
& SV rapidly replicates in Mtb granulomas of co-infected
macaques

& Granuloma GD4 T calls are depleted before those in biood,
BAL, LMs, or splean

» CCRS5*Eomes— Mth-specific Thi and Th1" cells in granu-
lomas ane preferentially depleted

= SV co-infecton reduces motility of CO4 T calls ingranulomas

Foreman et al, 2022, Cdl Reports 39, 110896
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Relationship Between Anemia
and Systemic Inflammation in
People Living With HIV and
Tuberculosis: A Sub-Analysis
of the CADIRIS Clinical Trial
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Peapla with HNV (PWH) are at increased ik of developing active tubarcubss (TB), and
anamia & a common compication in both condons. Anamia in TB patiants has bean
Erkad to immunea acthation, Bwsis of inflammatory biomarkears in blood, and ek for HWV
disaasa prograssion and death. In this study we show hat anamia was associated witha
mars proncuncad inflammatary profie in HV-TB confected parsons in a cohort of 159
ndividhusis with achanced HIV disasss (CD4 count < 100 calleiil) recruted a8 part of a
randamizad cirecal tial (NCTO0285780). A panal of plasma Bomarkars was assesead on
plasma obtsined pror fo combination antretrovied therapy EART) initiation. We
padonmed a series of multidimansional analysss including dinical variablas and
concantrations of nflammatory biomarkers to profils systamic imflammaton of PWH
with and without anamia. We obsaned that TB parfcipants presanted with modearately
lower lenaals of hamoglobin than non-TB participants. Thess parcipants aleo prasanted a
highar Dagraa of Inflammatany Parturbaton (DIF) scon, ralated 1o ncraased levalzof IPN-7
and THF. Tha DIP was assocatad with TB canfection and anama batora cART nifation.
Futura machanstc studiss arg warantad to assass the datermnants of auch associations
and tha implications on raatmant outcomes.
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Articles

Association between severe anaemia and inflammation, risk of
IRIS and death in persons with HIV: A multinational cohort
study
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Summary

Background Afer initiating antiretroviral therapy (ART), approximately 25% of people with HIV (FWH) may develop
Trmmune Reconstitution Inflammatory Symdnome [l which is smodated with incressed modbidity and mortality.
Several reports have demonstrated that low haemoglobin (Hb) kevels are a risk factor for IRIS. To what extent the
severity of anaemia contributes i the risk of TRIS and for death & still insuffcently exploned.

Meth-udsW’:n-anihﬂ:ﬂ!mmﬂ.!-ﬂynf:nmnm:n:mi:mﬁnﬂmlntd'mdu
p:l:ﬂi:..ﬁ.hrrpm::l:f . i kers was ed pre-ART and patients were followed up for 6 months
IRIS or deaths during this period were mmsidersd a3 outmmes. We performed multdimensional anahses,
logristic regression, and survival arves o delineate associations.

Findings Patients with severe angemia (SA4) presented a distinet systemic inflammatory profile, characerined by
higher THF, IL6, and 1127 levels. SA was mdependently smociated with RIS, with a higher sk of both early IRIS

Intepretation FWH with 54 display a maore p ed infk ;pm&.uﬁhm:lﬂtdrﬂd‘dﬂ:hpc‘lq
1FIS eardier and a statistically significant higher risk of death.

Funding mﬂimﬂlfmpmimﬂmmﬂﬁhwﬂwhmﬁuﬂhﬁmnf
Hﬂh{mﬂmﬁm&ﬂ:hﬁmﬂ:?mhﬁhﬂ Superior [Finance code: 001) and the
Conselho Naciornal de Deservalviments Clentihoo & Tecnalégico (CHPyg), Braxil.

Capyright € 2022 The Author{s). Publihed by Ebevier B.V. This is an open access artide under the OC BY-NC-ND
licenms {h‘ﬂ'p:.' e e TS r;|_.'1 BT .'1:1_.'-r.u.'- el .{I.']n.

Keywords: Tubenulosis; Systemic inflammation: TRIS; Death; HIV

e 5 e Labermbain de Tul o ¢ B " 1 G ceaies Wi, F
Cﬂ.ﬂ,ﬂdﬂ Hmm'ﬂq.nnﬂ.
Emal addires: broncoand e filiocrae b (B, Ascbradel
TMAP. VA, and 15 comtrihoted oqually.
KL, FE, and BRA costriotel ajully.

duiwc ey Dol Coore, Pl Wi llisvnin « Fdee, 120,

e i Uil comn Wil 5% w2002

-

o

kb diicn
QTR 104705
Arvilabln ol o

B el oo P
301 6 sl 20003
2410

137



% frontiars | Frontiers in Tropicsl Disesses

@ L R HL T AT

OFEN BOCESS

ECAEDEY
Ernarasle Mo,

HNaoral redans o hilelinu
Dissases Lazara Spallarcani (ROCS),
iy

RCNDA D Y

Mada Tems Garcl -Homera,
HNatoral reide of Pedaidcs, Meioo

=R SO DN
Bano B Andrade
EFuna andaosifiocrnz b

SPOOALTY SECTROM

This article was submEed i
Major Tropical Diseases,

a secton of te jourmal
Fronders in Tropicl Dismses

aocmen 06 Septemiber 2022
accremn 03 Ootober 202
sumemi 21 Oofiokr S22

CITATION
Barmio -Duame B, Arafo- Pessi M,
Miquez- Finto JF, Farmia 1385,
ez AC Rosier Gl Vinhaes OL
aogtd -Baeerl M, Vilaba- S K
and &ndade B8 (027 Grand
chalanges in mago tropcal deeaces
Front Trop, DE T10T9T

dob 103\ AMRd20ZZ 0 TELT

COPRIGHT
B 2027 Brmio-Duane, Aado-Pemsi
Miguaz- Firio, Farmsa, Merdoes, Roder,
Winrads, Magdw -Bezeril, Vilala- Sera
and Andade. This [5 a0 Opern-acoess
arlde derbuned under T e of
e Cran e Cornenore Afribud on
Liceres (00 5 The wee, Ssribudon
oF Feprod sTion in ol lonams is
perminEd, provded e odginal
authars] and the copyright owness)
am creditad and that e odgiral
bl in this pural & cied,
accordancs wWi H0omn ed aEcemic
practioe. Mo e, dsrkation o
Feprmducion is peemimed which does
Fea o ply with T s

Fromtiers in Tropical Diseases

138

T Spedalty Grand Challenge
mmusir o 2 Ok 2
oo D0 ERE IR 0 22 M0 TRT

Grand challenges in major
tropical diseases
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Overview

Wﬂrﬁmﬂhpﬂﬂ:ﬁ:ﬂnﬁjﬂrdﬂmt\qﬁﬂ]dﬁm which are
camed by a variety of infectiows agents, such as backeria, vimses, parasits, or protocos.
Mﬁunuﬂhmamﬁimhﬁimmﬁpmmmh@
canditions, malnutrition, and poor healthcare sysem infastructure, affedting a lrge
propartion of develaping and umderdevelopad countriss (1-3) Therefore, these disrases
are nut resiricied to indechions ﬂntmnmq_nﬂrmp-u‘hﬂdmt‘upd :rq:nmlntajln
inchude iinesses that echibit a very high burden in such zones of the globe.

]:tl]it:ﬂt Freat progress in Fﬂm‘nmhjamd]nm:m to improve
mzzsures to prevent and treat these infactions, they remzin the workl's leading cawme
of premature death, highlighting the magnitude of this public health problem (4-6)L
Hﬁﬂn.wzmmppnmﬂiipuzinﬂduﬂmpmﬁmpﬂubmﬂmnf
which are the human immunodeficency vims (HIV), Mycobacterium achercul osis (Mib),
and Plocmosdium sp. although other impartant conditions are highlighted  Aspect of
disease burden, dizgnasis, treatment, and prophylaxis are discusad to define thesmpeof
interest of the Section Majar Tm?i'ﬂf Diseases of the Fromtiers in Tnyfmf
Dz s jourmal.

HIV

HIV infaction is 2 major ghobal public health problem, as it has been ®sodaed witha
tatal of approximately 40.1 million deaths. Marmver, it i estimated that there ane 384
million people hiving with HIV (PLWH), and at the end of 2021, 650 thousind people
had died from HIV -related cames (7)1
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Host-directed therapies in
pulmonary tuberculosis:
Updates on anti-inflammatory
drugs
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Tuberculosis {TB) is a lethal disease and remains one of the top ten causes of
mortality by an infectious dis=ase worldwide. It can also result in significant
morbidity related to persistent inflammation and tissue damage. Pulmonary
TB treatment depends on the prolonged use of multiple drugs ranging from
6 months for drug-susceptible TB to 6-20 months in cases of multi-drug
resistant disease, with limited patient tolerance resulting from side effects,
Treatment success rates remain low and thus represent a barrier to TB
control. Adjunct host-directed therapy (HDT) is an emerging strategy in TB
treatment that aims to target the host immune response to Mycobacterium
tuberculosis in addition to antimycobacterial drugs. Combined multi-drug
treatment with HDT could potentially result in more effective therapies by
shortening treatment duration, improving cure success rates and reducing
residual tissue damage. This review explores the rationale and challenges
to the development and implementation of HDTs through a succinct report
of the medications that have completed or are currently being evaluated in
ongoing clinical trials.
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Anexo II: Rede de colaboracéo do estudante

Durante o periodo de Iniciacdo Cientifica e Doutoramento, através do seu grupo de
pesquisa, 0 MONSTER, o estudante pode participar de inUmeras colaboracées com
pesquisadores de diversos centros ao redor do mundo, como o National Institute oh
Health (NIH), University of Cape Town, Organizacdo Mundial de Saude, University of
California, Vanderbilt University, University of San Diego entre outras.
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