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Resumo

Titulo: Avaliacdo da resposta imune celular a antigenos recombinantes do
Mycobacterium leprae e potencial aplicacdo para o diagndstico da hanseniase
paucibacilar

Introducdo: A hanseniase ¢ uma doenc¢a infecciosa croOnica incapacitante que se
caracteriza por um espectro de manifestacdes dermato-neurologicas associadas a
diferentes padrdes de resposta imune. Em um pdlo, pacientes paucibacilares (PB) que
incluem as formas tuberculdide (TT) e borderline tuberculdide (BT) montam forte
resposta imune celular. No outro extremo do espectro pacientes multibacilares (MB)
que incluem as formas bordeline-borderline (BB), borderline-lepromatosa (BL) e
lepromatosa (LL) respondem a infec¢do com vigorosa producdo de anticorpos. O
diagnostico da hanseniase se baseia nas manifestacoes clinicas o que dificulta o
diagnostico precoce antes do surgimento de sequelas. O desenvolvimento de métodos
laboratoriais para o diagndstico precoce da hanseniase ¢ considerado fundamental para
reduzir possiveis fontes de transmissdo ¢ o numero de pacientes com deficiéncias
fisicas.

Métodos: Este trabalho pesquisou a reatividade celular a um painel de 41 proteinas
recombinantes do M. leprae mediante avaliagdo da produ¢do de IFNy mensurado por
ELISA em plasma de cultura de 24 horas de sangue total heparinizado (ensaio de
sangue total/EST) com o antigeno (10pg/ml). Os grupos de estudo foram pacientes com
hanseniase PB (TT/BT), MB (BL/LL) recém diagnosticados, nao tratados, classificados
segundo critérios de Ridley e Jopling. Foram também investigados contatos
domiciliares de pacientes MB (HHC), pacientes com tuberculose pulmonar (TB) e
individuos sadios recrutados na mesma area endémica (CE). Previsdes in silico foram
utilizadas para investigar o nivel de identidade das proteinas do M. leprae com
homoélogos em outras micobactérias e a presenca de potenciais epitopos de células T. O
perfil de 14 citocinas/quimiocinas induzidas frente a estimulagdo com antigenos
selecionados do M. leprae foi investigado pela plataforma Multiplex.

Resultados e conclusdes: Os resultados do EST identificaram 11 proteinas
recombinantes do M. leprae (ML0405, ML2055, ML2331; ML0840, ML1623,
ML1556, ML1632, ML1685, ML0276, ML2044, 46f) classificadas como imunogénicas
e indutoras de resposta imune celular especifica, com potencial aplicagdo no diagndstico
laboratorial da hanseniase PB. Estes antigenos foram reconhecidos por pacientes com
hanseniase PB ¢ HHC, enquanto pacientes com hanseniase MB, pacientes com TB e
controles saudaveis ndo responderam as proteinas do ML. As previsdes in silico de
imunogenicidade e especificidade ndo foram confirmadas pelos resultados do EST ex
vivo. O estudo multiplex com citocinas produzidas frente a um painel selecionado de
protéinas do ML mostrou que os pacientes com hanseniase PB além do IFNy,
produzem outras citocinas caracteristicas das células Thl (IL-2 e IL-12). Entretanto,
estes resultados indicaram que o IFNy permaneceu como o melhor marcador
imunolégico da resposta imune celular de pacientes PB as proteinas recombinantes do
M. leprae. Os pacientes com hanseniase MB secretam citocinas produzidas por células
do tipo Th2, principalmente IL-4 e IL-5 em resposta as proteinas recombinantes do M.
leprae. Nenhuma das 14 citocinas/quimiocinas analisadas diferenciou a resposta imune
celular de pacientes PB da maioria dos HHC. Apesar de a maioria dos HHC
responderem de forma idéntica aos pacientes PB, observamos que alguns individuos sob
maior risco de infec¢do podem montar uma resposta imune Th2, de forma semelhante
aos pacientes MB.

Palavras-chave: Hanseniase; Diagndstico laboratorial; Imunidade celular.



Abstract

Title: The evaluation of cellular immune responses to Mycobacterium leprae
recombinant antigens and potential application for the diagnosis of paucibacillary
leprosy.

Introduction: Leprosy is a chronic and debilitating infectious disease that is
characterized by a spectrum of dermato-neurological manifestations associated with
different patterns of immune responses. At one end of the spectrum paucibacillary
patients (PB) which include tuberculoid (TT) and borderline tuberculoid (BT) patients
mount a strong cellular immune response. On the extreme multibacillary (MB) patients
including borderline-borderline (BB), borderline-lepromatous (BL) and lepromatous
(LL) forms, respond to infection with vigorous antibody production. The diagnosis of
leprosy is based on clinical manifestations hampering the early diagnosis before the
onset of sequelae. The development laboratory tests applicable for early leprosy
diagnosis is considered essential to reduce possible sources of transmission and the
number of patients with physical disabilities.

Methods: This work investigated the immune reactivity of a panel of 41 M. leprae
(ML) recombinant proteins. The immune reactivity to ML proteins was evaluated by
the production of IFNy, measured by ELISA, in the supernatants of 24 hours cultures of
heparinized whole blood (whole blood assays/WBA) stimulated with ML antigen
(10ug/ml). Study groups were leprosy patients both PB (TT / BT) and MB (BL / LL),
newly diagnosed, untreated, classified according to Ridley and Jopling criteria.
Household contacts of MB patients (HHC), HIV-1 negative patients with pulmonary
tuberculosis (TB) and healthy individuals from the same endemic area (EC) were also
investigated. In silico predictions were used to investigate the level of identity of the
ML proteins with counterparts in other mycobacteria and to assesse the presence of
potential T cell epitopes. For a selected group of immunogenic and specific ML
antigens, the profile of 14 cytokines/chemokines induced in WBA was also investigated
by Multiplex plataform.

Results and Conclusions: The WBA results identified 11 out of 41 M. leprae
recombinant proteins (ML0405, ML2055, ML2331, ML0840, ML1623, ML1556,
ML1632, ML1685, ML0276, ML2044, 46f) that were classified as immunogenic and
capable of inducing specific cellular immune response. These ML antigens were
considered to have potential application for the development of laboratory tests for the
diagnosis of PB leprosy. The same pattern of immunoreactivity identified among PB
leprosy patients was observed among HHC, while MB leprosy, TB patients and healthy
individuals did not respond to these antigens. In silico predictions of immunogenicity
and specificity were not confirmed by ex vivo WBA results. The multiplex cytokine
study with a selected group of ML antigens showed that besides IFNy, patients with
PB leprosy produce other cytokines characteristic of Thl cells (IL-2 and IL-12).
Nevertheless these results that IFNy remained the best immunological marker of cellular
immune response of PB patients to recombinant M. leprae proteins. MB leprosy
patients secrete mainly Th2 type cytokines such as IL-4 and IL-5 in response to
recombinant ML proteins. None of the 14 cytokines/chemokines analyzed in the
multiplex was able to distinguish the cellular immune responses of PB patients from the
majority of HHC. Although the majority of HHC response identically to PB, we
observed that some individuals at greater risk of leprosy infection can mount a Th2
response, similar to MB patients.

Keywords: Leprosy; Laboratory diagnosis; Immune reactivity.



1. Revisao de Literatura

A hanseniase ¢ wuma doenga infecciosa cronica, preferencialmente
granulomatosa, que acomete a pele e nervos periféricos e tem como agente etioldgico o
Mycobacterium leprae, um bacilo com tropismo por macrofagos de pele e pelas células
de Schwann. Esse tropismo explica a patogénese do dano neural e as incapacidades
fisicas permanentes associadas a hanseniase (Ridley & Jopling 1966). O M. leprae é
uma bactéria intracelular obrigatoria, descrita por Amauer Hansen em 1873, ndo
cultivavel em meios de culturas axénicos. A taxa de duplicacdo do M. leprae ¢
extremamente lenta quando comparada a outras bactérias, apresentando ciclo replicativo
de 12,5 dias em média. O M. leprae ¢ um bastonete reto ou levemente curvo, corado em
vermelho pela fucsina e ndo descorado pela lavagem com élcool e 4cidos organicos.
Nos esfregagos de pele ¢ nos cortes histopatologicos os bacilos podem ser vistos

isolados ou em grupamentos variados (Ridley 1955).

Durante a década de 1990, a Organizagdo Mundial de Satde (OMS) estabeleceu
como meta a eliminagdo da hanseniase como problema de saude publica no mundo até o
ano 2005. A eliminagdo foi definida como a redugdo da taxa global de prevaléncia
dapara 1 caso em cada 10.000 habitantes (WHO 1994). Com a introdugdo da
multidrogaterapia (MDT) ou poliquimioterapia (PQT), a partir de década de 1980, a
prevaléncia global de hanseniase reduziu em mais de 80% nos ultimos 18 anos (Fine
2006). O boletim anual da OMS informou que prevaléncia global de hanseniase
registrada no ano de 2009 foi de 211.903 casos. Esses dados mostram que a que a meta
de prevaléncia global de menos de 1 caso de hanseniase para cada 10 mil habitantes foi
atingida. Porém alguns paises (Brasil, Reptblica Democratica do Congo, Madagascar,
Mocambique, Nepal ¢ Tanzania) ainda ndo conseguiram atingir a meta de prevaléncia
da hanseniase estipulada pela OMS (WHO 2010).

Parte do alcance da meta global de prevaléncia se deve a drastica reducao da
prevaléncia na India apds ano de 2005. O governo da India, com o apoio da OMS,
adotou em 2004 a LEM (Leprosy Elimination Monitoring) que consiste na adogdo de
um protocolo de medidas para a validacdo do diagndstico e a classificacdo correta dos
casos recém detectados de hanseniase. A ado¢ao da LEM provocou uma queda brusca
na prevaléncia da hanseniase (2,44 para 0,95 por 10.000 habitantes) (WHO 2005).

Segundo o governo indiano, a queda na taxa de prevaléncia ocorreu gragas a uma



recontagem dos casos verdadeiros ou em aberto de hanseniase, porém os critérios
adotados para o calculo da prevaléncia na India sio questionaveis e um pouco
duvidosos (Fine 2006). Entre as agdes previstas pela LEM estdo a ndo contabilizagdo
dos casos de pacientes com lesdo Unica, em recidiva e a retirada do nome dos pacientes
que abandonam o tratamento da lista de notificagdo oficial. Além disso, nenhum caso de
hanseniase deve ser notificado antes da confirmacdo por um hansendlogo especialista
(Rao & Lakshmi 2005; Samy 2007). Com a ado¢ao da LEM, foi observada uma queda
de 312.000 casos notificados de hanseniase em trés anos na India.
Nos mesmos trés anos, os niumeros de deteccdo global diminuiram de 620.638 para
296.499. Cerca de 96% do declinio global foi contabilizado pela India. E muito
provavel que a India e talvez o mundo ndo tenham realmente alcangado a meta de

prevaléncia estipulada pela OMS (Fine 2006).

Apesar da drastica redu¢do no niimero de casos registrados nas ultimas duas
décadas, a incidéncia da doenca tem caido lentamente (WHO 2010). O declinio
apresentado na prevaléncia de hanseniase, com a implementagdo da MDT, nado foi
acompanhado de um declinio concomitante do nimero de casos novos, indicando que a
prevaléncia ¢ um parametro inadequado para se avaliar o controle da infeccdo (Fine

2006).

No ano de 2009 foram registrados no Brasil 37.610 casos de hanseniase, com
prevaléncia de 2,02/10.000 habitantes. Segundo a OMS esses nimeros fazem com que o
pais tenha a maior prevaléncia global de hanseniase (WHO 2010). O Brasil possui
regides com enormes diferencas quanto a edemicidade da hanseniase ¢ Goids ¢ a décima
unidade federativa com maior incidéncia. No ano de 2010 foram diagnosticados em
Goias 3.102 casos de hanseniase, representando uma incidéncia de 4,76/10.000

(Secretaria Estadual de Saude 2011).

Apesar de o M. leprae ter sido descrito no final do século XIX, os mecanismos
de transmissao ainda nao estdo totalmente estabelecidos. Porém, acredita-se que o trato
respiratorio seja a principal porta de entrada e fonte de transmissdao do M. leprae, ja que
um grande numero de bacilos ¢ excretado da cavidade nasal de pacientes com formas
baciliferas ndo tratadas (Moet et al. 2004a). Outras possiveis fontes de transmissdao do
bacilo s3o hansenomas ulcerados, urina, fezes, suor, leite materno, secregdes vaginais e

esperma (Yawalker 2002).



Contatos domiciliares de pacientes com formas baciliferas de hanseniase,
apresentam risco aumentado para o adoecimento. Estima-se que contatos
intradomiciliares de pacientes com baciloscopia positiva apresentem 4 a 5 vezes mais
risco de adoecer que outros individuos de uma populagdo endémica. (Moet et al. 2004;

Fine et al. 1997).

Em 4reas endémicas para M. leprae a maioria dos individuos expostos ¢
resistente ao bacilo, ndo desenvolvendo a doenca (Godal & Negassi 1973. Moet et al.
2004). A hiperpopulacdo doméstica, fatores ambientais e genéticos podem aumentar a
suscetibilidade a infeccdo (De Vries 1992; Fine et al. 1997). Variantes dos genes
PACRG e PARK2 (parkinson protein 2, uma proteina do complexo E3 ubiquitina
ligase) sdo consideradas fatores de risco para o desenvolvimento da hanseniase (Mira et
al. 2004). Porém varios outros genes como fator de necrose tumoral alfa (TNF-a),
interleucina (IL)-10 e receptor da vitamina D parecem estar implicados na resisténcia ou
suscetibilidade a hanseniase (Moraes et al. 2001; Krutzik et al. 2008). Aparentemente
uma combinagdo de sutis variagdes em diversos genes pode alterar o risco de
desenvolvimento da doenca ou interfere na gravidade da hanseniase (Cardoso et al.

2011).

Manifestacoes clinicas da hanseniase

A avaliagdo diagndstica da hanseniase ¢é feita basicamente pelo exame dermato-
neurologico, através do achado de lesdes de pele com alteragdo da sensibilidade. A
sensibilidade nas lesdes pode estar diminuida (hipoestesia), ausente (anestesia) ou, em

menor freqiiéncia, aumentada (hiperestesia) (Yawalkar 2002).

Acredita-se que o periodo de incubagdo da doenca seja de 2 a 10 anos. As lesdes
de pele na hanseniase podem se manifestar como manchas, placas, infiltragdo cutanea,
nddulos, tubérculos, alopecia, madarose, triquiase e lesdes de mucosa (Ridley & Jopling
1966). Os disturbios sensitivos nas lesdes podem ser causados tanto pela acdo do bacilo
nos nervos como pela reacdo do sistema imune ao bacilo. A neurite pode levar a perda
de forca muscular, com posterior paralisia, o que pode originar incapacidades e
deformidades, como articulagdes anquilosadas (sem movimento) e em garras, ectropio e
logoftalmo (eversdo e desabamento da palpebra inferior) (Ridley 1955). Outras

deformidades também podem se originar de uma infec¢do secundaria grave devido a



traumas em regioes sem sensibilidade, podendo causar necrose, que muitas vezes pode
levar a amputacdo da regido ou a osteomielite com um processo de reabsorcdo das
extremidades Osseas, particularmente os dedos dos pés e¢ maos (Yawalkar 2002).
Algumas vezes a hanseniase pode se manifestar apenas por lesdes em nervos
periféricos, sem lesdo cutanea, forma essa conhecida como neural pura (Ridley 1955). A
hanseniase neural pura ¢ geralmente diagnosticada clinicamente pela apalpacdo do
tronco nervoso espessado, avaliacdo da sensibilidade cutidnea e da forga muscular dos

membros superiores e inferiores (Yawalkar 2002).

A manifestacdo inicial da hanseniase ¢ geralmente a forma indeterminada, com
resposta do hospedeiro ¢ manifestagdes clinicas indiferenciadas, ndo permitindo a
classificagdo clinica ou prognostico de evolucdo da doenca (Ridley & Jopling 1966). A
hanseniase indeterminada geralmente se manifesta como uma lesdo hipocromica, que
pode evoluir para cura espontinea ou para outras formas clinicas da doenga (Yawalkar

2002).

A classificacdo clinica e histopatologica proposta em 1966 por Ridley & Jopling
¢ considerada o método mais completo ¢ criterioso de categorizagdo das diferentes
manifestagdes de hanseniase existentes (Ridley & Jopling 1966). Segundo Ridley-
Jopling, a hanseniase pode ser classificada em de acordo com suas caracteristicas
clinicas, imunologicas e histopatologicas em um espectro, variando de um po6lo com
resposta mais robusta ao bacilo, a hanseniase tuberculoide (TT), ao pdlo mais
suscetivel, a hanseniase lepromatosa (LL), com formas intermedidrias: BT (borderline

tuberculdide), BB (borderline-borderline) e BL (borderline lepromatosa).

Multidrogaterapia e classificacio clinica operacional

A OMS recomenda o uso de uma classificacdao clinica simplificada, baseada
apenas no numero de lesdes de pele, para fins operacionais e de aplicagdo da MDT em
servicos de saude publica (WHO 1994). Essa classificagao subdivide os pacientes em

duas categorias:

Paucibacilar (PB) — Clinicamente sdo observadas até cinco lesdes de pele. A
MDT para pacientes PB consiste em uma combinagdo da rifampicina (uma dose mensal

de 600 mg com administracdo supervisionada) e dapsona, (uma dose mensal de 100mg



supervisionada ¢ uma dose de 100mg auto-administrada diariamente). Devem ser

administradas seis doses em até nove meses.

Multibacilar (MB) — Neste grupo sdo classificados pacientes com 6 ou mais
lesdes de pele. A MDT para pacientes MB ¢ uma combinagao da rifampicina (uma dose
mensal de 600 mg, com administracdo supervisionada), dapsona (uma dose mensal de
100 mg com administracdo supervisionada e uma dose didria de 100mg auto-
administrada) e de clofazimina (uma dose mensal de 300mg supervisionada e uma dose
diaria de 50mg auto-administrada). Devem ser administradas doze doses em até dezoito

mescEs.

A alta por cura ¢ dada apds a administracdo do numero de doses preconizadas
pelo esquema terapéutico e o paciente que completa o tratamento MDT ndo devera mais
ser considerado como um caso de hanseniase, mesmo em caso de reagdes pos-alta ou

que permanega com alguma seqiicla da doenga (WHO 1994a).

Estudos do genoma do M. leprae e de outras micobactérias

As micobactérias pertencem a ordem Actinomycetales e a familia
Mycobacteriaceae, que possui um Unico género, denominado Mycobacterium (fungus
bacterium), nome dado em referéncia a pelicula formada pelo Mycobacterium
tuberculosis na superficie de meio liquido, similar a produzida por alguns fungos. As
micobactérias sdo geralmente categorizadas de acordo com a velocidade de crescimento
em meios de cultura como bactérias de crescimento rapido (como Mycobacterium
abscessus € Mycobacterium smegmatis), intermediario (Mycobacterium intermedium) ¢
lento (como M. tuberculosis e Mycobacterium bovis). Algumas micobactérias como o
M. leprae e o Mycobacterium marinum, que nao crescem em meio de cultura axénicos,
sdo consideradas como nao agrupaveis (Eisenstadt & Hall 1995). Acredita-se que haja
mais de 300 diferentes espécies e subespécies de micobactérias, mas somente 115
espécies e 11 subespécies estao registradas na lista de nomes bacterianos aprovados
(Euzeby 2005). A maioria dessas micobactérias ¢ ambiental e apenas 46 espécies podem
ser consideradas como potencialmente patogénicas para humanos (Eisenstadt & Hall

1995).



De acordo com dados do PATRIC (Patho Systems Resource Integration Center/
Stanford University) vinte e duas espécies e subespécies de micobactérias ja t€ém seu
genoma completo sequenciado, entre elas as micobactérias patogénicas M. bovis, M.

tuberculosis, Mycobacterium ulcerans, Mycobacterium avium e M. leprae (PATRIC

2011).

Em 1998, Cole et al. finalizaram o sequenciamento gendmico da cepa H37Rv do
M. tuberculosis. O genoma do M. tuberculosis contém cerca de 4.000 genes, sendo
composto por 4.411.529 pares de bases e 65,6% G + C (Cole et al. 1998). O genoma do
M. leprae (Cepa TN — Tamil Nadu), cujo sequenciamento foi finalizado em 2001,
possui 1605 genes codificadores de proteinas em um total de 3.268.203 pb ¢ um teor
médio de 57,8% G+C. Esses valores sao muito inferiores aquelas reportadas no genoma
do M. tuberculosis. Dos 1.605 genes potencialmente ativos, 1.439 (89,6 %) sdo comuns
aos M. tuberculosis, ou seja, apenas 165 destes genes codificadores de proteinas nao
possuem ortdlogo em M. tuberculosis e mais da metade dos genes do M. tuberculosis
estd ausente no genoma do M. leprae (Cole et al. 2001). Entre os 165 genes do M.
leprae sem ortdlogos no M. tuberculosis, podem ser atribuidas fung¢des a apenas 29
genes. Cerca de 136 seqiiéncias de codificadoras no M. leprae, ndo apresentam qualquer
similaridade com genes conhecidos em outras especies e também podem representar
pseudogenes por eles serem mais curtos do que a maioria dos genes codificadores em

qualquer especie conhecida (Cole ef al. 2001.).

O genoma do M. leprae possui poucos introns ou seqiiéncias repetitivas, o que
indica que este bacilo preservou apenas os genes imprescindiveis para a sua
sobrevivéncia. Cerca 49,5% do genoma do M. leprae contém genes codificadores de
proteinas e 27% de pseudogenes. Os restantes 23,5% do genoma ndo caracterizam genes
ou pseudogenes ¢ podem corresponder a seqliéncias regulatdrias ou mesmo restos de

genes mutados (Cole ef al. 2001).

Um outro importante sequenciamento gendmico, finalizado 2003, foi o do M.
bovis, que possui 4.345.492 bp e 3.952 genes codificadores de proteinas com 65,3% de
G + C. O genoma do M. bovis tem mais de 99% de semelhanca com o genoma do M.

tuberculosis e 88,5% de similaridade com o genoma do M. leprae (Garnier et al. 2003).

Estudo do grupo do Dr. Stewart Cole descreveu a diversidade genética e a

filogeografia do M. leprae em cepas de diversas regides do globo (Monot et al. 2005).



Usando gendmica comparativa, foi demonstrado que todos as cepas existentes de
hanseniase surgiram de um unico clone cuja dissemina¢dao mundial pode ser recuperada
a partir da andlise de padrdes raros de SNPs (Polimorfismos de uma unica base de
nucleotideo). SNPs sdo pontos de substituicdo de nucleotideos bialéicos, isto ¢ mudanga
de apenas um nucleotideo da sequéncia do DNA que podem ocorrer em regides
codificadoras ou ndo codificadoras de proteinas. Quando os SNPs estdo localizados em
regides codificadoras eles podem modificar um aminoacido e potencialmente causar
variacoes na estrutura e/ou funcdo da proteina (Brookes 1999). De acordo com Monot
et al. existe uma correlacdo entre a origem geografica do paciente de hanseniase e o
perfil padrdo de SNPs raros encontrados. Os resultados mostram 4 padrdoes de SNPs de
acordo com a regido geografica. O padrdo de SNP tipo 1 ocorre predominantemente na
Asia, regido do pacifico e leste da Africa. O padrio de SNP tipo 2 foi detectado na
Etiopia, Malawi, Nepal ¢ norte da India. O padrdo de SNP tipo 3 aparece na Europa,
norte da Africa ¢ América. O Padrdo de SNP tipo 4 ocorre no Caribe ¢ na Africa
Oriental. O M. leprae teria comegado a infectar os seres humanos hé cerca de 5000 anos
na regido onde atualmente encontra-se a Etidpia e se espalhou com as sucessivas
migracoes humanas. O trabalho lancou também a hipétese de que os soldados de
Alexandre, o Grande (século IV a.C.) foram os provaveis responsaveis pela
disseminagdo do M. leprae pela a Asia e posteriormente Europa. A colonizagdo e trafico
de escravos foram os provaveis responsaveis pela introdugdo do M. [leprae nas

Américas. (Monot ef al. 2005).

Em um outro trabalho filogeografico comparativo, do mesmo grupo de pesquisa,
foram comparados os genomas completos da cepa Br4923 do M. leprae, encontrada no
Brasil, com genoma da cepas Thai53 da Tailandia, TN da india e NHDP63 dos Estados
Unidos. A comparagdo do sequenciamento completo mostrou 99,995% identidade nas
seqliéncia das quatro cepas. As cepas diferem apenas por cinco pseudogenes ¢ em 215
sitios polimdrficos. Dezesseis subtipos relacionados de SNPs foram definidos por
genotipagem, tanto nas linhagens existentes quanto nas extintas do M. leprae em
mundo. Os 16 subtipos SNPs mostraram uma forte associacdo geografica que reflete os
padrdes da migragdo dos primeiros humanos e das rotas comercias que contribuiram
fortemente para a disseminacao da hanseniase. Esse estudo mostrou que a cepa Br4923
do M. leprae, encontrada no Brasil, ¢ menor que a cepa Thai-53. O genoma Br4923 ¢

composto por 3.268.071 pb, portanto 141 pb menor do que a cepa Thay53. Na



comparagdo entre os genomas Thay53 e Br4923 foi observada uma diferenga de apenas
155 SNPs, 31 regidoes VNTR (repeticdes em seqiiéncia de niimero variadvel de uma
mesma regido génica) e oito locais de inser¢cdo ou exclusdo aleatoria de
nucleotideos. Dos 155 SNPS observados apenas 52 sdo em dareas codificadoras de
proteinas. Ou seja, apesar da imensa distancia geografica e alguns milénios as diferentes
cepas do M. leprae sdo 99,995% idénticas. O fato de bactéria ser extremamente lenta
em sua duplicagcdo poderia explicar a baixissima quantidade de cepas diferentes todo o

mundo (Monot et al. 2009).

Um trabalho recente comparou o genoma completo (Whole-genome
resequencing) do M. leprae de tatus selvagens e pacientes com hanseniase EUA. O
estudo primeiramente fez uma analise comparativa do genoma das cepas de M. leprae
encontrada nesses pacientes norte americanos com o genoma das cepas brasileiras
(Br4923) e indianas (TN) e encontrou 51 diferentes SNPS e a substituicdo de 11 pares
de base na cepa americana, denominada 31-2-V1. Posteriormente os sitios polimdrficos
da cepa 31-2-V1 foram comparadas as cepas de M. leprae obtidos a partir de 33 tatus
selvagens coletados no Sul dos EUA. Um unico gendtipo de M. leprae foi encontrado
em 28 dos 33 tatus selvagens ¢ 25 dos 39 pacientes dos EUA, que residiam em areas
onde a exposi¢do ao tatu € possivel. Os resultados revelaram que as cepas infectantes
eram essencialmente idénticas e esse genodtipo ndo tem sido relatado em outras partes do
mundo. Esse estudo mostra que o tatu pode ser um possivel reservatério natural da

hanseniase (Truman et al. 2011).

Imunologia da hanseniase

O reconhecimento inicial dos antigenos do M. leprae pode ocorrer por uma
grande variedade de receptores PRR (receptores para reconhecimento de padrdes),
grupo de receptores do sistema imune inato que reconhecem PAMPs (padrdes
moleculares associado ao patégeno) do M. leprae. Primeiramente foram descritos PRR
relacionados a endocitose do M. leprae (Launois et al. 1989). Os receptores das
proteinas do complemento CR1 (CD35) e principalmente CR3 (CD11b/CD18) se ligam
ao PGL-I (glicolipideo fenodlico I ou fenoglicolipideo) promovendo a fagocitose do M.
leprae (Tabouret et al. 2010). A desacilagdo do PGL-I inibe completamente a fagocitose

do M. leprae por macréfagos (Schlesinger & Horwitz 1991).



O receptor CD209 (Lectina C) das células de Schwann se liga ao LAM
(lipoarabinomana) do M. leprae, permitindo a entrada do bacilo na célula. Apos a
entrada, o M. leprae se prolifera e destréi as células de Schwann, causando lesdes
permanentes em nervos periféricos (Teles et al. 2010). O Receptor de lectina ligado a
manose 2 (MBL2) ativa o sistema complemento e auxilia na opsonizacao/fagocitose do
M. leprae (Vasconcelos et al. 2011). Um outro estudo mostrou que macroéfagos com
expressdo diminuida de receptores de manose ndo conseguem se ligar ao LAM do M.

leprae e tem dificuldade para fagocitar o bacilo (Prigozy et al. 1997).

Receptores scavenger de macrofagos (CD36) podem se ligar a moléculas de
fosfolipidio oxidado da parede celular do M. leprae, facilitando a fagocitose do bacilo
(Launois et al. 1989). Porém uma fagocitose excessiva de bacilos via receptores
scanvenger pode fazer com que fagocitos produzam grandes quantidades de IL-10, e
nao se ativem (Montoya et al. 2009). Além disso, um fosfolipidio oxidado especifico do
M. leprae (1-palmitoyl-2-5,6-epoxyisoprostane-E2-sn-glycero-3-phosphorylcholine),
encontrado em macréfagos de pacientes com hanseniase LL/BL, inibe a liberagdo de IL-

12 e estimula a producao de IL-10 (Cruz ef al. 2008).

O receptor LILRA2 (leukocyte immunoglobulin-like receptor subfamily A
member 2) ¢ um receptor do macrofago e células dendriticas que se liga ao PGL-I. O
LILRA2 estd expresso em maior quantidade em pacientes com hanseniase LL/BL do
que em pacientes com as formas TT/BT (Bleharski et al. 2003). Ativacao de LILRA2
inibi apresentagdo de antigenos do M. leprae tanto via CD1 e quanto via MHC de classe
IT, impedidindo assim a apresentacao de antigenos a células T (Lee et al. 2007).
LILRA2 também inibe a diferenciagdo de monocitos em células dendriticas (Sieling et
al. 1999). A ativagdo de LILRA?2 inibi, ainda, a liberagdo de TNF-o ¢ estimula a
secre¢ao de IL-10, IL-6 e IL-8 nas primeiras 24 horas ap6s o estimulo com anticorpos

ativadores anti LILRA2 (Lee et al. 2007).

TLRs (Toll like receptors) sdo uma familia de receptores PRRs que se
caracterizam por serem proteinas transmembranicas contendo um dominio rico em
leucina em sua porgao extracelular, compondo o sitio de ligagdo ao PAMP. Foram
descritos 10 diferentes TLRs para humanos, cada um com especificidade para diferentes
PAMPs (Tukhvatulin et al. 2010). O reconhecimento de PAMPs via TLR leva a
ativacdo da transcri¢do de genes que codificam citocinas, quimiocinas, moléculas co-

estimulatorias e apresentadoras de antigeno (Kawai & Akira 2011) (Aliprantis et al.



1999). O reconhecimento de PAMPS via TLR funciona como um sensor primario do
sistema imune inato, cuja sinalizagdo leva a ativagao posterior da imunidade adaptativa,
bem como células ndo imunes como fibroblastos e queratindcitos, importantes para a
regeneragdo das lesdes teciduais causadas por agentes infecciosos (Basith ef al. 2011).
Na hanseniase, o heterodimero TLR2/1 ¢ ativado por lipoproteinas triaciladas, como a
LAM (Takeuchi et al. 2002), enquanto o heterodimero TLR2/6 ¢ ativado por
lipoproteinas diaciladas do M. leprae como lipoproteina de 33 kDa (Yamashita et al.

2004).

O heterodimero TLR2/TLR1 ¢ crucial na resposta imune inata contra o M.
leprae. A ativagdao do TLR2 /1 ou TLR2/6 por lipopeptideos do M. leprae desencadeia
em macrofagos aprodugdo das citocinas TNF-all[], IL-12, GM-CSF e regula
positivamente de forma autdcrina a expressao de receptores TLRs (Krutzik et al. 2005).
A ativagdo do TLR2 /1 promove também a proliferagao de cé¢lulas dendriticas (Krutzik
et al. 2003). O heterodimero TLR1/TLR2 estd mais expresso em lesdes tuberculdides
do que em lesdes lepromatosas (Yamashita et al. 2004). As citocinas IFNy, IL-12 e IL-
18 estimulam a expressdo de TLR2/TLR1 em macrofagos de pacientes com hanseniase
(Montoya & Modlin 2010). Apesar de ser crucial para defesa contra o M. leprae, a
estimulagdo excessiva de TLR2/1 esta relacionada com aumento da lesdo tecidual,
inclusive danos nos nervos periféricos, na hanseniase (Oliveira et al. 2003). A IL-10
inibe a ativacdo de macrofagos e a IL-4 diminui a expressio de TLR2/TLR1 em

fagocitos de pacientes com hanseniase (Montoya & Modlin 2010).

SNPs nas regides codificadoras das moléculas de TLR1 e TLR2 estdo
geralmente associados a uma maior suscetibilidade a hanseniase (Montoya et al. 2009).
Um estudo de 2007 mostrou que o SNPI602S no gene TLRI1 estd associado
a uma diminui¢do da incidéncia de hanseniase (Johnson et al. 2007). Porém um trabalho
mais recente mostra que o SNP [602S no gene TLRI1 estd fortemente associado a
aumento da suscetibilidade a hanseniase (Wong ef al. 2010). O SNP 248SS TLR1 esta
associado com a manifestacao de formas TT e BT (Schuring et al. 2009). Um estudo
realizado na Etiopia mostrou que o SNP no gene do TLR2 estava associado com

suscetibilidade a hanseniase lepromatosa (Bochud ef al. 2008).

Outros receptores da familia TLR parecem correlacionar-se com a resisténcia ou
suscetibilidade a hanseniase. O receptor TLR9 reconhece CpG DNA nao metilado

micobacteriano (Bafica et al. 2005). SNPs do gene codificador da molécula TLR9
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foram demonstrados estar associados a predisposicdo ao desenvolvimento de forma
lepromatosa de hanseniase (Krutzik et al. 2005). Por outro lado, SNPs na molécula
TLR4, que se liga a HSP-20 (proteina do choque térmico) do M. leprae, estdo
relacionados ao desenvolvimento da forma tuberculoide de hanseniase (Bochud et al.
2009). E provavel que TLR8 também esteja relacionado a defesa contra o M. lepra, ja
que foi descrita uma associagdo entre polimorfismos no gene de TLRS e resisténcia a

tuberculose (Montoya & Modlin 2010).

O receptor NOD2 (nucleotide binding oligomerization domain 2) ¢ um receptor
citoplasmatico pertencente da familia NOD-like. A ativacdo de NOD2 ocorre pela
ligacdo a dipeptideos muramil (MDP) presentes no peptidoglicano de varias bactérias,
inclusive o M. leprae. O NOD2 ao reconhecer o MDP sinaliza por meio da molécula
adaptadora RIP2 (receptor interacting protein-2) e pelas caspases CARD6 ¢ CARD9
(caspase recruitment domain-containing protein 6 ¢ 9) (Hsu et al. 2007). Um estudo de
associacdo de genoma completo (genomewide association study) realizado em 706
pacientes com hanseniase e 1225 controles saudaveis recrutados no leste da China.
observou uma associagdo significativa (P< 0,001) entre a manifstacaoo de hanseniase
multibacilar ¢ SNPs nos genes CCDC122, C130rf31, NOD2, TNFSF15, HLA-DR e
RIPK2 e uma tendéncia para uma associagdo com um SNP no gene LRRK2. Esse
estudo defende que os SNPs em NOD2 e RIP2 estdo entre os mais relevantes no

aumento da suscetibilidade a hanseniase multibacilar (Zhang et al. 2009).

Outra proteina que parece ter relagdo com as diferentes formas de manifestagao
da hanseniase ¢ o receptor de vitamina D (VDR) (Liu et al. 2007). A IL-15 induz a
ativacdo da enzima CYP27bl, que converte a pro-vitamina D (2,5-di-hidroxicalciferol)
em Vitamina D ativa (1,25-di-hidroxicalciferol). A forma ativa da vitamina D induz a
diferenciagdo de mondcitos em macrdfagos ativos. A estimulacio de TLR2/1, na
presenca de IL-15 regula positivamente a expressao de VDR (Krutzik et al. 2008). A
VDR ¢ importante na producdo de defensinas e catalecidinas por macrofagos e esta
aumentada em pacientes TT/BT em comparacdo a pacientes LL/BL (Sapkota et al.
2010, Prado-Montes et al. 2009). SNPs nos genes codificadores das molécula do VDR
ou na via metabolica da defensinas 1 (DEFB1) estdo associados a forma lepromatosa

da hanseniase (Montoya et al. 2009, Goulart et al. 2006)

Varios mecanismos permitem a sobrevivéncia do M. leprae dentro do

macrofago, entre eles estdo a inibicdo da atividade de intermedidrios reativos do
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oxigénio (ROI) no interior dos macréfagos pelo PGL-I (Chan et al. 1989) e a expressao
de enzimas superoxido-dismutases que impedem a a¢do de ROIs e RNIs (Abdel-Hafez

et al. 2010).

Além dos macrofagos, as células dendriticas (DCs) s3o APCs (células
apresentadoras de antigenos) que desempenham um papel fundamental na modulagao
da resposta imune inicial no local da invasdo pelo M. leprae (de Souza et al. 2011). As
DCs sdo provavelmente as primeiras células do sistema imune a entrar em contato com
0 M. leprae (Modlin et al. 1984). As DCs podem apresentar antigenos protéicos via
MHC de classe I e MHC de classe II ou antigenos glicolipidicos via CD1 para linfocitos
v0 (Sieling et al. 1999).

A captagdo dos bacilos e a producdo subseqiiente de citocinas pelas DCs
regulam a inflamagdo local e induzem a polarizagao da resposta imune para Thl ou Th2
(de Souza et al. 2011). As DCs de pacientes com hanseniase tuberculdide, assim como
seus macrofagos ativados, podem produzir citocinas pré-inflamatorias, como a 1L-12,
que estimulardo uma resposta imune do tipo Thl. Porém as DCs infectadas com M.
leprae de pacientes com a forma lepromatosa produzem IL-4 e IL-10, polarizando a
resposta para o pélo Th2 (Maeda et al. 2003). Expressao da proteina co-estimulatoria
B7.1 também estd diminuida em pacientes LL (Santos et al. 2001). Observa-se uma
grande expressdo da enzima indoleamina 2,3-dioxigenase (IDO), que suprime a
apresentacao de antigenos do M. leprae para células T, nesses pacientes MB (de Souza
et al. 2011). DCs diferenciam-se a partir de precursores mieldides, um processo
que pode ser  interrompido por receptores  inibitérios comoo  excesso  de
fosfolipidios oxidados encontrados nas lesdes LL (Lee et al. 2007). Mondcitos
periféricos de pacientes LL ndo se diferenciam em DCs CD1 = (Krutzik et al. 2005).
Lesdes LL/BL apresentam um déficit acentuado nas DCs, tantona derme quanto

na epiderme (Sieling et al. 1999, Modlin 2010).

As células NK (natural killer) raramente sdo observadas nas lesdes de pacientes
com hanseniase e ndo ha diferenga estaticamente significativa na quantidade de células
NK em pacientes paucibacilares quando comparado com pacientes multibacilares
(Modlin et al. 1986). Porém ao se coletar células NK periféricas e testa-las in vitro em
ensaios com macréfagos infectados com M. leprae, as células NK de pacientes TT/BT,
mas nao as células NK de pacientes LL/BL/BB respondem produzindo IFNy, granzima

e perforina (Chiplunkar ef al. 1990).
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Em lesdes de pacientes com hanseniase observa-se uma clara diferenga na
proporgio de linfocitos TCD8 e TCD4'. Nas lesdes de pacientes TT os linfocitos T
encontram-se justapostos a macrdfagos ativados, dentro e nas proximidades de
granulomas e sdo geralmente observados em uma proporgio de 1,9 células TCD4" para 1
célula TCD8". As células TCD4~ encontram-se distribuidas por todo granuloma enquanto
que as TCD8 sdo geralmente encontradas na periferia da lesdo. Nas lesdes TT, tanto as
células TCD8" quanto TCD4  produzem grandes quantidades de IFNy (Modlin et al.
1986). Em pacientes com a forma tuberculoide as células TCD8  produzem grandes
quantidades de perforina, granzima e granulisina (Modlin & Rea 1988). Em contraste,
nas lesdes de pacientes LL as células T sdo encontradas na propor¢io de 0,6 TCD4 " para
1 TCD8" e ambos os fenotipos de linfocitos T estdo distribuidos de forma desorganizada
por toda lesdo e nao nas proximidades dos macrofagos infectados (Modlin et al. 1986).
Uma outra diferenga nas lesdes LL ¢ a grande quantidade de IL-4 produzida pelos
linfocito TCD4" e principalmente por TCD8" (Modlin 1994). Aproximadamente uma em
cada 50 c¢lulas T retiradas de lesdes de pacientes PB se prolifera em resposta ao M.
leprae, in vitro. Porém apenas 1 em cada 400 cé¢lulas T de pacientes MB se proliferam
em resposta ao M. leprae, in vitro (Sabet et al. 2007). Alguns estudos mostram que tanto
c¢lulas TCD8+ e quantos TCD4+ podem atuar como células citotoxicas nas lesdes de
hanseniase, pois ambas conseguem induzir apoptose de macrofagos infectados pelo M.

leprae via perforina, granzima e granulisina (Chiplunkar et al. 1990).

Dentre as células reguladoras do sistema imune a mais estudada atualmente ¢ a
célula T Foxp3" (Massone et al. 2010). Esta subpopulagdo de células TCD4+ expressa
constitutivamente a cadeia do receptor o da IL-2 (CD25) na membrana plasmadtica e
fator de transcri¢cao nuclear FOXP3. Essas cé€lulas sdo essenciais para prevenir a auto-
imunidade e também regulam respostas imunes exacerbadas, pela producao de citocinas
como IL-10 e TGF-B ou por contato c¢lula a célula, suprimindo assim a ativagio de
células TCD4+ e TCD8+ (Fontenot et al. 2003). Mas o papel das células T reguladoras
Foxp3™ (Treg) ainda é pouco conhecido na hanseniase. Estudo recente mostrou uma
maior quantidade de células Treg na lesdo de pacientes TT quando comparados a
pacientes LL. De acordo com este estudo, a atividade reguladora das células Treg seria
benéfica para pacientes com hanseniase TT, pois impediria uma agdo lesiva excessiva
do sistema imune aos tecidos infectados (Attia et al. 2010). Um estudo de analise por

imunohistoquimica na lesdo de 38 pacientes com diversas formas de hanseniase
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mostrou que em média 2,9% das células TCD4+ presentes nas lesdes dos pacientes eram
Foxp3". O estudo ndo observou diferenca estatistica na contagem de células T regs nas
formas TT, BT, BL e LL de hanseniase. O estudo observou ainda que as células Foxp3"
se encontravam fora do granuloma (Massone et al. 2010). Apesar de atualmente se
admitir a existéncia de varias outras células com fenotipo regulador como Trl produtora
de IL-10 (CD4+Foxp3-) as publicacdes de células T reguladoras na hanseniase tem se

restringido atualmente as Tregs Foxp3™ (Attia et al. 2010).

Pacientes com hanseniase lepromatosa apresentam uma grande quantidade de
células Th2 em suas lesdes (Montoya et al. 2009). As células Th2 produzem as
citocinas IL-4, IL-5 e IL-10 que sdo supressoras da atividade macrofagica e bloqueiam a
estimulacdo de células Thl (Sieling & Modlin 1994). A IL-4 ¢ uma citocina encontrada
principalmente nas lesdes de pacientes LL/BL e ¢ produzida tanto por macrofagos
quanto por linfécitos TCD8+ ¢ TCD4+ (Modlin & Rea 1988). A IL-4 estimula a produgdo
local de IL-5, IL-10 e regula negativamente a expressdo de TLR2/1 (Krutzik et al.
2003). A IL-4 estimula ainda a expressao de CD209 em células de Schwann, que
facilita a entrada do M. leprae na célula de Schwann (Teles et al. 2010). A produgdo de
IL-4 ¢ fortemente estimulada pelo PGL-I em paciente MB (Sharma et al. 1998).

A IL-5 ¢ produzida pelas células Th2 nas lesdes de pacientes LL/BL (Yamamura
et al. 1991). A IL-5 provoca um grande aumento de anticorpos IgM no sangue
periférico e nas lesdes de pacientes MB e ainda auxilia na ativagdo de células B em
plasmocitos (Ochoa et al. 2010). A IL-5 inibe fortemente a producdo de TNF-a e IL-12
¢ estimula a producdo de IL-4 pelos macrofagos, em resposta ao M. leprae (Verhagen et

al. 1999).

A producdo de IL-10 por DCs ocorre apos reconhecimento de antigenos do M.
leprae via receptor de lectina C e Scanvager, em pacientes lepromatosos (Montoya et al.
2009). A secrecao de IL-10 ¢é fortemente estimulada por lipideos oxidados do M. leprae
(Cruz et al. 2008). A IL-10 inibe fortemente a produgdo de substincias microbicidas
como reativos de oxigénio, 6xido nitrico e catalecidinas em macréfagos infectados pelo
M. leprae. A 1L-10 inibe ainda a expressdao de MHC de classe II, assim como a
producao de IL-12 por células dendriticas e macrofagos (Sieling et al. 1993). A IL-
10 ndo tem efeito sobre expressdo TLR2/1, mas inibe a liberagdo de citocinas TNF-
o e IL-12 induzidas por TLR2/1 (Krutzik et al. 2003). A IL-10 permite ainda a

entrada de um numero maior de M. leprae nos macréfagos (Montoya et al. 2009).
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A resisténcia a infeccdo pelo M. leprae estd fortemente condicionada a
polarizacdo da resposta imune para o tipo Thl (Yamamura et al. 1991). A 1L-12
estimula fortemente a expressdao de moléculas co-estimulatorias e dos MHCs de classe 1
e 2 em DCs. A IL-12 ¢ a principal citocina responsavel pela polarizagdo Thl em
pacientes tuberculdides (Maeda et al. 2005). A IL-12 ¢ secretada por células dendriticas
e macrofagos em resposta principalmente a antigenos do M. leprae em pacientes TT,
apos reconhecimento por TLR2 (Sieling et al. 2008). A IL-12 também ¢é fortemente
produzida por macrofagos apos a interagdo CD40 e CD40L (Yamauchi et al. 2000). O
acrécimo de IL-12 faz com células T de pacientes lepromatosos passem a produzir
[FNy in vitro (Lopez Roa et al. 2008). A IL-12 estimula forte producdo de interferon
gama (IFNy) pelos linfocitos TCD4+ ¢ TCD8+ na lesdo de pacientes PB e inibi a secre¢ao
de IL-4 por macrofagos, células dendriticas e linfocitos (Sieling & Modlin 1994). A IL-
12 inibe a expressao de LILRA2, que se liga ao PGL-I inibindo a ativacdo de DCs (Lee
et al. 2007).

O TNF-a ¢ crucial na manutengdo da ativagao macrofagos e células Thl, sendo
a principal citocina responsavel pela manuten¢do da granuloma em pacientes com
hanseniase tuberculdide (Modlin & Rea 1988). O TNF-a ¢ secretado por macrdfagos
em resposta a antigenos do M. leprae, como PGL-I (Dhungel ef al. 2008). O TNF-a
também pode ser secretado por linfocitos TCD4+ em resposta a antigenos de parede do
M. leprae (Kamble et al. 2010). TNF-a pode estimular a sintese de metaloproteinases

em células de Schwann e potencializar o surgimento de neuropatias na hanseniase

(Oliveira et al. 2010).

A IL-2 ¢ produzida principalmente pelas células T CD4+, em pacientes TT, mas
ndo por pacientes LL (Rea & Modlin 1989). A IL-2 ativa receptores dos linfocitos Thl
responsaveis pela manutengdo da producdo de citocinas e estimula a expansdo clonal
(Yamamura et al. 1991). A producdo de IL-2 ¢ fortemente inibida por antigenos do M.
leprae, como PGL-I (Sharma et al. 1998) e o LAM (Dagur ef al. 2010) em pacientes

lepromatosos.

O IFNy ¢ produzido tanto por células TCD4+ quanto por células TCD8+ em
resposta a antigenos protéicos (Modlin et al. 1988). O IFNy também pode ser
produzido por células Tyd em resposta a glicolipideos, em pacientes TT/BT (Sieling et

al. 2005). A produgdo de IFNy ¢ fortemente estimulada pela citocina IL-12 (Sieling &
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Modlin 1994) e pela interagdo CD40/CD40L (Yamauchi ef al. 2000). O IFNy age sobre
macrofagos, estimulando a fagocitose € os mecanismos de ativacdo celular como
expressao de MHC de classe 1 e 11, processamento, destruicdo, digestdo e apresentacao
de antigenos do M. leprae, producdo de 6xido nitrico e intermedidrios reativos de
oxigénio (Sieling & Modlin 1994). O IFNy ¢ o mais potente inibidor da diferenciagdo de
células T naive em células Th2 (Yamamura ef al. 1991). O IFNy estimula fortemente a
expressdo de TLR1/TLR2 (Montoya & Modlin 2010). Na auséncia de IFNy, macrofagos
deixam de produzir IL-12 e passam a produzir IL-10 (Libraty et al. 1997). O IFNy ¢
importante na manutencdo do granuloma, inibe a secre¢do de IL-4 e IL-5 por
macréfagos e a producao de anticorpos por linfocitos B (Sieling & Modlin 1994). O
IFNy ¢ a citocina produzida em maiores quantidades por PBMCs (células
mononucleares sanguineas periféricas) de pacientes PB em resposta a antigenos brutos

do M. leprae (Venturini et al. 2011).

Reacoes hansénicas

A evolugdo clinica cronica da hanseniase pode ser interrompida por episodios
inflamatérios agudos denominados episddios reacionais, que podem ocorrer nos
pacientes virgens de tratamento, durante ou apds a terapia especifica (Naafs 1992). A
reagdo tipo I (RTI) ou Reagdo Reversa ocorre em pacientes borderline, principalmente
nas formas BT e BB, ocasionalmente em pacientes TT. O fator desencadeador da
exacerbagdo da resposta do tipo Thl ndo ¢ conhecido (Scollard ef al. 1994). A RTI
manifesta-se clinicamente pelo aparecimento de novas lesdes ou exacerbacdo das
lesdes/neurites pré-existentes. Estes sintomas podem vir acompanhados por infiltragdo,
aumento de temperatura local e dores articulares. Em casos mais graves a RTI pode
causar necrose de pele, ulceragdo e paralisia dos membros inferiores/superiores (Naafs
1992). A RTI ¢ desencadeada por exacerbagdo da resposta imune celular do tipo Thl
contra o M. leprae, com aumento local das citocinas IFNy, TNF-o (Yamamura et al.
1992, Moraes et al. 1999), IL-8, IL-12, IL-6 (Moraes et al. 1999), IL-2 (Yamamura et
al. 1992) e sistemico das citocinas IL-1, TNF-a (Sarno et al. 1991), IFNy (Sreenivasan
et al. 1998), IL-2, IL-8 (Moraes et al. 1999) e IL-6 (Stefani et al. 2008). O tratamento de

escolha para reagdo reversa € a corticoterapia, conforme normas da OMS (WHO 1994).

16



A reacgdo tipo II (RTII) geralmente se manifesta como eritema nodoso hansénico
e geralmente ocorre em pacientes BL ou LL. A RTII manifesta-se clinicamente por
nddulos eritematosos disseminados dolorosos e acompanhados de febre, mal-estar,
sudorese, caquexia, ataxia, nauseas, vomitos e mialgia (Naafs 1994). A RTII parece se
originar de uma ativagdo transitéria da resposta imune Thl com inflamacao sistémica
(Scollard et al. 1994). Embora ocorra em pacientes que manifestam resposta imune do
tipo Th2, varios estudos tém demonstrado altas concentra¢des dos niveis circulantes de
das TNF-a (Sarno et al. 1991), IFNy, IL-2 (Moraes et al.1999), IL-6, IP-10 (Stefani et
al. 2008), IL-10 (Sreenivasan et al. 1998) e locais de TNF-a, IFNy, IL-2 (Moraes et
al.1999) ¢ além das citocinas IL-10 e IL-4 (Nath et al. 2000). O tratamento da RTII
consiste principalmente na administragdo de talidomida, nos casos de pacientes do sexo
masculino ou mulheres que ndo estejam em idade fértil, ou corticosterdides em

mulheres em idade fértil (WHO 1994).

A vacina BCG na prevenciao da hanseniase

Em vérios paises endémicos do mundo, inclusive no Brasil, tem sido realizada
uma vacinacao de rotina com Mycobacterium bovis (BCG — bacilo Calmette-Guérin)
para prevenir, por protecdo cruzada, a infec¢do por M. leprae. A BCG deve ser aplicada
na dose de 0,1 ml em as criangas com idade acima de 3 meses, por via intradérmica no
brago direito, na altura da inserc¢do inferior do musculo deltéoide (WHO 1996).

Virios estudos foram realizados para avaliar capacidade protetora da BCG
contra a hanseniase. Um estudo de coorte na Venezuela avaliou um grupo de
individuos expostos ao risco de contdgio ao M. leprae ¢ mostrou uma morbidade de
5,11/1000 habitantes entre os vacinados ¢ 45,7/1000 habitantes entre aqueles ndo
vacinados (Convit 1956). No sul da India, um estudo controlado para avaliar a
efetividade do BCG na hanseniase, incluiu 27.000 individuos que foram seguidos por
um periodo de 12,5 anos. Este estudo detectou o efeito protetor de apenas 10% contra
as formas borderline e lepromatosa da hanseniase e de 38% contra a forma
indeterminada e tuberculdide (Tripathy 1983). Na Nova Guiné individuos sadios de
todas as faixas etarias receberem inoculagdes de BCG ou de placebo. Apos 16 anos de
acompanhamento, os resultados demonstraram 48% de prote¢ao oferecida pelo BCG

contra a hanseniase (Bagshawe et al. 1989). Estudo prospectivo realizado no Malawi,
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area endémica para hanseniase e para tuberculose avaliou a efetividade da vacina BCG
simultaneamente contra a hanseniase e contra a tuberculose na mesma populacio. Foi
observada maior prote¢do para a hanseniase (50%) e prote¢do reduzida para a
tuberculose (menos de 5%) (Fine 1988). Em um estudo realizado no Vietna a prote¢ao
conferida pela vacina BCG na hanseniase foi estimada em 29% e ndo foi observada
protecdo estatisticamente significativa na comparacdo entre individuos vacinados ou

ndo pela BCG (Abel et al. 1990).

No Brasil, Rodrigues et al. 1992, pesquisaram 62 casos novos de hanseniase
diagnosticados entre escolares e 186 controles pareados em Goids. A auséncia da cicatriz
de BCG estava associada a hanseniase, indicando um risco de 5,3 vezes maior de
adoecimento para individuos ndo vacinados. Foi observado que a propor¢ao de pacientes
paucibacilares que apresentavam cicatriz de BCG foi significativamente superior aos
pacientes multibacilares, sugerindo variagdo da protecdo de acordo com as diferentes
formas clinicas da hanseniase (Rodrigues et al. 1992). Em estudo realizado em Sao
Paulo, foram incluidos 97 pacientes menores de 16 anos diagnosticados como hanseniase
e 385 controles pareados por sexo, idade, local de residéncia e tipo de contato com o
caso indice. Os autores estimaram um efeito protetor do BCG para a hanseniase em 80%
(Lombardi et al. 1995). Um estudo publicado em 2008 avaliou a eficacia da vacina BCG
em 5680 contatos de pacientes MB no Rio de Janeiro. Apos 18 anos de seguimento os
resultados mostraram um efeito protetor de 56% contra a hanseniase (Duppre et al.

2008).

Os varios estudos sobre BCG mostram um grau muito varido de prote¢do. Uma
metanélise sobre os efeitos da vacina BCG mostrou que apesar das diferentes dosagens,
namero de doses, idade da vacinagao, tipo de estudo e ano de publica¢do do estudo, a
vacina oferece até 62% de protecao (Setia et al. 2006). Outro estudo de metanalise mais
recente mostrou um nivel de protecdo da vacina BCG contra hanseniase de até 55%
(Zodpey 2007). De acordo com Fine, a vacinacdo BCG tem sido parcialmente eficaz
em evitar a hanseniase, sendo que o grau de proteg@o varia significativamente (0-80%) e
declina ao longo do tempo. A principal explicagdo para estas variagdes sao fatores os
genéticos das populagdes estudadas, além dos efeitos imunolégicos de exposicdo a

diferentes tipos de micobactérias ambientais (Fine 1996).

Muitas outras micobactérias foram examinadas para o desenvolvimento de uma

potencial vacina contra a hanseniase. Porém, essas vacinas demonstraram baixo grau de
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protecdo (Naito ef al. 1999; Roche et al. 2001). O uso generalizado de uma vacina com
bactérias vivas ¢ limitado por preocupacdes de seguranca e pela incapacidade de fabricar
grandes lotes reprodutiveis do M. leprae. O uso do antigeno bruto do M. leprae ¢é
limitado pela incapacidade de produzir quantidades suficientes de bacilos para fabricacao
de uma vacina em larga escala ou uma campanha de intervencao significativa, ja que o
M. leprae é uma bactéria nao cultivavel em meios de culturas axénicos artificiais (Fine

1996).

Diagnadstico laboratorial da hanseniase

O diagnodstico de hanseniase ¢ baseado na identificacdo de sinais dermato-
neurologicos da doenga. Entretanto alguns testes laboratoriais como a baciloscopia e
exame histopatologico de bidpsia de lesdo de pele podem auxiliar no diagnostico da
hanseniase (Yawalkar 2002). O exame histopatoldgico de biopsia de lesao de pele
baseia-se na analise microscopica de cortes de tecidos corados por hematoxilina-eosina
visando identificar presenga de granulomas de células epitelidides, agressdo neural,
vasculite na derme e/ou hipoderme, paniculite, infiltrado celular ¢ espessamento de

tecidos (Ridley 1955).

A baciloscopia é o exame microscopico que permite identificar a presenga de
bacilos nos esfregagos de raspados intradérmicos das lesdes hansénicas, l6bulos
auriculares, cotovelos e/ou joelhos ou material de bidpsia, corados pela técnica de Ziehl-
Neelsen (Ridley 1955). A carga bacilar ¢ expressa como um indice baciloscépico (IB)
que reflete o nimero de bacilos por campo microscopico em escala logaritmica. Na
forma tuberculdide a baciloscopia ¢ geralmente negativa e fortemente positiva na forma
lepromatosa (Yawalkar 2002). A especificidade do teste baciloscopico intradérmico,
quando realizado por profissional capacitado ¢ bem treinado, ¢ de aproximadamente
100%, sendo a sensibilidade de cerca de 93% para pacientes MB e 35% para pacientes
PB (Bloom 1998). Desta forma, um resultado negativo no exame de baciloscopia ndo
afasta o diagnostico da hanseniase, pois 0 exame ¢ de baixa sensibilidade para pacientes
PB (Ridley & Jopling 1966). Geralmente o material biologico coletado em quatro sitios
(I6bulos auriculares esquerdos e direito, cotovelos direito ou esquerdo e lesdo) ¢
analisado e a carga bacilar é expressa pelo IB médio dos quatro sitios analisados

(Yawalkar 2002). Tanto a baciloscopia quanto o exame histopatologico ndo sdo exames
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preconizados pela OMS para o diagnostico da hanseniase, por isso ndo sdo realizados de

forma rotineira pelos servigos de satide publica no Brasil (WHO 2006).

A identificagdo do DNA do M. leprae pela reagdo em cadeia de polimerase
(PCR) especitica (ML-PCR) pode ser realizada com varios tipos de material biologico
como pélo, sangue, secre¢ao nasal e linfa (Santos et al. 1993). Entretanto fragmentos de
biopsia de pele e de nervos parecem ser os materiais bioldgicos mais adequados para a
amplificacdo e identificacdo do DNA do M. leprae (Gillis & Williams 1991; Martinez
et al. 2006; Sousa et al. 2007). A ML-PCR apresenta boa sensibilidade em casos de
hanseniase multibacilar, mas ¢ geralmente pouco sensivel em casos de hanseniase
paucibacilar. Os testes com ML-PCR geralmente apresentam uma especificidade de até
100% e sensibilidade em torno de 95% a 100% em pacientes multibacilares, mas a
positividade ¢ geralmente inferior a 50% em pacientes paucibacilares (Santos et al.
1993, Sousa et al. 2007). A tecnologia de ML-PCR requer equipamentos ¢ infra-estrura
de alto custo e ndo ¢ recomendada como teste diagnostico da hanseniase e sim utilizada
como ferramenta de pesquisa (WHO 2006).

A sorologia anti-PGL-I ¢ um teste altamente especifico para hanseniase, que se
baseia, principalmente, na deteccdo de anticorpos da classe IgM anti-PGL-I que ndo
apresenta reacao cruzada com M. tuberculosis (Cho et al. 1983). Porém a sorologia anti
PGL-I possui baixa sensibilidade para pacientes paucibacilares, pois pacientes com
hanseniase tuberculdide apresentam sorologia negativa ou baixo titulo de anticorpos. A
sensibilidade do teste anti-PGL-I ¢ de até¢ 98% em pacientes MB e de cerca de 35% em
pacientes PB (Moura et al. 2008). Os titulos de IgM correlacionam-se com a forma
clinica, carga bacilar ¢ a atividade da doenga (Cellona et al. 1993; Stefani ef al. 1998).
Alguns estudos defendem o uso da sorologia anti PGL-I em associagdo com parametros
clinicos como ferramenta auxiliar para classificagdo da hanseniase paucibacilar e
multibacilar ¢ no monitoramento dos pacientes multibacilares (Buhrer-Sekula et al.
2007, Grossi et al. 2008).

A deteccao rapida de anticorpos anti PGL-I pode ser feita por um teste rapido no
formato de fluxo lateral (ML-Flow), que apresenta como principal vantagem a
facilidade de execucdo em campo, nao necessitando de reagentes refrigerados,
equipamentos especializados ou mao de obra treinada. O ML-Flow, que apresenta

sensibilidade e especificidade semelhantes aquelas do teste ELISA convencional, pode
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ser realizado com amostras de sangue total ou soro e a leitura ¢ feita em até 10 minutos

(Buhrer-Sekula et al. 2003, Buhrer-Sekula ez al. 2007).

Testes cutaneos para avaliacio da imunidade celular ao M. leprae

Virios testes cutaneos de hipersensibilidade tardia ao M. leprae foram testados
como avaliadores da resposta imune celular a hanseniase (Brennan et al. 1996). Entre
eles o melhor avaliado ¢ o teste de Mitsuda ou lepromina que usa extrato bruto de M.
leprae esterilizado por autoclave. A lepromina consiste na injecdo intradérmica de 0,1
ml de bacilos na face ventral do antebraco, e a leitura da reacdo ¢ feita apds 24 a 28
dias. A solugdo de Mitsuda contém 4,0 x 10" bacilos autoclavados por ml (Convit ef al.
1975). O teste de Mitsuda ndo deve ser utilizado para o diagnostico da doenca, devido a
forte reatividade cruzada contra micobactérias ambientais ndo patogénicas ¢ a vacinagao
BCG. O teste de Mitsuda serve apenas para avaliar a presenca de resposta imune celular

do individuo ao bacilo M. leprae (Brennan et al. 1996).

Outras proteinas purificadas nativas do M leprae ja foram avaliadas com a
finalidade de se desenvolver um teste cutaneo eficiente no diagnéstico da hanseniase,
como 0 MLSA-LAM (preparado de M./eprae derivado de tatus infectados sem LAM) e
0o MLCwA (derivado de antigenos de parede do M. leprae) (Brennan 2009; Brennan et
al. 1996). Peptideos sintéticos do M. leprae também foram testados quanto a
imunorreatividade cutdnea de pacientes com hanseniase e seus contatos em regides
endémicas para avaliar sua utilidade no desenvolvimento de teste cutdneo especifico
para o diagnostico da hanseniase (Dockrell et al. 2000). Porém, as provas cutianeas de
imunidade celular testadas ndo apresentam a especificidade necessaria para servirem
como método diagndstico da hanseniase, devido a forte reatividade cruzada contra

micobactérias ambientais ndo patogénicas e a vacinagdo BCG (Brennan et al. 2009).
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Avaliacio da imunidade celular e humoral a peptideos e proteinas do M. leprae

Mesmo antes da finalizagdo do sequenciamento genético do M. leprae ja eram
realizados estudos com proteinas purificadas de micobactérias na tentativa de
desenvolver um método para o diagndstico precoce da hanseniase. Ainda na era pré
gendmica, um estudo testou doze antigenos micobacterianos brutos purificados quanto a
inducdo IFNy por células mononucleares periféricas (PBMC) de pacientes com
hanseniase e individuos saudaveis. Essas proteinas induziram a produgdo de IFNy em
c€lulas de pacientes TT/BT (tuberculdide/borderline-tuberculdéide) mas ndo em células
de paciente LL/BL (lepromatoso/borderline-lepromatoso). Porém essas proteinas
induziram a produgdo de IFNy em individuos saudéaveis vacinados com BCG (Dockrell
et al. 1996).

No ano 2000, outro estudo do mesmo grupo testou oitenta ¢ um peptideos do M.
leprae quanto a capacidade de induzir respostas de células T em PBMC de pacientes
com hanseniase, contatos domiciliares de pacientes com hanseniase (HHC) e individuos
saudaveis do Brasil, Etiopia, Nepal, Paquistdo ¢ Inglaterra. Os peptideos induziram
fraca resposta imune celular e a maioria deles ainda foi reconhecida pelas PBMCs dos
individuos saudaveis. Esse trabalho mostrou que os grupos que mais produziram
IFNy em resposta aos peptideos foram os pacientes TT/BT e o grupo HHC (Dockrell et
al. 2000).

Antes da decodificagdo do genoma do M. leprae a escassez de reagentes
especificos em grande escala, em razao do bacilo nao ser cultivavel em meios de cultura
artificiais axénicos, representou um obsticulo ao desenvolvimento de novos testes
diagnodsticos para a hanseniase (Stefani 2008). Porém, o sequenciamento gendmico
completo do M. leprae representou um avango na elucidagdo da biologia deste bacilo e
abriu novas possibilidades de identificagdo de antigenos que possam ser avaliados como
reagentes para diagndstico laboratorial da hanseniase multibacilar e paucibacilar (Cole
etal.2001).

Tendo em vista a necessidade de desenvolvimento de um teste laboratorial para
o diagndstico precoce da hanseniase, foi criado em 2004 o consorcio IDEAL (Initiative
for Diagnostic and Epidemiological Assays for Leprosy). O IDEAL representa uma
forga tarefa internacional com o objetivo de desenvolver testes laboratoriais para o
diagnostico precoce da hanseniase e identificar marcadores moleculares para o melhor

entendimento da epidemiologia e transmissdo da hanseniase. O IDEAL ¢ formado por
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pesquisadores de varios paises endémicos e ndo endémicos (Australia, Bangladesh,
Brasil, China, Colémbia, Coréia do Sul, Egito, Etiopia, EUA, Fran¢a, Holanda, India,
Indonésia, Inglaterra, Japao, Nepal, Paquistdao, Filipinas e Tailandia) (Aseffa et al.
2005). A combinacdo das duas abordagens propostas pelo IDEAL (diagnostico precoce
e estudos epidemioldgicos moleculares de transmissdo) poderd permitir pela primeira
vez o desenvolvimento de intervencdes racionais para a prevengdo e eliminacdo da
hanseniase (Dockrell et al. 2011).

O Laboratorio de Imunologia da AIDS e da Hanseniase da UFG (LIAH) foi
convidado a compor o Consorcio IDEAL e como tal, tem trabalhado na pesquisa e
desenvolvimento de um teste laboratorial para o diagndstico precoce da hanseniase.
Uma das linhas de pesquisa em andamento trata do desenvolvimento de um ensaio
laboratorial que avalie a imunidade das células T em resposta a antigenos do M.
Leprae em formato semelhante ao teste QuantiFERON® TB Gold in Tube, que ¢ um
teste comercial para diagnostico in vitro da tuberculose latente. O teste QuantiFERON®
TB Gold in Tube utiliza uma mistura de peptideos oriundos das proteinas ESAT-6,
CFP-10 e TB7.7 para estimular as células no sangue total de pacientes com tuberculose
latente (Perry et al. 2008; Legesse et al. 2011). O sistema “QuantiFERON®-TB Gold in
Tube” utiliza 3 tubos para coleta de sangue total: um tubo com os antigenos do M.
tuberculosis, um tubo utilizado como controle negativo e um tubo opcional contendo
mitdogeno. A incubacdao do sangue total heparinizado ¢ realizada nos proprios tubos de
coleta, durante 16 a 24 horas a 37°C. Apds a incubagdo, os tubos sdo centrifugados, o
plasma ¢ retirado ¢ a quantidade de IFNy ¢ medida por ELISA. O teste ¢ considerado
positivo nos caso em que a resposta de IFNy frente aos antigenos de TB seja

significativamente superior a observada no tubo de controle negativo (Cellestis 2008).

A imunorreatividade celular a 4 proteinas recombinantes do M. leprae ¢ 58
peptideos sintéticos foi avaliada em pacientes com hanseniase e grupos controles do
Brasil. Esta avaliacao foi baseada na deteccao de IFNy em sobrenadantes de cultura de
PBMCs incubadas por 72hs. Dos 58 peptideos testados, 35 induziram respostas com
producdo de IFNy somente nos grupos paucibacilares e contactantes, porém nenhuma

das proteinas recombinantes testadas induziram resposta imune especifica (Spencer et

al. 2005).

Um grupo de 17 proteinas recombinantes do M. leprae teve imunogenicidade

testada em cultura de PBMCs de pacientes com hanseniase e grupos controles do Brasil
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e Nepal. Destas, cinco (ML0576, ML1989, ML1990, ML2283 e ML2567) induziram
niveis significantes de I[FNy (mediana da resposta imune celular com producdo de IFNy
acima de 50 pg/ml) em pacientes PB e contactantes de pacientes MB. Este estudo
mostrou ainda que diferentes populagdes respondam de forma diferenciada a uma

determinada proteina do M. leprae, provavelmente devido a diferentes formas alélicas

de HLA (Geluk & Ottenhoff 2006).

Araoz et al. 2006, testaram a capacidade de doze proteinas recombinantes do M.
leprae de induzir resposta imune celular em cultura de sangue total de pacientes com
hanseniase e grupos controles recrutados no Mali e em Bangladesh. Quatro das doze
proteinas testadas ML1553, ML1829, ML0410 ¢ MLO0308, foram imunogénicas ¢
especificas induzindo forte resposta celular com producdo de IFNy (mediana da
resposta imune celular com produgdo de IFNy acima de 50 pg/ml) apenas pacientes com

hanseniase PB e contactantes domiciliares. (Araoz et al. 2006)

Estudo colaborativo com nosso grupo de pesquisa na UFG avaliou a reatividade
humoral contra proteinas recombinantes do M. leprae de pacientes com hanseniase e
grupos controles do Brasil, Filipinas ¢ Japao (Duthie et al. 2007). Esse estudo
confirmou as proteinas ML2331 ¢ ML0405 como sendo proteinas imunogénicas ¢
indutoras de resposta soroldgica especifica. Além disso, a proteina de fusdo das
proteinas ML2331 e ML0405 denominada LID-1 (Leprosy IDRI Diagnostic), induziu
uma resposta imune humoral especifica mais potente do que aquelas geradas as
proteinas estadas isoladamente. Esses resultados abriram caminho para a avaliacdo de
antigenos gerados pela fusdo de proteinas imunogénicas e especificas na tentativa de

produzir um antigeno capaz de induzir respostas mais robustas.

Estudo multicéntrico do consércio IDEAL envolvendo varios paises avaliou a
imunorreatividade celular a 5 proteinas recombinantes (ML0576, ML1989, ML1990,
ML2283 e ML2567) e 22 peptideos do M. leprae. Pacientes com hanseniase
multibacilar e paucibacilar e grupos controles foram recrutados no Brasil (Rio de
Janeiro e Goiania), Nepal, Bangladesh, Paquistao e Etiopia. A resposta imune celular
foi avaliada pela a produgdo de IFNy em sobrenadantes de cultura de PBMC e sangue
total. Nenhuma das proteinas recombinantes induziu resposta imune celular especifica e
os peptideos induziram fraca ou nenhuma produ¢do de IFNy nos grupos testados (Geluk

et al. 2009).
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Estudos da era pré e pds-gendomica sobre novos antigenos potenciais para o
diagnostico laboratorial da hanseniase (Dockrell ef al. 2000, Spencer et al. 2005, Geluk
et al. 2005, Araoz et al. 2006, Reece et al. 2006, Duthie et al. 2007, Geluk et al. 2009,
Geluk ef al. 2010) que pesquisaram a reatividade de células T a antigenos do M. leprae,
assim como a padronizacao de testes para o diagnostico da tuberculose latente, abriram
caminho para a pesquisa e o desenvolvimento testes sensiveis e especificos para serem

utilizados no diagndstico laboratorial da hanseniase paucibacilar.
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2. JUSTIFICATIVA

A hanseniase ¢ diagnosticada principalmente com base no aparecimento de
sinais clinicos (lesdes cutaneas e neurologicas). Esses sinais clinicos podem ser escassos
no inicio da doenca, levando ao diagnostico tardio e muitas vezes equivocado. O uso do
teste soroldgico anti PGL-I e do exame baciloscopico pode auxiliar no diagnéstico de
pacientes com hanseniase MB, porém esses exames sdo pouco sensiveis para as formas
PB. A falta de sensibilidade dos métodos laboratoriais atuais para o diagndstico precoce
da hanseniase PB representa um obstaculo para o controle da doenga. Por isso € crucial
a realizacdo de estudos que visem identificar antigenos com potencial aplicabilidade no
diagnostico de pacientes.

Até recentemente o desenvolvimento de testes laboratoriais para o diagnostico
da hanseniase foi dificultado pela escassa oferta de antigenos, visto que o M. leprae nao
pode ser cultivado em meios axénicos. Entretanto, a decodificacdo do genoma
completo do M. leprae, juntamente com o advento de novas ferramentas de biologia
molecular ¢ de bioinformatica tem permitido a producdo de proteinas recombinantes do
M. leprae e sua avaliagdo como antigenos potenciais para o diagnostico da hanseniase.

No ano de 2004 a Prof*. Mariane Stefani ¢ o Laboratorio de Imunologia da AIDS
e da Hanseniase (LIAH), no IPTSP, foram convidados a compor o IDEAL, um
consércio internacional de pesquisa cujo um dos principais objetivos € o
desenvolvimento de testes laboratoriais para o diagndstico da hanseniase. Como parte
dessa forca tarefa, o LIAH tem dedicado grande parte dos seus esforgos a pesquisa de

antigenos com potencial aplicabilidade no diagndstico da hanseniase paucibacilar.

Os resultados do presente estudo, sobre a imunorreatividade celular a proteinas
recombinates do M. leprae, poderdo auxiliar no desenvolvimento de novos testes
laboratoriais para o diagnostico da hanseniase paucibacilar, contribuindo assim para
evitar a progressdo da doengca e o consequente surgimento de incapacidades e

deformidades fisicas causadas pela hanseniase.
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3. OBJETIVOS

lll.a) Objetivo Geral

Identificar proteinas recombinantes do M. leprae com potencial aplicagdo no

diagnostico laboratorial da hanseniase paucibacilar.

lll.b) Objetivos Especificos

1. Testar a imunoretividade celular de proteinas recombinantes do M. leprae,
avaliada pela producdo de IFNy, pelo ensaio de sangue total (EST) em pacientes
com hanseniase PB ¢ MB, contactantes domiciliares (HHC) de pacientes MB,
individuos saudéveis e pacientes com TB, recrutados em area endémica para

hanseniase.

2. Avaliar a utilidade das andlises in silico para previsdo da especificidade e

imunogenicidade a proteinas recombinantes do M. leprae.

3. Pesquisar qual citocina/quimiocina ¢ o melhor marcador imunologico da
resposta imune celular a proteinas recombinantes em pacientes com hanseniase

PB.

4. Determinar se outra citocina/quimiocina, que ndo o IFNy, pode servir como
marcador imunolog(lico da resposta de células T a proteinas recombinantes do

M. leprae em pacientes MB.

5. Pesquisar se hd algum marcador (citocina/quimiocina) que diferencie a resposta
imunologica de contatos domiciliares e pacientes PB, determinando dentro do
grupo de individuos expostos sob risco de infeccdo aqueles que tém resposta
imune celular protetora daqueles que poderdo manifestar clinicamente a

hanseniase.
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4. APRESENTAGCAO DOS MANUSCRITOS

Este trabalho de conclusdo de doutorado, apresentado em formato de artigos,
representa uma continuidade da linha de pesquisa do Laboratorio de Imunologia da
Aids e da Hanseniase. O tema abordado ¢ a avaliagdo da reatividade imunologica de
novos antigenos do M. leprae e a identificacdo de novos marcadores imunoldgicos
aplicaveis ao diagndstico da hanseniase. O foco de estudo durante meu doutoramento
foi a avaliagdo da imunoreatividade celular de novas proteinas do M. leprae, visando
identificar proteinas que tenham potencial aplicagdo no diagndstico laboratorial da
hanseniase paucibacilar.

O primeiro artigo apresentado (publicado no Clinical and Vacine Immunology
em 2009) avaliou a resposta imune celular baseada em producao de IFNy, em ensaio de
sangue total. Foram testadas neste estudo 14 diferentes proteinas recombinantes do M.
leprae em pacientes com hanseniase e controles. Parte dos resultados deste artigo foi
obtida durante o meu mestrado. Entretanto apds a defesa do mestrado e ingresso no
doutorado, os grupos de estudo incluindo pacientes com hanseniase e controles foram
significativamente expandidos. Os grupos de participantes MB, TB e¢ CE foram
ampliados de 10 participantes para 19, o grupo HHC foi ampliado de 13 para 22 ¢ o
grupo de pacientes PB foi ampliado de 13 para 23 participantes. Além disso, novas
andlises estatisticas foram realizadas levando a reclassificacdo de algumas proteinas
recombinantes do M. leprae quanto a sua reatividade imunolégica. Ressalto que a
redacdo do artigo e submissdo do mesmo ocorreram durante meu doutoramento € como
integra da mesma linha de pesquisa, este artigo foi incluido como parte do trabalho final
de doutoramento.

O segundo artigo (publicado no BMC Infectious Diseases, 2011) pesquisou a
reatividade imunologica de um painel de 33 proteinas recombinantes do M. leprae em
pacientes com hanseniase e controles. Além disso, este estudo avaliou a utilidade de
algumas analises computacionais para prever a reatividade/ especificidade da resposta
imune.

O terceiro artigo estd apresentado na forma de manuscrito submetido para
publicagdo. Este estudo pesquisou biomarcadores da resposta de células de T de
pacientes com hanseniase PB, MB e contactantes ap6s estimulagdo de sangue total com
proteinas recombinantes do M. leprae. Foi realizado ensaio multiplex com mensuragao

simultinea de 14 citocinas/quimiocinas induzidas pela estimulagdo com proteinas
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recombinantes do M. leprae. Este estudo buscou identificar um marcador imunoldgico
capaz de distinguir a resposta imune celular de contactantes da resposta imune de

pacientes PB.
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5. MATERIAIS E METODOS

Grupos de estudo e grupos controles. Para a analise da resposta imune celular as
proteinas recombinantes do M./eprae foram recrutados tres grupos de estudo (Paciente
PB; Pacientes MB; Contatos domiciliares [HHC] saudéaveis de pacientes MB) e dois
grupos controles (pacientes com tuberculose [TB] e controles endémicos [CE]
saudaveis). Os pacientes com hanseniase foram recrutados no Centro de Referéncia em
Diagnéstico e Terapéutica em Goiania, Goias, Brasil. Os pacientes com hanseniase
foram categorizados por meio de observagdes clinicas, baciloscOpicas e
histopatologicos, realizado por pessoal qualificado. Pacientes PB apresentavam
baciloscopia negativa e foram confirmados como TT/BT e pacientes MB tinham
baciloscopia positiva e foram confirmados como LL/BL por exames clinicos e
histopatologicos. Os individuos do grupo HHC foram definidos como os adultos que
viviam na mesma casa com um caso-indice MB ha pelo menos seis meses antes da
coleta de sangue. O recrutamento ¢ a coleta de sangue dos contatos foram realizados
mediante visitas domiciliares, apds autorizagdo do caso indice MB. Para o grupo
controle EC foram recrutados individuos saudaveis, que nunca tinha tido tuberculose,
ndo tinham histérico de hanseniase na familia e eram residentes em Goiania, area
endémica para hanseniase. O grupo controle TB foi composto por pacientes com
tuberculose pulmonar, HIV-negativos, com escarro positivo para BAAR, entre o 3° ¢ o

6° més de tratamento especifico para tuberculose.

Antigenos. Quarenta ¢ trés proteinas recombinantes do M. leprae foram avaliadas
quanto a reatividade imune celular: ML0022, ML0051, ML0091, ML0098, MLO176,
ML0276, ML0393, ML0398, ML0405, ML0489, ML0491, ML0540, ML0541, ML0543,
ML0810, ML0811, ML0840, ML0953, ML1112, ML1213, ML1383, ML1556, ML1623,
ML1632, ML1181, ML1481, ML1633, ML1685, ML2028, ML2044, ML2055, ML2203,
ML2331, ML2346, ML2358, ML2380, ML2541, ML2603, ML2629, ML2655, ML2659,
46f e 57f. A clonagem unidirecional por E. coli e purificacdo das proteinas foram
realizadas como descrito anteriormente (Reece et al. 2005). Resumidamente, o
fragmento de DNA codificador das proteinas recombinantes selecionadas, a partir da
cepa Thai-53, foram amplificados por PCR. Os produtos amplificados foram ligados ao
vetor de expressao pET28a (Novagen, Madison, WI, EUA) e o produto desta ligagdo
transformado em células XL10G (Stratagene, Saint Claire, CA, EUA). Os plasmideos
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recombinantes continham um sitio alvo com seis histidina na por¢do N-terminal, seguido
pelo gene de interesse do M. leprae e um sitio de clivagem. Os plasmideos foram
inseridos e transformados em células E. coli BL21 (DE3 - pLysS) (Novagen) e as
linhagens recombinantes foram cultivadas a 37°C, “overnight”, em meio Agar Yeast
Tryptona (BD Difco, Franklin Lakes, NJ) e induzidas pela adicdo de 1mM de IPTG.
Posteriormente as proteinas recombinantes foram purificadas por cromatografia de
afinidade em sistema de purificacdo automatizado em coluna de sefarose/agarose
“HisTrap™” (GE Healthcare, Waukesha, WI). A pureza das proteinas recombinantes foi
avaliada por SDS-PAGE 12% e a concentracdo determinada utilizando o kit BCA para
quantificagdo de proteinas (Pierce, Rockford, IL). Os niveis de endotoxinas (menores
que 100 EU/mg por proteina) foram mensurados pelo ensaio “Limulus Amebocyte
Lysate QCL-1000 assay” (Lonza Inc., Basel, Switzerland). As proteinas recombinantes

usadas neste estudo foram produzidas pelo IDRI (Infectious Disease Research Institute).

Genomica comparativa e previsoes de imunogenicidade de epitopos. As seqiiéncias
de aminoacidos das proteinas do M. leprae avaliadas neste estudo foram obtidos a partir
dos sites Leproma (http://genolist.pasteur.fr/Leproma/) ¢ CDS SANGER. A
porcentagem de identidade de aminodcidos de cada proteina recombinante de M. leprae
foi comparada, por BLAST protéomico, com proteinas homoélogas em outras 8
micobactérias com potencial de infectar os seres humanos: M. tuberculosis,
Mycobacterium  avium, Mycobacterium smegmatis, Mycobacterium marinum,
Mycobacterium  ulcerans,  Mycobacterium  bovis  (BCG),  Mycobacterium
paratuberculosis e Mycobacterium microti. Para a realizagdo do BLAST protedmico,
foi utilizado o programa BLAST UniProt (Universal Resource Protein -
http://www.uniprot.org), que compara uma dada sequéncia de aminodcidos com
sequéncias de outras proteinas presentes no banco de dados do NCBI ¢ indica as
seqliéncias de aminoacidos com identidade acima de 30%. A quantidade poténcial
epitopos promiscuos de células T presentes nas proteinas recombinates do M. leprae foi

prevista pelo servidor PROPRED (http://www.imtech.res.in/raghava/propred/). O

PROPRED analisa quais epitopos t€ém maior possibilidade de serem apresentados por
moléculas de MHC de classe 11, analisando as possiveis ligacdes quimicas dos epitopos

a um painel de 51 diferentes formas alélicas de HLA-DR (HLA-DRB1 ¢ HLA-DRBS).
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Determinaciao da reatividade imune celular por ensaio de sangue total (EST) de 24
horas. EST foram realizados com sangue venoso total heparinizado. Dentro de 2 horas
apos a coleta, o sangue foi adicionado a uma placa de 24 ou 48 pocos (450 ul/poco;
Sigma, St. Louis, MO) e incubado com antigenos por 24 horas a 37°C ¢ 5% de COs.
Posteriormente 150 pl de plasma foi coletado e armazenado a -20°C até serem
analisados por ELISA. Para cada ensaio, os estimulos foram realizados com 10 pg/ml
de proteina recombinante, 10 pg/ml de antigenos de M. leprae sonicados (fornecido
pelo Dr. John Spencer, Colorado State University, Fort Collins, CO sob contrato NO1
NIH AI-25469) ou 1 ng/ml de PHA (Sigma). Como controle negativo foi usado PBS1x.

ELISA para detecacao de IFNy. kits ELISA para dosagem de IFNy (QuantiFERON
CMI, Cellestis, Carnegie, Australia e kit eBioscience IFNy, San Diego, CA) foram
utilizado conforme as instrucdes do fabricante. O Ilimite de deteccdo do kit
QuantiFERON CMI era de 0,05 Ul/ml, mas para a interpretagdo dos dados, foi
designado como resultado positivo um ponto de corte arbitrario de 0,5 Ul/ml. O limite
de detecgdo do kit eBioscience era de 20 pg/ml, porém foi designado um ponto de corte

arbitrario de 50 pg/ml.

Ensaio Multiplex de citocinas. O plasma provenientes do ensaio de sangue total
estimulado individualmente com 5 proteinas recombinantes do M. leprae foi utilizado
para dosar em pg/ml a concentracao de 14 citocinas: IFNy, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-12p70, IL-15, IL-17A, 1L-23, IL-31, CXCL10/IP-10, CCL11/eotaxina-1 ¢ TNFa.
Estas citocinas foram dosadas mediante tecnologia Multiplex usando kit customizado
produzido pela Panomics/Affymetrix, Fremont, CA, em aparelho Luminex 100® (Bio
Rad, Hercules, CA) de acordo com as instrugdes do fabricante. Neste ensaio o limite de

detecgdo de cada citocina € de 1 pg/ml.

Analise estatistica. O teste de variancia nao-paramétrica de Kruskal-Wallis foi
utilizado para comparar as medianas de IFNy entre os grupos. O teste de Mann-Whitney
foi aplicado para comparagdao das medianas entre os dois grupos. Os resultados foram
considerados estatisticamente significativos quando os valores de p foram menores
0,05. As proteinas recombinates foram definidas como indutoras de resposta imune
celular especifica quando ndo induziram a produ¢do de IFNy nos grupos de individuos

saudaveis de area endémica e em pacientes com tuberculose.

32



6. RESULTADOS

Artigo 1
Antigen-specific T cell responses of leprosy patients
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Abstract

The identification of human T cell antigens of Mycobacterium leprae could
improve treatment and help disrupt transmission of leprosy by directing diagnosis and
vaccine programs. This study screened a panel of M. leprae recombinant proteins for T
cell recall responses, measured by IFNy production, among leprosy patients. After
initial studies using peripheral blood mononuclear cells from leprosy patients, we
transitioned our studies to simple whole blood assays (WBA) that are more applicable
in field or clinical settings. T cell responses generated in WBA from individuals in
Goiania, Brazil, demonstrated that several M. leprae antigens (ML0276, ML0840,
ML1623, ML2044 and 46f) elicited > 0.5 IU/ml IFNy and these proteins were classified
as immunogenic and leprosy specific. Several of these individual antigens were
recognized by cells from more than 60% of Brazilian paucibacillary (PB) leprosy
patients and ML0276, ML0840, ML1623 and 46f complemented each other such that
82% of PB patients had strong (>1.25 IU/ml IFNYy) responses to at least one of these
proteins. These proteins were also recognized by cells from a significant proportion of
the household contacts of MB leprosy patients, but in contrast, few responses were
observed in active tuberculosis patients or healthy endemic control groups. Our results
indicate several potential candidate antigens useful for either leprosy diagnosis or
vaccination, and demonstrate the utility of leprosy WBA that can be broadly applied in

clinical or field settings.
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Introduction

Leprosy is a chronic disease with a wide range of clinical outcomes. Leprosy
patients are predominantly diagnosed by the appearance of disease signs, but they can
also be characterized by the physical and histological attributes of skin or nerve lesions,
or by their immune response to crude Mycobacterium leprae antigens (Scollard et al.
2006). Individuals infected with M. leprae exhibit wide ranging immunity. One end of
this immunologic spectrum comprises paucibacillary (PB) leprosy patients who have
strong cellular immunity in the form of a Thl type response, characterized by antigen-
specific IFNysecretion. This response controls bacterial growth and limits
dissemination, typically resulting in a few small and localized lesions. At the other end
of the spectrum, multibacillary (MB) patients have poor cellular immunity but potent
humoral immunity (Araoz et al. 2006a).

Responses of MB patients do not control bacterial growth and infection becomes
systemic, typically resulting in disseminated lesions and significant nerve function
impairment. Identifying antigens that are the target of the cellular immune response
could direct the development of a defined leprosy vaccine (Gelber et al. 1994). Despite
vigorous efforts, conditions that permit the in vitro culture of M. leprae bacilli have not
yet been identified. This has impaired the ability to produce antigens for research
purposes and, until recently, studies of antigen-specific immune responses during the
course of the disease have been limited to crude bacterial extracts or a few single M.
leprae antigens purified from animal extracts (Ngamying et a/. 2003; Truman and
Krahenbuhl 2001). Partial vaccination against M. leprae can be achieved with other
mycobacteria, but a defined sub-unit vaccine for leprosy is lacking (Convit et al. 1992;
Gupte et al. 1998). Following the recent completion of M. leprae and other
mycobacterial genomes (Cole et al. 2001; Geluk and Ottenhoff 2006), molecular
biology and bioinformatic tools have revealed M. leprae-specific antigens that may be
used for leprosy diagnosis or vaccination.

The current study was designed to simultaneously explore several recombinant
proteins for specific T cell reactivity among leprosy patients, and determine the utility
of a simple whole blood assay (WBA) for screening of leprosy patients to identify
antigens with diagnostic or vaccine potential. Our data indicate that several antigens are
recognized by PB leprosy patients and that this reactivity can be revealed in a simple
24h WBA. Determining leprosy-specific targets of the immune response will facilitate

diagnosis and vaccine research aimed at controlling leprosy.
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Materials and Methods

Subjects and samples. For individuals from a leprosy non-endemic region, leprosy
patients and controls (non-endemic controls) were recruited at the Infectious Disease
Clinic, Harborview Hospital, Seattle or the Infectious Disease Research Institute, Seattle
between 2003 and 2006. For individuals from leprosy endemic regions, leprosy patients,
healthy household contacts of MB patients (HHC) and endemic controls (EC) were
recruited at Centro de Referencia em Diagnostico e Terapéutica and Hospital Anuar
Auad, Goiania, Goias State, Brazil (from March 2006-September 2007). All Brazilian
donors had previously been immunized with BCG. With the exception of patients in
Seattle, MB and PB leprosy patient blood used in this study were derived from recently
diagnosed and previously untreated individuals. Patients were categorized by clinical,
bacilloscopic and histological observations (bacterial index, skin lesions, nerve
involvement and histopathology) carried out by qualified personnel. PB patients were
confirmed as having either TT or BT disease by clinical and histological exams. EC
were healthy individuals who had never had tuberculosis, had no history of leprosy in
the family, and were living in the leprosy endemic area. HHC were defined as adults
living in the same house as an MB index case for at least 6 months prior to blood
collection. Blood was obtained from tuberculosis patients (Mycobacterium tuberculosis,
sputum-positive, HIV-negative individuals with clinically confirmed pulmonary
tuberculosis) who were undergoing treatment. All blood samples were obtained after
informed consent and after local ethics committee approval in the related country. The

composition of the Brazilian study population is summarized in Table 1.

Table 1. Brazilian study population.

Sample
categorization Bl Sex Mean age
(number) (median) | (M/F ratio) | (range, years)
PB? (23) 0 13:09 36.5 (18-58)
MB® (19) 20 10:10 43.6 (27-72)
HHC (22) - 11:11 33.6 (20-73)
EC (19) - 09:10 38.5 (23-73)
TB (19) - 10:09 38.8 (19-57)

* PB group contained 12 TT and 10 BT by histopathologic exam.
® MB group contained 6 LL, 6 BL and 8 BB patients by histopathologic exam.
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Cloning and purification of target antigens. We have previously used serologic
screening of M. leprae genome libraries to identify M. leprae proteins that may be
recognized by the immune response of leprosy patients (Reece et al. 2006). To express
potential antigens for further evaluation, DNA encoding selected M. leprae proteins was
PCR amplified from M. leprae Thai-53 genomic DNA using Pfx DNA polymerase
(Invitrogen, Carlsbad, CA). PCR primers were designed to incorporate specific
restriction enzyme sites 5’ and 3 of the gene of interest and excluded in the target gene
for directional cloning into the expression vector pET28a (Novagen, Madison, WI).
After PCR amplification, purified PCR products were digested with appropriate
restriction enzymes and ligated into pET28a. Sequence verified recombinant plasmids
were transformed into the E. coli BL21 derivative Rosetta 2 (DE3) (pLysS) (Novagen).
Recombinant Histagged protein products were isolated under native (soluble
recombinant proteins) or denaturing (8M urea) conditions using Ni-nitrilotriacetic acid
metal ion affinity chromatography according to the manufacturer’s instructions (Qiagen,
Valencia, CA). Affinity-purified protein fractions were analyzed by sodium dodecyl
sulfatepolyacrylamide gel electrophoresis and quantified using the BCA protein assay
(Pierce, Rockford, IL). Endotoxin levels were measured by Limulus Amebocyte Lysate
QCL- 1000 (Lonza Inc., Basel, Switzerland) assay and were all < 100 EU/mg protein.
The characteristics of each M. leprae protein evaluated in Brazil are summarized in

Table 2.
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Table 2. Main characteristics of M. leprae antigens tested in Brazil

Gene Functional Protein type Size Identity with other mycobacterial homolog (%)
accession no. classification (kD)

M. tuberculosis M. bovis (BCG) M. avium M. marinum M. smegmatis
MLO0276 \% hypothetical 16.2 79.0 78 71 70 68
ML0316 1.J.1 transcriptional regulator 21.0 68.8 38 31 39 58
ML0398 LA D-ribose-binding 36.9 none none none none 29
MLO0541 I.F.1 guanylate kinase 22.6 79.1 77 82 83 78
ML0543 1.B.7 flavoprotein 44.2 87.0 84 83 82 78
MLO0840 \! hypothetical 47.7 none none 62 none 45
ML1011 VI hypothetical 14.6 none 30 31 30 28
ML1213 11.C.4 conserved membrane 80.1 76.5 25 28 27 54
ML1623 1.B hsp90 family 73.8 80.8 77 77 77 none
ML2044 \! hypothetical 7.9 none 29 62 29 37
46f n/a artificial chimeric fusion 46 n/a n/a n/a n/a n/a

“ Annotations for gene accession number, functional classification, and protein are
according to the Sanger database. Functional classifications: I.B.7, miscellaneous
oxidoreductases and oxygenases; [.F.1, purine ribonucleotide biosynthesis; 1.J.1,
repressors/ activators; I1.C.4, conserved membrane proteins; III.A, transport/ binding
proteins; II1.B, chaperones/ heat shock; V, conserved hypotheticals; VI, unknowns; n/a.
not applicable.

Determining patient reactivity by stimulation of peripheral blood mononuclear cell
(PBMC) and 24 hour whole blood assay (WBA). PBMC were prepared from venous
undiluted heparinized whole blood (Greiner). PBMC were resuspended in RPMI-1640
(Invitrogen, Carlsbad, CA) supplemented with 50,000 U penicillin/streptomycin
(BioWhittaker, Walkerville, MD) and 10% heat-inactivated human serum (Valley
Biomedical Inc., Winchester, VA) and 2 x 105 cells were added to each well of a 96-
well plate (200 pl total volume/well; Corning Inc., Corning, NY) and stimulated with
antigens. After 3 days incubation at 37°C 5% COz2, then ~100 pl supernatant was
collected and stored at -20°C until assayed by ELISA. WBA were performed with
venous undiluted heparinized whole blood (Greiner). Within 2 hours of collection,
blood was added to each well of a 24-well plate (450 pl/well; Sigma, St. Louis, MO)
and incubated with antigens for 24 hours at 37°C 5% COz2, then ~150 pl plasma was
collected and stored at -20°C until assayed by ELISA. For each assay, stimulations were

conducted with 10 pg/ml of recombinant protein, 10 pg/ml M. leprae cell sonicate
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(provided by Dr. John Spencer, Colorado State University, Fort Collins, CO under NIH
contract NO1 AI-25469) or 1 pg/ml PHA (Sigma).

Cytokine ELISA. IFNy ELISA kits (either RSG, eBioscience, San Diego, CA or
QuantiFERON CMI, Cellestis, Carnegie, Australia) were used according to the
manufacturer’s instructions. The detection limit of the RSG ELISA kit was 20 pg/ml.
For data interpretation, we assigned a positive result as a concentration above an
arbitrary cut-off point of 500 pg/ml. The detection limit of the QuantiFERON CMI test
was 0.05 IU/ml. For data interpretation, we assigned as a positive result a concentration

above an arbitrary cut-off point of 0.5 [U/ml.

Statistical analysis. The Mann Whitney U test was applied for comparison between
two groups. The non-parametric Kruskal-Wallis analysis of variance test was used to
compare the IFNy levels among all of the groups. Statistical significance was

considered when the p-values were < 0.05.

Results

Antigen reactivity in PBMC cultures. We first evaluated M. leprae antigens in PBMC
stimulation assays with PBMC from blood of leprosy patients who were recruited in
Seattle, WA. PBMC were cultured in the presence of antigen for 3 days, and then
secreted IFNy was assayed by ELISA. The antigens tested promoted no or weak IFNy
secretion from negative control cells (from leprosy-negative, PPD-negative individuals),
indicating that these antigens do not nonspecifically activate cells and are therefore
suitable for use in studies to determine the specificity of leprosy patient responses (Fig.
1A). Cells from MB leprosy patients responded with no or weak IFNy responses (data
not shown). Approximately one-third of the proteins tested, however, induced IFNy
secretion when they were incubated with cells from PB leprosy patients (Fig. 1B and
data not shown). The reactivity of these antigens indicates their potential as components

of a defined subunit vaccine or a T-cell-based diagnostic leprosy test.
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FIG. 1. IFNy response of PBMC following antigen stimulation. PBMC were stimulated
with recombinant antigen for 3 days, culture supernatants were collected, and IFNy
content was assayed by ELISA. PBMC from NEC (Seattle-based) (n=5) (A) and PB
leprosy patients (n=5) (B) were stimulated. The response of each individual is shown in
each panel, and results are representative of several individuals per category.

Establishing WBA with recombinant antigens. To establish assays that are simple
and more appropriate for field application, we performed WBA. In order to exclude M.
leprae antigens that stimulate nonspecific or cross-reactive responses in healthy
individuals living in nonendemic areas, WBA were performed on 10 Seattle-based
volunteers. The stimulants included phytohemagglutinin as a positive control, phosphate
buffered saline as a negative control, and for experimentation, recombinant M. leprae
proteins and crude mycobacterial control preparations (M. leprae cell sonicate, M.
tuberculosis lysate, BCG lysate, and PPD). Some of the antigens that stimulated
positive responses in PBMC assays also stimulated blood from NEC to secrete IFNy
(Fig. 2), with 30% of NEC tested responding to ML2531. As such, this antigen will not
permit leprosy diagnosis and should not be included as a component of a T-cell
diagnostic test for leprosy. Other antigens, such as MLO0541 and 46f, stimulated
responses in some NEC (30%), so we decided to examine these further in a region
where leprosy is endemic. Antigens that stimulated little or no IFNy production from
NEC samples were similarly designated for further evaluation in regions where leprosy

is endemic.
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FIG. 2. WBA responses of NEC to M. leprae antigens. Whole blood from 10 Seattle-
based healthy individuals was cultured for 36 hs in the presence of stimulant, and IFNy
content in the plasma was measured by ELISA. Data are presented as individual data
points (open circles), with the lines indicating the median and IQR.

Antigen reactivity in leprosy-endemic regions (Goiania, Brazil). We then tested a
panel of M. leprae antigens for reactivity in a site with a high incidence of leprosy
(Table 2). The study group in a leprosy endemic region consisted of newly diagnosed,
previously untreated, MB and PB leprosy patients in Goiania, Goias State, central
Brazil, as well as HHC, TB patients under treatment and healthy EC. Proteins were
classified according to the pattern of IFNy recall responses observed among leprosy
patients and controls, as shown in Figure 2. Responsiveness was characterized by higher
[FNy production from individuals in the PB and HHC groups, distinct from the lower
response among the EC, MB and TB groups. Among PB leprosy cases, ML0276 (19 of
22), ML0840 (13 of 21), ML1623 (13 of 21), ML2044 (9 of 21) and 46f (8 of 21)
induced secretion of more than 0.5 TU/ml IFNy. Interestingly, the same antigens induced
[FNy production among HHC: ML0276 (20 of 22), ML0840 (12 of 22), ML1623 (17 of
22), ML2044 (9 of 22) and 46f (16 of 22). Among the antigens tested, ML0276 was the
most potent recombinant protein inducing median values of 1.26 TU/ml IFNy (IQR =
3.74) among PB leprosy patients and 2.36 TU/ml IFNy (IQR = 4.83) among HHC.
MLO0276-induced responses in the PB and HHC groups demonstrated a similar
distribution (p-value = 0.83). ML0276 provided the best discrimination between the PB
and HHC groups compared to the other groups, with no response detected in TB
patients or EC (both p-value < 0.0001 compared to PB). Protein ML0840 also provided
good responses in the test groups, although when compared to ML0276, responses were
weaker. The median IFNy response following ML0840 stimulation among PB leprosy
was 0.69 IU/ml for PB, 0.61 IU/ml for HHC and 0.15 IU/ml for MB. Only one EC and
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one TB patient responded to ML0840. ML1623 provided a similar pattern of responses,
inducing IFNy secretion among the PB and HHC groups (0.61 IU/ml and 0.68 IU/ml,
respectively). TB patients and EC did not respond to ML1623. Following stimulation by
each of the individual antigens ML0276, ML0840 and ML1623, a statistically
significant difference between the 5 donor groups was observed (all Kruskal-Wallis p-
values < 0.0001).

There was an indication that other proteins could also discriminate PB leprosy
patients and HHC from the other groups, albeit with weaker positive responses that
resulted in median IFNy concentrations below our arbitrary cut-off of 0.5 IU/ml.
Following ML2044 stimulation the median IFNy response of PB patients was 0.20
[U/ml and of HHC was 0.33 IU/ml, whereas the median responses of the MB, TB and
EC groups were all below the limit of detection. Chimeric fusion protein 46f
(comprising ML0405 and ML0568) stimulated a median IFNy response for PB of 0.12
IU/ml, for HHC 0.82 IU/ml and for MB 0.20 IU/ml, while TB and EC results were
below the limit of detection. Despite the weak responses, a statistically significant
difference was again observed among the 5 groups tested with these proteins (Kruskal-
Wallis p-value < 0.0001).

When data from individuals were analyzed, we found the combination of
antigens ML0276, ML0840, ML1623 and 46f complemented each other and was
capable of identifying 17 of 21 with an IFNy response of greater than 1.25 IU/ml, well
above our arbitrary cut-off for positive responses. In contrast, in the HHC group,
MLO0276 alone provided responses of greater than 1.25 IU/ml IFNy in 15 of 22
individuals tested, and only 46f complemented ML0276 to add another individual with

a strong response.
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FIG. 3. IFNy production during WBA of Brazilian study groups. Whole blood from
PB, MB, HHC, TB and EC was cultured for 24 hours in the presence of antigen and
[FNy content in the plasma was measured by ELISA. Data are presented as a box plot
distribution indicating the median and interquartile range (IQR) of IFNy I[U/ml values.

Discussion

Leprosy research has been constrained by the relative lack of tools with which to
analyze the ongoing immune response. This deficiency has also impacted the clinical
situation. Leprosy is predominantly diagnosed based on the appearance of clinical signs
(dermal and neurological lesions), with patients classified as PB or MB. These clinical
signs may be scarce in early disease, leading to delayed diagnosis, under diagnosis or
misdiagnosis. While MB leprosy patients can be readily diagnosed by serological
antibody tests, diagnosis of PB leprosy patients may require T cell-based assays
(Buhrer-Sekula et al. 2003; Duthie et al. 2007; Oskam et al. 2003; Roche et al. 1999).

In addition to providing data for a T cell-based diagnostic test, the identification of
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antigens that are the targets of the cellular response of PB patients, who control bacterial
growth, is likely to direct leprosy vaccine research. In this study we examined the
antigenicity of numerous M. leprae proteins to simultaneously define immune reactivity
of leprosy patients with recombinant proteins and determine the utility of a simple
WBA for antigen screening of leprosy patients.

In response to the immunogenic proteins, we observed higher production of
[FNy production in the PB and HHC groups. These values that are distinct from the
lower response among MB leprosy patients and these reactivity patterns are similar to
those reported in other studies (Araoz et al. 2006a; Araoz et al. 2006b; Geluk et al.
2005; Spencer et al. 2005; Weir et al. 1999). The determination of specificity in leprosy
endemic regions may be complicated by the high exposure rates to M. leprae, M.
tuberculosis and other non-pathogenic environmental mycobacteria, in addition to the
routine BCG vaccination of children. In the leprosy endemic region examined in this
study (Goiania, Brazil), some level of cross-reactivity was anticipated due to multiple
exposures to mycobacteria among the study groups. We did not, however, observe
responses in EC or TB groups, indicating that positive responses were related to leprosy
exposure.

Interestingly, the extent of homology identified by in silico analyses against
other mycobacterial genomes/proteins did not indicate the specificity of PB leprosy
patient responses in a highly endemic leprosy region. For example, ML0276, despite
having 79% identity with its TB homolog, yielded responses only in leprosy groups. In
contrast, ML0398, which has no homolog in M. tuberculosis, induced strong IFNy
responses in all of the groups tested in Brazil, including TB patients. Additionally, the
sequence of MLO0840 is 59% identical to M. paratuberculosis MAP2122 and
stimulation with a peptide representing a predicted epitope within the ML0840 protein
has also been shown to elicit [IFNy from cells of leprosy patients (Spencer et al. 2005).
Similar to the results we present here, the whole ML0840 protein has been shown to
stimulate IFNYy responses in Rio de Janeiro-based leprosy patients and HHC, but not EC
(A. Geluk, personal communication). Antigen expression levels and availability may
determine the immune dominant antigens of each mycobacterial infection, such that
differing responses to similar proteins may distinguish each disease. Whatever the
reason, our results suggest caution should be used when using in silico predictions

regarding disease-specific reactivity.
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While we did not limit our study to M. leprae unique antigens, our study was
limited to the examination of leprosy patient responses only in the context of IFNy
secretion. This approach is consistent with that used for the development of TB T cell
based diagnostic assays (Pai et al. 2004). Several studies, however, have demonstrated
differences in circulating cytokine levels such as IL-6 and TNFa in leprosy patients
undergoing reversal reactions, albeit in the absence of ex vivo antigen stimulation
(Hamerlinck et al. 1999; lyer et al. 2007; Moraes et al. 1999; Sarno et al. 1991). It is
possible that other T cell-derived cytokines, or even molecules stimulated by IFNy, may
provide either a more robust response for the diagnosis of leprosy patients or greater
differences between the study groups.

At a population level, it is possible that diverse ethnic and genetic backgrounds,
represented by different MHC haplotypes, contribute to the variability of responses. In
partial agreement with data generated in Brazil, however, testing conducted in the
Philippines indicated that ML0276 was recognized by some, but not all, PB leprosy
patients (unpublished observations). T cell-mediated immunity (as assessed by IFNy
production) to some of the recombinant M. leprae antigens tested showed
discriminatory recognition of PB and HHC groups from EC, MB and TB groups in both
regions, further indicating their potential as candidates for leprosy diagnosis. It is
possible that multiple antigens will have to be used to provide diagnosis in a single test
format across all leprosy endemic regions, and we are currently initiating studies to
address this possibility.

Attempts to produce leprosy vaccines have been limited to the use of proteins
extracted from various mycobacteria in the laboratory setting, and until relatively
recently, to the use of whole bacteria in the field setting (Convit et al. 1992; Gupte
1998; Roche et al. 1999). It has been argued, paradoxically, that MB leprosy contacts
are both at an increased risk of developing leprosy and are protected from leprosy. HHC
are at an increased risk of developing leprosy and may represent early infectious cases
before or without the signs/symptoms of leprosy (Bakker et al. 2006; van Beers et al.
1999). Alternatively, responses in HHC may protect these individuals by preventing
infection from becoming established. For the immunogenic proteins, the absence of
response among TB patients and EC indicates specific antigen recognition by leprosy-
affected individuals and the results are compatible with exposure to M. leprae for
prolonged periods of time. The identification of molecular indicators of bacterial

viability would help address if the antigen-specific cellular response of HHC is due to
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sub-clinical infection or merely the continued stimulation by bacteria expelled by the
contact MB leprosy case. Long-term follow-up of individuals to determine whether T
cell responses can predict the onset of leprosy symptoms would also be beneficial.

The cellular immune response of PB leprosy patients inhibits bacterial growth
and dissemination and as such is likely to provide significant insight as to the important
antigenic targets that determine protection. Intriguingly, in contrast with the
antigenspecific responses observed in PB leprosy patients, there was essentially no
complementation of responses in HHC. Antigens that yield responses in both PB
patients and HHC represent candidates that might be incorporated in a defined sub-unit
vaccine for leprosy. The identification of high IFNy responses against 46f in HHC, even
higher than those attained with PB leprosy patients; suggest that vaccination studies
with these proteins are warranted.

Simple and field-friendly T cell-based assays have recently been introduced for
the diagnosis of tuberculosis, and such tests could greatly facilitate leprosy research and
diagnosis (Connell et al. 2006; Dockrell et al. 2000; Pai et al. 2004; Roche et al. 1999).
A leprosy diagnostic application could be developed based on comparative T cell
reactivity among leprosy patients and controls. Thirty six per cent (5 of 14) of the M.
leprae proteins we tested in Brazil demonstrated T cell immunogenicity defined by
[FNy responses in a simple 24h WBA. These antigens showed discriminatory
recognition patterns that indicate their potential as candidate molecules for PB leprosy
diagnosis. IFNy recall responses identified five immunogenic M. leprae proteins that
have diagnostic potential for PB leprosy (ML0276, ML0840, ML1623, ML2044 and
46f). The results obtained by ML0276, ML0840, ML1623 and 46f stimulation
complemented each other to provide 82% strong diagnosis (> 1.25 [U/ml IFNy) of PB
patients in Goiania,, Brazil. The availability of a simple, affordable, field- and
userfriendly diagnostic test for PB leprosy would significantly impact leprosy control
programs in endemic countries.

In summary, our results identify several antigens that are recognized by PB
leprosy patients. Our results also demonstrate that 24h WBA are user friendly and have
good potential for the expanded screening M. leprae antigens to assess their potential as

either diagnostic indicators or vaccine candidates.
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ABSTRACT

Background: Leprosy is a chronic infectious disease caused by Mycobacterium leprae
that can manifest a wide variety of immunological and clinical outcomes ranging from
potent humoral responses among borderline lepromatous (BL) and lepromatous (LL)
patients to strong cellular responses among tuberculoid (TT) and borderline tuberculoid
(BT) patients. Until recently, relatively little has been known about the immune
responses to individual proteins of M. leprae recognized during leprosy. Methods: The
immune reactivity to a panel of 33 M. leprae recombinant proteins was evaluated
among leprosy patients and controls from a high endemic area for leprosy (Goiania/GO,
Central Brazil). Serum IgG responses were measured by ELISA (45 participants/group)
and T cell responses (20 participants/group) were evaluated by IFN y production in 24
hours whole blood cultures with antigen (whole blood assay-WBA). Study groups were
newly diagnosed, untreated TT/BT and BL/LL leprosy patients classified by Ridley
Jopling criteria and household contacts of BL/LL patients (HHC). Control groups were
HIV-1 negative pulmonary tuberculosis patients (TB) and healthy individuals from the
same endemic area (EC). In silico predictions indicated the level of identity of M.
leprae proteins with homologues in other mycobacteria and the presence of T cell and B
cell epitopes. Results: Despite the prediction that all proteins would be reactive, 16 of
33 (48%) of the single proteins tested were immunogenic (recognized in WBA or
ELISA) and seventeen were non-immunogenic (not recognized in either assay).
Among the 16 immunogenic proteins, 9 were considered leprosy specific in WBA
inducing cell-mediated IFNy secretion from TT/BT patients and HHC. Three of these
proteins were also leprosy specific in serology being recognized by serum IgG from
LL/BL patients. Seven of the immunogenic proteins were not leprosy specific.
Conclusions: New M. [eprae antigens recognized by antibody responses of BL/LL
patients and cellular responses of TT/BT leprosy patients were identified. An improved
serological diagnostic test for leprosy could be developed by incorporating these IgG-
reactive antigens to the current PGL-I based tests. Moreover our data indicate that the
WBA is a robust, relatively simple and user friendly format for a T cell based diagnostic
test. The field use of these test formats in leprosy endemic countries could contribute to

early leprosy diagnosis before the development of deformities and disabilities.
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Background

Leprosy, caused by infection with Mycobacterium leprae, is one of the oldest
known human infectious diseases and remains an important public health problem for
many countries, including Brazil (WHO 2009). M. leprae infects macrophages and
Schwann cells, causing peripheral nerve damage which results in sensory and motor
loss that ultimately cause the severe disability that is a hallmark of leprosy (Scollard
2008). Leprosy actually manifests across a bacteriologic, clinical, immunologic and
pathologic spectrum that allows classification into five forms according to the Ridley-
Jopling scale. Weak antibody responses and strong cell-mediated immunity (CMI)
classically characterize the immune response of tuberculoid (TT) and borderline
tuberculoid (BT) patients who have a low bacterial burden. In contrast, strong antibody
responses and weak CMI are classically observed in borderline-borderline (BB),
borderline lepromatous (BL) and lepromatous (LL) cases that have a high bacterial
burden and are believed to transmit M. leprae infection (Yamamura et al 1991, Duthie
et al 2007, Duthie et al 2008).

Seeking to eliminate leprosy by the year 2000, a campaign by the World Health
Organization was based on widespread provision and use of multidrug therapy (MDT)
to control infection and reduce transmission. This campaign has produced a large
decline in global prevalence of leprosy over the last 20 years, but despite this, the new
case detection rate is still high in many regions (WHO 2009). The diagnosis of leprosy
remains based on the appearance of clinically relevant manifestations and treatment has
been simplified to incorporate recommended MDT regimen of 6 months for
paucibacillary patients (PB, encompassing TT and BT forms) and of 12 months for
multibacillary patients (MB, encompassing LL, BL, BB and some BT forms).
Unfortunately, the scarcity of early signs or symptoms, as well as the problem that
leprosy symptoms may be confused with other diseases, often leads to significant delays
in proper diagnosis and appropriate treatment (Scollard et al. 2005). A further
compounding factor is the reduction in the number of clinicians with expertise at
identifying leprosy that has occurred alongside the reduction in case numbers (Aseffa et
al 2005). Early leprosy diagnosis, to promote even earlier treatment, is regarded as
critical to provide further reductions in transmission and decrease the number of patients
presenting with disabilities (Geluk et al. 2010) To date, simple, rapid tests have been
developed to diagnose MB leprosy but tests for PB leprosy are not yet available
(Buhrer-Sekula et al 2008).
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As with other diseases, rapid and objective diagnosis of leprosy could be
achieved by the recognition of disease-specific immune responses (Aseffa et al. 2005).
Due to the dichotomous nature of immune responses of leprosy patients, diagnostic tests
for all leprosy forms would probably require antigens that are targets of both antibody
and cellular responses (Stefani 2008). The identification of T cell-reactive antigens may
also reveal proteins that are part of the protective response against leprosy that are
worthy of further examination in the context of vaccine development. The selection and
production of proteins for immune evaluation has been expedited by recent advances
such as the sequencing of the M. leprae genome and could be further simplified when
coupled with effective in silico epitope predictions (PRORED, ABCpred, Sanger,
Uniprot, Leproma). Most studies investigating the reactivity of M. leprae antigens have
described either the antibody or T cell reactivity among leprosy patients but have not
typically compared these responses in parallel (Spencer et al. 2005, Geluk et al. 2005,
Araoz et al. 2006, Geluk et al. 2009, Geluk et al. 2010). The current study was designed
to explore the immune reactivity of a panel of 33 M. leprae recombinant proteins among
leprosy patients and to concomitantly evaluate the utility of computational softwares to
predict this reactivity. This study identified several antigens that are targets of the
cellular response and some that are targets of the antibody response. Moreover it
indicated that the benefits of current computational predictions of immune reactivity

were limited.
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Methods

Study participants. This study was approved by local (Comité de Etica em Pesquisa
Humana e Animal do Hospital das Clinicas da Universidade Federal de Goias) and
National Ethics Commission (Comissio Nacional de Etica Pesquisa/CONEP/Brazil
protocols #4862 and #12962). Newly diagnosed, previously untreated leprosy patients
were recruited between November 2006 and January 2009 at a main outpatient clinic
(Centro de Referéncia em Diagndstico e Terapéutica) in Goidnia, Goids State, in
Central-West Brazil. Before recruitment all patients were provided complete dermato-
neurological evaluations by a dermatologist with expertise in leprosy diagnosis.
Participants were included only after signing written informed consent forms. Patients
were assigned to leprosy groups based upon their immediate diagnosis, and were
subsequently thoroughly characterized according to Ridley-Jopling criteria, taking into
account clinical, bacilloscopic and histopathological findings (Ridley & Jopling 1966).
All patients assigned to the TT/BT group had negative bacilloscopic index (BI),
whereas LL/BL cases were BI positive. Tuberculosis patients (TB), healthy household
contacts of LL/BL patients (HHC) and healthy endemic controls (EC) from the same
endemic region were included as control groups. TB patients were HIV-negative
individuals with clinically confirmed pulmonary tuberculosis (Mycobacterium
tuberculosis sputum-positive) in their final 3 months of chemotherapy. HHC were
adults living in the same house as a multibacillary index case for at least 6 months prior
to study enrollment and blood collection. EC were healthy individuals recruited among
non leprosy patients at a public health center from the same endemic setting. EC had
neither tuberculosis nor history of leprosy in their families. All study participants had a
BCG scar, consistent with the neonatal BCG vaccination coverage close to 100% in this
recruitment setting. All study participants came from Goias State, an endemic region
for leprosy (prevalence rate = 6.02 patients/10000 inhabitants). The serology study
included 45 participants per group and the T cell study included 20 participants per
group and results from these separate studies were combined in this manuscript. The

fine composition of each study group is summarized in Table 1.
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Table 1. Composition of study groups.

Group Sex (m/f) | mean age (year) (range) | mean BI (range)
PB (29 TT, 36 BT) 31/34 33 (18-76) 0(0)
MB (23 BL,42 LL) | 37/28 51 (18-100) 3.75 (0.5-6.0)
HHC 32/33 36 (19-60) nd'
TB 39/26 38 (20-67) nd
EC 32/33 35 (18-58) nd

hot determined

Antigens. Thirty-three M. leprae recombinant proteins were evaluated for immune
reactivity (ML0022, ML0051, ML0098, MLO0176, ML0276, ML0393, ML0405,
ML0489, MLO0491, ML0540, MLO0810, MLO811, ML0840, ML1383, MLI1556,
ML1632, ML1181, MLI1481, ML1633, ML1685, ML2028, ML2044, ML2055,
ML2203, ML2331, ML2346, ML2358, ML2380, ML2541, ML2603, ML2629,
ML2655 and ML2659). Proteins were selected either from previous M. leprae cDNA
library screening results (Reece et al. 2005) or on the basis of homology with known
secreted M. tuberculosis proteins. Cloning and purification from E. coli were performed
as previously described (Reece et al. 2005, Duthie et al. 2008). Endotoxin levels for
each protein were <100 EU/mg protein, as measured by Limulus Amebocyte Lysate
QCL-1000 assay (Lonza Inc., Basel, Switzerland). Details for selected M. leprae

recombinant proteins are provided in Table 2.

CMI determination by whole blood assay (WBA). WBA was performed as
previously described (Duthie et al. 2008). Briefly, at the time of initial diagnosis and
operational assignment to MB or PB groups, prior to full characterization by Ridley-
Jopling, undiluted heparinized venous whole blood (Greiner) was collected. Whole
blood was plated into 24-well plates (450 ul/well; Sigma, St. Louis, MO) within 2 hours
of collection and incubated with stimulants for 24 hours at 37°C 5% CO,. Each assay
included stimulation with 10 pg/ml of individual M. leprae recombinant protein for
experimental evaluations, and with PBS alone, 10 pg/ml M. leprae cell sonicate
(MLCS; provided by Dr. John Spencer, Colorado State University, Fort Collins, CO
under NIH contract NO1 AI-25469) or 1 pug/ml PHA (Sigma) as controls (Additional
File 1). Approximately 150 pl plasma were collected and stored at -20°C until IFNy
determination. IFNy concentration was determined by ELISA, according to the

manufacturer’s instructions (eBioscience kit, San Diego, CA). The IFNy ELISA
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employed had a detection limit of 20 pg/ml and an arbitrary cut-off point of 50 pg/ml

was used to determine positive responses.

Antibody ELISA to M. leprae recombinant proteins. Serum IgG antibodies were
determined by ELISA as previously described (Duthie et al. 2007). Polysorp 96-well
plates (Nunc, Rochester, NY) were coated with 2 pg/ml recombinant protein at 4°C and
blocked with PBS/Tween-20 with 1% (wt/vol) BSA. Serum samples diluted 1/200 in
0.1% BSA were added and incubated for 1 hour at RT. Plates were washed and
incubated with horseradish peroxidase-conjugated anti-human IgG (Southern Biotech,
Birmingham, AL). After washing, reactions were developed with peroxidase color
substrate (KPL, Gaithersburg, MD), and quenched by the addition of 1IN H,SO4. The
corrected optical density of each well at 450 nm was read using a VERSAmax
microplate reader (Molecular Devices, Orleans Drive Sunnyvale, CA). Responses were

defined as positive if the median was above the arbitrary cut-off (OD >0.3).

ELISA to PGL-I antigen. IgM antibodies to M. leprae cell wall phenolic glycolipid I
(PGL-I) were detected as described (Duthie et al. 2008). Briefly 200 ng/ml of natural
disaccharide with octyl linkage (NDO) conjugated to bovine serum albumin (NDO-
BSA; kindly supplied by John Spencer, Colorado State University, under NIH contract
NOI AI-25469) was used. Serum samples diluted 1/300 in 0.1% BSA were tested in
duplicates. After incubation and washings horseradish peroxidase-conjugated to anti
human IgM (Rockland Immunochemicals, Gilbertsville, PA) was added and incubated.
After washings peroxidase color substrate (KPL, Gaithersburg, MD) was added and the
reaction was quenched by the addition of 1 N H2SO4. The optical density (OD) was
read at 450 nm. Positive responses were defined as an OD of 2x the mean OD of
healthy endemic controls. Results of IgM anti PGL-I serology in each study group are
shown in Table S2.

Comparative genomics and epitope predictions. The amino acid sequences of the M.
leprae proteins evaluated in this study were obtained from the Leproma website

(available at http://genolist.pasteur.fr/Leproma/) and the SANGER CDS Retrieve

Information (available at http://www.sanger.ac.uk/cgi-

bin/yeastpub/get cds?organism=M_leprae) . The percentage of amino acid identity of

each M. leprae protein tested was assessed against homologues in other mycobacteria
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that were revealed by the comparative protein analyses based on complete proteome
databases from other mycobacteria that have the potential to infect humans: M.
tuberculosis, Mycobacterium avium, Mycobacterium smegmatis, Mycobacterium
marinum, Mycobacterium ulcerans, Mycobacterium bovis BCG, Mycobacterium
paratuberculosis and Mycobacterium microti. BLAST UniProt (The Universal Protein

Resource) database (available at_http://www.uniprot.org) was used to compare a given

amino acid sequence with sequences of other proteins from the NCBI database
indicating sequences with identity above 30%. The potential of the selected M. leprae
proteins to present promiscuous MHC class II T cell epitopes was predicted by
PROPRED server (available at http://www.imtech.res.in/raghava/propred/) which uses
a panel of 51 different HLA-DR alleles (HLA-DRB1 and HLA-DRBS) . The prediction

of B cell epitopes containing 16 amino acids in the selected M. leprae proteins was
attained using the artificial neural network based server ABCpred (available at

http://www.imtech.res.in/raghava/abcpred/ABC submission.html) .

Statistical analysis. Exploratory data analysis, including box-plots and scatter plots,
medians and interquartile range (IQR) were used to analyze the IFNy levels and OD of
IgG reactivity among different study and control groups. Proteins that demonstrated
reactivity above the arbitrary cut off (OD >0.3 for IgG ELISA or IFNy secretion
>50pg/ml in WBA) were classified as “immunogenic”. For T cell recognition M.
leprae-specificity was defined according to reactivity of proteins among TT/BT leprosy
patients and at risk HHC, and lack of reactivity among TB and EC groups. For serology
M. leprae specific proteins were recognized by IgG antibodies from leprosy patients
especially BL/LL categories and by lack of recognition by HHC, EC and TB groups.
Statistical significance was assessed by Kruskall-Wallis one way analysis of variance
for comparison of multiple groups and Mann-Whitney for comparison between two
groups. Results were considered statistically significant when p-values < 0.05 were

obtained.
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Results

ML0405, ML2055 and ML2331 proteins elicit leprosy-specific cellular and
humoral responses. Dependent upon their disease presentation, leprosy patients can be
characterized as having strong antibody responses (MB; LL/BL) or strong cellular
responses (PB; TT/BT) against crude M. leprae antigens. It is unclear if these different
patient groups respond to the same or different individual antigens. To address this
question, we compared the antigen-specific immune response of leprosy patients and
controls. When incubated with blood from TT/BT and HHC groups, the ML0405,
ML2055 and ML2331 proteins induced strong IFNy production (Figure 1). The
MLO0405 and ML2055 antigens each induced secretion of IFNy greater than 50pg/ml in
95% (19 of 20) of TT/BT leprosy patients examined. The ML2331 antigen induced
response greater than 50pg/ml IFNy in 85% (17 of 20) of the TT/BT cases examined.
The ML0405 and ML2331 proteins also induced production of IFNy levels above the
50pg/ml cut-off among 80% HHC (16 of 20 cases to each antigen), consistent with this
group being exposed to M. leprae. The ML2055 antigen similarly induced secretion of
IFNy greater than 50pg/ml in 75% HHC (15 of 20 cases). In contrast, with the
exception of one LL/BL patient responding to ML0405 and one EC responding to
ML2055, IFNy responses above 50pg/ml were not observed in the LL/BL leprosy or
control groups (Figure 1).

Although not recognized in terms of IFNy production within WBA with LL/BL
blood, as we previously reported, the ML0405 and ML2331 proteins were well
recognized by serum IgG from LL/BL leprosy group (Figurel) (Duthie et al. 2007).
The ML2055 antigen demonstrated a strong serum antibody reactivity in the LL/BL
patient group (median OD= 1.43; IQR= 1.26) with 58% (26 of 45) sera binding above
the positive threshold (OD >0.3; Figure 1). Antibody responses to ML0405, ML2055
and ML2331 within all other groups analyzed (TT/BT, HHC, TB and EC) were weak or
absent. Taken together, the data indicate that ML0405, ML2055 and ML2331 are
recognized specifically among leprosy patients and contacts, albeit differentially

inducing either antibody or cellular responses.
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Fig.1. Identification of leprosy-specific antigens by cellular and antibody
responses. WBA-IFNy secretion and serum IgG responses were determined for
MLO0405, ML2331 and ML2055. For WBA blood from leprosy patients and controls
were incubated for 24h with ML0405, ML2331 and ML2055 antigens, and IFNy
secretion determined by ELISA. The dotted lines represent the arbitrary cut-off [FNy
above 50 pg/ml. WBA results are presented as box plots encompassing the 25th and
75th percentiles, and the black line within each box indicating the median value, n = 20
per group. IgG ELISA data are shown in scatter plots of individual values for each
individual serum tested, n = 65 per group. The dotted line indicates the calculated cut-
off for positive responses (OD >0.3).

Antigens that stimulate leprosy-specific CMI without specific antibody responses.
Five proteins were found to elicit cellular responses despite not being detected by serum
antibodies. In agreement with our previous findings, antigens ML0840 and ML2044
induced significantly greater IFNy secretion in WBA using blood from TT/BT leprosy
patients than WBA using EC blood (Figure 2) (Duthie et al. 2008). These proteins did
not, however, demonstrate significant antibody reactivity in any of the study groups
(Figure 2). Among the TT/BT patients, IFNy production was induced by incubation
with the ML1632 protein in 80% (16 of 20) cases; by the ML1685 and ML1556
proteins in 75% (15 of 20) cases. Antigen-specific IFNy responses were again induced

in the HHC samples, with 65% HHC (13 of 20) responding to the ML1632 and
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ML1685 proteins, and 25% HHC (5 of 20) responding to the ML1556 protein (Figure
2). Thus, our data identifies five M. leprae proteins (ML0840, ML2044, ML1632,
ML1685 and ML1556) that, despite stimulating IFNy production in WBA using blood
from the TT/BT and HHC groups, are not detected by serum IgG responses of leprosy

patients.

We previously demonstrated that the ML0276 protein induces IFNy secretion
from TT/BT leprosy patient and HHC blood but not from controls (Duthie et al. 2008).
When the ML0276 protein was used in ELISA to detect antibodies, strong serum IgG
reactivity was observed in all study groups (Figure 3). Our data thereby indicate that
although the cellular response to ML0276 is specific to leprosy groups, the anti-
MLO0276 antibody response lacks specificity. Medium values of IFNy produced in WBA
and OD of ELISA tests to detect IgG to the immunogenic M. leprae recombinant
proteins identified in this study, stratified by different study groups are shown in
Additional File 2.

Non-specific cellular responses are observed against many proteins. In contrast
with the leprosy-specific cellular responses of the proteins categorized above, several of
the recombinant proteins tested, in addition to the TT/BT leprosy group, stimulated
IFNy release in the TB or EC groups (ML0022, ML2358, ML2346, ML2380, ML2541,
ML2603 and ML2203) (Figure 4). Of note, the LL/BL leprosy group did not respond to
these proteins. The number of responders to each of these proteins, and the magnitude
of the response, were generally also much lower than those observed for the proteins
that were specifically recognized by TT/BT leprosy group. Despite the presence of

cellular responses, these proteins did not demonstrate IgG reactivity.
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In silico predictions of immune reactivity and specificity are poor. Comparative
analyses of amino acid sequences of the M. leprae proteins evaluated immunologically
were conducted against the predicted proteomes of M. tuberculosis, M. avium, M.
marinum, M. ulcerans, M. bovis BCG (Table 2), M. smegmatis, M. paratuberculosis
and M. microti (Additional File 3). Only the ML2346 protein could be considered M.
leprae unique, with no homologues found in the other mycobacteria species examined
(Table 2). The other M. leprae proteins tested herein possessed an ortholog protein in
other pathogenic mycobacteria, with homology ranging from 29% to 97% (Table 2 and
Additional File 3). This high homology was not, however, associated with a lack of
specificity in ex vivo assays. For example, the ML2331 protein possesses 81%
homology with the Rv3717 ortholog in M. tuberculosis, but this protein was not reactive
with TB patient samples and responses against ML2331 could only be demonstrated in
leprosy patients (or HHC). Thus, despite possessing significant levels of homology
with other mycobacteria species, several M. leprae proteins are only recognized in the
context of leprosy.

Having found widely discrepant levels of reactivity in our immune assays, we
retrospectively compared our results with in silico predictions to determine if
computational analyses could have streamlined the in vivo assays. In general, the
number of predicted B cell and T cell epitopes was directly proportional to the size of
the protein (Table 2). [In silico predictions indicated that each of the proteins tested
contained up to seven promiscuous T cell epitopes, indicating that all had the potential
to be reactive in WBA (Table 2). This prediction clearly contradicts our observation
that more than half of the antigens tested (ML0051, ML0098, ML0176, ML2028,
ML1633, MLO0393, ML0489, ML2655, ML0491, ML0540, ML0810, ML1383,
ML1481, ML2629, ML2659, ML0811 and ML1181) neither induced IFNy secretion
nor showed IgG reactivity (Figure 5). The in silico predictions of HLA binding regions
within an antigen sequence do not predict interactions with the T cell receptor (TCR).
The analyses employed herein were poor to determine the proteins that are targets of the

adaptive immune response of leprosy patients.
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Fig.5. M. leprae proteins that are not reactive in WBA or antibody ELISA. WBA-
[FNy secretion and serum IgG responses were assessed against the proteins ML0051,

ML0098 and MLO176.
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Discussion

Early and accurate diagnosis of leprosy and MDT are considered essential to
disrupt M. leprae transmission and leprosy incidence. Due to the complex and varying
immune responses that characterize leprosy spectrum, it is likely that immune diagnosis
will only be achieved by antigens that specifically induce cellular and humoral
responses (Stefani er al. 2008). Identifying antigens that are targets of the
proinflammatory T cell response could also reveal those that are associated with
limiting M. leprae burden and therefore useful for vaccination. In this study a panel of
recombinant M. leprae proteins was evaluated for the ability to induce CMI and
antibody responses to identify antigens that are specifically reactive in leprosy patients.
Although many antigens were identified as cellular targets by their ability to induce
IFNy secretion in WBA of TT/BT leprosy patients and HHC, a minority of the screened
proteins induced serum IgG responses in BL/LL patients, such that few proteins induced

specific responses across the leprosy spectrum.

In silico analysis predicted the presence of T cell and B cell epitopes within all
of the M. leprae proteins tested in this study. The most promiscuous T cell epitope
predicted was located in ML0405 protein, which was estimated to contain T cell
epitopes recognized by 50 of 51 of HLA-DR alleles along with 24 potential B cell
epitopes. Consistent with this prediction, the ML0405 protein was recognized by [FNy
release in WBA using TT/BT leprosy patient blood and by serum IgG from LL/BL
leprosy patients. However, despite the prediction that all of the evaluated proteins
would possess multiple HLA-DR epitopes, more than half (17 of 33; 52%) of the
proteins were not recognized by leprosy patients or controls. Our results are in
agreement with previous studies that found some of these proteins were not
immunogenic (Araoz et al. 2006b; Araoz et al. 2006a; Dockrell et al. 2000; Duthie et
al. 2007; Duthie et al. 2008; Geluk et al. 2009; Geluk et al. 2008; Geluk and Ottenhoff
2006; Spencer et al. 2005). Although we cannot exclude the possibility that the proteins
investigated were not recognized because individuals with the appropriate HLA were
not recruited, we consider this improbable given the large degree of promiscuity that
was predicted. Several other possibilities could explain the lack of reactivity. Although
we consider it unlikely given the recognition of positive responses to many proteins, the
simplest explanation would be that recombinant expression in E. coli leads to

significantly different folding and processing of proteins than occurs during native
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expression in M. leprae. A more likely possibility is that these proteins, although
present in the genome of M. leprae, may not be translated. Another explanation could
be that limited antigen-presentation or T cell suppression may occur during leprosy in
order to prevent nerve damage via T cell-mediated killing of M. leprae-infected
Schwann cells. We are aware that the softwares employed in this study identify and
predict HLA binding regions from antigen sequences without predicting interactions
with the TCR. Therefore the use of other in silico prediction softwares that also include
the probability of the antigen being processed, presented in the context of a certain HLA

allele and recognized by TCR could lead to different conlusions.

In leprosy endemic regions the high rates of concomitant exposure to M.
tuberculosis and to other non-pathogenic environmental mycobacteria could confound
the determination of M. leprae-specific immune responses. Several of the M. leprae
antigens tested in this study have homologues in other mycobacteria with greater than
50% identity (Table 1). The routine M. bovis BCG vaccination of newborns in leprosy-
endemic countries such as Brazil could stimulate responses that could cross-react with
M. leprae. M. bovis BCG showed high homology with immunogenic M. leprae proteins
(from 62 to 88%) This high homology was not, however, associated with neither cross -
reactivity nor with a lack of specificity. For example, the ML2331 protein possesses
over 80% identity with M. tuberculosis and M. bovis BCG proteins but serological and
cellular responses to this antigen were highly specific to leprosy patients (or at-risk
contacts). Antigen expression levels and bioavailability may determine the immune
dominant antigens of each mycobacterial infection, such that differing responses to
similar proteins may distinguish each disease. As a further demonstration of the limited
ability of in silico predictions to indicate specificity, despite having no identified
homologue in M. tuberculosis, the ML2346 protein induced strong IFNy responses in all
of the study groups, including TB patients. Based on these findings we suggest that, at
present, in silico identification of M. leprae proteins with high identity to other
mycobacterial proteins should not be used as a definitive criterion to exclude them from
further diagnostic or vaccine evaluations.

Several studies have reported antigen-specific cellular and antibody responses
during leprosy, but few studies have consolidated data to determine if particular
antigens are differentially recognized across the disease spectrum (Araoz et al. 2006b;

Araoz et al. 2006a). Araoz et al. described M. leprae recombinant proteins recognized
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by antibodies produced by lepromatous patients that that could also induce CMI among
tuberculoid patients (Araoz et al. 2006b). Some of the proteins analyzed in our study
(ML1632, ML1685 and ML1556) induced strong and specific production of IFNy in
TT/BT and HHC groups, demonstrating their potential application for identification of
those at risk of developing tuberculoid leprosy. These proteins were not, however,
recognized by antibodies from LL/BL patients.

Our parallel screening suggested that the antibody response to M. leprae
recombinant proteins was dependent upon their ability to induce cellular responses, and
indicates only a limited number of M. leprae antigens contained T cell and B cell
epitopes that are immune reactive in the context of disease (ML0405, ML2055 and
ML2331). These antigens could be considered priority diagnostic antigens. In order to
optimize the screening of new M. leprae antigens for leprosy diagnosis, our data suggest
that it may be beneficial to conduct WBA testing before serological assays. If the
protein is not able to induce a T cell response it could be deprioritized from further

testing.

Conclusions

In summary, our results identify new M. leprae antigens that are recognized by
antibody responses of lepromatous patients and cellular responses of tuberculoid
leprosy patients. The identification of IgG-reactive antigens indicates the possibility of
developing an improved serological diagnostic test for leprosy, especially if these
antigens can be incorporated to supplement the current PGL-I based tests (Buhrer-
Sekula et al. 2003; Buhrer-Sekula ef al. 2010). For the diagnosis of tuberculoid leprosy,
our data indicate the WBA 1is a robust, relatively simple and user friendly format with
which to screen and identify new diagnostic antigens. Together, these test formats
would be desirable for field use in leprosy endemic countries and could contribute to the

active detection of leprosy cases before the development of deformities and disabilities.
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Additional File 1. IFNy production in WBA upon stimulation with PHA, MLCwA
and PBS. This figure indicates IFNy production upon stimulation with positive controls
(PHA and MLCwA) and the baseline concentration without any stimulant (PBS alone)
used as negative control.

WBA IFNy medinm values (pg/ml) IgG Serology medinm values (OD)
Protein TT/BT LL/BL HHC EC TE LL/BL TT/BT HHC EC TE
MLO405 153,60 0,93 85,76 0,94 0,71 1432 0,20 0,09 0,03 0,24
ML2331 114,30 8,02 98,32 5,88 279 0,87 0,00 0,00 0,00 0,00
ML2055 143,75 3,08 91,97 2,13 3.19 n,2a 0,01 0,08 0,00 0,01
MLI1685 70,05 4,29 55,35 3,20 4,51 n.25 0,06 0,07 0,06 0,23
ML1632 109,50 13,96 56,66 1,60 1,96 0,27 0,08 0,08 0,03 0,03
ML1556 10,10 2,61 745 0,29 5,38 n.0s 0,03 0,03 0,02 0,02
ML2044 56,00 43,56 4053 8,76 T7.87 0,18 0,14 0,13 0,12 0,12
MLOg840 53,06 47,98 4689 5,07 4,03 0,18 0,13 0,13 0,14 0,21
MLO27§ 62,51 43,08 7697 2,04 1,08 1,93 1,65 0,87 0,43 0.45
ML2541 103,80 0,83 7221 53,29 71,06 0,03 0,01 0,03 0,02 0,05
ML2203 21,03 2,57 2907 65,62 1,37 0,02 0,00 0,00 0,01 0,02
ML2358 113,30 2,56 93,26 53,25 0.06 0,07 0,05 0,05 0,05 0,09
ML234b 123,30 0,47 5820 2689  al,34 0,10 0,13 0,11 0,08 0,08
ML2380 195,70 2,42 84,67 57,87 1,60 0,03 0,05 0,04 0.04 0,06
ML260% 112,90 1,38 45,56 10,13 49,32 0,04 0,07 0,04 0,04 0,06
MLOD22 52,21 0,08 0,31 0,08 49,90 0,04 0.06 0.04 0.04 0,08

Additional File 2. IFNy produced in WBA and OD of ELISA tests to detect I1gG to
Immunogenic M. leprae recombinant proteins. The medium values of IFNy and IgG
ELISA optical density (OD) are shown in all study groups.
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¥ Amine acid identity (orihologous genes)
Gene M. paratuberculosis M. smegmatis M. microti
MLO405 - 32 (MSMEG_0723) T2 (microl30g12.41k)
ML 2331 7T (MAFP _0318) 20 (MISMEG 6221 20 (microd®9c09.q1k)
ML2055 59 (MIAFP_1569) ST(MESMEG_361%) T8 (microTah05. plk)
ML16ES A5 (MAP _1201e) TT(MSMEG_3143) 22 (micro32éal l.glk)
ML1632 7T (WA 1967¢) a4 (MSMEG_4295) 79 (microdd 5l 4.1 k)
ML1556 94 (MIAFP 4142} AT (MSMEG_1395) 24 (ricro36 2h01 gl k)
ML2044 71 (WA _1587c) a6 (MEMEG_3576) 56 {microd425e08.qlk)
MLOZ40 33 (AP _2122) 40 (MSMEG_45336) 43(microdhll.qlka)
WILO276 T2(MAP _QT3T4T) 69 (MSMEG_076%) T2 imicro203hllglk)
ML2541 70 (LIAF_2213) 67 (MSMEG_4391) 68 (micro429g03 qlka)
ML2203 75 (MAF_0641e) T0(MSMEG_5796) T3 (microf1hl12.glk)
ML2358 71 (MIAP_2235) 6l (MSMEG 04117 7 (microd469h02.51 k)
MLZ2346 - - -
ML 2380 a6 (AP 3048:0) 64 (MSMEG _3404) 69 (micro362d02 .41 k)
WL 2603 Té (MIAP 36220 64 (WMSMEG_0220) T4 imicrodl ghié pl k)
KMLO0Z2 a6 (WIAFP_0023e) 59 (MSMEG_0035) 75 (microd73f01 .81 k)

Additional File 3. Percentage of amino acid identity of immunogenic M. leprae
proteins with proteins from other relevant mycobacteria species. Blast Search for
amino acid identity was performed using BLAST Uniprot (http://www.uniprot.org/). (-)
=no homologue found. Locus_tag orthologous genes are indicated within parentheses.
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Abstract

Leprosy is a dermato-neurological infectious disease, caused by Mycobacterium leprae
that can manifest across a wide range of clinical and immunological outcomes.
Leprosy diagnosis is still currently based on clinical manifestations and simple, field-
user friendly tests are needed. This study investigated if biomarkers induced by defined
M. leprae antigens in whole blood assays (WBA) could discriminate active leprosy
patients from at risk contacts. Newly diagnosed, untreated paucibacillary (PB; TT/BT)
and multibacillary (MB; BL/LL) leprosy patients classified by Ridley Jopling and
healthy household contacts of MB patients (HHC) were recruited in central western
Brazil (Goiania/Goias). Blood was incubated with the recombinant antigens ML0276,
ML1623, ML0405, ML1632, 92f and ML1011 for 24 hour, then luminex assays used to
assess secretion of 14 cytokines (eotaxin, IFNy, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70,
IL-15, IL-17A, IL-23, IL-31, IP-10 and TNFa). Among TT/BT patients, besides IFNy,
proteins stimulated IL-2, IL-12p70 and low levels of IL-4. In WBA from LL/BL
patients, higher IL-4 and IL-5 levels were detected, although IL-5 was not produced by
all patients. Higher levels of IL-6, and low but significant levels of IL-15, were also
elicited in BL/LL WBA. HHC produced IL-2, IL-12p70 and IL-4 besides IFNy. While
the secretion pattern from HHC was generally similar to PB patients, the cytokine
pattern of one HHC was similar to MB leprosy. Our data reinforce that IFNy remains
the best biomarker of the cellular immune response of PB leprosy. None of the

biomarkers tested could discriminate leprosy patients from at risk contacts.
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Introduction

Leprosy is a chronic granulomatous disease that affects skin and peripheral
nerves. The disease manifests across a spectrum of clinical, histopathological, and
immunological outcomes, ultimately resulting in nerve damage and irreversible nerve
function impairment (Scollard 2008). Major strides have been taken over the last couple
of decades to eliminate leprosy as a global health problem. The provision of free-of-
charge drug treatments within a WHO-directed program has driven number of
registered cases down from over 15 million in 1985 to approximately 210,000 at the
beginning of 2010. The number of new cases diagnosed per year has, however,
remained relatively stable indicating that new breakthroughs are required to reach the
intended goal of less than 1 case per 10,000 individuals that was originally set for the
year 2000 (WHO 2010).

Diagnosis of leprosy remains based on clinical manifestations and delayed
diagnosis is common due to either misdiagnosis or to lack of access to experienced
clinicians. Estimates on the time delay between the appearance of initial symptoms to a
proper diagnosis range from anywhere between 1 and 3 years in more than 50% of
patients (Chen et al. 2000; De, Vries et al. 1994; Deps et al. 2006). Similar to leprosy,
control of the global TB epidemic depends on the detection and treatment of infected
persons with high risk of developing active disease, but a gold standard for diagnosis of
TB has been lacking (WHO 2010). The tuberculin skin test (TST) that measures in vivo
cell-mediated immunity to the purified protein derivative (PPD) lacks specificity and
antigenic cross-reactivity can lead to false positive results (Martins ef al. 2007). Studies
have evaluated T cell responses of TB patients and BCG-vaccinated individuals to
recombinant proteins and peptides derived from genes found in the RD regions present
in virulent strains of M. tuberculosis and Mycobacterium bovis but absent in all or most
of the BCG vaccine strains (Huebner et al. 1993). Combinations of peptides have
provided a high level of sensitivity and specificity in IFNy T cell assays and there are
now two commercially available IFNy T-cell based assays to diagnose latent TB
(QuantiFERON TB GOLD In Tube (QFN-G-IT), Cellestis Limited, Carnegie, Australia
and T-SPOT TB (T-SPOT®.TB, T-Cell Xtend ), Oxford Immunotec, Abingdon, United
Kingdom). These tests measure the release of IFNy by blood T cells that have been
activated in vitro by M. tuberculosis specific antigens resulting in a more specific
response than the TST for the diagnosis of latent TB (Connell et al. 2006; Menzies et al.
2007; Park et al. 2009; Simsek et al. 2010). Cell-mediated interferon-y release assays
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(IGRA) are now recommended for the diagnosis of latent tuberculosis (TB) (Mazurek
&Villarino 2003).

One hurdle that may complicate diagnostic test development for leprosy is the
variable and dichotomous nature of immune responses of patients. Lepromatous leprosy
(LL), borderline lepromatous (BL) and borderline borderline (BB) patients, which are
considered as multibacillary forms (MB) for treatment purposes, demonstrate strong
humoral immune responses. On the other end of the spectrum, borderline tuberculoid
(BT) and tuberculoid (TT) patients, classified for treatment purposes as paucibacillary
leprosy (PB), present with cellular responses to crude M. leprae antigen preparations
(Britton et al. 1987; Dockrell et al. 2000). Strong antibody responses observed in MB
patients make them amenable to diagnosis by simple rapid serologic tests (Duthie ef al.
2007; Oskam et al. 2003). PB patients produce low antibody levels but typically
possess strong cell mediated immunity, allowing diagnosis based upon cellular immune
reactivity (Araoz et al. 2006a; Dockrell et al. 2000). Advances in the genomic and
proteomic knowledge regarding M. leprae and other mycobacteria have prompted the
discovery of novel diagnostic antigens in the research setting. Recent reports have
described M. leprae recombinant proteins capable of inducing cellular immunity among
PB leprosy (Araoz et al. 2006b; Geluk et al. 2009; Geluk et al. 2010). Our previous
studies identified several antigens that stimulated IFNy secretion when incubated with
whole blood from TT/BT leprosy patients but not LL/BL leprosy patients or control
individuals (Duthie ef al. 2008).

Similar to the IGRA already available for TB, efforts have been made to develop
a cell-mediated [FNy-based test to diagnose PB leprosy as well as early asymptomatic
disease. However a complicating factor for the development of such tests for the
diagnosis of early leprosy is that M. leprae-exposed individuals, such as healthy
household contacts (HHC) of MB patients, respond to the same antigens by secreting
[FNy (Araoz et al. 2006b; Geluk ef al. 2009; Geluk et al. 2010). This feature limits the
ability of these assays to discriminate the active PB forms (TT and BT) of leprosy from
exposed at risk contacts/ early asymptomatic forms (HHC). It was unclear from those
previous studies if antigen-specific production of other cytokines could distinguish PB
leprosy patients from HHC.

The goal of this study was to identify at the cytokine level biomarkers that could

discriminate the immune response of PB leprosy and at risk contacts. T cell reactivity
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among leprosy patients and at risk contacts was explored by determining the cytokine

profiles induced by defined M. leprae recombinant proteins.

Materials and Methods

Study participants. Newly diagnosed, previously untreated leprosy patients were
recruited at a main outpatient clinic in Central-Western Brazil (Centro de Referéncia em
Diagnostico e Terapéutica, Goiania, Goias State). All leprosy patients were given
complete dermato-neurological evaluations at the time of recruitment by a dermatologist
with expertise in leprosy diagnosis. Leprosy patients were then further classified
according to Ridley-Jopling criteria, taking into account clinical, bacilloscopic index
(BI) and histopathological findings (Table 1). Healthy household contacts of MB
patients (HHC) were symptom-free individuals living in the same house as the MB
index case for at least 6 months prior to recruitment. HHC are presumed to be regularly
exposed to M. leprae and has an increased risk of developing leprosy versus the general
population (Bakker ez al. 2006; Fine et al. 1997; Goulart et al. 2008). The coverage of
neonatal M. bovis BCG vaccination in this region is almost 100% and all study
participants had BCG scar. This study was approved by local and national ethics
committee (CONEP, protocol # 156/2008) and participants were included after signing

the appropriate informed consent forms.

Whole blood assay (WBA). WBA was performed as previously described (Duthie et
al. 2008). Briefly, within 2 hours of collection, venous undiluted heparinized whole
blood (Greiner) was plated into 24-well plates (450 pl/well; Sigma, St. Louis, MO) and
incubated with stimulants for 24 hours at 37°C 5% CO,. Each assay included
stimulation with 10pug/ml of individual M. leprae recombinant proteins, ML0276,
ML1623, ML0405, ML1632 and 92f based on previous data indicating their
immunogenicity and capacity to induce specific cell mediated immune response
detected only among PB leprosy and at risk contacts. The ML1011 antigen which was
previously shown not to be immunogenic was used as negative control. Endotoxin
levels within each protein preparation were measured by Limulus Amebocyte Lysate
QCL-1000 (Lonza Inc., Basel, Switzerland) assay and were all < 100 EU/mg protein.
Blood was also stimulated with PBS alone or the ML1011 protein as negative controls.
Approximately 150ul plasma was collected and stored at -20°C until assay for cytokine

content.
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Multiplex determination of cytokine production. Luminex assays were custom
developed upon request by Panomics (now Affymetrix), Fremont, CA. These 14-plex
assays assessed the content of the cytokines eotaxin, [FNy, IL-2, IL-4, IL-5, IL-6, IL-10,
IL-12p70, IL-15, IL-17A, IL-23, IL-31, IP-10 and TNFa. Assays were performed
according to the manufacturer’s instructions, with detection across a range of 1-10,000

pg/ml.

Statistical analysis. Exploratory data analysis, including box-plot and scatter plot,
medians and interquartile range (IQR) were used to analyze the cytokine levels among
different study groups. Statistical significance was assessed by Kruskall-Wallis one way
analysis of variance for comparison of multiple groups and Mann-Whitney for
comparison between two groups. Results were considered statistical significant when p-

values < 0.05 were obtained.

Results

Main characteristics of the study groups.

Ten participants were recruited per group and the composition of each group is shown
in Table 1. Among PB leprosy patients (TT or BT) females predominated and the
median age of PB patients was lower than among MB patients (BL or LL) in which
males prevailed. All PB leprosy patients had negative baciloscopy, while MB leprosy
patients had a median BI = 3.0 (0.5-6 range). Ten healthy household contacts (HHC) of
3 recently diagnosed BL leprosy index patients with median BI = 3.0 (2-3 range) were
also included. The median age of HHC was similar to the median age of the PB group.
Seven out of ten HHC were consanguineous (offspring and parents) with the index case
and the remaining three contacts were married with the index case. The median time of
residing in the same house as the MB index case was 15 years, ranging from 4 to 40

years.

77



Table 1. Composition of study groups

Study group Ridley & Joplin Median Age
(n) Classification Sex (F/IM) (min/max)
TT/BT (10) (3 TT /7 BT) (6/4) 35 (19-69)
BL/LL (10) (6BL /4LL) (4/6) 51 (22-73)
HHC (10) n/a (5/5) 36 (18-69)

Sex F- female; M- male; n/a- not applicable; TT/BT-Tuberculoid/Boderlne tuberculoid
leprosy patients; BL/LL- Boderline lepromatous/Lepromatous leprosy patients; HHC-
Lepromatous house hold contact; Min- minimum; Max-maximum.

Cytokine profiles of the antigen-specific responses of TT/BT leprosy patients. As
expected based on previous IFNy detection by ELISA on WBA plasma from TT/BT
leprosy patients, antigen-specific IFNy was readily detected using the multi-analyte
luminex platform. In agreement with our previous observations, significantly more
[FNy was produced when blood from TT/BT patients was incubated with each protein,
with the exception of ML1011 (Figure 1). The 92f protein stimulated the greatest IFNy
levels (Figure 1A; mean 217 pg/ml, range 170-290 pg/ml), with responses of all 10
TT/BT patients well above the detected baseline (PBS) levels (mean 49 pg/ml, range
29-71 pg/ml). A clear distinction of the antigen-stimulated from PBS-control samples
could also be made following incubation with the ML1623 protein (Figure 1A; mean
171 pg/ml, range 118-269 pg/ml). The multi-analyte results confirm that TT/BT
leprosy patients can produce IFNy in response to these proteins.

To determine if other cytokines could provide a stronger signal over baseline,
both the pro-inflammatory and anti-inflammatory cytokines were analyzed. Of the
additional cytokines analyzed, only IL-2, IL-4 and IL-12p70 were stimulated during
incubation of TT/BT patient blood with the various proteins (ML0276, ML1623,
ML0405, ML1632, 92f; Figure 1 and data not shown). Although the M. leprae proteins
stimulated increases in each patient (Figure 1B), only the ML1632 (mean 74 pg/ml,
range 61-91 pg/ml) protein increased IL-2 secretion of all 10 TT/BT patients to levels
above all 10 of the baseline values (mean 43 pg/ml, range 24-58 pg/ml). For IL-12p70,
the clear distinction of the PBS-control samples (mean 29 pg/ml, range 18-41 pg/ml)
from stimulated samples was achieved with the ML0276 (mean 62 pg,/ ml, range 43-88
pg/ml), ML1623 (mean 61 pg/ml, range 43-89 pg/ml) and ML0405 (mean 58 pg/ml,
range 42-77 pg/ml) proteins. Although IL-4 levels were significantly elevated when
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stimulated with ML0276, ML1623 and 92f proteins (from a baseline mean 9 pg/ml to

means of 13, 13 and 14 pg/ml, respectively), the levels produced were extremely low.
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Figure 1. Antigen-specific cytokine responses of TT/BT leprosy patients. Blood
from newly diagnosed TT/BT leprosy patients was incubated with recombinant antigen
(10pg/ml) for 24 hours, then plasma was removed and subjected to multi-analyte
analysis by luminex assay. In (A), the concentration of cytokine in each plasma was
determined. Results are presented as box and whisker plots, with the boxes
encompassing the 25th and 75th percentiles, and the black line within each box
indicating the median value, n = 10 per group. In (B), the per cent change in cytokine
produced upon antigen stimulation relative to PBS-stimulated (basal) levels for each is
plotted. Each patient is represented by a different symbol.
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Cytokine profiles of the antigen-specific responses of LL/BL leprosy patients.
Antigen-specific T cell responses were also evaluated in LL/BL leprosy patients that
demonstrate potent antibody responses. We anticipated that these patients would
respond to antigen stimulation with cytokines characteristic of the humoral response. In
agreement, the pro-inflammatory cytokines detected upon incubation with TT/BT
patient blood (IL-2, IFNy, IL-12p70) were not produced by incubating LL/BL patient
blood with any of the M. leprae proteins (data not shown). Significantly more IL-4,
however, was produced when blood from LL/BL patients was incubated with each
protein, with the exceptions of ML1632 and ML1011 (Figure 2). None of the
stimulatory proteins, however, generated 1L-4 responses that could distinguish all of the
LL/BL patients above the baseline levels (mean 27 pg/ml, range 6-68 pg/ml). The
greatest 1L-4 levels were stimulated by ML0276 (mean 73 pg/ml, range 23-182 pg/ml)
and ML1623 (mean 71 pg/ml, range 21-181 pg/ml). Similar to IL-4, a clear distinction
of the antigen-stimulated from PBS-control samples could not be made using IL-5 as a
measure of response. Although incubation with the ML0276, ML1623 and ML0405
proteins significantly elevated IL-5 secretion, the amount produced in some samples
was still below the highest baseline level detected (Figure 2). IL-10 production was not
detected in response to any of the proteins (data not shown). Significantly elevated
levels of IL-6 were induced upon incubation of LL/BL patient blood with the ML0276,
ML1623, ML0405 and 92f proteins. Low, but significant, levels of IL-15 were also
elicited by incubation with ML0405 and 92f. These results indicate that a weak Th2
response can be detected in LL/BL leprosy patient blood following incubation with the

selected proteins.

Cytokine profiles of the antigen-specific responses of HHC. Finally, previous studies
have indicated that the antigen-specific IFNy responses of HHC are similar to those of
TT/BT leprosy patients (Duthie et al. 2008, Sampaio et al. 2011). Therefore, to
determine if HHC could be distinguished from TT/BT patients by the secretion of other
cytokines, blood from HHC was stimulated with the same antigens and plasma
subjected to luminex assay. Nine of ten HHC demonstrated strong and significant IFNy
responses to all proteins that induced responses in TT/BT patients (Figure 3). Those
contacts also responded similar to TT/BT patients in respect to IL-2, IL-12p70 and IL-4
production (Figure 3). For the HHC that did not demonstrate an antigen-specific IFNy
response, incubation with ML0276, ML1623, ML0405 and ML1632 did stimulate 1L-4,
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IL-5 and IL-15 secretion (Figure 4). Unlike the responses of any other study participant,
this HHC secreted eotaxin in response to antigen stimulation (ML0276, ML1623 and

ML0405).
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Figure 2. Antigen-specific cytokine responses of LL/BL leprosy patients. Blood from newly
diagnosed LL/BL leprosy patients was incubated with recombinant antigen (10pg/ml) for 24 hours,
then plasma was removed and subjected to multi-analyte analysis by luminex assay. In (A), the
concentration of cytokine in each plasma was determined. In (B), the per cent change in cytokine
produced upon antigen stimulation relative to PBS-stimulated (basal) levels for each is plotted. Each
patient is represented by a different symbol.
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Figure 3. Antigen-specific cytokine responses of HHC.
incubated with recombinant antigen (10ug/ml) for 24 hours, then plasma was removed
and subjected to multi-analyte analysis by luminex assay. In (A), the concentration of
cytokine in each plasma was determined. Results are presented as box and whisker

plots, with the boxes encompassing the 25th and 75th percentiles, and the black line
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Blood from HHC was

within each box indicating the median value, n = 10 per group. In (B), the per cent
change in cytokine produced upon antigen stimulation relative to PBS-stimulated
(basal) levels for each is plotted. Each patient is represented by a different symbol.
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Figure 4. Antigen-specific cytokine responses of a HHC presenting with a distinct
profile. Blood from HHC was incubated with recombinant antigen (10pg/ml) for 24
hours, then plasma was removed and subjected to multi-analyte analysis by luminex
assay. The concentration of cytokine elicited in response to antigen was determined,

and each antigen is represented by a different symbol.

Discussion

Although a large decline in the global prevalence of leprosy has been achieved
over the last two decades, the detection rate for new cases in many regions remains
above the threshold targeted within the WHO campaign (WHO 2010). Thus, even in
2010, leprosy remains an important public health problem in many countries. At
present, leprosy diagnosis is classically achieved by clinical exam. It is evident that
earlier diagnosis is critical for a further reduction in the sources of transmission and to
prevent severe manifestations and disabilities. Our data provide evidence that antigen-
specific IFNy secretion is currently the best biomarker of tuberculoid type leprosy (TT
and BT cases) and demonstrate that the same antigens promote IL-4 secretion from
lepromatous leprosy (LL, BL and BB cases) patient blood. Our results also demonstrate
that while most HHC have antigen-specific responses qualitatively similar to
tuberculoid patients some HHC may respond like lepromatous patients.

While antibodies may provide a rapid and simple tool to evaluate for changes in
bacterial load during treatment, antibody responses of TT/BT leprosy patients are
generally weak, and those antigens that are recognized, are not recognized consistently

across the TT/BT patient population (Cho et al. 2001; Duthie et al. 2007). On the other
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hand, TT/BT patients typically possess cellular responses against M. leprae (Araoz et
al. 2006b; Geluk et al. 2009; Geluk et al. 2010). Until recently, however, few proteins
had been demonstrated to be reactive in a significant proportion of the TT/BT
population and even fewer demonstrated specificity to leprosy patients. We recently
identified a number of proteins that elicit IFNy secretion upon incubation with TT/BT
leprosy patient blood, but not when incubated with blood from tuberculosis patients and
healthy endemic controls (Sampaio et al. 2011). A concern regarding the use of these
assays to diagnose tuberculoid leprosy patients is that, in the context of IFNy secretion,
they cannot differentiate patients from HHC (Araoz et al. 2006b; Geluk et al. 20009;
Geluk et al. 2010). The data presented here confirm that IFNy, and an additional 13
cytokines/ chemokines analyzed, could not differentiate the antigen-specific responses
of tuberculoid leprosy patients and the majority of HHC.

The cytokine/chemokine multiplex technology has proven useful in leprosy
studies identifying possible biomarkers of type I (T1R) and type II (T2R) reactions as
well as biomarkers of the T cell responses estimulated by M. leprae-peptides in short
term WBA. The nested case-control study among T1R, T2R leprosy patients described
elevations of plasma CXCL10/IP-10 and IL-6 in TIR patients and IL-6, IL-7 and
PDGF-BB elevation in T2R (Stefani ef al. 2009). In the T cell responses to M. leprae
peptides the search for other candidate biomarkers of activation in WBA in the presence
or absence of IL-12 included 17 cytokines/ chemokines tested in multiplex assays.
Increase in cytokine production was significant only for IFNy, not for IP-10/CXCL10
(Geluk et al. 2010).

The IgG response to protein antigens suggests T cell responses have been elicited
in LL/BL leprosy patients, although these patients are typically considered anergic
because of their lack of T cell response to crude antigen (Britton et al. 1987; Molloy et
al. 1990). Indeed, we recently demonstrated that several antigens recognized by IFNy
secretion by PB patients are recognized by the antibody response of MB patients
(Sampaio et al. 2011) We therefore believed that antigen-specific T cell responses could
also be revealed in MB patients by analysis of appropriate cytokines. In response to
antigen stimulation, we observed secretion of Th2-associated (IL-4 and IL-5) cytokines
from MB patient blood. IL-4, via upregulation of CD209, has been implicated in
Schwann cell entry by M. leprae, and thus the antigen-specific response of MB patients
may actually perpetuate infection (Teles et al. 2010). Intriguingly, one of the ten HHC
examined produced IL-4 and IL-5, but not IFNy, in response to antigen. While we
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acknowledge that larger sample size is necessary to validate our results and larger HHC
cohorts and follow-up of such individuals are required to determine the true prognostic
value of these results, it is tempting to speculate that this HHC may be predisposed to,
or may in fact be in the early stages of developing, the lepromatous form of leprosy.

We were surprised to detect secretion of cytokines such as IL-12 and IL-15, as
these cytokines are typically secreted from antigen presenting cells. It is possible that
these cytokines produced by antigen presenting cells were induced either indirectly
through antigen-specific activation of T cells leading to feedback and stimulation or
directly by an endotoxin contamination of the protein preparation. We consider the
latter possibility unlikely because all of the proteins evaluated possessed low levels (<
100 EU/mg) and neither the control protein ML1011 nor ML1632 stimulated IL-12p70
or IL-15 secretion from TT/BT or LL/BL patient blood, respectively. Another surprise
was the differential secretion of the cytokines IL-2 and IL-15 in the PB/HHC and MB
groups. Both IL-2 and IL-15 serve as T cell growth factors and are able to facilitate
production of antibodies. Different roles can be observed in adaptive responses, where
[L-2 can participate in the maintenance of regulatory T cells and the reduction of self-
reactive T cells, and IL-15 maintains highly specific T cell responses by supporting
survival of memory CD8 T cells (Rochman et al. 2009). How, or even if, these
different roles could influence leprosy is unclear. IL-2 is one of the most abundant
cytokines secreted from Thl cells, and antigen-specific IL-2 secretion is therefore
consistent with the Thl response being the predominant immune phenotype in
tuberculoid leprosy patients (Gor et al. 2003; Misra et al. 1995). Conversely, IL-15 has
been shown to induce IL-4Ra expression, which indicates that it might be able to prime
T cells for Th2 cell differentiation. This is consistent with involvement of IL-15 in the
predominant Th2 immune phenotype observed in lepromatous leprosy patients (Liao et
al. 2008).

Our results corroborated with previous studies and presented a great similarity
between the ex vivo cytokines response stimulated with M. leprae recombinant proteins
and in situ cytokines production in leprosy patients. Those previous studies showed a
large amount of IL-4, IL-5 and IL-6 mRNA in LL/BL leprosy patients (Misra et al.
1995; Sieling and Modlin 1994; Yamamura et al. 1991). The cytokine IL-15, which
was produced by LL/BL patients in our study, was not investigated in previous in situ
cytokine mRNA studies. Although previous investigations have found high levels of
IL-10 in situ (Sieling and Modlin 1994), we did not find an increase of this cytokine in
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WBA of LL/BL patients. Similarly to our results, previous studies of cytokine mRNA
in situ in TT/BT leprosy patients showed especially the production of IL-2, IL-12 and
[FNy (Misra et al. 1995; Sieling and Modlin 1994; Yamamura et al. 1991).

Our data suggest that antigen-specific IFNy secretion could be used as an
indicator of M. leprae exposure or infection that is progressing along the tuberculoid
pole, whereas IL-4 or IL-5 could be used as an indicator of M. leprae exposure or
infection that is progressing toward the lepromatous pole. These data can be used to
inform new diagnostic initiatives with the intent of identifying highly at-risk individuals
and providing differential leprosy diagnoses/ prognoses. It is hoped that the
development and application of a simple, user and field friendly diagnostic test for the

early detection of leprosy will help leprosy control programs.
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7. DISCUSSAO GERAL

No contexto da eliminacdo da hanseniase como problema de satde publica no
mundo, o diagndstico precoce de todas as formas clinicas juntamente com a MDT sao
cruciais para diminuir a transmissdo e a progressdo da doencga. O tratamento precoce
contribui para reduzir as deformidades e incapacidades permanentes caracteristicas de
doenca avancada. Entretanto para introduzir o tratamento precoce € preciso que o
diagnodstico também seja feito precocemente. Apesar do agente causador da hanseniase
ter sido o primeiro patdgeno associado a infeccdo humana descrito, ainda hoje o
diagnostico da doenga se baseia em sinais e sintomas. Pacientes com hanseniase PB
apresentam, do ponto de vista clinico, poucas lesdes cutdneas que sdo geralmente
pequenas, hipocromicas ou eritematosas, com limites bem definidos (Ridley and Jopling
1966). O diagndstico diferencial destas manifestagdes cutaneas pode ser dificultado,
pois as lesdes sdo facilmente confundidas com outras doengas de pele. Esta dificuldade

pode levar ao sub-diagnéstico ou até mesmo a erros no diagnostico da hanseniase.

Na auséncia de sinais clinicos patognomodnicos, o diagndstico de certeza de uma
doenga infecciosa pode ser realizado pelo achado do patdgeno nos tecidos dos
hospedeiros (Bravo and Procop 2009). O exame histopatologico da lesdo tuberculdide
geralmente mostra a formagdo de um granuloma robusto, com células epitelioides,
multiplas células fagocitarias mononucleares e linfocitos entre a derme e epiderme
basal. Porém o achado de bacilos, crucial para a defini¢do do diagndstico da hanseniase,
dificilmente ocorre nos cortes histoldgicos de pacientes tuberculdides (Ridley and
Jopling 1966). O resultado do exame baciloscopico de raspado intradérmico desses
pacientes também se mostra geralmente negativo (Bloom 1998).  Desta forma o
diagnostico de certeza da hanseniase PB pode ser dificultado pela escassez de sintomas
clinicos e pela baixa sensibilidade dos testes laboratoriais para identificar o M. leprae
em bidpsia de lesdo de pele e em raspado intradérmico. Nas duas Gltimas décadas varios
estudos focaram abordagens para o diagnostico molecular da hanseniase pela
amplificacdo de diferentes genes do M. leprae por reagdao em cadeia da polimerase (ML-
PCR) (Santos et al. 1995; Sousa et al. 2007, Williams & Gillis 1991). Em geral os
resultados destes estudos indicaram que diferentes ensaios de ML-PCR se mostraram
extremamente especificos, porém pouco sensivel para as formas PB. Neste contexto,

estudos como este, que pesquisam novos antigenos e o desenvolvimento de testes para
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diagnostico laboratorial da hanseniase paucibacilar, representam uma prioridade na

pesquisa da hanseniase.

Levando-se em conta a dificuldade em se confirmar a hanseniase PB pelo
achado direto do M. leprae ou do seu material genético por PCR, a aplicagdo de
métodos sorologicos para o diagnostico da hanseniase PB também tem sido investigada.
Meétodos sorologicos utilizam amostras bioldgicas menos invasivas e sdo considerados
de simples execuc¢do, rapidos e de baixo custo operacional. O teste sorologico melhor
padronizado e mais utilizado para hanseniase ¢ a pesquisa de anticorpos IgM anti PGL-
[, que ¢ um antigeno especifico do M. leprae. Diversos estudos indicaram que a
sorologia anti PGL-I apresenta alta especificidade e sensibilidade para pacientes MB.
Entretanto a sorologia anti PGL-I apresenta baixa sensibilidade para pacientes PB, pois
estes apresentam classicamente resposta imune celular do tipo Thl ao M. leprae
(Buhrer-Sekula et al. 2003; Cellona et al. 1993; Douglas et al. 1992). Vérios outros
estudos pesquisaram a reatividade sorologica de pacientes com hanseniase a outros
antigenos, como proteinas secretadas ¢ recombinantes do M. leprae (Araoz et al. 2006;
Duthie et al. 2007; Klatser et al. 1997; Reece et al. 2006). Estes estudos empregando
antigenos protéicos do M. leprae reafirmaram a baixa sensibilidade dos testes
sorologicos para o diagndstico da hanseniase PB. Os resultados do presente trabalho,
que também avaliou a reatividade humoral a proteinas recombinantes do M. leprae,
confirmaram a resposta baixa ou ausente de anticorpos em pacientes PB. Analisando
estes resultados em conjunto concluimos que dificilmente serdo desenvolvidos testes
soroldgicos sensiveis para o diagndstico das formas PB da hanseniase, pois estes
pacientes ndo produzem anticorpos contra os antigenos do M. leprae ou o fazem em

baixa concentracao.

A resposta imune na hanseniase apresenta natureza dicotOmica, na qual
pacientes PB apresentam resposta imune humoral fraca ou ausente ¢ forte resposta
imune celular a antigenos do M. leprae, enquanto pacientes MB apresentam forte
produgdo de anticorpos e baixa resposta celular. Neste contexto, varios grupos passaram
entdo a explorar a reatividade imune celular induzida a peptideos e proteinas do M.
leprae em ensaios ex vivo utilizando PBMCs de pacientes PB (Dockrell et al. 2000;
Geluk et al. 2009; Geluk et al. 2008; Spencer et al. 2005). Esses estudos demonstraram
alguns peptideos imunogénicos e indutores resposta imune celular, com potencial

aplicabilidade no diagnéstico de pacientes PB. Entretanto além de especifico e sensivel,
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um teste laboratorial para diagnéstico deve ser de baixo custo, rapido, reprodutivel e de
simples execucdo. A separacdo e cultura de PBMCs depende de laboratério com
equipamentos e reagentes laboratoriais de alto custo além de pessoal técnico altamente
treinado. Estes fatores dificultariam a sua realizacdo em rotina como teste diagnostico.
Nesse sentido, o ensaio de sangue total (EST) foi proposto como uma alternativa mais
simples para se avaliar resposta imune celular ex vivo. O uso de sangue total ndo diluido
parece ser uma abordagem mais usual e mais facilmente aplicavel que a utilizagcdo de
PBMCs para o desenvolvimento de um teste diagndstico. O EST exige menor
manipulagdo, diminuindo o risco de contaminagdo e ndo requer separacao de células, o
que diminui os custos do teste. Nosso grupo tem pesquisado a resposta imune celular,
avaliada pela capacidade de estimular IFNy, a varias proteinas recombinantes do M.
leprae em pacientes com hanseniase e controles com tuberculose e individuos saudaveis
de area endémica. Os resultados do presente estudo comprovam que a pesquisa de IFNy
em EST ¢ um teste robusto, relativamente simples ¢ eficiente, que pode potencialmente
ser empregado para o diagnoéstico da hanseniase PB. Esse formato de teste seria
desejavel para uso de rotina em paises endémicos e poderiam contribuir para a deteccao
ativa de casos de hanseniase paucibacilar, antes do desenvolvimento de deformidades e

incapacidades fisicas.

Como existe uma enorme homologia entre o proteoma do M. leprae e o
proteoma de outras micobactérias, estudos mostraram que o uso de peptideos pode
resultar em melhor especificidade do teste comparado a proteinas. Esta abordagem
permitiria o uso de porg¢des antigénicas ndo existentes em outras micobactérias, evitando
assim uma possivel reatividade cruzada. Um estudo multicéntrico do consorcio
internacional de pesquisa IDEAL, do qual nosso grupo participou, avaliou a reatividade
imunologica frente a estimulagdo com 22 peptideos do M. leprae. Este estudo mostrou
que os peptideos selecionados ndo induziram a produgdo de IFNy em EST de pacientes
com hanseniase PB (Geluk et al. 2009). Estudo posterior mostrou que peptideos do M.
leprae requerem a adi¢do de IL-12 recombinante para induzir a producdo de IFNy em
EST de pacientes com hanseniase PB (Geluk ef al. 2010). No entanto, a adi¢do de IL-12
aumentaria ainda mais os custos de um possivel teste com potencial aplicabilidade no
diagnostico de rotina da hanseniase PB. Além disso, a IL-12 pode estimular de forma
inespecifica a producao de IFNy por células T e NKs contidas no sangue periférico do

paciente (Lee et al. 1998). Tais fatores limitam a adi¢do dessa citocina no EST com
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peptideos do M. leprae na tentativa de desenvolvimento de um teste laboratorial para
diagnostico da hanseniase PB. A dificuldade em se identificar peptideos que induzam
resposta imune celular em sangue total diminui muito a possibilidade do uso de
peptideos do M. leprae em formato de um teste simples. Adicionalmente estes
resultados refor¢cam a importancia de estudos como este, que pesquisou a potencial

aplicabilidade de proteinas recombinantes no diagnodstico da hanseniase PB por EST.

De acordo com a resposta imune celular a antigenos recombinantes do M.
leprae observada em pacientes com hanseniase e controles as proteinas recombinantes
do M. leprae que foram testadas apresentaram diferentes padrdes de resposta. Baseados
na reatividade imune mensurada pela producao de IFNy, propusemos a categorizagao
das proteinas do M leprae em trés grupos. Os seguintes grupos foram propostos:
“Proteinas Imunogénicas e Indutoras de Resposta Imune Celular Especifica”, “Proteinas
Imunogénicas e Indutoras de Resposta Imune Celular Nao Especifica” e “Proteinas Nao
Imunogénicas”. Estudos anteriores sobre a resposta imune celular baseada na produgdo
de IFNy a outras 47 proteinas recombinantes do M. leprae também mostraram
classificagdo semelhante (Dockrell et al. 1989; Dockrell et al. 1996; Dockrell et al.
2000, Spencer et al. 2005, Araoz et al. 2006, Araoz et al. 2005 Geluk et al. 2005, Geluk
et al. 2006, Geluk et al. 2009).

Nossos resultados com EST e proteinas recombinantes mostraram que a maior a
producao de IFNy em resposta a proteinas imunogénicas foi observada nos grupos de
pacientes com hanseniase PB e em contactantes de pacientes com hanseniase MB
(HHC). Esse padrao de reatividade ¢ semelhante ao padrao observado em outros estudos
que pesquisaram a resposta imune celular a proteinas recombinantes do M. leprae em
pacientes e controles de diferentes regides do planeta. Em geral, todos os estudos
mostraram que pacientes PB e contactantes de MB respondem com maior intensidade a
estimulagdo aos antigenos do M leprae (Araoz et al. 2006, Geluk et al. 2005, Geluk et
al. 2009). Contatos domiciliares de pacientes com hanseniase multibacilar t€m um risco
aumentado de adoecimento e podem representar casos inicias da doenga, antes mesmo
do aparecimento dos primeiros sinais e sintomas da hanseniase (Bakker et a/ 2006; Van
Beers et al 1999). Nao se sabe o real significado desta forte resposta imune celular as
proteinas recombinantes do M. leprae em contactantes sendo dificil predizer se estes
individuos apresentam resposta imune protetora ou se estdo com infecg¢do subclinica

(Araoz et al. 2006). Estudo de coorte com seguimento de longo prazo com contatos

90



domiciliares que apresentam resposta imune a proteinas recombinantes do M. leprae
podera determinar se essa resposta antigeno-especifica de HHC ¢ devido a uma infec¢do

sub-clinica ou simplesmente uma resposta imune protetora contra a hanseniase.

O uso de testes com base na secrecdo de IFNy em resposta a proteinas
recombinantes ndo permite discernir os pacientes PB de HHC (Araoz et al. 2006b;
Geluk et al. 2009; Geluk et al. 2008). Porém a pesquisa adicional de outras 12
diferentes citocinas/quimiocinas realizada em nosso estudo também ndo conseguiu
diferenciar as respostas antigeno-especifica de pacientes com hanseniase PB e da
maioria dos HHC. Curiosamente, um dos dez HHC examinados produziu 1L-4 e IL-5,
mas nao IFNy em resposta as proteinas recombinantes. Reconhecemos que um estudo
com um numero maior de amostras seja necessario para determinar o verdadeiro valor
prognostico desses resultados. No entanto, ¢ possivel especular que este Unico
contactante que produziu IL-4 ¢ IL-5 em resposta as proteinas recombinantes, pode ser
uma paciente MB sub-clinico ou no minimo que este contactante esteja mais

predisposto ao desenvolvimento da forma lepromatosa da hanseniase.

De acordo com os resultados das andlises in silico, o alto grau de homologia de
grande parte das proteinas testadas em nosso estudo em relacdo ao proteoma de outras
micobactérias parece nao interferir na especificidade das respostas de pacientes com
hanseniase PB. Por exemplo, a ML2331, apesar de ter 81% de identidade com o seu
homologo TB, induziu resposta imune celular apenas nos grupos PB ¢ HHC. Em
contraste, a ML0398, que n3o tem homologo no M. tuberculosis, induziu fortes
respostas [FNy em todos os grupos testados, incluindo pacientes com TB. Segundo
nossas analises, as proteinas imunogénicas e indutoras de resposta especifica tém
homologia que variam de 0 a 83% com alguma proteina do M. tuberculosis e M. bovis.
E importante destacar que apesar do alto percentual de homologia apresentada, as
proteinas imunogénicas ¢ indutoras de resposta imune especifica ndo demonstraram
reacdo cruzada com pacientes do grupo TB nem entre individuos do grupo CE, cujos
integrantes eram vacinados com BCG. Nossos resultados sugerem que, ao contrario do
que defende outros estudos (Geluk et al. 2009; Geluk et al. 2005), previsoes in silicio
devem ser usadas com muita cautela na tentativa de prever a especificidade na triagem

de antigenos com potencial aplicabilidade diagnostica.

Andlises in silico de imunogenicidade realizadas em nossos estudos previram a

presenga de epitopos de células T em todas as proteinas do M. leprae testadas. No
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entanto, apesar da previsdo de que todas as proteinas avaliadas seriam imunogénicas
pois possuiriam varios epitopos de HLA-DR, mais da metade das proteinas avaliadas
(27 de 43) nao foi reconhecida por células T periféricas de pacientes com hanseniase ou
controles. Nossos resultados estdo de acordo com estudos anteriores, que mostraram
que grande parte das proteinas recombinantes do M. leprae ndo sdo imunogénicas
(Araoz et al. 2006b; Geluk et al. 2009; Geluk et al. 2008, Geluk e Ottenhoff 2006).
Virias possibilidades poderiam explicar a falta de reatividade. Uma possibilidade mais
provavel € que essas proteinas, embora presentes no genoma do M. leprae, possam nao
ser traduzidas. Outra explicacdo poderia ser a supressao de células T a fim de evitar
danos nos nervos pela morte de células de Schwann infectadas pelo M. leprae. Nao
podemos excluir, ainda, a possibilidade de que as proteinas investigados nao foram
reconhecidos, pois os individuos com o HLA adequado ndo foram recrutados. Além
disso, o fato de as proteinas apresentarem peptideos que se ligam a varias formas
alélicas de MHC, nao significa que essas proteinas serdo reconhecidas pelos TCRs dos
individuos recrutados. Porém concluimos que as ferramentas in silico utilizadas nesse
estudo ndo foram capazes de prever a imunogenicidade e especificidade das proteinas
recombinantes do M. leprae ¢ por isso ndo devem ser utilizadas como critério definitivo
para excluir qualquer antigeno de outras avaliagdes quanto a potencial aplicabilidade no
diagnostico da hanseniase.

Como o M. leprae ¢ uma bactéria ndo cultivavel em meio de cultura axénico ¢
possivel apenas predizer a fun¢do, imunopatogenicidade e grau de viruléncia da maioria
das proteinas recombinantes com base em comparagdes por semelhanga com proteinas
de outras micobactérias (Cole et al. 2001). De acordo com o site do Leproma a maioria
dos antigenos investigados em nosso estudo, por exemplo a ML0405, ML0276 ¢
MLO0840, sdo proteinas hipotéticas. Apenas algumas proteinas t€ém fungao atribuida por
comparagdo protedmica com outras espécies. Entre as proteinas imunogénicas ¢
indutoras de resposta imune especifica, a ML2055 parece ser uma fibronectina de
ligagdo com a célula hospedeira, a ML2331 ¢ possivelmente uma proteina secretada
com funcao desconhecida, enquanto as proteinas ML2044 e ML1632 sdao provaveis

hidrolases presentes na parede celular do M. leprae.

E possivel que as proteinas imunogénicas e indutoras de resposta imune celular
especifica mostradas em nosso estudo sejam menos imunogénicas em outras populagdes
devido diferencgas étnicas e genéticas. Um estudo mostrou que as diversas populagdes

respondem de forma diferenciada a uma determinada proteina do M. Ileprae,
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provavelmente devido a diversidades alélicas de HLA (Geluk & Ottenhoff 2006). E
provavel que varios antigenos tenham que ser usados para fornecer o diagndstico em
um teste de formato Unico aplicavel todas as regides endémicas de hanseniase e estamos
neste momento realizando estudos para tratar dessa possibilidade. O kit Quantiferon TB
Gold in tube, por exemplo, utiliza uma mistura de antigenos das proteinas ESAT-6,
CFP-10 e TB7.7 para diagnosticar pacientes com tuberculose latente de diferentes

populacdes (Perry et al. 2008; Legesse et al. 2011).

Em estudo anterior do nosso grupo de pesquisa, a reatividade de anticorpos IgG
contra proteinas recombinantes do M. leprae sugeriu a existéncia de resposta de células
T em pacientes MB (Duthie et al. 2007). Porém nao foi observada em nossos estudos
ou em trabalhos de outros grupos a produgdo de IFNy em resposta a proteinas
recombinantes M. leprae, entre pacientes MB (Spencer et al. 2005, Araoz et al. 2006b,
Geluk et al. 2009; Geluk et al. 2008). Por isso acreditdivamos que a respostas antigeno
especifica de células T também poderia ser mostradas em pacientes MB, pela andlise
das citocinas apropriadas. Em resposta a estimula¢do antigénica, nossos resultados
mostraram uma significativa secrecdo de citocinas Th2 (IL-4 e¢ IL-5) no EST de
paciente MB. Essa forte secre¢do das citocinas IL-4 e IL-5 corrobora com estudos
anteriores que mostraram grandes concentragdes in situ de RNAm codificador dessas
mesmas citocinas (Yamamura et al. 1991, Misra et al. 1995). Embora as investigacdes
anteriores ja haviam mostrado altos niveis de IL-10 ixn sifu em pacientes MB (Nath et al.
2000, Sieling & Modlin 1994), ndao encontramos um aumento desta citocina no sangue

de pacientes MB, ap6s o estimulo com proteinas recombinantes do M. leprae.

Além da secregdo de IL-4 e IL-5, no6s encontramos ainda a secre¢do significativa
de IL-6, uma citocina geralmente ndo associada ao perfil Th2, em resposta as proteinas
recombinantes do M. leprae no EST de paciente MB. Estudos anteriores mostram que
[L-6 estimula fortemente a ativagdo de células B em plasmdcitos produtores de
anticorpos (Suematsu ef al. 1989; Kishimoto 2010) e a forte resposta imune humoral é
uma das caracteristicas mais marcantes de pacientes MB. Além disso, estudos anteriores
mostraram grandes concentragdes in situ de RNAm codificador da citocinas IL-6 em

pacientes MB (Misra et al. 1995, Sieling & Modlin 1994).

De forma inesperada, observamos a secrecao diferencial das citocinas IL-2 e
IL-15 nos grupos PB e MB. Tanto a IL-2 quanto a IL-15 servem como fatores de

crescimento de células T. Porém, diferentes papéis podem ser observados para essas
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citocinas, como o fato de a IL-2 ser crucial na manutencdo de células T reguladoras e na
redugdo de células T auto-reativas, enquanto a IL-15 estimula mais fortemente a
sobrevivéncia e prolifera¢do de células NK e TCD8+ de memoria (Rochman et al. 2009).
A IL-2 ¢ uma das citocinas mais abundantemente secretada pelas células Thl na lesdo
de pacientes PB (Yamamura et al. 1991, Misra et al. 1995) e a producdo antigeno-
especifica dessa citocina €, portanto, consistente com a resposta Thl observada nos
pacientes com hanseniase PB em resposta as proteinas recombinantes avaliadas. A
producao de IL-15 ndo foi demonstrada em estudos anteriores que pesquisavam a
producao de citocinas em pacientes com hanseniase, o que dificulta a explicacdo da
secrecdo dessa citocina, geralmente ndo associada ao perfil Th2, em resposta as
proteinas recombinantes do M. leprae em pacientes MB. Porém, Liao et al. 2008
mostraram que a citocina IL-15 induziu um aumento da expressdo de IL-4Ra, uma
molécula chave na diferenciagdo Th2. Esse achado ¢ consistente com fato de termos

observado a secrecdo de IL-15 em pacientes MB.

Nosso estudo mostrou uma intensa producao de citocinas Thl em resposta as
proteinas recombinantes do M. /eprae em EST de pacientes PB. Similarmente aos
nossos resultados, prévios estudos in situ de RNAm de citocinas na lesdo de pacientes
PB mostraram intensa producao de IL-2, IL-12 e IFNy (Yamamura ef al. 1991, Misra et
al. 1995, Stefani et al. 2003). Porém nossos resultados mostraram que a citocina com
secrecdo mais significativa apds a estimulagdo com proteinas recombinantes do M.
leprae foi o IFNy, comprovando que esta citocina ¢ atualmente o melhor marcador da

resposta imune celular em pacientes PB a proteinas recombinantes do M. [eprae.

Este trabalho mostrou onze proteinas recombinantes imunogénicas e indutoras
de resposta imune celular especifica com potencial aplicagdo no diagnostico laboratorial
da hanseniase PB: ML0405, ML2055, ML2331, ML0840, ML1556, MLL1632, ML1623,
ML1685, ML0276, ML2044 ¢ 46f. O EST, realizado com uma combinagao de alguns
destes onze antigenos, pode oferecer um método robusto e relativamente simples que
sirva como base para o desenvolvimento de um teste de diagnostico eficiente para a

hanseniase paucibacilar.
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8. CONCLUSOES

Foram identificados 11 antigenos recombinantes (ML0405, ML2055 ML2331;
ML0840, ML1556, ML1632, ML1623, ML1685, ML0276, ML2044 ¢ 46f) que
se mostraram imunogénicas e indutoras de resposta imune celular especifica,
com potencial aplicagdo no diagndstico laboratorial para hanseniase. A pesquisa
de IFNy em resposta a proteinas do M. leprae em sangue total comprovou ser

um ensaio eficiente, robusto e facilmente reprodutivel.

As andlises in silico para previsdao da especificidade e imunogenicidade de
proteinas recombinantes do M. leprae atualmente disponiveis ndo foram

validadas pelo EST com proteinas recombinantes.

O IFNy ¢ atualmente o melhor marcador imunolédgico da resposta imune celular

a proteinas recombinantes em pacientes com hanseniase PB.

As citocinas IL-4 e IL-5 podem ser usadas como marcador imunologlico da
resposta de células T a proteinas recombinantes do M. leprae em pacientes

LL/BL.

A maioria dos individuos expostos e sob risco de infec¢do pelo M. leprae
respondem de maneira idéntica e produzem as mesmas citocinas que oS
pacientes com hanseniase TT/BT, em resposta as proteinas recombinantes do M.
leprae. Por enquanto ainda ndo ¢é possivel definir dentro do grupo HHC aqueles
que tém resposta imune celular protetora daqueles que poderdo manifestar

clinicamente a hanseniase.
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