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Resumo

GRASSMANN, André Alex. Protecéo contra leptospirose induzida por LipL32 co-
administrada ou fusionada a LTB. 2011. 49f. Dissertacdo (Mestrado) — Programa
de Pés-Graduacao em Biotecnologia. Universidade Federal de Pelotas, Pelotas.

A leptospirose € uma doenca infecciosa que afeta humanos e animais silvestres e
domeésticos em todo mundo. As espiroguetas patogénicas do género Leptospira séo
0s agentes causadores desta zoonose. As diversas espécies de leptospiras
possuem notada diversidade antigénica, inclusive em uma mesma espécie. Esta
caracteristica resulta em limitagdo das atuais vacinas — bacterinas — que n&o
induzem protecao cruzada entre os diferentes sorovares. Além disso, estas vacinas
geram efeitos adversos e imunidade de curta duragdo, restringindo seu uso em
populacdes humanas. A necessidade de novas vacinas eficazes contra a
leptospirose estimulou estudos para caracterizar novos antigenos vacinais. A
lipoproteina de membrana externa de 32 kDa, LipL32 é a proteina mais abundante
no proteoma total da leptospira, conservada entre todos os sorovares patogénicos e
ausente nas leptospiras saprofitas. Esta proteina é imunogénica e possui habilidade
de ligar-se a matriz extracelular de mamiferos. Porém, animais inoculados com
vacinas de subunidade utilizando LipL32 ndo sobrevivem ao desafio. Em fungéo
disso, utilizamos LipL32 fusionada e co-administrada com a subunidade B da
enterotoxina termolabil de Escherichia coli (LTB) para melhorar a resposta imune.
LTB € uma molécula atoxica com reconhecida atividade imunoestimuladora e
imunomoduladora. As proteinas recombinantes rLTB, rLipL32 e rLTB::LipL32 foram
produzidas em E. coli, purificadas e caracterizadas. Hamsters fémeas foram
distribuidas em grupos e inoculadas com duas doses, da seguinte forma: rLTB;
rLTB+rLipL32; rLTB::LipL32, bacterina homoéloga e PBS. Soro foi coletado
individualmente para determinacdo da resposta imune humoral por ELISA. Os
animais foram desafiados com uma dose de 5xDLso de Leptospira interrogans cepa
Fiocruz L1-130. Os tratamentos induziram altos titulos de anticorpos anti-rLipL32. Os
tratamentos rLTB+rLipL32 e rLTB::LipL32 induziram resposta protetora significativa
frente ao desafio quando comparados com os grupos controle (p<0,05). Nenhum
estudo anterior usou LTB como adjuvante para uma vacina contra leptospirose,
tampouco antigenos fusionados com o intuito de controlar esta doenca. Além disso,
este é o primeiro relato de indugédo de imunidade protetora utilizando rLipL32 como
vacina de subunidade, uma importante contribuicdo para o desenvolvimento de
vacinas mais eficazes contra leptospirose.

Palavras chave: Leptospira. Leptospirose. Vacina recombinante. LTB. LipL32.



Abstract

GRASSMANN, André Alex. Protection against leptospirosis induced by LipL32
co-administered or fused to LTB. 2011. 49f. Dissertagdo (Mestrado) — Programa
de Pés-Graduacao em Biotecnologia. Universidade Federal de Pelotas, Pelotas.

Leptospirosis is an infectious disease that affects humans, wild and domestic animals
worldwide. Pathogenic spirochetes from the Leptospira genus are the causative
agents of this zoonosis. The several Leptospira species have noted antigenic
diversity, even within the same species. This is the main reason current bacterin
vaccines have limitations, such as adverse effects and short term immunity,
restricting their use in human populations. The need for effective leptospirosis
vaccines promoted studies on characterization of new vaccine candidates. The 32
kDa outer membrane lipoprotein, LipL32, is the most abundant protein in the whole
leptospira proteome, it is conserved in all pathogenic serovars and absent in
saprophytes. This protein is immunogenic and able to bind to mammalian
extracellular matrix. However, LipL32 subunit vaccines did not protect animals
against challenge. In an attempt to solve this, we use LipL32 fused and co-
administered with B subunit of the Escherichia coli heat-labile enterotoxin (LTB) to
enhance the immune response. LTB is a non-toxic molecule with
immunoestimulatory and immunomodulatory properties. The recombinant proteins
rLTB, rLipL32 and rLTB::LipL32 were expressed in E. coli, purified and characterized.
Female hamsters were distributed in groups as follows: rLTB; rLTB+rLipL32;
rLTB::LipL32, homologous bacterin; PBS. The serum from each animal was collected
for humoral immune response determination by ELISA. The animals were challenged
with 5xLDsy dose of Leptospira interrogans strain Fiocruz L1-130. Both treatments
induced high titers of anti-rLipL32 antibodies. The rLTB+rLipL32 and rLTB::LipL32
treatments afforded significant protective response upon challenge, when compared
to control groups (p<0.05). No prior study with leptospirosis had used LTB as the
adjuvant, or fused antigens in an attempt to control this disease. Furthermore, this is
the first report of a protective subunit vaccine using rLipL32 as the antigen, and an
important contribution towards the development of improved leptospirosis vaccines.

Keywords: Leptospira. Leptospirosis. Recombinant vaccine. LTB. LipL32.
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1. INTRODUCAO

A leptospirose é uma zoonose grave de distribuicdo mundial causada por
espécies patogénicas do género Leptospira. E comum o relato mundial de cerca de
500 mil casos anuais de leptospirose humana, mas € possivel que atinja um namero
maior de individuos. Muitos casos ndo sdo diagnosticados, sdo confundidos com
outras doengas ainda no inicio da infeccdo e curados ap6s um tratamento
inespecifico (KO et al., 2009).

As leptospiras colonizam os rins de animais reservatoérios e sdo eliminadas no
ambiente através da urina. A transmiss@o ocorre por contato direto do hospedeiro
com urina ou tecidos contaminados. Desta forma, paises desenvolvidos e em
desenvolvimento s&o afetados pela doenga, por problemas de infraestrutura,
transmissao facilitada durante enchentes ou pelo carater ocupacional que a doenga
pode assumir (FAINE et al., 1999).

1.1. A Leptospira

As leptospiras sao espiroquetas delgadas e com extremidades dobradas em
forma de gancho. Sdo dotadas de grande mobilidade proporcionada por dois
flagelos periplasméticos ancorados préximos as extremidades. Possuem membrana
dupla, onde a membrana citoplasmética fica associada a parede celular de peptideo
glicano, envoltas pela membrana externa (ADLER, DE LA PENA MOCTEZUMA,
2010).

O género Leptospira pertence a ordem Spirochaetales e inclui representantes
patogénicos e saprofiticos. Atualmente estdo descritas 20 espécies para o género
Leptospira, das quais 13 s&o patogénicas — L. alexanderi, L. alstonii, L.
borgpetersenii, L. inadai, L. interrogans, L. fainei, L. kirschneri, L. licerasiae, L.
noguchi, L. santarosai, L. terpstrae, L. weilii e L. wolffii — e 7 saprofiticas — L. biflexa,
L. meyeri, L. yanagawae, L. kmetyi, L. vanthielii, L. wolbachii e L. yanagawae. A
classificac@o sorologica de leptospiras revela a existéncia de mais de 250 sorovares
patogénicos, distribuidos em 24 sorogrupos distintos (CERQUEIRA, PICARDEAU,
2009). Esta variedade sorolégica é consequéncia da vasta diversidade de epitopos
expostos na superficie, em um mosaico de antigenos lipopolissacarideos (LPS),
bem como da orientacdo e composicdo de seus agucares (ADLER, DE LA PENA
MOCTEZUMA, 2010).



O LPS é o principal antigeno das leptospiras. Ele € estruturalmente e
imunologicamente semelhante ao LPS de organismos Gram-negativos, porém
menos toxico e letal (FAINE et al., 1999). O lipideo A leptospiral possui algumas
caracteristicas n&o usuais, como dissacarideos de glucosamina fosforilados e
metilados (QUE-GEWIRTH et al., 2004). A membrana externa apresenta numerosas
proteinas ancoradas, expostas na superficie (KO et al., 2009). As fun¢bes destas
proteinas séo diversas, com destaque para a mediagéo de ligag@o entre a leptospira
e a matriz extracelular. Algumas proteinas com este papel foram extensivamente
estudadas, seja para avaliar seu desempenho como antigeno vacinal, ou elucidar a
participagcdo no contexto da infeccdo. Sao alguns exemplos, LipL32, LipL21, LipL41
(CULLEN et al. 2002; CULLEN et al. 2005), LigA (SILVA et al., 2007), LigB (CRODA
et al., 2008), Loa22 (RISTOW et al., 2007).

As leptospiras sdo aerObias obrigatérias com crescimento Otimo em
temperaturas entre 28 e 30 °C. O meio de cultura mais utilizado para o crescimento
de leptospiras € o EMJH, baseado em acido oleico, albumina sérica bovina e
polisorbato. O uso de soro, principalmente de coelho, e piruvato € comum em
experimentos de isolamento inicial de algumas cepas. O crescimento de
contaminantes em culturas a partir de amostras clinicas pode ser inibido com a
utilizag@o de 5-fluoracil, gentamicina, &cido nalidixico ou rifampicina. Em meio semi-
sélido (0,1-0,2% de agar) pode ser observado um anel de células no local de tenséo
de oxigénio ideal para o crescimento de leptospiras, denominado disco de Dinger
(FAINE et al., 1999). As leptospiras podem ser mantidas em subculturas repetidas,
porém em longo prazo hé tendéncia para atenuacao da viruléncia (TULSIANI et al.,
2010).

O crescimento fastidioso tipico de leptospiras limita estudos fisiolégicos e
genéticos. Nenhum plasmideo de ocorréncia natural em leptospiras foi descrito e
ndo sao conhecidos mecanismos de tranferéncia de genes entre estes organismos.
Um bacteriéfago encontrado em L. biflexa deu origem ao Unico plasmideo disponivel
para manipulac@o genética, porém este ndo é replicavel em leptospiras patogénicas
(GIRONS et al.,, 2000). O desenvolvimento de metodologias para mutagénese
randomica em leptospiras utilizando o transposon Himarl mariner permitiu a
obtencdo de uma extensa biblioteca de mutantes (BOURHY et al., 2005; MURRAY
et al., 2009a). Estes mutantes estdo em estudo a fim de identificar e caracterizar os

efeitos da mutacdo, de forma a elucidar a fungdo de determinado gene e sua
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contribuicdo para a viruléncia de Leptospira. Até o momento, apenas um estudo
obteve sucesso com mutacdo sitio dirigida por recombinacdo homoéloga em uma
cepa patogénica de L. interrogans (CRODA et al., 2008).

Seis sequéncias completas de genomas de leptospiras estdo disponiveis: L.
interrogans sorovares Lai e Copenhageni, duas cepas de L. borgpetersenii sorovar
Hardjo e duas cepas de L. biflexa sorovar Patoc (REN et al., 2003; NASCIMENTO et
al., 2004; BULACH et al., 2006; PICARDEAU et al.,, 2008). L. interrogans e L.
borgpetersenii possuem dois cromossomos circulares, enquanto L. biflexa possui um
terceiro cromossomo, de 74 kb. Um elevado nimero de genes € exclusivo para as
leptospiras patogénicas, dos quais a maioria (59%) possui fungdo desconhecida.
Esta constatagdo sugere a existéncia de fatores de viruléncia Unicos para
leptospiras, que ndo podem ser identificados por similaridade aos encontrados em

outras bactérias.

1.2. Fatores de viruléncia

A base molecular da viruléncia de leptospiras patogénicas comega agora a
ser elucidada. Apesar dos numerosos estudos focados na identificagédo de fatores de
viruléncia responséaveis por fendbmenos como a adeséo de leptospiras as células
renais, resisténcia ao complemento e invasao celular, nenhum alvo pode ser
apontado como responsavel por estes fendmenos (ADLER, DE LA PENA
MOCTEZUMA, 2010). Apesar de algumas proteinas de leptospiras serem
secretadas, incluindo enzimas de degradagdo, ndo ha evidéncias de maquinaria
dedicada a secre¢do de proteinas similares & maquinaria de secrecao do tipo Il ou
IV, de fatores de viruléncia comuns em bactérias Gram-negativas e que injetam
proteinas nas ceélulas do hospedeiro (KO et al., 2009).

O primeiro fator de viruléncia identificado em Leptospira foi Loa22, uma
lipoproteina de membrana externa, com funcdo ainda néo esclarecida, reconhecida
por soro humano convalescente. Uma cepa de Leptospira mutante, nao
expressando Loa22, teve a viruléncia atenuada em experimentos utilizando cobaios
e hamsters (RISTOW et al., 2007).

Recentes estudos identificaram mais trés fatores de viruléncia em leptospiras:
a heme oxigenase, a motilidade e o LPS. A heme oxigenase codificada pelo gene
hemO degrada o anel tetrapirdlico da molécula de hemoglobina liberando ferro.

Leptospira interrogans com este gene nocauteado teve a viruléncia atenuada em



11

experimentos realizados com hamsters (MURRAY et al., 2009b). A proteina FliY é
uma das responsaveis pelo controle do motor flagelar em leptospiras. A inativacao
do gene fliY afeta genes relacionados ao flagelo, criando um fenétipo com motilidade
reduzida, fécil eliminagdo por macréfagos e de letalidade atenuada em infeccdes
experimentais de cobaios (LIAO et al., 2009). L. interrogans com mutagdes em
genes envolvidos na biossintese do LPS apresentaram fenétipo com LPS
modificado, havendo perda de epitopos e modificagdo antigénica deste LPS. Estes
mutantes ndo mais conduzem hamsters a 6bito (MURRAY et al., 2010).

A proteina de membrana externa mais abundante do proteoma total de
leptospiras patogénicas é a lipoproteina LipL32 (MALMSTROM et al., 2009),
representando 75% do proteoma da membrana externa (CULLEN et al., 2002). Esta
proteina é expressa em todas as leptospiras patogénicas (HAAKE et al., 2004),
inclusive durante a infeccdo (HAAKE et al., 2000), e esta ausente nas saprofitas
(PICARDEAU et al., 2008). LipL32 liga-se a laminina (HOKE et al., 2008), colageno,
fibronectina (HAUK et al., 2008) e ao plasminogénio (VIEIRA et al., 2010). Era
esperado que esta proteina fosse essencial a viruléncia de leptospira, porém num
estudo de mutagénese onde lipL32 foi silenciado no genoma de L. interrogans,
nenhuma modificacdo da viruléncia foi observada apés infeccdo de hamsters
(MURRAY et al., 2009c).

O mesmo ocorreu com outra importante proteina de membrana externa. A
mutacdo de ligB em L. interrogans nédo afetou a habilidade da bactéria em causar
leptospirose aguda em hamster nem a persisténcia da colonizagdo renal em ratos
(CRODA et al., 2008). O gene ligB esta presente apenas no genoma de leptospiras
patogénicas. A proteina semelhante & imunoglobulina B (LigB) liga-se a varios
componentes da matriz extracelular de mamiferos (CHOY et al, 2007) e é
reconhecida pelo soro de pacientes com leptospirose (CRODA et al., 2007). Uma
explicacdo plausivel para estes acontecimentos é a aparente redundancia de funcdo

entre as numerosas proteinas ancoradas na membrana externa de leptospiras.

1.3. A leptospirose

O ciclo de transmissdo da leptospirose requer a circulacdo enzodtica da
Leptospira entre 0os animais reservatorios. Estes reservatorios sédo animais silvestres
e domesticos, principalmente roedores, com destaque para os ratos (principalmente

Rattus rattus e R. norvegicus) e camundogos (Mus musculus e outras espécies de
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Mus), pequenos marsupiais, bovinos, suinos e cédes (FAINE et al., 1999). Os
sorovares de Leptospira demonstram moderada especifidade para o hospedeiro, a
exemplo dos sorovares Ballum e Icterohaemorrhagiae em camundongos, sorovar
Copenhageni em ratos e Hardjo em bovinos (ADLER, DE LA PENA MOCTEZUMA,
2010).

Do rim de animais reservatorios, as leptospiras sdo excretadas na urina e
podem contaminar o ambiente. A Leptospira é capaz de sobreviver semanas em
solo umido ou na &gua, podendo formar biofilmes e agregados celulares, o que
auxiliaria nesta sobrevivencia fora do hospedeiro (TRUEBA et al., 2004; RISTOW et
al., 2008). Através do contato direto ou indireto com urina ou tecidos de um animal
infectado, humanos e outros animais s&o infectados pela Leptospira. Uma vez
dentro do hospedeiro, as leptospiras patogénicas provocam uma infecgao sistémica,
manifestada de forma aguda e crbnica, com variada sintomatologia e sinais clinicos.
A leptospirose humana € sempre adquirida a partir de uma origem animal. A
transmissdo entre humanos é, por razBes praticas, inexistente e tratada sempre
como zoonose (ADLER, DE LA PENA MOCTEZUMA, 2010).

1.4. Patogénese

Fazendo uso da alta mobilidade e morfologia privilegiada, as leptospiras
entram no organismo atraves das mucosas, de pequenos cortes ou abrasdo na pele
(FAINE et al 1999). Estudos in vitro demonstram que leptospiras, apesar de serem
organismos extracelulares, atravessam rapidamente células epiteliais do hospedeiro
(MERIEN et al., 1997; BAROCCHI et al., 2002; LIU et al., 2007). Estas constata¢des
sugerem a entrada e a translocagdo em células do hospedeiro como mecanismo de
propagacédo nos 6rgaos alvo e evaséo do sistema imune.

Uma vez dentro do organismo, as leptospiras circulam na corrente sanguinea,
ocorrendo multiplicacdo e disseminacdo durante cerca de 7 dias. Apés atingir um
ndmero critico de leptospiras na corrente sanguinea, o epitélio de pequenos vasos
sanguineos sofre as primeiras lesdes decorrentes da doenga (ADLER, DE LA PENA
MOCTEZUMA, 2010).

Os tdbulos renais apresentam uma densa populacdo de Leptospira
patogénica, em agregados amorficos semelhantes ao biofilme. Em ratos, as

leptospiras promovem, inicialmente, uma infeccdo sistémica, porém apds certo
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tempo séo eliminadas de todos os 6rgdos com excecao dos rins (ATHANAZIO et al.,
2008).

A leptospirose é caracterizada por vasculite e infiltrado inflamatério de células
monociticas, plasmaticas, histiécitos e neutréfilos. A histopatologia é frequente nos
rins, figado, pulmdes e coracdo. Outros 6rgdos também sdo afetados dependendo
da severidade da infec¢cdo. Em casos graves ocorrem hemorragias, ictericia e
deficiéncia plaquetaria. A andlise macroscopica dos oOrgdos atingidos evidencia
petéquias hemorragicas que podem ser extensas, bem como 6érgdos descorados
devido a ictericia. Esplenomegalia e granulocitose séo frequentes (FAINE et al.,
1999).

Quando aparecem anticorpos circulantes, as leptospiras sdo removidas da
circulagcdo e dos tecidos por opsonizagdo seguida de fagocitose. Mesmo as lesdes
teciduais mais severas podem ser reversiveis, apesar de algumas persistirem como
cicatrizes, a exemplo do que ocorrem em rins de suinos e cdes (ADLER, DE LA
PENA MOCTEZUMA, 2010).

1.5. Manifestagdes clinicas

A severidade da leptospirose humana pode variar de acordo com a idade,
estado de saude e imunocompeténcia do paciente e com o sorovar de Leptospira.
As primeiras manifestacbes sdo dor de cabeca e febre, indistinguivel daquelas
causadas por qualquer outra infeccdo. Mialgias, mal-estar e sufusdo conjuntival
também sdo comuns. Estes sintomas surgem apés periodo de incubacdo de
aproximadamente uma semana e normalmente desaparecem ap0s o0 inicio do
tratamento (ADLER, DE LA PENA MOCTEZUMA, 2010).

A leptospirose pode ser branda e autolimitante ou severa e letal. A maioria
dos pacientes se recupera da leptospirose na primeira semana ap0s 0 aparecimento
dos sintomas. Em cerca de 5 a 15% dos casos, 0 paciente desenvolve
manifestacbes severas tardias, piorando o quadro clinico de 4 a 6 dias ap6s o inicio
da doenca. A apresentacdo classica da leptospirose severa é chamada de Doenca
de Weil. Os principais sintomas séo ictericia, falha renal aguda, comprometimento
das fungdes hepéticas, hemorragias e hemoptise (KO et al., 2009).

Uma forma emergente e mais grave de leptospirose envolve hemorragias e

edema pulmonar severos, com taxas de letalidade maior que 50% (McBRIDE et al.,
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2005). Esta manifestagcéo estd sendo chamada de Sindrome Hemorragica Pulmonar
associada a Leptospirose (SHPL).

Os cades podem apresentar quatro sindromes relacionadas a leptospirose:
ictérica, hemorrdgica, urémica e reprodutiva. A leptospirose canina tipica apresenta
como sinais classicos febre, ictericia, vomitos, diarréia, coagulacdo disseminada
intravascular, uremia causada por falha renal, hemorragias e por fim, a morte
(BOLIN et al., 1996). Em bovinos e suinos, os sinais de leptospirose incluem
problemas reprodutivos, aborto, natimortos, mumificacdo fetal, prole fraca e
agalética (ADLER, DE LA PENA MOCTEZUMA, 2010). Ja em equinos a principal
manifestacdo da doengca € uveite recorrente, que também é observada em
humanos. Animais que se recuperam da leptospirose podem se tornar portadores
assintométicos de leptospiras por longos periodos e elimind-las no ambiente
(LEVETT, 2001).

1.6. Imunidade a leptospirose

ApOs a invasdo, as leptospiras sdo detectadas pelo sistema imune do
hospedeiro por receptores que reconhecem padres moleculares frequentes em
patégenos, principalmente do tipo Toll (TLRs) (FRAGA et al., 2010). Normalmente o
LPS de bactérias Gram-negativas é reconhecido por TLR4, que uma vez ativado,
resulta em resposta pro-inflamatéria dependente de citocina (MILLER et al., 2005).
Todavia, o LPS de Leptospira ativa macrofagos humanos através do TLR2 e néo
TLR4 (WERTS et al., 2001). Esse reconhecimento atipico € atribuido & composicao
ndo usual do lipideo A de Leptospira (QUE-GEWIRTH et al., 2004). A explicacdo
para o fato de leptospiras patogénicas ndo causarem doenga em camundongos
parece estar relacionada com o reconhecimento diferencial do LPS por TLRs (TLR2
e TLR4 em camundongos), e com a localizagdo intracelular da Leptospira em
macrofagos (fagolisossomos nos macrdfagos de camundongos e citosol nos de
humanos) (LI et al., 2010).

Leptospiras s@o patdgenos extracelulares e para combaté-las o sistema
imune do hospedeiro monta uma resposta imune adquirida baseada na producéo de
anticorpos e ativagdo da via classica do complemento (FAINE et al., 1999). As
evidéncias que suportam esta colocagdo vém de diversos estudos nos quais a
imunidade foi transferida passivamente por soro humano ou de outro animal, seja

por soros produzidos experimentalmente ou por anticorpos monoclonais (MADbS)
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contra, por exemplo, LPS (JOST et al., 1986) ou LipL32 (MANEEWATCH et al.,
2008). A capacidade protetora de alguns soros esta correlacionada com os niveis de
anticorpos aglutinantes anti-LPS. MAbs anti-LPS s&o aglutinantes e opsonizantes
(ADLER, FAINE 1983). As leptospiras séo fagocitadas por macrofagos e neutrofilos
na presenca de anticorpos especificos e lisadas na presenca de complemento e
anticorpos. O LPS é altamente antigénico e imunizacdes com LPS ou seus
componentes induzem resposta imune protetora (JOST et al., 1989; MIDWINTER et
al., 1990). LPS é o principal antigeno reconhecido por soro convalescente e a
imunidade apdés uma infec¢do naturalmente adquirida é restrita aos sorovares com
LPS sorologicamente relacionados (ADLER, DE LA PENA MOCTEZUMA, 2010).

A importancia da resposta imune humoral foi demonstrada em humanos,
cées, suinos, cobaios e hamsters (FAINE et al, 1999). A participacdo da resposta
imune celular ainda é pouco compreendida. Em bovinos, a montagem deste tipo de
resposta imune esta ligada a prote¢éo contra leptospirose, com producgéo de IFN-y e
proliferacdo de células T CD4+ ap e WC1+ yd seguida pela estimulacédo de células
mononucleares do sangue periférico (CMSP) por Leptospira (NAIMAN et al., 2001;
NAIMAN et al., 2002). Em humanos, quando CMSP de doadores saudaveis ou
pacientes recuperados da leptospirose sao estimuladas com Leptospira, ocorre uma
expansdo de linfécitos T af3 e yd (TUERO et al., 2010). Desta forma, linfocitos T af e
yd parecem ser importantes na resposta imune contra leptospiras. Foram
identificados linfécitos T CD8+ especificos para peptideos de LigA em pacientes
humanos, fornecendo indicios da complexa¢éo de antigenos leptospirais com MHC |
(TUERO et al., 2010).

As leptospiras evadem do sistema imune inato durante estagios iniciais da
infeccdo. Elas sédo resistentes a ativagéo da via alternativa do complemento (CINCO,
BANFI 1983), e possuem ligantes como as proteinas semelhantes as endostatinas
(Len), capazes de capturar o fatorH do complemento e reguladores relacionados
(STEVENSON et al., 2007). Além disso, Leptospira possui a caracteristica de ligar-
se a cadeia alfa da proteina do complemento C4-b, um inibidor chave em fase fluida
das vias cléssica e da lectina. O C4-b ligado na superficie da bactéria mantém sua
atividade de cofator, sugerindo que a aquisigdo desse regulador do complemento

possa conferir a Leptospira alguma resisténcia ao soro (BARBOSA et al., 2009).
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1.7. Vacinas

Poucas sdo as medidas profilaticas tomadas para evitar a disseminacéo da
leptospirose. O controle depende principalmente de medidas higiénico-sanitarias
bésicas que evitem o contato com urina ou 4gua contaminada, mas séo de dificil
implantagdo (FAINE et al., 1999). Os prejuizos econdmicos e a saude publica
causados pela leptospirose justificam o uso de vacinas em popula¢cdes animais e
humanas.

As pesquisas para desenvolvimento de vacinas contra leptospirose iniciaram
ainda na década de 1920. Estas vacinas incluiam leptospiras vivas atenuadas,
inteiras e mortas por meios quimicos ou fisicos, ou preparacdes livres de células,
incluindo LPS ou constituintes polissacarideos. Estas vacinas induziam protecao em
modelos experimentais para leptospirose, porém sempre foram eficientes apenas
contra sorovares antigenicamente relacionados com os constituintes da vacina. Uma
vacina contra leptospirose deve ser imunogénica, efetiva na prevengcédo de
leptospirose aguda e cronica, de amplo espectro, longa duragéo e segura, além de
evitar estabelecimento de colonizacdo renal (reservatérios) (FAINE et al., 1999). As
vacinas classicas contra a leptospirose além de ndo induzirem prote¢do cruzada,
Sao pouco seguras. Estas vacinas sao muito reativas, principalmente em populagdes
humanas, onde séo observadas rea¢des adversas como febre e vermelhid&o, dor e
inchaco no sitio de inoculagdo (FAINE et al., 1999).

Atualmente, bacterinas séo usadas para vacinagdo humana apenas na China,
Japéo, Vietnam e Cuba, apds enchentes. Vacinas contra leptospirose bovina, suina
e canina estao comercialmente disponiveis em todo mundo. Estas vacinas protegem
apenas contra sorovares antigenicamente relacionados a vacina e revacinacdes
anuais sdo necessdrias para manter a imunidade. Este tipo de vacinacdo exige
vigilancia epidemiolégica continua para abranger os sorovares de Leptospira
presentes na populagdo em questédo (ADLER, DE LA PENA MOCTEZUMA, 2010).

1.7.1. Vacinas recombinantes

Com a necessidade de uma vacina eficaz contra varios sorovares de
Leptospira e sem efeitos adversos inerentes as bacterinas, a pesquisa de vacinas
contra leptospirose foi dominada pela tecnologia do DNA recombinante. O primeiro
estudo realizado com antigenos recombinantes de Leptospira utilizou vesiculas de
membrana externa de E. coli contendo OmpL1 e LipL41 (HAAKE et al., 1999).
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Resposta imune protetora foi observada apenas quando administradas
sinergeticamente, e ainda assim, parcial. A partir dai proteinas de membrana
externa viraram alvo recorrente destes estudos, com varios graus de sucesso.

Trés proteinas de membrana externa — Lpl454, Lp1118 e Mcell — foram
avaliadas individualmente e em sinergismo no modelo de leptospirose em hamsters
(CHANG et al, 2007). Foi observada protecdo apés desafio com taxas de
sobrevivéncia variando entre 71 e 100% nos tratamentos, comparado a 50% de
sobrevivéncia no grupo controle.

Apesar de LipL32 ser a proteina principal da membrana externa de
leptospiras patogénicas, os resultados de estudos usando-a como antigeno vacinal
sdo insatisfatorios. Imunizagbes de gerbils com adenovirus expressando LipL32
resultou em protecdo significativa apos desafio heterdlogo, porém a significancia
deste resultado € questionavel, j& que 50% dos animais do grupo controle também
sobreviveram (BRANGER et al., 2001). Uma estratégia diferente, utilizando vacinas
de DNA, teve taxas de sobrevivéncia de 60% e comparado a 35% de sobrevivéncia
no grupo controle, ndo houve significancia (BRANGER et al., 2005). Uma vacina
experimental utilizando Mycobacterium bovis BCG recombinante expressando
LipL32 induziu protecdo significativa em apenas um de trés experimentos
independentes e na analise realizada com os dados destes experimentos agrupados
(SEIXAS et al., 2007). Porém, nenhuma protecéo foi observada em experimentos
utilizando LipL32 em vacinas de subunidade, mesmo com os adjuvantes de Freund
e hidroxido de aluminio (BRANGER et al., 2005).

As proteinas da familia Lig demonstraram os melhores resultados em
experimentos de imunoprotegéo, principalmente LigA. Hamsters vacinados com a
porcdo C terminal de LigA apresentaram taxas de 100% de prote¢do contra

leptospirose (SILVA et al., 2007), enquanto LigB n&o protegeu.

1.7.2. Adjuvantes

A necessidade de uma vacina contra leptospirose mais efetiva e melhor
definida do que as bacterinas levaram a varios estudos com proteinas de membrana
externa de leptospiras patogénicas. Este tipo de vacina é uma alternativa atrativa
principalmente porque s&o antigenos conservados entre VArios sorovares e 0S
avancos tecnoldgicos tornaram a obtengdo destas proteinas facil e rapida. Porém, o

sucesso destes antigenos em uma vacina futura também depende de adjuvantes
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potentes e ndo toxicos (PIERRE et al., 2008). Varios adjuvantes novos estdo em
estudo, e varios deles demonstraram efeitos potencializantes de vacinas de

subunidade.

1.7.21.LTB

A enterotoxina termolabil de E. coli (LT) e a toxina colérica de Vibrio cholerae
(CT) sado toxinas homdlogas com propriedades imunomoduladoras que
potencializam a imunogenicidade e eficacia protetora de outros antigenos. Ambas
consistem de uma subunidade A téxica com atividade de ADP-ribosiltransferase
ligada a cinco subunidades B. O pentdmero de subunidade B da enterotoxina
termolabil de E. coli (LTB) possui a caracteristica de ligar-se ao receptor
gangliosideo GM1, expresso em todas as células de mamiferos. LTB retém as
caracteristicas imunoestimulatorias da LT (DA HORA et al.,, 2011), que estdo
relacionadas com esta ligacdo ao GM1 (NASHAR et al., 1996), e ainda € atOxica
(WILLIAMS et al., 1999).

Diversos trabalhos tém explorado e descrito a atividade adjuvante de LTB
fusionada (CHEN et al., 2009; FINGERUT et al., 2005; ZHOU et al., 2009) ou co-
administrada (FINGERUT et al., 2006; ZHOU et al., 2009) com diferentes antigenos.
Dentre os efeitos imunoestimuladores e imunomoduladores de LTB estad a
apresentacdo de antigenos a MHC | e MHC Il (DE HAAN et al., 2002; NASHAR et
al., 2001), a inducdo de expressdo de marcadores de ativacdo de linfécitos B
(YAMAMOTO et al., 2001; WILLIAMS et al., 1999), estimulagdo de populagdes de
linfocitos T (SHIMIZU et al., 2005) e indugdo de ativagdo e maturacdo de células
dendriticas (PITCOVSKI et al., 2006).

A LTB foi inicialmente estudada e utilizada como adjuvante de mucosa, mas
trabalhos subsequentes comprovaram que as propriedades imunoestimuladoras
estdo igualmente presentes em imunizacdes sitémicas. LTB mostrou ser um
adjuvante seguro e atoxico, mesmo em popula¢cdes humanas (DA HORA et al.,
2011). Além disso, o seu homdlogo CTB é estudado hd décadas como vacina
recombinante contra colera. Os resultados promissores destes trabalhos levaram

varios paises a aprovar esta vacina para uso humano (HILL et al., 2006).
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2. OBJETIVO

Avaliar o potencial da LipL32 de L. interrogans L1-130 recombinante co-
administrada ou fusionada a LTB como antigenos vacinais contra leptospirose em

hamsters.

2.1. Objetivos especificos

Fusionar os genes Itb e lipL32, expressar e purificar rLTB::LipL32, rLTB e
rLipL32.

Caracterizar as proteinas recombinantes antigenicamente por Western blot e
avaliar a habilidade de ligacao destas proteinas ao gangliosideo GM1.

Vacinar hamsters com os diferentes tratamentos e avaliar a resposta imune
humoral.

Determinar o potencial imunoprotetor das vacinas experimentais através de

desafio dos animais vacinados com cepa homdloga de L. interrogans patogénica.
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3. HIPOTESE

O antigeno LipL32 fusionado ou co-administrado a LTB protege hamsters

contra leptospirose.
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ABSTRACT

Leptospirosis, a worldwide zoonotic disease, lacks an effective, safe and cross
protective vaccine. LipL32, the most abundant, immunogenic and conserved surface
lipoprotein present in all pathogenic species of Leptospira is a promising candidate
antigen, however, several studies have reported lack of protection when this protein
is used as a subunit vaccine candidate. In an attempt to solve this issue, we use
LipL32 fused to or co-delivered with the B subunit of the Escherichia coli heat-labile
enterotoxin (LTB) to enhance the immune response in the hamster model for
leptospirosis. After homologous challenge with 5xLDsg dose of Leptospira interrogans
strain Fiocruz L1-130, animals vaccinated with rLipL32 co-administered with rLTB
and rLTB::LipL32 had significantly higher survival rates (p<0.05) when compared to
animals from the control groups. This is the first description of protective immune
response afforded by a subunit vaccine using rLipL32, and represents an important

contribution towards the development of improved leptospirosis vaccines.

Keywords: leptospirosis; subunit vaccine; LipL32; LTB; hamster; humoral immune

response.
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1. INTRODUCTION

Spirochetes from the genus Leptospira are the causative agents of
leptospirosis, a zoonotic disease with worldwide distribution. Leptospirosis is
recognized as an emerging infectious disease and affects humans, wild and
domestic animals [1]. Leptospires colonize the proximal renal tubules of carrier
animals [2] and are shed in the urine. The disease in humans is associated with
direct or indirect contact with contaminated urine [1, 3]. The World Health
Organization reports more than 500,000 cases of severe leptospirosis each year,
especially in developing countries, with lethality rates of more than 10% [4]. Due to
the impact in animal production and public health, and the severity of the disease, an
efficient prophylactic measure is urgently needed. Current vaccines against
leptospirosis are whole-cell preparations that produce only short-term immunity with
adverse reactions due to both leptospiral lipopolysaccharride (LPS) and residual
medium components [1]. Furthermore, the protection conveyed by these whole-cell
preparations is serovar-specific, with limited or no cross-protection [5] between the
more than 250 serovars of Leptospira reported [1]. Therefore, a protective multi-
serovar vaccine against leptospirosis with no collateral effects remains a challenge.

Efforts to develop recombinant vaccines against leptospirosis have focused on
outer membrane proteins (OMPSs). The most abundant protein in the entire leptospiral
proteome is the outer membrane lipoprotein of 32 kDa, LipL32 [6], accounting for
75% of the outer membrane proteome [7]. This protein can be considered a
promising antigen for the development of a multi-serovar vaccine. LipL32 is
expressed in all pathogenic Leptospira spp., it is conserved [8] and not expressed in
the saprophytic L. biflexa [9]. This protein binds to extracellular matrix components as
indicated by in vitro assays [10, 11] and crystal structure analysis [12]. Besides,
LipL32 is expressed during mammalian leptospiral infection [13]. Different
immunization strategies that have been tested with LipL32 have shown low efficacy
in immune protection when administered in naked DNA [14], adenoviral [15] and
Mycobacterium bovis BCG [16] delivery systems. However, LipL32 produced no
protection in recombinant subunit protein vaccination, with both Freund and
aluminum hydroxide adjuvants [14]. These findings suggest that immune protection
induced by LipL32 is correlated with modulation of the immune system.

The Escherichia coli heat-labile enterotoxin (LT), and its closely related

homologue Vibrio cholerae cholera toxin (CT), consists of one A subunit with ADP-
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ribosyltransferase activity linked to five B subunits [17]. The B subunit of Escherichia
coli heat-labile enterotoxin (LTB) is highly immunogenic upon systemic [18-20] and
mucosal immunization [21, 22], its adjuvant activity has been demonstrated to
unrelated antigens, both co-administered [18, 21] and linked by chemical conjugation
or genetic fusion [20-22], exhibiting no toxic effect [17]. LTB has a pentameric
structure that binds to ubiquitously expressed GM1 ganglioside receptors of the
surface of mammalian cells and this binding is essential for adjuvant properties [23].

In the present study, we investigated the immune response induced by
recombinant LipL32 co-administered or coupled to recombinant LTB. Hamsters were
vaccinated with preparations of these proteins and challenged with a virulent strain of
Leptospira interrogans. The immune protection, humoral immune responses and
secondary parameters of the disease were monitored. Our findings reveal the
protective potential of LipL32 and suggest a new vaccine against leptospirosis using
LTB and LipL32.

2. MATERIALS AND METHODS
2.1. Leptospira culture

L. interrogans serovar Copenhageni strain Fiocruz L1-130 was cultivated in
EMJH liquid medium (Difco Laboratories) at 29 °C. Procedures for maintenance of

the culture and challenge experiments were conducted as previously described [24].

2.2. Cloning, expression and purification of recombinant proteins

Three recombinant vectors were used in this study. Two of them had been
previously constructed, pAE/ltb [25] and pAE/lipL32 [26], and one was generated as
follows: the lipL32 coding sequence from L. interrogans serovar Copenhageni strain
Fiocruz L1-130 was amplified by PCR from pAE/lipL32. The following primers were
used in this reaction: LipL32-For 5’ -
GGGGTACCGGCGGCGGTGGTCTGCCAAGCCT and  LipL32-Rev 5 —
GGAATTCTTACTTAGTCGCGTCAGAAGC. After amplification, the 771 bp fragment
was cut with Kpnl and EcoRl restriction enzymes and cloned into pAE/Itb cut with the
same enzymes. The Kpnl restriction site was modified allowing the insertion of lipL32
in the correct reading frame of 3’ Iltb coding sequence. The forward primer was
constructed allowing a 4-aa linker/spacer between ltb and lipL32 (Gly-Thr-Gly-Gly).
The resulting pAE/ltb:lipL32 plasmid was confirmed by PCR and restriction



25

digestion. The recombinant vectors pAE/ltb, pAE/lipL32 and pAE/ltb::lipL32 were
used to transform E. coli BL21 Star™ (DE3) (Invitrogen). The transformants were
cultured at 37 °C to mid log phase and expression of recombinant proteins was
induced by 1 mM of isopropyl-B-D-thiogalactopyranoside (IPTG). The cells were
harvested by centrifugation, resuspended in purification buffer (100 mM Tris, 300 mM
NaCl, 5 mM imidazole, 0.2% N-Lauroyl-Sarcosine for rLTB and rLTB::LipL32 only —
pH 8.0) and disrupted by sonication. After centrifugation (10,000 x g for 45 min) the
soluble fraction was loaded onto a Ni** charged Sepharose column. Attached
recombinant 6xHis tagged proteins were eluted by increasing concentrations of
imidazole. The purity of recombinant proteins was confirmed in 15% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Purified proteins were
dialyzed against phosphate-buffered saline (PBS, pH 7.2) at 4 °C for 24 h and stored
at -20 °C until use. The final protein concentration was determined by BCA Protein

Assay (Pierce).

2.3. Characterization of recombinant proteins by Western blot and GM1-ELISA
analysis

The Western blot characterization was conducted with 1D9 monoclonal
antibody (Mab) anti-LipL32 [26], rabbit IgG anti-cholera toxin (Sigma-Aldrich) and
sera from a human leptospirosis patient. After SDS-PAGE of rLTB, rLipL32,
rLTB::LipL32 and controls, the proteins were electrotransfered to nitrocellulose
membranes (GE Healthcare) in Tris Buffer (48 mM Tris, 39 mM glycine, 1.3 mM
SDS, 20% methanol, pH 8.3). The membranes were incubated overnight with
blocking buffer (PBS-T [phosphate buffer saline with 0.05% Tween 20], 5% of non-fat
dry milk). After three washes with PBS-T, the reactions were incubated 1 h at room
temperature with primary antibody: 1:5000 1D9 Mab anti-LipL32, 1:6000 rabbit IgG
anti-cholera toxin, or 1:500 human convalescent sera. A further wash step was
performed, followed by incubation of 1 h at room temperature with 1:6000 goat 1gG
anti-mouse Igs peroxidase conjugate, 1:6000 goat IgG anti-rabbit IgG peroxidase
conjugate or 1:2000 rabbit IgG anti-human Igs peroxidase conjugate. After three final
washes the reactions were revealed using diaminobenzidine (DAB) and hydrogen
peroxide.

The ability of rLTB and rLTB::LipL32 to bind to GM1 ganglioside was
determined by ELISA [25]. Polystyrene microtiter 96 well plates were coated with 100
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ng/well of bovine GM1 monosialoganglioside (Sigma-Aldrich) diluted in carbonate—
bicarbonate buffer (pH 9.6) at 4 °C overnight. The plates were blocked with blocking
buffer (1% non-fat dry milk in PBS-T) and incubated with 100 ng/well of rLTB,
rLipL32, rLTB::LipL32 or choleric toxin (Sigma-Aldrich) diluted in blocking buffer, in
triplicate. The plates were incubated with 1:5000 1D9 Mab anti-LipL32 or 1:6000
rabbit IgG anti-cholera toxin for each protein, followed by 1:6000 goat IgG anti-mouse
lgs peroxidase conjugate, 1:6000 goat IgG anti-rabbit IgG peroxidase conjugate,
respectively. Between each step three washes with PBS-T were carried out. Each
incubation was for 1 h at 37 °C. The reactions were revealed with O-
phenylenediamine dihydrochloride and hydrogen peroxide. The optical densities at
492 nm were read using a plate reader (TP-reader Thermo Plate). Wells with GM1

but without proteins and wells without GM1 but with proteins were used as controls.

2.4. Animal immunization

Four to five week-old female Golden Syrian hamsters were individually
identified and distributed in three treatment groups. Each treatment group was
composed of five animals and three independent experiments were conducted, for a
total of forty-five animals. Hamsters were inoculated in the quadriceps muscle with 60
pg of rLTB::LipL32 (group A), 16.5 pg of rLTB and 43.5 pg of rLipL32 (group B) and
the control group received 16.5 pg of rLTB (group C). This dose design was to
administer equal amounts of adjuvant and antigen in coupled and co-administered
proteins. Each animal received two doses, administered at days O and 14. The
animals were inoculated with a maximum of 300 pL per injection site. Two additional
control groups of five animals were included in each of the three independent
experiments. Similar to treatment groups, on days O and 14 one group was injected
with 300 pL of PBS (negative control) and the other received homologous bacterin
(10® cells in 300 uL of PBS). Serum samples were collected from each animal by
phlebotomy of the retro-orbital venous plexus on the day before the first
immunization (pre-immune) and on the day before challenge (post-immune). The
animals were manipulated in accordance with the guidelines of the Federal University

of Pelotas Ethics Committee in Animal Experimentation.

2.5. Antibody response determination by rLipL32 ELISA
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For determination of humoral immune response induced by rLipL32 fused or
co-administered with rLTB, the serum from each animal was serially diluted and
tested in a recombinant LipL32 ELISA. Preliminary checkerboard analysis was
performed to determine ideal antigen concentrations, primary and secondary
antibody dilutions. Polystyrene microtiter plate were coated with 100 ng/well of
rLipL32 diluted in carbonate—bicarbonate buffer (pH 9.6) at 4 °C overnight. After three
washes with PBS-T, the serum from each animal, diluted 1:800 to 1:25600, was
added in triplicate and incubated 1 h at 37 °C. Following three washes with PBS-T,
the reactions were incubated 1 h at 37 °C with 1:3000 goat polyclonal anti-hamster
Igs peroxidase conjugate. After five washes with PBS-T the assays were revealed
with O-phenylenediamine dihydrochloride and hydrogen peroxide. The colour
reaction was allowed to develop for 15 min and immediately stopped by adding 25 pL
of 4 N H,SO,4. The optical densities at 492 nm were read using a plate reader (TP-

reader Thermo Plate).

2.6. Challenge of vaccinated animals

To determine vaccine protection, the same animals used in the serological
analysis were challenged 21 days after the second dose. The animals received an
intraperitoneal injection of 107 cells of L. interrogans Copenhageni strain Fiocruz L1-
130 (5 x LDsg) [16]. The hamsters were observed daily for clinical signs of

leptospirosis and for mortality. Survivors were euthanized 21 days post-challenge.

2.7. Statistical analysis

Statistical analyses in ELISA studies were carried out with Student’s t-test.
The Fisher exact test and log-rank sum test were used to determine significant
differences for mortality and survival, respectively, among the experimental groups. P
values <0.05 were considered to be indicative of statistical significance. All analyses

were carried out in GraphPad Prism 4 software systems (GraphPad Software).

3. RESULTS
3.1. Heterologous expression of recombinant proteins

Construction of the recombinant vector carrying the fusion gene was
successful. The lipL32 coding sequence without its signal sequence was ligated to
the 3’end of Itb. rLTB, rLipL32 and rLTB::LipL32 were expressed in E. coli BL21
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Star™ (DE3) expression system. Purified recombinant proteins were analysed by
SDS-PAGE (Fig. 1A). The apparent molecular mass was as expected for each
protein: 13 kDa, 30 kDa and 41 kDa for rLTB, rLipL32 and rLTB::LipL32, respectively.
The rLTB and rLTB::LipL32 were expressed as inclusion bodies and required
addition of denaturing agent N-Lauroyl-sarcosine for purification. The yield of purified
proteins varied from 3 to 10 mg per litre of culture. The pentameric form of rLTB was
easily identified when the sample was not heated before SDS-PAGE (data not

shown). Pentamerisation of rLTB::LipL32 (205 kDa) was not visualized.

3.2. Antigenic and functional characterization of purified proteins

Antigenic characterization of recombinant proteins was performed by Western
blot analysis with specific antibodies for rLTB (Fig. 1B) and rLipL32 (Fig. 1C). The
rLTB was recognised by the anti-CT antibody. This serum did not react with rLipL32.
The 1D9 Mab, as well as human convalescent sera, reacted with rLipL32. As
expected, the fusion protein was recognised by all tested antibodies. The negative
control — E. coli extract — did not react with any antibody, and the positive control for
human convalescent sera — whole-cell of L. interrogans — confirmed the identity of
this reaction (Fig. 1D). These results show that the recombinant proteins retained
antigenic epitopes present on natural proteins. Special note is directed to all positive
reactions of rLTB::LipL32 leading to the conclusion that the fusion did not alter the
original folding of LTB or LipL32. Furthermore, rLTB:LipL32 and rLipL32 were
identified by positive human serum, indicating that the immune response induced by
these proteins may recognise LipL32 on the leptospiral outer membrane.

For evaluating the biological activity of native LTB, the GM1-ELISA was
performed with the recombinant proteins (Fig. 2) revealing a high GM1-binding
affinity of rLTB and rLTB::LipL32. These proteins showed a binding affinity as high as
that of commercial choleric toxin, while rLipL32 did not bind to GM1. The binding
indication obtained for rLTB::LipL32 was the same when anti-LipL32 or anti-CT
(which binds to LTB) were used, and is consistent with Western blot data. This result

shows that the fusion did not impair LTB'’s binding affinity.

3.3. Humoral immune response in vaccinated hamsters
In order to assess whether rLipL32 coupled or co-administered with rLTB was

able to promote IgG anti-LipL32 antibody response in hamsters, pre-immune and
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post-immune sera from each animal were evaluated in an indirect ELISA with rLipL32
as the immobilized antigen. The mean absorbance for each serum of the
experimental groups is shown in Fig. 3. The highest level of antibodies was observed
in sera from animals receiving two doses of rLTB::LipL32. The titer of sera from this
group was greater than 1:25600, significantly higher than any other (p<0.01 at
1:25600). The co-administered treatment induced anti-LipL32 titers of up to 1:25600,
with significant difference to pre-immune sera (p=0.03 at 1:25600) and up to 1:12800
to adjuvant administration (p=0.02 at 1:12800). Residual anti-LipL32 response was
observed in animals which received rLTB, this is likely due to residue of the protein

purification process present in both rLTB and rLipL32 used in the ELISA.

3.4. Leptospirosis protection

Golden Syrian hamsters were challenged 21 days after the second
immunization with 5 x LDs of L. interrogans serovar Copenhageni strain Fiocruz L1-
130. During the subsequent 21 days, deaths and clinical signs of disease were
monitored. Three independent experiments were accomplished and statistical
analyses of lethality rates are shown in Table 1, while survival rates (which also
considers days to death) are shown in Fig. 4. In the first experiment, three and two
animals died in the rLTB:LipL32 and rLTB + rLipL32 groups, respectively. In
subsequent experiments no death occurred in these groups. All animals receiving
rLTB and PBS in experiment 1 died, while just two deaths in each subsequent
experiment were registered with rLTB and two and four deaths with the PBS
treatment in experiments 2 and 3, respectively. The survival analyses showed
statistically significant results when any of the experimental groups (rLTB::LipL32 and
rLTB + rLipL32) were compared to any of the control groups (PBS and rLTB) in the
first experiment and in the grouped results. Furthermore, in the third experiment both
experimental groups were statistically different from the PBS negative control group,
however no statistically significant survival was observed in the second experiment.
Regarding lethality, no significance was found in the statistical analysis for each
experiment alone. rLipL32 co-administered with rLTB treatment protected 87% of the
animals, statistically different form the 40% in the rLTB group (p=0.02). The group
receiving the fusion protein rLTB::LipL32 had a combined protection of 80%,
statistically different from the PBS group (P<0.01). When survival or lethality was

considered, no difference was observed between rLTB and PBS groups. Similarly, no
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difference could be attributed to rLTB + rLipL32, rLTB::LipL32 and bacterin groups

among themselves.

4. DISCUSSION

Leptospirosis vaccines that provide protection against a broad serovar range
have long been a necessity. The dawn of the recombinant vaccine age made the
solution seem under way [5], nonetheless a truly effective vaccine is yet to be
developed in order to retire old and ineffective bacterins. At present, the highest
protection by a recombinant vaccine was observed with recombinant leptospiral
immunoglobulin-like protein LigA [3, 27]. Nevertheless, after six full genome
sequences, molecular studies of several strains [1, 3] and several vaccine trials [28,
29], LipL32 remains the most promising recombinant vaccine candidate. In this work
we assessed the immunogenic properties of recombinant LipL32 in different subunit
preparations using LTB as adjuvant. Furthermore, we reported for the first time
significant protection afforded by LipL32 administered as a subunit vaccine.

What is the mechanism through which LipL32 induces a protective immune
response against lethal leptospirosis? Answering such a question at this point is a
difficult task. Contrary to expected, lipl32 mutant L. interrogans did not alter either in
vitro growth, adhesion to extracellular matrix, or acute and chronic leptospirosis in
animal models [30]. Previous works attribute to LipL32 functions such as host laminin
[10], collagen and fibronectin [11], and plasminogen [31] binding. Although there is a
redundancy of function among many outer membrane proteins [1, 6], based on biding
and vaccine experiments we believe that LipL32 is important to leptospiral cell
attachment during leptospirosis. Our work supports vaccinal approaches using
LipL32, showing protective immune response using only LipL32 as a leptospiral
antigen.

Challenge studies are the most reliable assays to measure vaccine
effectiveness [27]. LipL32 has been extensively studied, with promising results when
using vaccine vectors or as naked DNA [14-16]. However, studies that used purified
protein have thus far failed to produce significant protection either with Freund’s
adjuvant or aluminum hydroxide and QS21 saponin [14]. Our results show 87% and
80% survival of animals receiving LipL32 co-administered with or coupled to LTB
adjuvant respectively, representing significant protection when compared to any of

the control groups. A protective LipL32 subunit vaccine undermines prospective



31

studies that were being carried out when this target seemed ineffective [28]. Cross
protection could be achieved with LipL32 [14, 32] and if it is obtained, this may very
well replace existing bacterins. Protection may have occurred because LTB presents
powerful immunostimulatory and immunomodulatory effects such as: enhancing
antigen presentation via both major histocompatibility complexes [33, 34], activating
selective differentiation of lymphocytes [17, 35], increasing the expression of
activation markers on B lymphocytes [36], and influencing dendritic cells maturation
and activation [37].

Several studies have described LTB adjuvant efficiency when fused [20-22] or
co-administered [18, 22] with different antigens, on the other hand, few have
compared these two delivery systems [22]. Our results show that the rLTB::LipL32
protein was capable of stimulating significantly higher antibody titers than the co-
administration of rLTB and rLipL32 proteins. However, protection conferred by LipL32
fused to LTB was marginally lower (a single animal) than that obtained with co-
administration. This is the first time LTB is used with leptospiral antigens and the first
leptospirosis challenge study using fused proteins.

Furthermore LipL32 host interaction epitopes are distributed throughout its
molecular surface [12, 38], and, although specific antibodies did recognize the
protein, several important epitopes may have been hidden by the fusion. Likewise,
LTB is active when pentamerised [23], however, with the pentamerised molecules on
one portion, and LipL32 on the other, many of the active sites of the adjuvant may
have been hidden. The use of a four amino acid linker between LTB and LipL32 may
have contributed to conceal crucial portions of LTB and/or LipL32. A variable number
of amino acids in spacer linkers between subunits in fusion proteins have been
tested, and most published fusions were successful [22, 39]. In a recent study Chen
and coworkers [20] reported that ten but not six amino acids in the flexible linker
between LTB and the antigen were necessary to induce prolonged protection against
the BCL1 lymphoma. A longer linker in LTB::LipL32 could allow higher protection
against leptospirosis.

Challenge was carried out as previously described [16, 27], however there
were a few surviving animals in the control group, which is usually low [16, 28] or
inexistent [27] with L. interrogans strain L1-130. Even so, in all experiments the
treatment groups (rLTB::LipL32 and rLTB + rLipL32) had more survivors than the
control groups (LTB and PBS).
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Another important finding in this study was the absence of correlation between
antibody levels and protection. The animals vaccinated with rLTB::LipL32 had the
highest antibody titers among all groups but not the highest survival rates.
Furthermore, within the same groups, surviving animals did not necessarily have the
highest antibody titer (data not shown). Seixas and coworkers [26] described subunit
LipL32 as the best approach when compared to naked DNA and BCG vector
vaccines based solely on antibody titers. However, BCG [16], DNA [14] and
adenovirus [15] delivering LipL32 were capable of protecting, but subunit vaccine
was not [14]. BCG, adenovirus and DNA delivery systems are effective cellular
immunity stimulants [40-42], therefore not only humoral immunity but also cellular
mediated immunity play an important role in protection against leptospirosis [43, 44].

In this study we described a leptospirosis vaccine using LTB as adjuvant and
the first leptospirosis vaccine challenge study using fused proteins. We showed that
LipL32 is highly immunogenic when co-administered or fused with LTB. We
demonstrated that LipL32 protects hamsters from lethal leptospirosis when co-
administered with or fused to LTB. This formulation may replace traditional vaccines.
To this end, studies are being carried out to assess optimum dose, protection against

other serovars and vaccine dynamics.
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Table 1: Protection against lethal leptospirosis in hamsters conferred by the

experimental treatments.

Treatment Exp.1 Exp. 2 Exp. 3 Total Surviving
rLTB::LipL32 2/5 (40%)® 5/5 (100%)® 5/5 (100%)® 12/15 (80%)"®
rLTB +rLipL32  3/5(60%)® 5/5(100%)® 5/5 (100%)® 13/15 (87%)"
rLTB 0/5 (0%)°  3/5(60%)® 3/5 (60%)® 6/15 (40%)5°
Bacterin 5/5 (100%)® 5/5 (100%)? 5/5 (100%)® 15/15 (100%)"

Negative control  0/5 (0%)°  3/5 (60%)® 1/5 (20%)°  4/15 (27%)°

Different letters represent statistical difference (p<0.05). Upper case relates to

grouped results only, lower case relates to individual experiments.
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41 kDa—
30 kDa—

13 kDa—

Fig. 1. Characterization of purified recombinant proteins. (A) SDS-PAGE analysis;

(B) anti-LTB Western blot analysis; (C) anti-LipL32 Western blot analysis; (D) human
convalescent sera Western blot analysis. Lanes in (A), (B) and (C) represent: 1- E.
coli whole-cell extract; 2- rLTB; 3- rLipL32; 4- rLTB::LipL32. Lanes in (D) represent:
1- L. interrogans strain L1-130 whole-cell extract; 2- rLTB; 3- rLipL32; 4-
rLTB::LipL32.
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Fig. 2. Recombinant protein GM1 binding ELISA. Different letters represent statistical

difference (p<0.05). Upper case relates to anti-CT and lower case to anti-LipL32.
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Fig. 3. Humoral immune response against rLipL32 examined by ELISA. Error bars

represent standard deviation. Among the post-immune sera, statistically different

40

results were obtained for rLTB::LipL32 regardless the dilution. rLTB + rLipL32 was

statistically different from rLTB except at 1:25600. Both post-immune treatment

groups were different from the pre-immune sera in all dilutions. rLTB post-immune

was not different from the pre-immune except at 1:800.
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Fig. 4. Hamster survival timeline (grouped results of the three independent
experiments). Different letters represent statistically different results (p<0.05).
Timelines represent groups: rLTB:LipL32 (m); rLTB + rLipL32 (A); rLTB (V);
Bacterin (==); Negative control (o). Statistical analyses and graph generation were

carried out using GraphPad Prism 4 software systems (GraphPad Software).



42

5. CONCLUSAO

Neste estudo demonstramos que as vacinas rLTB + rLipL32 e rLTB::LipL32
induzem resposta imune humoral com produgdo de anticorpos anti-LipL32 e
protegem hamsters apos desafio homoélogo. Estas formulacées s&o candidatas a
substituir as bacterinas quase centenérias. Para isso, novos experimentos sao

necessarios para avaliar doses, prote¢do cruzada e duracdo da resposta imune.
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