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RESUMO

Avaliagio da atividade inflamatoria da saliva de L. longipalpis utilizando o modelo do
bolsdo inflamatério. CLARISSA ROMERO TEIXEIRA. A saliva do vetor flebotomineo
contém uma grande variedade de moléculas que modulam a resposta hemostatica, imune e
inflamatoria do hospedeiro influenciando o estabelecimento do parasita. Neste trabalho,
utilizamos o modelo do bolsdo de ar em camundongos BALB/c e C57BL/6 com o objetivo de
caracterizar a resposta inflamatéria induzida pelo homogeneizado de glandula salivar (SGH) de
Lutzomyia longipalpis. Em nossos resultados, foi possivel observar uma cinética diferente de
recrutamento celular entre as duas linhagens. Enquanto em BALB/c ocorreu o recrutamento
significante de macrofagos e eosinéfilos apds doze horas, apenas neutréfilos foram recrutados em
C57BL/6. Analisando as quimiocinas que poderiam estar envolvidas neste recrutamento
diferenciado, detectamos um aumento na expressdo de CCL2/MCP-1 induzido em BALB/c mas
ndo em C57BL/6. Este dado foi confirmado quando camundongos BALB/c foram tratados com
anticorpo monoclonal anti-CCL2/MCP-1 ou bindarit, uma droga que inibe a sintese de
CCL2/MCP-1. Estes tratamentos induziram uma redu¢do no recrutamento de macrofagos, e na
expressdo de CCL2/MCP-1. A produgdo de CCL2/MCP-1 também foi observada in vitro quando
macrofagos J774 foram expostos ao SGH. O efeito do SGH também foi neutralizado apos pré-
incubagdo com soro contendo anticorpos anti-SGH e também em camundongos pré-expostos a
picadas de L. longipalpis. Com o objetivo de avaliar qual(is) molécula(s) da saliva estariam
envolvidas neste efeito, utilizamos construgdes de cDNA e proteinas recombinantes da saliva de
L. longipalpis como estimulo. Observamos que a proteina recombinante de 1 1kDa da saliva de L.
longipalpis, assim como o seu cDNA, parece ter uma atividade inflamatdria mais inicial. As
proteinas recombinantes da familia “yellow” e de 6lkDa e os cDNA equivalentes a estas
proteinas teriam um efeito mais tardio. A combinag@o do SGH com a L. chagasi resultou em um
efeito aditivo no recrutamento de neutréfilos e macréfagos quando comparado a resposta
inflamatoria induzida apenas pela L. chagasi nas duas linhagens. O SGH também modificou o
perfil de expressdo de CCL2/MCP-1, CCL4/MIP-1B, CCLI1/eotaxina e CXCLI1/KC induzida
pelo parasita nas duas linhagens de camundongo. Estes resultados sugerem que a saliva de L.
longipalpis desempenharia papel importante na modulagdo da resposta inflamatoria do
hospedeiro induzida pelo parasita resultando no recrutamento de uma maior quantidade de células
inflamatorias para o local da picada.

Palavras-chave: flebétomo, saliva, leishmaniose, inflamagéo, quimiocinas.
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ABSTRACT

Evaluation of the inflammatory activity from L. longipalpis saliva in the air pouch model.
CLARISSA ROMERO TEIXEIRA. Saliva of blood feeding arthropods contains a great variety
of hemostatic, inflammatory and immunomodulatory molecules and has been incriminated in
facilitating the establishment of the parasite in their host. We report on the leukocyte
chemoattractive effect of salivary gland homogenate (SGH) from Lutzomyia longipalpis using an
air pouch model in BALB/c and C57BL/6 mice. We were able to observe a different kinetics of
cell recruitment between the two mouse strains. While SGH induced a significant increase in
macrophage and eosinophil influx in BALB/c mice after twelve hours, only neutrophils were
observed in the C57BL/6 exudate. Analyzing the expression of chemokines responsible for this
differentiated effect, we observed an increased expression of CCL2/MCP-1 in BALB/c but not in
C57BL/6 mice. In fact, treatment with Bindarit, an inhibitor of CCL2/MCP-1 synthesis, and also
with a specific anti-MCP-1 mAb resulted in a drastic reduction of macrophage recruitment and
inhibition of CCL2/MCP-1 expression in the lining tissue. CCL2/MCP-1 production was also
seen in vitro when J774 murine macrophages were exposed to SGH. The SGH effect was
abrogated by pre-incubation with serum containing anti-SGH IgG antibodies as well as in mice
previously sensitized with L. longipalpis bites. To investigate which salivary molecules were
responsible for this effect, we stimulated the air pouch using ¢cDNA constructions and protein
recombinants from L. longipalpis saliva. We observed that the 11kDa recombinat and its cDNA,
induced an early inflamatory response, while recombinants and cDNA from the yellow family
and 61kDa protein induced a late response. The combination SGH with L. chagasi resulted in na
aditive effect on leukocyte recruitment when compared to L. chagasi alone in both mouse strains.
SGH also modified CCL2/MCP-1, CCL4/MIP-1B3, CCL11/eotaxin and CXCLI1/KC expression
induced by the parasite in both mouse strains. These results suggest that L. longipalpis saliva
plays an important role in modulating host’s inflammatory response induced by the parasite
recruiting more inflammatory cells to the site of inoculation.

Key words: sand fly, saliva, leishmaniais, inflammation, chemokines.
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1 INTRODUCAO

1.1. A LEISHMANIOSE

A leishmaniose ¢ causada por protozodrios do género Leishmania, ordem
Kinetoplastida e familia Trypanosomatidae. A Leishmania apresenta duas formas
evolutivas distintas, uma forma promastigota flagelada e extracelular, encontrada no trato
digestivo do vetor, flebotomineos do género Phlebotomus no Velho Mundo e Lutzomyia
no Novo Mundo (LAINSON et al., 1987); e a forma amastigota e intracelular parasitando
células do sistema fagocitico mononuclear dos hospedeiros mamiferos onde multipicam-
se por divisdo bindria. A transmissdo do parasita ocorre quando a fémea do vetor
flebotomineo infectado, ao realizar seu repasto sangiiineo, pica um determinado
hospedeiro mamifero e inocula junto com a saliva as formas promastigotas infectantes

(ALEXANDER et al., 1999).

A leishmaniose exibe manifestacdes clinicas diversas envolvendo o tegumento
como na forma cuténea (LC), mucocutdnea (LMC) ou difusa (LD) a4 uma forma visceral
(LV) potencialmente fatal (PEARSON et al., 2000). Encontra-se presente em todos os
continentes, com excegdo da Oceania, sendo endémica em 88 paises das Américas do Sul
e Central, Africa ¢ Asia. Por muitos anos, o impacto das leishmanioses na saude piblica
tem sido grosseiramente subestimado em parte devido a falha no registro de casos que é
obrigatério em apenas 32 dos paises afetados. Estima-se que mundialmente 350 milhGes
de pessoas correm risco de infecgdo, cerca de 12 milhdes apresentam alguma forma da
doenga e aproximadamente 1,5-2 milhdes de novos casos de leishmaniose surgem por
ano (WORLD HEALTH ORGANIZATION, 2004).

No Brasil, os vetores responsaveis pela transmissdo da L. (L.) chagasi a0 homem
sdo as espécies Lutozmyia longipalpis e Lutzomyia cruzi, sendo que a L. longipalpis é a
principal espécie transmissora (BADARO et al., 1986; EVANS et al., 1992). A LV
apresenta uma média anual de 3.156 casos distribuidos em 17 estados principalmente
pelo Nordeste com 66% deles ocorrendo nos estados da Bahia, Ceard, Maranhio e Piaui
(COSTA et al., 2005). Os casos de LV podem ser encontrados na area rural e peri-urbana

atingindo areas urbanas nos titimos anos. E um problema crescente de saude publica no



pais, com uma média anual de casos de 3.156 caso, incidéncia de dois casos/100.000
habitantes ¢ letalidade em torno de 10% nos ultimos dez anos (MINISTERIO DA
SAUDE, 2004).

A situagdo critca em que a leishmaniose ainda se encontra, além do tratamento
problematico e auséncia de vacina eficaz tem incentivado a busca por novos candiatos ao
controle da doenga. Nos ultimos anos, a saliva do vetor e seus componentes tém
despertado interesse como novo alvo em potencial para o controle da transmissdo do

patdgeno através do desenvolvimento de novos candidatos a vacina.

1.2. MECANISMOS DE RESISTENCIA E SUSCETIBILIDADE NA LV
EXPERIMENTAL

O desenvolvimento de modelos experimentais para o estudo da lesihmaniose
permitiram a obten¢do de evidéncias sobre a os mecanismos envolvidos na resisténcia ou
suscetibilidade a infec¢do pela Leishmania.

Na LC, por exemplo, a resisténcia a infecgdo pela L. major no modelo murino foi
associado a capacidade de linfocitos T CD4+ em gerar IFN-y que ativa os macréfagos
pérasitados resultando na eliminagdo dos parasitas intracelulares (HEINZEL et al., 1989 e
1991). Por outro lado, na LV, o modelo murino ndo reflete os aspectos da infecgéo ativa
na LV humana. Camundongos considerados suscetiveis (BALB/c, C57BL/10)
apresentam no inicio da infecg¢do por L. donovani aumento da carga parasitiria que €
controlada numa fase tardia. Este controle ¢ mediado pela produgdo de IFN-y produzido
por células T esplénicas de camundongos BALB/c com a participagdo de células CD4+ e
CD8+ (BARBOSA et al., 1987, MURRAY et al., 1982; STERN et al., 1988). A
formagédo de granulomas hepéticos, geragdo de 6xido nitrico (NO) e TNF-a também sdo
responsaveis pelo controle parasitdrio nestes animais numa fase tardia da infecgdo
(SQUIRES et al., 1989; TUMANG et al., 1994). A incapacidade de controlar a replicacio
por L. donovani no curso inicial da infec¢io em BALB/c estd associada a diminuigdo da
capacidade das células esplénicas produzirem IFN-y in vitro, mas ndo IL-4 ou IL-5
(KAYE et al.,, 1991). Com o desenvolvimento da infecgdo, entretanto, a capacidade de

produzir IFN-y contra o parasita é recuperada (MELBY et al., 2001). A IL-12, citocina



que estimula células T e NK a produzirem IFN-y, também desempenha um papel
importante no controle da infecgdo neste modelo (TRINCHIERI, 1993; ENGWERDA et
al., 1998; MURRAY, 1997). Os camundongos resistentes, como o CBA, sdo capazes de
controlar a infec¢do pela L. donovani pelo desenvolvimento de uma resposta celular
especifica mediada por linfécitos T CD4+ e também por T CD8+. A produgdo enddgena
de IFN-y e TNF-qa, a formagdo de granulomas hepéticos (KAYE et al., 1991; SQUIRES
et al.,, 1989). Experimentos de re-infecgdo em animais que controlaram a infecgdo
mostram que o figado se torna resistente ao desafio, enquanto o bago ndo controla a
infecgdo, sugerindo a existéncia de resposta imune 6rgdo-especifica (MURRAY et al,,
1992; ROUSSEAU et al., 2001).

Apesar do extenso uso do camundongo em estudos para LV, este modelo ndo
reproduz as caracteristicas da LV no homem. Uma das principais conseqiiéncias da LV
humana ativa é a supressd@o da resposta imune celular, acompanhada de uma intensa
replicagdo parasitaria no figado, bago e medula dssea. Por outro lado, em areas
endémicas, um grande nimero de individuos adquire a infecg@o subclinica, associada ao
desenvolvimento de uma resposta celular antigeno especifica, acompanhada da produgdo
de IFN-y que os torna resistentes a infecgio (CARVALHO et al., 1981 ¢ 1985; BADARO
et al., 1986). O camundongo, mesmo as linhagens consideradas suscetiveis, controlam a
infecg@o por L. donovani, L. infantum e L. chagasi. Devido a estas limitagdes, o modelo
murino de LV € considerado um bom modelo apenas para a avliagéo dos mecanismos que
levam a replica¢iio inicial do parasita e infec¢lio sub-clinica. Estas caracteristicas, no
entanto, ndo o qualificam para estudos da progressdo da doenga como observada na LV
humana ativa. As caracteristicas clinicopatoldgicas da infecgdo do hamster com L.
donovani  resulta no crescimento lento da carga parasitaria, caquexia,
hepatoesplenomegalia, pancitopenia, hipergamaglobulinemia e supressdo da resposta de
células T a antigenos de Leishmania (PEARSON et al., 1990). Neste aspecto, o hamster
tem sido caracterizado como um modelo de suscetibilidade para LV que apresenta

caracteristicas semelhantes a doenga ativa no homem.



1.3. A SALIVA DOS FLEBOTOMINEOS NA ALIMENTACAO SANGUINEA

Os flebotomineos, assim como os demais artropodes hematdfagos, necessitam da
alimentagfo sanguinea para sobrevivéncica e maturagdo de seus ovos. A obtencdo de
sangue pelo vetor flebotomineo tem como maior desafio enfrentar as barreiras impostas
pelo hospedeiro. Os animais vertebrados desenvolveram mecanismos eficientes de
hemostasia para evitar a perda de sangue provocada por lesdo vascular: agregagdo
plaquetaria, coagulagdo sanguinea e vasoconstricgdo. Como os flebotomineos possuem
pega bucal muito curta, sdo incapazes de penetrar nas camadas mais profundas da pele.
Eles provocam a laceragdo dos capilares superficiais para que ocorra a ingestdo do
sangue (ADLER et al., 1926; LEWIS et al., 1975).

Para garantir 0 acesso ao alimento sangiiineo, a saliva inoculada no local da
picada possui uma grande diversidade de substancias farmacologicamente ativas com
atividade vasodilatadora, anti-agregante plaquetdria e anti-coagulante permitindo a
formagdo de um “lago sanguineo” (RIBEIRO et al., 1987 e 1995; STARK et al., 1998).
Algumas destas moléculas ja foram descritas e caracterizadas como a apirase, uma
ATP/ADPase que inibe a agregagdo plaquetdria encontrada na saliva de L. longipalpis e
P. papatasi. Além da apirase, outros componentes como a prostaglandina E2 (PGE,) e
prostaciclina também bloqueiam a agregagio plaquetdria e promovem a dilatagdo
vascular (VALENZUELA et al., 2001). Existe uma certa diversidade nas moléculas com
atividade anti-hemostatica em flebotomineos da mesma familia. Enquanto os
flebotomineos do género Phlebotomus possuem AMP e proteina fosfatases com atividade
(PP)-1/2A, a saliva de L. longipalpis possui niveis significantes de atividade (PP)-1/2A,
mas ndo de AMP ¢ adenosina (KATZ et al., 2000). Por outro lado, uma atividade tipo 5’-
nucleotidase foi demonstrada em L. longipalpis mas ndo em P. papatasi (CHARLAB et
al.,, 1999). Dentre as substincias vasodilatadoras, os flebotomineos do género
Phlebotomus possuem adenosina como vasodilatador enquanto o género Lutzomyia
possui o maxadilan (peptideo de aproximadamente 7kDa), caracterizado como um
potente vasodilatador responsével pero eritema observado no local da picada logo apds a

alimentagdo sanguinea (LERNER et al., 1991). O maxadilan também apresenta uma



grande variagio antigénica dentro da mesma espécie de flebotomineos (LANZARO et al.,
1999).

A composi¢do complexa da saliva, e o efeito combinado destes componentes que
possuem atividade anti-hemostatica, vasodilatadora e anti-coagulante sdo essenciais para
sobrevivéncia e adaptagdo destes artropodes hematéfagos permitindo a obtengdo de

sangue como alimento.

1.4. ATIVIDADE IMUNOMODULATORIA DA SALIVA

A saliva também exerce um efeito direto sobre a fungdo de células do sistema
imune individualmente (Figura 1). A saliva de L. longipalpis foi capaz de inibir a
produgdo de IL-10 e TNF-a e elevar a produgédo de IL-6, IL-8 e 1L-12p40 por monécitos
e células dendriticas humanas estimuladas com LPS. A expressio de moléculas co-
estimulatorias, importantes na ativa¢do e manutengéo da resposta de linfécitos T também
foi alterada em mondcitos (elevagdo de CD86 ¢ HLA-DR) e macréfagos (redugdo de
CD80 e elevagdo de HLA-DR). A redugdo na expressdo destas moléculas também foi
observada na diferenciagdo de células dendriticas e na maturacio induzida por CD40L
(COSTA et al., 2004). Recentemente, foi demonstrado que a cultura de células esplénicas
de camundongos BALB/c incubadas com a saliva de P. papatasi, P. sergenti ou L.
longipalpis reduziu a proliferagdo de linfocitos induzida por concanavalina A, assim
como a produgdo de IFN-y, IL-2 e IL-4. Embora a saliva destas trés espécies tenha sido
capaz de induzir alteragdes na resposta linfocitaria e na produgdo de citocinas a
intensidade da atividade imunomodulatéria foi diferente para as trés espécies
(ROHOUSOVA et al., 2005).

A saliva dos flebotomineos também ¢ capaz de induzir um processo inflamatério
inicial no hospedeiro, levando ao recrutamento de neutr6filos, macréfagos e eosindfilos.
Recentemente, foi demonstrado um intenso infiltrado inflamatério no local da picada em
camundongos BALB/c expostos a repetidas picadas de L. longipalpis. A inoculagdo de
soro proveniente destes animais picados por L. longipalpis e previamente incubado com

SGH do mesmo vetor provocou uma resposta inflamatéria inicial com a presenga quase



que exclusiva de neutrdfilos, sugerindo a participag@o de imunocomplexos em gerar uma
resposta inflamatéria (SILVA et al.,, 2005). Esta atividade pro-inflamatéria da saliva
também ja havia sido observada na saliva de P. duboscqi, L. longipalpis e P. papatasi
onde o recrutamento de macréfagos resultou em beneficio para a Leishmania (ANJILI et
al., 1995; ZER et al., 2001). O recrutamento celular inicial € um fator importante no
estabelecimento da infec¢do por Leishmania, ji que a composigdo celular resultante

podera facilitar ou dificultar o crescimento do parasita no interior destas células.

1.5. A SALIVA DE FLEBOTOMINEOS NA INFECCAO PELA Leishmania

Durante o processo de alimentagdo do flebotomineo, a Leishmania também €
inoculada na derme junto com a saliva. A modificagéo da resposta imune e inflamatéria
do hospedeiro pela saliva favorece também o parasita, desempenhando papel relevante no
estabelecimento da infec¢do. Em modelos experimentais ja foi demonstrado que a co-
inoculagdo do homogeneizado de glindula salivar (SGH) de L. longipalpis com
Leishmania major resultou em uma exacerbagdo significativa da lesdio e da carga
parasitaria. Este efeito tornava-se ainda mais evidente quando baixos indculos (10" a 10%)
do parasita eram utilizados na infeccdo (BELKAID et al., 1998; TITUS et al., 1988).
Posteriormente foi demonstrado que o maxadilan co-inoculado com L. major levava a um
aumento da lesdo sugerindo que uma tUnica molécula seria responsdvel pelo efeito
exacerbador da lesdo (MORRIS et al., 2001). A infeccdo pela L. braziliensis, que mesmo
em camundongos suscetiveis termina em cura espontinea, na presenga do SGH de L.
longipalpis resultou na formagio de lesdes cutdneas progressivas com a presenga de
macréfagos densamente parasitados e persisténcia de granulocitos (LIMA et al., 1996;
DONNELLY et al., 1998; SAMUELSON et al., 1991). A inoculagdo da saliva de L.
longipalpis com L. amazonensis também levou a formagdo lesGes maiores que se

desenvolveram rapidamente com um nGmero maior de parasitas na orelha de

camundongos BALB/c (THIAKAKI et al., 2005).



1.6. RESPOSTA IMUNE DO HOSPEDEIRO CONTRA A SALIVA DO VETOR

Diversos trabalhos t&€m demonstrado que a exposi¢do do hospedeiro a saliva dos
flebotomineos resulta em uma resposta imune contra seus componentes. Esta resposta ¢
ampla, abrangendo desde uma resposta humoral com a produgdo de anticorpos
especificos, até uma resposta celular com a produg@o de uma reagéo de hipersensibilidade
tardia (RHT). Em animais expostos a picadas de fleb6tomos ou inoculados com o SGH,
ocorre o desenvolvimento de niveis elevados de anticorpos anti-saliva (BELKAID et al.,
1998; GHOSH et al., 1998; BELKAID et al., 2000; VALENZUELA et al,, 2001; VOLF
et al., 2001). Camundongos BALB/c expostos a picadas de L. longipalpis produziram
anticorpos anti-saliva com um predominio de IgG, particularmente IgG1, mas ndo de
IgG2a e IgG2b anti-saliva (MONTEIRO et al., 2005). A IgG tbtal presente nestes
animais reagiu predominantemente com trés bandas protéicas presentes no SGH de L.
longipalpis (16, 44 e 45 kDa). Recentemente foi demonstrado que camundongos expostos
a picadas de P. papatasi, P. sergenti ou L. longipalpis produziram anticorpos especificos
contra os antigenos Unicos da saliva de cada vetor (THIAKAKI et al., 2005).

A produgdo de resposta imune contra a saliva também desempenha um papel
importante na prote¢do contra a infecgio pelo parasita. Diversos trabalhos tém
demonstrado que ao mesmo tempo que a saliva dos flebotomineos exacerba a infecgdo
pela Leishmania, a pré-exposigdo a saliva ou a picadas de flebotomienos ndo-infectados
resulta em redugdo drastica da lesdo a uma infecgdo subsequente ( TITUS et al., 1988;
BELKAID et al., 1998 e¢ 2000). A pré-exposicdo de camundongos a picadas de P.
papatasi ou inoculagdo do SGH deste mesmo vetor, foi capaz de bloquear o
estabelecimento da infec¢do por L. major (BELKAID et al, 1998 e 2000;
VALENZUELA et al., 2001). Camundongos BALB/c imunizados com a saliva de L.
longipalpis desenvolveram protegdo parcial contra desafio com L. amazonensis e a saliva
resultando em lesdes menores que se desenvolveram lentamente (THIAKAKI et al.,
2005). O exato papel destes anticorpos na exacerbagdo ou protegdo a infecgdo por
Leishmania ainda ndo estd totalmente esclarecido. Em 4areas endémicas para
leishmaniose, a exposi¢do a picadas de fleb6tomos ndo-infectados pode influenciar a

epidemiologia da doenga. A presen¢a de anticorpos anti-saliva de L. longipalpis foi



detectada no soros de criangas que residem numa area endémica para LV no Maranhdo, e
uma forte correlagdo foi encontrada entre altos niveis de anticorpos IgG anti-saliva e uma
reagdo de hipersensibilidade tardia (RHT) anti-Leishmania, sugerindo que anticorpos
anti-saliva de flebotomineos no homem podem servir como marcadores importantes de
exposigdo a vetores da leishmaniose nestas dreas (BARRAL et al., 2000). Posteriormente
em outro trabalho nesta mesma area endémica, criangas que tinham RHT anti-Leishmania
positivo, e, portanto, estariam protegidos contra a infec¢éo, desenvolveram uma resposta
de anticorpos IgG anti-saliva de L. longipalpis. Por outro lado, criangas da mesma area
que apresentavam somente resposta soroldgica positiva para antigenos de Leishmania e
RHT anti-Leishmania negativo apresentam baixos niveis de anticorpos anti-saliva. No
soro dos individuos que converteram o RHT para Leishmania, foram detectados
principalmente as subclasse 1gG1 e IgE caracterizando uma resposta mista (Th1/Th2) que
também tem sido descrita em individuos expostos a picadas de outros vetores. Os
antigenos salivares reconhecidos pelos anticorpos anti-saliva presentes nos soros estava
dispostos no grupo de proteinas com pesos moleculares de aproximadamente 45, 44, 43,
35,27 e 16 kDa (GOMES et al., 2002). Recentemente foi observada a presenga de altos
niveis de IgG anti-saliva de P. sergenti ¢ P. papatasi em individuos residentes em uma
area endémica para L. tropica em Sanliurfa (Turquia). Neste estudo, individuos com
lesGes ativas causadas por L. fropica apresentavam niveis mais elevados de IgG anti-P.
sergenti do que individuos saudaveis da mesma area, enquanto os niveis de IgG anti-P.
papatasi foram semelhantes para ambos os grupos (ROHOUSOVA et al., 2005). A
produgdo de anticorpos contra moléculas da saliva parece também dificultar a
alimentagdo sanguinea do vetor em animais sensibilizados. O repasto sanguineo de P.
argentipes em hamsters imunizados com picadas deste mesmo vetor resultou em redugéo
no percentual de ingestdo sangiiinea e aumento da mortalidade dos flebdtomos a medida
que os niveis de anticorpos anti-saliva aumentaram nestes animais (GHOSH et al., 1998).

Exposi¢des repetidas & saliva do flebotomineo, também levam ao
desenvolvimento de imunidade celular no hospedeiro contra os produtos salivares,
caracterizada por uma RHT com a presenga de células inflamatérias recrutadas para o
local da picada. O desenvolvimento de RHT também pode refletir uma adaptagéo do

vetor & resposta imune do hospedeiro, ja que o desenvolvimento deste tipo de resposta



facilita a alimentagdio do vetor devido a um aumento do fluxo sanguineo no local da
reagdo (BELKAID et al., 2000). Outro aspecto relevante relacionado ao desenvolvimento
de uma RHT, é a prote¢do contra Leishmania que ela promove em animais que
desenvolvem preferencialmente este tipo de resposta. Esta reagfio tornaria o local da
picada em um ambiente indspito para o estabelecimento da infec¢fio pela Leishmania, ou
modificaria 0 microambiente, contribuindo para o desenvolvimento dos eventos iniciais
que iriam influenciar a resposta imune do hospedeiro contra a Leishmania. A importancia
do desenvolvimento de uma RHT na protegdo contra a infecgio foi evidenciada quando
uma proteina de 15 kDa, isolada da saliva de P. papatasi (PpSP15), foi capaz de bloquear
a transmiss@o da L. major. Animais imunizados com PpSP15 ou o plasmideo contendo a
seqiiéncia SP15, tornaram-se resistentes a um desafio posterior constituido do parasita
mais saliva. Os animais imunizados apresentaram uma intensa resposta celular (RHT) e
alta produgdio de anticorpos. Mesmo camundongos deficientes de células B, quando
imunizados com o plasmideo, mostraram protegédo contra um desafio posterior, sugerindo
que a resposta imune celular, caracterizada por RHT, recrutaria células inflamatdrias para
o sitio da infecgdo, como por exemplo, macréfagos ativados, que produziriam NO,
radicais livres de oxigénio e IL-12 resultando em um ambiente indspito para o
estabelecimento da Leishmania (VALENZUELA et al., 2001).

Até o momento, o estudo da saliva em modelos experimentais ou in vitro tem
esclarecido mecanismos importantes, que envolvem aspectos diversos da doenga como a
imunidade contra a Leishmania ¢ o estabelecimentodo parasita no hospedeiro que até
entdo eram estudados apenas com relagéo ao parasita isoladamente. Estes novos aspectos
também abrem novas perspectivas quanto a possiveis novos candidatos para a construg@o

de uma vacina eficaz em combinagdo com antigenos do parasita (Anexo 1I).

1.7. QUIMIOCINAS E SEUS RECEPTORES

As quimiocinas constituem uma superfamilia de proteinas com baixo peso molecular
(8 a 17 kDa) responsaveis pelo controle da migragdo e ativagdo de leucécitos.
Atualmente, as quimiocinas e moléulas de adesdo s@o reconhecidas como os principais

controladores da migragdo leucocitiria (MOSER et al., 2004). As quimiocinas foram



originalmente isoladas e identificadas como citocinas capazes de atrair e recrutar
seletivamente populagdes de leucdcitos. Também desempenham fungbes que vdo além
do recrutamento de leucécitos. Tém participagdo essencial na organogénese, crescimento
e metastase de células tumorais, na recirculagdo homeostatica de leucdcitos e na
interagdo virus e células hospedeiras (CHRISTOPHERSON II et al., 2001; ROSSI et al.,
2000). Na sua maioria, sdo secretadas por uma variedade de células, incluindo
leucdcitos, células epiteliais e endoteliais, fibroblastos e outros tipos celulares em
resposta a varios estimulos exégenos e enddgenos como citocinas pro-inflamatdrias,
lipopolissacarideos ¢ diversos patégenos (MOSER et al., 2004).

As quimiocinas podem ser classificadas de acordo com a posi¢do de residuos de
cisteina localizados na regido N-terminal destas moléculas. Sdo designadas, CC, CXC e
CXXXC, onde o C representa o numero de residuos de cisteina e X representa outros
aminodcidos. As familias das CXC e CC quimiocinas englobam a maioria das
quimiocinas. As quimiocinas CXC sdo divididas em duas sub-familias: ELR, que possui
uma seqiiéncia de trés aminoacidos (Glu-Leu-Arg) que precede as duas primeiras
cisteinas da molécula, e ndo-ELR que ndo possui esta seqliéncia. A presenga desta
seqiiéncia estd relacionada a um efeito predominante sobre a atragdo de neutrdfilos e a
auséncia desta seqiiéncia esta relacionada com a migragéo de linfécitos (BAGGIOLINI et
al., 2001). As quimiocinas CC atraem principalmente monocitos e linfocitos T, apesar de
serem também quimiotaticas para baséfilos, eosinodfilos e células NK. Dois outros grupos
menores ndo fazem parte destas familias, sendo designadas como familia C e familia
CX3C (MACKAY et al., 1997, ROLLINS et al., 1997). A quimiocina XCL1/linfotactina,
da familia C, tem sido descrita como sendo quimiotatica para subpopulagdes especificas
de linfocitos B ¢ T. A CX3CLI1/Fractalcina, unica quimiocina CX3C, tem potente
atividade quimiotatica para linfocitos T, células NK e mondcitos ( KENNEDY et al.,
1995; BAZAN et al., 1997; HEDRICK et al., 1997).

As quimiocinas exercem suas fung¢bes pela ligagdo a receptores presentes na
superficie das células. A mensagem transmitida pelas quimiocinas ¢ decodificada por
receptores que iniciam uma sinalizagdo que ird resultar em multiplas respostas celulares
que envolvem quimiotaxia, adesfio e ativagdo de leucdcitos. Os 21 receptores de

quimiocinas descritos pertencem a familia de receptores que atravessam sete vezes a
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membrana celular, com a porg#o intracelular ligada a proteina G ( SAUNDERS et al.,
1999; MURDOCH et al., 2000). A familia das quimiocinas e seus receptores €
caracterizada como um sistema redundante onde a maioria dos receptores de quimiocinas
liga mais de uma quimiocina, além disso, diferentes tipos de células podem expressar
varios destes receptores, de modo que se um ligante ou um receptor estiver defeituoso,
um conjunto de quimiocinas ou receptores alternativos podem efetuar a fung@o biologica
na célula (MANTOVANI et al., 1999). Outra caracteristica interessante deste sistema €
que a fung¢do resultante de um mesmo receptor pode variar dependendo do ligante, assim
como do microambiente em que ele se encontra (KENAKIN et al., 2003).
Microorganismos infecciosos podem diretamente estimular a produgdo de citocinas
por células residentes como células dendriticas, macréfagos e linfocitos T y8 pelo
reconhecimento através de receptores como os tipo Toll JANEWAY et al., 2002). A
quimiocinas desempenham papel importante na resposta imune contra diferentes
patogenos através da regulagdo e mobilizagdo de subpopulagdes apropriadas de
leucocitos capazes de exercer mecanismos antimicrobianos nos tecidos infectados
(MANHHEIMER et al., 1996; ALIBERTI et al., 1999; RITTER et al., 2000). Portanto, a
produgdo local de quimiocinas pode ser considerada como alvo fundamental para agédo
dos mecanismos de escape de patdogenos que podem criar um microambiente favoravel

para a progressdo e cronicidade da infecgéo.

1.8. QUIMIOCINAS E A RESPOSTA INFLAMATORIA NA LEISHMANIOSE

Na leishmaniose, o desenvolvimento de uma resposta celular ¢ fundamental para a
defesa do hospedeiro e controle da doenga. Neste aspecto, as quimiocinas desempenham
papel relevante como o recrutamento de leucdcitos e ativagdo celular, participagio na
imunidade mediada por células e atividade leishmanicida.

A resposta inflamatéria € iniciada no local da picada one a saliva do vetor € o
parasita sdo depositados. Neste local, células residentes sdo capazes de produzir
rapidamente quimiocinas e citocinas, desencadeando rapidamente uma resposta

inflamatéria (SPELLBERG et al., 2000). Logo nas primeiras horas ap6s a infecgdo, a
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primeira populag@o celular que migra para o local da picada € formada basicamente por
neutréfilos recrutados pela produgdo de quimiocinas que atraem preferencialmente este
tipo celular. Na infec¢do experimental com L. magjor ocorre uma produgio rdpida de
MIP-2 e CXCLI/KC na pele de animais infectados (MULLER et al., 2001). A infec¢édo
de macrofagos in vitro também resulta em uma rapida produgio de IL-8 por macréfagos
humanos e CXCL1/KC por macréfagos murinos (BADOLATO et al., 1996; RACOOSIN
et al., 1997). No homem, neutréfilos infectados com L. magjor também secretam 1L.-8, o
que resulta no recrutamento de mais neutréfilos para o local (LAUFS et al., 2002). A
prépria Leishmania libera um fator quimiotatico para neutréfilos conhecido como fator
quimiotatico da Leishmania que também contribui para uma intensa migragéo inicial de
neutrofifos (VAN ZANDBERGEN et al.,, 2002). Todas estas quimiocinas recrutam
preferencialmente neutréfilos que sdo capazes de fagocitar e destruir o parasita
rapidamente. Os neutr6filos também podem ser infectados levando a produgdo de
CCL4/MIP-1p e apoptose tardia destas células (AGA et al., 2002; VAN ZANDBERGEN
et al., 2004). A produgdo de CCL4/MIP-1f induz a migragdo de macréfagos para o local
para fagocitose dos neutréfilos apoptoticos, o que leva a produgdo de TGF-B e PGE2. A
produgdo destas moléculas resulta na desativagdo de macrofagos caracterizando uma
entrada “silenciosa” da Leishmania no hospedeiro (FADOK et al., 1998; LASKAY et al,,
2003; RIBEIRO-GOMES et al., 2004).

Ap6s a migragdo inicial de neutr6filos, os macréfagos formam a segunda populagédo
de leucécitos que migra para o local da infecgdo. A infeccdo por L. major induz a
produgdo de CCL2/MCP-1 por macrdéfagos humanos e murinos (BADOLATO et al,,
1996; RACOOSIN et al., 1997). Comparando o padrdo de expressdo de quimiocinas na
lesdo de individuos com LC e LD causadas por L. mexicana foi possivel observar que as
lesdes dos individuos com LC apresentavam expressdo aumentada de CCL2/MCP-1,
CXCL9/MIG e CXCL10/IP-10; enquanto nas lesdes de individuos com LD predominava
CCL3/MIP-1a (RITTER et al., 1996). Camundongos C57BL/6 (resistentes) e BALB/c
(suscetiveis) apresentaram expressdes significativamente diferentes de vdrias quimiocinas
apds infecgdo pela L. major. Os linfonodos de camundongos resistentes infectados com
L. major expressavam significativamente mais CCL2/MCP-1, CXCL10/IP-10 e

XCL1/linfotactina que os linfonodos de camundongos suscetiveis, indicando que estas
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quimiocinas podem ter um papel importante no desenvolvimento da imunidade do

hospedeiro contra L. major.

As células NK também migram rapidamente para o local da infecgdo atraidas pela
expressio de CXCL10/IP-10 induzida pela infec¢do pela L. major e L. braziliensis
(LASKAY et al., 1995; OLIVEIRA et al.,, 2004). Estas células sdo produtoras de IFN-y e
sua produgdo precoce pode influenciar a defini¢do de uma reposta Thl. A importincia
desta quimiocina na infecgdo foi demonstrada quando a administragdo de CXCL10/IP-10
recombinante em camundongos BALB/c aumentou a atividade das células NK e a
resisténcia contra L. major (VESTER et al., 1999). Outra quimiocina, o CCL5/RANTES,
também foi relacionado a resisténcia a infecgdo por L. major. O tratamento de
camundongos resistentes infectados com L. major com met-RANTES, um antagonista
funcional dos receptores desta quimiocina, tornou esses animais suscetiveis a infecgdo

(SANTIAGO et al., 2004).

Na leishmaniose visceral, o padrdo de quimiocinas encontrado no bago e figado de
camundongos infectados é diferente, o que sugere uma participagdo importante destas
proteinas no processo de formagdo de granuloma e controle da parasitemia nestes 6rgaos.
Esta diferenga foi observada quando camundongos infectados com L. donovani
desenvolveram uma rapida produgdo de CCL3/MIP-1a , CCL2/MCP-1 e CXCL10/1P-10
(COTTERELL et al., 1999). Os macr6fagos atraidos pela produgdo de CCL3/MIP-1a e
CCL2/MCP-1, apos estimulagdo com IFN-y, parecem ser a fonte de produgdo de
quimiocinas que favorecem uma reposta Thl como o CXCL10/IP-10. A expressdo de
CXCL10/1P-10 permanece elevada durante a fase tardia, o que permite a formagéo do
granuloma no figado. Entretanto, no bago de animais infectados, ocorre a produgdo de
citocinas do tipo Thl e Th2, o que € compativel com a expressdo continua de
CCL2/MCP-1 e ndo CXCL10/IP-10 sugerindo que o recrutamento de macroéfagos e ndo
de linfocitos T para o bago resultaria na persisténcia do parasita no bago e ndo no figado
(ROUSSEAU et al., 2001). A produgdo de CXCL10/IP-10, amplificada por células T
também foi essencial para permitir a formagdo do granuloma hepéatico e na resposta
inflamatéria, conferindo resisténcia a esses animais (COTTERELL et al., 1999). Em

outro trabalho foi demostrado que camundongos deficientes de CCR2, CCRS5 ou
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CCL3/MIP-1a., infectados com L. donovani, apresentaram uma baixa produgéo de IFN-y
durante a fase inicial da infec¢fio. Durante a fase crénica da doenga, as concentragdes de
IFN-y aumentaram nos camundongos deficientes de CCR5 e CCL3/MIP-1a, € 0 aumento
desta citocina foi correlacionada com uma diminuigfo da carga parasitéaria, sugerindo que
CCR2, CCR5 e CCL3/MIP-1a. teriam papel importante na geragdo de IFN-y participando
da defesa do hospedeiro contra L. donovani (SATO et al., 1999). A auséncia do receptor
CCR2 em camundongos infectados com L. donovani também esta associada a migragéo
reduzida de células de Langerhans para o linfonodo, resultando em uma redugio

nontimero de células dendriticas CD8a+ (SATO et al., 2000).

As quimiocinas e seus receptores também podem exercer papel importante na
polarizagdo do padrdo de resposta imune (SALLUSTO et al,, 1998). Em camundongos
suscetiveis a infecgdo pela L. major, a migragdo de células dendriticas para o linfonodo e
bago que é dependente de CCR2 e CCR7, € bloqueada em camundongos deficientes para
CCR2 que apresentam redugdo significante na sensibilizag@o de linfécitos Thl (SATO et
al., 2000). Camundongos infectados pela L. donovani também apresentam expressdo de
CCR7 reduzida nas células dendriticas, impedindo sua migracdo e resultando em
progressdo da infecgdo (ATO et al., 2002). O CCR1 também parece desempenhar papel
importante na produg¢éo de citocinas do tipo Th2 na infec¢éo pela L. major mas néo para
mediar a migra¢do de macrofagos para os linfonodos ou para a lesio (RODRIGUEZ-
SOSA et al., 2003). Ja o CXCR3 parece ter um papel importante na defesa contra a
infeccdo pela L. major. Camundongos deficientes para CXCR3 ndo sdo capazes de
controlar a infec¢do pois apesar de desenvolverem uma resposta Thl ocorre um bloqueio
na produgéo de IFN-y na lesdo (ROSAS et al., 2005).

Na leishmaniose, algumas quimiocinas também apresentam a capacidade de ativar
macréfagos induzindo atividade leishmanicida. Este efeito foi observado na produgéo de
CCL2/MCP-1 durante a infecgdo por L. major e L. donovani (RITTER et al., 1996 ¢
2000). A produgio de CCL2/MCP-1 e CCL3/MIP-1o. também estdo relacionadas ao
controle da infecgdo in vitro pela L. infantum e na infec¢do pela L. donovani por um
mecanismo que envolve a produgdo de 6xido nitrico (BHATTACHARY YA et al., 2002).

A avaliagdo do papel de quimiocinas e receptores na lesihmaniose confirmam a

importanica destas proteinas em mediar a resposta inflamatéria. O perfil de quimiocinas
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produzidas pode ser modificado dependendo da espécie e viruléncia do parasita o que
resulta no recrutamento de uma determinada populagdo de leucécitos como células

hospedeiras ou células que mediariam a destruigdo do parasita (Anexo II).

1.9.MODELO DO BOLSAO DE AR

O modelo do bolsdo de ar ou “air pouch” foi desenvolvido inicialmente por Selye e
colaboladores em 1953 para estudar mecanismos da hidrocortisona na resisténcia dos
tecidos a agressdes utilizando o 6leo de croton como estimulo. Uma grande vantagem
que este modelo de inflamagéo in vivo oferece € a criagdio de um ambiente delimitado por
uma estrutura que recobre o limite interno semelhante a uma membrana sinovial. A
formagdo desta cavidade permite a coleta e analise fenotipica das células que migram em
resposta a uma pequena quantidade de estimulo (TESSIER et al., 1998; MATTE et al.,,
2002; FORGET et al., 2005). A formagdo da membrana sinovial ¢ resultante do
rompimento mecénico do tecido conectivo subcutaneo devido a inoculagdo repetida de ar.
Seis dias apds a formagéo inicial do bolsdo de ar, j& € possivel observar a formagdo desta
membrana o que permite o estudo de estimulos com atividade inflamatéria (EDWARDS
et al., 1981; SEDGWICK et al., 1983). Uma desvantagem do modelo € a auséncia de
mastocitos como células residentes que podem influenciar a resposta inflamatdria através

da produgdo de citocinas e quimiocinas (CARVALHO et al., 2005).

Vérios trabalhos tem utilizado este modelo para estudos que avaliam o efeito de
estimulos na inflamag¢do aguda e cronica até a formagfo de tecido de granulagédo
(GILROY et al., 1998). A estimulagdo do bolsdo de ar com lipidio A permitiu a
avaliagdo do papel do CD44 e IL-1a na resposta inflamatéria induzida por este estimulo
(MATSUKURA et al., 1998). Em um trabalho que comparava o efeito de trés corticoides
in vivo, foi possivel detectar diferengas na velocidade e intensidade anti-inflamatoria das

drogas testadas (RULL et al., 2003).

Recentemente, diversos trabalho tém demonstrado a utilidade do modelo do bolséo
de ar também na avaliagdo da resposta inflamatéria induzida pela Leishmania. A

utilizagdo deste modelo possibilitou a detecgdo de diferengas na resposta inflamatoria
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inicial e produgdo de citocinas e quimiocinas induzida entre a L. major e L. donovani ou
entre cepas de L. braziliensis (MATTE et al., TEIXEIRA et al., 2005b). Em outro
trabalho mais recente também foi possivel observar o efeito modulatorio da Leishmania
na inducdo da proteina tirosina fosfatase (SHP-1) do hospedeiro utilizando o modelo do

bolsdo de ar (FORGET et al., 2005).

Sallva

m 3 1
Neutrofilo ‘ Monocito:
y P . T IL-6, IL-8 e IL-12p40
o . 1 CD86, HLADR

Macréfago 1 IL-10 e TNF-a

Eosinofilo ' I
Plasmadcito &@

= Macroéfago:
" 1 CD80 e T HLADR

Entrécnos

Murino: IgG e IgG1 ¥

Humano: IgG, IgG4 e IgG1 ¥ Imuno-complexos
Célula Dendritica:
| CD86, CD80 e HLADR

Figura 1: Efeitos da saliva de Lutzomyia longipalpis no hospedeiro vertebrado. (1)
Infiltrado inflamatdrio, (2) resposta imune humoral, (3) formagdo de imuno-complexos e
(4) regulagdo da expressdo de moléculas coestimulatorias e citocinas nas células
apresentadoras de antigenos (TEIXEIRA et al., 2005a).
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2 JUSTIFICATIVA

A leishmaniose permanece como um problema grave de saude ptblica mundial
ainda sem perspectivas para um novo tratamento ou vacina. Recentemente, o estudo da
saliva do vetor tem aberto caminhos na busca por novos candidatos a vacina.

O controle da infecgdo pelo hospedeiro requer o recrutamento de leucécitos para o
local da infecgdo resultando na eliminagdo do parasita e resolugdo da infecgdo. Para que
este controle ocorra, os eventos iniciais que mediam a interagdo parasita-hospedeiro
como a resposta inflamatéria t&m papel fundamental. Na lesihmaniose, a resposta
inflamat6ria ocorre logo apds a inoculagdo do parasita na pele durante a alimentagdo
sanguinea envolvendo uma rapida acumulagdo de leucécitos. Este processo inflamatério
¢ controlado e dependente da produgdo de moléculas de ades@o e quimiocinas que atraem
determinados subtipos celulares para o local da picada definindo o curso da infecgdo. A
saliva, inoculada junto com o parasita na pele, possui uma grande diversidade de
componentes que permitem a obtengdo de sangue como alimento. Diversos trabalhos t€m
demonstrado que a saliva do vetor desempenha papel essencial no estabelecimento da
Leishmania, e que a imunidade gerada contra os componentes da saliva sdo capazes de
induzir resposta protetora contra a infecgdo. Estas moléculas também sdo capazes de
induzir uma resposta inflamatéria no local da picada que ainda ndo foi bem caracterizada.

A identificagdo dos leucdcitos que migram para o local da picada e caracterizagdo
das quimiocinas envolvidas neste processo, além da determinag@o do(s) componente(s)
da saliva responsaveis por este processo sd3o de extrema importdncia para o
esclarecimento dos fatores que envolvem a modulagdo dos componentes da saliva na

resposta do hospedeiro.
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3 HIPOTESE

A saliva de Lutzomyia longipalpis induz uma resposta inflamatdria diferenciada
no local da picada em camundongos BALB/c e C57BL/6 resultando em um perfil mais

permissivo a infecgdo pela Leishmania chagasi.

4 OBJETIVOS
4.1. OBJETIVO GERAL

Avaliar o papel do homogeneizado de glandula salivar (SGH) de Lutzomyia
longipalpis no recrutamento de diferentes tipos celulares e sua influéncia na resposta
inflamatéria induzida pela Leishmania chagasi utilizando o modelo do bolsdo de ar.

4.2. OBJETIVOS ESPECIFICOS

4.2.1. Avaliar o efeito do SGH de L. longipalpis no recrutamento celular no modelo do

bolsdo de ar induzido em camundongos BALB/c e C57BL/6;

4.2.2. Avaliar o perfil de quimiocinas produzidas em resposta ao SGH no modelo do

bolsdo de ar induzido em camundongos BALB/c e C57BL/6;

4.2.3. Avaliar o efeito de moléculas da saliva de L. longipalpis no recrutamento celular

uitilizando o modelo do bolsdo de ar;

4.2.4. Investigar o efeito do SGH no perfil de expressio de quimiocinas e no

recrutamento celular induzido pela L. chagasi.
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5 MATERIAL E METODOS

5.1. Animais

Camundongos BALB/c e C57BL/6, machos (4-6 semanas) foram criados e
mantidos com dgua e ragdo comercial balanceada ad libitum no biotério do Centro de
Pesquisas Gongalo Moniz (CPqGM-FIOCRUZ). O projeto foi submetido e aprovado
pelo Comité de Etica Animal do CPqGM - FIOCRUZ.

5.2. Parasita

Promastigotas de L. chagasi (MHOM/BROO/MER/STRAIN2) foram cultivadas
em meio Schneider (Sigma, St. Louis, MO, EUA) suplementado com soro bovino fetal
20% (Cripion, Brasil), L-glutamina 2mM, penicilina 100U/ml e streptomicina 100ul/ml
(Sigma, St. Louis, MO, EUA).

5.3. Obtengio e preparo do SGH de L. longipalpis

Fémeas de L. longipalpis com 5-7 dias (cepa Cavunge) foram mantidas no
Insetario do Laboratério de Imunoparasitologia/CPqGM. Os machos foram alimentados
com uma solugdo de glicosse e as fémeas alimentadas em hamsters (Mesocricetus
auratus) anestesiados. As glandulas salivares foram obtidas de fémeas mantidas no
laboratério com 5-7 dias apos eclosfo das larvas. Apos dissecag@o, as glandulas foram
estocadas em uma solugdo PBS estéril a -70°C. Imediatamente antes do uso, as glandulas
erdo sonicadas e centrifugadas a 10,000g por 2 minutos e o sobrenadante (SGH,

homogeneizado de glandula salivar) utilizado para os experimentos.
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5.4. Modelo do Bolsdo de Ar

O bolsdo de ar foi realizada pela inoculagfos de 4 ml de ar na superficie dorsal de
camundongos BALB/c e C57BL/6. Cem microlitros de SGH (0.5 par/animal), salina
estéril, LPS (20 pg/ml; Calbiochem, Behring Diagnostics, La Jolla, CA, EUA), L.
chagasi (10%, L.chagasi + SGH, cDNA (10pg) ou proteinas recombinantes (100ng)
foram inoculados no bolsio de ar imediatamente apds a inje¢dio de ar como descrito
previamente ( MULLER et al., 2001; MATTE et al., 2002). Ap6s 2, 4, 6, 12 e 24 horas
(experimentos com salina, LPS e SGH) ou 12, 24, 48 ¢ 72 horas (experimentos com
L.chagasi e SGH); 3-5 animais por grupo experimental foram sacrificados e o bolsdo de
ar lavado com 5 ml de salina estéril possibilitando a coleta do exudato leucocitario. Este
exudato foi centrifugado a 100g por 10 min a 4°C ¢ o sedimento celular ressuspenso em

uma solugdo de PBS + BSA10% (Sigma, St. Louis, MO, EUA).

5.5. Western Blot

A eletroforese com SGH de L. longipalpis (80 pares de glandula) foi realizado em
um gel de Tris-glicina a 16% (Invitrogen, Carlsbad, CA, EUA). Apoés a transferéncia
para membrana de nitocelulose foi realizado o bloqueio com uma solugdo com 5% de
leite desnatado em PBS-tween 0,05% durante a noite a 4°C. A membrana foi posicionada
em um sistema mini-proteam II (Bio-Rad, Hercules, CA, EUA) e incubada com soro
(1:50) em tampdo de bloqueio por uma hora a temperatura ambiente. Em seguida foi
realizada adigdo do anticorpo IgG anti-camundongo conjugado com fosfatase alcalina
(1:1000) (Sigma, St. Louis, MO, EUA) por uma hora. A visualizagdo de bandas
especificas foi realizada utilizando um substrato de fosfatase alcalina (Promega, Madison,

WI, EUA) e a reagdo foi parada com a adi¢do de agua deionizada.
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5.6. ELISA para detecgio de IgG anti-SGH de L. longipalpis

Placas de 96 pogos (Limbro®/Titertek®, Aurora, OH, EUA) foram sensibilizadas
(70pnl/pogo) com SGH (5pg/ml) por uma hora a temperatura ambiente. Apods lavagem
com PBS-Tween 0,05% e bloqueio (250ul) por duas horas com uma solugéio de PBS-
tween 0,05% e BSA 3% (Sigma, St. Louis, MO, EUA), as amostras foram adicionadas
(soros, 1:50) e incubadas durante a noite. Ap6s nova lavagem, foi adicionado o anticorpo
IgG anti-camundongo conjugado com fosfatase alcalina (Sigma, St. Louis, MO, EUA) e
incubada durante uma hora a 37°C, seguido do substrato de fosfatase alcalina (p-
nitrofenil fosfatase, Sigma, St. Louis, MO, EUA). Ap6s 15 minutos, a reagdo foi parada
com NaOH 3m (50ul) e reagdo lida a 405 nm.

5.7. Isolamento de RNA e RT-PCR

O RNA total foi extraido da parede interna do bols@o de ar utilizando reagente de
TRIZOL (Invitrogen, Carlsbad, CA, USA), de acordo com as intrugdes do fabricante.
Resumidamente, apds a lise celular o RNA foi precipitado com isopropanol, lavado com
etanol a 70% e solubilizado em 4gua tratada com dietilpirocarbonato (DEPC). A
concentragdo do RNA ¢ a pureza foram determinadas pela leitura a Aysp € Aggo € as
amostras armazenadas a -70°C. A sintese de cDNA foi realizada com aproximadamente
1-2 pg de RNA em um volume total de 20 pl contendo 2,5 uM de oligonucleotieos
iniciadores, oligo (dT)iz.15, | mM dNTPs (Invitrogen, Carlsbad, CA, EUA), tampédo 1x
(20 mM Tris-HCI, pH 8,4, 50 mM KCI, 2 mM MgCl,), 20 U de inibidor de ribonuclease
e 50U de transcriptase reversa (Superscript II, Gibco, Carlsbad, CA, USA). A reagio foi

incubada a 42°C por 50 minutos e encerrada a 95°C por 5 minutos.
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5.8. Detecgio de mRNA para quimiocinas

Os oligonucleotideos iniciadores especificos para quimiocinas murinas (B-actina,
CCL2/MCP-1, CCL3/MIP-1a, CCL4/MIP-18, CCLS/RANTES, CCL11/eotaxina,
CXCL1/KC e CCR2) foram utilizados para amplificar os cDNA através do PCR. A -
actina murina foi utilizado como controle para avaliar a expressdo de genes. Os
oligonucleotideos iniciadores foram preparados pela empresa Invitrogen Life
Technologies (Sdo Paulo, Brasil), baseado em seqiiéncias (Tabela 1) publicadas
anteriormente (KAWAKAMI et al., 1997; NEUMANN et al., 1998).

A expressio de mRNA foi analisada pela reagdo de transcrigdo reversa da
polimerase em cadeia (RT-PCR) da seguinte forma: uma aliquota de Sul do cDNA obtido
foi amplificada em uma reagédo de 25l contendo tampdo para PCR 1x (5 nmol KCL, 1
nmol Tris-HCL, pH 8,4, 1,5 nmol MgCLy,), 0,2 nmol de cada dNTP, 200 nmol de cada
oligonucleotideo iniciador € Tag DNA polimerase (1U) (Invitrogen, Carlsbad, CA, USA)
em um termocilcador PTC-100 (MJ Research Inc., Waltham, Mass., USA). As condigOes
da reagio foram: 30 ciclos por 1 minuto a 94°C, 1 minuto a 54 a 55°C, e 2 minutos a
72°C, com uma extensdo final de 7 minutos a 72°C. Para cada reagio, uma amostra
negativa (dgua) foi adicionada em paralelo. Os produtos de PCR foram visualizados épés
eletroforese em gel de poliacrilamida a 6% com uma solugéo de nitrato de prata a 10%. O
tamanho do produto do RT-PCR foi confirmado com um peso moleuclar de 100-pb
adicionado em paralelo com as amostras. A intensidade da banda do produto amplificado
foi analisada pelo programa EagleSight®, versdo 3.2 (Stratagene, La Jolla, CA, USA). O
resultado da expressdo de CCL2/MCP-1 e CCR2 apds doze horas (grupos estimulados
com salina, LPS e SGH) foi expresso como a razdo da expressdo das quimiocinas com a

expressdo da [3-actina das mesmas amostras.



Tabela 1. Sequéncia dos primers e tamanho dos produtos do PCR

Oligonucleotideo Oligonucleotideo iniciador Oligonucleotideo iniciador Tamanho do
Sense (5°-3°) Anti-sense (3°-5%) Produto (pb)
TGG AAT CCT GTG GCA TCC ATGAAAC TAA AAA GCA GCT CAG TAA CAG
B-Actina TCCG 349
CCTTG ACC CTG AAG CTCCCTTGG TTC CGT GCG TGT TGA CCA TAC AAT ATG
CXCLV/KC 422
AGT CCT TGG GCG ACT GGT GC GCA GAG CTC CAC AGC GCT TC
CCl.11/eotaxina 243
CTA AGG ACC ACT TGC CAT GGA CTG GTA GCTCTC TGC CCTGITT
CCL2/ 445
MCP-1/JE
C CGG AAG ATT CCA CGC CAA TTC T GAG GAA CGT GTC CTG AAG
CCL3/MIP-1a 427
CCT GCT GCTTTTCTT ACA CC CAC CTA ATA CAA TAA CAC GGC
CCL3/MIP-1B 427
CCCA CGT CAAGCAGTATITC CTG GTT TCT TGG GTT TGC TGT G
CCL5/RANTES 506
CTA CGA TGA TGG TGA GCCTTIGT ACC AAT GTG ATA GAG CCCTGT G
CCR2 368

5.9. Cultura de macrofagos J774

A linhagem celular J774E foi mantida a 37°C com 5% CO; em meio RPMI 1640
(Sigma, St. Louis, MO, EUA) suplementado com soro bovino fetal a 10% (HyClone,
Logan, Utah, EUA), HEPES 25mM, penicilina 100 U/ml e streptomicina 100 pg/ml
(Gibco, Carlsbad, CA, USA). As células (4)(105 /ml) foram distriuidas em placas para
cultura de 24 pogos (Costar, Cambridge, Michigan, EUA), contendo laminulas redondas
com 13 mm de didmetro em duplicatas (Novocastra Laboratories, UK). Ap6s 24 horas, os
macrofagos foram tratados ou ndo com LPS (50 pg/ml) ou SGH (0,5 par/pogo) ou SGH
pré-incubado por 1 hora a 37°C com soro anti-SGH especifico. Oito horas apés a

estimulagdo as laminulas foram removidas e fixadas em metanol por 5 minutos.
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5.10. Imunohistoquimica

As laminulas contendo os macréfagos J774 ou cortes do tecido da parede interna
do bolsdo de ar fixadas em laminas foram desparafinizados e incubadas com uma solug@o
de leite desnatado a 10% por 20 min a temperatura ambiente para o bloqueio das liga¢des
inespecificas. Os anticorpos primarios (50 pl, 1:100) para CCL2/MCP-1, CCL3/MIP-1a,
CCL4/MIP-1B3, CCL5S/RANTES ou CCR2 (Santa Cruz Biotechnology, Santa Cruz, CA,
EUA) foram diluidos em PBS contendo 0.01% de saponina, adicionados e incubados
durante a noite a 4°C. As laminas foram lavadas trés vezes com uma solugdo de PBS
contendo Triton-X-100 a 1% (Amresco, Solon, Ohio, EUA), e o anticorpo secundario (50
ul, 1:300,Vector Laboratories, Burlingame, CA, EUA) foi adicionado e incubado por 45
minutos em cdmara imida a temperatura ambiente. As ldminas foram novamente lavadas
trés vezes com uma solugdo de PBS contendo Triton-X-100 a 1%. A peroxidase
endogena foi bloqueada pela incubagdo em H,O; a 3% por 20 min a temperatura
ambiente, e entdo 50 pl de streptavidina-peroxidase (Vectastain ABC kit, mouse IgG,
Vector Laboratories) foi adicionado por 30 minutos a temperatura ambiente. A reagéo foi
revelada com uma solugdo de 3-3’diaminebenzidine (kit DAB, Vector Laboratories) € a
contra-coloragfo realizada com hematoxilina. Os macréfagos J774 estimulados com LPS
(50 pg/ml) foram utilizados como controle positivo. Os anticorpos monoclonais foram

substituidos por anticorpo murino irrelevante como controle negativo.

5.11. Tratamento com bindarit e anticorpo monoclonal anti-CCL2/MCP-1

Bindarit ou &acido 2-metil-2-{[1-fenilmetil)-1H-indazol-3-yl]metoxi}propidénico
(Angelini Farmaceutici - ACRAF, Aprilia, It4lia) foi administrado na dose de 200 mg/kg
intraperitonealmente uma hora antes e sete horas depois da indugdo do bolsdo de ar
induzido com a estimulagdo do SGH (0,5 par/animal). A dose de bindarit foi determinada
baseada em trabalhos anteriores que demonstravam sua inibi¢do preferencial da sintese
de CCL2/MCP-1 (SIRONI et al., 1999; GUGLIELMOTTI et al., 2002; BHATIA et al.,
2005). Para o tratamento com anticorpo monoclonal anti-MCP-1, os animais receberam

injecdo i.p. com o anticorpo anti-MCP-1 neutralizante (R&D Systems, Minneapolis, MN,
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EUA) em um volume final de 200 pl (100pg) uma hora antes da indugdo do bolsédo de ar

e estimulagdo com SGH (0,5 par/animal).

5.12. Obten¢do de soro anti-SGH de L. longipalpis

Para obtengdo de soro anti-SGH, hamsters (Mesocricetus auratus) foram expostos
a picadas de fémeas de L. longipalpis (cepa Cavunge, 5-7 dias). Os animais foram
anestesiados e expostos trés vezes a aproximadamente 50 flebotomineos a cada quinze
dias. Quinze dias apds a Ultima exposi¢do, os animais foram sacrificados e o soro

coletado para determinagdo de IgG anti-SGH por ELISA.

5.13. Imuniza¢ao com saliva de L. longipalpis

Camundongos BALB/c anestesiados (Avertina, Acrés Organics, NJ, EUA) foram
sensibilizados através da exposi¢do natural a picadas de 15 fémeas de L. longipalpis ndo-
infectadas na orelha esquerda, cinco vezes com intervalos de dez dias. Uma semana ap0s
a Gltima exposi¢do o soro foi coletado para avaliar a presenga de IgG anti-SGH. Os
animais considerados positivos (cut-off = 0.045) foram utilizados para realizagdo dos

experimentos.

5.14. Imunizag¢io com os plasmideos de cDNA da saliva de L. longipalpis

Grupos de camundongos BALB/c foram sensibilizados intradermicamente na
orelha direita com c¢cDNA que codificam produtos da saliva de L. longipalpis. Os
plasmidios LIM17, LIM19, LIM11 e LIL11 (10pg) foram inoculados isoladamente ou
em combinagdo, ou com 0,5 par de SGH em 10 pl de salina. Cada grupo foi vacinado
trés vezes com intervalos de 14 dias. Catorze dias apds a Gltima imunizag@o uma aliquota
de soro foi coletada para determinag@o de anticorpos anti-SGH por ELISA e Western
blot. Os animais considerados positivos (cut-off = 0.045) foram utilizados para realizag&o

dos experimentos.
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5.15. Constru¢ao dos plasmideos de cDNA e descri¢io do vetor VR2001-TOPO

A obtengiio dos plasmideos de cDNA contendo as seqtiéncias das proteinas da
glandula salivar de L. longipalpis foi realizada no laboratério do Dr. Jesus Valenzuela
(National Institutes of Health, Bethesda, MD, EUA). O ¢cDNA codificando para uma
determinada proteina salivar foi amplificado a partir de cDNA de L. longipalpis por PCR,
utilizando Taq poymerase (Gibco, Carlsbad, CA, USA) e oligonucleotideos especificos.
O produto de PCR foi visualizado em um gel de agarose 1,5% e imediatamente clonado
no vetor de clonagem, denominado VR2001-TOPO. As células foram incubadas durante
a noite a 37°C. Oito coldnias foram pescadés e misturadas com 10 pl de agua estéril.
Cinco pl de cada amostra foi transferido para o meio de cultura Luria com Kanamicina
(100 pg/ml) e incubadas a 37° C. Os outros 5 pl de foram usados como modelo para uma
reagdo de PCR utilizando dois oligonucleotideos especificos para o vetor VR2001-
TOPO, com a finalidade de confirmar a presenga do inserto e para anélise seqiiencial.
Apbs a visualizagdo do produto do PCR em um gel de agarose 1,1%, os oito produtos de
PCR foram sequenciados utilizando um seqiienciador de DNA CEQ2000 (Beckman
Coulter). Foi escolhida uma amostra que continha a sequéncia que era iniciada do N-
terminal até o codon de parada dos cDNA das proteinas salivares. As células contendo o
plasmideo carreando os genes de interesse foram cultivados em meio Luria durante a
noite a 37° C com Kanamicina e a purificagio do plasmideo foi feita usando um kit de
isolamento de plasmideo “mega prep endofree” (Qiagen, Alemanha). O plasmideo
VR2001 contém o gene resistente a Kanamicina, o promotor do citomegalovirus humano
e o peptideo sinal ativador do plasminogénio tecidual acima do sitio de clonagem. Apés o
isolamento do plasmideo, a amostra e o plasmideo controle (VR2001 sozinho) foram
lavados 3 vezes com dgua ultrapura. As concentragdes das amostras foram medidas por
absorbancia em UV. Antes de serem estocadas a -70°C, as amostras foram esterilizadas

por filtragdo com filtros de 0.2.
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5.16. Expressio das proteinas recombinantes de L. longipalpis in vitro

As proteinas recombinantes de 11 kDa, 43kDa, 44kDa e 45kD da saliva de L.
longipalpis foram produzidas no laboratério do Dr. Jesus Valenzuela (National Institutes
of Health, Bethesda, MD, EUA) como descrito anteriormente (RAMALHO-ORTIGAO
et al., 2005). Resumidamente, as proteinas foram obtidas pela transfec¢iio de células
“FreeStyle 293-F cells” (Invitrogen, Carlsbad, CA, EUA) utilizando o sitema “Rapid
Translation System” (RTS500, Roche Molecular Biochemicals). Inicialmente, os
respectivos cDNA foram amplificados por PCR. Para a expressdo nas células 293-F, o
cDNA foi clonado utilizando o vetor VR2001-TOPO, uma versdo modificada do vetor
VR1020 (Vical Inc., San Diego, CA, EUA) (OLIVEIRA et al., 2005), onde, para a
expressdo de RTS500, o mesmo cDNA foi clonado no vetor de expressdo pCRT7/NT-
TOPO (Invitrogen, Carlsbad, CA, USA). Em ambos os casos, a orientagéo da insergéo foi
confirmada pelo sequenciamento. Apds a purificagdo de 2-4 pg do DNA utilizando o
“EndoFreeTM Plasmid MEGA prep kit” (Qiagen, Alemanha), 30 pg do plasmideo
VR2001 purificado foi utilizado para transfectar células 293-F e 50 pg do plasmideo
pCRT7/NT purificado foi utilizado para RTS500 de acordo com as intrugdes do
fabricante. As células 293-F transfectadas foram crescidas por 48-72 h a 37 °C e 8% de
CO,. Apbs este tempo, o sedimento celular e o sobrenadante foram coletados. O
sobrenadante foi concentrado aproximadamente 20-25 vezes utilizando o filtro Centricon
Plus-20 (cut-off 5 kDa) (Millipore Corp., Bedford, MA, USA). O sedimento celular e o
sobrenadante concentrado foram mantidos a 4 °C. A expressdo com o sistema RTS500
foi realizado por 24 h (30°C) a 120 rpm. em um RTS ProteoMaster (Roche Molecular
Biochemicals). Aproximadamente 1,0 ml do produto in vitro foi removido do
compartimento da camara de reagéio e centrifugado por 2 h a velocidade maxima (16.000
2). O sedimento foi lavado diversas vezes com 1,0 ml de Tris S0mM (pH 8.0), EDTA 20
mM (pH 8.0) ¢ mix de inibidor de protease “Complete Protease Inhibitor Mix” TE
50/20/P1 (Roche Molecular Biochemicals). Para cada lavagem, a amostra foi centrifugada
por uma hora em velocidade maxima. Antes da 1itima rotagdo, 10 ul da amostra foram

retirados e separados em um gel NuPAGE 4-12% (Invitrogen, Carlsbad, CA, USA) e
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corado com Gel Code Blue Stain reagent (Pierce, Rockford, IL, USA) para confirmar a

presenga da proteina recombinante.

5.17. Analise estatistica

Os dados obtidos estdo representados como a média + erro padrdo da média e
foram analisados estatisticamente pelos testes ANOVA ou Kruskal-Wallis com nivel de
significdnica de p< 0.05. Todos os experimentos foram realizados com pelo menos trés

repetigdes.
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6 RESULTADOS

6.1. Efeito da saliva de L. longipalpis no recrutamento celular in vivo

Para avaliar a atividade inflamatéria do SGH de L. longipalpis nés utilizamos o
modelo do bolsdo de ar induzido no dorso de camundongos BALB/c e C57BL/6 através
da inje¢io de ar em conjunto com o SGH (0,5 par/ml), LPS (20 pg/ml) ou salina e apos 2,
4, 6, 12 e 24h o exudato foi coletado para contagem e determinagdo do perfil de
recrutamento celular, O SGH induziu o recrutamento celular diferencial nas duas
linhagens de camundongo testadas. Enquanto em camundongos BALB/c o recrutamento
celular foi iniciado duas horas apds a estimulagé@o e o pico maximo ap6s doze horas (Fig.
2A), em camundongos C57BL/6 o recrutamento celular foi iniciado apds quatro horas e o
pico de recrutamento ocorreu somente apds 12 horas para neutréfilos e 24 horas para
macrofagos (Fig. 2B). Enquanto poucos leucdcitos foram encontradas no exudato quando
os animais foram estimulados com salina, o SGH de L. longipalpis mostrou-se um forte
recrutador de neutréfilos em camundongos BALB/c (Fig. 2C) e C57BL/6 mice (Fig. 2D).
Entretanto, apenas o estimulo com o SGH levou a um aumento do nimero de macréfagos
e eosinofilos em camundongos BALB/c apds 12 horas. Este efeito ndo foi observado em
camundongos C57BL/6 que neste mesmo tempo de avaliagdo apresentava um exudato
composto apenas por neutrofilos. Este resultado foi refor¢ado com a comparagdo do
recrutamento de macrofagos e eosindfilos entre BALB/c e C57BL/6 (Fig. 2E). Estes
resultados sugerem que o SGH de L. longipalpis apresenta uma importante atividade

inflamatéria diferenciada dependendo da linhagem de camundongo utilizada.
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Figura 2: Infiltrac¢iio leucocitaria em camundongos BALB/c e C57BL/6 estimulados
com o SGH de L. longipalpis. Infiltragdo leucocitdria no bolsdo de ar de camundongos
BALB/c (A) e C57BL/6 (B) estimulados com 0,1 ml de SGH de L. longipalpis (0,5
par/animal) ap0s 2, 4, 6, 12 e 24h. Recrutamento celular em camundongos BALB/c (C) ¢
C57BL/6 (D) 12h apds estimulagdo com salina ou SGH. Diferenga significativa para
macréfagos (¥, p = 0,0390) e eosindfilos (**, p = 0,0210) entre o valor do grupo
estimulado com o controle negativo (salina) e o estimulado com SGH. (E) Representagdo
da diferenga do recrutamento entre macrofagos e eosindfilos apds estimulagdo com SGH
em camundongos BALB/c e C57BL/6. Diferenga significativa para macrofagos (*, p =
0,0280) entre BALB/c ¢ C57BL/6. Os valores representam a média £ SEM de 4 animais
por grupo.
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6.2. Avaliacio do perfil de expressiao de quimiocinas induzido pelo SGH

Apbs a determinagdo do perfil de células encontradas no exudato em resposta ao
estimulo com o SGH, nds avaliamos a participagdo de quimiocinas possivelmente
envolvidas neste recrutamento. Nos pontos de avaliagdo da cinética, o tecido que reveste
a parede interna do bolsdo de ar foi retirado para extragdo de RNA e avaliagdo da
expressio das quimiocinas CCL3/MIP-l1a, CCL4/MIP-1B, CCL5/RANTES,
CCL2/MCP-1, CXCL1/KC, CCL11/eotaxina e CCR2. Com os resultados obtidos, foi
possivel obervar que o SGH induziu um padrdo de expressdo de quimiocinas diferente
em camundongos BALB/c e C57BL/6. Enquanto em BALB/c a inje¢do do SGH no
bolsdo de ar induziu uma expressdo de CCL3/MIP-1a ap6s 2 horas , CCL4/MIP-1f apds
4 ¢ 12 horas e CCL5/RANTES apds 4 e 6 horas, estas quimiocinas ndo foram induzidas
quando camundongos C57BL/6 foram estimulados com SGH (Fig. 3A ¢ B). Nao
observamos diferenga significante na expressdo de CXCL1/KC entre as duas linhagens.
Por outro lado, a expressdo de CCL11/eotaxina foi observada em C57BL/6 apds 2, 4 e 24
horas e apenas 4 e 24 horas em BALB/c. A expressdo de CCL2/MCP-1 também foi
diferente nas duas linhagens. Enquanto em BALB/c o CCL2/MCP-1 foi detectado em
quase todos os pontos avaliados (4, 6, 12 e 24 horas), foi detectado apenas apds 2 e 4
horas em C57BL/6. O receptor para CCL2/MCP-1, CCR2, também foi detectado apds 12
horas em BALB/c e apds 4h em C57BL/6. A analise densitométrica apos 12 horas em
camundongos BALB/c revelou um aumento na expressdo de CCL2/MCP-1 nos animais
tratados com o SGH quando comparado com o controle (salina) mas ndo tdo elevado
quanto ao estimulo com o LPS (Fig. 3C), enquanto o aumento na expressdo de CCR2 nos
camundongos tratados com SGH foi similar aos controles (Fig. 3D). Mesmo quando a
expressio de CCL2/MCP-1 foi detectada em camundongos C57BL/6, a anélise
densitométrica da expressdo desta quimiocina induzida 2 ¢ 4 horas nesta linhagem foi
menos intensa quando comparada a expressdo apds 12h em BALB/c. A expressdo de
uma maior diversidade de quimiocinas que recrutam preferencialmente mononucleares,

principalmente CCL2/MCP-1, para o local da picada em camundongos BALB/c sugere
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um participag@o importante desta quimiocina no aumento do recrutamento de macréfagos

induzido pelo SGH observado anteriormente.

(A)

B-actina CCL2/MCP-1 CCR2
Salina LPS SGH Salina LPS SGH Salina LPS SGH

CCL3/MIP-1a CCL4/MIP-18 CCLS5/RANTES
Salina LPS SGH Salina LPS SGH Salina LPS SGH

CXCL1/KC CCL11/eotaxina
Salina LPS SGH Salina LPS SGH
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Figura 3. Expressdo de quimiocinas induzido pelo SGH. Anélise por RT-PCR da
expressio de CCL2/MCP-1, CCL3/MIP-1a,, CCL4/MIP-1B8, CCLS5/RANTES,
CXCLI1/KC, CCL11/eotaxina e CCR2 na parede interna do bolsdo de ar de camundongos
BALB/c (A) e C57BL/6 (B) 2, 4, 6, 12 e 24h apés estimulagdo com salina, LPS (20
pg/ml) ou SGH (0,5 par/animal). Anélise densitométrica da expressdo de CCL2/MCP-1
(C) ou CCR2 (D) em camundongos BALB/c ap6s 12h representado como a média +
SEM da razdo entre a expressdo da banda da quimiocina ou receptor e da (-actina da
mesma amostra representativo de pelo menos dois experimentos independentes.
Diferenga significativa (*, p = 0,0033) entre o valor do controle negativo (salina) e o
grupo tratado com SGH.
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6.3. Avaliacdo da producio de CCL2/MCP-1 in vitro

Apds termos observado um aumento na expressdo de CCL2/MCP-1 na parede
interna que recobre o bolsdo de ar de camundongos BALB/c, avaliamos se o SGH seria
capaz de induzir também a produgdo de CCL2/MCP-1. A cultura de macrofagos J774 foi
estimulada na presenga do SGH durante seis horas e em seguida avaliada quanto a
presenga de CCL2/MCP-1 por imunohistoquimica. O SGH induziu um aumento na
produgdo de CCL2/MCP-1 (Fig. 4B) quando comparado ao controle ndo estimulado (Fig.
4A) que foi similar a produgdo induzida pelo LPS (dado ndo mostrado). Para confirmar
que este efeito era especifico, o SGH foi pré-incubado com soro anti-SGH antes de ser
adicionado a cultura. Nesta condigdo, a produgdo de CCL2/MCP-1 foi completamente
inibida (Fig. 4C) sugerindo que a atividade inflamatdria induzida pelo SGH pode ser
neutralizada por anticorpos especificos. A produgdo de CCL2/MCP-1 também foi
visualizada no tecido que recobre a parede interna do bolsdo de ar estimulado com SGH

(Fig.4E), mas ndo apos estimulagdo com salina (Fig. 4D).

(B) ©
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Figura 4. Produgio de CCL2/MCP-1 in vitro e in vivo. A produgdo de CCL2/MCP-1
(setas) detectada por imunohistoquimica ap6s estimulagdo com SGH. Macrofagos 1774
foram cultivados sem estimulo (A) ou tratados com SGH (0,5 par/pogo) (B) ou com SGH
pré-incubado com soro anti-SGH de L. longipalpis (C) por oito horas. A produgdo de
CCL2/MCP-1 também foi avaliada in vivo na parede interna de camundongos BALB/c
ap6s doze horas observada nos animais estimulados com salina (D) ou SGH (E).
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6.4. Inibi¢ao de CCL2/MCP-1

Para certificar que o recrutamento de macréfagos ap6s estimulagdo com SGH ¢
devido ao aumento de CCL2/MCP-1, um grupo de camundongos BALB/c foi
previamente tratado com bindarit, um inibidor da sintese de CCL2/MCP-1, ou com
anticorpo monoclinal anti-MCP-1 neutralizante. O tratamento com anticorpo anti-MCP-1
(Fig. 5A) ou bindarit (Fig. 5B) resultou na redugdo significante do recrutamento de
macréfagos. O tratamento com bindarit € com o anticorpo anti-MCP-1 resultou na
inbigdo da expressdo de CCL2/MCP-1 (Fig. 5A e B). Este resultado reforga o papel do
CCL2/MCP-1 como a quimiocinas responsavel pelo aumento no recrutamento de

macréfagos induzido pelo SGH em camundongos BALB/c.
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Figura 5. Inibi¢do de CCL2/MCP-1. (A) Infiltrado leucocitario coletado do bolsédo de
ar de camundongos BALB/c tratados com anticorpo monoclonal anti-MCP-1 (a«MCP-1)
ou ndo-tratados (NT) uma hora antes da estimulagdo do SGH e analise da expressdo de
CCL2/MCP-1 por RT-PCR no tecido da parede interna dos dois grupos 12h apds
estimulagdo com SGH (0,5 par/animal). Diferenga significativa do valor do recrutamento
de macréfagos (*, p = 0,0286) entre os grupos tratados com aMCP-1 e NT. (B)
Infiltrado leucocitéario coletado do bolsdo de ar de camundongos BALB/c tratados com
bindarit (BIND) uma hora antes e sete horas depois da estimulagdo com SGH e anélise da
expressdo de CCL2/MCP-1 por RT-PCR no tecido da parede interna dos dois grupos 12h
apds estimulagdo com SGH (0,5 par/animal). Diferenga significativa do valor do
recrutamento de macrdfagos (*, p = 0,0259) entre os grupos tratados com BIND e NT. Os
valores representam a média + SEM de 4 animais por grupo.
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6.5. Inibi¢do do recrutamento com soro anti-SGH

Como o efeito do SGH em macrofagos J774 foi neutralizado pela pré-incubagio
da saliva com soro anti-SGH in vitro, nos resolvemos investigar se o efeito do SGH
também poderia ser inibido in vive. Quando o SGH foi pré-incubado com soro anti-SGH
houve redugdo no recrutamento de macréfagos e eosindfilos enquanto o numero de
neutrdfilos e linfocitos permaneceu similar ao perfil de recrutamento induzido pelo SGH
isoladamente (Fig. 6). A pré-incubagdo do SGH com o anti-soro especifico resultou em
68% de redugdo no recrutamento de macréfagos quando comparado ao efeito do SGH.
Enquanto aproximadamente 3,1x10* macréfagos e 2,31 x10* eosinéfilos foram recrutados
pelo SGH apenas 1,0x10* macréfagos e 0,81x10* eosindfilos foram observados apos
estimulo com o SGH pré-incubado com soro anti-SGH. A inibi¢&o ndo foi observada com
relacdo aos neutrdfilos ou linfécitos (9.68)(104 vs 12.6x10* com SGH e SGH + soro,
respectivamente para neutr6filos). A incubagdo deste mesmo soro com LPS néo resultou
na neutralizagdo da resposta inflamatéria confirmando a especificidade do soro anti-SGH
(Fig. 6). Estes resultados sugerem que a presenga de um fator quimiotitico para
macréfagos no SGH pode ser neutralizado por anticorpos presentes no anti-soro

especifico.
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Figura 6. Inibi¢do especifica do recrutamento de macrofagos apos estimulagio com
SGH. O bolsdo de ar em camundongos BALB/c foi estimulado com LPS (20 pg/ml),
SGH (0,5 par/animal), soro a-SGH, LPS ou SGH pré-incubado por 1h com soro anti-
SGH. Diferenga significativa entre o valor do recrutamento de macréfagos (*, p =
0,0364) e eosindfilos (**, p = 0,0286) entre os grupos estimulados com SGH e SGH +
soro a-SGH.
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6.6. Inibi¢io do recrutamento induzido pelo SGH por anticorpos anti-SGH

naturalmente induzidos

Para entender melhor o efeito dos anticorpos anti-SGH, testamos se a atividade
quimiotético induzida pelo SGH também poderia ser inibido por anticorpos circulantes
produzidos naturalmente em camundongos BALB/c apés a pré-exposi¢do a picadas de L.
longipalpis ndo-infectados. O efeito quimiotatico induzido pelo SGH foi drasticamente
reduzido em camundongos pré-sensibilizados resultando em decréscimo no recrutamento
de macrdéfagos (78.2% de inibigdo) enquanto os neutrofilos tiveram uma redug@o que ndo
foi significativa (41.5% de inibigdo) (Fig. 7A). A expressdo de CCL2/MCP-1 na parede
interna do bolsdo de ar nos animais expostos foi complatamente inibida doze horas ap6s a
estimulagdo com SGH (Fig. 7B). Este resultado refor¢a a importancia dos anticorpos
anti-saliva produzidos pela exposigdo repetida a picadas do vetor na neutralizagdo do

recrutamento celular mediado pelo SGH.
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Figura 7. Inibi¢ao do efeito do SGH in vivo em camundongos BALB/c sensibilizados
pela exposi¢do a picadas de L. longipalpis. (A) Camundongos BALB/c foram expostos
cinco vezes a picada de L. longipalpis (intervalo de 10 dias). Dez dias ap6s a tltima
exposigdo o bolsdo de ar foi induzido e estimulado com SGH (0,5 par/animal). Diferenga
significativa entre o recrutamento de macréfagos (*, p = 0,0366) entre o grupo de
expostos e os ndo-expostos. (B) Analise da expressdo de CCL2/MCP-1 por RT-PCR do
tecido que recobre a parede interna do bolsdo de ar dos animais expostos (E) e ndo-
expostos (NE) 12h ap6s a estimulagdo com SGH. O resultado é representativo de pelo
menos trés experimentos.
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6.7. A atividade inflamatoria do SGH de L. longipalpis é mediado por componente

protéico

Com o objetivo de investigar a composi¢do do(s) componente(s) da saliva de L.
longipalpis responsavel(is) por sua atividade inflamatéria, pré-incubamos o SGH com
Proteinase K antes da inoculagdo no bolsdo de ar de camundongos BALB/c. Observamos
que doze horas apds a estimulagdo com o SGH pré-incubado com a Proteinase K ocorreu
uma redug@o no nimero total de leucdcitos recrutados para o bolsdo de ar. Analisando as
sub-populagdes de leucdceitos detectamos uma redugio significativa no recrutamento de
neutrofilos e macréfagos (Fig. 8). Este resultado sugere que o efeito do SGH no

recrutamento leucocitario é induzido por componente(s) protéico(s).
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leucocitos (x1 04/ml)

1 Neutroéfilos Eosinofilos
N Macrofagos Linfocitos

Figura 8: Infiltra¢do leucocitiria no bolsio de ar de camundongos BALB/c
estimulado com SGH previamente tratado com Proteinase K. Exudato inflamatério
no bolsdo de camundongos BALB/c estimulado com SGH, SGH tratado com Proteinase
K (SGH + Prot.K) e Proteinase K (Prot.K) apés 12h. Os valores representam a média *
SEM de 4 animais por grupo. Diferenga significativa (*, p = 0.0286) entre o valor do
grupo estimulado com SGH e o estimulado com SGH + Proteinase K para macrofagos e
neutréfilos.
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6.8. Avaliacao da imﬁnizagﬁo com construgdes de cDNA da saliva de L. longipalpis

na neutralizagio do efeito do SGH

Como observamos a inibi¢do do recutamento induzido pelo SGH em animais
expostos a picadas de L. longipalpis ndo infectados, decidimos investigar se a imunizagdo
contra construgdes de cDNA especificos para a saliva de L. longipalpis também seria
capaz de necutralizar o recrutamento do SGH. Os animais foram submetidos a 3
imunizagdes com 10pg (i.d.) dos ¢cDNA LJL19, LIM11, LIMI17 ou LJL11 que
codificavam para os componentes proteicos da saliva de 11kDa, 44kDa e 45kDa (famila
de proteinas “yellow” da saliva de L. longipalpis) e 61kDa, respectivamente. Os cDNA
foram administrados isoladamente, em combinag@o em grupos ou todos juntos (mix de
c¢DNA) com intervalos de 10 dias. Dez dias apds a Gltima imunizago, coletamos soro dos
animais para avaliar a produgdo de anticorpos IgG especificos anti-SGH. Dos grupos
imunizados com os cDNA isoladamente apenas os imunizados com LIMI11 e LIM17
induziram a produgdo de IgG anti-SGH (dados ndo-mostrados). O soro dos animais
destes grupos também reconheceu banda especificas equivalentes as proteinas de 44 e
45kDa da saliva total de L. longipalpis respectivamente, como observado por Western
Blot (Fig. 9A).

Apos a imunizagdo os animais foram desafiados com o SGH no bolsio de ar. Nos
grupos imunizados com os cDNA isoladamente ndo houve inibigdo da atividade
inflamatoria do SGH sugerindo o possivel envolvimento de mais de um componente da
saliva. Quando todos os cDNA foram combinados na imunizagdo de um novo grupo de
animais (mix de cDNA), houve uma redugfo significativa do recrutamento celular de
forma semelhante aos animais imunizados com o SGH (Fig. 9C). Resolvemos entio,
combinar os ¢cDNA em grupos menores para detectar quais moléculas estariam sendo
envolvidas neste fendmeno. Apds desafio com o SGH, observamos a redugdo
significativa no recrutamento de neutréfilos e macréfagos nos grupos I, 1II e IV
semelhante ao observado no grupo imunizado com o SGH. Estes resultados sugerem que
a atividade inflamatoria do SGH seria mediado por mais de um componente da saliva ja
que apenas a imunizagdo com a combinagdo dos cDNA foi capaz de neutralizar sua

atividade.
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Figura 9. Infiltragio leucocitiria no bolsio de ar de camundongos BALB/c
imunizados com constru¢des de cDNA da saliva de L. longipalpis. (A) Western Blot
dos soros de camundongos imunizados com LIM17 ou LIMI1. O soro de camundongos
sensibilizados a picadas de L. longipalpis ndo-infectados foi utilizado como controle
positivo (C+) e o soro de camundongos n#do-expostos foi utilizado como controle
negativo (C-). Recrutamento celular no bolsdo de ar induzido pelo SGH em
camundongos imunizados com (B) os ¢cDNA isoladamente, (C) com os cDNA em
combinagdo (mix cDNA) ou (D) em grupos. Um grupo de animais ndo imunizados (CT)
e imunizados com SGH (SGH) foram utilizados como controle negativo e positivo,
respectivamente. Diferenca significativa (*, p = 0.0357) no numero de neutréfilos e
macréfagos entre os grupos CT e mix cDNA e também entre o nimero de neutr6filos (*,
p = 0,0286) entre o controle (CT) e os Grupos I, Il e IV e macréfagos (**, p = 0,0286)
nos Grupos I, 1I, IIl e IV. Todos os grupos foram estimulado com SGH (0,5 par) e apos
12h o exudato coletado para determinagdo da contagem total e diferencial dos leucdcitos.
Os valores representam a média £ SEM de 4 animais por grupo.
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6.9. Avaliacio do papel das construcdes de cDNA da saliva de L. longipalpis no

recrutamento celular in vivo

Apds a observagdo que a imunizagdo com a combinagdio das construgdes de
cDNA testadas resultou na inibi¢do do recrutamento induzido pelo SGH, avaliamos se os
prépios cDNA utilizados como estimulo seriam capazes de induzir atividade inflamatdria
semelhante a induzida pela saliva total (SGH). Dez microgramas dos cDNA (LIMI19,
LIM111, LIMI11, LIM17 e LJL11) foram inoculados no momento da indugfo do bolsdo
de ar de camundongos BALB/c e o exudato coletado apds 6, 12 e 24 horas. Inicialmente
observamos que apds 6 horas, nenhum dos c¢cDNA foi capaz de induzir resposta
inflamatoria significante. Entretanto, ap6s 12 horas, os c¢cDNA LIMI19 e LILI11
apresentaram um aumento no nimero total de leucdcitos. Neste ponto de avaliagdo, a
resposta induzida pelo LIM19 foi semelhante a induzida pelo SGH. Apds 24 horas,
observamos que o recrutamento celular permaneceu elevado apenas no grupo estimulado
com LJL11 enquanto que nos demais grupos ocorreu uma redugdo no niimero total de
leucécitos recrutados (Fig.10A).

Quanto a composi¢do do exudato leucocitirio nos tempos avaliados, observamos
que apds 6 horas, neutr6filos eram as células predominantes nos exudatos sem diferenga
significativa entre os grupos estimulados com os cDNa (Fig. 10B). J4 no tempo de 12
horas, onde detectamos o pico de recrutamento celular com o SGH, observamos um
aumento no nGimero de macréfagos recrutados nos grupos estimulados com LIMI9 e
LJL11 semelhante ao observado no grupo estimulado com SGH (Fig. 10C). No ultimo
tempo avaliado (24h) ocorre uma queda nas populagdes de leucocitos recrutadas com
exce¢do do grupo estimulado com LJL1! que apresentou um aumento no nimero de

neutr6filos e macréfagos recrutados de forma semelhante ao SGH (Fig. 10D).
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Figura 10. Infiltra¢do leucocitaria no bolsio de ar de camundongos BALB/c
estimulados com construgdes de cDNA da saliva de L. longipalpis. O bolsdo de ar
induzido em camundongos BALB/c foi estimulado diretamente com os cDNA
isoladamente (LJM19, LIMI11, LIMI11, LIMI17 e LJL11), SGH ou plasmideo vazio
(pCT). O exudato foi coletado para determinagdo da contagem total (A) e diferencial
ap6s (B) 6, (C) 12 e (D) 24 horas. Os valores representam a média + SEM de 4 animais

por grupo.

52



6.10. Avaliagio do papel das proteinas recombinantes da saliva de L. longipalpis no
recrutamento celular in vivo

Com o mesmo objetivo de avaliar qual(is) seria(m) a(s) molécula(s)
responsavel(is) pela atividade inflamatéria induzida pela saliva total (SGH), testamos o
efeito de proteinas recombinantes no recrutamento celular. Os recombinantes de 11kDa,
43kDa, 44kDa e 45kDa foram utilizados como estimulo (100ng) no momento da indugdo
do bolsdo de ar por 6, 12 e 24 horas.

Quanto ao numero total de leucdcitos recrutados, observamos que logo apos 6
horas ocorre um pequeno recrutamento celular induzido pelos recombinantes com
excegdo do 11kDa, que induziu recrutamento celular (16x10%/ml) superior ao grupo SGH
controle (7x10*/ml). No tempo de 12 horas, apenas o grupo estimulado com o
recombinate de 11kDa apresentou recrutamento celular semelhante ao induzido pelo
SGH, enquanto o recrutamento induzido pelos demais recombinates permaneceu sem
alteragdo significante. Entretanto, no ultimo tempo avaliado (24 horas), ocorreu um
aumento no numero total de leucdcitos recrutado pelos recombinates 43kDa, 44kDa e
45kDa (famila de proteinas “yellow” da saliva de L. longipalpis) semelhante ao
encontrado com o SGH, enquanto o recrutamento induzido pelo recombinante de 11kDa
foi reduzido neste tempo (Fig. 11A).

Na analise da composi¢do de cada exudato obervamos que no tempo de 12 horas
apenas o grupo estimulado com o recombinante de 11kDa apresentou um recrutamento
composto por neutroéfilos e macrofagos e eosindfilos semelhante ao SGH, enquanto os
demais recombinates induziram recrutamento composto basicamente de neutréfilos e
uma pequena quantidade de macrofagos e eosinodfilos (Fig. 11B). No tempo de doze
horas ocorreu um aumento no nimero de macréfagos recrutado pelos recombinantes
onde apenas o recombinante de 11kDa apresentou novamente uma resposta semelhante a
composi¢io encontrada no SGH (Fig. 11C). No ultimo ponto avaliado, o recrutamento
de neutrofilos induzido pelo recombinate de 11kDa € reduzido enquanto o nimero de
macrofagos permanece constante e ainda semelhante ao SGH. Nos demais grupos
estimulados com os recombinantes de 43kDa, 44kDa e 45kDa detectamos um aumento
no numero de neutrofilos e macréfagos recrutados. Neste ponto de avaliagdo o grupo
estimulado com o recombinante de 43kDa apresentou perfil de recrutamento semelhante

“
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ao do SGH enquanto que no grupo estimulado com o recombinate de 45kDa apresentou

um recrutamento de neutréfilos e macréfagos superior ao encontrado para o SGH (Fig.
11D).
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Figura 11. Infiltrag@o leucocitdria no bolsdo de ar de camundongos BALB/c estimulados
com proteinas recombinantes da saliva de L. longipalpis. O bolsdo de ar induzido em
camundongos BALB/c foi estimulado diretamente com as proteinas recombinantes
isoladamente (11kDa, 43kDa, 44kDa e 45kDa) ou SGH. O exudato foi coletado para
determinagdo da contagem total (A) e diferencial apds (B) 6, (C) 12 e (D) 24 horas. Os
valores representam a média + SEM de 4 animais por grupo.
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6.11. Efeito do SGH no recrutamento celular induzido pela L. chagasi in vivo

Como a L. chagasi ¢ inoculada no local do repasto sanguineo juntamente com a
saliva do vetor, avaliamos a capacidade dop SGH de L. longipalpis em modular a
resposta inflamatodria induzida pela L. chagasi. Doze horas ap6s a inoculagéo, foi possivel
observar que o exudato inflamatério apresentava um aumento significante no nimero
total de leucdcitos recrutados quando o parasita foi inoculado junto com o SGH superior
ao recrutamento induzido pelo SGH e L. chagasi isoladamente (Fig. 12A e C). Este efeito
foi ainda mais evidente apds 72 horas em C57BL/6 (Fig. 12C) o que néo foi observado
em BALB/c (Fig. 12D) neste mesmo tempo (76x10* e 16x10*/ml, respectivamente). Em
todos os tempos avaliados, observamos que tanto o SGH quanto a L. chagasi induziram o
recrutamento de neutrofilos, macréfagos e eosinéfilos em camundongos BALB/c e
C57BL/6 (Fig. 12B e D). A combinagio da L. chagasi com o SGH resultou em uma
resposta inflamatéria significante no nimero total de leucécitos recrutados,
principalmente quanto a neutrdfilos e e macréfagos apds 12 e 48 horas em BALB/c e
12h em C57BL/6. Estes resultados sugerem que a saliva exerceria um efeito aditivo na

resposta inflamatéria induzida pela L. chagasi.
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Figura 12. Efeito do SGH no recrutamento induzido pela Leishmania chagasi em
camundongos BALB/c e C57BL/6. O bolsdo foi estimulado com SGH (0,5 par), L.
chagasi (10° metaciclicas) ou L. chagasi + SGH por 12, 24, 48 ¢ 72 horas de
camundongos BALB/c (A e B) e C57BL/6 (C e D). Diferenga significativa em (A) entre
os grupos estimulados com L. chagasi ¢ L.chagasi + SGH ap6s 12h ( *, p=0,0114) e 48h
( **, p=0,0273); (B) nimero de neutréfilos e macrofagos entre os grupos estimulados
com L. chagasi e L.chagasi + SGH ap6s 12 (¥, p = 0,0273) e 48h (**, p = 0,0273); (C)
entre 0s grupos estimulados com L. chagasi e L.chagasi + SGH apés 12h ( *, p = 0,0223)
e 72h ( **, p = 0,0241) e (D) nimero de neutréfilos (**, p < 0,0001) e macrofagos (¥, p =
0,0154) entre os grupos estimulados com L. chagasi e L.chagasi + SGH apo6s 12h. Os
valores representam a média £+ SEM do nimero total e diferencial de leucdcitos
recrutados para o bolsdo de ar.
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6.12. Avaliacio da expressio de quimiocinas induzido pela L. chagasi na presenca

do SGH

Com a observagdo que a saliva de L. longipalpis € capaz de modificar a resposta
inflamatéria induzida pela L.chagasi induzindo o recrutamento de um maior nimero de
leucdcitos, decidimos em seguida avaliar quais quimiocinas estariam envolvidas nesta
resposta. Nos pontos de avaliagdo da cinética (12, 24, 48 e 72 horas) o tecido que reveste
a parede interna do bolsdo de ar foi retirado para extragio de RNA e avaliagdo da
expressio das quimiocinas CCL3/MIP-la, CCL4/MIP-13, CCLS/RANTES,
CCL2/MCP-1, CCL11/eotaxina, CXCLI/KC e CCR2. Com os resultados obtidos, foi
possivel obervar que o SGH induziu um padrio de expressdo de quimiocinas diferente
em camundongos BALB/c € C57BL/6 quando o SGH era combinado com a L.chagasi

Quanto as quimiocinas que recrutam preferencialmente macréfagos, podemos
observar que o CCL2/MCP-1 foi induzido pela L. chagasi isoladamente apenas em
CS57BL/6 apds 72 horas. Entretanto, quando o parasita foi co-inoculado com o SGH,
detectamos CCL2/MCP-1 em BALB/c (24, 48 e 72 h) e C57BL/6 (12, 48 ¢ 72h). Com
relagdo a CCL4/MIP-1p3, observamos que em BALB/c nos tempos de 12 e 24 horas
ocorreu uma inibigdo da expressdo desta quimiocina quando o parasita era combinado
com o SGH, o que ndo foi observado em C57BL/6, onde CCL4/MIP-1B também foi
expressa na presenca do SGH. Nao foi observada nenhuma expressdo de CCL5/RANTES
nos tempos avaliados.

Quanto as quimiocinas recrutadoras de granulocitos, observamos que em BALB/c
enquanto CXCL1/KC era expresso 24 e 48 horas em todos os grupos. A CCL11/eotaxina
foi expressa ap6s 72 horas quando os estimulos foram co-inoculados (L.c.+ SGH). Um
padrdo diferente foi encontrado em CS57BL/6 onde CXCLI/KC foi expresso apos 72
horas, enquanto CCL1 1/eotaxina foi expressa em todos os tempos avaliados com excegido
do ponto de 72 horas. Estes resultados sugerem que também ocorre a modificagdo do
perfil de expressdo de quimiocinas quando a L. chagasi é inoculada com o SGH no
modelo do bolsdo de ar, resultando consequentemente em um padrdo de recrutamento

diferenciado para o local da picada do vetor.
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Figura 13. Expressido de quimiocinas induzido pelo SGH e L. chagasi. Anélise por
RT-PCR da expressio de CCL2/MCP-1, CCL3/MIP-la,, CCL4/MIP-18,
CCLS5/RANTES, CXCL1/KC, CCL11/eotaxina e CCR2 na parede interna do bolsdo de ar
de camundongos BALB/c (A) e C57BL/6 (B) apés estimulagio com SGH (0,5
par/animal), L. chagasi (10° metaciclicas) ou L. chagasi + SGH por 12, 24, 48 e 72 horas.
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7 DISCUSSAO

A caracterizagdo da resposta inflamatoria inicial mediada pela saliva do
flebotomineo inoculada junto com a Leishmania no momento da alimentagdo sangiiinea,
tem importdncia fundamental para o esclarecimento dos eventos iniciais que podem
modular a resposta do hospedeiro em um ambiente favoravel ao estabalecimento do

parasita.

Utilizando o modelo do bols@o de ar para avaliar a resposta inflamatoria do SGH de
L. longipalpis, observamos que nas duas linhagens testadas, ocorreu recrutamento celular
que apresentava composig@o diferente do exudato inflamatério. Enquanto em BALB/c
houve um aumento no niamero de macrofagos e eosindfilos recrutados atingindo um pico
ap6s 12 horas, em C57BL/6 foi detectada a presenga predominante de neutréfilos. O
aumento no recrutamento de macrdéfagos em C57BL/6 ocorreu somente ap6s 24 horas.
Estes resultados sugerem que, assim como estas linhagens respondem de forma diferente
ao parasita, também respondem diferente a a¢do da saliva do vetor. O aumento no
numero de eosindfilos correspondeu com a expressdo de CCL11/eotaxina no interior do
bolsdo de ar. A presenga de eosindfilos tem sido fortemente relacionada as reagdes
alérgicas e picadas de insetos. Em cées inoculados com a saliva de L. longipalpis foi
demonstrada a formagfo de uma resposta inflamatéria caracterizada por uma intensa
eosinofilia (PARANHOS et al., 1993). Os eosindfilos também foram observados no
processo inflamatério que se desenvolveu no local de imunizagdo com a proteina
recombinante de 15 kDa de P. papatasi e também na lesdo de camundongos infectados
com L. braziliensis e saliva de L. longipalpis (DONNELLY et al., 1998; VALENZUELA
et al., 2001). Estas células podem participar na vasodilatagdo favorecendo a alimentagéo
sangiiinea do vetor e a0 mesmo tempo criar um ambiente indspito para os patégenos em

potencial transmitidos pelo vetor (BELKAID et al., 2000).

Quando analisamos o envolvimento de quimiocinas que recrutam
preferencialmente macréfagos, observamos a expressdo diferenciada de CCL2/MCP-1 no
tecido que recobre a parede interna do bolsdo de ar de BALB/c. O SGH foi capaz de
induzir a expressdo de CCL2/MCP-1 em BALB/c enquanto apenas uma expressao menos

intensa foi observada apos duas e quatro horas em C57BL/6. Mesmo nestes pontos de
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avaliagdo, a expressdo desta quimiocina e receptor foi muito mais fraca em C57BL/6
quando comparado a BALB/c. Observamos também a expressio de CCL3/MIP-l1a
apenas em BALB/c e nenhuma expressdo significante das outras quimiocinas avaliadas.
O efeito quimiotatico para macréfagos induzido pela saliva de flebotomineos, mas sem a
caracterizagdo das quimiocinas envolvidas, ji havia sido descrito anteriormente em,
modelos de migrag@o celular in vifro com a saliva de L. longipalpis e de outras espécies
de flebotomineos como P. duboscqi e P. papatasi (ANJILI et al.,1995; ZER et al., 2001).

O recrutamento mais precoce de macréfagos induzido pelo SGH em BALB/c e ndo
em C57BL/6 é particularmente interessante. Na fase inicial da infecgéo, a capacidade de
macréfagos em responder a sinais de ativagdo do tipo Th1 contra patégenos intracelulares
¢ importante na determinag@o da proliferagdo ou eliminagdo do parasita. O recrutamento
de um nGimero reduzido de macréfagos também foi associado com lesdes menores em um
modelo de camundongos imunodeficientes (BARRAL-NETTO et al., 1995). Diversos
trabalhos tém demonstrado que a saliva do vetor também pode modular a resposta de
macrofagos e monodcitos para um fendtipo mais permissivo & sobrevivéncia da
Leishmania. A saliva inibe a produgdo de o6xido nitrico, H,O,, € a apresentagdo de
antigeno por macréfagos (TITUS et al., 1990; THEODOS et al.,, 1993 HALL et al.,
1995). A exacerbagdo da infec¢do também tem sido associada a inibig@o da produgéo de
citocinas do tipo Thl e com a exacerbag@o na produgdo de citocinas do tipo Th2 pela
saliva de P. papatasi (MBOW et al., 1998). Trabalhos recentes sugerem que a saliva de
L. longipalpis induz um infiltrado inflamatério intenso e difuso caracterizado por
neutréfilos, eosinéfilos e macréfagos observados apds 48 horas na derme da orelha de
camundongos BALB/c expostos a picadas de flebotomineos ndo-infectados (SILVA et
al., 2005). Entretanto, um trabalho recente utilizando outro tipo de abordagem mostrou
que a saliva de L. longipalpis também teria atividade anti-inflamatoria em um modelo de
peritonite imune induzida por ovalbumina (OVA). Neste modelo de inflamagdo, a
administragdo da saliva de L. longipalpis por via endovenosa antes do desafio com OVA
no peritdneo de camundongos imunizados resultou em uma redugfio significativa na

migracdo de neutrofilos e linfocitos T CD4+ ¢ CD8+ (MONTEIRO et al., 2005).

Para confirmar o papel do CCL2/MCP-1 no recrutamento de macrofagos apos

estimulagdo com SGH em BALB/c, pré-tratamos um grupo de animais com anticorpo

63



monoclonal anti-MCP-1, o que resultou em redugdo significante no recrutamento de
macrofagos e inibigdo da expressdo de CCL2/MCP-1. Este resultado foi refor¢gado com o
uso de bindarit, um derivado indazdlico sem efeitos imunosupressores sistémicos e
atividade no metabolismo do 4cido araquiddnico, que foi demonstrado ser capaz de inibir
a sintese de CCL2/MCP-1 in vitro e in vivo ( SIRONI et al., 1999; GUGLIELMOTTI et
al.,, 2002; BHATIA et al., 2005). Os animais tratados com bindarit mostraram redugdo
significante no recrutamento de macréfagos e na expressdo de CCL2/MCP-1 no tecido da
parede interna do bolsdo.

O CCL2/MCP-1 é um membro da familia CC das quimiocinas, originalmente
identificada como um fator potente na capacidade de atrair mondécitos, células dendriticas
e células NK (YOSHIMURA et al., 1989). Apenas o estimulo inicial induzido pelo
CCL2/MCP-1 € capaz de induzir a migragdo e o direcionamento de leucdcitos, sugerindo
um efeito quimiotatico potente mediado por esta quimiocina (KITO et al., 2002). Pode
ser produzido por uma diversidade de tipos celulares como fibroblastos, células
endoteliais, mondcitos, macréfagos e células tumorais (WEBER et al., 1999). A produgdo
de CCL2/MCP-1 esté relacionada com a estimulagdo de algumas citocinas como TNF-a
e IL-1B. Em um trabalho recente foi demonstrado que o aumento no recrutamento de
macrofagos encontrado na decidua de pacientes com pré-eclampsia, estava diretamente
relacionado com a expressdo de CCL2/MCP-1 exacerbado pela produgédo de TNF-a e IL-
1B (LOCKWOOD et al., 2006). Outra citocina, o TGF-f3, também foi capaz de induzir a
produgio de CCL2/MCP-1 por células do tibulo proximal renal (QI et al., 2005).
Evidéncias recentes sugerem que a produgio de CCL2/MCP-1 € estimulada via TLR2 e
TLR4 (MOLLER et al, 2003; YUMOTO et al., 2005; YANG et al, 2006). A
importincia na estimulagdo via TLR2 em desencadear o processo inflamatério mediado
pelo CCL2/MCP-1, também foi demonstrada quando uma molécula de superficie do 7.
cruzi induziu a expressdo desta quimiocina de forma dependente de TLR2 (COELHO et
al., 2002).

O CCL2/MCP-1 também desempenha papel importante na indugdo da resposta
adaptativa. E capaz de direcionar a diferenciagdo de linfoctios ThO em Th2 in vitro por
um mecanismo dependente de IL-4 (KARPUS et al,, 1997). Sua expressdo ja foi

associada a polarizag@o para uma resposta Th2 mesmo na presenga de IFN-y (GU et al.,

64



2000). A produgio de CCL2/MCP-1 por fibroblastos foi capaz de induzir a diferenciagdo
de linfocitos produtores de 1L-4 (DISTLER et al., 2006). Em camundongos deficientes
para CCL2/MCP-1, o granuloma secundario induzido pelo antigeno SEA de Schistosoma
mansoni, que ¢é dependente de uma resposta Th2, foi reduzido significativamente
(CHENSUE et al., 1996; LU et al., 1998). Por outro lado, a produgdo de CCL2/MCP-1
pode também estar relacionado ao desenvolvimento de uma resposta celular tipo Thl.
Esta caracteristica pode ser observada no modelo de encefalomielite autoimune, onde
camundongos deficientes para CCL2/MCP-1 apresentaram um recrutamento reduzido de
macrofagos para o sistema nervoso central e conseqilentemente uma resposta Thl
deficiente (HUANG et al, 2001). A tGPl-mucina, uma glicoproteina isolada da
tripomastigota de 7. cruzi, foi capaz de induzir resposta inflamatéria em modelo de
inflamagdo pleural. Esta resposta correspondeu a um aumento na produgdo de
CCL2/MCP-1 dependente de IFN-y e TLR2. Os autores sugerem que esta glicoproteina,
majoritiria na superficie do parasita, seria importante na interagdo parasita’hopedeiro
resultando na produgio de citocinas pré-inflamatérias e NO (COELHO et al., 2002). Em
outro trabalho, o bloqueio de CCL2/MCP-1 ndo resultou em alteragdo na polarizagéo
para uma resposta Th1 em camundongos MRL/Ipr, mas modificou diretamente a reposta
Thl regional nos glomérulos com deficiéncia na expressido de 1L-12 e IFN-y (SHIMIZU
et al, 2005). E possivel que o envolvimento desta quimiocina em respostas
iumunoldgicas com caracteristicas opostas dependam de varios fatores como: o agente
infeccioso, o tempo de avaliagdo e o modelo utilizado no estudo.

Como macroéfagos e neutrdfilos sdo as principais células presentes no tecido que
recobre a parede interna do bolsdo apds estimulagdo com SGH (dados ndo mostrados),
noés decidimos investigar se o SGH seria capaz de induzir a produgdo de CCL2/MCP-1
por macréfagos J774 in vitro. O SGH induziu a produgdo de CCL2/MCP-1 que foi
neutralizada pelo soro anti-SGH, indicando que a atividade inflamatéria do SGH pode ser
neutralizada por anticorpos especificos. A inibigdo no recrutamento de macréfagos
induzido pelo SGH por anticorpos especificos também foi observada quando o SGH foi
pré-incubado com anticorpos anti-SGH ou em camundongos naturalmente expostos a
picadas de L. longipalpis nédo infectados. A redugfio do recrutamento de macréfagos foi

associada a uma inibigdo da expressdo de CCL2/MCP-1 nos animais expostos que
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também foi detectado in vitro em macrofagos J774. Estes resultados sugerem que
provavelmente uma ou mais moléculas imunogénicas presentes na saliva de L.
longipalpis seriam responsaveis por este efeito. Diversos trabalhos t€ém demonstrado a
relacdo na produgdo de anticorpos anti-saliva em éareas endémicas para leishmaniose,
onde individuos sdo constantemente picados por flebotomienos n#o infectados e
desenvolvem resposta anti-saliva. Estudos em uma area endémica de Sdo Luis mostraram
que criangas residentes nesta regido desenvolveram resposta humoral anti-saliva que
ocorreu simultaneamente ao surgimento da resposta celular anti-Leishmania (GOMES et
al., 2002). Em outro trabalho, individuos de uma area endémica na Turquia com lesdo
causada por L. tropica apresentavam niveis mais elevados de 1gG anti-P. sergenti do que
individuos saudéaveis da mesma drea. Por outro lado, os niveis de IgG anti-P. papatasi
foram semelhantes para ambos os grupos. Neste trabalho, os autores sugerem que a
produgdo de anticorpos anti-saliva poderia ser utilizada como monitoramento de
exposi¢do do hospedeiro como risco de transmissdo em dreas endémicas (ROHOUSOVA
et al., 2005). Estes dados reforgam a hip6tese de que a indug@o de resposta imune contra a
saliva de L. longipalpis pode facilitar o desenvolvimento de uma resposta imune contra a
Leishmania.

A produgio de anticorpos anti-saliva também pode influenciar na alimentagdo do
vetor. Este efeito foi demonstrado quando P. argentipes alimentados em hamsters
previamente expostos a picadas deste mesmo vetor apresentaram ingestio de uma
quantidade reduzida de sangue resultando em redugdo na taxa de alimentagdo e na
ovoposi¢do (GHOSH et al., 1998). Os anticorpos também podem neutralizar o efeito de
determinado componente da saliva, como em camundongos sensibilizados a picadas de
Anopheles stephensi, que desenvolveram anticorpos anti-apirase inibindo sua atividade
catalitica (MATHEWS et al., 1996). A neutralizagdo do efeito de determinados
componentes da saliva pode ainda alterar o curso da infecgdo. A pré-incubagdo do SGH
com o soro de animais sensibilizados neutralizou completamente a exacerbagfio da
infecgdo em camundongos BALB/c e C5S7BL/6 (BELKAID et al., 1998).

Apds a caracterizagdo da atividade inflamatoria do SGH de L. longipalpis,
inicilamos a investigagdo da(s) molécula(s) responséveis por este efeito utilizando

construgdes de plasmideos de cDNA de componentes da saliva. A selegdo dos cDNA
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utilizados foi baseada em dados obtidos previamente em hamsters imunizados com
construgdes de cDNA da saliva de L. longipalpis com relagio a sua capacidade de induzir
RHT e/ou anticorpos (dados ndo publicados). Na imunizagdo com os cDNA selecionados
observamos que a imunizagdo com os cDNA isoladamente néo resultou na neutralizagdo
do efeito do SGH no bolsdo de ar. Por outro lado, a imunizagdo com a combinagéo de
todos os cDNA (“mix de cDNA”) ou mesmo separando os CDNA em grupos menores
resultou no bloqueio do recrutamento induzido pelo SGH. Como cada uma destas
construgdes de cDNA codifica a produg@o de uma determinada proteina da saliva, estes
resultados sugerem que provavelmente mais de uma molécula da saliva seria responséavel
pelo efeito do SGH observado no modelo do bolsdo de ar. A ago de multiplos
componentes da saliva exercendo o mesmo efeito seria possivel, pois a saliva de diversos
artropodes hematofagos muitas vezes possui diversas moléculas com efeitos bioldgicos

redundantes no hospedeiro (RIBEIRO et al., 2003).

Baseado na confirmagfo que o(s) componente(s) da saliva envolvido(s) neste
efeito teria(m) composi¢do protéica (pré-incubagdo com Proteinase K), utilizamos os
préprios ¢cDNA e proteinas recombinantes como estimulo. O recrutamento celular
induzido pelos ¢cDNA foi detectado inicialmente somente ap6s 12h, onde foi possivel
observar que LIJMI19, que codifica a proteina de 11kDa, induziu recrutamento celular
semelhante a0 SGH com relagio ao numero total de células recrutadas e a composigédo do
exudato. O LJL11, que codifica a proteina de 61kDa, também apresentou recrutamento
celular com a presenga de neutréfilos, macréfagos e eosindfilos, mas com cinética
diferente, atingindo recrutamento semelhante ao SGH somente apds 24 horas. A resposta
inflamatéria reduzida observada apds 6 horas em todos os cDNA testados provavelmente
ocorreu devido ao tempo minimo necessario para o processamento destes plasmideos e
produgdo de resposta pelas células do hospedeiro (GURUNATHAN et al., 2000). Este
efcito ndo foi observado quando as proteinas recombinantes foram inoculadas
diretamente no bolsdo de ar. Neste caso, observamos uma resposta rapida da proteina de
11kDa logo nas primeiras 6 horas induzindo resposta superior ao SGH que, apds 12
horas, passou a ser semelhante ao recrutamento induzido pelo SGH. Este efeito inicial
rapido da proteina recombinante de 11kDa pode ter ocorrido pela quantidade de proteina

utilizada no experimento (100 ng). No entanto, as proteinas recombinantes de 43kDa,
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44kDa e 45kDa apresentaram efeito similar ao SGH somente apds 24 horas. Estas trés
proteinas pertencem a familia de proteinas da saliva de L. longipalpis conhecidas como
“yellow” (VALENZUELA et al., 2004). O soro de individuos de uma area endémica e de
camundongos expostos a picadas de L. longipalpis foram capazes de reconhecé-las,
confirmando que estas proteinas sfo fortemente imunogénicas (GOMES et al., 2002;
SILVA et al., 2005).

Estudos com a saliva de P. papatasi demonstraram que uma proteina de 15 kDa
(PsSP115) isolada da saliva deste vetor foi capaz de induzir uma intensa resposta celular,
produg@o de anticorpos e protegdo contra a infecgdo em animais imunizados com esta
molécula (VALENZUELA et al., 2001). Entretanto, a indugdo de uma resposta celular
pode ndo indicar necessariamente uma resposta protetora. Em trabalho recente, ao testar
diversas constru¢des de cDNA da saliva de Phlebotomus ariasi, 0os autores observaram
que apesar dos animais imunizados com os cDNA produzirem uma resposta celular de
RHT apenas uma parte deles desenvolveu uma resposta Thl caracterizada pela produgéo
de 1gG2a, enquanto os demais desenvolveram uma resposta Th2 com a produgéo de IgG1
(OLIVEIRA et al., 2005). Neste trabalho, nossos resultados sugerem que a proteina de
11kDa, codificada pelo LIMI19, o que foi novamente observado pela proteina
recombinante de 11kDa, desempenharia papel importante no recrutamento celular mais
inicial induzido pelo SGH. Por outro lado, as proteinas de 43, 44, 45 e 61kDa parecem
contribuir numa resposta inflamatéria mais tardia. O esclarecimento da atividade
inflamatéria de cada uma destas proteinas recombinantes ainda requer a realizagdo de
novos experimentos, testando diferentes concentragdes e avaliagdo da produgdo de
quimiocinas.

Em seguida, avaliamos a capacidade do SGH de modificar a resposta inflamatéria
induzida pela L. chagasi. O parasita foi capaz de induzir uma reposta inflamatdria intensa
composta por neutrofilos, macréfagos e eosindfilos. Trabalhos anteriores demonstraram
que a Leishmania aciona o recrutamento de uma populagdo mista de células
inflamatérias, como macréfagos, eosinéfilos e neutréfilos que podem variar entre
espécies e cepas (MATTE et al., 2002; TEIXEIRA et al., 2005b). Apesar da Leishmania
ter como célula hospedeira preferencial o macroéfago, ela também € capaz de infectar

outros tipos celulares como fibroblastos, células dendriticas e neutrdfilos ( BOGDAN et
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al.,, 2000; AGA et al.,, 2002; PRINA et al., 2004). Na leishmaniose, os neutréfilos
desempenham papel importante no inicio da infec¢do por serem capazes de fagocitar e
destruir promastigotas de L. donovani in vitro. S3o importantes no controle inicial do
crescimento parasitario no bago, mas ndo no figado de camundongos infectados com L.
infantum (ROUSSEAU et al., 2001). Entretanto, podem ser infectados pela Leishmania
que permanece viavel no interior destas células (MULLER et al., 2001; LAUFS et al.,
2002).

Quando a L. chagasi foi associada ao SGH ocorreu um aumento no recrutamento
especialmente de neutréfilos e macréfagos induzido pelo parasita em camundongos
BALB/c e C57BL/6 ap6s doze horas. Os resultados sugerem que a resposta inflamatéria
induzida pela L.chagasi também difere dependendo da linhagem de camundongo
utilizada. Quanto a analise fenotipica do exudato induzido pela L.chagasi ao ser
combinada com o SGH, novamente observamos a predominancia de neutréfilos,
eosindfilos € macréfagos em BALB/c e neutréfilos e macréfagos em C57BL/6. Embora a
resposta inflamatoria induzida pela L.chagasi e L.chagasi + SGH inicialmente tenha sido
mais intensa em BALB/c, no ponto mais tardio avaliado (72h) o numero de leucécitos
recrutados por estes mesmos grupos em C57BL/6 foi superior ao induzido em BALB/c.

Ao avaliarmos as quimiocinas envolvidas no padrio de recrutamento encontrado
com a L.chagasi, observamos que o SGH induziu um padrio de expressdo de
quimiocinas diferente em camundongos BALB/c e C57BL/6 quando o SGH era
combinada com a L. chagasi. Esta diferenca pode ser observada na expressdo das
quimiocinas recrutadoras de granulocitos. Observamos que em BALB/c, a expressdo de
CXCLI1/KC foi mais precoce quando comparado ao C57BL/6. A indugdo da expressdo de
CXCL1/KC e outras quimiocinas que recrutam granuldcitos logo no inicio da infecgdo
pela Leishmania ja foi descrito anteriormente, além da propria Leishmania que também
libera um fator quimiotatico para neutréfilos (VAN ZANDBERGEN et al., 2002). Na
infecgdo experimental com L. major ocorre uma produgéo rapida de MIP-2 e CXCL1/KC
na pele de animais infectados (MULLER et al., 2001). Na infec¢éo in vitro também foi
observada uma rapida produgdo de CXCL1/KC por macréfaos murinos (RACOOSIN et
al., 1997). A expressdo de CCLI1l/eotaxina também foi diferente entre as duas linhagens

quando o SGH foi combinado com a Leishmania. Enquanto esta quimiocina foi detectada
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em todos os pontos avaliados em C57BL/6 foi detectada em BALB/c somente apds 72
horas. Recentemente foi demonstrado que a expressdo de CCL11/eotaxina também foi
detectada com mais intensidade na lesdo de animais infectados com uma cepa virulenta
de L. braziliensis quando comparado a uma cepa menos virulenta (TEIXEIRA et al,,
2005b). Detectamos diferengas também na expressdo de quimiocinas recrutadoras de
macrofagos, onde a expressdo de CCL2/MCP-1 na co-inoculagdo com o SGH resultou no
aumento da expressdo desta quimiocina em BALB/c e C57BL/6 em quase todos os
tempos avaliados, o que ndo foi observado quando a Leishmania foi inoculada
isoladamente. A indugdo da expressdo de CCL2/MCP-1 ja foi descrita na infecgdo por
outros patdgenos como Bartonella henselae € Rickettsia rickettsii (CLIFTON et al., 2005;
McCORD et al., 2005). A expressdo desta quimiocina na infecgédo pela Leishmania ja foi
demonstrado in vivo e in vitro, mas seu papel ainda permanece controverso
(BADOLATO et al, 1996; CARRERA et al., 1996; RACOOSIN et al, 1997;
COTTERELL et al., 1999). Camundongos deficientes para CCL2/MCP-1 apresentaram
uma resposta Th2 diminuida tornando-se resistentes a infecgdo pela L. major (GU et al,,
2000). Por outro lado, CCL2/MCP-1 induz atividade de macréfagos e liberagdo de
enzimas lisossomais (ROLLINS et al., 1991). A expressdo desta quimiocina agindo
sinergicamente com IFN-y, também estimula diretamente a destruigdo do parasita em
macréfagos infectados com L. major (RITTER et al., 2000). Além disso, tem sido
relatado que CCL2/MCP-1 pode estimular diretamente a eliminagdo do parasita via
geragdo de NO por macrofagos murinos infectados com L.  donovani
(BHATTACHARYYA et al, 2002), ou via indugdo de intermedidrios reativos de
oxigénio em mondcitos murinos infectados com L. major (RITTER et al., 2000). O
tratamento com CCL2/MCP-1 ¢ CCL3/MIP-l1ac de camundongos infectados com L.
donovani resultou na redugdo significativa da carga parasitaria no bago e figado (DEY et
al., 2005).

O efeito do CCL2/MCP-1 na leishmaniose pode depender da cepa ou espécie de
Leishmania utilizado. Estudos com macr6éfagos murinos mostraram que a indugido de
quimiocinas na infecgdo pela Leishmania foi dependente da cepa utilizada do parasita. A
expressdo de CCL2/MCP-1 foi predominantemente induzida por uma cepa pouco

virulenta de L. major, enquanto uma cepa mais virulenta induziu uma expressio reduzida
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desta quimiocina. Neste trabalho os autores sugerem que a viruléncia da Leishmania
estaria fortemente relacionada a modulagdo da expressdo de quimiocinas por macréfagos
(RACOOSIN et al., 1997). Em outro trabalho, a utilizagdo do modelo do bolsdo de ar
possibilitou a compararagdo da resposta inflamatoria induzida pela L. major e L.
donovani. Enquanto a L. major induziu uma resposta inflamatdria inicial intensa com a
expressdo de diversas citocinas pré-inflamatérias e quimiocinas, apenas uma resposta
inflamatdria moderada foi observada apos estimulagio com L. donovani (MATTE et al.,
2002). Recentemente, comparando a resposta inflamatéria induzida por dois isolados
diferentes de L. braziliensis foi observada a expressio aumentada de CCL2/MCP-1,
CCL3/MIP-1a, CXCLI1/KC, XCLl1/linfotactina-1 e CCLI1/eotaxina na lesdo de
camundongos infectados com a cepa H3227 que produzia lesdes mais severas. Por outro
lado, na lesdo mais branda resultante da infecgdo pela cepa BA788 foi detectada a
expressdo apenas de CXCL10/IP-10 (TEIXEIRA et al., 2005b).

No modelo murino, parece haver uma forte associagdo de quimiocinas com o perfil
de resisténcia e suscetibilidade a infecg@o. Na infec¢do por L. major, ocorre expressao
significativamente diferente de vérias quimiocinas em camundongos C57BL/6 e BALB/c
(VESTER et al., 1999). Nesse estudo, linfonodos de camundongos resistentes infectados
com L. major induziram a expressio de CCL2/MCP-1, CXCLI10/IP-10 e
XCL1/linfotactina quando comparados com camundongos suscetiveis, indicando que
estas quimiocinas podem ter um papel importante no desenvolvimento da imunidade do
hospedeiro contra L. major. CXCL10/IP-10 é um potente recrutador de células NK
produtoras de IFN-y contribuindo na resisténcia a infece¢do pela L. major (SCHARTON
et al., 1993). A expressio de XCL1/linfotactina-1, CCL3/MIP-1a, CCL4/MIP-1( e
CCLS5/RANTES foram associadas com uma resposta tipo Thl (SCHRUM et al., 1996;
DORNER et al., 2002). No homem, em individuos com LC ou LCD causadas por L.
mexicana, as lesdes de individuos com LC continham altos niveis de CCL2/MCP-1,
CXCL9/MIG e CXCL10/IP-10; enquanto as lesdes de individuos com LCD expressavam
predominantemente CCL3/MIP-1a (RITTER et al.,, 1996). Nesse estudo, os autores
sugerem que, em LC, a produgdo de CCL2/MCP-1 seria responsavel pelo recrutamento

de macrofagos mais maduros e/ou ativados, que por sua vez matariam os parasitas e
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controlariam a doenga. Por outro lado, em LCD, CCL3/MIP-la induziria a migragéo de

células mais imaturas ou desativaria estas células, favorecendo a progressdo da doenga.

Os leucdcitos desempenham tarefa importante tanto na patogénese como na
defesa do hospedeiro, e o recrutamento de determinada populagdo celular para o local da
picada pode determinar o caminho que serd seguido. Neste trabalho observamos que a
saliva de L. longipalpis, no modelo do bolsdo de ar, é capaz de induiz uma resposta
inflamatéria diferenciada dependendo da linhagem de camundongo utilizada, e também
capaz de modular o perfil de recrutamento induzido pelo parasita. Também observamos
que, a proteina da saliva de 11kDa teria, pelo menos em parte, papel importante em
intermediar este efeito inicialmente enquanto as proteinas da familia “yellow” e de 61kDa
seraim responsaveis por um efeito mais tardio. Porém, novas avaliagdes precisam ser
realizadas para melhor definir o envolvimento destes componentes da saliva na resposta
inflamatéria. A saliva do vetor também foi capaz de modular o recrutamento inicial de
leucocitos induzido pela L. chagasi para o local da picada. Um estudo mais detalhado das
populagdes de leucdcitos que migram para o local como a produgio de citocinas e
caracterizagdo do fendtipo celular pode esclarecer novos aspectos envolvidos na
sobrevivénica da Leishmania no hospedeiro ou no estabelecimento de um ambiente hostil

para a permanéncia do parasita .
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8 CONCLUSOES

8.1. A saliva de L. longipalpis foi capaz de induzir uma resposta inflamatéria no modelo
do bolsdo de ar, caracterizada pela presenga de neutréfilos, macréfagos e eosinofilos com

cinética diferente em camundongos BALB/c e C57BL/6;

8.2. O recrutamento aumentado de macréfagos em camundongos BALB/c foi fortemente

associado a expressdo de CCL2/MCP-1 no modelo do bolsdo de ar;

8.3. Observamos que a proteina recombinante de 11kDa da saliva de L. longipalpis
parece ter uma atividade inflamatoria mais inicial, enquanto as proteinas da familia

“yellow” e a proteina de 61kDa teriam um efeito mais tardio no modelo do bolsdo de ar;

8.4. A saliva induziu um efeito aditivo no perfil de recrutamento celular induzido pela L.
chagasi resultante da modulagdo na expressio de CCL2/MCP-1, CCLA/MIP-18,
CCL11/eotaxina e CXCL1/KC em BALB/c ¢ C57BL/6;
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Saliva from Lutzomyie longipalpis Induces CC Chemokine
Ligand 2/Monocyte Chemoattractant Protein-1 Expression and
Macrophage Recruitment’

Clarissa R. Teixeira,** Maria Jania Teixeira,*" Regis B. B. Gomes,*' Claire S. Santos,*
Bruno B. Andrade,*' Imbroinise Raffaele-Netto,* Jodo S. Silva,® Angelo Guglielmotti,*
José C. Miranda,* Aldina Barral,*™ Cliudia Brodskyn,*" and Manoel Barral-Netto*1

Saliva of bloodfeeding arthropods has been incriminated in facilitating the establishment of parasite in their host. We report on
the leukocyte chemoattractive effect of salivary gland homogenate (SGH) from Lutzomyia langipalpis on saliva-induced inflam-
mation in an air pouch model. SGH (0.5 pair/animal) was inoculated in the air pouch formed in the back of BALB/c or C57BL/6
mice. L. longipalpis SGH induced a significant influx of macrophages in BALB/c but not in C57BL/6 mice. SGH-induced cell
recruitment reached a peak at 12 h after inoculation and was higher than that induced by the LPS control. This differential cell
recruitment in BALB/c mice was directly correlated to an increase in CCL2/MCP-1 expression in the air pouch lining tissue. In
fact, treatment with bindarit, an inhibitor of CCL2/MCP-1 synthesis, and also with a specific anti-MCP-1 mAb resulted in drastic
reduction of macrophage recruitment and inhibition of CCL2/MCP-1 expression in the lining tissue. CCL2/MCP-1 production was
also seen in vitro when J774 murine macrophages were exposed to L. longipalpis SGH. The SGH effect was abrogated by
\preincubation with serum containing anti-SGH IgG Abs as well as in mice previously sensitized with L. longipalpis bites. Inter-
estingly, the combination of SGH with Leishmania chagasi induced an increased recruitment of neutrophils and macrophages
when compared with L. chagasi alone, Taken together these results suggest that SGH not only induces the recruitment of a greater
number of macrophages by enhancing CCL2/MCP-1 production but also synergizes with L. chagasi to recruit more inflammatory

cells to the site of inoculation. The Journal of Immunology, 2005, 175: 8346-8353. : i

uring bloodfeeding, insect saliva is injected into the
D host’s skin. This saliva contains a great variety of he-

mostatic, inflammatory, and immunomodulatory mole-
cules. Understanding mammalian response to insect saliva is of
utmost importance in scveral ways. Besides being related to al-
lergy (1, 2), insect saliva is known to facilitate parasite survival
(3-5). In mice, saliva from Lutzomyia longipalpis or Phlebotomus
papatasi leads to larger Leishmania major-associated lesions than
those resulting from the parasite alone (6).

The mammalian hosts do mount an anti-insect saliva response.
The phlebotomine saliva enhancing effect on leishmaniasis can be
abrogated by preexposure to immune sera (4, 5). Immune response
against sand fly saliva is also observed in children from areas en-
demic for visceral leishmaniasis. Seroconversion against L. longi-
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palpis saliva occurred at the same time as the host developed an
anti-Leishmania cell-mediated immune response (7, 8).

Cell recruitment is a vital event in inflammation. Cell number
and composition in the initial stages after stimuli greatly influences
future responses and the development of acquired immune re-
sponses. Initial cell recruitment is also important in leishmaniasis
(9, 10). Saliva from Phlebotomus duboscqi attracts vertebrate
monocytes in vitro (11) and saliva from P. papatasi not only at-
tracts macrophages but also enhances infection by Leishmania do-
novani in these cells, resulting in increased parasite load (12).

Synthesis of inflammatory mediators is a fundamental mecha-
nism for leukocyte recruitment to an injured tissue. We thus in-
vestigated the chemotactic effect and mediators of salivary gland
homogenate (SGH)? from L. longipalpis in vivo using the air
pouch model because little is known about the influence of insect
saliva on chemokine expression. We observed that L. longipalpis
saliva is able to recruit a higher number of macrophages in the air
pouch of BALB/c mice that correlates with the increase in CCL2/
MCP-1 and CCR2 expression. Moreover, by using bindarit, a mol-
ecule that has been shown to inhibit CCL2/MCP-1 production both
in vitro and in vivo (13-15) and MCP-1 neutralizing Abs, we
observed a reinforced role of CCL2/MCP-1 in orchestrating. the
recruitment of macrophages to the BALB/c air pouch.

Materials and Methods

Mice :

Inbred BALB/c and C57BL/6 mice of both sexes, 8~12 wk of age were
obtained from the animal facility of Centro de Pesquisas Gongalo Moniz-

Fundagdo Oswaldo Cruz (CPqGM-FIOCRUZ, Bahia, Brazil). The exper-
imental procedures were approved and conducted according to the Animal

3 Abbreviation uscd in this paper: SGH, salivary gland homogenate,
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Care and Utilization Committee of the CPqGM-FIOCRUZ (Process
no. 070).

Parasites

Leishmania chagasi (MHOM/BROO/MER/STRAIN2) promastigotes were
cultured in Schneider’s medium supplemented with 20% inactive FBS, 2
mM L-glutamine, 100 U/ml penicillin, and 100 pul/ml streptomycin.

Air pouch and leukocyte migration

Air pouches were prepared by injecting 3 ml of air into the dorsal surface
of BALB/c and C57BL/6 mice under light anesthesia. One hundred mi-
croliters of SGH (0.5 pair/animal) or SGH preincubated with anti-SGH
serum (0.5 pair/animal plus SO pl of serum preincubated for 1 h at 37°C)
in endotoxin-free saline were injected into the air pouches immediately
following an air injection, as previously described (16). Control mice were
injected with 100 ul of endotoxin-free saline (negative control) or LPS (20
pg/ml; positive control). After 2, 4, 6, 12, and 24 h intrapouch inoculation,
three to five animals per experimental group were lethally anesthetized, and
the pouch washed with a total of 5 ml of endotoxin-free saline to collect
leukocytes of the exudates. Lavage fluids were centrifuged at 100 X g for
10 min at 4°C, and pellets were resuspended in saline, stained in Turk’s
solution, and counted in a Neubauer hemocytometer. Differential cell
counts were done microscopically on cytospin preparations stained
with H&E.

Sand flies and preparation of salivary glands V

L. longipalpis sand flies, 5- to 7-day-old females of the Cavunge strain,

“were reared at Laboratério de Imunoparasitologia (CPqGM) using a mix-
ture of rabbit feces and rabbit ration as larval food. Sand fly colonies were
maintained at 26°C. Adult male sand flies were offered a sucrose solution,
and females were fed on lightly anesthetized hamsters (Mesocricetus au-
ratus). Salivary glands were obtained from 5- to 7-day-old laboratory-bred
L. longipalpis females. Salivary glands were dissected, placed in endotox-
in-free PBS on ice, and stored at ~70°C. Inmediately before use, glands
were sonicated and microfuged at 10,000 X g for 2 min, and the super-
natant was used for the studies.

Oligonucleotide primers

Oligonucleotide primers specific for mouse chemokines and chemokine
receptors were used to amplify cDNA by PCR. B-actin primers were used
as a control to evaluate the expression of a housekeeping gene. The primers
for chemokines, chemokine receptors, and B-actin were prepared at In-
vitrogen Life Technologies based on sequences published elsewhere (17,
18).

RNA isolation and cDNA preparation by reverse transcription

Total RNA was extracted from the air pouch lining tissue using TRIzol
reagent (Invitrogen Life Technologies), according to manufacturer’s in-
structions. Briefly, after cell lysis, RNA was precipitated with isopropanol,
washed with 70% ethanol, and solubilized in diethylpyrocarbonate-treated
water. RNA concentration and purity was determined by measuring at A4,
and A g, and samples were immediately stored at —70°C. cDNA synthesis
was performed on ~1-2 ug of RNA in a total volume of 20 pl containing
2.5 uM oligo(dT);, ;5 primers, 1 mM dNTP (Invitrogen Life Technolo-
gies), 1X first-strand buffer (20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2 mM
MgCl,), 20 U of RNase inhibitor, and 50 U of Superscript 11 reverse tran-
scriptase (Invitrogen Life Technologies). The reaction mixture was incu-
bated at 42°C for 50 min and stopped at 95°C for 5 min.

Chemokine and chemokine receptors mRNA detection

Expression of mRNA: was analyzed by RT-PCR for the following: CCL2/
MCP-1 (JE, murine homologue), CCL3/MIP-1a, CCLA/MIP-18, CCL5/
RANTES, CCR2, and B-actin. A 5-ul aliquot of the cDNA obtained was
amplified in a 25-pl reaction containing. 1X PCR buffer (5 nmol KClI, 1
nmol Tris-HCl (pH 8.4), 1.5 nmol MgCl,), 0.2 nmol each dNTP, 200 nmol
each primer, and. 1 U of TagDNA polymerase (Invitrogen Life Technolo-
gies) in a PTC-100 thermal cycler (MJ Research). Reaction conditions
were 30 cycles of 1 min at 94°C, 1 min at 54-55°C, and 2 min at 72°C,
with a final extension step of 7 min at 72°C. For each set of primers, a
negative sample (water) was run in parallel. PCR products were visualized
by UV light after electrophoresis through a 6% acrylamide gel containing
0.5 pg/ml ethidium bromide. The sizes of the RT-PCR products were con-
firmed by comparison with a 100-bp ladder run in parallel on the same gel.
The band intensity of the amplified products was analyzed using Eagle-.
Sight v.3.2 software (Stratagene). The results are expressed as a ratio of
expression of chemokine or chemokine receptor to B-actin expression.
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J774 macrophage cell culture and stimulation

The mouse macrophage cell line J774E was maintained at 37°C in 5% CO,
in RPMI 1640 (Sigma-Aldrich) supplemented with 10% FBS (HyClone
Laboratories), 25 mM HEPES, 100 U/ml penicillin, and 100 pg/ml strep-
tomycin/m! (Invitrogen Life Technologies).

Cells (4 X 10° per ml) were plated in 24-well culture plates (Costar)
containing 13-mm diameter glass coverslips (Novocastra Laboratories) in
duplicates. After 24 h, macrophages were treated or not with LPS (50
pg/ml) or SGH (0.5 pair/well) or SGH preincubated for 1 h at 37°C with
specific anti-SGH serum. Eight hours after stimulation, coverslips were
removed and fixed with methanol for 5 min.

Immunohistochemical reactions

Methanol-fixed 1774 cells on 13-mm diameter glass coverslips (Novocastra
Laboratories) were processed for immunohistochemical assessment of che-
mokines. Coverslips were incubated with 10% nonfat milk for 20 min at
room temperature to block nonspecific binding and to help prevent exces-
sive drying out of the section. Primary Abs (50 ul, 1/100) of CCL2/MCP-1,
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FIGURE 1. Leukocyte infiltration into BALB/c (4) and C57BL/6 (B)
mice air pouch tissue. Pouches were stimulated with 0.1 ml of endotoxin-
free saline, or L. longipalpis saliva (with SGH at 0.5 pair/animal). Twelve
hours after stimulation, pouches were washed and differential cell counts
performed in Turk’s solution. Values represent mean & SEM of four mice
per group. C, Representation of difference between macrophage and eo-
sinophil recruitment in BALB/c and C57BL/6 mice. Significant difference
from value for macrophage (*, p = 0.0390) and eosinophils
(**, p = 0.0210) between saline and SGH-treated groups.
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CCL3/MIP-1a, CCL4/MIP-18, CCLS/RANTES, or CCR2 (Santa Cruz
Biotechnology), diluted in PBS containing 0.01% of saponin, were added
and incubated overnight at 4°C. Coverslips were washed three times with
PBS containing 1% Trilon X-100 (Amresco), 5 min each wash, and then
secondary Ab (50 wl, 1/300 dilution of anti-rabbit or anti-goat biotin con-
Jugate; Vector Laboratories) was added and incubated for 45 min in a moist
chamber at room temperature. Coverslips were then washed three times
with PBS containing 1% of Triton X-100 as previously described. Endog-
enous peroxidase was blocked by incubation with 3% H,0, for 20 min at
room temperature, and then 50 ul of streptavidin-peroxidase (Vectastain
ABC kit, mouse IgG; Vector Laboratories) was added for 30 min at room
temperature. Chromogen reaction was developed with 3-3’-diaminobenzi-
dine (DAB kit; Vector Laboratories) solution and counterstained with
Mayer’s hematoxylin. J774 cells stimulated with LPS were used as positive
controls. Monoclonal Abs werg substituted for nonimmune rabbit Igs or
irrelevant mouse Abs as negative controls.

Treatments

Bindarit or 2-methyl-2-([1-phenylmethyl)-1H-indazol-3-yl]methoxy)pro-
panoic acid (Angelini Farmaceutici) was administered at the dose of 200
mg/kg i.p. 1 h before and 7 h after air pouch induction and SGH stimulation
(0.5 pair/animal). The dose of bindarit was chosen based on earlier reports
showing that the molecule is a preferential inhibitor of CCL2/MCP-1 syn-
thesis (13-15). For anti-MCP-1 mAb treatment, animals received an i.p.

A

CCLYMCP-1
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injection of purified neutralizing anti-MCP-1 mAb (R&D Systems) in a
final volume of 200 ul (100 ug) 1 h before air pouch induction and SGH
stimulation (0.5 pair/animal).

Sand fly anti-saliva serum

Hamsters (M. auratus) were exposed to bites from 5- to 7-day-old female
L. longipalpis (Cavunge strain). Three animals were lightly anesthetized
and exposed three times to ~50 bites every 15 days. Fifteen days after the
last exposure, animals were sacrificed and serum was collected and tested
for IgG anti-saliva detection by ELISA, as previously described (19).

Sensitization of mice

Groups of mice (n = 10) were sensitized five times by natural exposure to
15 uninfected L. longipalpis females in the left ear at 10-day intervals. A
week after the last exposure, sera were collected to evaluate the presence
of [gG anti-SGH. Mice considered positive (cutoff = 0.045) were used to
induce air pouch stimulated with SGH as earlier described.

Statistical analysis

Data were reported as the mean * SEM and were analyzed statistically by
means of ANOVA or the Student ¢ test with the level of significance at |
p < 0.05.

CCR2 P-actin

Zh

Saline LPS SGH Saline LPS SGH Saline LPS SGH

CCL2YMCP-1

CCR2 f-actin

FIGURE 2. RT-PCR analysis of the expres-
sion of CCL2/MCP-1 and its receptor CCR2 from
BALB/c (A) or C57BL/6 (B) air pouch lining tis-
sue 2, 4, 6, 12, and 24 h after saline, LPS (20
pg/mi), or SGH (0.5 pair/animal) stimulation.
Densitometric data of CCL2/MCP-1 (C) or CCR2
(D) expression in BALB/c mice at 12 h as the
mean * SEM of the ratio of chemokine to B-actin
band from the same sample. The profiles are rep-
resentative of at least two independent experi-
ments. Significant difference (*, p = 0.0033) from
value for negative control (saline) group and
SGH-treated group.
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Results

Effect of SGH on leukocyte recruitment in vivo

To investigate the inflammatory effect of L. longipalpis saliva we
used the air pouch model previously described as an in vivo re-
cruitment model that allows exudate analysis (20, 21). Air pouches
were raised on BALB/c and C57BL/6 mice injected with SGH (0.5
pair/ml), LPS (20 pg/ml), or saline, and after 12 h the exudate was
collected. Although few cells were found in the pouch exudate
when endotoxin-free saline was injected, SGH from both L. lon-
gipalpis and LPS (data not shown) were potent recruiters for neu-
trophils and lymphocytes in either BALB/c or C57BL/6 mice (Fig.
1, A and B). However, only SGH induced an increase in macro-
phage and eosinophil recruitment in BALB/c mice, whereas this
effect was not observed in C57BL/6 mice. This result was rein-
forced when the difference between macrophage and eosinophil
recruitment in BALB/c and. C57BL/6 mice was compared (Fig.
1C), showing that the increase was only observed in BALB/c mice
after 12 h. In addition, our results describe an important inflam-
matory event driving macrophage chemotaxis mediated by SGH.

Expression of CCL2/MCP-1 in the air pouch lining tissue

After detecting the increase in macrophage recruitment due to
_SGH stimulation we decided to investigate the participation of the
macrophage recruiting chemokines CCL3/MIP-1a, CCL4/MIP-
18, CCL5/RANTES, and CCL2/MCP-1. Injection of SGH in the
air pouch induced nonsignificant expression of CCL3/MIP-1a,
CCL4/MIP-18, and CCLS/RANTES (data not shown). Of note
after SGH stimulation, there was an expression of CCL2/MCP-1 at
4,6, 12, and 24 h in the lining tissue of BALB/c, but only expres-
sion at 2 and 4 h in C57BL/6 mice (Fig. 2, A and B). The receptor
for CCL2/MCP-1, CCR2, was also detected at 12 h in BALB/c and
at 4 h in C57BL/6 mice. Densitometric analysis at 12 hin BALB/c
mice revealed a significant increase in expression of CCLZ/MCP-1
in SGH-treated mice when compared with saline control, but not as
high as LPS (Fig. 2C), whereas the increase in CCR2 expression in
SGH-treated mice was similar to the increase in saline controls
(Fig. 2D). It is noteworthy that densitometric analysis of SGH
induced CCL2/MCP-1 expression at 2 and 4 h in C57BL/6 mice
(maximum expression) compared with 12 h in BALB/c mice (data
not shown) showed a higher expression of CCL2/MCP-1 on
BALB/c mice than in C57BL/6 mice induced by SGH. A basal
CCL2/MCP-1 production in the lining tissue from the nonstimu-
lated mice méy be due to resident tissue cells acting as an early
source of mediators while infiltrating cells could be the source of
chemokines at a higher intensity after SGH injection (22). The
higher expression of CCL2/MCP-1 only in BALB/c mice suggests
the involvement of this CC chemokine in this phenomenon and
may be responsible for the increased macrophage recruitment.

FIGURE 3. CCL2MCP-1 produc- (A)
tion in vitro after stimulation with SGH.
J774 cells were plated in 24-well cul-
ture plates containing glass coverslips.
After 24 h, macrophages were untreated
(A) or treated with SGH (0.5 pair/well)
(B) or with SGH preincubated with anti-
L longipalpis SGH serum (C). Eight
hours after stimulation coverslips were
removed and immunohistochemical re-
action was performed for MCP-1 detec-
tion (arrows). ’
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Production of CCL2Z/MCP-1 in vitro

Because we demonstrated an increased expression of CCL2/
MCP-1 mRNA in the lining tissue of BALB/c, we decided to in-
vestigate whether SGH was able to induce CCL2/MCP-1 produc-
tion in vitro. J774, a BALB/c macrophage cell line, was cultured
in the presence of SGH. After 6 h, immunohistochemical reactions
for detection of CCL2/MCP-1- were performed. SGH induced an
increased production of CCL2/MCP-1 that was not seen in the
untreated control (Fig. 3, A and B) and was comparable to LPS-
induced CCL2/MCP-1 production (data not shown). To confirm
that this effect was SGH specific, we preincubated SGH with anti-
SGH serum. In this case, CCL2/MCP-1 production was com-

_ pletely inhibited, suggesting that the stimulatory effect induced by

SGH was neutralized and again confirming the ability of SGH to
induce CCL2/MCP-1 production (Fig. 3C).

Inhibition of CCL2/MCP-1

To investigate whether the increase of macrophage recruitment as
a result of SGH stimulation was due to an increase of CCL2/
MCP-1 expression, a group of BALB/c mice was previously
treated with bindarit, an inhibitor of CCL2/MCP-1 synthesis, and
also with anti-MCP-1 neutralizing mAb. Treatment with bindarit
or anti-MCP-1 mAb treatment resulted in significant reduction of
macrophage recruitment (Fig. 4, A and B). Bindarit resulted in total
inhibition of CCL2/MCP-1 expression. Interestingly, anti-MCP-1
mADb treatment also led to a decrease in CCL2/MCP-1 expression
evidenced by RT-PCR (Fig. 44). Chemokine mRNA expression
seems to be dependent on previous chemokine production and can
function as a regulatory mechanism, i.e., lower concentration of
protein can lead to a decrease in the message of the molecules (23,
24). Together, these results reinforce that CCL2/MCP-1 is the CC
chemokine most likely responsible for the increased macrophage
recruitment induced by SGH.

Inhibition of macrophage recruitment with anti-SGH serum

Because SGH effect on J774 cells was abrogated after preincuba-
tion with anti-SGH in vitro, we decided to investigate whether
SGH effect could be inhibited in vivo as well. When SGH was
preincubated with specific antiserum there was a reduction in mac-
rophage recruitment. However, neutrophil, eosinophil, and lym-
phocyte migration remained similar to the LPS-positive control
(Fig. 5). Preincubation of SGH with specific antiserum lead to a
68% abrogation of the macrophage recruitment when compared
with the effect of SGH alone. Although 3.1 X 10* macrophages
were recruited by SGH, only 1.0 X 10* macrophages were ob-
served under stimulus with SGH preincubated with anti-SGH se-
rum. No such abrogation was observed with neutrophils, eosino-
phils, or lymphocytes (9.68 X 10* vs 12.6 X 10* with SGH and
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FIGURE 4. Inhibition of CCL-2MCP-1. A, Leukocyte infiltration into

BALB/c air pouches treated with anti-MCP-1 mAb i.p. treatment (100 pg) 1 h
before SGH stimulation and RT-PCR analysis of CCL2/MCP-1 from non-
treated (NT) anti-MCP-1 mAb treated («¢MCP-1) BALB/c air pouch lining
tissue 12 h aftet SGH (0.5 pair/animal) stimulation. B, Leukocyte infiltration
into BALB/c mice air pouches treated with bindarit (200 mg/kg i.p.) 1 h before
and 7 h after SGH stimulation and RT-PCR analysis of CCLMCP-1 from
nontreated (NT) and bindarit-treated (BIND) BALB/c air pouch lining tissue
12 h after SGH (0.5 pair/animal) stimulation. Values represent mean * SEM
of four mice per group. Significant difference (*, p = 0.0259) from value for
macrophage recruitment in control and treated groups.

SGH plus anti-SGH serum, respectively for neutrophils). Preincu-
bation of LPS with anti-SGH serum did not result in LPS-induced
inflammatory response inhibition confirming the antiserum speci-
ficity. This result suggests the presence of macrophage chemotac-
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FIGURE 5. Specific inhibition of macrophage recruitment after SGH
stimulation. Air pouches in BALB/c mice were stimulated with LPS (20
pg/ml), SGH (0.5 pair/animal), anti-SGH serum (a-SGH), LPS, or SGH
preincubated for 1 h with anti-L. longipalpis SGH serum. Significant dif-
ference from value for macrophages (%, p = 0.0364) and eosinophils (%,
p = 0,0286) between SGH and SGH + anti-SGH groups.

tic components in SGH that can be neutralized by Abs present in
the specific antiserum.

Inhibition of SGH macrophage recruitment by naturally induced
anti-SGH Abs

Accumulating evidence points to the importance of Abs anti-saliva
in protection of immunized mice (4, 5). To further understand the
effect of anti-SGH serum, we decided to test whether SGH che-
motatic effect could also be inhibited by Abs produced in BALB/c
mice preexposed to bites from uninfected L. longzpalpzs The che-
moattractive effect induced by SGH was severely reduced in pre-
exposed animals: macrophage recruitment was dramatically de-
creased (78.2% inhibition), whereas neutrophil had a smaller
reduction (41.5% inhibition) (Fig. 6A). In addition, expression of
CCL2/MCP-1 in the air pouch lining tissue of exposed mice was
completely abrogated 12 h after SGH stimulation (Fig. 6B). This
result reinforces the importance of Abs anti-saliva in SGH-medi-
ated macrophage recruitment.

Effect of L. chagasi and SGH on leukocyte recruitment in vivo

After demonstrating the inflammatory effect of SGH we investi-
gated whether it was able to modify the inflammatory response .
induced by L. chagasi, the parasite transmitted by L. longipalpis
sand flies. Exudate cells were collected 12 h later and showed that
both SGH and L. chagasi induced recruitment of neutrophils and
macrophages in BALB/c mice (Fig. 7). However, L. chagasi was
able to induce the recruitment of a greater number of cells to the -
pouch space when compared with SGH alone. The combination of
L. chagasi with SGH resulted in an exacerbated inflammatory re-
sponse indicating that SGH also has an effect on the parasite re-
cruitment profile, which is an additive effect on L. chagast induced
lcukocyte recruitment.

Discussion

The data presented in this study indicate that SGH from L. longz-
palpis induces an increased macrophage recruitment into the mu-
rine air pouch. Several studies have described the use ‘of the mouse
air pouch model as a very consistent and straightforward model to
investigate inflammatory response, creating the environment for
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FIGURE 6. Iphibition of SGH effect in vivo in BALB/c mice (n = 6)

sensitized with bites from L. longipalpis. A, BALB/c mice were exposed
five times to L. longipalpis bites (10-day intervals) or nonexposed. Ten

.days after the last exposure, air pouches were induced and stimulated with
SGH. Significant difference (*, p = 0.0366) from macrophage recruitment
value is represented for nonexposed and exposed group. B, RT-PCR anal-
ysis of CCL2/MCP-1 from nonexposed (NE) and exposed (E) BALB/c air
pouch lining tissue 12 h after SGH (0.5 pair/animal) stimulation. The re-
sults are representative of three experiments. 2

collection and phenotypic analysis of cells migrating into the
pouch space (20, 21, 25). Interestingly, SGH was able to induce
neutrophil, eosinophil, and macrophage recruitment after 12 h in
BALB/c but not in C57BL/6 mice. Neutrophil recruitment was
similar to other stimuli (LPS, for example), whereas eosinophils
were increased as compared with the increase in control mice.
Eosinophils have been strongly related to mosquito bites and al-
lergies. Actually, eosinophilia was detected on dogs intradermally
inoculated with saliva from L. longipalpis (26), in the inflamma-
tory process at the site of immunization of mice with recombinant
15-kDa protein from P. papatasi, and also in cutaneous lesions in
mice infected with Leishmania braziliensis and L. longipalpis sa-
liva (27, 28). Eosinophils may participate in vasodilation favoring
sand fly feeding but may alternatively be important players in cre-
ating an inhospitable environment for potential invaders transmit-
ted with saliva (29).

Recent observations suggest that L. longipalpis saliva induced
an intense and diffuse inflammatory infiltrate characterized by neu-
trophils, eosinophils, and macrophages observed up to 48 h in the
ear dermis of BALB/c mice exposed to bites from uninfected sand
flies (30). Of further interest was the increased macrophage re-
cruitment induced by SGH in BALB/c but not in C57BL/6 mice.
These two mouse strains differ in their susceptibility for Leishma-
nia, as BALB/c mice are highly susceptible and C57BL/6 mice are
partially resistant to several Leishmania species (31, 32). The fact
that these animals, which differ in their response to Leishmania,
also differ in their inflammatory response to sand fly saliva is note-
worthy. Several studies have clearly demonstrated that salivary
gland lysate inhibits NO (33), H,0, production (34), and Ag pre-
sentation (35) by macrophages. The exacerbation of disease has
been also associated with inhibition of the production of Thl cy-
tokines and with enhancement of IL-4 Th2 cytokine by saliva from
P. papatasi (36). The capacity of macrophages to respond to Thl
activation signals against intracellular pathogens during the non-
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FIGURE 7. Effect of Leishmania on leukocyte infiltration into BALB/c
mice air pouches. Pouches were stimulated with 0.1 ml of L. longipalpis
saliva (SGH; 0.5 pair/animal), 107 stationary phase L. chagasi or L. cha-
gasi + SGH for 12 h. After stimulation pouches were washed and differ-
ential cell counts performed in Turk’s solution. Values represent mean *
SEM of four mice per group. Significant difference from neutrophil (x, p =
0.0043) and macrophage (**, p = 0.0039) recruitment value for SGH, L.
chagasi, and L. chagasi + SGH stimulated groups is represented.

immune early phases of infection is crucial for determining
whether the invading organisms proliferate or are eliminated. A
lack of macrophage recruitment has also been related to failure of
lesion enlargement in an immunodeficient murinc model (37).

This increased macrophage recruitment was linked to CCL2/
MCP-1 and its receptor CCR2 expression in the air pouch lining
tissue but not other macrophage recruiting CC chemokines (CCL3/
MIP-1a, CCLA/MIP-18, or CCL5/RANTES). SGH was able to
induce a strong CCL2/MCP-1 and CCR2 expression in BALB/c
mice, whereas only a weak expression was observed 2 and 4 h in
C57BL/6 mice. Even in these time points, the expression of this
chemokine and its receptors was much weaker in C57BL/6 when
compared with BALB/c mice (data not shown). Moreover, neu-
tralization with anti-MCP-1 mAb resulted in a significant reduc-
tion of macrophages recruited and inhibition of CCL2/MCP-1 ex-
pression. This result was reinforced by using bindarit, an original
indazolic derivative devoid of systemic immunosuppressive effects
and of activity on arachidonic acid metabolism, which has been
shown the ability to inhibit CCL2/MCP-1 synthesis both in vitro
and in vivo (13~15). Bindarit-treated mice showed a significant
reduction of macrophage recruitment and also inhibition of CCL2/
MCP-1 expression in the lining tissue. Together, these results in-
dicate that CCL2/MCP-1 is the CC chemokine involved in mac-
rophage recruitment after SGH stimulation.

Because macrophages and neutrophils were the main cell pop-
ulations present in the lining tissue after SGH stimulation (data not
shown), we decided to investigate whether SGH was also capable
of inducing CCL2/MCP-1 by J774 macrophages in vitro. SGH
induced CCL2/MCP-1 production that was abrogated by specific
anti-SGH serum, indicating that SGH inflammatory effect could be
inhibited by specific Abs. Interestingly, saliva effect on macro-
phage recruitment was also specifically inhibited without affecting
polymorphq'nuclcér cell recruitment in vivo when it was preincu-
bated with specific anti-SGH Abs or in BALB/c mice naturally
exposed to uninfected L. longipalpis bites. This result is particu-
larly interesting because it mimetizes the real situation in an en-
demic area where individuals are constantly exposed to bites from
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uninfected sand flies and they develop anti-saliva immune re-
sponse. In fact, in children from an endemic area the development
of an anti-saliva humoral response occurred at the same time as the
appearance of anti-Leishmania cell-mediated immunity (8). Inter-
estingly, the decrease in macrophage recruitment was associated
with a strong inhibition of CCL2/MCP-1 expression in the exposed
animals, which was also detected in vitro in J774 cells. These
results suggest that probably one or more immunogenic molecules
present in L. longipalpis saliva are responsible for this effect. The
importance of anti-sand fly saliva Abs has also been emphasized.
Phlebotomus argentipes allowed to feed on hamsters previously
exposed to sand fly bites, which is associated with a small amount
of blood ingestion, decreased the feeding rate on animals and low-
ered the numbers of eggs laid, suggesting that anti-sand fly saliva
Abs bind and neutralize the sand fly products (38).

We next evaluated the role of SGH in modifying the inflamma-

tory response induced by L. chagasi. The parasite was able to-

induce a strong inflammatory response composed by neutrophils,
macrophages, and eosinophils. When L. chagasi was associated
with SGH, there was an increase in leukocyte recruitment espe-
cially on neutrophil and macrophage recruitment, indicating an
additive effect of SGH. Previous work has demonstrated that
Leishmania triggers recruitment of a mixed population of inflam-
_matory cells, such as macrophages, eosinophils, and neutrophils,
which can vary between species and strains (20, 39). The ability of
SGH to modulate L. chagasi inflammatory response by increasing
Jeukocyte recruitment is interesting because a potent macrophage
recruitment may be related to higher susceptibility to Leishmania
and linked to recently recruited macrophages being “safe havens”
for this parasite (40).

Taken together, the results obtained in this study suggesting that
SGH from L. longipalpis can act on inflammatory mediators lead-
ing to an increase in macrophage recruitment probably due to ex-
pression of CCL2/MCP-1 are particularly interesting. The ability
of SGH to modulate initial recruitment of macrophages to the bite
site might facilitate the entry of Leishmania into their host cells
and their establishment in the hostile environment of the vertebrate
skin. CCL2/MCP-1 has been associated with Th2 polarization (41)
but also with L. major killing by human monocytes (42). Overall,
understanding the role of vector saliva components is important as
these molecules could be future targets for pharmacologic or vac-
cine interventions (43).
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Influéncia da Saliva de Flebotomimeos na Leishmaniose Experimental ¢ Humana

Role of Sand Fly Saliva in Experimental and luman Leishmaniasis

Clarissa Teixeira'-?, Regis Gomes'?, Manoel Barral-Netto" %3, Aldina Barral**?, Cldudia Brodskyn' 22
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Investiga¢do em Imunologia; Salvador, BA, Brasil

Aleishmaniose é transmitida pela picada do vetor flebotomineo infectado. A saliva deste fleb6tomo
possui um repertorio de moléculas que modulam as respostas hemostatica, inflamatéria e
imunolégica do hospedeiro. Os eventos iniciais entre a leishmania e o sistema imune do hospedeiro
estio diretamente relacionados ao desenvolvimento da infecgfio ou & protecfio contra o parasita. Os
componentes da saliva influenciam diretamente essas interagdes. Estes componentes tém sido
bastante explorados e virios trabalhos na literatura tém estudado estes aspectos. Nesta revisfo,
discutimos as contribui¢des da literatura, que procuram esclarecer a influéncia da saliva na
resposta imune inicial anti-leishmania do hospedeiro e no estabelecimento da infecgio, trazendo
novas perspectivas para o tratamento, controle e profilaxia da doenga.

Palavras-chave: Vetor, saliva, Leishmania, infecgo.

Leislhmaniases are transmitted to their vertebrate host by infected phlebotomine sand fly. The
saliva from these insects contains a repertoire of pharmacologically active molecules that are
able to interfere with the host’s haemostatic, inflammatory and immune responses. The initial
events between Leishmania and the lost’s immune response are directly related to disease
progression or protection against the parasite, and saliva contributes directly to these interactions.
Recent work in the literature has described these aspects, and these interactions have been
extensively investigated. In this literature review, we have identified reports that explain the
role of saliva in the initial immune response against Leishmania in the host and against infection,
bringing new perspectives for treatment, prophylaxis and disease control.

Key words: Vector, saliva, Leishmania, infection.

As leishmanioses causadas por protozoarios do
género Leishmania constituem um problema sério
de saude publica em véarias regides do mundo. Os
flebotomineos, vetores das leishmanioses, ingerem
os parasitas quando picam o hospedeiro vertebrado
infectado. As amastigotas, que vivem de forma
intracelular no hospedeiro vertebrado, transformam-

Recebido em 22/02/2005 Aceito em 27/05/2005
Enderego para correspondéncia: Dra. Claudia Brodskyn, R.
Waldemar Falcdo, 121, 40296-710 Salvador, BA, Brasil, Tel.: 55
713356 4320; FAX: 55 71 3356 4320, ramal: 261.

E-mail: brodskyn@cpqgm.fiocruz.br

Gazeta Médica da Bahia 2005;75(1):Jan-Jun:18-23.
© 2005 Gazeta Médica da Bahia (ISSN 0016-545X).
Todos os direitos reservados.

se em promastigotas no intestino do vetor,
diferenciando-se em promastigotas metaciclicas por
volta de uma semana. A infecgdo por leishmania
ocorre quando a fémea, ao realizar o repasto
sangiliineo, necessario para maturagio dos ovos,
inocula o parasita no hospedeiro vertebrado 9.
Durante esse processo, o conteudo da glandula
salivar € depositado no local da picada, promovendo
o bloqueio de mecanismos hemostéaticos do
hospedeiro que beneficiam o vetor na obtengado do
alimento. Recentemente, a importancia dos
componentes da glandula salivar dos flebotomineos
em estabelecer uma infec¢do eficiente por
leishmania, tem se tornado mais clara, trazendo
novas perspectivas para o controle da doenga.
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Caracterizagiio dos Componentes Salivares de
Flebotomos

A obtengdo de sangue como alimento para o vetor
flebotomineo tem como maior desafio enfrentar as
dificuldades impostas pelos mecanismos de defesa do
hospedeiro. A hemostasia, processo utilizado pelo
hospedeiro para evitar a perda de sangue, € controlada
por componenetes anti-coagulantes, anti-agregagao
plaquetéria e vasodilatadores da saliva (31419,
Algumas dessas moléculas ja foram caracterizadas,
como a hialuronidase, que auxilia na difusio de outros
componentes; a apirase, prostaglandina E2 (PGE2)
prostaciclina, que bloqueiam a agregagio plaquetéria

substdncias vasodilatadoras, o maxadilan, presente
apenas na saliva de L. longipalpis, foi caracterizado
como um potente vasodilatador ', Estas moléculas,
com fungdes redundantes € sinérgicas, t€m como
objetivo principal a formag&o do “lago sangiiineo” para
- obtengdo de alimento por parte dos flebotomos (19,
Devido a importéancia da saliva no repasto sangiiineo
- dos flebotomineos, na imunidade do hospedeiro €
~ transmissdo do patdgeno, a caracterizagdo dos
. componentes salivares responsaveis por essas
atividades é necessaria para compreender os
mecanismos de agio bem como desenvolver novas
estratégias para bloquear a transmissdo do patégeno.
A purificagfo dos componentes salivares tem sido um
desafio devido a pequena quantidade de proteinas da
glandula salivar. Muitas proteinas salivares com
atividades anti-hemostéticas, inflamatoérias e
imunomodulatdrias foram isoladas seguindo
abordagens bioquimicas e da biologia molecular.
Novas abordagens experimentais encontram-se em
desenvolvimento, na tentativa de se caracterizar
moléculas presentes nas glandulas salivares dos vetores.
As abordagens experimentais tém mudado do estudo
deuma {inica molécula presente na glandula salivar para
0 estudo do complexo total de genes e proteinas
. Secretadas pelos artrépodes, usando uma abordagem

e de “alta performance” (high-throughput). A idéia é

i combinar um protocolo de seqiiéncia massiva de

i bibliotecas de cDNA da glandula salivar, uma

e promovem a dilatagfo sangiiinea. Dentre as

abordagem protedmica para isolar um grande grupo
de proteinas salivares e ensaios de alta performance
funcionais e biologicos para analisar e testar as
atividades bioldgicas destas novas moléculas %2,
Estudos de alta perfomance gendmicos e protedmicos
tém resultado na descoberta de genes e proteinas que
ndo foram anteriormente descritas em artrépodes. Essas
novas abordagens permitem ndo somente a
caracterizagdio de fatores salivares envolvidos em
homeostase e inflamagéo, mas também a identificagfio
de novas proteinas salivares, cujas fungdes biologicas
ainda nfo sdo conhecidas.

Outra alternativa para a gendmica funcional € o uso
da vacinag@io de DNA. A obtengio de plasmideos
contendo um promotor € cDNAs selecionados que
podem ser injetados no animal para a indugio de uma
resposta imune seria mais eficiente do que produzir
grandes quantidades de uma proteina recombinante para
injetar em animais para produgdo de anticorpos @9,

O Papel da Saliva em Modelos Experimentais

As proteinas salivares do vetor tém capacidade de
modificar a resposta inflamatdria e imunoldgica do
hospedeiro. Como conseqiiéncia, o parasita que é
inoculado na derme durante a alimentag3o é favorecido
pela presenga da saliva, ja que a mesma € capaz de
exarcebar a infec¢do por leishmania em modelos
murinos experimentais. A co-inoculag@o do sonicado
de glandula salivar (SGS) de Phlebotomus papatasi
com Leishmania major na pata e, mais recentemente,
na derme da orelha de camundongos, resultou em uma
exacerbagio dramatica da lesdo ®'9, A Leishmania
braziliensis, que normalmente ndo leva a infecgdo
mesmo em camundongos suscetiveis como BALB/c,
quando co-inoculado com SGS de Lu. longipalpis
resultou em lesdes cutdneas progressivas com a
presenga de macréfagos densamente parasitados €
persisténcia de granuldcitos 19,

Os componentes presentes na saliva dos
flebotomineos também apresentam atividade
imunogénica, induzindo & produgio de anticorpos
contra diferéntes proteinas. O exato papel desses
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anticorpos na exacerbagdo ou protegao a infecgdo por
leishmania ainda ndo esta totalmente esclarecido.
Estudos tém sugerido um possivel mecanismo de
bloqueio na transmissio da leishmania. Animais
expostos a picadas de flebétomos ou inoculados com
0 SGS desenvolvem elevados niveis de anticorpos IgG
anti-saliva®79212)_ Recentemente, nosso grupo
mostrou que camundongos BALB/c expostos a
repetidas picadas de Lu. Longipalpis, transmissor da
L. chagasi, produz anticorpos anti-saliva, além de um
intenso infiltrado inflamatdrio (', Neste estudo,
observou-se um predominio de IgG, particularmente

IgG1, mas ndo de IgG2a e IgG2b anti-saliva (Figura
‘ 1) A IgG total presente nesses animais reagiu
; p1 edominantemente com trés bandas protéicas
pr esentes no SGS deL longzpalpzs (16,44 €45 kDa)

mﬂam’ttona inicial com apresem;a quase que exclusm
de neutrofllos, sugerindo a participagdo de
imunocomplexos em gerar uma resposta inflamatéria
(Figura 1). A pré-exposigdo a picadas de P. papatasi
ou inoculagfio do SGS em camundongos foi capaz de
bloquear o estabelecimento da infecgio por L. major
©22_Ghosh & Mukhopadhyay (1998)" atribuem aos
anticorpos anti-saliva a dificuldade do P, argentipes
em realizar um eficiente repasto sangiiineo em hamsters
imunizados com picadas deste mesmo vetor. A
percentagem de engorgitamento sangiiineo diminui € a
mortalidade dos flebotomos aumenta 4 medida que os
niveis de anticorpos anti-saliva aumentam nesses
animais.

Exposigdes repetidas & saliva do flebétomo também
levam ao desenvolvimento de imunidade celular no
hospedeiro contra os produtos salivares, caracterizada
por uma reagao de hipersensibilidade tardia (RHT) com
a presenga de células inflamatorias recrutadas para o
local da picada. Este recrutamento é um fator
importante no estabelecimento da infecgdo por
leishmania, j& que este evento facilitaria a penetragdo
e crescimento do parasita no interior destas células. O
desenvolvimento de RHT facilitaria tambem a
alimentagdo do flebotomo. Observou-se que fémeas

alimentam-se mais rapidamente em hospedeiros que
desenvolvem reag@o de hipersensibilidade tardia; o que
pode refletir uma adaptago do vetor a resposta imune
do hospedeiro ¢,

A saliva também estd envolvida no processo
inflamatério inicial no hospedeiro. Utilizando o modelo
do bolsdo de ar inflamatodrio, temos observado que a
saliva de L. longipalpis induz a um maior recrutamento
de neutréfilos, eosindfilos e, principalmente,
macrofagos, quando comparados & salina ou LPS
(dados ndo publicados). O aumento significante no
recrutamento de macréfagos na presenga da saliva esta
relacionado a presenga de CCL2/MCP-1, quimiocina
recrutadora de macréfagos. Entretanto, este efeito €
bloqueado pela pré-incubagfo da saliva com anticorpos
anti-SGH em animais previamente expostos a picadas
de L. longipalpis. Utilizando este mesmo modelo,
observamos um aumento no numero de células
recrutadas na presenga de L. chagasi, ou L. chagasi
mais saliva (dados néo publicados). Estes resultados
indicam que a saliva contribuiria para uma intensa
reagdo inflamatéria no local da picada, atraindo um
maior nimero de possiveis células hospedeiras paraa
entrada do parasita. Esta atividade pro-inflamatéria da
saliva também ja havia sido observada na salivade P
duboscqi e P. papatasi "), O recrutamento de
macrofagos resulta em beneficio ao hospedeiro ou a
leishmania que dependerd da predominancia de
macrofagos ativados ou moléculas que causem
desativacio.

Outro aspecto relevante relacionado ao
desenvolvimento de uma RHT € a prote¢do contra a
leishmania em animais que desenvolvem
preferencialmente essa reag@o. Assim, a RHT tornaria
o local um ambiente indspito para o estabelecimento
da infecgdo pela leishmania, ou modificaria o micro-
ambiente, contribuindo para o desenvolvimento dos
eventos iniciais que iriam influenciar a resposta imune
do hospedeiro contra a leishmania. Usando uma
abordagem de alta performance, Valenzuela et al.
(2001) @Y isolaram um grande mimero de proteinas
salivares e genes do vetor Phlebotomus papatasi €
encontraram uma proteina de 15 KDa, denominada
PsSP 11 5 capaz de-blogiiéar a transmissio da L.
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Figura 1. Efeitos da saliva de Lutzomyia longipalpis no hospedeiro vertebrado. (1) Infiltrado inflamatério, (2)
resposta imune humoral, (3) formagZo de imuno-complexos € (4) regulagio da expressdo de moléculas co-
estimulatérias e citocinas nas células apresentadoras de antigenos. '
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major. Assim, animais imunizados com a proteina ou
o plasmideo contendo a seqiiéncia SP15, tornaram-
se resistentes a um desafio posterior constituido de
parasita mais saliva. Os animais imunizados
apresentaram uma intensa resposta celular RHT e alta
produgao de anticorpos. Os autores verificaram ainda
que camundongos, mesmo deficientes de células B,
quando imunizados com o plasmideo, mostraram
proteco contra um desafio posterior, sugerindo que a
resposta imune celular, caracterizada por RHT, recruta
células inflamatdrias para o sitio da infecg@o, como,
por exemplo, macréfagos ativados, produzindo NO,
radicais livres de oxigénio e IL-12, criando um ambiente
in6spito para a leishmania.

A caracterizagao de um grande mimero de proteinas
salivares e seus respectivos cDNAs permitem-nos
testar grande quantidade de candidatos em um sistema
determinado. Outra vantagem refere-se a utilizagdo da
vacinagido de DNA para a busca de candidatos a

Imuno-complexos

Mondcito
TIL-6, IL-8 e IL-12p40
TCd8s, HLDAR
LIL-10 e TNF-«

Macroéfago:
1Cd80 e THLADR ™

Célula Dendritrica
\l/CdBG, Cd80 e HLADR

vacina, através da produgio de proteinas nativasno -
animal injetado versus o uso de proteinas
recombinantes. A quantidade de DNA requerida para
vacinagdio € muito menor do que aquela capaz de
induzir a uma reposta imune quando da utilizagdo de
proteinas recombinantes. Assim, esse tipo de
abordagem esta acelerando o estudo de proteinas
salivares dos vetores transmissores de patogenos.
Genes funcionais, previamente nfo relatados na saliva
dos artrépodes, estiio agora sendo descritos. Esse tipo
de modelo experimental deve contribuir no
desenvolvimento de vacinas para doengas transmitidas
por vetores.

Dados preliminares do nosso laboratério mostraram
que, construgdes de cDNAs provenientes da glandula
salivar de L. longipalpis, foram capazes de induzira
uma resposta imune celular e/ou humoral contra
antigenos da glandula de Lu. longipalpis em hamsters
e BALB/c. Além disso, algumas construgdes de cDNA
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foram capazes de proteger animais desafiados com L.
chagasi mais SGS de L. longipalpis. Essas
construgdes de cDNA, que resultaram em protegao,
também foram capazes de induzir & reagdo de RTH
nos animais imunizados (dados ndo publicados).

O Papel dos Componentes Salivares no Homem

Estudos em nosso laboratorio sugerem que, em
areas endémicas para leishmaniose, a exposi¢@o a
picadas de flebdtomos nio infectados pode influenciar
- naepidemiologia da doenga. Individuos provenientes

. de areas niio endémicas correriam um maior risco de

desenvolver formas mais graves de leishmaniose, uma
vez que seriam imunologicamente “naives”, ndo
somente 4 leishmania, mas também 2 saliva do
fleb6tomo. Recentemente,; Barral et al. (2000)® e

Gomes et al. (2002)®, desenvolvendo estudos em .

urna area endémica para leishmaniose visceral (LV),
demonstraram a presenga de anticorpos anti-saliva
de Lu. longipalpis em soros de criangas que residem
no mesmo local (Figura 1). Uma forte correlag@o foi
encontrada entre altos niveis de anticorpos IgG anti-
saliva e uma resposta de hipersensibilidade tardia
(RHT) anti-leishmania ®, sugerindo que anticorpos
anti-saliva de fleb6tomos no homem podem servir
como marcadores importantes na exposigio a vetores
das leishmanioses nessas areas. Estas informagdes
podem ser utilizadas de diversas formas, uma delas
seria na identificagdo da distribuigio espacial dos
flebotomos em uma determinada area, auxiliando no
direcionamento do controle do vetor e da doenga.
Outra forma seria como marcador de protegdo.
Individuos residentes em uma area para LV que sdo
RTH positivos para antigenos de leishmania e, portanto,
estariam protegidos contra a infecgio, desenvolvem
uma resposta de anticorpos IgG anti-saliva de Lu.
longipalpis. Por outro lado, individuos da mesma area
que possuem somente resposta sorologica positiva para
antigenos de leishmania, RHT anti-leishmania negativo
(ndo protegidos), apresentam baixos niveis de
anticorpos anti-saliva. No soro das criangas que
convertem o RHT para leishmania, foram detectadas,

principalmente, as subclasse IgG1 e IgE®. AlgGltem
sido relacionada a uma resposta Thl no homem,
enquanto que o aumento de IgE sugere o
desenvolvimento de uma resposta de hipersensibilidade
imediata, j& que é considerada como marcador de
resposta do tipo Th2 . Esse tipo de resposta mista (Th1/
Th2) tem sido relatado em individuos expostos a picadas
de outros vetores. A reagio se inicia com RHT, seguida
de uma reagio de hipersensibillidade imediata, sendo
finalizada com dessensibilizagdo ?. Os antigenos
salivares reconhecidos pelos anticorpos anti-saliva
presentes nos soros dos individuos da drea endémica
estdo dispostos respectivamente em um grupo de
proteinas com pesos moleculares de aproximadamente
45,44,43,35,27¢ 16 kDa ®.

A saliva também exerce um efeito direto sobre
células apresentadoras de antigenos. O SGS de

" Lu.longipalpis foi capaz de inibir a produgao de IL-

10 e TNF-a € elevar a produggo de IL-6, IL-8 € IL-
12p40 por mondcitos e células dendriticas humanas

‘estimuladas com LPS (Figura 1). A expressdo de

moléculas co-estimulatérias, importantes na ativagio
e manutengzo da resposta de linfocitos T, também
foi alterada em mondcitos (elevagao de CD86 ¢ HLA-
DR) e macréfagos (redugdo de CD80 e elevagdo de
HLA-DR). Aredugo na expressio dessas moléulas
foi observada na diferenciagéo de células dendriticas
e na maturagdo induzida por CD40L. A pré-
incubagio da saliva com anticorpos anti-SGH
bloqueou os efeitos da saliva anteriormente descritos,
evidenciando a importancia dos anticorpos na
neutralizag@o dos possiveis efeitos deletérios da saliva
ao sistema imune do hospedeiro .

Em conlusdo, o estudo da saliva em modelos
experimentais ou in vitro tem trazido novos
esclarecimentos com relagfo ao estabelecimento da
infecgdo. Estes novos aspectos também abrem novas
perspectivas quanto a possiveis novos candidatos para
a constru¢do de uma vacina eficaz. A utilizagéo de
vacinas de DNA poderé ser uma excelente alternativa
na indugdo de uma resposta imune eficaz contra
produtos da saliva destes vetores, bloqueando
conseqlientemente a transmissio da leishmania
veiculadas por estes insetos.
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ABSTRACT.
The saliva from blood-feeding arthropod vectors is enriched with molecules that display diverse functions that

mediate a successful blood meal. They function not only as weapons against host’s haemostatic, inflammatory

and immune responses but also as important tools to pathogen establishment. Parasites, virus and bacteria

taking advantage of vectors’ armament have adapted to facilitate their entry in the host. Today, many salivary

molecules have been identified and characterized as new targets to the development of future vaccines. Here

we focus on current information on vector’s saliva and the molecules responsible to modify host’s hemostasis

and immune response, also regarding their role in disease transmission.

. Key words: saliva, bites, hemostasis, host, vector, infection.

INTRODUCTION

Blood-feeding arth?@pods can require vertebrate
host blood for nutrition, egg development, and sur-
vival. The medical and public health importance of
these ectoparasites is evident because of the alarm-
ing emergence of new vector-bome infectious agents
and the resurgence of previously known ones. The
morbidity and mortality of infectious diseases trans-
mitted by blood-feeding arthropods were more ex-
pressive than all other causes in the last centuries
(Gubler 1998). |

*Member, Academia Brasileira de Ciéncias
Correspondence to: Manoel Barral-Netto, MD
E-mail: mbarral@cpqgm.fiocruz.br

Haematophagous vectors of disease are not
regarded simply as tools for the delivery of their
pathogens. Advances in biomedical research fo-
cused on the role of blood-feeding arthropods saliva
in the transmission of some infectious diseases have
shown the presence of a co-evolutionary relation-
ship between these vectors and the pathogen they
transmit. Rather, vector’s saliva seems to be a po-
tent pharmacologically active fluid that directly af-
fects the haemostatic, inflammatory and immune re-
sponses of vertebrate host (Ribeiro 1995a).

Before bloodh meal, haematophagous arthro-
pods must locate blood by introducing their mouth-

2 . . .
parts into the vertebrate host skin tearing tissues

and lacerating capillaries, which creates hem-
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orrhagic pools upon which it feeds. Such insects
as triatomine bugs feed directly from inside venules
and arterioles, after been guided by an initial hem-
orrhagic pool (Lavoipierre 1965, Ribeiro 1937b).
During this process insect’s saliva is injected into
the host’s skin at the site of the bite. This saliva
contains a great variety of haemostatic, inflamima-
tory and immunomodulatory molecules such as pro-
teins, prostaglandins, nucleotides, and nucleosides
that locally mod\ify the physiology of the host, mak-
ing an adequate microenvironment for parasitism.
Pathogens transmitted by these vectors interact with
both saliva components and host mediators taking
advantage of the altered host physiology to become
established (Belkaid et al. 2000, Jones et al. 1992,
Titus and Ribeiro 1988).

Understanding' mammalian response to in-
sect’s saliva is of utmost importance in several ways.
Besides beingrelated to allergy (Reunala et al. 1994,
Shan et al. 1995) insect’s saliva is known to facili-
tate parasite survival (Belkaid et al. 1998, Kamhawi
2000, Samuelson et al. 1991). Arthropod saliva is
also related with specific antibody production by
humans and other vertebrates against its compo-
nents (Brummer-Korvenkontio et al. 1994, Feingold
and Benjamini 1961, Wikel 1996). Conversely, host
immunity to vector saliva may decrease infectivity
of the transmitted pathogens (Belkaid et al. 1998,
Bell et ali 1979). These responses can be used as
epidemiological markers of vectors exposure (Bar-
ral et al. 2000, Schwartz et al. 1990, 1991) and also
support the possibility to prevent and treat allergic
responses and to develop anti-arthropod vaccines.

Accordingly, the purpose of this review is to
expose the salivary molecules that have been identi-
fied and characterized in various blood-feeding
arthropods and its activities related to host’s de-
fense, including hemostasis and immune response.
Indccd, we also focus on the role of saliva in parasite
transmission and recent data suggesting that salivary
peptides are an alternative target for the control of
pathogen transmission through the development of

effective vaccines.
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ARTHROPOD SALIVA AND HOST HEMOSTASIS:
THE BLOOD QUEST
Attempting to probe and feed, blood-sucking arthro-
pods must circumvent the host haemostatic system.
Host hemostasis is highly sophisticated and effi-
cient process that includes several redundant path-
ways geared towards overcoming blood loss; among
which arc blood-coagulation cascade, vasocons-
triction, and platelet aggregation (Ribeiro 1987b,
1995a). These components act together Jeading to
the arrest of blood flow at the site of vessel lesion.
To overcome these obstacles, blood-feeding arthro-
pods have evolved within its salivary secretions an
array of potent pharmacological components, such
as anticoagula‘nts, anti-platelet and vasodilators
(Champagne 1994, Ribeiro 1995a, Stark and James
1996b). As a rule, blood-suckers’ saliva contains
at least one anticlotting, one antiplatelet, and one
vasodilatory substance (Ribeiro and Francischetti
2003). In many cases, more than one molecule ex-
ists in each category and in some, a moleculc alone
is responsible for more than one anti-haemostatic
effect. For example, compounds such as adenosine
and nitric oxide that are once antiplatelet and va-
sodilatory are found in saliva. Salivary molecules
responsible for these effects on host hemostasis have
been characterized and some proteins were isolated,
indicating the possibility to neutralize these mecha-

nisms.

PLATELET AGGREGATION

The first host’s mechanisin to avoid blood loss
during tissue injury seems to be platelet aggrega-
tion. Platelets can be activated by diverse stimulus
including collagen exposure, thrombin interaction,
thromboxane A; and ADP. After activated, platelets
aggregate, promote clotting, and release vasocon-
strictor mediators to form the platelet plug. Blood
feeders can inhibit this aggregation through differ-
ent ways. Anophelin, a peptide from Anopheles
albimanus saliva (Fig. 1f) that behaves as an alpha-
thrombin inhibitor, also contributes for the anti-

clotting phenomena observed in experimental es-
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says (Valenzuela et al. 1999). The salivary gland
homogenate of the tick Rhodnius prolixus (Fig. 1d)
presents a 19kDa protein named Rhodnius proli-
xus aggregation inhibitor 1 (RPAI-1) that inhibits
collagen-induced platelet aggregation by binding to
ADP (Francischetti et al. 2000), the same effect ob-
served by a molecule with similar sequence and
structure (pallidipin) isolated from saliva of Tria-
toma pallidipennis (Fig. 1d) (Noeske-Jungblut et
al. 1994). The deerfly Chrysops spp. saliva (Fig. 1a,
b and d) can prevent platelet ﬁggregation induced
by ADP, thrombin and collagen, and also inhibits
fibrinogen, binding to the glycoprotein Ib/IIla re-
ceptor on platelets (Grevelink et al. 1993). ADP
has a key function in hemostasis through induction
of platelet aggregation and derives from activated
platelets and injured cells (Vargaftig et al. 1981).
Thus, it is not surprisingly that the most common
molecule involved in inhibition of platelet aggre-

gation encountered on the majority of blood feed-

ing arthropods seems to be the salivary apyrase en-

zyme, that hydrolyses ATP and ADP to AMP and
orthophosphate, preventing the effect of ADP on
hemostasis. However, at least two different fami-
lies of this enzyme exist and both known families
require Ca?t and/or Mg?* for their action. Aedes
aegypti (Champagne et al. 1995b), Anopheles (Arca
et al. 1999) and Culex mosquitoes.(Fig. 1e) (Nasci-
mento et al. 2000) present in their saliva apyrases
from the same family of 5’-nucleotidases. A novel
apyrase enzyme sequence was found recently in
the salivary glands of the haematophagous bed bug
Cimex lectularius (Valenzuela et al. 1998) and ho-
mologous sequences were found in the sand flies
Lutzomia longipalpis (Charlab etal. 1999) and Phle-
botomus papatasi (Valenzuela et al. 2001), indi-
cating that this family of enzymes is widespread
among arthropod species (Fig. le). This novel
apyrase functions exclusively with Ca?*, 1t is im-
portant to show that, in the sand flies salivary com-
ponents analyzed, a salivary 5'- nucleotidase was
also found in L. longipalpis but not in P. papatasi
(Fig. 1e) (Charlab et al. 1999). Finally, the salivary
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apyrase from Triatoma infestans (Fig. le) also be-
longs to the 5'-nucleotidase family (Faudry et al.
2004) and are peculiarly dependent of Mn” and
Co?* (Ribeiro et al. 1998).

Platelet function can also be antagonized by
substances that increase platelet cyclic adenosine
monophosphate (cAMP) or cyclici guanosine mono-
phosphate (cGMP). Previous work had demon-
strated that p_rostaglandin E; (PGE;) and prostacy-

J;).cl.in obtained from tick’s saliva can increase platelet

U‘%gyclic nucleotides (Higgs et al. 1976). Nitric Oxide

(NO) released within saliva of the bugs Rhodnius
prolixus and Cimex lectularius (Fig. lg) activates
the cytosolic guanylate cyclase enzyme, causing an
anti-clotting effect (Ribeiro et al. 1993, Vogt 1974).

BLOOD-COAGULATION CASCADE

The blood-coagulation cascade is launched by var-
ious mechanisms set by injury to blood vessels. It
ends in the production of active thrombin, which
cleaves fibrinogen to fibrin, the clot protein. The
fibrin polymerizesgand forms the blood clot, pro-
viding rigidity to tf{é,platelet plug. Salivary anti-
coagulants from bldodffeedin g arthropods seems to
target specific proteases or complexes of the blood-
coagulation cascade, blocking or delaying the ‘clot
formation process until the blood feeder finishes
the meal (Ribeiro 1987b). Different insects. have
evolved diverse molecules responsible for these ac-
tions, which effectiveness also varies by species.
Many of these salivary molecules are in different
stages of molecular characterization. Most salivary
anticoagulants target components in the final com-
mon pathway of the coagulation cascade/ influd-
ing factors V, Xa and II (thrombin). For exam-
ple, anophelin is a unique peptide isolated from the
saliva of Anopheles albimanus (Fig. 2f) that func-
tions as a specific and tight-binding thrombin in-
hibitor (Noeske-Jungblut et al. 1995, Valenzuéla et
al. 1999).
(Fig. 2d) present within its saliva a 48kDa peptide

Another mosquito, Aedes aegypii,

factor Xa inhibitor that was purified, cloned, ex-

pressed and shown to be a member of the serpin

An Acad Bras Cienc (2005)77 (4)
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Fig. 1 - Vector’s saliva acting on platelet activation and aggregation:. (1) Blood feeding vectors induce
vessel laceration and tissue injury resulting in collagen exposure when probing for a blood meal. -(2) Thus,
platelets aggregate, promoting clotting, -and release of vasoconstrictor mediators promoting hemostasis.
Blood feeders can inhibit platelet aggregation by preventing fibrinogen, thrombin (Anopheles albimanus and
_Chrysops spp.) ot cAMP/cGMP stimulation (Boophilus microplus). (3) Platelet activation and degranulation
also occur after thromboxane A that results in vasoconstrictor response and (4) the NO present within 'bug's
 saliva can prevent haemostatic effect (Cimex lectularius and Rhodnius prolixus).(5) They can also bind to
ADP (Rhodnius prolixus, Triatoma pallidipennis and Chrysops spp.) or ‘(6) Prevent the action of ADP through

salivary apyrase to prevent platelet aggregation (Aedes aegypti, Anopheles gambiae, Culex quinquefasciatus, -

Lutzomyia longipalpis, Phlebotomus papatasi, Triatoma infestans and Cimex lectularius).

family of serine protease inhibitors (Stark and James
1998). Salivary gland extract of Culicoides vari-
ipennis (the primary North Amcnca vector of blue-
tongue viruses) (Fig. 2d) contains a factor Xa in-
hibitor similarly to all the. subfanuly of culicine
mosquitoes (Perez de Leon et al. 1997). It has been . -
~ proposed that despite variation in the degree of inhi-
bition, all anophelines have thrombin directed anti-
coagulants and culicine mosquitoes have factor Xa
directed anticoagulants. Differences in the site of

action of the anticoagulants must likely reflect the

An Acad Bras Cienc (2003)77 (4)

long period of independent adaptation of -the two
subfamilies to the challenges presented by ver-
tebrate hemostasis (Stark and James 1996a).

A potent and specific low molecular mass

- (3,530 Da) anticoagulant peptide purified from

salivary. gland of Glossina morsiatans morsiatans

- (Fig. 2f) is a thrombin inhibitor (Cappello et al.
11996, 1998). This peptide is a stoichiometric in-

hibitor of thrombin and also a potent inhibitor of
thrombin-induced platelet aggregation.
Subtractive cloning combined with biochem-
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ical approaches was used to discover activities in
the salivary glands of the haematophagous sand fly
Lutzomyia longipalpis (Charlab et al: 1999). Se-
quences of nine full-length complementary DNA
(cDNA) clones were obtained and five were pos-
sibly associated with blood meal acquisition, each
having cDNA similarity to: (a) the bed bug Cimex
lectularius apyrase, (b) a 5’-nucleotidase/phospho-
diesterase, (c) a hyaluronidase, (d) a protein contain-
ing a carbohydrate-recognition domain (CRD), and
(e) a unique RGD-containing peptide. This work
was the first to identify a hyaluronidase activity in
a haematophagous insect salivary gland. The CRD-
protein and the RGD containing peptide seem to be
involved in anticlotting activities.

Triatomine bugs also evolved potent anti-
coagulants, as factors V and VIII inhibitors from
Triatoma infestans (Fig. 2c and e) (Pereira et al.
1996) and triabin, a salivary 142-reside protein
of Triatoma pallidipennis (Fig. 2f) that selectively
interacts with thrombin, exclusively via its fibrino-
gen recognition exosite (Fuentes-Prior et al. 1997).
Prolixin S (nitrophorin 2), from salivary gland ex-
tracts of Rhodnius prolixus (Fig. 2c) inhibits coag-
ulation factor VIII-mediator activation of factor X
and accounts for all the anti-clotting activity ob-
served inits saliva (Ribeiro et al. 1995). Saliva of the
hard tick and Lyme disease vector, Ixodes scapularis
(Fig. 2d), was genetically sequenced in a cDNA li-
brary. In this process, a clone with sequence homol-
ogy to tissue factor pathway inhibitor was identified
and this cDNA codes for a mature protein, herein
called ixolaris, with 140 amino acids. Observations
of ixolaris function evidenced the blockage of fac-
tor Xa generation by endothelial cells expressing
tissue factor. This work also demonstrated that ixo-
laris uses factor X and Factor VIlIa as scaffolds for
the inhibition of factor VIa/Tissue factor complex
(Fig. 2a) (Francischetti et al. 2002).

VASOCONSTRICTION

Arachdonic acid is released by activated platelets
when blood vessels are lacerated by arthropods’

mouthparts and is converted by other platelet en-
zymes into thromboxane A, a powerful platelet-
aggregating, platelet-dagranulating, and vasocons-
tricting substance (Ribeiro 1987b). Activated pla-
telets also release serotonin, which together with
thromboxane A; is responsible for the early vaso-
constrictor response in local inflammation caused
by tissue injury (Weigelt et al. 1979). Saliva from
blood feeder insects presents vasodilatory sub-
stances or molecules that antagonize vasoconstric-
tors produced on the site of tissue injury caused by
inoculation of mouthparts during probing. These
molecules act directly or indirectly on smooth-
muscle cells activating intracellular enzymatic path-
ways that lead to cAMP or cGMP formation. Sia-
lokinin, a tachykinin decapeptide from Aedes ae-
gypti, is a vasodilator through activating nitric oxide
production by endothelial cells via cGMP induction
(Champagne and Ribeiro 1994).

Maxadilan, a 6.5 kDa peptide encoded by a
gene cloned from Lutzomyia longipalpis salivary
glands, is the most potent salivary vasodilator known
until now and also has immunomodulatory prop-
erties (Lerner et al. 1991, Lerner and Shoemaker
1992). The vasodilatory effect of maxadilan is en-
dothelium independent and correlates with an in-
crease of cAMP in smooth muscle cells (Grevelink
et al. 1995), acting as a specific agonist of the
pituitary adenylate cyclase activating polypeptide
(PACAP) type I receptor on vascular and neural
tissues and also on macrophage surface (Moro and
Lerner 1997, Moro et al. 1996). The presence of
adenosine and its precursor 5’-AMP has been
demonstrated in salivary glands of Phlebotomus
papatasi (Ribeiro et al. 1999) and Phlebotomus
argentipes (Ribeiro and Modi 2001), with vasodila-
tory, antiplatelet-aggregation and immunomodula-
tory properties (Collis 1989, Dionisotti et al. 1992,
Lewis et al. 1994). Note that Phlebotomus insects
do not have maxadilan and Lutzomyia do not have
adenosine in their saliva. These differences in phar-
macological strategies among sand flies from the

same family, but from genera that diverged not early

An Acad Bras Cienc (2005)77 (4)
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Fig. 2-Blood-coagulation cascade (intrinsic and extrinsic system) activated in response to tissue injury
is also blocked by salivary molecules. The blood-coagulation cascade is activated after blood vessels injury
resulting in the production of active thrombin, which cleaves fibrinogen to fibrin that polymerizes fomﬁhg
a stable clot blocking blood loss. Salivary anticoagulants from blood feeding arthropods inhibit specific

targets of the coagulation cascade. They target components such as factor IXa (Cimex lectularius and Rhod-

nius prolixus); VIII (Rhodnius prolixus and Triatoma infestans); Xa (Aedes aegyﬁti, Culicoides variipennis,

Simulium vittatum, Ixodes scapularis, Ixodes ricinus and Rhipicephalus appendiculatus); V (Simulium vitta-

tum and Triatoma infestans), VI (Ixodes scapularis) and thrombin (Anopheles albimanus, Stmulzum vutatum,

Boophilus microplus, Glossina morsiatans, Triatoma pallzdlpenms and Rhodnius prolixus) resulting in inhi-

bition or delayed blood-thrombin (Anopheles albimanus, Simulium vittatum, Boophilus microplus, Glossina

morsiatans, Triatoma pallidipennis and Rhodnius prolixus) and coagulation response.

than the last separation of the continental plates, -

stresses the diversity of compounds found in the

salivary glands of blood-feeder arthropods (Ribeiro '
et al. 1999). Finally, the black ﬁy Simulium vitta-.

tum salivary gland has a 15 kDa vasodilator that
acts on ATP-dependent K-channels and has no struc-
tural similarity to other known proteins (Cupp et al.
1994, 1998).

: Another example of salivary .vasodilator is
prostaglandin Ep (PGE;) and prostaglandin F,
(PGF;) demonstrated from salivary gland homo-
genate of different tick species (Dickinson et al.

An Acad Bras Cienc (2005) 77 (4)

1976, Ribeiro et al. 1985). PGE; and prostacyclin .
dilate host’s blood vessels, thus -vantagdlnizing the
vasoconstrictor component of hemostasis t'hrom-’
boxane Aj. The triatomine bug Rho‘dnius prolixus
releases NO within its"saliva, as does the cimicid
bug Cimex lectularius (Ribeiro et al. 1993, Vogt
1974). To carry this volatile substance to the host

tissue, these bugs developed a different heme pro-

tein (nitrophorins) that réversibly binds and stabi--
lizes NO making viable to release this gés in the
host skin. Rhodnius nitrophorin is' a member of
the lipocalin family (Champagne et al. 1995a) and
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Cimex nitrophorin is a member of the inositol phos-
phatase family (Valenzucla et al. 1995). . Because
Cimex lecwularins and Rhodnius prolixus belong to
different hemipteran families (Cimucidae and Re-
duvidae, respectively) and evolved independently
to blood-feeding, Cimex lecnedarius and Rhodnius
prolixus nitrophoring may represent a case of con-
vergent evolution (Valenzuela et al. 1993). 1In the
case of Rhodrius prolixus, four NO-carrying pro-
teing were isolated and nmmned N1-N4 nitrophorins
(Champagne et al. 1993a). Interestingly, the main
nitrophorin from this tristomine has a very high
affinity to histamine, a common autacoid found by
blood-feeding insects on the skin of allergic hosts.
Histamine binds to nierophorin and further displaces
NO at the site of injury. Thus, this nitrophorin
also works as an anti-histaminic substance (Ribeiro
1995a). ‘

Anopheline mosquitoes do not produce vaso-
dilatory substances, but rather secrete a peroxidase
enzyme that bas significant NADPH oxidase actiy-
ity. The NADPH oxidation produces HyQa, which

is used by the enzyme to destroy serotonin and cat-

echolamines, thus inactivating host’s physiologic

‘vasoconstrictor substances that may interfere with

insect feeding (Ribeiro 19934, Ribeiro and Valen-
zuela 1999).

Indeed, haematophagy evolved independently
in several orders of insects and ticks. For this reason,
a variety of salivary anti-haemostatic compounds are
found in these diverse groups of arthropods. The
combined effects of apyrases, prostaglandins, an-
tithrombotics, anti-clotting and many classes of va-
sodilators effectively counteract host hemostasis

and increase the chance of blood-suckers survivor.

SALIVA AND HOST IMMUNE SYSTEM:
BREAKING DOWN THE ENEMY

IMMUNOMODULATORY PROPERTIES OF BLOOD-
FEEDER ARTHROPODS SALIVA COMPONENTS

After repeated exposure to salivary antigens, host

immune system may e¢laborate cellolar (delayed-

type hypersensitivity, DTH) and/or humoral reac-

tions that will alter the local site of pr()b‘hig that

may result on rejection of the ectoparasite (Wikel
1982). This host’s resistance is related to a Thi
immune response, with significant production of in-
terferon (IFN)-y, interleukin (1L)-2 and 1L-12. To
face this problem, blood-feeding arthropods have
evolved salivary immunomodulatory factors. which
prevent host from becoming sensitized to the vaso-
modulatory substances of saliva that facilitate blood
meal (Gillespie et al. 2000) or even retard delete-
rious host responses.  Such factors induce a Th2
deviation of host’s immune response, which favors
insect survivor, Many types of timmunomodulatory
molecules have been isolated from different blood-
feeding artheopod species. Most of these mediators
act directly or indirectly on immune effectors cells,
like macrophages, T cells, B cells, Natral Killer
(N.K)' cells and granulocytes.

Certain activities observed are common (o all
vectors, for example the inflammation inhibitors
(anti-complement properties), the cytoki nes/chemo-
kines modulators and anti-coagulants (Sandemam
1996, Wikel 1996). For both rapidly feeding insects
and slowly feeding ticks, the reduction of h§$1 im-
munity to their salivary components enhances the
likelihood that a host will be a suitable source of fu-

" ture blood meals {Schoeler and Wikel 2001). Hard

ticks remain attached to the host for days and this
long interaction generates a vigorous host's response
to tick bite and its salivary components, resulting in
rejection of these parasites (Ribeiro 1993a). R apidly
feeding insects, such as sand flies, also induce an
intense DTH response at the site of the bite. Inter-
estingly, the larger blood flow encountered at the
DTH site favors the sand flies o probe and feed
faster (Belkaid et al. 2000). Arthropod modulation
of host immunity could provide the appropriate en-
vironment for pathogen transmission and establish-
ment, which could be combined with, or followed
by, immune evasion mediated by the infectious agent
(Ribeiro 1987¢). lncrcnsmg body ol evidence 1s sup-

porting this view,

An Acad Bras Cienc (2003)77 (4)
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INNATE IMMUNE RESPONSE

Inpate immune system consists of all the immune
defenses that lack immunologic memory. Innate
responses frequently involve complement, acute-
phase proteins besides granulocytes, mast cells,
dendritic cells, macrophages, and NK cells. Com-
plement components, prostaglandins, leukotrienes

and -other inflammatory inductors all contribute to

ihe recruitment of inflammautory cells to the site of

ectoparasite exposure. Thus, these cells and inflam-
matory mediators represent the first line of immune
defense against blood-feeding arthropods likely af-
fecting its feeding process.

The early events of complement activation are
based on an enzymatic amplifying cascade compa-

* rable to thut seen in blood clotting. The.complemen

fragments C3a, Cda and CSa activate mast cells,

which release histamine, cytokines and other pro-

inflammatory substances (Delves and Roite 2000).
C5a also acts as a powerful neutrophil chemao-
attractant. The complement components C3h, C6
C7, C8, and C9 form the membranc-attack com-
plex (Delves and Roitt 2000). which perforates cell
membranes and may lead to the death of the lining
cells of tnsect’s mouthparts, The alternative path-
“way of complement seems (o be involved in expres-
sion of blood-feeding arthmpc‘d resistance (Wikel
1979). Thus, the anaphvlatoxins C3a and CSa cause
further release of vasoactive mediators, which in-
crease vascular permeability and potentiate the ac-
cumulation of antibadies and immune cells at the
site of the bite. Despite these obstacles, blood-
suckers are capable of having a successful blood
meal likely through hostimmunomodulation by sali-
Cvary cnmhoncms Saiiva of the tick xodes dammini
¢ (Fig. w) antagonizes anaphvhnmm and hrad\ kmm
‘ M\cly by the presence of u car boxypeptidase (R( hei-

‘10 und S;\tdmdn 1986} and can also inhibit C3a re-

i lg_asu and C3b deposition (Ribeiro 1987 7a). Saliva of

Lutzomyia longipaipis is capable of inhibiting both
the classical and aliernative Complement pathways

(Fig. 3ud whergas thaw of Luszomvia migoned acted

A Acad Bras Cienc (2005377 (43

felis were not (Cavalcante et al,

ANDRADE et al.

only on the mrmur {(Cavalcante et dl .d)(h) The

triatoimine bugs Pamuoug)lus‘ niegis mls fmuc;ma i

brasiliensis und Rhodnius prolixus (Fi g 3a) were
also able to inhibit the clzxsgiéul ‘pathway f.sﬁhgrcus
the mosquito Aedes aegyri and fiea Crenvcephalides
2003).

The molecules collect 1\*(.[\' referred (o as acute-

phase proteins enhance host resistance 1o infection

and promote the repair of damaged tissue (Delves”

and Roitt 2000).

change rapidly in response to mfecuon mthnm- .

tion and tissue injury.
plement co‘mponcnts,'t.he zxcute-phasc proteins in-
clude C- and S- rczictivc proteins, serum -amyloid
A protein, proteinase iaaliibiﬁé}rs' and \an;ic;iu@xgulzxn[

pcp'ti des.

- be altered by a;thmpo;d s;ﬂivix'r;,_(componémq for thc': o
1996, Hnm
etal. 2000, Noaske Junﬁblut et d] 1995, P\\c%n et

success of blood meal 1. (Cappello et al. 1

al. 1999)

Host's maxt cells, loadcd wnh hmmmmc 'md\ ke,
serotonin have high-affinity receptors to IgE. These -
cells are activated and degranulate in the presence of

divalent ectoparasite antigens cross linked with two
IgE, releasing their vasoactive amines that leads to

local edema and erythema. - After activation, mast

. cells produce and release several arachidonic acid

metabolites and a diversity of cytokines, including

IL-4 and tumor necrosis factor (TNF)-a, which stim-

ulate the immune response (o progress toward a Th2
or dntibody mediated response. ‘Mast cells are also
responsible for the production of nerve-growing
molecules, such as lmdykﬁﬁn. serotonin and his-
tamine (Bovce 2004)

vary xompnm.nts can mmfbre in these proce

Qomc blood-s'uckcrs '~;ali-

For. mlmple extracts of Aedes aegypti’s. \mwry

ngd-, {Fig. 3¢j thlhlL the rclcasL of TNF-a from
ral oast cells, bul o not mlublt anu"m mdm ed -
histamine secretion (Bissonnette et al. 1993)." Sali-

vary adenosine deaminase activity has been demon:
strated in two culicine mosquitoes (Ribeiro et al.
2001) Aedes aegypti, Cilex quinquefasciatus, and in
e i Chi-

the sand v Latzomvia foneioalpis (Fia.
7 Y

Plasma levels of these. proteins

In addition 1 some . com- -

These substances or their function may.-

&
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lab et al. 2000), but not in the anopheline Anophe-
les gambiae (Ribeiro et al. 2001). The adenosine
deaminase activity in Aedes aegypti may help blood
feeding by remaving adenosine, a molecule associ-
ated with both pain perception inhibition and induc-
ton of mast cell degranulation in vertebrates, and by
producing inosine, a molecule that potently inhibits
the production of inflammatory cytokines (Ribeiro
et al. 2001). Bradykinin and histamine are impor-
tant mediators of- itch (Alexander 1986) and pain
(Clark 1979) which could stimulate host grooming
and removal of the blood feeding anthropod. It is
perhaps not surprising that the some insects” salivary
alands, like [xodes scapularis (Ribeiro and Mather
1998) and Rhodnins profixus (Ribeiro und Walker
1994) contain kininases that inhibit bradvkinin, In-
deed, hard ticks also produce histamine-binding pro-
teins that minimize local inflammation host’s re-
sponse (Chinery and Ayitey-Smith 1977, Paesen et
al. 1999). Finally, data suggest that saliva of Tria-
toma infestans can inhibit sodium channels activity

in nerves by an unspecified molecule, with potential

antinociceptive effects (Dan et al. 1999).
Arthropods’ saliva can induce immune sup-
pression of innate immune cells. fxodes danumini
(Fig. 3b) salivary gland homogenate inhibits rat
neutrophils function (Ribeiro et al. 1990). Salivary
gland exuracts (SGE) from Dermacentor reficula-
s (Fig. 3f) adult ueks induce a decrease in human
natural killer (NK) activity acting on the first step

‘ol NK cell activity, namely effectorftarget cell con-

jugate formation (Kubes etal. 2002). NK cell cyto-

toxicity as well as NO production by macrophages
are inhibited by Ivodes ricinus SGE (Kopecky and
Kuthejlova 1993) and by Pilebotomus papatasi
(Fig. 3f) saliva (Ribeiro et al. 1999, Waitumbi and
Warburg 1998). The saliva of this phlebotomine also
contains a potent inhibitor of protein phosphatase |
and protein phosphatase 24 of murine n\)zxcmph‘uges,

suggesting that the Phlebotomus papatasi salivary

phosphatase inhibitor may interfere with the abil-

ity of activated macropbages o transmit signals to

the nucleus, thereby preventing up regulation of the

induced nitric oxide synthase gene nhibiting the
production of NO (Katz et al. 2000, -Wa.itumhi and
Warburg 1998). Adenosine and its precursor 5'-
AMP, also isolated from Phlebotomus papatasi
{Fig. 3d) salivary glands {Katz et al. 2000, Ribeiro
et al.  1999) have been reported to enhance [L-6,
[1.-10, IL-4 and PGE; production, and together with
inosine (product of adenosine deaminase) were
shown to decrease the production of 1112, TFN-
v. TNF-@ and NO (Hasko et al. 2000, Hasko ct
al. 1998, Hasko et al. 1996, Le Moine et al. 1996,
Link etal. 20003, Ta the presence of salivary glands
extracts of Lutzomyia longipalpis (Fig. 3d), macro-
phages were unable to present antigen, were refrac-
tory to activation by IFN-y and were unable to pi'o-
duce HzO2 or NO (Hall and Titus 1993, Theodos
and Titus 1993, Titus and Ribeiro 1990). This in-
hibition seems to be selective, as it did not alier the
ability of IFN-y to up regulate MHC class Il expres-
sion on their surtaces. On human monocytes, saki-
vary gland homogenate (SGH) of L. longipalpis
induces an increase in [L-6, IL-8, and H.- [2p40 pro-
duction, but a decrease in tumor necrosis factor and
IL-10 produciion. SGH also affects the expression
of co-stimulatory molecules (CDSO and CD86) on
the surface of human monocytes and macrophages
(Fig. 3d). A reduction in CD§0, CDR6, HLA-DR
and CD la molecules during Dendritic cell (DC) dif-
ferentintion from human monocytes and maturation
induced by CD40L after SGH sdmulation 1s also
observed (Fig. 3¢) (Costa et al. 2004). DCs play a
major role in host immune responses through pro-
cessing and presenting arthropod salivary antigens
to T-lymphocytes in draining lymph nodes. Rhipi-
cephalus sanguineus (Fig. 3e) tick saliva whibits
the differentiation of DC and decreases the popu-
fation of differentiated imanature DC. Furthermore,
maturation of DC stimulated by lipopolysaccharide
(I.PS) in the presence of saliva resulted in a lower
expression of costimulatory (CD40, CDSO and
CD86) molecules and also reduced production of
interleukin-12 (Cavassani et al. 2003). Rather, DC

culiured with tick saliva revealed them to be poor

An Acad Bras Cienc (200577 (4)
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stimulators of cytokine production by antigen-
specific T cells.

Further studies showed that maxadilan, through
activation of PACAP type I receptor, inhibited the
expression of TNF-o by macrophages and increased
levels of the cytokines IL-6 and IL-10 as well as
prostaglandin Ej (Bozza et al. 1998, Lanzaro et al.
1999, Soares et al. 1998). Maxadilan, as well as
whole salivary gland lysate suppressed type 1 re-
sponses and enhanced type 2
PBMC and purified monocyte cultures in vitro

(Rogers and Titus 2003). Maxadilan decreased

IEN-y, IL-12 and TNF-o production, while increas-

ing 11.-6 secretion by human PBMC few hours af-

er stimulation with Leisionania major or LPS. In-

deed, it was suggested that this Lutzomyia longi--

palpis vasodilator could interfere on the 1FN-y re-

lease through the suppression of 1L-12 production
by T-lymphoeytes (Fig. 3g), possibly as it result of

changes induced in macrophages and NK cells. In-

Ic,rcsungly, it has been found that the primiary amino
acid sequence of maxadilan peptide is polymorphic
(Lanzaro et al,- ' 1999) and sibling spc:cic‘s‘ within the
Lutzomyia longipalpis complex present significant
differences in their amounts of maxadilan mRNA
(Yin et al. 2000). Despite these differences, the va-
sndihlory activity appears not to be altered (Lanzaro
etal. 1999). The maxad ilan primary sequence poly-
morphism may represent an evolutionary vantage to

the sand fly, preventing the host from becoming sen-

sttized to this important peptide and, consequently,

the loss of blood meal. It has also been proposed
that differences in salivary components of differ-

“ent geographical populations of sand flies may be

responsible for the differences observed in clinical |

“manifestation of visceral leishmaniasis in America
: (\‘v’i}[‘htlrg ef al. 1994).
Y host imm&ndnmdulzumy appear to have evolved for
- Old-World and New-World sand fies.

"The observations above show us that blood-

feeding arthropods evolved strategic mechanisms
to evade or suppress the innate immunce response and

that saliva of ectoparasites may have & key rale in

An Acad Bras Ciene (2005177 (4

responses by human.

‘So, different strategies of

this process.

ACQUIRED INMUNE RESPONSE

Immunoglobutin and T cell mediated imniune re-

sponses are induced during the first exposure to ¢é- .

woparasites feeding. The ability of an animal to re-

spond to a given molecule depends upon the gex

netically defined capacity to process and prmcnl

them to Immunocompctbn( T lymphocytes in con- .

text of major hlstocompaublluy cqmplc.\ (MHC)

antigens.

of randomly bred animals to 'dévélop’ and dxpress
resistance to ‘mhropod feedmu or. any mfcctmus

agent. Piood feeding ‘trlhmpod salivary immuno-

gens are lar oely pmcz,ssn,d for- prucmmon o im- -
_munocompetent lymphocvtu by L‘mﬁuhans cells,
which are ]C’Cdled in.a :upmb.xsal p(mtxon \nlhm';:'-'.' :
the epidermis (Schoeler: and Wikel 2001). " Also, -
these anULen presunlma ce:]Is (APL) can: tr.mspon ;j‘
mmunowns to the dmmmﬂ ivmph node pmmm-f-' 4
‘ing antibody and cell mcdz.md u.spcmses, _whmh

eventually clear blood- sucker \ahvary antigens from
the skin. Together with L-angcahans cells and den-
dritic cells, macrophages and'NK cells seems to

link the two instances of immune résponses, innate

(unspecific) and acquired (highly specific). An in-

flux of host | _vmph@cyres and n_mh’mphagcs (generat-
" ing the DTH response), basophils, and eosinophils
is observed at the site of the bite and circulating’

and homocg,mtmpxc antibodies (primary Tg TeM and

I¢E, switching at late-phase lo IeG H()t\'pb) are px(y .
‘duced (Belkaid et al. 2000, Ferreira et al. 2003,

Schoeler and Wikel 2001). Indeed, memory B and
T lvmphmylcs are gencrated as'a n,sult of tIm nu—

Ll uposurc 10 blood-feeder saliv ary inumunogens.
}-Iammtofagr.xus arthropod feeding upon a'resistnﬁ.c
host induces a very different p'xiic‘m'(ﬂréﬁponxivc; ‘
“ness.. The presence of reactiveé antibodies and ef-

fector T lymphocytes assures r.lprd ruponsc, 0

infestation, 1f memory B and T lymphocytes nmd

to be stimulated, the response will become maximal -

within a few days of re-infestation and can impair the

abilite o the artbiropod w obtain a hlood mesl For

Variations ase expected in the abilities
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Fig. 3 - Host immune response is modified by arthropod’s saliva. Salivary molecules can act on different
effector cells midvmcdizimrs of the immune system: (1) The complement system: inhibition of complement
release of vasoactive mediators and cell activation in both classical and alternative pathways (Lutzomyia
longipalpts, Ixodes dammini, Panstrongylus megistus, Trivioma brasiliensis and Rhodnius prolixus); {2)
Neutrophils: inhibition of neutrophil function (fxodes dammuu) (3) Mast cells: reduction of mast cell
degranulation and release of inflammatory mediators (Aedes aegypd, Culex quinguefasciatus, Phiebotomus
papatasi, Rhodniws prolixus and [xodes scapularis), (4) Antigen Presenting Cells: macrophages: inhibition
of macrophage activadon (Phlebotamus papatasi and Lursomyia longipalpis) and dendritic cells: reduc-
tion of dendritic cell ditferentiation, maturation and cytokine production (Phishotomus papatasi. Lutzomyia
longipalpiy and Rhipicephalus sanguineusy, (5) NX cells: reduction of NK cell eytotoxicity (Dermacen-
tor reticulatus, Ixodes ricinus and Phlebotomus papatasiy; (6) Lymphocytes: B cells: inhibition of cell
prolifermion and modulation of immunoglobutin production (Simuelinum vitatum, Rhipicephalus sanguineus,
Rhipicephalus appendic u.’:mls Amblyomumne variegatum and Dermacenior andersoni) and T cells: modus
lation of cytokine production, reduced proliferative response and impaired lenkoeyte traffic (Phlebotones
papatasi, Latzomyia longipalpis, Aedes aegypti, Cimex pipiens, Crlex quinguefasciatus, Siomdinm vidanam,
Ixodes scapularis, 1 mda\‘ ricinus, Dermacenior reticuluts, Rhipicephalus uppendiculatus and Rhodnius
prolixis) and (7) Autibodies and Immune Complexes: xnndm “ation of immunoglobulin responses profile

(Boophilus microplus and [xodes ticks).

foay
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a hard uck, the development ot DTH response by
an unnatural host pre-exposed to its se.z.h\xuy COMPO-
nents inthe site of the bite may Jead to the rejection of
the insect (Ribeiro 1995b), while other insects, Tike
sand flies, take advantage to this process, feeding
twice as fast at the site of inflammation, that presents
a larger blood flow than normal skin (Belkaid et al.
2000).
seen in patural association and it seems that bugs

In the case of tcks, the rejection is rarely

" co-evolved with the host 10 overcome the immune
response (Ribeire 1993b).
Thus, blood-feeding cetaparasites developed

sirategies (o suppress host acquired immune re--

sponses. Ability to alter host defenses might be a
factor in determining the range of hosts a particular

species can parasite. In this way, a thorough under-

standing of the molecules involved i induction of

host immunossuppression can be extremely impor-

tant in the identification of vaccine immunogens.

CELLULAR IMMUNE RESPONSE AND
CYTOKINE NETWORK

Cytokines act as cellular messengers, forming an

integrated network that is highly involved in regula-

tion of innate immunity and orchestrating, together
with lymphocytes, all the components of acquired
immune responses, In this section we explore these
aspects of host’s immunoregulation by most inmpor-
tant blood-feeding arthropod species that have been
studied.

Ticks are significant vectors of infectious dis-
cases to both humang and animals. Ticks feeding on
the host seem (o have a systemic immunosuppres-
sive effect on the host's immuue system, including
__Iymph‘ocﬁfléy Lym;ﬂiocytés from tick-infested ex-
'Vpcriménml antmals had greatly reduced responses
to mitogens i viro (Wikel 1982, Wikel etal. 1978,
- Wikel and Osburn 1982).
_quently been demonstrated in vicr using the saliva

Hm effect has subse-

or salivary gland extracts of several different species .

of hard ticks (Ferreira and Silva 1998, Fuchsberger
et-al. 1995, Ramuachandra and Wikel 1992, 1995,

Ribeiro et ;x,]. FONS, Urioste ctal, 1993, Tick sali

An Aced Bres Ciene (2003)77 (4)

.- for this ly mphucvug suppressive e
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vary PGE, was primarily. thounhl o bc resy mnsxb]e'
i‘l'ccl Unohmnd et
al: 1994, Ramachandra dnd Wr}\d l‘)‘)’l, R[bcun et 5
al. 1985). The dm.ﬂn-rugul.—m_on_ of T- o B-lympho-

cytes and macrophages by PGE; was previously
demonstrated on in vitre studies (Bahl et al. 1991,

-‘1"’}\ipps'ct‘al, 1‘49! : Spa(zzfox"{f el al. 1991) and it is

very likely the prostaglandins would have some ef-
Ixodes
.s'('a,'mlari.s mli\'zx (g, "«') can inhibit 1L.-2 mrmwh

fects on the immune system of the host.

a s'olub' s hmdm" proteic ﬂlcmr prcwntcd in its

saliva. (Gll!mplucl al. 2001 b IL“. activates T cells

and 11.-2 receptors have been deeu ibed on many cell

types xndudmg B cclls mdcropham,s and N K cells -
(Sicgel et al, ‘){57. Smx(h 1992, l“ht./t: (,L al. l()‘)())'
hwhlwhtm" the lmponance of thls snnplu cel~

Tular mhxbnorv nu,cha_mxm Saliv ‘1 uf dnc:Lhcx mk, _'
Ixodes ricinus (I‘(,,‘ %) is.ablé o chucn. the con- 1 -“
candvalin A (Con A) -or. P HA: lDdl)Ccd lymphupx 0- .
liferation (‘ichorduct .md Bms\ard 1993, Urms{c."»
et al. 1994).
curred in parallel with a decrease i in the -2

Ihlx reduction in rmponswcnws oc-
SL/CIL.: :
tion by the \pknocym cxp()sed (o the mhva “An-
other study showed a rcductmn of splenic cell pro-
liferative response 1o B-cell mitogens in BALB/c

mice given four sequential infestation with Ixodes

ricinus (Fig. 3h), but the respomc to Con A'or PHA
19953).

Few differences were ddcdcd inregard o the Con-

were slightly cnlmuced (I)us¥)dh~k et al,

A- or LPS-stimulated in 1‘111‘c‘),rcsp(n_mcs of spleno-
cytes from C3H/HeJ mice that were tick-naive or had
been infested one to four times with odes scapu-
2000).
Qp“‘ciﬁc prolifcrative TESponses (o s*olublc siﬂiv;u'v

Jaris (Schoeler et al. However, antigen-
gland pxmexm of lmdts" f(‘cm.rlrms (I— . 3g) did
dey elop inthe \‘ll()ll\L l} mphm) tes dm ing the course ‘
l‘)‘)t)} (mmxr~_

rent with the dey d()pmmt oi thgsv. responses there

of the infestations (Se “hocler ¢t al.

was a deerease in C\pusxlon “of the Thi « ylokincs,‘
11.-2 and- TFN-j, and an up-rcgu_[auon of the Th2
10 in susceptible animals

1997).

Cyiokinc&,-il.-cl and 1L~
1999, Zewdner et gl

ctfvats were not seenin resistant BALB/C mive suy-

{Schoeler et al, These
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gesting a basis of genetic predisposition in CIH/HeJ
mice strain o Ixades scapularis infestation,

Mice stimulated with saliva from A/ztpzu =
phalus sanguineus (Fig, 3¢) induced transforming
arowth factor (TGF)-# production while 1L-12 was
reduced.  Susceptible mice exposed to tick infes-
tation modulated the immune response drastically
reducing proliferation of lymph node cells after
Con A stimulation and a production of Th2 cytokine
represented by (-4, IL-10 and TGF- g (Ferreira and
Silva 1999). A similar res'pc-nsc was observed in
dogs (susceptible host) infested with this tick, they
had a reduced proliferative reaction and a significant
immediate but no D'TH response to a cutaneous test
induced by tick extract, whereas guinea pigs {resis-
tant host) developed a streng DTH reaction (Ferreira
et al. 2003).

Extracts prepared from the salivary glands of
Rhipicephalus appendiculatus ticks (Fig: 3g) re-
duced the expression of 1FN-g, TNF-o, [L-la,
[L-18, IL-5, IL-6, [L-7 and 1L-8 by LPS-stimulated
human peripheral blood leukocytes (Fuchsberger
etal. 1995). Thus, the saliva of these ticks may stim-
ulate the deviation of host's immune system to a
Th2 pattern, favoring the blood-sucker’s survival.
Work withsaliva {rom Dermacentor {'17‘.’{11.",'11\‘()131" (Fig.
3g) (Bergman et al. 1995, 1998) has shown that a
protein of approximately 36 kDa is responsible for
suppression of T cell proliferation by an unknown
mechanism (Bergman et al. 1995). Tick salivary
components can also alter the leukoeyte wraflic and
the interactions between activated endothelial cells
and adhesion molecules on the leukocyte surface,
Splenic lymphocytes of mice infested with Derma-
centor andersond (Fig, 3g), as well as normal lym-
phocytes exposed to its saliva, had reduced expres-
sion of some of these adhesion molecules: leuko-
eyte function-associated antigen- 1 {LFA-1)yand very
late pctivation-4 {(VLA-4) iniegrins (Macaluso and
Wikel 2001). Therefore, Dermacentor andersoni
salivary compoimd.é can facilitate blood. meal
through retarding cellular migraton and modifying

the populaton of host’s immune cells at the site of

tick attachment, also altering the activation pattern
of these cells, creating an adequate microenviron-
ment {or parasitism.

Rhodnius prolixus is an important vector of
Trypanosoma cruzi, the causative agent of Chagas
disease. Spontaneous and mitogen-induced mouse
lymphocyte proliferation were suppressed by Rhod-
nius protixus (Fig. 3g) blood feeding (Kalvachova
etal. 1999).

Besides tick bugs, black flies are capable of
modulating their hosis” immune defense. Mice in-
aculated with a salivary gland extract (SGE) of the
black Ny Simulivm vicarnon (Fig. 3g and h) have re-
duced expression of major histocompatibility com-
plex (MHCQC) class-1I antigens on their splenocytes
and even showed an in vitro (but not in vivo) inhi-
bition of B- and T-lymphocyte mitogenesis {Cross
etal. 1993a). It is possible that such changes inter-
fere subtly with anti ge.n-prcscnmi.im as mice repeat-
edly exposed to Smulium vittatum SGE exhibited
differential responses to ovalbumin (OVA) immu-
nizations compared to control animals. Splenocytes
from SGE-treated mice produced lower levels of
1L-3 and IL-10 but not of IFN-y, 1L-2 and IL-4,
upon OVA challenge than cells from mice treated
with saline (Cross et al. 1994b).

Sand flies are the most extensively studied
blood feeding insects in regard to modulation of
host immune defenses (Charlab et al. 1999, Gil-
lespie et al. 2000, Wikel 1999a).
deaminase contained in salivary extracts from Lut-
comyia longipalpis (Fig. 3g) can suppress T cell
apoptosis besides inhibition of TL-12, TFN-y, TNF-
« and NO production (Charlab et al. 2000). The
mast important immunomodulatory substance iso-
lated was the peptide maxadilan. Besides its effects
on blood vessel smooth muscles and mauophdg
maxadifan can also inferfere in T-lymphocytes phys-
wlogy, leading to an inhibition of the DTH reactions
in mouse foot-pads (Qureshi et al. 1996). An ef-

fect on T-iymphocyte proliferation was determined.

by adding maxadilan to mouse splenocytes stim-
ulated with Con A or anti-T-lymphocyte receptor

An Acad Bras Cienc (200377 ()
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(Qureshi ct al. 1996).
of macrophage and T-lymphoeyte functions could

The observed modulation

have arisen 1o prevent development of immune re-
sponses to the salivary gland proteins in the host.
which are introduced into the site of the bite and are
essential for successful blood feeding, Despite the
absence of maxadilan peptide within Phlcboromus
papatasi salivary glands (Fig. 3g), the saliva of this
phlebotomine can also interfere on T-lymphocyte
function through the inhibition of Thl protective
cytokines (IFN-y and IL-]2) production while en-
hancing the exucerbatve eytokine [L~4 (Belkaid et
al. 1998, Mbow et al. 1998). '

Acedes aegypti SGE (Fig.
tures of Con A- or OVA-stimulated naive murine

splenvcytes caused significant suppression of [L-2

and 1FN-y production, but not of IL.-4 and 1L.-5. No

such effect was observed in- activated splenocytes

derived from ovalbumin-primed mice (Cross et al.
1994a).
as well as sialokinia I purified from Aedes aegypii

Aedes aegypii and Cimex pipiens saliva,
salivary glands (Fig. 3g), are able to down regu-
late IFN-y release and up-regulate IL-4 and 1L-10
production up to 7 days after feeding (Zeidner et al.
1999). Recentdata suggest that Aedes aegypti saliva
can modify antigen-stimulated responses of trans-
genic OVA-TCR DOI1 mouse splenocytes in vino
in a dose-dependent manner. An inhibition greater
than 50% of T-cell pmhfcm{mn was noted and the
production of Thl cytokines IL.-2 and IFN-y, and
pro-inflammatory cytokines GM-CSF and TNF-«,
S, -4 and 1L-10 were

markedly reduced with a low-dose salivary stimula-

and the Th2 cylokine [~

tion (Wasserman et al. 2004). A protein of approx-

imated 387kDa prcse'ni in A, aegyvpti SGE reduced
T-cell viability, whereas in dendritic cell it did not
affect cell numbers but reduced its 1L-12 production.
* Such'profound effects observed with Aedey acgvpti
-~ SGE are not observed with. SGE from Culex quin-
" quefasciatus (Wanasen et al, 2004), pointing out
“ the different immunomodulatory activities used by

these two culicine mosquitoes to take a successfully

blood meal.
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Ixodid ucks remain attached to their-hosts and

acquire -a blood ‘meul over a period ranging

from days to weeks (Ribeiro 1989). The extended
period of exposure to tick saliva provides ample op-

portuaity for the host to develop acquired immune

responses to those molecules, including antibody
‘neutralization of immunogenic molecules. In fact,

both natural and c,\pcmnu)ldl hosts can dc\'cmp
immunologically- based resistance o txck feed-

" ing (Brossard and Wikel 1997, Wikel 1982, 19‘36)V
‘\cqmzcd resistance to tmk mfcemuon 18 L\pxcsscd "

as reduced cnt‘rorﬂcmmt decreased numbers and

viability of ova, 1mpmru1 moumng, and. death of .
feeding Ucks (\\’1LL1 1996 l“‘)‘)b) To circumvent”

this life- mqmcc nck% cvolvad dltfcant mcc,h-

 anisms for hd#t-zmhbody Itsponk*‘»supplc%mn' In-
chmu(m of guined pws with adult D: ander \sam re~ -
duced the IL'\/l uttr‘ ‘umb]c plag uc~f0rmmg cell re-
sponsées of the hosts ‘xfter xmmumzdtlon with shu,p ;

cryﬂwrocyle.s (W_xke} 1985), ‘what su ggests 1hut tick

‘feeding can suppress the host ability to generate
primary antibody response to a thymic dependent

antigen. Likewise, Rhi.. sanguineus infestation of
dogs reduced immunization-induced antibody re-
sponses even seven weeks after initial immunization

(Inukumé et al. 1997). Ixodid ticks (Fig. 3i) also

produce an unique family of proteins that bind ver--

tebrate immunoglobulin (Wang and Nuttall 1993a,
b). immunoglobulin-G binding’ proteins (IGBPs),
discovered when it was realized that ticks excrete

host immunoglobulins in their saliva during feeding

{(Wang and Nuttall 1994) _ ‘,_(udmx on (he, Afnmn

tick (Wang and Nuttall 1991)1\’/1117:( z'pha{m (lj)pcn— .
'm(,tdun:s revealed that these imnummlobulms are

transported from the tick “body. (,wlw to the sali-

- vary glands, whcn Ce thu are L\L!L((’d in the tick’s

saliva bac}\ mln the host, r«.mmmn their antibody-
bmdm& aumtv T hls led 10 tm discov ery of ¢

family of IGBPs produced in the lmcnwlwnph and
salivary glands of several ixodid tick species, either

including vodes Liexcoonus and Ambivomeng va-
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riegurum (Wang and Nuttall 1995b). Together these
data indicated that IGBPs act as a self-defense sys-
tem against ingested immunoglobulins.

Boophilus microplus-ticks saliva can modulate
the isotype of host antbody responses. High tick
infestation decreases serum levels of IgGl oand
1gG2 antibodies in susceptible (Holstein) breeds,
but not in resistant (Nelore) ones. Conversely, lev-
els of IgE wntibodies increase after infestations in
susceptible breeds, but are not relaied to protective
anti-tick host response (Kashino et al. 2005).

Finally. the diversity of components mediating
vertebrate intlammatory and hacmostatic responses
has been countered in evolution by an equally di-
verse array of antagonists in the saliva of blood-
sucking arthropuds.

PATHOGEN DELIVERY: INTRUDERS TAKING
A FREE RIDE

The modifications on vertebrate host physiology
caused by salivary active pharmacological mol-
ecules favors the delivery of microscopic parasites
that colonize the digestive tract of the blood-feeding
arthropod. "This would apply to pathogens that are
delivered vin the mouthparts, either by salivation
or regurzitation, and might also hold for those
transmitted via rectum {e.g. Trypanosoma cruzi),
since they may also invade the host through the
bite wound (Titus and Ribeiro 1990). Indeed, the
world’s most important infectious diseases, ranging
from malaria, filariasis, trypanosomiasis, leishma-
niasis and Lyme discases are transmitted by blood-
sucking arthropods such as mosquitoes, tsetse flies,
sund flies and ticks.

Titus und Ribeiro (Titus and Ribeiro 1988) first
demonstrated that saliva of the sand Hy Lurzomyia
longipalpis enhanced Leishmania major infection
when the parasite was co-inoculated with sand fly
salivary gland lysate. Inaddition o enhancing leston
size, sand fly salivary gland lysate also markedly en-
hanced the parasite burden within the lesions, Sim-
tar findings were reported with other Leishmania

spectes (Lima and Titus 1996, Samuelson et al.

1991, Theodos et al. 1991, Warburg et al’ 1994)r
Maxadilan alone also exacerbated lesion size and
parasite burden within the lesions to the same de-
eree as sand fly salivary gland (Morris et al. '20_01').
Thus, maxadilan appear to be the principal pep-
tide in the sand fiy saliva that enhances infection
with Leishmania major. PGE», 1L-4 and 1.-6 also
favor Leishmania establishment since the host im-
munoregulation can decrease the number of para-
sites been killed by activated immune cells. In leish-
maniasis, resistance and protection are. associated
with the expression of TEN-y and 1L.-12 driving a
CD4+ Thi response, while susceptibility is linked
to production of IL-4 and the development of
a CD4+ Th2 response (Alexander et al. 1999, Mc-
Sorley et al. 1996). Lutzomyia longipalpis saliva
seems to drive, by an unknown mechanism, the host
immune response to a Th2 type, less eftective in
terms of parasite clearance. Macrophages with sub-
optimal activation serve as reservoirs for Leishmania
{Alexander et al. 1999, Solbach and Laskay 2000,
Zer et al. 2001), where it can replicate without bost

control,

Saliva from P duboscqi attracts vertebrate
monocytes i vitro (Anjili et al. 1993) and saliva
from P. papatasi not only attracts macrophages but
also enhances infection by L. donovani in these
cells, rasu’lﬁng in increased parasite loads (Zer et
al. 2001). Interestingly, Lu. longipalpis saliva also
induces CCL2/MCP-1 expression and macrophage
recruitment to the inoculation site in the air pouch
model of inflammation, possibly favoring Leishma-
nia infection if these cells are not adequately acti-
vated (Teixeira CR, unpublished data). Despite the
absence of maxadilan in its saliva, salivary gland
lysates of Phlebotomus paparasi can also enhance
infection with Leishmania, through induction of
IL-4 production (Mbow et al. 1998). JL-d exac-
erbates infection with Leishmania and can reduce
pacasite destruction by macrophages. reducing NO
release (Mbow et al. 1998). The presence of adeno-
sine in the salivacy glands of Phichotomus papatasi

could also play a part in suppressing the immune

An Acad Bras Ciene (2005)77 (4)
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responses and thus promoting the establishment of
Leishmania parasites by enhancing production of

H.-10 and, together with inosine. decreasing pro-
duction of 1L-12, [FN-y, TNF-e and NO (Hasko et
al, 1996, 1998, Romano et al. 1983).

Mosquitoes are associated with the transmis-
sion of malaria and many species of virus. Relation-
ship between mosquitoes’ saliva and the pathogens
they transmit is largely neglected. These paragites
colonize saliv: ry glunds and wre naturally transmit-
ted when a vector salivates during feeding a verte-
brate host. For example, the Cache-Valley virus. an
arthropod-borne bunyavirus, recently emerged as
a significant veterinary pathogen causing infentility
and congenital malformations in North America ru-
1990, Edwards et al. 2003,
Edwards et al. 1989). Enhancement of infection by
this virus on mice after feeding by Aedes wiseriaties,
Aedes aegypti or Culex pipiens, was. observed but

not elucidated (Edwards et al. 1998).  Co-inocu-

fation of sindbis virus with Aedes aegypri salivary

gland extract resulied on a reduced IFN-§ expres-

sion, when compared to injection of virus alone .

{Schneider et al. 2004).

transmit dengue virus, a flavivirus that causes

Aedes acgypti can also

dengue fever, dengue hemorrhagic fever and dengue

shock syndrome. Dendritic cells seem to be permis- -

sive for dengue virus and fonction as primary tar-
eets of initial infection (Ader et al. 2004). Aedes
aegyvpti saliva inhibited infection by dengue virus in
DC, and pre-sensitization of DCs with saliva prior
to infection enhanced ishibiton. In additon, the
proportion of dead cells was also reduced i virus-
infected DC cultures exposed to n'msq-:xim suliva,
and anenhanced production of 1L 12p70 and TNF-

o was detected inthese cultures (Ader et al, 2004).

" These data suggest a paradoxical protective role for
;‘l‘c;'q’g.'.v aegypti suliva that limits vieal uptuke by DCs.

) f‘imvevcx"'l more elucidative studies are necded for an

“overall understanding of the natural pathogenesis of

dengue virus infection. Besides virus, Aedes saliva

is also important in parasite ransmission. Chick-

ens sibeutianeously infected with Plusmndivon gal-

An Acad Bras Ciene (2005077 14)
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linacewm spw()/ouu in the presence of Aedes flu-
viarillis SGH showed a hwhu lcvdoi parasitacnia
when compared to those that received only sporo-
zoites (Rocha et al.. 2004). However. parasitaemia
levels were lower among chickens immunized with
SGH. - e
The influence of tick salivary components on
parasite {ransmission has been studied intensi vely
worldwide and shows us interesting data. In ad-
dition to Lyme discase, ticks are veclors of other
pathogens that are responsible for rickettsial dis-
cases (Burgdorfer 1977), babc‘sips‘is (Piesman et al.
1986, Spielman et al. 1985), emerging infections
such as ehrlichiosis (Magnarelli et al. 1995, Telford
ct al. 1996), and may also trammi( tick-bome en-
ch}mlms viruses ( Telford et al, 1997), allof w ‘mch
may be influenced b) tick’sal mxry unnmxmmodul a-- !
tory-factors: Thc Luokwlml .uzcm of L\'me theasu ¥
Borrelia bu/gdm[wz

of the vek.

cmlops first in the mndaut
it 1hcn' 1111"‘[&1(.5 18 the mhvary glands '
when the tick is mkmg a b!ood meal and is injected '
with saliva into the w-.,rtebratc host (Rxbu..rp et al
1987). A limited number of studies involving feed-
ing lxodes scapulariy nynigﬁhs on mice have also
all uti.liz‘.in'g ex vivo restimulation
1997) or re-
peated infestations with pathogen-free fxodes sca-

been published,
of splenocytes. Single (Zeidner et al.

pularis nymphs resulted tn suppression of the Thl
2 and IFN- y- and enh ilan‘lﬂtﬂ[ of
-4 and IL-10, (Schocler ot al, ‘
Zeidner et al.

cytokines IL-
the Th2 cytokines

1999).
proach of s(udvnw the effects of uninfected nymphs

also took the additional ap-

compared to nymphs infected with B, hurgdorferi,
thus allowing an assessment of the f’élutivc comrif'
bution of the vector and the pathogen to- host
immunomodulation. U<m° mfului nvmphs they
found that Th2 polarization occurred in C3H/MHel
mice but not in BALD /e mice after a single infes-
tation, as A‘:st,s\«,d mmﬁ splumc)lm and 1héy sug-
gested (hat ths.; might have mmmczmons for spiro- :"
chete transmission in vive. Indeed, differences in
susceptibility of hasts to tick feeding, and likewise

pathogen trunsmission, may le in refatively subtle
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differences in cytokine expression following expo-
sure o tick salivary secretions and  associated
pathogens. The uck Dermacentor reticularis (Fig.
31) can increase arboviruses transmission by affect-
ing host NK cells functions and manipulating host
cytokine network (Hajnicka et al. 2003), besides
promoting virus growth (Hajnicka et al. 1998). It
has been reported that tick saliva also enhances the
lrunsmi'ss‘ion of Thogoto virus from infected to un-
infected Rhipicephaluy appendiculans and Amnbly-
omma varieganun ticks (Davies et al. 1990). The
salivary effect observed was also seen even when
the host did not exhibit detectable viraemia, and
the virus was applied three days after saliva (Jones
et al. 1987, 1990). Moreover, Rhipicephalus ap-
pendiculatus salivery gland extracts enhanced the
uptake of Theileria parva sporozoites into lympho-
cytes, macrophages and afferent lymph veiled cells
{Shaw et al. 1993).

IMMUNE RESPONSE TO BLOOD-FEEDING
SALIVARY GLAND ANTIGENS: THE
COUNTER ATTACK

All the effects of blood feeding arthropod saliva
on host physiology observed here are originated
from a unigue molecule or a group of them. These
molecules are also immunogenic and elicit host
specific immune response. Thus, pre-exposure to
insect saliva may render human and other verte-
brate hosts resistant to a new blood meal or may
even contribute to create an inhospitable environ-
ment for the establishment of the parasites transmit-
ted by these insects. The observations regarding re-
peated exposure to pathogen-free ectoparasites and
the subsequent development of resistance to vector-
borne infections are intriguing. This knowledge can
contribute 1o the development of a control strategy
targeting the factors in blood-feeder suliva that are
essential for the host immunossupression and the
transmition of infectious agents.,

Rabbits expressing acquired resistance to in-
festation with D. andersoni are less susceptible to

infection with tick-transmitted Franciella mdaresis

than tick susceptible controls.  Subsequent stud-
ies supported evidence that pre-exposure to tick's
bites may induce host resistance. Guinea pigs that
are resistant and form a DTH response in the area
of saliva from KRhipicephalus sanguineus inocula-
tion are more resistant 1o future tick infestations
while dogs and mice that develop an immediate re-
sponse with a disturbed paitern of cellular migra-
tion are susceptible to infestations (Ferreira et al.
2003). Mice infested four times with pathogen-free
Lxodes scapularis developed acquired resistance to
Borreliu burgdorferi infection in subsequent chal-
lenge with infected ticks (Wikel et al. 1997). A sim-
ilar study with guinea pigs exposed previously to
uninfected Iyvodes scapularis showed that repeated
challenges lead to a development of host tick im-
munity and protection against Borrelia burgdorferi
{Nazario et al. 1998). The host's specific antibody
production against ticks was also used as epidemio-
togical marker of previous vector exposure, such as
w Ixodes scapularis (Schwartz et al. 1990, 1991).
More recently. the protective host response
was reported in sand flies (Belkaid et al. 1998). The
exacerbative cff.c_ct of saliva on infection, seen when
mice were co-inoculated with L. major and sali-
vary glands sonicate {SGS) of P. papatasi, was com-
pletely abrogated in mice pre-exposed to the salivary
sonicate (Belkaid et al. [998). This protection was
reproduced following transmission of L. major by
the bite of infective 2. papatasi sand flies. Compared
with naive mice, mice pre-exposed to the bites of un-
infected flies showed reduction in lesion pathology,
in parasite load, and also in their ability to transmit
Leishmania back to uninfected flies (Kamhawi et al.
2000). The protection conferred by pre-exposure of
mice to saliva was associated with a strong DTH re-
sponse at the site of the bite (Kamhawi et al. 2000).
We have demonstrated that Lie. Jongipalpis saliva

induces an intense and diffuse inflammatory infil-

- trate characterized by neutrophils, eosinophils, and

macrophages in pre-exposed mice. This response
was observed at 2 hours and sustained up to 48

hours after SGS challenge, but was not a typical

An Acad Bras Cienc (2005)77 (4)
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IDTH reaction, which is predominenty a mononu- .

clear cell infifirate. Two hours after injection of im-
mune sera preincubated with SGS in the ear dermis
of unexposed mice, there was an inflammatory in-
filtrate comprised of neutrophils and macrophages,
suggesting a potential role of immune compleses in
the ohserved cell infiltration (Silva et al. 2005).
BALB/c mice exposed to repeated Lu. longi-
palpis bites developed antibodies to saliva. Signif-
icant 1gG and JgG1 anti-saliva antibody responses
were elicited, which suggest a predominant Th2 re-
sponse in these animals. Sera from immune mice
recognized with a high frequ‘cncy and a strong reac-
tion the 43-kD and 44-kD proteins {rom L. longi-
palpis saliva (Silvaetal. 2003). These proteins were
also the major targets of human antibody response
in an endemic area (Barral et al. 2000). Since these

proteins are widely recognized, they are natural can-

didates to be used as markers of exposure to Lu.

I()ng'tpalp:,s bites. Mounting an amtibody response-
against sand fly sativa occurred at the same time as

the host developed an anti-leishmania cell-mediated
_immune response (Gomes et al. 2002), Although

tempting, it remains to be demonstrated that protec-

tion against Leishmania infections is conferred by -

pre-exposure to sand fiy bites in endemic areas for
leishmaniasis.

Anopheles stephensi mosquito bites induce
dermal mast cell degranulation, leading to fuid ex-
travasation and neutrophil influx (Demeure et al.
2005). This inflammatory response does not occur
in mast cell-deficient W/Wv mice, unless these are
reconstituted specifically with mast cells. Mast cell
activation caused by A. stephensi mosquito bites is
followed by hyperplasia of the draining lymph node
. due to the accumulation of CD3*, B220%, CD11b%,

and CD11c* leukacytes
the draining lymph nodes results from their seques-
tration from the circulation rather than local prolifer-
ation (Demeure et al, 2005). This work emphasized
“the eritical contribution of peripheral mast cells in
inducing T cell and dendritic cell recruitment within

draining fvmph nodes. a prerequisite for the ehoita

An Acad Bray Clene (200577 (S
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mm of Tand B’ lvmphoc yie prumno There was also
aslight i mcrc.uc in mast célls pn,eum in the car der-
mis 0( mice two hours amr Lutzoinyia lrmmpa/p.\
bites (Silva et al. “()()S) ‘ -
Mice immunized with <leivarv antigens from
311211/1111)(1 vistatum devel Joped 1gG, IgM, and IgE
dnnhodu.s which rcco«*mmd xwu al salivary "Lmd
components. Sera from bitten mice recognized

fewer antigens than sera from animals intraperito-

neally immunized with salivary gland extract, indi-
cating that some componetits of the salivary gland
extract were poorly immunogenic or absent. from

thc saliva secreted during blood-feeding (Cross et

-1993h).

These data euggcxt that hunmn zmd others ver-
tebrate hosts can dwc\op immune respomcs that” -
block the effects oi c.dhva and that’ an appr: opnatc
vaceine should ‘mcclerate (h(, dev clnpnmnt of thcsc
responses in the vaccinated host and: thux protect

against vuclor—bome mfc,cmons Bul ‘the: dcvclnp-»

ment ot vectonblnckmn vaccines will ot be a te m.xI
task.

- CLOSING REMARKS

The key for the success of blood-feeding arthropod
parasitism 15 the ability of avoiding host immune re--

sponses through the producuon of specific salivary
antagonists. Analyzes of these substances reveal
a significant biochemical and phar mdculogmdl di-
versity. The isolation of specific molecules through
experimental techniques has bcu) made over the last
10 years and contribute to a better understanding of

pathogen-vector-host interactions. Although many-

mpch have been deseribed a few important issues

remain to.be understood to better explore salivary

molecules.

Haematophagy has a pol\phvldm origin, but
a convergent evolution has equipy ed many haema-
tophagous animals, with  analogous .rc.smzr(.cs for
the success blood meal, not only between insecls,

but even in bats, worms, and leeches. The varia--

tion tn salivary content has been described among

the same species i diffcrent ceowraphical regions
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An expanded effort for studying salivary content

of species from different parts of the world will

certainly increase the chances in finding common

molecules that could Tunction as markers or as can-
didates for a wide-ranging vaccine. The identifi-
cation of new species or subspecies may also re-
veal novel molecules or strategies in avoiding host
defense mechanism. This natural diversity of sub-
stances can serve in therapeutics and biomedical re-
search but a note of caution is necessary as salivary
products have diverse behavior in distinet models of
inflammation or immune response. Understanding
such variation, as well as testing the same molecule
inseveral models, is important for unraveling subtle
differences in composition and molecular interac-
tion with potential practical applications. There is
also a need in expanding our understanding of host
protective mechanisms. Some aspects remain. un-
der explored, few studies exist on the interaction of
salivary products and inpate immunity, e.g. The as-
pects involved in future adaptive immune response
resulting in resistance or susceptibility widely de-
pends on the first attempt of host’s innate response
1o contain infection/infestation that may influence
on the predominance of a pattern of future host’s
immune adaptative response.

The ultimate purpose of research that examines
pathogens transmitted by arthropods is o develop
an effective vaccine. But it has proven very diffi-
cult to develop efticiently host sterile immunity and
long-lived vaccines aguainst vector-borne pathogen
and parasites. These organisms often present very
complex life cycles, enabling the occurrence of new
and more pathogenic strains also resistant to con-
ventional treatment. Vaccines that turget more than
one facet of parasite’s life cycle, like the pathogen
itself, vector salivary proteins and vector-pathogen
interactions. may prove to be more elfective, but
more resonrees are needed o improve this know-
ledge. New genctic sequencing technologies and
high efficient proceedings of protein isolation and
cloning permit the experimental production of some

of these substances indispensable for biochemical,

pharmacological and immunologicdl investigations
and even for clinical studies.

High-throughput genomic and profeomic ap-
proaches for cloning salivary ¢DNA have resulted
in the discovery of genes and proteins not previ-
ously reported in blood feeding arthropods. These
reality allows not only the isolation of salivary fac-
tors implicated in host hemostasis and inflamma-
tion, but also the characterization of novel salivary
molecules, for many of which the biological func-
Within this

huge guantity of molecules, those responsible for

tion is unknown (Valenzuela 2001).

the salivary modulatory effects on their hosts, which
also permit the vector-borne pathogen establish-
ment. may be targeted by an ideal vaccine. The
challenge is to encounter a high-throughput expres-
ston-system to test the biological activities of each
candidate molecule. Such perspectives are summa-
rized in Table [

Thus, for vaccination using vector salivary pro-
teins, the isolation of salivary immunossuppressors
to make specific neutralizing antibodies and the pur-

suit of salivary proteins that elicit optimal cellular

"responses are strategies that if combined may re-

sult in reducing disease burden, rewriting this tale-

of blood, albeit may not reduce the host tissue tear.

RESUMO

A saliva de artropodes hematdfagos € rica em moléeu-
las com fun¢des diversas que mediam uma alimentagio
sangliinea bem sucedida, Estas molécutas agem nio ape-
1S COmO armas contra a resposta hemostdtica, mfama-
tiria ¢ imunoldgica do hospedeiro funcionando também
como ferramentas para o estabelecimento de patdgenoes.
Parasitas, virus e bactérias aproveitando-se deste arse-
nal dos vetores adaptaram-se facilitando seu estabeleci-
mento no hospedeiro.  Hoje, virtas moléeulas salivares
foram identificadas ¢ caracterizadas como novos alvos
para o desenvolvimento de vacinas futuras. Neste tra-
balho, centramas em informaglio recente sobre a suliva de
vetores e as meléeulas fespom'éveis por modificar a res-
posta hemostitica ¢ imunoldgica assim como seu papel na

transmissio de doengas.

An Acad Bras Ciene{2005) 77 {4)
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TABLE

Future challenges regarding saliva from h:'wrnamphagous veetors.,

« ldentification of new species or subspecies to reveal

a wider option of molecules that impair host’s defense mc&lmmsms

¢ Salivary molecules isolation trough new genetic sequencing

technologies and high efficient proceedings facilitating the access

1o study candidate molecules;

« ldentify salivary content of species worldwide targeting common

molecules from sibling species for a wide-ranging vaccine; |

» Understand protective mee

hanisms regarding the early steps of

host’s response to salivary molecules that can fead to resistance

or susceptibility;

« Test candidate salivary molecules in several models for.

enlightening subtle differences and similarities within coroponents

important for pathogen establishment:

» Devclopment of vaccines that target ‘mpccts 01 p’lthoﬁem

and salivary molecules sx—nul(‘.ncnus!y

Palavras-chave: saliva, picadas, hemostasia, hospedeiro,

vetor, infecgio.

REFERENCES

ADER. DB, Cirruzz C, BISBING J, GILMORE L,
GUNTHER ¥V, PEACHMAN KK, RAO M, Bakrvir
D, Sun W axp PaLmer DR, 2004, Modulation
of dengue virus infection of dendritic cells by Aedey
acgypti saliva. Viral Immumo] 17: 252-265.

ALEXANDER I, SATOSKAR AR ARND RUsSELL DG.
1999, Leishmania species: models of intraceHular
parasitism. I Cell Sci 112; 2993-3002.

ALEXANDER JO, 9\6 The physiology of fich. Para-

C o sitol Today 2: 345-351, ,

ANJILL CO. MBATI PA. MWaNG) R\V.‘Grrnumz Ji,

 01LoBO JO, ROBERT LL AND KorcH DK. 1995,
The chemotactic effect of Phlebotonus duboscqi
(Diptera:  Psychodidae) salivary gland ysates 1o
murine monocytes, Acta Trop 60 97100,

ARCA B, LOMBARDO F, DE LARA CAPURRO M, DEL-
LA TORRE A, DIMOPOULOS G, JAMES AA AND
Coruzzt M. 1999, Trapping ¢DNAs encading se-
creted proteins from the salivary glands of the mularia
veotor Anagheles gambiae. Proo N atl Acad Sci USA

RICHIBIRE 100 IR

An Acad Bras Ciene (200577 (43

BAHL AK, FOREMAN JC AND DALE MM. 1991, The
eficct of prostaglundin E2 and non-steroidal nti-
inflammutory drugs o cell-associated interleukin
one. Adv Prostaglandin Thromboxane Leukot Res
21B: 513-515. o R

BARRAL A, HONDA E. CALDAS A, COSTA I, VINHAS
V. ROWTON ED, VALENZUELA JG, CHARLAE R,
BARRAL-NETTO M AND RIBEIRO JM. 2000. Hu-
man immune response to sand fly salivary gjzmd anti-
gens: a vseful epidemiological marker? Am I Trap
Med Hyg 62: 740-745.

BELKAID Y, KAMHAWI S, MoDl G, VALENZUELAJ,
NOBEN-TRAUTH N, ROWTON £, RIBEIRO J AND
SaCkS DL. 1998, Dcvclopmcni of a nutural model
of cutancous lcmhnmnmm pmvuiul cifects of vee-
tor saliva and saliva ur upmun, (m the. km" lum

: mucnmc of L. cishmaria major mfcumn in thc mu'm

ear dermis, f[*\p Muﬂ% 1911 1‘

HIH\M') \ VAl /u LA TG, hAMm\wx 9 I\ov-.
TON E. SACKS DL AND I\m RO IM: ”'0 De-

layed- W;m h)pnr\c nsHivity: Phhlmlmmn papa-

resi sand fly bite: An adup&wc response induced by
the fiy? Proc Nau Acad Sci USA 97: 6704-6709.
Brrn IR Srewart SEoano Wiken SK. 19790 Re-

sinaiice 1o tick-horne Fraiciyelli adarensis byonick




ARTHROPOD SALIVA AND

sensitized rabbits: allergic klendusity. Am J Trop
Med Hyg 28: §76--880.

BERGMAN DK, RAMACHANDRA RN AND WIKEL
SK. 1993, Dennacenter andersonic salivary gland
protems suppressing  T-lymphocyte responses (o
concanavalin A in vitro. Exp Pavasito! 812 262271

BERGMAN DK, RAMACHANDRA RN AND WIKEL SK.
1998. Chumc1c;ri‘/_,:1(.icsrv1'Qf an immunosuppressant
protein from I)em’m(.wm_;r andersont {(Acari: Ixo-
didue) sativary glands. J Med Eniomol 35: 505-309.

BISSOMNETTE EY. ROSSIGNOL PA AND Brrus AD.
1993, Extraets of mosquito salivary gland inhibit
tumour necrosis factor alpha release from mast cells.
Paragite Immunol 15: 27.-33.

Boyce JA. 2004, The biology of the mast cell. Allergy
Asthma Proc 25: 27-30.

Bozza M, SOARES MB. Bozza PT, SATOSKAR
AR, Dtacovo TG, BrROMBACHER F, TiTus
RG, SHOEMAKER CB anp Davin JR, 1998, The
PACAP-type [ receptor agonist maxadilan from sand
fly saliva. protects mice against lethal endotoxemia
by a mechantsm pariially dependent on 1L-10. Eurl
Tmmunol 28: 3120-3127.

BROSSARD M AND WIKEL SK. 1997, Immunology
of interactions between ticks and hosts. Med Vet
Entomol 11: 270-276.

BRUMMER-KORVENKONTIO H, LAPPALAINEN P, RE-
UNALA T AND PaLosuo T. 1994, Detection of
mosquito saliva-specific TgE and TgG4 antibodies

by immunoblotting.  J Allergy Clin Immunol 93:

L]
>

51-555.

BURGDORFER W, 1977, Tick-bome diseases in the
United States: Rocky Mountain spotted fever and
Colorado tick fever. A review. Acta Trop 34; 103~
126.

CAPPELLO M. BERGUM PW, VLASUK GP, FURMIDGE
BA. PRITCHARD DI AND AKSOY S, 1996, Isola-
tiom and characterization of the tsetse thrombin in-
hibitor: o poteni antithrombotic peptide from the
Med Fyg 5407475480,

CarpELLO M. L1 S, CHeN X, L1 CB. HARRISON L.,
NARASHIMHAN S. BeEarRp CB AND AKsoy S.

19938, Tsetse thrombin inhibitor: bloodmeal-induced

< i

HOST DEFENSE SYSTEM 683

expression of an anticoagulant’in salivery glands and
guttissue of Glossing morsitans morsitans. Proc Natl
Acad Sci USA 95 14290-14295,

CAVALCANTE RR, PEREIRA MH axD GonTiro NF.
2003, Anti-complement activiry in the saliva of
phiebotoraine sund Hies and other h:{cm:uophcsgcms
insects. Parasitology 127: 87-93.

~CAVASSANT KA, ALIBERTEJC, DIAS AR, SiLva IS
© AND FERREIRA BR. 2005, TicK saliva inhibits dif-
ferentiation, maturation and function of murine bone-
marrow-derived dendritic cells. Tmmunology 114
235-245.

CHAMPAGNE DE, 1994, The role of salivary vaso-
dilators in bloadfeeding and parasite transmission.
Parusitol Today [0: 430433,

CHAMPAGNE DE AND RIBEIRO JM. 1994, Sialokinin
I and T vasodiluory tachykining from the yellow
fever mosquito Aedex aegypri. Proc Natl Acad Sci
USA 91: 138-142,

CHaMPAGNE DE, NUSSENZVEIG RH AND RIBEIRO
M. 1995a. Purification, partial characterization,
and cloning of nitric oxide-carrying heme proteins
{nitrophorins) from salivary glands of the blood-
sucking insect Rhodnius profivus, J Biol Chem 270:
8691-8695.

CHAMPAGNE DE. SMARTT CT, RIBRIRGJM AND
JAMES AA. 19950, The salivary gland-specific
apyrase of the mosquito Aedes gegvpri is & member
of the 5" -nuclentidase family. Proc Nal Acad Sci
USA 92: 694-698.

CHARLAB R, VALENZUELA JG, RowToN ED AND
RIBEIRO M. 1999, Towurd an understanding of
the biochemical and pharmacological complexity of
the sahiva of a henatophagous sand fly Lwtzomyia
longipalpis. Proc Natl Acad Sc¢i USA 961 15155-
13160.

CHARLAB R, ROWTON ED AND RiBEIRO JM. 2000,
The saltvary adenosine deaminase from the sand fly
Lujzomyia longipalpis. Exp Parasitol 950 45-33,

CHINERY WA AND AYITEY-SauTH E. 1977, Histamine
blocking agent in the salivary gland homegenate of
the tick Rhipicephalus sanguineus sanguinens. Na-
ture 263: 366-367.

CHUNG SLOLIVINGSTON CW-IR., EDWARDS JF,

An Acad Bras Ciene (200577 (4)



636 BRUNO B.

CrAnNDELL RW, Suoprk RE, SHELTON MJ anD
COLLISSON W, 1990; Evidence that Cache Valley
virus induces congenital mal formations in sheep. Vet
Microbiol 21: 297-307. !

CLARK WG. 1979, Kinins and the peripheral and central
nesvous systems, Handbook of Experimental Phar-
macology 25: 311-356.

Corus MG, 1989, The vasodifator role of adenosine.
Pharmacol Ther 41: 143-162.

Costa DI gr av. 2004, Lurzomyia longipalpis salivary
eland homogenate impairs cvtokine production and
costimulatory molecule expression on human mono-
eytes ang dendritic cells. Infeet Immun 72: 1298~
1305

Cross ML, Curp MS, Cure EW, GaLLOwAay AL

 AND ENRIQUEZ FI. 19932, Modulation of murine
’imrrxunolngical responses by salivary gland extract
of Simuliwm vitatum (Diptera: Simuliidae). J Med
Eatomol 30: 928-9335,

Cross ML, Curp MS, Curr EW, RAMEERG FB
AND ENRIQUEZ F. 1993b. Antibody responses of
BALB/c mice to salivary antigens of hematophagous
black flies (Diptera: Simwliidac), J Med Entomol
30: 725734,

CRrOSS ML, Cupp EW AND ENRIQUEZ FI, 19944, Dif-
ferential modulation of murine cellular immune re-
sponses by salivary gland exiract of Aedes aegypri.
AmJ Trop Med Hyg 515 690-696.

CrOSS ML, Cuprp EW anD ENRIQUEZ F1. 1994b.
Modulation of marine cellular immune responses and
cytokines by salivary gland extract of the black fiy
Stonutivm vittetuon, Trop Med Parasitol 43: 119--124,

Cuer MS, RIBEIRO JM anp Cure EW, [994. Vi
sodilative activity in black fly sulivary glands. Am J

Trop Med Hyg S0: 241-246.

Curr MS, RIBEIRO JM, CHAMPAGNE DE anp Cupp
EW. 1998, Analyses of cDNA and recombinant pro-
tein for a potent vasoactive protein in saliva of a
blood-feeding black fly,
Biof 201: 1553-1561.

Stmudiom vinauom. 3 Exp

Dan A, PEREIRA MH, PESQUERO I, DiOTAIUTI L
AND BEIRAO PS. 1999, Action of the saliva of
Triaroma infestans (Heteroptera:. Reduviidae) on

sodium channels. ] Med Entomol 36; 875-8739.

An Acad Bras Cienc (2005377 ¢

ANDRADE et al,

Davies CR, JONES LD AND NUTTALL PA.]
comparative_study of the ‘infection 1hrL‘.ﬂh6}dS “of
Thogoto virus in Rlzipiavphdlm apﬁc'/:{liru!a(m' and
Amblyonima variegatm. Am I Trop Med Hyg 43:
99103, '

DELVES PJ ann Rorrr IM. 2000, The immune systen,
First of two parts. N Engt J Med 343; 37-49.

DEMEURE CE BT AL, 2005, Anopheles }iiosquim bites
activate cutancous masi eells leading 10 a local in-
flammatory rcspnnw and l\mph node hyperplasia,
Immunol 174: 3932-3940,

DICKINSON RG, O_’HA(;,\N JE, SCHOTZ M, BIN-
NINGTON KC AND HEGARTY MP. 1976, Prostu-
glandin in the saliva of the cattle tick Boaphilus mi-
cropius. Aust) Exp Bio \M Sci5d: 475-486.

DIONISOTTI §, ZoCcHi C, VA}xz\\l K, Borga PA
AND OM:XM E. 1992, Effects of adenosine deriva-
tives on hutnan and mbbn platelet aggregation, Cor-

relation of ndcnomnt rc,capt()r affinities and anti-"

. ‘JQLII‘LL:MOL’\' dcmnl)
Pharmacol 346 67?4’)/(.1
DUSBABEK F, B()Rsm I, JELINEK.F AND UHLIR T,
1995, Inmumunosuppression and feeding success of
xodes ricinus nymphs on’ BALB/c mice. Med Vet
- 133-140.
EDWARDS JF, LIVINGSTON CW, CHUNG ST aND
coLLisson EC

central nervous systemy matformations associated

Entomol 9:

S 1989, Ovine arthrogryposis and

with in utero Cache Valley virus infection: sponta-
neous disease. Vet Pathol 26: 33-39.

EpwarDS JF, NGas $ ann Beary Bl 1998, Mos-

| quito feédingtinduced enhancemient of Cache Valley
Virus (Bunyaviridae) infection in mice. I Med Ento-
mol 35: 261-265.

EpwarDs JF, ANGULO AB AND PANNILL EC, 2003
Theriogenology question of the month, In ttcro in-
fccvtiaﬁvm‘ the doe by CYV.'J Am Vet Med Assoc
222: 1361-1362, '

FaUDRY l‘ Lozz1 SP. SANTANA JM, D'Souza-AcLry
M. iR S, Flu\ CR. RICART CA,- SML‘?
MV, VERNET T ARD TEIXEIRA AR, 2004, Tria-
toma infestans apyrases belony to the §'-nucleo-

1960719613

tidase family. J Biol Chem 279;

FEINGOLD BE AND BENJAMING E. 1961, Allergy to

990, A

Naunyn, Schnnuluhcr"\ Arch

i

{
3
!
4

A T



ARTHROPOD SALIVA AND HOST DEFENSE SYSTEM 637

tlea bites. Clinical and experimenial observations.
Ann Alleray 19: 12751289,

FERREIRA BR AND SILVA'JS, 1998, Saliva of Rhipi-
cephalus sanguirens tick impairs T cell proliferation
and [FN-gamma-induced macrophage microbicidal
activiry, Vet fmmunol Tmmunopathol 640 279-293.

FERREIRA BR AND SILVA JS. 1999, Successive tick
infestations selectively promote s T-helper 2 ¢ytokine
profile in mice. bnmunology 96: 434439,

FERREIRA BR, §7an0 MI, Cavassant KA, BECHA-
RA GH AND S1eva JS. 2003, Antizens from Rhipi-
cephealus sanguinens ticks elicit potent cell-mediated
immune responses in resistant but net in suscepuble
animals. Vet Parasitol 115: 3548,

FRANCISCHETTL M, RIBEIRO JM, CHAMPAGNE DD
AND ANDERSEN J. 2000. Purification. cloning. ex-
pression, and mechanism of action of a novel platelet
aggregation inhibitor from the salivary gland of the
blood-sucking bug, Rhodnius protixus. J Biol Chem
275: 1263912630,

FRANCISCHETTT IM, VALENZUELA JG, ANDERSEN
JE, MaTHER TN AND RIBEIRO JM. 2002, [olaris,
a novel recombinant tissue factor pathway inhibitor
(TFPL) from the sulivary ghand of the tick, Ixodes
seapularis: identification of fuctor X and factor Xa
as scaffolds for the inhibition of factor Vila/tissue
factor complex. Blood 99: 3602-3612.

FucusserGER N, Kita M, Hamnicka V, IMANISHI

J. LABUDA M AND NUTTALL PA. 19935, Ixodid
tick salivary gland extracts inhibit production of
lipopolysaccharide-induced mRNA of severul differ-
ent human eytokines. Exp Appl Acarol 19: 671-676.

FUENTES-PRIOR P, NOESKE-JUNGRLUT C, DONNER
P, SCHLEUNING WD, HUBER R AnD Bone W
1997, Structure of the thrombin complex with tri-
abin, a lipocalin-like exosite-binding inhibitor de-
rived from a tritomine bug. Proc Natl Acad Sci
USA 94: 1184511850,

GureseiE RD, MBOw ML AND TITUS RG.2000. The
immunomodulatory factors of bloodfeeding arthro-
pod saliva. Parasite Immunel 22: 319-331.

GILLESPIE RD, DOLAN MC, PIESMAN AND TiTUS
RG. 2001, Identiftcation of an IL-2 binding protein
in the saliva of the Lyme disease vector tick, fxodes

seapmdaris. J lmmunol 166: 4319-4326.

GoMES RB, BRODSKYN C, DE OLIVEIRA Cl, COSTA
J. Miranpa JC, CALDAS A, VALENZUELA JG,
BARRAL-NETTO M AND BARRAL A. 2002, Sero-
conversion aguinst  Luwrzomyia longipalpis saliva
concurrent with the development of anti-Leisivnasiia
chagasi delyyed-type hypersensitivity, J Infect Dis
186: 1530-1534.

GREVELINK SA. YOUSSEF DE, LOSCALZO ] AND
LERNER EA. 1993, Salivary gl’am»l extracts from
the deerily contain a potent inhibitor of platelet ag-
gregation. Proe Natt Acad Sei USA 90: 9155-9158.

GREVELINK SA, OSBORNE J, LOSCALZO ] AND
LERNER EA. 1995, Vasorelaxant and second mes-
senger effects of maxadilan. J Pharmacol Exp Ther
272: 33-37.

GunLER DJ. 1998, Resurgent vector-borne diseases as a
alobal health problem. Emerg Infect Dis 4: 442450,

HAINICKA V. FUCHSBERGER N, SLOVAK M, KOoCa-
KOva Po LaBupA MoaND NuTTaLn PA. 1998
Tick salivary gland extracts promote virus growth in
vitro. Parasitology 1160 533-538.

HaANICKA ¥V, YANCOVA [ KOCAKOVA P, SLOVAK M,
GASPERIK J, SLAVIKOVA M. HatLs RS, LaBUDA
M AND NUTTALL PA. 2005. Manipulation of host
cytokine network by ticks: a pmemial gateway for
pathogen transmission. Parasitology 130: 333-342.

HALL LR AND Trrus RG. 1995, Sand fly vecior saliva
selectively modulates macrophage functions that in-
hibit killing of Leishmania major and nitric oxide
production. J Immunol 135: 350133506,

Hasxo G', Szana C, NEMETH ZH, KVETAN V, Pa-
STORES SM anp Vizl ES. 1996, Adenosine re-
ceptor agonists differentinlly regulate IL-10, TNF-
alpha, and nitric oxide production in RAW 2647
macrophages and in endotoxemic mice. J Inmunol
157: 46344640,

Hasko G, NEMETH ZH, Vizr ES, SanzMay AL
AND SzaB0 C. 1998, An agonist of adenosine A3
receptors decreases interleukin-12 and interferon-
gamma production and prevents lethality in endotox-
emic mice. Eur J Pharmacol 358: 261--268.

Hasko G, Kuniel DG, NEMETH ZH, MABLEY
JG, STaCcHLEWITZ RF, VIRAG L, LOHINAY Z,
SouTHaN GJ, Sarzyan AL ano Szapo C.

2000, Inosine inhibus inflammatory eyvtoking pro-

An Acad Bras Cienc (2U05)77 (4)



688 BRUNQ B. ANDRADE et al.

duction by a posttranscriptional mechantsm and pro-
tects against endowoxin-induced shock. J Immunol
164: 1013-1019.

Hicas GA, VANE IR, HART RI. PORTER C anD WiL-
SON RG. 1976, Prostaglanding in the saliva of the
cattle tick, Boophilus microplus (Canestrini) (Aca-
ring, Ixodidae). Bull Entomol Res 66: 663670, -

HORrN F, pOS SaNTOS PC AND TERMIGNONT C.
2000, Boaphilus microplus anticoagulant protein: an
antithrombin inhibitor isolated from the catte tick
saliva. Arch Biochem Biophys 384: 6873,

INOKUMA H, KeMp DH AND WILLADSEN P. 1994
Prostaglandin E2 production by the cattle tck

(Boophilus microplus) into feeding sites and its ef-
fect on the response of bovine monopuclear cells (o
mitogen. Vet Parasitol 53: 293-299. .

InowUMA H, Atta T, TAMURA K AND OnisHL T,

1997. Effect of infestation with I\’izipicéphalus san-

guineus on the antihody productivity in dogs. Med

Vet Entomol 11: 201-202.

Janes LD, DAvIES CR; STEELE GM AND NUTTALL
"PA. 1987. A novel mode of arhovirus transmission
involving a nonviremic host. Science 237: 775-777.

Jones LD, Davies CR, WitLiams T, CORY J AND

NUTTALEL PA; 1990, Non-viraemic transruission of

Thogoto virus: vector efficiency of Rhipicephalus
appendicndarus and Amblyomma variegation. Trans
R Soc Trop Med Hyg 84: 846-848.

JoNES LD. KAUFMARN WR AND NUTTALL PA. 1992,
Modification of the skin feeding site by tick. saliva
mediates virus transmission, Experientia 48: 779-
782.

Katvachova P, HRIBALOVA V, KODYM P AND VOLE
P. 1999, Modulation of murine lymphocyte respon-
siveness by the saliva of Rhodnius profixis (Henup-
tera: Reduviidae). J Med Entomol 36: 341-344,

KaMm Iv{_A‘n g
latory properties of sand fly sativa and its ole in the

S. 2000, The biological and immunomodu-

establishment of Leishmania infections. Microbes
Infect 22 17651773,

KaMHAWL S, BELKAID Y, Mont G, ROWTON E AND
SACKS D. 2000. Protection against cutancous Jeish-
maniasis resulting from bites of uninfected sund flies.

Science 290: 13511354,

An Acad Bras Ciene (2005377 3y

KASHINO SS ET AL. 2003.. Boophilus microplus: the
pattern of bovirie i'mr'nuhén165::Hh ism‘vpc rcﬁpomcs
1o high and low tick infestations. pr Parasitol 110:
12-21. _ . % ,

KATZ O, WAITUMBI IN, ZER R AND WARBURG A.
2000. Adenosine, AMP, and protein phosphatase uc-
tivity in sandfly saliva,” Am 1 'Trr_n;_)';'\'ic‘d‘ Hyg 62
145-150. :

KOPECKY J AND KUTHEILOVA M. 1998. Suppm~

- sive effect of Lxodes ricinus sdh\"uy ngd extract on

mechanisms of nul‘um} immunity’in vitro, Parasite
Immunol 20; ]6)——1/4

KUBES M, hocm\ow\ P 91 OVAK M 51 AWM)\A M,
Furusm,kom N-AND NUTTALL PA 2002, Her-

crogeneity in the effect of different ixodid tick species

on. human 1151111711 ki[lcr cell ﬁiétivii){ Parasite Im-
munol 24: 23 28 ' '

LANZARO OC Lox ES AH Rn’u&zo .!\4 51101-
MAKER CB; WARBUR(,A SOARES M AND Tivus ]

RG. 1999." V'm.mon in'the «.xh\'nry papudc ‘maxadi-
lan, from <pcc1cs in the Lurzomyia Ioug:pul[m cnm-
plux Insect Mol B:ol 8 ’?67—775

LAVOIPIERKE MM, 196‘) I‘Lcdms_mcchmusuwi blood
sucking ﬂgnhmpod& Nature 208: 302-303.

LE MOINE O, S‘rdtim-;urz }-", Scnawns'mé_ L, MAR-
CHANT A, DE GROOTE D, GOLDMAN M. AND
DEVIERE }
tion by human monmytcs J Trmunol 1$6 4408~
4414,

LERNER EA AND Sucir\mxu‘ CB. 1992, Maxadilan,

C'lnnmz and functional cxpxmsnm of the gene encod-

T, 1996, Admo«m" etthances J1.- l() secre-

ing this potent vasodilator pcpudc 1 Biol Chem 267:
1062-1066. :
LERNER EA, RIBEIRO IM, NELSON RI AND LERNER
MR, 1991, Isolation ofnm\adlhn, a pulcm vasadila-
tory p(.pl!dc from the mhv:uy alands 6f the sand fly
Laetzomyia Iungrpal/)z.v. T Biol Chem 266: 11234
11236, o (R |
L.ewis CD, f’{OURA?\‘L SM, Loxag CF AND COD.IS
MG. 1994, Characterization of adenosine receptors
in the fat isolated aocta, Gen Pharmacol 25: 1381 -
1387, R
Liva HC ano Tites RG. 1996, ﬁffcm‘nf sand fly

vector saliva on development of cutancous lesions

i S i

o




ARTHROPOD SALIVA AND HOST DEFENSE SYSTEM 689

and the immune response to Leisivnania braziliensis
in BALB/c mice. Infect Inumun 64: 5442-5445,

LiNk AN, KiNo T, WORTHJA, MCGUIREJL, CRANE

ML, CHrROUSOS GP. WiLpER RL AND ELENKOV
3. 2000.
receptors inhibits IL-12 production by human mono-

Ligand-activation of the adenosine A2a

cytes. J Immunol 164 436»442.

\mcnsto KR AND WIKEL SK. 2001,
tor andersoni:  effects of repeated infestations on
lymp'nocytc proliferation, cytokine production, and
adhesion-molecule expression by BALB/e mice.
Ann Trop Med Purasitol 93; 413427,

MAGNARELLI LA, DuMLER 1§, ANDERSON JF,

Jounson RC anp FIKRIG E. 1995, Coesistence
of antibodies to tick-borne pathogens of babesiosis,
ehrlichiosis, and Lyme borreliosis in human sera, ]
Clin Microbiol 33: 3054-3037.

MBOW ML, BLEYENBERG JA, HAaLL LR aAnD TiTUS
RG. 1998. Phlebotomus. papatast sand ﬁ) salivary
gland lysate down-regulates « Thi, but up-regulates
a Th2, response in mice infected with Leishmania
major. J Immunol 161: 35713577,

MCSORLEY S, PROUDFOOT L, O'DONNE L CA AND

Ligw FY. 1996. !mmunokmy of ‘murine leishmani- ;

asis, Clin Dermatol 14; 451464,
MORQ O AND LERNER EAL 1997, \/I.D(Jd{l‘m the va-

sodilator from sand flies, is a specific pituitary adcnv- )

ate cyclase activating peptide type [ recepror agonist.
J Biol Chem 272; 966-970.

MORO O, Tamma M AND LERNER EA, 1996, Re-
ceptors for the vasodilator maxadilan are expressed
on selected neural crest and smooth muscle-derived
cells. Insect Biochem Mol Biol 26: 10191023,

MORRIS RV, SHOEMAKER CB, Davip JR, LANZARO
GC anp Trrys RG. 2001, Sandfly maxadilan ex-
acerbates infection with Leishmania major angd vac-
cinating againstit protects against L aajor infection.
J Immunol 167: 5226--5230,

NASCIMENTO EF, DOS SANTOS MALAFRONTE R AND
MariNoTrr Q. 2000
the mosquito Culex quingquefasciates. Arch Insect
Biochem Physiol 43: 9-135,

NAZARIO S; Das S, pDE Sitva AM, DerontTE K,
MARCANTONIO N, ANDERSOX JF, Fisu D, Fi-

Dermacen-

Salivary gland proteins of

KRIGE AM) KANTOR FS
refia burgdorferi transmission in guinea pigs by uc‘\
bnmunity. Am J Trop Med Hye 58: 780-785,

L1998, Pxeunnun of Bor-

NOESKE-JUNGBLUT C. KRATZSCHMAR J, HAEN-
DLER B. ALAGON A, POSSANI L. VERHALLEN
P, DONNER P AND SCHLEUNING WD, 1994, An
wnhibitor of cull,\w_n induced platelet aggregation
from the saliva of Triatema ;-ullrdrpmnm ] Biol

Chem 269: \03()-*(}33

NOESKE-JUNGBLUT C. HAENDLER B, DONNER P,

ALAGON A, POSSANI L AND SCHLEUNING WD,
1995, Triabin, a hizhly powm exosite r,‘in.llxil_;imr of
thrombin. J Biol Chem 270: 28629-28634.

PAESEN GC, Abanms PL, HArRLOS K. NuT rALL PA
AND STUART DI 1999. Tick h;smmmubmdmg
proteins: isolation, cloning, and three-dimensional
strugcture. Mol Cell 3: 661-671.

PEREIRA MH. S0UZA ME, VARGAS AP, MARTINS
MS, PENIDO CM axD Dioraurt Lo 1996, Aup-
ticoagulant activity of Triatoma infestens und Pans-
trongylus megistus saliva (Hemiptera/Tristominae).
Acta Trop 61: 255-261.

PERDZ DE LEON AA, Rxsrmo IM, TABACHNICK W]

AND V., ALENZUELA 1G. 1997, [dentification of a
salivary vasodi]mor in the primary North American -
vector of bluetongue viruses, Cuficoides variipennis,

Am J Trop Med Hyg 57: 375-381.

 PHPPS RP, STEIN SH AND ROPER RL. 1991, A new

view of prostaglandin E regulation of the jmmune
respanse. Immunol Today 120 349-352.

PIESMAN 1, MATHER TN, TELFORD SR-3RD AND'
SpietmAaN AL 1986, Concurrent Berrelia burgdor-
Seri and Babesia microti infection in nymphal Ixodes
dammini. ] Clin Microbiol 24: 446447,

QuRﬁSm AA, ASAHINA A, OHNUMA M, TAMA

M, GRANSTEIN RD AND LERNER EA. 1996,
Immunomadulatory properties of maxadilan, the va-
sodilator peptide from sand fly salivary gland ex-
tracts. A J Trop Med Hyg 341 665-671.

RAMACHANDRA RN anp Wiken SK. 1992, Mod-
ulation of host-immune responses by tieks (Acaris
Ixodidae): eifect of salivary gland extracts on host
macrophages and lymphc)«:yzebcymkinc production.
J Med Entomol 29: 818526, '

Aﬁ Acad Bras Ciene (2005377 (4)



690 BRUNO B.

RAMACHANDRA RN AND WIKEL SK. 1995, Effects of
‘Dermacentor andersoni (Acari: Ixodidae) salivary
gland extracts on Bos indicus and B, wawrus tympho-
cytes and macrophages: i vitro cytoking elaborstion
and lymphoeyte blastogenesis. J Med Eatomol 32:
338--345.

REUNALA T, BRUMMER-KORVENKONTIO H, PaLO-
SUO K, MIYANT M, RUIZ-MALDONADO R, LOvE
A, FRANCOIS G AND PALOSUO T, 1994, Freguent
ocetrrence of [gE and 1gG4 antibodies against saliva
of Aedes communis and Aedes aegypii mosquitoes in
children. Int Arch Allergy Immunol H04: 366-371

RIBEIRO IM. 19874, Ixodes dammind: salivary anti-
complement activity. Exp Parasitol 64: 347-353.

RiBEiRO IM. 1987b. Role of suliva in blood-feeding by
arthropods. Annu Rev Entomol 32: 463-478.

RIBEIRO JM. 1987¢. Vectorsalivation and parasite trans-

S mission, Mem Inst Oswaldo Cruz 82¢Suppl. 3): 1-

RIBEIRO JM. 1989. Role of saliva in tick/host inter-
‘actions. Exp Appl Acarol 7: 15~20Q.

RIBEIRO IM, 1995a. Blood-feeding arthropods: live
syringes or invertebrate pharmacologists?  Infect
Agents Dis xw.lez. :

RIBEIRO TM. 1995h. How ticks make a living. Parasitol
Today 11: 91-93.

RIBEIRO JM AND FRANCISCHETTE IM, 2003, Role of
arthropod sativa in blood feeding: sialome and post-
sialome perspectives, Annu Rev Emtomol 48: 73-88.

RIBEIRO JM aND MATHER TN 1998, [yodes yeapu-
laris: salivary Kininase activity 1s a mactallo dipeptidyl

carboxypeptidase. Exp Parasitol 89: 213-221.

RISEIRO IM AND MoDE G, 2001, The salivary adeno-
sine/AMP content of Philchownus argentipes An-
nandale and Brunetti, the main vector of human kala-
azar, .I Parasitol 87: 915-917.

CRIBEIRG IM AND SPIRLM. \\ AL 1988, Tyode \‘dfumnn"

s,-:hvar) anaphylatoxin inactivating activity. Exp Par-

asitol 62 292297,

RIBEIRO IM AND VALENZUELA G, 1999, Purification

~and cloning of the salivary peroxidase/catechol ox-
idase of the mosquito Aaoplieles albimanuy. 1 Exp
Biol 202: 809-816.

RiBEIRO,_IM AND WALKER FAL 1994, High aflin-

ity histamine -hinding sod anihivianunic activity of

An Acad Bras Clens QD031 77 00

ANDRADE ¢t al.

the salivary nitric oxide-carrying heme protein (ni-

lmph{:u’iit) of Rlwdnins prolixus. ] Exp Med 180: -

2251--2257.

RIBEIRO JM. MAKOUL GT, LEVINE J; ROBINSON DR .

AND SPIEL \1A’\. AL 1985 »’\nl:hcmu‘hm_ antiin-
Ihmm atory, and xnnwmmupnrcwvc properties of
the saliva of a tick, 11'{?(1{ § dammini. ) pr Med 161:
3322344,

Rm mo M, M ATHER TN, PIESMAN J AND SPIEL-
MAN A 1987, Dissemination and s |hvarv dLerv
of Lyme disease spirochetes in vector ticks (Acariz
Ixodidae), T'Med Entomol 24; 201205 7

RIBEIRO 31\'1_’.'\\%215 17 AND TELFORD SR-3RD. 1990.
Saliva of the tick [xodés damrini inhibits neutrophil
function, EZX})‘P:n‘:_z#itbl 70 382-388.

RIBEIRO M, IIQ\'/ ARD JM, Nu‘;sr\'. VEIG RH,

(uAMM(NP DE ,'\M) \\/«\l KE

\’Lr\lmb bmdmg, of. mtm (mdc h,

prolun fmm a hlm)dsudunv mst‘c
539--541. ‘ ‘

I\nmm IM Smm IDY‘R \4 AND GUIMMRAI"S JA .

1993, Punfuumn dnd Lhnracu.nmucm of pmlmn

S (nitrophorin 2), the safivary .mtmmgulaut of the |

bload-sucking tﬁﬁx‘g Rhodnius prolixies.  Biochem |
308 (Pt 1): 243-249.

RIBEIRO JM. SCUNEIDER M, ISAIAS T, JURBERG J,
Garvao C AND GUIMARAES JA. 1998, Role of
salivary antihemostatic components in blood feeding
by triatomine bugs (Heteroptera). J Med Entomol
35: 599-610.

RiBEIRO IM. KATZ O, PANSELL LK, WAITUMEL ]

AND WARBURG A, 1999,  Sahvary "[imd\' of the

sand fly ['/’flc'bulrmvmp apatasi contain ph mrmu)lnm :

mnl!v active arounts of adenosine and 5° AMP TExp
Biol 202: 1551-1559.

RIBEIRO JM, CHARLAD R AND VALENZUELA JG.
2001 'I'hc mlmxrv '1dcnuxme deaminase activity of
the mosummm Culex quinquefase iatus ard Ae Jm s

gypri. I Exp Biol 204 ”‘()Ul—-’()]()

ROL A AC, BRAGA EM. ARAUIO MS, FRANKLIN
BS AND PIMENTA PE. 2004, Effect of the Aedes
fluviarilis saliva on'the (10\‘@11:1;):‘1‘1?!1! of Plasmodiom
gallinuccum infection in Gallus {gallus) domesticus.
Mem Inst Oswaldo Cruz 99 700-715.

FA: 1993, Ré-
sali v;ir'y heme .

,.Sumcc 7()() e

4
i




ARTHROPOD SALIVA AND

Rogrers KA axo Tires RG. 2003, Imimunomodus-
latory effects of Maxadilan and Phlebotomuy papa-
sasi sand fly sulivary giand tysates on human primary
in v nmmune responses. Parasite Tmmunol 25

ROMAND A, LADLINSKY B AND AOUh M. 1983, Ef-
fect of hyaluronidase on cell response 1o the antiviral
and interferon inducing sctivity of poly (e} . poly(+C).
Areh Virol 78: 315-319. '

SaMuerLsoN J, Lerxer E, Tesu R ano Titus R,
1991, A mouse model of Leishmania braziliensis
brazitiensis infection produced by coinjection with
sand fly saliva, J Bxp Med 173 4954,

SANDEMAM RM. 1996, Immyoe responses 10 mos-

WikeL SK (Ed). The lm-

mnology of Host-ectoparasitic Arthropaod Relation-

quitees wnd fhes. I

ships. CAB International. Wallingford, p. 175-203.
SCHUNEIDER BS, SOONG L, ZEIDNER NS AND HIGGS
S. 2004. Aedes aegypti salivary gland extracts mod-

ulate ant-viral and THI/TH2 cytokine responses 1o

sindbis virgs infection, Viral Immunol 17: 365373,
SCHOELER GB aND WIKEL SK. 2001, Modulation of

host immunizy by haematophsgous arthropods. Ann

Trop Med Parasitol 95: 755-771.

ScHOELER GB. MANWEILER SA AND WIKEL SK.
1999, Ixodes scapularis: effects of repeated infes-
tations with pathogen-free nymphs on macrophage
and T lymphocyte eytokine responses of BALB/c and
C3H/HeN mice. Exp Parasitol 92; 239-248,

SCHOELER GB, MANWEILER SA, BErcoMaN DK
AND WIKEL SK. 2000, Influence of repeated infes-
tations with pathogen-fres fxodes scapularis (Acari:
Ixodidac) on it viro lymphocywe proliferation re-
sponses of C3H/HeN mice. J Med Eatomot 37: 885-
892,

SCHORDERET S AND Brossarn M. 1993, Changes
i immunity t Lyodes ricinus by rabbits infested at
different fevels, Med Vet Entomol 7: 186-192.

Sciwartz BS, RIBEIRD JM AnD GOLDSTEIN MD,
1990. Anti-tick aniibodies: an epidemniologic ol in
Lyme disease rescarch, Am JEpidemiol 132; 58-66.

SCHwARTZ BS, FOrRD DP. CHirns JE, RoTHMAN N
AND THOMAS RI. 1991, Anti-tick saliva antibody:

a hinlogle marker of tick exposure that is arisk fuctor

HOST DEFENSE SYSTEAM 691

for .ld;mr: disease seropositivity,  Am J Epidemiol
134: 86-95.

SHaAN EZ. TANIGUCHD Y, SHIaizu M, AxNDO K.
CHimzer Y, SUTO C. OHTAKL T AND OHTAKE N,
1993, lmmunoglobuling specitic to mosquito sali-
yary gland proteins in the sera of persons with com-
mon or h)/'pers.cnsixivércactiuns to mosquito bites. J
Dermatol 220 411418, .

SHaw MK, TILNEY LG AND MCKEEYER DJ. 1993,
Tick salivary gland extract and interteukin-2 stimulu-
tion enhance susceptibility of lymphocytes to infec-
tion by Theileria ﬁurm sporozoites. Infect Tmmun
615 1486--1495.

SIEGEL JP, SHARON M, Ssith PL AND LEONARD
WI. 1987, The IL-2 receptor beta chain {(p70): role
in mediating signals for LAK, NK. and proliferative
activitics. Science 238: 75-78.

Siva F, GoMES R, PRATES D, MIRANDA JC, AN~
DRADE B, BARRAL-NETTO M AND BARRAL A.

2008, Inflammatory cell infiltration and high anti-
body production in BALB/c mice caused by natural
exposure to Lutzomyia longipalpis bites.Am I Trop
Med Hyg 72 94--8.

SmiTH KA. 1992 Interleukin-2. Curr Opin Immunol 4
271-276.

SOARES MB, TITUS RG, SHOEMAKER CB, Davip
TR anp Bozza M. 1998, The vasoactive peptide
maxadilan frorn sand fly saliva inhibits ’I’N’F-alphzi
and induces IL-6 by mouse macrophages through v
interaction with the phuitary adenylate cyelase-
activaiing polypepiide (PACAP) receptor. J Immunol
160: 1811-1816.

SOLBACH W aND Lasgay T. 2000, The host response
1o Leishmania infection, Adv lmmunel 74 275-317.

Seatarora M, CHiaprARA G, D7 AMICO D, VOLPES
D, MELIS M, PACE E ann MERENDINO AM.
1991, Prostazlandin E2 down-regulates the expres-
sion of tumor neerosis alpha gene by human blood
manoeytes, Adv Prostaglandin Thromboxane Leu-
kot Res 21B: 521524,

SPIELMAN A, WILSON ML, LEVINEJF AND PIESMAN
3. 1983, Ecology of Ixodes darmnini-borme human
babesiosis and Lyme disease, Annu Rev Entomol
30: 439-460. '

An Acasi Bras Clene (2003377 (4)



692 BRUNQ B.

STARK KR AND JAMES AA. 19962, Anticoagulants in
vector arthropods. Parasitol Today 12: 430437
STARK KR AND JAMES AA. 1996b. Sabivary gland
anticoagulants in culicine and anapheline ni(wquitnm

(Diptera:Culicidae). ] Med Entomol 33: 645-650.

STARK KR AND JAMES AA. 1998, Isolution and char-
acterization of the gene encoding a novel factor Xa-
directed anticoagulant from the yeltow fever mas-
quito, Aedes aegypei. ) Biol Chem 273: 20802
20809.

TELFORD SR-3rRD. DawsonN JE. KATAVOLOS P,
WARNER CK, KOLBERT CP AND PERSING DH.
1996. Perpetuation of the agent of human granulo-
cytic chriichiosis in a deer tick-rodent cycle. Proc
Natt Aud Sci USA 93; 6209-6214.

TELFORD QR-xm), ARMSTRONG PM, KATAVOLOS

P, Forra I, GARCIA AS, WILSON ML AND
SPIELMAN AL 1997, A new tick-bome encepha-

litis-like virus infecting New England deer ticl'<,'-

2

Ixodes dammini. Emerg Infect Dis 3: 163——170

THEODOS CM AND TiTus RG. 1993, Salivary g "Lmd
material from the sand fy Lutzomyia longipalpis has
an inhibitory effect on macrophage function invirre.

: Parasite Immunol 15; 481-487. ‘

']'HL“()DOS CM, RIBEIRO JM AND TITUS RG. 1991
Analysis of enhancing effect of sand fly saliva on
Leishimaniu infection in mice.  Infect Immun 59:
15921598,

THEZE J, ALZARY PM AND BERTOGLIO J. 1996, In-
terleukin 2 and its receptors: recent advances and
new immunotogical functons. Tramunol Today 17:
481-486.

TITUS RG AND RIBEIRO TM. 1988, Sulivary gland
lysates from the sund fiy Lutzomyia longipalpis en-
hance Leishmania infectivity. Science 239: 1306~
1308.

Tirus RG AxD Ripgiro JIM. 1990, The role of vee-

“tor sativa in transmission of arthropod-borne disease.
Parasitol Toduy 6: 137160,

Umm rE: S, HarL LR, TELFORD SR-3RD AND TI-

TUS RG. 1994,

tor, Ixodes dammini, blocks cell activation by a non-

Saliva of the Lyme disc¢ase vee-

prostaglandin E2-dependent mechanism. J Exp Med
180: 10771083,

A dead e Ciene NSV IT (.00

ANDRADE et al.

VALENZUELA JG; WALKER FA Mu RIhHRO IM
1995, A salivary mtmp}mrm (mtm. u\ldc—c‘urym"
hemopratein) in the hcdhug Cimex lec mlmms I F\p
Biol 198: 1519-1526, - 3

VALENZUELA JG, (‘nmu AB R, GALPER N'MY AND

RiBeirROo IM. 1998, I“unfk.nmn dnmnu and ex-

pression of an apyrase from the bed bug Cimex lec-

adarins: A new type of nur,teondc, bmdm" uuymc
J Biol Chem 275 %7383—- 30590

VALENZUELA JG, FRANCISCHETTUIM AND RIBEIRO
IM. 1999, Purification, clomng. and synthesis- of a
novel salivary anti-thrombin from the mmquuo Ana-
pheles albimanus. hmchcmmr) 38 11709 11’?15

VALENZUELA JG, Bl U\MI) Y, Rowuw E ANDRI-
BEIRO JM., 2001, Thc sah\'.»u Y. :mmw of the blood-
sucking sand fly P/ ddmtonmv pa[mmsx bdong\ to

the navel Cimex fmn]y (:t p) I"l\c§ J E,\p Blol 204:

229-237. S g D
‘JARGAF"HG BB CYIKGNAR M AND Bl’u :

1981. Present conccpzx on (hL mv_chan ums of pmclu

wmw'nmn Bm hc'm I’h.mmwl ?O “67—‘771

VOGT W, 1974, Am\mrmn mrxvmes and plmrr11'n:01<)<‘f1~ :

cally active pmduc‘tc uf wmplcmcnl Pharmacol Rev
26: 125-169, e '

WAITUMBL J AND WARBURG A. 1998, - Phlebotomus
papnfaxi saliva inhibits protein phosphatase actvity
and nitric oxide production by murine niacrophages.
Infect Immun 66: 1 534-1557.

WANASEN N, NUSSENZVEIG RH, CHAMPAGNE DE,
SOONG L AND HIGGS S. 2004, Differential mad-
ulation of murine host immune response by salivary
gland extracts from the mosqmtoox Aedes acgypti and

Culex qzunqu(jmuams MLd Vet Entomol 18: 191~
199. '
W, ANG H arn Nu TTALL PA. l‘)94,: Excretion of host

lmmunus:iobulm in ttck s.xhva and due.ction of 1gG-
. binding p;otuns in tick b emoly mph dnd safxur) .

elands. P‘lﬂsliull‘)"\’ IUQ 52557 >()
WANG H AND NUTTALL P\
G bxndum proteins in male I\hiprc f'plmhu apprndxc -
ulmm ticks. Parasite Immuno[l D 517-524. ;

WARG H AND \'L i IAH PA. ]‘)Q"wh I.nmmmn]obulm-

G binding pmtcnm in the ixodid ticks. Rln/m (;rlmlus'

appendicudains, Aniblyonmg variegatun and Dodes

hexagonus. Parasitology 111 101165

99 34, Immunm!uoulm :




ARTHROPOD SALIVA AND HOST DLF

WARNBURG A, Saratva B, Lanzaro GC, Tirus RG
AND NEVA F1994. Saliva of Lutzomyia Ic)ll'g;ip(d].'l:\‘
sibling species differs in its composition and capacity
to ¢nhance leishmaniasis, Philas Trans R Soc Lond
B Biof Sct 345: 223-230.

Wasseraan HA, Singu § AND CHAMPAGNE DE.
2004, Salivaof the ’c_“()w Fever mosquito, Aedes ae-
gvpri, modulates murine tymphocyte function. Para-
site Immuonol 26: 295-306.

WeioeLt H, AppICKS K, HAUCK G AND LUBBERS
DW. 1979 \"itz‘.lxi\icri‘)scupic studies in regard to the
role of intruendothelian reactive structures in the -
flarnmatory process. Bibl Anat, p. 11-20.

WIKEL SK. 1979, Acyuired resistance to ticks: expres-
sion of resistance by Cd-deficient guinea pigs. Am J
Trop Med Hyg 28: 586-390.

WIKEL SK, 1982, immune responses to arthropods and
their products. Anna Rev Enwrmol 27: 21438,

WIKEL SK. 1985, Lffects of tick infeswtion on the
plaque-forming cell response to a thymic dependent
antigen. Ann Trop Med Parasitol 79: 1935-198.

WIKEL SK. 1996, Host immunity to ticks. Annu Rev
Enromol 410 1-22.

WIKEL SK. 1999a. Modulation of the host immune
system by ectoparasitic arthropods, BioScience 49:
311320,

WiKgL SK. 1999, Tick modulation of host immunity:
an important factor in pathogen transmission. fat J
Parasito] 29: 851-859.

WIKEL SK AND OSBURN RL. 1982, Immune respon-
siveness of the bovine host 1o repeated low-level in-
festations with Dennacentor andersoni. Ann Trop
Med Parasitol 76: 405-414.

603

WIKEL SK, GrRaaMm JE AND ALLEN JR, 1978, Ac-
guired resistance 10 ticks. 1V, Skin reactivity and
in vitre lymphocyte responsiveness to f-i.a}-i‘_.-':iry gland
antigen, Imnunology 340 257-263.

WikEL SK, RAMACHANDRA RN, BERGMaAN DK,
BUrKOT TR AND PIESMAN J. 1997, Infestation
with pathogen-free nymphs of the-tick Lvodes scapu-
laris induces host resistance to transmission of Borre-

lia burgdorferi by ticks. Infect Immun 63: 335-338.

Yin H. NORRIS DE AND LANZARO GC. 2000. Sibling
species in the Luszomyia 21‘):{:;1’;&1'!;;& complex differ
inlevels of MRNA expression for the salivary p@ptidc,
maxadilan, Tnsect Mol Biol 9: 309-314.

ZEIDNER N, MBOow ML, DOLAN M, MASSUNG R,
BACA E AND PIESMAN 1. 1997, Effects of Ixodes
scapularis and Borrelia burgdosferi on modulation
of the host immune response: induction of a TH2 ¢y~
tokine response in Lyme disease-susceptible (C3H/
Hel) mice but not in disease-resistant (BALB/¢)
mice. Infect Imrmun 65: 3100-3106.

ZeNER NS, Hioas S, Harp CM, BEATY BJ AND
MILLER BR. 1999, Mosquito feeding modulates
Thi and Th2 cytokines in flavivirus susceptible mice:
an effect mimicked by injection of sialokinins, but
not demonstriated in favivirns resistant mice. Para-
site Immunol 21: 3544,

ZFR R, YAROSLAVSKL I, ROSEN L AND WARBURG A.
2001. Effect of sand Ry saliva on Leishmania uptake

by murine macrophages. IntJ Parasitol 31 $10-814.

An Acad Bras Ciene (2005377 (4)



10.4 ANEXO 4

MARIA JANIA TEIXEIRA; CLARISSA R. TEIXEIRA; BRUNO B. ANDRADE;
MANOEL BARRAL-NETTO; ALDINA BARRAL. Chemokines in host parasite

interactions in leishmaniasis. Trends in Parasitology 22: 32-40, 2006.

92



8
ELSEVIER

Immunoparasitology series

TRENDS in Parasitology Vol.22 No.1 January 2006

Full text provided by www.sciencedirect.com

.c.s..“@.,...m-

Chemokines in host—parasite
interactions in leishmaniasis

Maria Jania Teixeira'?, Clarissa Romero Teixeira'?, Bruno Bezerril Andrade’?,

Manoel Barral-Netto’? and Aldina Barral'?

'Centro de Pesquisas Gongalo Moniz, Fiocruz, Rua Waldemar Falcao 121, 40295-001 Salvador, Bahia, Brazil
2Fiocruz Nucleo de Medicina Tropical, Universidade Federal do Ceara, Rua Alexandre Baratina 949, 60430-160 Fortaleza, Ceara,

Brazil

3Faculdade de Medicina, Universidade Federal da Bahia, Avenida Reitor Miguel Calmon s/n, 40110-100 Salvador, Bahia, Brazil

Crucial to the defense against leishmaniasis is the ability
of the host to mount a cell-mediated immune response
capable of controlling and/or eliminating the parasite.
Cell recruitment to the site of infection is essential to the
development of the host cellular immune response. The
process is controlled by chemokines, which are chemo-
tactic cytokines produced by leukocytes and tissue cells.

Leishmaniasis: a worldwide problem

Leishmania are protozoan parasites that cause a wide
spectrum of clinical manifestations. In the skin, these
range from localized cutaneous (CL) and mucocutaneous
(MCL) leishmaniasis to diffuse cutaneous leishmaniasis
(DCL), whereas in the viscera they range from subclinical
to potentially fatal disease [1]. The most severe forms are
associated either with high parasite numbers and the
absence of an effective T helper cell type 1 (Th1l) immune
response, as seen in patients with visceral leishmaniasis
(VL), or with a high inflammatory response with few
parasites but exhibiting tissue damage, as seen in MCL
[1]. Worldwide, 12 million people are infected with this
parasite, and more than 400 000 new cases are reported
annually (http:/www.who.int/leishmaniasis/burden/en/).
Parasites that cause New World CL are grouped under
the Leishmania braziliensis and Leishmania mexicana
complexes, whereas those that cause VL are grouped
under the Leishmania donovani complex [1]. The
etiological agents of Old World CL are represented by
Leishmania tropica, Leishmania aethiopica and
Leishmania major.

Leishmania parasites are obligate intracellular patho-
gens that preferentially invade macrophages or dendritic
cells (DCs) for replication. Early events in host—parasite
interactions are likely to influence the future course of the
disease. Following infection with Leishmania in the skin,
a local inflammatory process is initiated; this involves the
accumulation of leukocytes at the site of parasite delivery
[2]. The composition of the cell populations recruited in
this early phase of the infection seems to be essential for
defining the outcome of the disease. During this process,
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members of the chemokine family have a fundamental role
in attracting specific subsets of leukocytes to the site of
infection and then stimulating them [3] (Box 1). The’
potential roles of chemokines in Leishmania infection
include host defense functions such as leukocyte recruit-
ment, participation in cell-mediated immunity, cell acti-
vation and antileishmanial activity.

Cytokine-chemokine networks

Cytokines have long been recognized as key elements in
the host response against Leishmania. Macrophages,
which harbor Leishmania preferentially, produce inter-
leukin (IL)-1B, tumor necrosis factor o (TNF-o) and IL-12,
all products implicated in the inflammatory response. Th1
cells produce interferon (IFN)-y, and Th2 cells produce
IL-4. Other cells are also implicated in cytokine pro-
duction, with DCs producing IL-12 and natural killer (NK)
cells IFN-y [4,5].

Cytokines are directly involved with chemokine pro-
duction and can also precede the expression of some
chemokines, which, in turn, induce the production of
additional inflammatory mediators. Cytokines exert a
secondary effect on leukocyte recruitment by inducing the
expression of several chemokine genes [6]. TNF-a. and
IL-1B released from activated neutrophils (PMNs) and
macrophages have been implicated in chemokine syn-
thesis in several cell types, including PMNs, fibroblasts,
and endothelial and epithelial cells [7]. In leishmaniasis,
cytokines seem to synergize with leishmanial elements to
regulate chemokine production. TNF-o and IL-1p,
together with macrophage inflammatory protein (MIP)
1o talso known as CCL3), were reported to regulate
Langerhans cell-mediated transport of Leishmania from
the infected skin to regional lymph nodes (LNs) in murine
CL [8]. IL-12 is required for the induction of Thl-related
chemokines such as XCL1 (also known as lymphotactin),
IFN-inducible protein 10 (also known as CXCL10 or IP-10;
hereafter referred to as CXCL10) and monocyte chemo-
tactic protein 1 (also known as CCL2 or MCP-1; hereafter
referred to as CCL2) in LNs of resistant L. major-infected
mice [9].

Interestingly, Th1- and Th2-derived cytokines can have
antagonistic effects on chemokines. For example, some
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Box 1. Chemokines and chemokine receptors
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Chemokines are a superfamily of low molecular weight (6-17 kDa)
cytokines that recruits distinct subsets of leukocytes and then activates
them through increased adhesion, degranulation and the respiratory
burst [3]. To date, > 44 different chemokines have been described and
there are 21 known chemokine receptors.

Most chemokines are secreted proteins of 67-127 amino acids. Their
production is stimulated by a variety of agents, including lipopoly-
saccharides, mitogens, proinflammatory cytokines and several patho-
gens [7]. The two major structural subfamilies are distinguished by the
arrangement of the two amino-terminal cysteine residues, which are
either separated by a single amino acid (CXC) or are in adjacent (CC)
positions. C chemokines (which lack two out or four canonical
cysteines) and CX3C chemokines (with three intervening amino
acids between the first two cysteines) are minor structural
subfamilies [29].

Chemokine actions are mediated via specific cell-surface receptors,
which are members of the seven-transmembrane domain, G-protein-
coupled receptor family. The chemokine receptors are named CXC,
CC, XC and CX3C, followed by R and a number (according to their
ligands: CCR1-10, CXCR1-6, XCR1-2 and CX3CR1). The chemokine-
receptor interaction is characterized by considerable promiscuity:

chemokines, such as monokine induced by IFN-y (also
known as CXCL9 or MIG; hereafter referred to as CXCL9)
and CXCL10 are more selectively induced by IFN-y [10].
The Th2-related cytokines IL-4 and IL-13 induce macro-
phage-derived chemokine (also known as CCL22 or MDC)
and CCL6 (also known as C10) production in macro-
phages, and this production is inhibited by IFN-y [11,12].

During infection, cytokines can also act synergistically
with chemokines. IFN-y acts with CCL2 to eliminate
L. major from infected macrophages that have been
stimulated by CCL2, whereas IL-4 antagonizes the
production of this chemokine by Leishmania-infected
macrophages [13]. Cytokine regulation of chemokines
also appears to be cell specific, as illustrated by the
observation that IL-4 and IL-13 strongly induce the
production of CCL2 in endothelial cells but inhibit
production in epithelial cells [14].

Therefore, there is interplay between cytokines and
chemokines. Chemokines are implicated in cell migration
and/or activation of both resident and migratory cells, and
such cells, in turn, produce cytokines that influence
chemokine expression.

The potential roles of chemokines in Leishmania
infection

Leukocyte recruitment (innate immunity)

Chemokines have different roles in Leishmania infec-
tion; the most obvious is the recruitment of immune
cells to the site of parasite delivery but they also have
roles in adaptive immunity and in macrophage acti-
vation and parasite killing. The immune response is
initiated at the site of pathogen entry by sentinel cells,
including DCs, macrophages and yd T lymphocytes.
Such cells are well equipped with Toll-like receptors
(TLRs) [15] and phagocytic receptors [16], enabling the
detection of pathogen-associated molecular patterns [17]
and uptake of pathogens and opsonized particles.
Sentinel cells also express various receptors for cyto-
kines and, together with tissue cells, produce numerous

www.sciencedirect.com

each receptor interacts with several chemokines, and each chemokine
binds to several receptors [63]. Although the systematic nomenclature
has generally been adopted for the receptors, chemokines are still
mostly designated by their traditional names, and recently a new
nomenclature was adopted [64]. :

The actions of chemokines are specific to particular cellular
groups: members of the CXC class act mainly on PMNs, whereas
members of the CC class act on a larger group of cells, including
monocytes, basophils, eosinophils, and lymphocytes, but not
PMNs. Lymphotactin, the only C chemokine, acts solely on specific
subgroups of B and T lymphocytes. Fractalkine, a CX3C-type
cytokine, has been reported to attract monocytes, PMNs and T
lymphocytes [29].

Previously, chemokines were grouped into the subfamilies termed
‘inflammatory’ and ‘homeostatic’ chemokines. However, several
chemokines have been described recently as ‘dual-function’ chemo-
kines. Inflammatory chemokines have broad target-cell selectivity and
act on cells of the innate, as well as the adaptive, immune system.
Homeostatic chemokines navigate leukocytes during hematopoiesis.
Dual-function chemokines participate in immune defense functions
and also target non-effector leukocytes [7].

chemokines initiating a cascade of innate responses
[18]. L. major-infected mice induce overall upregulation
of CCL5 [also known as regulated on activation normal
T cell expressed and secreted (RANTES)], MIP-1la,
CXCL10 and CCL2 in the footpads and LNs, whereas
these chemokines are constitutive in the spleens of
TLR4-competent and -deficient mice. However, the
expression patterns are not affected directly by the
presence or absence of TLR4 [19].

Infection with Leishmania begins when an infected
female sand fly takes a blood meal from a human host
(Figure 1). The sand fly injects the mammalian host
with Leishmania within its saliva. Sand fly saliva
contains well-characterized molecules that have several
activities, including vasodilation, inhibition of coagu-
lation and immunomodulatory effects [20]. It also
contains uncharacterized molecules that attract PMNs
as well as macrophages [21,22]. The parasite itself also
produces a chemoattractant protein called Leishmania
chemotactic factor, which can attract PMNs [23]. It has
recently been shown that, two hours after saliva
injection, an intense and diffuse inflammatory infiltrate
comprising PMNs, eosinophils and macrophages is
induced only in mice pre-exposed to saliva [24].

PMNs are the first cells to arrive at the site of
Leishmania infection [2]. In humans, PMNs containing
Leishmania start secreting chemokines such as IL-8
(also known as CXCLS8) [25] that are essential in
attracting more PMNs to the site of infection. Upon
experimental infection with L. major, MIP-2 and
keratinocyte-derived cytokine (KC; also known as
CXCL1), the functional murine homologs of human IL-
8 [26], are rapidly produced in the skin [2]. In vitro
studies have also shown that L. major promastigotes
induce rapid and transient expression of KC by murine
macrophages [27] and of IL-8 by human macrophages
[28]. All of these chemokines are chemoattractants for
PMNs [29]. PMNs can function as phagocytic cells,
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Figure 1. The initial host chemokine interactions in cutaneous leishmaniasis and its effects on the innate immune response. After being inoculated to the host skin by sand fly
mouthparts, Leishmania promastigotes, together with insect salivary components, induce IL-8, MIP-2 and KC production by sentinel cells {gray). PMNs are attracted early to
the site of infection, ingest parasites and produce MIP-1p and IL-8, which, in turn, recruit macrophages (M@) and more granulocytes, respectively. Recruited macrophages are
activated, phagocytose Leishmania and release CCL2, which attracts CCR2™ celis such as NK cells, DCs and more macrophages. Infected macrophages also secrete other

chemoattractants for monocytes (Mo): MIP-1¢, MIP-13 and CCL5.

taking up and killing Leishmania [30], and they have
been implicated in early parasite control.

The role of PMNs in the context of the early
response to Leishmania has undergone a major change
in the past ten years. Early influx of PMNs has been
demonstrated to be beneficial for Leishmania survival
in infected tissue [31]. Moreover, Leishmania ecxtends
the lifespan of PMNs [32] and can survive intracellu-
larly in these cells for hours or days after infection {31].
After being ingested by PMNs, Leishmania induce the
release of MIP-1p, recruiting macrophages to the site of
infection [31]. Infected PMNs taken up by macrophages
do not activate macrophage microbicidal function
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[31,33]. After ingesting apoptotic PMNs, macrophages
undergo inhibition of their proinflammatory cytokine
production, through mechanisms involving transforming
growth factor-f3, prostaglandin E,; and platelet-activat-
ing factor [34,35]. These events contribute to a ‘silent’
entry of Leishmania into macrophages, its main host
cell type [36] (Figure 1).

Macrophages are the second wave of cells that enter
the site of Leishmania infection (IFigure 1). They have
multiple functions; they serve as host cells for parasite
replication, as antigen-presenting cells and as a source
of cytokines modulating the T cell-mediated immune
response. Moreover, after appropriate activation by Thil
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cells, they serve as effector cells for intracellular
parasite killing. Monocytes are attracted in the early
stages of infection by products of sand fly saliva {21,22]
and, two to three days later, by chemokines such as
MIP-18 [31]. Leishmania can also induce other mono-
cyte-attractant chemokines. Accordingly, L. major pro-
mastigotes induce rapid and transient expression of JE,
a protein inducible by platelet-derived growth factor, in
murine macrophages [27] and of its homolog CCL2 in
human macrophages [28]. Besides attracting monocytes
and macrophages, CCL2 can attract other cells such as
NK cells and DCs that are positive for the chemokine
receptor CCR2 [13,37]. In human leishmaniasis, CCL2
and MIP-1o. scem to be responsible for macrophage
activation in the skin lesions. Biopsy samples from
patients with L. mexicana localized CL exhibited high
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CCL2 expression and moderate levels of MIP-la; by
contrast, low levels of CCL2 and high levels of MIP-1a
were present in the nonhealing DCL lesions [38]. The
authors [38] suggest that macrophages stimulated by
the synergistic action of CCL2 and IFN-y kill parasites
in localized CL [15], whereas the presence of IL-4 in
DCL lesions might suppress CCL2 expression and
progression of disease.

NK cells come to the site of infection as early as
24 hours after Leishmania infection [2] (Figures 1 and
2). L. major infection leads to migration of NK cells,
both to the infected skin and into the draining LNs
[39]. NK cells are also detectable very early in the
lesions of L. braziliensis-infected mice [40]. The
migration of NK cells correlates with the expression of
the NK cell-activating chemokine CXCL10 in resistant
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Figure 2. Host innate and adaptive immune response interactions in cutaneous leishmaniasis. Mature DCs, NK cells, macrophages and lymphocytes migrate to the draining
lymph nodes, which produce CCL2, CXCL10, CCL5, MIP-1«z and XCL1. DCs present antigen to naive T cells and induce antigen-specific clonal expansion. Therefore, mature
Th1 lymphocytes migrate back to the infection site, attracted by CXCL10, CXCL9 and probably CCL2, thereby orchestrating the host delayed type hypersensitivity response

against Leishmania.
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mice [41]. Treatment of susceptible BALB/c mice with
recombinant CXCL10 results in significantly increased
NK cell cytotoxic activity in the draining LN [2,41]. NK
cells are known to produce IFN-vy, and its early activity
might influence the kinetics of the Thl response.
Moreover, NK cells have been shown to be important,
although not essential, for overall resistance to L. major
infection [42]. Immune-deficient T cell-reconstituted
mice, which selectively lack NK cells, have efficient
IL-12-dependent IFN-y production by CD4*T-cells and
heal their lesions [43].

Cell-mediated immunity (adaptive immunity)
Cutaneous leishmaniasis

Skin DCs, which are potent antigen-presenting cells,
have a decisive role as a bridge from innate to adaptive
immune responses by priming naive T cells (Figure 2).
DCs take up Leishmania parasites, acquire a mature
phenotype by upregulation of class I and II major
histocompatibility complex surface antigens, increase
their expression of co-stimulatory molecules (CD40,
CD54, CD80 and CD86), release IL-12 p40 and
transport the parasites from the infected skin to the
draining LNs for presentation to antigen-specific T cells
[44]. In Leishmania-infected mice, the ability of DCs to
transport the parasites to the draining LNs seems to
rely on the expression of CCR2 and CCR7. In CCR2-
dcficient mice, which are susceptible to L. major
infection, DC migration to the draining LN and spleen
was found to be markedly impaired, especially for the
CD8a+ Thil-inducing DC subset, and these mice had a
dominant Th2 phenotype [45]. CCR7 is also required for
the migration of mature DCs from tissues to T cell
areas of draining LNs [46]. L. donovani-induced down-
regulation of CCR7 impairs DC migration, contributing
to disease progression [47].

Indeed, mice lacking CCL2, a major CCR2 ligand,
have impaired Th2 responses but secrete normal
amounts of IFN-y and are resistant to L. major
infection [48}. This discrepancy might not be surprising,
given the fact that CCR2 has at least two additional
high-affinity ligands in the mouse [CCL7 (also known as
MCP-3) and CCL12 (also known as MCP-5)], which, in
the appropriate context, induce Thl polarization in
CCL2-deficient mice. Mature Thl lymphocytes migrate
back to the infection site, attracted by CXCL10, CXCL9
and probably CCL2, as seen in the lesions of patients
with localized CL [38]. In summary, it is clear that the
CCR2-CCL2 axis participates in innate immunity to
Leishmania infection, such as in cell recruitment, but
its participation in adaptive immunity through control
of Thl versus Th2 balance still remains controversial.

Other chemokine receptors have also been studied.
CCRI1-deficient C57BL/6 mice infected with L. major
showed that CCR1 (which is preferentially expressed on
CD4" Thl cells) upregulates the production of Th2-type
cytokines such as I1.-4 and IL-10 in the early course of
disease [49]. However, CCR1 is not essential for T cell and
macrophage trafficking, either to the site of infection or to
the LNs following L. major infection [49]. By contrast,
CXCRS3 has a crucial role in the host defense against CL
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caused by L. major. CXCR3™/~ mice mount an efficient
Th1 response, evident by IL-12 production, but fail to
control the parasite replication that is associated with
lower IFN-y production in the lesion compared with
CXCR3""" mice [50].

Visceral leishmaniasis

In VL, some chemokines and chemokine receptors have a
role in the development of the Th1 response because their
deletion influences IFN-y production by T cells. Following
the ligation of T cell receptors in L. donovani infection,
IFN-y is produced, inducing macrophage activation and
the killing of parasites. L. donovani-infected mice lacking
CCR5 or MIP-1a (a ligand for CCR5) demonstrate a low
antigen-specific IFN-y response during the early phases of
infection [51]. This defective response is transient because
it is restored during chronic infection and it correlates
with enhanced control of parasite replication. In this
system, however, CCR5 and MIP-14 are not essential for
the containment of murine infection. )

Chemokines also seem to be implicated in T cell

amplification of the inflammatory response, an important
step for protective host defense in VL. L. donovani-
infected mice undergo a rapid hepatic accumulation of
MIP-1a, CCL2 and CXCL10 after infection [52]. However,
only CXCL10 expression, amplified by T cells, remains
high during the late phase, and this is essential to enable
liver granuloma formation and the inflammatory
response. Monocytic cells attracted by MIP-1o and
CCL2, and following IFN-y stimulation, could be the
source of Thl-mobilizing chemokines such as CXCL10
[10]. Unlike liver cells, spleen cells from Leishmania
infantum-infected mice produce both Thl- and Th2-type
cytokines, with the Th2-type response being dominant.
This is compatible with the sustained expression of CCL2
rather than CXCIL10, thereby showing that there is an
influx of macrophages rather than T cells in the spleen [53]
(Figure 3). This explains, in part, why the liver usually
controls the infection, whereas parasites persist in the
spleen [54].

Macrophage activation and parasite killing

In leishmaniasis, some chemokines such as CCL2 can
activate macrophages that participate in reducing para-
site numbers [15,38]; these chemokines also induce
antileishmanial activity in both L. donovani-infected and
L. major-infected human macrophages [13,38]. CCL2 and
MIP-1a can induce leishmanicidal ability in wvitro in
L. infantum-infected human macrophages and can control
the intracellular growth and multiplication of L. donovani
via a nitric oxide-mediated regulatory mechanism [55].

Chemokines and parasite virulence

In addition to other factors, the virulence of Leishmania
seems to be linked to the early modulation of chemokine
expression in the host (Table 1). Some Leishmania strains
might evade host immune responses by preventing the
early production of cytokines, chemokines and chemokine
receptors, and thus impairing antigen-specific Thl cell
development. Mice infected with Leishmania amazonensis
had delayed and reduced MIP-10, MIP-13, CCL5, MIP-2,
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Figure 3. Role of chemokines in visceral leishmaniasis. After Leishmaniainfection, a rapid hepatic accumulation of CCL2, MIP-1a.and CXCL10 is seen. The CXCL10 expression
remains high over time postinfection and this attracts more Th1 cells than macrophages to liver, resulting in hepatic parasite control. By contrast, in the spleen, a consistent
expression of CCL2 rather than CXCL10 is seen, leading to an influx of macrophages rather than T cells, with a dominance of Th2 cytokines and sustained parasite persistence.

CCR1, CCR2 and CCR5 expression in the early stages of
infection, compared with L. major-infected mice. These
alterations were accompanied by reduced responsiveness
of T cells [56]. Recently, it has been shown that lesions
from BALB/¢c mice caused by a more pathogenic
L. braziliensis strain have a higher expression of CCL2,
MIP-1a, KC, CCL11 (also known as eotaxin), XCL1 and
their respective receptors when compared with lesions
caused by a less pathogenic L. braziliensis strain [57]. This
higher expression of chemokines correlates with recruit-
ment of more leukocytes to the lesions, resulting in the
increased inflammation observed in pathogenic L. brazi-
liensis-infected mice. However, studies performed with
murine macrophages show that the induction of chemo-
kines upon infection with Leishmania is dependent on
parasite virulence; the magnitude of CCL2 and KC
expression is higher with avirulent than with virulent
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strains of L. major [27]. The differences in CCL2
expression reported here might be related to the
Leishmania strain used (L. major versus L. braziliensis),
the kinetics of infection (early versus late infection) and
the experimental system used (in vitro versus in vivo).
The parasite lipophosphoglycan (LPG), a major surface
molecule that binds to macrophage surface receptors,
seems to be involved in modulating the signal for
chemokine induction. L. donovani LPG alters the
migration of monocytes by decreasing the expression of
adhesion molecules and inhibiting the induction and
release of CCL2 [58]. Indeed, the expression of the genes
encoding CCL5, MIP-1¢, MIP-1B, CXCL10 and CCL2 is
more strongly upregulated in the air pouch lining of
viscerotropic L. donovani-infected animals than in that of
dermotropic L. major-infected animals [59], suggesting
that leukocyte transendothelial migration could be
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Table 1. Chemokines and chemokine receptors in Leishmania infection

| Species Modulation Effect Refs
Cutaneous leishmaniasis
Initial phase
L. major 1KC, IL-8, MIP-2 Attract PMNs (in vivo and in vitro) [2,25,27,28]
L. major 1 MIP-12, MIP-1B CCL5 Attract monocytes and macrophages (in vivo and in vitro) [59,31]
L. major TCXCL10 Activate and recruit NK cells to lesion and lymph nodes [2,39,41,57]
L. braziliensis {in vivo)
L. major 1+CeL2 Recruits macrophages, NK cells and DCs (in vitro) [27,28,37]
L. major 1CCR2, CCR7 DC migration to lymph nodes and co-localization in T cell [45,46]
areas (in vivo)
L. braziliensis 1CCL2, MIP-1¢, KC, XCL1 Increase inflammation in the lesion (in vivo) [57]
Late phase
L. major 1 CCR2-CCL2 Control of Th1 versus Th2 polarization (?) {in vivo) [45,48]
L. major 1CCR1 Upregulation of Th2 type cytokines {in vivo) [49]
Leishmania amazonensis L MIP-2, MIP-10, MIP-1p, CCL5, Impairment of antigen-specific Th1 cell response {in vivo) [56]
CCR1, CCR2 and CCR5
Visceral leishmaniasis
Initial phase
L. donovani tMIP-1a, CCL2 Attract monocytic celils as a source for Th1-mobilizing [52]
chemokines (in vivo)
L. donovani 1CCR7 Impaired DC migration to lymph nodes (in vivo) [47]
Late phase
L. donovani TCXCL10 Participates in granuloma formation and attracts lym- [52]
phocytes (liver) (in vivo)
L. donovani 1CCR2, CCR5 Role in generation of IFN-y by T cells {in vivo) [51]
MIP-1¢.
L. donovani TCCL2 influx of macrophages and sustained parasite persistence [53]
{CXCL10 {spleen) {in vivo)

blocked by L. donovani LPG [60]. Infective Leishmania
promastigotes also express on their surface gp63 protease
and an abundant class of small glycolipids termed
glycosylinositolphospholipids [61]. Although there is
evidence showing the importance of LPG and gp63 in
determining the virulence of Leishmania promastigotes,
the role of these molecules in providing the signal for
chemokine induction should be investigated further
because amastigotes lose or downregulate the expression
of these molecules [61].

Chemokines as targets for therapy in leishmaniasis
Until now, only two studies using chemokine blockade or
recombinant chemokine treatment for leishmaniasis have
been reported. The administration of recombinant mouse
CXCL10 to susceptible BALB/c mice significantly
enhanced NK cell cytotoxic activity and resistance against
L. major, indicating that CXCL10 might contribute to
promoting the development of a protective immune
response [41]. Treatment with Met-RANTES (a functional
antagonist of CCR1 and CCR5) or anti-CCL5 rendered
C57BL/6 mice more susceptible to L. major, skewing the
immune response towards Th2 [62]. Whether chemokines
can be exploited therapeutically to limit the extent of
inflammation, and whether this would be beneficial in
leishmaniasis, is uncertain. The feasibility of these
mediators for the treatment of inflammatory diseases
will become clearer as a more complete understanding of
the biology of chemokines emerges.

Concluding remarks

Studies of leishmaniasis reinforce the notion of redun-
dancy in chemokine action; however, to prove this concept,
in vivo inhibition of certain chemokines will need to be
achieved because subtle in vivo regulation might not be
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detectable in current approaches. Despite this note of
caution, some theorics concerning of the role of chemo-
kines on the physiopathology of leishmaniasis have been
proposed (Box 2). Leishmania can invade many types of
cells (macrophages, DCs and fibroblasts), and the chemo-
kines thereby released attract immune cells. Whether
such incoming cells act as hosts to the parasite,
contributing to its virulence, or whether they are major
contributors to defense, mediating innate resistance to
intracellular pathogens, might be influenced by which
chemokines participate in the process. For example,
resistance against Leishmania might depend on special
combinations of recruited cells. Additionally, different
chemokines might recruit the same cells but differ in the
state of activation they induce in them. Even though much
less is known concerning the involvement of chemokines
in protozoan diseases compared with viral diseases, it is
clear that chemokines are of paramount importance in the
pathophysiology of leishmaniasis. It is likely that the
concerted and timely actions of several chemokines and
chemokine receptors are relevant in this regard. The

Box 2. Future challenges regarding chemokines in
Leishmania infection

e Explore immunopathogenesis through the use of inhibitors of the
chemokine system

« Investigate the role of chemokines in inducing different stages of
cell activation in cells which have been recruited
early postinfection

» Understand the role of distinct parasite strains or parasite stages
(e.g. amastigotes) in altering host chemokine expression

e Search for and test key chemokines which might be useful in
vaccination against leishmaniasis

« Identify the target chemokines to block to timit tissue damage in
the hyperergic forms of leishmaniasis
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development of inhibitors of the chemokine system
provides hope that such interventions will unravel novel
aspects of pathogenesis and open new therapeutic
avenues in leishmaniasis.
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