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RESUMO

ESTUDO DE ASPECTOS INICIAIS DA INFECCAO POR Leishmania spp . Co-
estimulacio, adesao e metastase. MARCOS CELIO DE ALMEIDA. Uma vez inoculadas
na pele tanto cepas dermatotrépicas como viscerotrOpicas de Leishmania spp podem
disseminar-se pelo organismo. Acredita-se que haja uma disseminagao inicial do parasita.
Além disso, as etapas inicias da infec¢do por Leishmania spp sdo desconhecidas. H4
poucas informagdes relacionadas a infecgdo de mondcitos humanos, a célula hospedeira
inicial que eventualmente encontra-se parasitada no sangue circulante, principalmente no
que diz respeito a moléculas costimulatérias € de adesdo. Sabe-se por outro lado que o
padrdo de expressdo dessas moléculas poderd direcionar a resposta imune do hospedeiro,
que em (ltima andlise determina o padrdo da doenga. Mondcitos humanos e macréfagos
isolados por adesdo ou por gradientes de Percoll foram infectados e estimulados com LPS
ou IFNY. A expressdo de moléculas co-estimulatérias e de adesdo foi mensurada usando a
citometria de fluxo. A detec¢do de citocinas foi feita por ELISA. Os ensaios de adesao
foram feitos em placas de pléstico previamente sensibilizadas com componentes da matriz
extracelular. A infecc@o por L.(L.) chagasi ndo induziu, em mondcitos e macréfagos, a
expressdo de CD54, IL-12, ou TNFo. A infecgdo inibiu a expressdo de IL-12 (p40) , CD54
e HLA-DR em mondcitos estimulados com LPS, assim como a expressdo de HLA-DR e
HLA-ABC em macréfagos estimulados com IFNY. Houve uma correlagio negativa na
expressio de CD54 e CD86 tanto em mondcitos como em macréfagos. Mondcitos
infectados se mostraram menos aderentes ao pldstico e a fibronectina e apresentaram uma
diminui¢do da expressdo de CD11b. Evidenciamos aqui o cardter escapatério da infeccao
por L.(L.) chagasi ndo induzindo moléculas proinflamatérias e co-estimulatérias. A n@o
indugcdo de moléculas co-estimulatérias e proinflamatérias, a inibicdo da expressido das
moléculas HLA de classe I e II e o baixo parasitismo podem deixar o sistema imune, pelo
menos nas fases iniciais, em ignorancia ou anergia. A perda de adesdo observada, in vitro,
em mondcitos infectados, as células mais precocemente infectadas, pode ser relevante
para a disseminagdo inicial do parasita, in vivo.

Palavras-Chave: mondcitos, co-estimulagdo, adesdo, metastase, citocinas, Leishmania .




SUMMARY

STUDIES OF INITIAL ASPECTS OF Leishmania spp. INFECTION. Costimulation,
adhesion and metastasis. MARCOS CELIO DE ALMEIDA. Once inoculated in skin both
dermatotropic and viscerotropic Leishmania spp can disseminate. It is believed that there is
an initial spreading of the parasite. Furthermore, the initial steps of Leishmania spp
infection in humans are largely unknown. There is limited information on the Leishmania
infected human monocytes, the infected circulating cell and the first cells that the parasite
lives in, particularly related to costimulatory and adhesion molecules. On the other hand
both adhesion and costimulatory molecules may direct the immune response that ultimately
determine the clinical spectrum of the disease. Human monocytes and macrophages,
isolated by adherence or Percoll gradients, were infected and stimulated with LPS or IFNY.
Cell expression of adhesion and costimulatory molecules were measured using flow
cytometry. Cytokine production was detecded by ELISA. Cell adhesion was measured in
cell matrix coated plastic plates. L.(L.) chagasi infection does not induce CD54, IL-12 or
TNF-a, potent proinflammatory cytokines and down modulates CD11b expression in
monocytes. LPS stimulated IL-12 (p40) levels, CD54 and HLA-DR expression are
diminished in infected monocytes as as well as IFN-y stimulated HLA-DR and HLA-ABC
expression in infected macrophages. There is a negative correlation between CD54 and
CD86 expression in both monocytes and macrophages. L.(L.) chagasi infected monocytes
were less adherent to plastic and fibronectin. We show here an evasive behavior of L.(L.)
chagasi infection not inducing costimulatory and proinflammatory molecules on human
monocytes. The depressed expression of class I and I molecules, absence of key
proinflammatory cytokines , impaired expression of costimulatory molecules and the low
parasite density could leave the immune system, at least in its initial phases, in anergy or
ignorance. The in vitro loss of adherence of infected monocytes, which are probably the
first infected cells, could be related to initial dissemination of parasite in vivo.

Key Words: monocytes, costimulation, adhesion, metastasis, CD54, cytokines, Leishmania
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1 INTRODUCAO

1.1 A fase inicial na leishmaniose humana

O género Leishmania, um grupo de protozodrios flagelados pertencentes a familia
Tripanosomatidae e a ordem Cinetoplastida, possui em seu ciclo biologico duas fases: a de
amastigota ¢ a de promastigota. Os amastigotas, que vivem no interior dos vacuolos
lisossomais presentes nos mondcitos e macréfagos do hospedeiro vertebrado, sio ingeridas
pela fémea hematéfoga do flebotomineo quando esta realiza um repasto sanguineo
(LAINSON 1987; CHANG et al. 1990; ALEXANDER et al. 1999). No tubo digestivo do
inseto estas formas se transformam em promastigotas e vivem extracelularmente: livres,
aderidas a cuticula ou as microvilosidades intestinais (KILLICK-KENDRICK 1990).

Sio vetores das diversas Leishmania spp somente insetos da subfamilia Phlebotominae,
com o género Phlebotomus abrigando apenas subgéneros e espécies do Velho Mundo, e
Lutzomyia, abrigando subgéneros e espécies do Novo Mundo.

Nesses insetos hematéfagos, o parasita desenvolve um ciclo complexo ja notado pelos
primeiros investigadores nesse campo (ADLER & THEODOR 1931; KILLICK-
KENDRICK 1990). Assim, clones de L. (L.) mexicana obtidos de Lu. longipalpis ndo
foram capazes de infectar hamsteres (Mesocricetus auratus), quando inoculados apos trés
dias de crescimento no inseto, mas se tornavam progressivamente infectivos a partir do 4°
dia de desenvolvimento no inseto, aumentando a capacidade infectiva até o 7° dia (SACKS
& PERKINS 1985). Coincidentemente, o pico da capacidade infectiva ocorre no momento
em que um novo repasto sanguineo serd feito. O inseto realimentando-se no hospedeiro

vertebrado regurgita entre 1 e 1000 metaciclicos (ADLER & THEODOR 1935,



WARBURG & SCHLEIN 1986), fechando o ciclo bioldgico.  Claramente, esta
coordenacdo de eventos permite ao parasita uma chance 6tima de infectar o hospedeiro
vertebrado e se perpetuar.

O inseto hematéfago, para atingir o sistema vascular do hospedeiro vertebrado, realiza uma
solu¢do de continuidade em sua pele, usando a probdscide, e gera um pequeno lago
sanguineo, onde se alimenta (RIBEIRO 1987). Esta é uma interagdo complexa. Tem-se
mostrado que o local da inoculagdo (POULTER & PANDOLPH 1982; CONSTANT et al.
2000), inclusive se dérmica ou subcutinea influencia o desenvolvimento da lesdo
(NICOLAS et al. 2000). Neste particular, devido ao comprimento da probdscide o
flebotomineo atingird apenas os vasos mais superficiais da derme, na regido da jungao
dermo-epidérmica. Sem a agdo vasodilatadora da sua saliva, devida principalmente a acao
do maxadilan, o flebotomineo teria inclusive dificuldades para atingir os capilares
dérmicos (RIBEIRO et al. 1984). Um embate trava-se entdo entre a resisténcia do
hospedeiro e a estratégia do inseto para a obten¢ao de sangue. O hospedeiro atua com seus

mecanismos imunoldgicos, dentre eles os epidérmicos (MOLL 1993), que serdo dos



essa agressdo, atrav€és do sistema de cininas (vasoconstricgdo), coagulacido (trombose) e
fagocitario-neutrofilico, poderia anular ou diminuir a competéncia vetorial, dificultando ou
impedindo a capacidade do flebotomineo de obter sangue (GILLESPIE et al. 2000). No
entanto, a saliva do flebotomineo possui potentes elementos vasodilatadores, maxadilan
(Lutzomyia) e adenosina (Phlebotomus), anti agregante plaquetdrio, apirase (Lutzomyia e
Phlebotomus), e estimuladores da producdo de prostraglandina E2 no hospedeiro, entre os
mais conhecidos, que contrabalangam essa resposta. Em geral, a estratégia vetorial
inibindo a inflamagao e diminuindo a sensibilizagdo do hospedeiro serd fundamental para a
transmissdo do parasita (GILLESPIE et al. 2000). Demonstrou-se, por exemplo, que a
sensibilizagdo prévia de camundongos ao sonicado de glandula salivar de Phlebotomus
papatasii elimina os efeitos exacerbadores da saliva na infeccdo por L(L.) major,
notadamente a geracdo precoce de IL-5 e IL-4 na epiderme (BELKAID et al. 1998).
Assim, a picada prévia de flebotomineos ndo infectados confere certo grau de protegdo a
infeccio (KAMHAWI et al. 2000) e peptideos protetores na saliva tém sido identificados
(VALENZUELA et al. 2001). Revisdes recentes sobre o papel da saliva do inseto
encontram-se em GILLESPIE et al. 2000, KAMHAWI 2000, SACKS & KAMHAWI,
2001.

Mais tarde, o desenvolvimento de uma resposta THI ou TH2, serd fundamental para a
contengdo (resisténcia) ou o desenvolvimento mais ou menos intenso do parasita (REINER
& LOCKSLEY 1995). Basicamente, trés teorias tém sido propostas para explicar a
divergéncia TH1/Th2 na leishmaniose experimental (REINER & LOCKSLEY 1995): I-.
Peptideos diferentes estimulam diferentes grupos de clones TH1 ou TH2. II- Um padrdo
particular de citocinas e cofatores, produzido por células acessorias do sistema imune inato,

seria 0 motivo da divergéncia. III- Células T provinientes de uma ou outra linhagem de



camundongos , sob estimulagdo, teriam propensdo inata em desenvolver-se para um dos
polos da resposta, assim clones de célula T do camundongo C57BL/6 direcionariam-se
para THI1, e de BALB/c para TH2. Quanto a primeira hipétese, identificou-se um
peptideo, LACK (L. major antigen Leishmania homologue of mammalian RACK1), que
reconhecido por células VB4Vo8 CD4+ do camundongo BALB/c induz a produgdo, por
essas células, de IL-4, de 12 a 14 horas apds a infecgdo, direcionando a resposta para TH2
(LAUNOIS et al. 1997, LAUNOIS et al. 1999). No entanto, esta resposta pode ser
modulada para THI1, por fatores como baixas dose do antigeno (MENON & BRETSCHER
1998); produgdo precoce de IL-12 ou IFNy (SCOTT 1991; SCHARTON-KERSTEN &
SCOTT 1995; DOHERTY & COFFMAN 1996), administracdo de IL-4 até 12 horas do
inicio da infec¢io (HIMMELRICH et al. 2000; BIEDERMANN et al. 2001). Conjecturou-
se que uma producdo diferencial de IL-12 por células dendriticas de camundongos da
linhagem BALB/c e C57BL/6 ao parasita pudesse explicar essa divergéncia (VON
STEUBT ET AL 1998). Contudo mostrou-se, posteriormente, que células dendriticas de
ambas linhagens produzem IL-12 ao fagocitarem amastigotas (VON STEUBT et al 2000).
Estd claro, entdo, que os padrdes da resposta inata na fase inicial terdo papel fundamental
no desenvolvimento da resposta TH1 ou TH2, e a resposta ndo € fixa para cada linhagem
de camundongo (SCHARTON-KERSTEN & SCOTT 1995; DOHERTY & COFFMAN
1996). Nessa situacgdo inicial, um dos aspectos fundamentais € a caracteriza¢do da célula
apresentadora de antigeno infectada, porque sua interagdo com o linfécito iniciard e sera
decisiva para estruturar a resposta adquirida (DE ALMEIDA et al 2002. enviado para

publicagdo).



Por razdes que aduzimos a seguir, no lago sanguineo inicial a célula fagocitica, onde o
crescimento parasitirio ocorrerd, serd o mondcito, embora ndo seja ai o fagdcito mais
abundante (ALMEIDA 2002). Os neutréfilos, células de vida curta (48hs), estio em maior
nimero e parecem desempenhar um papel maior na eliminagdo do parasita do que na sua
hospedagem (CHANG 1981). Essa célula, no entanto, é capaz de secretar citocinas IL-12,
TGF-B (TACCHINI-COTTIER et al. 2000) e mesmo apresentar antigenos via MHC classe
II sob acdo do GM-CSF (GOSSELIN et al. 1993). O neutréfilo infectado apoptético
poderia também constituir uma importante fonte inicial de antigeno para as c€lulas
dendriticas (DE ALMEIDA 2002). Os macréfagos ndo estdo presentes no lago sanguineo,
e sdo escassos, ao redor do lago sangiiineo recém formado, na pele humana normal, nao
inflamada (URMACHER 1997). Quanto a célula dendritica epidérmica, € possivel que
mesmo estando os promastigotas acessiveis a ela, em caso de um indculo excessivo (LIRA
et al 2000), esta ndo seja capaz de fagocitd-los (VON STEBUT et al. 1998; VON
STEBUT et al. 2000), ou tenha um um grau de fagocitose limitado (KONECNY et al.
1999; MAROVICH et al. 2000). Claramente isso refor¢a nosso modelo, ao sugerir um
processo sequencial de infeccdo mondcito/macréfago — célula dendritica. Reforga
também a importincia dos neutréfilos infectados apoptéticos, que constituiriam a primeira
fonte de antigenos de Leishmania spp para as células dendriticas (DE ALMEIDA 2002).

Tem-se aqui entdo um modelo, descrito acima, que se aplica a transmissdo de todas as
Leishmania spp. para seus hospedeiros vertebrados. Essa afirmagdo deve ser vilida
principalmente quanto aos aspectos qualitativos do modelo. Variagdes devem ocorrer no
nimero de parasitas regurgitados por diferentes espécies de flebotomineo, no volume do

lago sanguineo inicial e na composi¢do da saliva, para citar aqueles aspectos em que hd



poucos ou inexistentes estudos. A capacidade vetorial de uma mesma espécie de
flebotomineo, por exemplo, pode variar dependendo das condigbes ambientais, € € de se

esperar também uma sele¢do nos parasitas em decorréncia desse fato (SCHLEIN &

JACOBSON 2001)

No nosso entender, esse modelo € o racional de uma série de trabalhos experimentais
focalizando os aspectos mais iniciais da leishmaniose (DOMINGUEZ & TORANO 1999;
BELKAID et al. 2000; LIRA et al. 2000). No entanto, o modelo murino mais
frequentemente empregado da leishmaniose tem diferencas importantes com a leishmaniose
humana, e as extrapolagdes sdo muitas vezes limitadas. Por exemplo, a infeccdo em
camundongo ndo reproduz as diferentes formas da leishmaniose humana, notadamente as
formas mucosas e viscerais (MELBY et al. 2001). Ha claro envolvimento do NO na
eliminacdo intracelular do parasita no camundongo e ndo no homem (STENGER et al.
1996). As resposta TH1 e TH2 sdo bem distintas na leishmaniose murina , mas ndo na
humana (REINER & LOCKSLEY 1995). H4, por outro lado, necessidade da aplicacio
desse modelo ao estudo da leishmaniose humana. No entanto, os imperativos éticos
restringem a andlise de muitos desses aspectos da leishmaniose humana a estudos in vitro.
E fundamental entdo que se desenvolvam técnicas e se acrescentem elementos ao modelo in

vitro, que o tornem mais préximo da realidade.

2 PUBLICACOES E OBJETIVOS

Tendo esses aspectos em vista, trés publicagdes foram geradas relacionadas a esse topico.



1.

A primeira publicagdo descreve uma metodologia de obtengdo de mondcitos em

suspensao a partir do sangue periférico. (DE ALMEIDA et al. 2000)

A segunda publicagdo estabelece um racional para a utilizagcdo de pardmetros usados em
experimentos in vitro, notadamente o indculo infectivo, e suas implicagcdes para
exprimentos in vitro, que procurem simular os aspectos mais iniciais da infec¢do por

Leishmania spp.(DE ALMEIDA 2002).

Uma terceira publicag@o, sabendo-se que o padrdo de expressdao de moléculas co-
estimulatérias, de adesdo e citocinas estd implicado na geragdo das resposta THI e
TH2, estudou este padrdo em mondcitos e macréfagos humanos infectados com L.(L.)
chagasi. (DE ALMEIDA et al 2002. Leishmania (Leishmania ) chagasi infection
alters the expression of cell adhesion and costimulatory molecules on human monocyte

and macrophage. Enviado para publicagao



2.1 Publicacao 1

DE ALMEIDA, M. C,; SILVA, A. C.; BARRAL, A.; BARRAL NETTO, M. “A simple
method for human peripheral blood monocyte isolation.” Mem Inst Oswaldo Cruz, 95:
221-223., 2000
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SHORT COMMUNICATION

A Simple Method for Human Peripheral Blood Monocyte
Isolation

Marcos C de Almeida/*, Alan C Silva, Aldina Barral, Manoel Barral Netto/*

Centro dc Pesquisas Gongalo Moniz-Fiocruz, Rua Valdemar Falcdo 121, 40295-001 Salvador, BA, Brasil
*Departamento de Patologia, FCS, Universidade de Brasilia, DF, Brasil

We describe a simple method using percoll gradient for isolation of highly enriched human mono-
cvtes. High numbers of fullv functional cells are obtained from whole blood or buffv coat cells. The use
of simple laboratory equipment and a relatively cheap reagent makes the described method a conve-

nient approach to obtaining human monocytes.

Key words: monocytes - percoll - gradient-isolation

Macrophages and monocytes arc largely used
in immunological research especially for the study
of intracellular parasites. The ideal method for
monocyte isolation combining simplicity, cheap-
ness, purity and high yield does not exist (Seljelid
& Pertoft 1981, Bennett & Breit 1994). We pro-
pose here a simplc two step procedure for obtain-
ing highly purificd human monocytes.

The most common procedure is monocyte iso-
lation by adherence after Ficoll-Hypaquc purifi-
cation of peripheral blood mononuclear cclls
(PBMC) (Bennett & Breit 1994). Monocyte isola-
tion by adherence, although simple, has scveral
disadvantages: high lymphocyte contamination,
low flexibility, high manipulation and monocyte
transient activation (Haskill ¢t al. 1988, Bennett &
Breit 1994). Lymphocyte contamination in the first
hour after adherence may be high, being as high as
40-50% after two washes and 30% cven after five
washings. It has been reported that in the first 24
h, after four vigorous washes, 25% of remaining
cells are lymphocytes (Bennett ct al. 1992). The
degree of lymphocyte contamination when sepa-
rating monocytes by the adherence method is prob-
ably related to percentage of lymphocytes in
PBMC, the amount of PBMC laid for adherence,
number of washes, strength of washing and time
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of adhesion. Thesc aspects can make this mcthod
variable from donor to donor and from researcher
to rescarcher. Alternative methods are immunc-
sclection, centrifugal clutriation and density gra-
dients. Immune selection is too expensive for daily
routine and for large volumes of blood. Centrifu-
gal elutriation, although the method of choice for
larger volumes of blood, requires expensive cquip-
ment and a specialized technician. Several kinds
of density gradients are available, both continuous
and discontinuous. Pumps and ultracentrifuges, in

_general expensive equipment, are necessary for

performing continuos gradients.

We report here on the results using a two step
procedure with single gradients in cach step. First
using a Ficoll-Hypaque gradient (density = 1.070
g/ml) and afterwards a slight hyperosmolar Percoll
gradient (density = 1.064 g/ml). Percoll solutions
were done as follows: first an isosmotic Percoll
was preparcd as usually mixing onc volume NaCl
1.5 M with nine volumes of Percoll (Pharmacia,
density = 1.130 g/ml). The Percoll gradient was
done mixing 1:1 (v/v) isosmotic Percoll with PBS/
Citrate (NaH,PO, 1.49 mM; Na,HPO, 9.15 mM;
NaCl 139.97 mM; C¢HsNa;0, .2H,0 13mM; pH
7.2). Both gradicnts were centrifuged at 25-35°C,
400 g for 35 min. Percentage of monocytes after
the Percoll gradient was higher than 90% using
morphology, histochemistry or FACS analysis
(Table I, Figure). The cells were viable and func-
tional and able to be cultivated in suspension or
attached to plastic, plastic bound fibronectin, col-
lagen or laminin (not shown). Further indications
of functionality werc sccretion of large amounts
of TNF-a after LPS stimulation, phagocytose of
latex particles and Leishmania promastigotes both
in suspension and after adherence (Table 11). Eighty
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TABLE 1

Monocyte yiclds and phenotypic analysis after Percoll gradient in relation to blood volumes, .buffy-coats or
number of peripheral blood mononuclear cells from different donors

Source of Monocytes Viabilility? Peroxidase Cytofluorimetry

material recovercd (%) activity analysis
(X10%) (%)”

Blood (mil)

20 4 85 92 ND

20 7.8 94.2 92.5 ND

20 10.2 96 ND 96.7% CD64+

40 12 90 95 ND

40 7.2 92 90 ND

53 22.8 95 98 96.6% CD14+

PBMC (X10%)

248 7.8 >00 ND 96.9% HG

76 25.1 >90 ND 95.4% HG

170 37.2 100 ND 94.8% CD14+CD3-

204 32 >90 ND 94% CD14+CD3-"

345 64 >90 ND 93.9% HG

3N 134 >90 ND 98% CD14+CD3-

Buffy-coat

1/2 blood bag 38 >90 ND 98% CD14+CD3-

172 blood bag 94.6 >90 ND 89.9% CDI14+CD3-

u:measured by Trypan blue dye exclusion test.: b: 1.2% of CD19+CD3; HG: height and granularity: ND: note done;
PBMC: peripheral blood mononuclear cells; +: presence of peroxidase activity was detected incubating at room

4 1

temperature air dried cytospin preparations with 3,3”-diaminobenzidine plus H,O,.
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Representative side (granularity) and forward (height) light scatters (A) following Fycoll-Hypaque and (B) following Percoll
gradient. The R1 gate corresponds to monocyte and R2 to lymphocyte populations. The R1+R2 (T) were considered to represent
100% of cell population (96.6% of acquisition events in (A) and 93.4% in (B): (A) RI/T x 100=21 and in (B) R1/T x 100=93.9.

t090% from the monocytes laid on the Percoll gra-  for monocyte isolation with 90% of purity but with
dient were recovered afterwards (Table III). The  variable yield (Seljelid & Pertoft 1981). The most
procedure yiclds similar results with smalland large  important pitfall of their method was that they ad-
amounts of blood. When working with small  vocate the use of defribrinated blood. This could
amounts of blood (< 50 ml) for saving time we  lIcad to serious cell loss and activation. As they had
have used lcukocyte rich plasma after dextran  observed, monocytes bind strongly to small mi-
sedimentation.(Mcerschaert & Furic 1994). When  croscopic blood clots. Platelcts could also bind to
working with very large amounts of blood (> 200 monocytes forming clumps (Weyrich et al. 1996).
ml) was better to take the buffy coat. It has been  The adequate blood anticoagulation is then criti-
previously proposed a two step Percoll gradient  cal. The use of sodium citrate in all the solutions

10
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until the Percoll gradient avoids the use of
defibrinatrion and platelet binding to monoeytes
{Roos & dc Boer 1986), possibly the use of EDTA
could have the same cffect although we have not
tested it. Platelet climinatton can be casily done
with low speed centrifugation (100 g) before or
after the Percoll gradient although it imphies in cell
loss. Temperature is also a critical point. We pre-
fer working during all the procedure at room tem-
perature (25-35°C) as it has been shown that mono-
cyte tends spontaneously to aggregate at lower tem-
peraturcs (Mentzer et al. 1986) and platelets to be
activated (White & Krivit 1967, Oliver ¢t al. 1999).
Finally as it has been shown (Fluks 1981, Boyum
1983) the monocyte purity can be improved by
hypcrosmotic density gradients. In conclusion the
procedure devised here can be done with usual re-
agents and equipment of average laboratory, it is
casily handled and provides a 90% pure popula-
tion of monocytces.
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TABLE 11
Monocyte functional assays after Percoll gradient

TNF-a production 48 h afier 1,019 pg/ml¥
LPS stimulation (10ng/ml)

Adherence to plastic Yes
Phagocytose of latex beads 9190
Phagocytosc of Leishmania (L) chagasi 94%¢
promastigotes

Increased CD 54 cxpression 48 h 50%¢

after [FN-y (100U/ml) stimulation

a: mean of five experiments (SD=778.7); 108monocytes/
ml were cultivated in RPMI medium plus 2mM L-
glutamine with 10% human blood scrum; b: % of cells
exhibiting latex beads after 12 h incubation with 10
beads/monocytce; one representative experiment; ¢: %
of cells exhibiting amastigotes after 12 hincubation with
ten promastigotes/monocyte; one representative
experiment; ¢: mean pereent increasc of four experiments
(SD=17.74).

TABLE 11l
Rate of monocyte recovery after Percoll gradient
PBMC Monocytes? Monocytes ater Yicld Purity
(x10%) (%) percoll gradient (x10%) (%) (% HG)
248 31 7.8 824 96.9
76 40.3 25.1 82.0 954
345 204 63.9 91 95.2

HG: height and granularity: PBMC: peripheral blood mononuclear cells, obtained from Ficoll-Hypaque gradicnt; a:
the monocyte percentage from PBMC was determined as shown in Fig. 1.
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Benzimidazole
binding to
Haemonchus contortus
tubulin: a question of
structure

Response from R.K. Prichard

M. Robinson et al, present an

interesting structural analysis.

The model that was presented in my
review was proposed on the evidence

for the role of Phe200 and Phel67 in
allowing high-affinity benzimidazole
(BZM) binding {1]. The evidence that

the amino acids Ser166, Phe167,

Phe200 and Cys201 cluster together,

the importance of having a planar BZM
structure in order to obtain high-affinity
binding, which could allow a staking
interaction of the BZM phenyl ring with
the two Phe residues at positions 167
and 200, the location of the approximately
parallel B5 and B6 strands containing
these residues [2] and the loss of
high-affinity BZM binding when Phe at
either position 200 or 167 becomes
substituted with a hydroxy substituent
(Tyr). However, the model that was
proposed does require experimental
analysis; therefore, I welcome their
discussion. Robinson and colleagues
make valuable comments based on
measured separation distances of the
Phe-Phe inter-rings and the orientation of
the side chain of Cys201 in the crystalline
structure obtained following taxol
stabilization [2] and, in the ahsence of
taxol, these restrictions might not apply.
I'would welcome further work so that

we do understand the BZM binding

site better, and hope that the model

that I have preposed will stimulate
further analysis.

nttp://parasites.trends.com
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Infective inoculum
for Leishmania

The importance of a low-dose inoculum
(LDI) for understanding the initial steps of
l.eishmaniainfection has recently been
stressed [1,2]. When the sandfly bites the
skin, a small blood-lake is formed [3} into
which 11000 infective metacyclic
promastigotes are delivered [4]. In one
experiment, 33 egested promastigotes
were gbtained from most (75.6%) sandflies
{4]. In LDI models, there is a long
incubation period (6--8 weeks, similar to
that in natural infections) [1,2,5] when
parasite growth is not affected by the host
immune system [1,2]. Human
leishmaniasis also has a long incubation
period of months or even years

(e.g. visceral leishmaniasis takes

3-8 months) [6]. However, the initial
steps of Leishmaniainfection in humans
are not known, and ethical constraints
restrict experiments to in vitro studies.

{t is proposed here, for the first time, a
rationale for an in vitro LDI that would
mimic an in vivosituation. Using human
and mice phagocytes, most experimental
designs (irrespective of Leishmaniaspp.)
have used 510 infective Leishmania
promastigotes per phagocytic cell,
typically a macrophage. As we are aware,
there is no clear reason for using this
widely accepted number of promastigotes
per phagocytic cell. We also have to
consider that the mean number of
parasites inside phagocytic cells in
established diseases is related

to the Leishmania spp. studied

[e.g. macrophages are heavy infected

in Leishimania (L.) amazonensis disease
and parasites are rarely found in cells
from Leishmania (V.) braziliensis-
infected individuals).

The number of parasites found in
established disease would not necessarily
reflect the numbers present at the initial
steps of infection. Following the
inoculation of 100 metacyclics into the
mouse footpad, amastigotes were not
detectable in the first three weeks of
infection. However, six-seven weeks after
inoculation, the concentration of parasites
per mg ! of tissue (10°) was 1000 times
more than that found in chronic disease [1].
Considering that the infective bloodmeal
volume is ~0.1 ul [7,8], then a range of
300-1000 phagocytes (normal values
for adult blood) would have to be matched
with a range of 1-1000 infective
promastigotes. In the dermal bloodmeal
lake, the first human cells to phagocytize
the promastigotes are monocytes,
neutrophils and eosinophils [9], and the
residual macrophages of the human skin.
Neutrophils and eosinophils must be
considered when designing complex
in vitrosysters that simnulate the initial
steps of Leishmaniainfection (e.g. in vitro
priming systems) because these cells can
produce cytokines {10], and apoptotic
infected neutrophils could represent an
early source of Leishmaniaantigens for
macrophages or dendritic cells (DC).
However, neutrophils do not sustain
parasite growth. Hence, the first cells that
the parasite lives in are mainly the blood
monocytes because human skin has only
few macrophages. The number of
parasites per phagocytic cell would then
range 0.001-3. Considering the mean
number of promastigotes egested by most
of the sandflies when hiting (~33), the
most probable mean number of parasites
per phagocyte would be between (.03 and
0.1. As some metacyclics could be lysed by
host complement, these numbers could be
even lower. Of course some phagocytes,
including antigen-presenting cells (APCs),
will not becomne infected when the mean
number of parasites is <1. This is in
contrast with large-dose inoculum
models, in which excessively released
antigens and parasites would reach
dermal and epidermal DC rapidly, thus
inducing early activation of the
immune system [1]. These considerations
would be particularly relevant to
experimental designs where antigen
concentration, antigen distribution,
number and the type of APC are
important, as in lymphocyte activation
systems leading to T helper (Th) 1 or
Th2 cell differentiation [11,12].

1471-4922/02/% - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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So taking these considerations into
account, the infective inoculum that has
been used in in vitrosystems is too high
and far from that expected for an in vivo
situation. The predicted minimum
number of parasites per infected APC
and the low number of infected APC would
have the best chance of generating few
activated T cells [11], or inducing minimal
changes in these APC and consequently
fail to stimulate the adaptive branch of
immune response. It could explain the
long, silent phase of infection and
absence of adaptive immune
response, allowing undisturbed parasite
growth inside permissive cells such as
monocytes and macrophages [1,2]
found ininitial phases of natural
models of Leishmaniainfection.
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Hydrogen production
in Giardia intestinallis,
a eukaryote with no
hydrogenosomes

Giardia intestinalis, the commonest
protozoal cause of upper intestinal
infections (2.8 x 10® estimated cases per
year [1}), is a waterborne parasite with a
worldwide distribution. Although usually
self-limiting, infections can be life
threatening in nutritionally deprived or
immunocompromised individuals, or in
the very young or elderly. Almost always
designated as an ancient and primitive
anaerobic flagellate, it has many bacterial
characteristics (pyrophosphate-biased
energy metabolism, arginine dihydrolase
and other anaerobic fermentation
pathways, and no mitochondrial
pathways of energy production) [2].
Giardia intestinalis (syn. lamblia,
duodenalis) is referred to in textbooks as
an early-branching eukaryote, but this
parasite has almost certainly been
misplaced [3] on the lowest branch of the
eukaryotic tree [4]. Evidence accumulated
from molecular studies indicates that this
amitochondriate protist has nuclear genes
for a mitochondrial heat shock protein,
related to hsp60 chaperonin [5,6]. The lack
of mitochondria and peroxisomes, and
possession of only a rudimentary Golgi
body [7] might not hint at a primitive
status but rather represent the secondary
loss of characteristics during evolution as
a parasite [8].

We now report that, although the
organism has nio identifiable
hydrogenosomes, it nevertheless does
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produée H, under anaerobic conditions {9].
We have used fluorescent-labeled
monoclonal antibodies to typical
hydrogenosomal enzymes (e.g. malate
enzyme and succinyl-CoA synthetase o
and B subunits and the large granule
fraction all purified from Trichomonas
vaginalis [10]) to locate hydrogenosomes
by confocal laser scanning microscopy.
No discrete localization of typical
hydrogenosomal epitopes was evident.

Mass spectrometric monitoring
through a Mylar (polyethylene
terephthalate) membrane, permeable enly
to H, and CO, but not to ethanol, indicated
H, evolution (2 nmol min-! per 107
organisms) only under strictly anaerobic
conditions [9]. Other fermentation
products include L-alanine, ethanol,
acetate and CO, [11,12}. The introduction
of 10 1M O, inhibited H, production
completely. The capability for H,
generation might be necessary for cellular
redox balance. Control mechanisms
employed in an environment where O,
supply is limited, and spatial and time-
dependent fluctuations for apportionment
of reducing equivalents between products
remain to be investigated, but the redox
ratio of nicotinamide nucleotide
coenzymes NAD(P)* to NAD(P)H
has been shown to be involved [12].
Hydrogenase activity linked to methyl
viologen has now been demonstrated
in anaerobic incubations using
cell-free extracts [9].

Extensive mechanistic research on
hydrogenases indicates that evolutionary
relationships can be elucidated [13].

This first report of a hydrogenase in

G. intestinalispaves the way for molecular
studies [14] which could help phylogenetic
studies on G. intestinalis as has been

the case for Entamoeba histolytica{15].
The complete sequence of an iron-only
hydrogenase has also been identified in
the Giardiagenome recently (see
http://mwww.ncbi.nim.nih.gov:80).
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SUMMARY
The initial steps of Leishmania infection in humans are largely unknown. There is limited
information on the Leishmania infected human monocytes, the first cells that the parasite
lives in, particularly related to costimulatory molecules. We show here that L.(L.) chagasi
infection avoids inducing proinflammatory molecules and has strikingly down modulating
effects on human monocytes or macrophages. It does not induce CD54, IL-12 or TNF-a,
potent proinflammatory cytokines and down modulates CD11b expression in monocytes.
LPS stimulated IL-12 (p40) levels, CD54 and HLA-DR expression are diminished in
infected monocytes as well as IFN-y stimulated HLA-DR and HLA-ABC expression in
infected macrophages. There is a negative correlation between CD54 and CD86 expression
in both monocytes and macrophages. The depressed expression of class I and II molecules,
absence of key proinflammatory cytokines and impaired expression of costimulatory
molecules induced by L.(L.) chagasi could leave the immune system, at least in its initial

phases, in anergy or ignorance.

Key words: costimulation, CD54, CD11b, CD86, cytokines, Leishmania.
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INTRODUCTION
The early steps of Leishmania infection are of utmost importance in determining whether a
Th1 predominance, leading to resistance, or a Th2 advantage, related to susceptibility,
occurs.(Reiner & Locksley 19953).
Recently arrived monocytes are probably the first permissive human cells to phagocyte

Leishmania in the blood pool formed by the sand fly bites (Ribeiro 1987) followed by the

scarce residual macrophages present in the normal human skin (Milon et al. 1995;
Urmacher 1997). Human neutrophils are short-lived cells involved in clearing the
parasite (Chang 1981) but not in sustaining the parasite growth. Monocytes and
macrophages could play distinct roles in Leishmania infection (Cervia et al. 1993; Milon

et al. 1995).

Inside the macrophage the parasite has several strategies for evading the host
immunological system (Reiner 1994; Buates & Matlashewski 2001). One of these
strategies is the down modulation or not induction of molecules involved directly or
indirectly in antigen presentation. For example L.(L.) donovani infection has been shown
to down modulate the expression of MHC I and II molecules (Reiner et al. 1987).
Studies in mice are controversial, concerning the ability of Leishmania infection to induce

changes in the expression pattern of costimulatory molecules of monocyte/macrophage. No

changes on costimulatory molecules expression were found on macrophages from the

resistant C57BL/6 mice upon infection with L.(L.) donovani (Saha et al. 1995) or with
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L.(L.) major (von Stebut et al. 1998). L.(L.) donovani infection of macrophages from
susceptible BALB/c mouse marginally increases CD54 (Saha et al. 1995) but fails to

trigger CD80 (Kaye et al. 1994). L.(L.)major was also not able to change the low level of

CD80 expression and the basal level of CD86 expression in human macrophages

(Brodskyn et al. 2001). The pattern of expression of costimulatory molecules has been

implicated in driving the immune system to a Th1 or a Th 2 response leading to secretion of
cytokines that could activate the macrophage and arrest the infection or burst it (Kaye
1995; Hunter & Reiner 2000). These initial steps of Leishmania infection in humans are
largely unknown, and there is limited information on the response of the Leishmania
infected human monocytes, particularly related to costimulatory molecules.

Herein we report on the expression of costimulatory molecules, cytokines as well as HLA,

on human blood monocytes and on “in vitro” differentiated macrophages upon infection

with L.(L.) chagasi.

MATERIALS AND METHODS
The parasite .
L.(L.) chagasi ( MHOM/BR/BA 305) was isolated from a patient with visceral
leishmaniasis. The isolate was inoculated in the spleen of a Syrian hamster (Mesocricetus
auratus), seeded in Schneider’s insect culture medium (Sigma, Saint Louis, MO, USA)
plus 10% of fetal calf blood serum, at 25° C. In its first subculture several samples of the

parasite were collected and frozen in liquid nitrogen. Stocks were thawed and cultivated in
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same conditions until the 10™ “in vitro” subcultures. The parasites were collected at
stationary growth phase for in vitro infection of human monocytes and macrophages.

Isolation of monocytes and parasite infection

Monocyte isolation was performed as previously described (de Almeida et al. 2000) with

slight modifications. Briefly, a two step procedure with single gradients in each step was
used. PBMC were isolated from buffy coats (obtained from normal blood donors) by
centrifugation over a Ficoll-Hypaque (400g, 35 min, 25-35°C). The PBMC were washed
three times with PBS/Citrate (1.49 mM Na,H,POy ; 9.15 mM Na,HPOy ; 139.97 mM NaCl
,13mM CsHsNa;O; .2H,0; pH 7.2 ) (100g,15 min, 25-350C) to avoid platelet
contamination. Around 10* PBMC were then incubated (15-30 min, 37°C) in 15ml of a
solution formed by nine parts of RPMI 1640 medium (Sigma) supplemented by 2mM L-
glutamine,1 SmMHEPES, 10% human serum and 50pg/ml gentamcin and one part of
trisodium citrate (C¢HsNa3;O7 .2H,0) 3,8%(w/v) in 50 ml conical polypropylene tubes with
loosed lids in a CO, incubator. This suspension was then layered on top of a 15ml Percoll
gradient [1:1 (v:v) isosmotic Percoll plus PBS/Citrate] and centrifuged (400g, 35 min, 25-

35°C). The percentage of monocytes recovered on top of the gradient was higher than 90%

with more than 90% viable cells (de Almeida et al. 2000). Cells were washed two times
in PBS before cultivation on cell culture medium. Some experiments were done using
monocytes purified by adherence using a previous established protocol (Wahl & Smith
1994), in this case the percentage of contaminant lymphocytes was 20%-30%. Monocyte

percentage was determined using morphology and peroxidase activity detection in cytospin

preparations, height and granularity characteristics in light scattering, and in some samples
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double staining with fluorescein isothiocyanate (FITC) and r-phycoerythrin (PE)-
conjugated mouse anti-human monoclonal antibodies (mABs): CD14 (PE) and CD3 (FITC)
. Monocytes were cultivated at 1 X 10°ml in 1m1 RPMI 1640 medium (Sigma, Saint
Louis, MO, USA) with 10% human AB serum, 2mM L-glutamine, 50p1g/ml gentamicin and
15mM HEPES in 24 well plates in a 5% CO; incubator at 37°C. The monocytes were
immediately infected (10:1 parasite/human cell ratio) or left to differentiate to macrophages
for seven days, in this case, half of the cell culture medium was replenished with new
complete medium each 48 hours. Macrophages were also infected at a 10:1 parasite/human
cell ratio. Two hours after the infection the wells were gently washed with RPMI 1640 to
remove non infective parasites. New medium was then replenished. At this time cells were
also stimulated with LPS (10 ng/ml)(Sigma, Saint Louis, MO, USA) or recombinant
human IFN-y (Roussel-Uclaf, Romainville,France) (10-100 U/ml). After 48 hoursin a 5%
CO; incubator at 37°C cell free supernatant was collected and cells scrapped for flow

cytometry analysis. On our hands 90% of the monocytes or macrophages were infected

after 48 hours.

Flow cytometry analysis.

Surface markers were analyzed by direct immunofluorescence staining using the following
FITC or PE—conjugated mouse anti-human monoclonal antibodies (mABs): CD11b (PE),
CD54 (PE), CDS80 (FITC), HLA-ABC (FITC), HLA-DR (PE),CD14 (PE),CD3 (FITC)

purchased from PharMingen (San Diego,CA, USA).The biotin conjugated mouse anti-
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human mABs CD49¢, CD86 purchased from PharMingen (San Diego, CA, USA) were
detected with indirect immunofluorescence using the biotin-streptavidin system. The
mouse isotype controls IgG, x (PE,FITC), IgG,ax (PE) were also purchased from
PharMingen (San Diego, CA, USA). Briefly, the scrapped cells were washed in cold
PBS/BSA1%/NsNa 0,1%. The cell pellet was suspended in PBS/Human serum (v: v) (200
pl; 5 X 10°cells/ml) for 15 min at 4°C. To 20 pl of this suspension were mixed a previous
titrated amount of mABs and left 30 min at 4° C in the dark. The cell suspension was then
washed in cold PBS. The cells for direct immunofluorescence were suspended in 400p] of
cold PBS and ready to be analyzed. The pellets of cells labeled with biotin conjugated
antibodies were suspended in 20ul of PBS and added 3pl of streptavidin-PE (Becton
Dickinson, San Jose, CA.USA) for 15 min at 4°C. These cell were then washed and
suspended in 400ul of cold PBS. The fluorescence was analyzed by FACScan (Becton
Dickinson, San Jose, CA.USA). Dead cells and residual lymphocytes were excluded
according to their forward and side scatter characteristics. The mean fluorescence intensity
of each experimental condition (MFI) was measured excluding the fluorescence of the
respective isotype controls, and the streptavidin non-specific binding for biotin labeled
antibodies. Five thousand eve.nts were analyzed for each sample using the Cell Quest
software (Becton Dickinson, San Jose, CA.USA). Relative fluorescence (RF) was defined
as the mean fluorescence intensity of each experimental condition (MFI) relative to the

mean fluorescence intensity of its control (CT) considered as 100%, RF= MFI/CT X 100.

Cytokine detection.
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TNF-q, IL-10 and 1L-12 (p40) determination was done by commercial sandwich
immunoassay (DuoSET ELISA; Genzime diagnostics- Cambridge, MA, USA) as

manufacturer’s instructions.

Statistical analysis.

Data were analyzed using de GraphPad Prism version 3.00 for Windows. Comparisons of
multiple groups with control group were performed with one-way analysis of variance
(ANOVA) using the Dunnet’s post test and the comparison between previously selected
pairs of groups using the Bonferroni’s method. (GraphPad software, San Diego California

USA). The level of significance adopted was p< 0.05.

RESULTS

Pattern of expression of surface molecules on infected cells.

With the exception of very low CD80 cell positivity (measured only on macrophages) the
frequency of cell positivity to markers here measured was higher than ninety per cent in
human monocytes and between sixty and ninety per cent in human macrophages(data not
shown).. When human monocytes were infected by L.(L.) chagasi CD11b expression was
diminished (mean R.F=63.35 + 19.09 SD; p<0.01) (Figure 1,A and B). There was also a
trend towards reduced expression of CD54 (eight out of nine blood donors) and increased
expression of CD86 (four out of six blood donors) but the differences were not statistically
significant. Infection of human macrophages by L.(L.) chagasi lead to a decreased

expression HLA-DR (mean RF = 74.46 + 25.08 SD; p<0.05) and an increased CD86
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expression (mean RF = 120.2 + 19.96 SD; p<0.05) (Figure 1, C and D). No changes were
observed in the expression of CD54 (mean RF = 92.75), CD49¢ (mean RF = 101.9), HLA-
ABC (mean RF = 97.03) or CD11b (mean R.F.=107.6) as shown in Figure 1C.
Interestingly, upon infection there was a negative correlation between CD54 and CD 86
expression both on monocytes (Figure 2A, r = -0.9222, p< 0.01) and on macrophages

(Figure 2B, r = - 0.7478, p<0.05).

Effect of infection on LPS-induced monocyte/macrophage stimulation.

Infection had a powerful depressant effect on LPS-induced CD54 expression of human
monocytes (p<0.001) (Figure 3, A and B) and macrophages (p<0.001) Figure 3C. As
shown in Figure 3 (C and D), L.(L) chagasi infection diminishes HLA-ABC and HLA-DR
expression of LPS stimulated macrophages (p<0.001 for each pair). Infection did not
change CD86 and CD49e expression of LPS stimulated macrophages or monocytes. Effect
of LPS-stimulated HLA-ABC and HLA-DR expression was not evaluated in infected

monocytes.

Effect of infection on IFNy induced monocyte/macrophage stimulation.

As shown in Figure 4, addition of IFNy to infected cells had a synergistic effect on CD86
expression on both monocytes (A and B) and macrophages (C and D) (p<0.05 and p<0.001
respectively). L.(L.) chagasi infection did not change the CD49e expression on IFNy
stimulated human macrophages or monocytes. Infection reduced the stimulatory action of
IFNy on CD54 expression of monocytes (p<0.01), (Figure 4A) but not on macrophages.

Inhibitory effect of infection on IFNy was also found on expression of HLA-ABC
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(p<0.001) and HLA-DR (p<0.01) on human macrophages (Figure 4C). Effect of infection

on IFNy stimulation was not measured for HLA-ABC and HLA-DR in human monocytes.

Cytokine production.

L (L) chagasi infection per si did not induce IL-10, IL-12 (p40) (data no shown for
macrophages) or TNF-a production in either monocytes or macrophages, as shown in
Figure 5A and B for TNF-o. in monocytes and macrophages and in Figure 6A for IL-10 and
Figure 6B for IL-12 (p40) in monocytes. Both cell populations were able to produce, TNF-
a (Figure SA and B), IL-10 or IL-12(p40) (Figure 6A and B) upon LPS stimulation
(10ng/ml). Additionally L.(L.) chagasi infection did not diminish TNF-a production by
LPS-stimulated human monocytes and macrophages (Figure SA and B), or IL-10 in

monocytes ( not done on macrophages), but diminished IL-12 (p40) production by LPS-
stimulated human monocytes (mean of 391.7 pg/ml + 527.6 SD; n=5) (LPS vs LPS-

infection ,p<0.05) (Figure 6B)(not done on macrophages).

DISCUSSION

A direct relationship between costimulatory molecules, particularly CD80 and CD86, and a

Thl or Th2 response in established leishmaniasis models is not clear (Murphy et al. 1997;
Hunter & Reiner 2000). Blockage of CD86 reduced parasitism in BALB/c mice (with a

predominant Th2 response), implicating CD86 in production of Th2 cytokines and disease

induction (Brown et al. 1996; Tsuyuki et al. 1997). In contrast blocking CD86 in

cultures of L.(L.) major-infected human macrophages plus peripheral blood lymphocytes
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lead to a significant inhibition of IFN-y production (Brodskyn et al. 2001), a classical

Thl cytokine. An apparent contrary result was also obtained in L.(L.) donovani model of
visceral leishmaniasis where CD86 blocking increased IFN-y production and reduced
parasite burden (Murphy et al. 1997). A possible explanation for these results is that a
more complex picture could be involved in driving lymphocytes to Thl or Th2 response
(Kim et al. 1999). Whereas CD80 or CD86 expression leads to high IL-4 and IL-10
production by naive CD4 T cells, co-expression of CD54 plus CD80 or CD 86 resulted in
decreased IL-4 and IL-10 production (Luksch et al. 1999). Additionally, co-stimulation
by CD80 and CD54, but not by CD80 or CD54 alone, leads to rapid TNF-a cytotoxicity,
tumor rejection and generation of memory T cells (Nishio & Podack 1996). Moreover,
both B7 and CD54 may co-regulate activation-driven maturation of T cells (Damle et al.
1992). We are reporting here for the first time that a parasite infection leads to increased
CD86 expression simultaneously to decreased CD54 expression in both monocytes and
macrophages. In human lepromatous leprosy, characterized by marked immunosupression,
high CD54 with low B7 expression has been shown (Agrewala et al. 1998). It is possible
that avoidance of simultaneous expression of these two molecules, and consequently
optimal costimulatory activity (Damle et al. 1992; Kim et al. 1999; Camacho et al.
2001), is an escape mechanism exploited by L.(L.) chagasi and Mycobacterium leprae. On

the other hand, Trypanosoma cruzi infected mouse macrophages, having upregulated

CD86 expression levels and maintained high basal levels of CD54 expression, showed
strong costimulatory activity towards the Thl side of the immune response (Frosch et al.

1997). Reinforcing this point, a leishmania antigen, capable of up regulating both CD54
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and B7 in human macrophages and monocyte derived dendritic cells, induced IL-12
production and Thl-type T cell response in PBMC (Probst et al. 1997). Noteworthy, IFN-
v treated infected macrophages were able to up-regulate CD54 and CD86 expression.
Finally, previous clinical trials have shown successful IFN-y treatment of human visceral
leishmaniasis (Badaro & Johnson 1993).

CD54 (ICAM-1) is a multifunctional molecule with important functions in homotypic and

heterotypic cell to cell adhesion, binding LFA-1 on lymphocytes or monocyte/macrophages

and CD11b on monocytes and macrophages (Diamond et al. 1990; Dustin & Springer
1991). Indeed CD54 acts in T-cell costimulation (Kim et al. 1999) and granuloma

formation (Ritter & McKerrow 1996). CD54 expression induces IFN-y by co-stimulated

T cells (Kim et al. 1999), conversely, as we show here, IFN-y was able to increase CD54
expression on both monocytes and macrophages. L.(L.) chagasi infection had a tendency to
decrease CD54 expression in monocytes besides down modulating CD54 expression in
LPS or IFN-y stimulated monocytes. Additionally, we report for the first time that CD11b
has its expression diminished by Leishmania infected human monocytes but not
macrophages, as recently shown for mice LFA-1 and MAC-1 « chains gene expression in
L.(L.) donovani infected mouse macrophages (Buates & Matlashewski 2001). Thus the
probably L.(L.) chagasi lowering of the strength of monocyte adhesion to lymphocyte,

could impair IFN-y production, increase the antigen dose required for T cell costimulation,

and influence the Th1/ Th2 balance (Luksch et al. 1999). The parasite inhibition of

CD11b expression could be a previously unreported escape mechanism, as CD11b has

recently been shown to play a significant role in LPS induced IL-12 secretion, and CD11b
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deficient macrophages had diminished nuclear translocation of NF-kB (nuclear factor kB )
and reduced MAPK ( mitogen-activated protein kinase) phosphoryléltion (Perera et al.
2001). In addition, CD11b has been shown to be involved in platelet-activating factor
synthesis (PAF) by human monocytes (Elstad et al. 1994). Thus, diminished CD11b
expression might interfere with production of essential host protecting agents, PAF
(Lonardoni et al. 2000) and IL-12 (Reiner et al. 1994). Such a situation would be

particularly relevant at the initial phases of Leishmania infection when monocytes are the

first and most numerous parasited antigen presenting cells.

We as others have found that Leishmania infection does not induce TNF-a. or IL-12
production in human monocytes (Reiner et al. 1990; Ghalib et al. 1995; Sartori et al.
1997) or macrophages but inhibits IL-12 production by LPS stimulated monocytes. Also,
in agreement with previous studies using healthy human PBMC (Ghalib et al. 1993;

Sartori et al. 1997) instead of visceral leishmaniasis patients PBMC (Ghalib et al. 1993),

Leishmania infection did not induce IL-10 release in human monocytes or macrophages.

4

The binding of the parasite to its receptor (CD11b), and the low CD11b expression on
human monocytes, could explain most of these findings as it has been shown that binding

to human CD11b, or CD11b deficiency, inhibits LPS-induced IL-12 production with
unchanged levels of TNF-a (Marth & Kelsall 1997; Perera et al. 2001) or IL-10 (Marth
& Kelsall 1997). This may seem surprising as in human disease there is high IL-10
(Gasim et al. 1998) and TNF-a, (Barral-Netto et al. 1991) serum levels, and both TNF-a.

and IL-10 explain most of the aspects of active disease as immune suppression (Carvalho
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et al. 1994) cachexia and fever (Barral-Netto et al. 1991). On the other hand, infected
monocytes or macrophages, under LPS stimulation, are able to prodl;lée similar amounts of
TNF-a. or IL-10 to their uninfected controls. Thus in the evolution to active disease other
factors as expansion of IL-10 producing T cell clones, ingestion of IgG-opsonized
amastigotes (Kane & Mosser 2001), the frequent bacterial infections patients have
(Andrade et al. 1990) or immune complex mediated cell activation (Carvalho et al.
1983; Crawford et al. 1985) could explain TNF-o and IL-10 production. Is also possible
that IL-10 act as a counter regulatory mechanism induced by TNF-a production
(Wanidworanun & Strober 1993). Both absence of IL-12 and high IL-10 are main

features linked to visceral leishmaniasis, and its probably not by chance that the parasite,
even before being phagocitozed, starts inhibiting IL-12 secretion. IL-12 is a main driving
Th1 cytokine at initial phases of leishmania infection and able to restore in vitro patients
visceral leishmaniasis PBMC Thl responses to leishmania antigens, notwithstanding the

IL-10 presence (Ghalib et al. 1995).

Human visceral leishmaniasis has an incubation period of months or even years (Pearson
& Sousa 1996). In models of leishmaniasis simulating natural infection there is also a
long silent phase of the infection lasting for 6 to 8 weeks (Almeida et al. 1993; Belkaid
et al. 2000; Lira et al. 2000) when parasite growth is undisturbed by the host immune

system without inducing pathology (Belkaid et al. 2000). Indeed in both cutaneous and

visceral human infections subclinical infections have been described (Pearson & Sousa

1996). The data presented here is in agreement with these observations as L.(L.) chagasi
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fails to induce TNF-o production and impairs 1L.-12 production besides decreasing CD54
expression, all important proinflammatory molecules (Camacho et al. 2001).

Additionally, such an infection has down modulatory effects on LPS or IFN-y stimulation.
The evasive behavior of L.(L.) chagasi infection in human phagocytic cells also includes
lack of CD11b and CD80 induction in human macrophages (data not shown) and down
modulation of CD11b on monocytes. Noteworthy, CD18 deficient mice macrophages
produce less NO and have impaired leishmanicidal activity (Schonlau et al. 2000). It is
tempting to speculate that depressed expression of class I and II molecules, absence of key
proinflammatory cytokines and not fully expression of costimulatory molecules in
monocytes or macrophages conceal Leishmania leaving the immune system, at least in
initial phases, in anergy (Kaye 1995) or ignorance (de Almeida 2002). This ignorance
may probably be broken when, due to parasite multiplication, the parasite or its antigens
reach other cell, as dendritic cells, since in such cells these down regulatory events are not

operative (Gorak et al. 1998; von Stebut et al. 1998; Marovich et al. 2000).
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FIGURE LEGENDS

Figure 1. Mean fluorescence intensity (MFI) of cell surface molecules relative to
uninfected control (CT), R.F.=(MFI/CT) x100. Human monocytes (A) and macrophages
(C) were infected with L.(L) chagasi. The broken line shows the control level. (A) L.(L.)
chagasi infection decrease CD11b expression on human monocytes, p<0.01. (C) CD86
expression is increased on infected macrophages, (p<0.05) and HLA-DR expression
decreased, (p<0.05). Representative histograms are shown for monocytes, CD11b (B), and
macrophages, CD86 (D): infected cells (INFEC), uninfected cells (CT), isotype control

(ISO) and streptavidin-PE (STREP). Error bar means one standard deviation.

Figure 2. Correlation between Mean fluorescence intensity (MFI) of CD54 and CD86
relative to uninfected control (CT), R.F.=(MFI/CT) x100. Human monocytes (A) and
macrophages (B) were infected with L(L) chagasi as described in the text. r = correlation

coefficient, p<0.01.

Figure 3. Mean fluorescence intensity (MFI) of cell surface molecules relative to
uninfected control (CT), R.F.=(MFI/CT) x100. R.F. of infected monocytes (A) or
macrophages (C) (hatched bars) stimulated with LPS 10 ng/ml for 48 hours were compared
to LPS alone (black bars). See details in text. The broken line shows the control level
(cells without stimulation). (A) Infection counteracts the stimulatory effect of LPS on

CD54 expression of human monocytes, p<0.001. Each bar represents the mean of four
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(CD86), five (CD49e) and six experiments (CD54). (C) Infection counteracts the
stimulatory effect of LPS on CD54 (p<0.001), HLA-ABC (p<0.001) and HLA-DR
(p<0.001) expression of human macrophages. Each bar represents the mean of three
(CDA49e), six (CD 54,HLA-ABC and HLA-DR) and eight experiments (CD86).).
Representative histograms are shown for monocytes, CD54 (B), and macrophges, HLA-DR
(D): infected cells (INFEC), LPS stimulation alone (LPS), LPS plus infection (L+1), and

isotype control (ISO).). Error bar means one standard deviation.

Figure 4. Mean fluorescence intensity (MFI) of cell surface molecules relative to
uninfected control (CT), R.F.=(MFI/CT) x100. R.F. of infected monocytes (A) or
macrophages (C) (hatched bars) stimulated with 100U/ml of IFNy for 48 hours were
compared with IFNy stimulation alone (black bars). See details in text. The broken line
shows the control level (cells without stimulation). (A) Infection counteracts the
stimulatory effect of IFNy on CD54 expression of human monocytes, p<0.01, and primes
human monocytes for IFNy stimulation of CD86, p<0.05. Each bar represents the mean of
four (CD86), five (CD49¢) and six experiments (CD54). (C) Infection counteracts the
stimulatory effect of IFNy on HLA-ABC and HLA-DR expression of human macrophages,
p<0.001and p<0.01 respectively. Primes human macrophages for IFNy stimulation of CD
86, p<0.001. Each bar represents the mean of three (CD49e), six (CD 54,HLA-ABC and
HLA-DR) and eight experiments (CD86).. Representative histograms are shown for
monocytes, CD86 (B), and macrophages, CD86 (D): IFNy stimulation alone (IFN), IFNy

stimulation plus infection (I+1), and streptavidin-PE (STREP).  Error bar means one

standard deviation.
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Figure 5. TNFa levels in culture supernatants of uninfected and infected L.(L.) chagasi
human monocytes (A) and macrophages (B) under several conditions. CT: uninfected
cells. INFEC: infected cells. LPS: LPS stimulation alone (10ng/ml). L+1: LPS (10ng/ml)
stimulation after 2 hours of infection. IFN: IFNy (10-100 U) stimulation alone. I+I: IFNy

(10-100 U) stimulation after 2 hours of infection.

Figure 6. IL-10 (A) and IL-12 (B) levels in culture supernatants of uninfected and
infected [..(L.) chagasi human monocytes (A) and (B) under several conditions. CT:
uninfected cells. INFEC: infected cells. LPS: LPS stimulation alone (10ng/ml). L+I:
LPS (10ng/ml) stimulation after 2 hours of infection. IFN: IFNy (10-100 U) stimulation
alone. I+I: IFNy (10-100 U) stimulation after 2 hours of infection.(B) Infection
diminished I1.-12 (p40) production by LPS-stimulated human monocytes (LPS vs LPS-

infection ,p<0.05).
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3 DISCUSSAO GERAL

3.1 Estratégia geral do parasita na fase inicial da infeccao

E uma lei geral dentro da microbiologia: quanto maior a dose do agente infeccioso maior a
chance de se estabelecer a infecgdo, j4 que um pequeno nimero de parasitas pode ser
eliminado antes que estabeleca a infec¢do. Paradoxalmente, a infec¢do natural pelas
Leishmania spp parece ndo utilizar essa lei - o flebotomineo inocula cerca de 100 formas
metaciclicas (WARBURG & SCHLEIN 1986). Uma série de fatores no entanto permite ao
parasita penetrar na célula hospedeira e estabelecer a infecgdo. Em primeiro lugar,
metaciclicos t€m maior resisténcia a lise pelo sistema complemento (SACKS 1989).
Metaciclicos de L(L.). major ndo somente s30 mais resistentes a lise pelo sistema
complemento como também interagem com esse sistema de maneira diferente em relagdo
as formas prociclicas (PUENTES et al. 1990). As formas prociclicas ativam a via
alternativa do sistema complemento enquanto as formas metaciclicas ativam a via cléssica,
mesmo na auséncia de soro imune, sendo as metaciclicas fracas ativadoras da via
alternativa. Na superficie celular de metaciclicos de L.(L.) major, surpreendentemente, o
componente C3 € depositado na sua forma ativa, hemolitica, C3b. Uma lipofosfoglicana
(LPG) do parasita se liga a essa fragdo do sistema complemento (PUENTES et al. 1988).
Nesses parasitas, essa molécula € modificada na sua composicdo de acgtcares,
simultaneamente com um aumento do nimero de suas subunidades (PIMENTA et al.
1992). Esse aumento de subunidades corresponde estruturalmente a uma maior espessura

da membrana celular das formas metaciclicas, que impede o complexo de ataque a
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membrana C5-9 atingir o citoplasma, e formar o poro molecular que levaria a lise
(PIMENTA et al. 1991). O parasita serd assim mais facilmente fagocitado, sem ser lisado.
Recentemente, mostrou-se ainda que mecanismos de imunoaderéncia mediados por
anticorpos naturais do tipo IgM permitiriam, devido a sua cinética extremamente rapida, a
fagocitose antes que o complemento provocasse a lise de todos parasitas (DOMINGUEZ &
TORANO 1999). Também mecanismos de conversdo de C3b - C3bi estariam operando no
CR1, receptor tipo I do complemento, em eritrécitos, ou mesmo através da gp63,
metaloproteinase abundante na superficie do parasita (BRITTINGHAM et al. 1995;
DOMINGUEZ & TORANO 1999). Dessa maneira, mesmo em niimero minimo, o parasita
podera se estabelecer no interior da célula hospedeira. Inoculado, o parasita, devido as
condi¢des iniciais, se encontrard em uma densidade parasitdria extremamente baixa, 0,03-
0,1 parasita por célula fagocitica (DE ALMEIDA. 2002 ). Uma vez estabelecida a
infeccdo, longe de constituir uma desvantagem a baixa densidade parasitaria podera
permitir “as Leishmania spp passarem desapercebidas ao sistema imune, € criar um
ambiente menos hostil a sua sobrevivéncia

Nés mostramos ainda que no interior do monécito/macrofago L.(L.) chagasi provoca varios
efeitos modulatérios negativos e ndo induz uma série de moléculas proinflamatérias. A
infeccdo ndo induziu CD54, IL-12 ou TNF-a, potentes moléculas proinflamatérias
(SUTTERWALA & MOSSER 1999; CAMACHO et al. 2001). Modulou negativamente
CD11b em mondcitos, modulou negativamente a agdo estimulatéria do LPS na expressao
de CD54, IL-12 (p40) e HLA-DR assim como a a agdo estimulatéria do IFN-y sobre a
expressdo do HLA-DR e do HLA-ABC em macréfagos humanos. Nio trata-se aqui de

uma depressdo generalizada das fun¢des celulares. Na verdade, a infecgdo induziu um
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aumento da expressio do CD86 nos mondcitos e macréfagos. Observou-se ainda uma
correlagdo negativa na expressio de CD54 ¢ CD86 tanto em mondcitos como em
macréfagos. Além disso, a expressdo de CD49e e a produgao tanto do TNF-o. como da IL-
10 induzidas por LPS ficaram intactas.

E importante notar que os efeitos modulatérios negativos foram mais freqlientes em
mondcitos que macrofagos. Isto pode ser relevante, principalmente na fase inicial da
infec¢do, quando o mondcito € a célula inicialmente infectada. Trabalho recente em
macrofagos de camundongos mostrou que cerca de 40 % dos genes estudados sdo
regulados negativamente durante a infeccdo por L(L.) donovani (BUATES &
MATLASHEWSKI 2001), incluindo genes para fatores de transcricdo da familia
NFxp/Rel que regulam genes ligados & resposta imune e inflamagdo. A maioria dos genes
que exibiram uma regulagdo negativa a tiveram em baixos niveis (~2), com poucos genes
apresentando sua expressio aumentada (BUATES & MATLASHEWSKI 2001). Tal
aspecto se correlaciona com nossos dados. A infecc¢io per se, nos nossos experimentos, de
nove moléculas analisadas diminuiu a expressdao de duas moléculas (CD11b, HLA-DR) e
aumentou a expressdo apenas de uma (CD86). Outros autores (MOROVICH et al 2000;
VON STEUBT et al 1998) estudando a interagdo metaciclico-macréfago nio identificaram
alteracdoes do estado basal de secrecdo das citocinas, notadamente IL-12, moléculas co-
estimulatérias ou de MHC classe II. A ndo identificacdo dessas alteracdes, por estes
autores, pode, em parte, dever-se a que as alteragdes, principalmente em macréfagos, sdo
em poucas moléculas, e em geral o efeito ndo é pronunciado, conforme nossos dados e os
de outros mostram (BUATES & MATLASHEWSKI 2001). Além disso, muitos desses

dados de citometria de fluxo tém sido apresentados apenas qualitativamente, o que também
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dificulta a detec¢@o de pequenas alteragdes. Alguns autores (SAHA et al 1995), por outro
lado, t€m relatado alteragdes em uma ou outra molécula, dependendo da linhagem do
camundogo estudado. Entdo, camundongos BALB/c infectados com L(L) donovani
apresentam pequeno aumento da expressdo de CD54, mas ndo s@o observadas alteragdes
em camundongos C57BL/6 (SAHA et al 1995). Nao deixa , no entanto, de ser
surpreendente que o parasita, ao infectar o macréfago, altere pouco ou ndo altere o estado
basal de expressdo de moléculas co-estimulatdrias e citocinas. Isso pode fazer com que a
infecgdo passe despercebida nas suas fases mais iniciais, ou seja, haveria ignorincia do
sistema imune (DE ALMEIDA 2002). Ignorincia pode ser definida como um estado em
que clones de células T funcionais, e potencialmente reativos a um determinado antigeno,
ndo reagem a a este antigeno (ABBAS et al 2000). Na anergia, por outro lado, a célula T
se torna incapaz de reagir ao antigeno. Dentre os fatores que favoreceriam o estado de
ignorancia estariam: Presen¢a do antigeno em quantidades muito pequenas, incapazes de
levar a ativagdo (VOEHRINGER et al. 2000), sitios imunoprivilegiados (KURTS et al.
1999), baixo numero de células reativas, ndo apresentacio por células apresentadoras
profissionais, ndo ativacdo da célula apresentadora de antigeno (SHEVACH 1999). Até
onde sabemos ndo ha qualquer aplicagdo, anterior a DE ALMEIDA 2002, desse termo a
uma doenca parasitdria. Quais seriam as vantagens e desvantagens desse mecanismo de
escape para o parasita. Uma 6bvia desvantagem seria que, ao infectar em baixo nimero, o
parasita poderia ser prematuramente eliminado pelo sistema imune natural. No entanto,
como discutimos acima, algumas caracteristicas proprias do parasita permitem que ele
tenha relativo sucesso aqui. Também, contribuird em muito para esse sucesso, que a célula
que o parasita infectard serd permissiva ao seu crescimento. Outra vantagem, quando a

ignorancia for quebrada, devido ao prdprio crescimento parasitdrio, o parasita podera ter
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modulado o microambiente do hospedeiro, de modo a nio té-lo tdo hostil a si. Outro
possivel aspecto benéfico ao parasita, tentativas frustadas de infectar poderiam nio gerar
imunidade. Uma vez estabelecida a imunidade, por outro lado, o parasita poderia ter
muitas dificuladdes em reeinfectar o mesmo hospedeiro. Haveriam razdes, inerentes ao
crescimento ou biologia do parasita no seu vetor, que expliquem por que o parasita infecta
em tdo baixo nimero? Parece que sim. O crescimento excessivo do parasita no seu vetor
poderia interferir desfavoravelmente com a fisiologia do seu vetor (KILLICK-KENDRIC
1987). O crescimento excessivo do parasita necessitaria de abundantes nutrientes, no
entanto, o seu ciclo de diferenciacdo inicia-se apds o respasto sanguineo (KILLICK-
KENDRIC 1987), e solugdes de agicares, que sdo ingeridas pela fémea do flebotomineo
posteriormente, levam a uma queda no ndmero de parasitas in vitro (SCHLEIN et al.
1987). Finalmente a probdscide do vetor, onde os metaciclicos se localizam, é um dos
locais mais pobres em nutrientes do tubo digestivo do inseto (KILLICK-KENDRIC 1987).

O aumento da expressdo de CD 86 constitui uma excegdo, no quadro geral da regulagdo das
moléculas testadas. Contudo, por vir isoladamente, sem um aumento concomitante de
outras moléculas co-estimulatorias, CD 54, CD 80 e dos HLA de classe I e II pode induzir
anergia ou morte de clones de células T (KAYE et al. 1994; DE ALMEIDA et al 2002
.Enviado para publicacdo). Sob estimula¢do, no entanto, os efeitos regulatérios negativos
se estenderam e se acentuaram (CD54, HLA-DR, HLA-ABC e IL-12). Entdo, efeitos
inibitérios que ndo eram aparentes durante a infec¢io (por exemplo para CD 54 e IL-12),
tornaram-se evidentes, quando a célula hospedeira foi submetida a um estimulo
inflamatério. Isso reforca a idéia que o parasita evita a resposta inflamatéria. Dessa
maneira, é possivel ainda que inimeras outras agdes do parasita sobre sua célula hospedeira

venham a se manifestar, na dependéncia das diferentes condi¢des ambientais. Entao,
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inicialmente tanto a saliva do vetor como o préprio parasita convergem para uma agio

antinflamatoria.

3.2 Fase inicial e evolucao da infeccao: estados sub-clinicos,
doenca, reativacao e metastase

Uma vez instalada, a infec¢do leishmanidtica poderd se desenvolver como doenca ou
permanecer em estado subclinico (PEARSON & SOUSA 1996; NICOLAS et al. 2000;
BELKAID et al. 2001; UZONNA & BRETSCHER 2001). Em geral, este estado
subclinico permitird o surgimento da doenga cutineo-mucosa (MARSDEN 1986) ou da
leishmaniose dérmica p6s-kalazar (ZIJLSTRA & EL-HASSAN 2001) (ambas de provével
natureza metastitica), ou estados de reativacdo que ocorrem apds episodios de
imunodepressdo tanto nas formas viscerais como cutineas. Aqui o padrdo da doenga pode
mudar, por exemplo, na SIDA individuos com doenga originalmente cutinea podem
desenvolver doenga visceral (HERNANDEZ et al. 1993). Entdo, ndo somente a espécie de
Leishmania é importante na defini¢do do padrdo de doenga mas também o hospedeiro e,
particularmente, seu sistema imune (BELLI et al. 1999). Sabe-se, por exemplo, que
espécies de Leishmania que s3o patogénicas para o homem, se desenvolvem, em seus
reservatérios naturais, em orgdos que ndo os preferencias da doenca humana,
apararentemente sem provocar lesdes (LAINSON et al. 1981).

Embora a doen¢a humana tenha uma divisdo clinica de origem anatémica isso ndo significa
que a infec¢do esteja restrita aos sitios em que a lesdo € mais aparente. Assim, parasitas
classicamente de localizag¢do cutinea tem sido encontrados em sitios viscerais (BARRAL et

al. 1986), e casos de doenga cutinea por L(L.) chagasi (BELLI et al. 1999) e L.(L.)
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infantum (DEL GIUDICE et al. 1998) tém sido descritos. Da mesma forma, é freqiiente a
localizagdo de leishmanias na pele do cdo no Kalazar canino (MARZOCHI et al. 1985). A
explicagdo mais provédvel para as diferentes manifestagdes clinicas e, em particular, da
lesao mucosa, € uma disseminacdo hematogénica (PESSOA & BARRETO 1948).
Corroboram essa hip6tese, os achados da forma disseminada (COSTA et al. 1986), a
presenca de parasitas em células sanguineas circulantes (MARTINEZ et al. 1992;
GUEVARA et al. 1994; MAGILL et al. 1994), ¢ o acometimento dos linfonodos com
tlcera cutdnea primdria e mesmo na auséncia desta (PESSOA & BARRETO 1948;
LLANOS CUENTAS et al. 1984, AL-GINDAN et al. 1989; AZADEH et al. 1994,
BARRAL et al. 1995).

A disseminacdo hematogénica poderia entdo ser inicial ou tardia. Uma disseminagao
linfatica inicial, porém, parece provavel ja que a retirada prévia dos linfondos de drenagem
contribui para a disseminagdo do parasita (POULTER & PANDOLPH 1982; REED et al.
1986; LASKAY et al. 1995). Qualquer que seja a via, o parasita é transportado nos
vacuolos lisossomais dos monécitos do hospedeiro, onde vive . Torna-se entdo necessério,
para o entendimento do processo metastético, o esclarecimentno de como se dd o transito
de mondcitos infectados no organismo parasitado.

Um primeiro grupo de moléculas de adesao, as selectinas ou lectinas de adesdo, compde-se
de trés conjuntos de moléculas: as selectinas leucocitarias (L), as selectinas endoteliais (E)
e as selectinas plaquetdrias (P) que assim se denominam por serem expressas
respectivamente em leucdcitos, células endoteliais e plaquetas. As selectinas sdo
glicoproteinas transmembrana de cadeia tUnica com a por¢do aminoterminal expressa

extracelularmente. Seus ligantes sdo também sialomucinas (CARLOS & HARLAN 1994).
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O processo de ligagdo lectina-ligante nas trés moléculas L ,E ¢ P é em geral de baixa
afinidade e inicialmente gera a aderéncia leucocitdria ao endotélio, que sob pressio do
fluxo sanguineo, ocasiona o rolamento de leucécitos na superficie endotelial (SPRINGER
1995). Um outro grupo, o das integrinas, sdo proteinas leucocitérias heterodiméricas que se
ligam a vdrios membros da superfamilia das imunoglobulinas no endotélio. As integrinas
ligam-se ainda a vdrias protefnas da matriz extracelular como o coldgeno, laminina e
fibronectina (CARLOS & HARLAN 1994). Na matriz extracelular se ligam as proteinas
com sequéncias de aminoacidos Arg-Gly-Asp (RGD) - fibronectina e vitronectina - Asp-
Gly-Glu-Ala (DGEA) - coldgeno tipo I e Glu-lle-Leu-Asp-Val (EILDV) - fibronectina.
Tré€s grupos bdsicos sdo descritos, simplificadamente, com base nas trés unidades beta
inicialmente descritas: integrinas contendo cadeias beta 1 (moléculas VLA), que participam
principalmente na adesdo celular a matriz extracelular; integrinas contendo cadeias beta 2
(moléculas LFA 1, MAC 1), que participam na adesdo leucocitiria ao endotélio e na
fagocitose como receptores do complemento (MAC 1 ,CR4); as integrins contendo
cadeias beta 3 , que incluem o receptor para vitronectina, participando na adesdo a matriz
extrcelular. Pares de integrina -ligante incluem VLA-1 (CD49aCD29)-coldgeno; LFA-1
(CD11aCD18)-ICAM-1; MAC-1 (CDI11bCDI18)-iC3b ou ICAM-1; CDI11cCDI18-iC3b
(CARLOS & HARLAN 1994).

No processo de adesdo leucocitdria ao endotélio, trés etapas bdsicas sdo conhecidas: uma
etapa inicial, a da ligacdo das selectinas com seus ligantes, que € uma etapa de baixa
afinidade e de regulagdo limitada; uma etapa intermididria em que a ativagdo celular por
citocinas € quimiocinas regulam a terceira etapa por aumento na expressao e/ou afinidade
das integrinas (BUTCHER 1991). Assim, esta modulagdo das integrinas ¢ mediada por

outros receptores celulares como TCR, receptores para interleucinas e quimiocinas. Por
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exemplo, a afinidade de LFA-1 (célula T) por ICAM-1 aumenta quando ha ligagcdo do TCR
ao MHC CLASSE I da mesma maneira que a afinidade do LFA-1 neutrofilico aumenta por
ICAM-1 em resposta a IL-8 (DUSTIN & SPRINGER 1989; SPRINGER 1995).

De qualquer maneira, para que 0 processo metastatico se dé, a célula infectada devera se
deslocar do tecido em diregdo ao sangue, ou seja, em sentido contrdrio ao processo
atualmente mais conhecido. E fundamental entdo que ela se torne menos aderente, em
especial as proteinas da matriz extracelular. Entre as proteinas da matriz: coldgeno,
laminina e fibronectina, a adesdo se dd fundamentalmente a fibronectina (Figuras 1, A e B.
Resultados Anexos). Em ensaios de adesdo mostramos que a infeccdo de mondcitos mas
ndo de macréfagos diminui a adesdo ao pldstico e a fibronectina (Figuras 1 e 2. Resultados
Anexos ). Essa diminui¢do da adesdo a fibronectina ndo se deve a uma diminui¢do na
expressdo de seu principal receptor, CD49e, como mostram nossos dados para mondcitos
(DE ALMEIDA et al. 2002. Enviado para publica¢cdo). No entanto, ndo podemos descartar
uma redugdo em sua afinidade pela fibronectina (DUSTIN & SPRINGER 1989). Outras
moléculas por nés analisadas, CD49d e CD49f, apresentaram expressdo muito baixa
(dados ndo mostrados). Um receptor que pode estar envolvido no processo de adesdo €
CD11b. Ja foi demonstrado que CD11b media a ligagdo de mondcitos humanos ao pldstico
(MCNALLY & ANDERSON 1994). CDI11b pode se ligar também, entre outros, ao
fibrinogénio, a fibrina e a componentes da matriz extracelular como laminina (JIANG et al.
1994). A infec¢do diminuiu a expressdo de CD11b em monécitos mas ndo em macréfagos
e, mondcitos infectados tiveram menor adereréncia tanto ao plastico como a fibronectina.
E particularmente interessante que essa redugdo tenha se dado nos monécitos, que sdo
justamente as células encontradas parasitadas no sangue circulante. De acordo,

camundongos deficientes em CD 18(-/-), infectados por L(L.)major, apresentam maior
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disseminagdo do parasita do que o tipo selvagem, embora esse estudo tenha focalizado mais
os efeitos imunoldgicos dessa deficiéncia (SCHONLAU et al. 2000).

Em macréfagos humanos, mesmo utilizando propor¢des muito elevadas de promastigota
por macréfago (até 30:1) ndo evidenciamos alteracdo na adesdo ao plastico. No entanto,
com concetragdes maiores ( até 60:1) houve perda de adesdo ao plastico (dados mostrados
na fig 2), estando as células ndo aderentes vidveis pelo método do azul tripan. O que
significaria, em termos da infec¢do natural, essas concentragdes tio elevadas de parasitas?
Seguindo-se a inoculag¢do de 100 metaciclicos, houve um crescimento parasitario de ~1000
vezes até imediatamente antes do surgimento da resposta adaptativa , 6-7 semanas apds a
inoculagcdo (BELKAID et al 2000; LIRA et al 2000). Partindo de nossas estimativas (DE
ALMEIDA 2002) iniciarfamos entdo com uma densidade parasitdria de 0,03-0,1 por
fagdcito, e atingirifamos de 30-100 parasitas por fagdcito em 6-7 semanas apds a infec¢do,
desconsiderando o afluxo monocitario. Embora esse parasitismo possa parecer exagerado,
ndo € incomum encontrd-lo em casos em que ha baixa ou auséncia da resposta imune
adquirida, como parece ser o caso, nessa fase mais inicial da infec¢do por Leishmania spp
(LIRA et al 2000; BELKAID et al 2000; DE ALMEIDA 2002). Dados experimentais t€ém
mostrado que o macréfago suporta, sem qualquer alteracdo de sua viabilidade, cargas
parasitarias em torno de 100 parasitos por macréfago (CHANG & DWYER 1978). Entdo,
pelos nossos dados de adesdo, a disseminagdo do parasita dar-se-ia, mais facilmente,
quando o parasitismo fosse mais intenso, ou seja, imediatamente antes do surgimento da
imunidade adqurida, na fase inicial da infec¢do, ou quando ha depressdo dessa imunidade
na fase cronica da infec¢cdo. Resumindo, no inicio da infec¢do, o parasita, devido a
ignorincia do sistema imune, se multiplicaria exponencialmente no interior de mondcitos e

macréfagos, levando a perda de adesdo a matriz extracelular, e atingiria sitios distantes.
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Nesse momento, o surgimento da imunidade adqurida confinaria o crescimento parasitario
aos locais aonde o parasita esivesse mais adaptado para proliferar ( ver discussdo a seguir).
Essa hipotese € compativel com alguns dados clinicos e experimentais. Por exemplo,
inoculando-se L.(L.) donovani na pele de hamsters houve um crescimento intenso do
parasita nesse local até 4 semanas ap0s a infecgdo. Nesse momento, com o surgimento de
uma resposta granulomatosa, o parasita desapareceu da pele, mas disseminou-se para
sitios viscerais, onde produziu o quadro tipico da leishmaniose visceral (WILSON et al
1987). Observamos também que L.(V.)braziliensis, inoculada em sitios viscerais do
hamster, ndo produz sintomatologia clinica, mas metastatisa tardiamente para pele, onde
produz lesdes exuberantes (ALMEIDA et al 1996). Na fase cronica, a doenga pode
apresentar focos de reativacio/disseminagdo, dependendo se hé alteragdes localizadas na
imunidade, como devido ao aumento de IL-10 na pele de pacientes com leishmaniose
cutdnea pds —kalazar, ou traumatismos cutineos e transferéncia de células CD4+, pré
sensibilizadas ao antigeno do parasita, em infeccdes de camundongos da linhagem
BALB/c por L(L)amazonensis (BERTHO et al. 1994). Permanecem esses fatores,
infelizmente, ainda desconhecidos, no caso da doenga mucosa. Na SIDA, por outro lado,
a reativagao/disseminagdo sera sist€mica.

Uma vez que o parasita tenha se metastatisado, poderd inicialmente ficar quiescente nesses
locais devido as condigdes ndo ideais a sua multiplicagdo, tais como temperatura
(BERMAN & NEVA 1981; SACKS et al. 1983; SCOTT 1985; CALLAHAN et al. 1996)
(cepas dermatrotépicas vs viscerotrépicas) imunidade orgdo especifica (ALMEIDA et al.
1996; WILSON et al. 1998; ENGWERDA & KAYE 2000) e fatores do microambiente ndo

esclarecidos (hipétese do solo e da semente). Neste particular, pudemos demonstrar

(ALMEIDA et al. 1996), através de modelo experimental, que sitios viscerais (figado, bago
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e linfonodos) principalmente no caso de L(L.) braziliensis podem constituir um sitio de
dorméncia relativa e fonte de parasitas para disseminagdo hematogénica.). Acometimento
de orgdos internos foi, também, recente observada com L(L) major infectando
camundongos BALB/c (NICOLAS et al. 2000). Tem-se mostrado que a presenca de
parasitas em dreas cicatriciais (SCHUBACH et al. 1998), em linfonodos (LLANOS
CUENTAS et al. 1984; BARRAL et al. 1992; MOLL et al. 1993; AZADEH et al. 1994,
ZIILSTRA & EL-HASSAN 2001), no interior de fibroblastos (CHANG 1978; BOGDAN
et al. 2000) e células dendriticas (MOLL et al. 1993; MOLL et al. 1995; BELKAID et al.
2001) podem constituir sitios de abrigo do parasita em estados subclinicos da infec¢3o.
Estudos recentes (DOHERTY & COFFMAN 1996; BELKAID et al. 2001; UZONNA et al.
2001) mostram que um elemento importante para o estabelecimento da doenga subclinica é
o inéculo em baixas doses, tanto em camundongos tidos como sensiveis (BALB/c) como
naqueles tidos como resistentes a infeccdo (C57BL/6). Os estudos concordam também
num aspecto, que a manuten¢do do estado de equilibrio se d4 basicamente pelo equilibrio
das respostas TH1 e TH2. E até certo ponto surpreendente que inéculos maiores (~10°)
polarizem a resposta para THI em camundongos resistentes e para TH2 em camundongos
susceptiveis, enquanto inéculos similares aqueles da infec¢do natural (~10%) induzem uma
resposta mista em ambas as linhagens e, principalmente, no camundongo de linhagem
C57BL/6. O parasita, ao contrdrio do que se pensava, poderd ser eliminado mesmo no
hospedeiro susceptivel pela polarizagido da resposta para TH1 (UZONNA & BRETSCHER
2001; UZONNA et al. 2001). E também fundamental a resposta TH2 (IL-10) na
manutencdo do estado subclinico em camundongos C57BL/6. Quando do inéculo em
baixas doses, estes camundongos, na fase cronica da infec¢do, desenvolvem uma resposta

com producdo de IL-10 e IFN-y, inclusive com alta frequéncia de células dérmicas T
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CD4+ produzindo ambas as citocinas. Bloqueada a resposta TH2, usando anticorpos
bloqueadores do receptor da IL-10, o hospedeiro igualmente se cura (BELKAID et al.
2001). Inesperadamente, nos estados subclinicos o parasita tem maiores chances de ser
retransmitido ao seu vetor natural (LIRA et al. 2000).

Os mecanismos evolutivos selecionaram, entdo, a condi¢do 6tima que permite a infecc¢do e
a retransmissdo a partir de um hospedeiro que nido se sabe a priori se resistente ou
susceptivel, perpetuando o ciclo parasitdrio. Uma vez rompido o equilibrio, o parasita
podera disseminar-se, levando o hospedeiro a morte , ou ser eliminado pelo sistema imune

do hospedeiro. Em ambas as situagdes termina o ciclo parasitério .

4 RESULTADOS ANEXOS
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Figl. Adesdo de macréfagos (A) e mondcitos (B) humanos ao plastico (PLAST),
fibronectina (FN), colageno (COL) e laminina (LM) em diferentes condi¢des experimentais
ap0s 48 horas da infec¢do com L.(L.)chagasi. (A) Adesdao de macr6fagos humanos
diferencidos in vitro e infectados na propor¢io de 10 e 20 promastigotas de L.(L.)chagasi
para cada macréfago (INFEC10:1 e 20:1 respectivamente) e macréfagos ndo infectados
(CT) ap6s 48horas. (B) A adesdo de mondcitos humanos ao plastico e a fibronectina apés
48hs em diferentes situa¢des experimentais. CT: células ndo infectadas. INFEC: células
infectadas 10:1. LPS: estimulagio com LPS (10ng/ml). L+I: estimulagdio com LPS
(10ng/ml) duas horas apds a infeccdo. IFN: estimulacio com IFNy (10-100 U). I+I
estimulagdo com IFNy (10-100 U) duas horas apds a infec¢do. Placas plasticas para
realizagdo de Elisa, previamente sensibilizadas com componentes da matriz (10 pg/ml-
overnight), com bloqueio de PBS/BSA a 3% (p/v) foram utilizadas nos ensaios. Apés 48
horas os pogos foram lavados com RPMI a jatos de pipeta nos pontos imaginarios 3, 6,9 e
12 horas de cada pog¢o, a seguir foram fixados em metanol e corados com cristal violeta
aquosa 1% (p/v); lavados em dgua e deixados secar. Adaptado de (BURKE et al. 1995). A
absorbéncia foi lida a 630nm em um espectrofotdmetro de placa. Os valores estio em
percentuais da absorbincia da adesdo dos mondcitos/macréfagos em relagdo ao plastico
controle. Com mondcitos foram realizados 7-4 experimentos para as condi¢des de adesdo
em pléstico, 3 experimentos em fibronectina e 2 experimentos em colageno. Cada barra

representa um desvio padrdo da média. *, p<0,05 em relac@o aos respectivos controles.
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Fig 2. Adesdo de macréfagos humanos ao pléstico, apés 48 horas, com diferentes inéculos
de promastigotas e particulas de Latex. Leish: Promastigotas de L.(L.) chagasi. . A
absorbéncia foi lida a 630nm em um espectrofotdmetro de placa. Os valores estao em
percentuais da absorbancia da adesdo dos mondcitos/macréfagos, nas diferentes situagdes
experimentais, em relac@o ao plastico controle. Foram realizados quatro exprimentos para
a condi¢do experimental com Leishmania e dois com Latex. Cada barra representa um

desvio padrdao da média. *,p<0,05 em relagdo ao Latex.
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5 CONCLUSOES

1.

A infecgdo por L.(L.) chagasi, ao modular negativamente ou nio induzir em mondcitos
e macrofagos humanos vérias moléculas de cariter proinflamatério, notadamente
CD54, IL-12 , TNFa, assim como os HLA de classe I e II, pode deixar o sistema

imune, nas fases mais iniciais da infeccdo, em ignorancia ou anergia.

A infec¢do por L.(L.) chagasi tem efeitos inibitérios, mais acentuados em mondcitos
que macrofagos humanos. Em mondcitos infectados hd diminuicdo na expressdo de
CDI1b e da adesdo ao plastico e a fibronectina. Sendo o mondcito a célula mais
precocemente infectada, esses efeitos podem ser relevantes para a disseminacio inicial

do parasita.

Na fase inicial da infec¢do, um nimero minimo de parasitas por célula apresentadora
de antigeno, associado a alteracdes minimas nessas células, € a um baixo nimero de
células infectadas, dificultaria a geragdo de clones de célula T reativos a antigenos do
parasita. Isto ajudaria a explicar, nas fases mais iniciais da infeccdo, a auséncia da
resposta imune adaptativa, € o crescimento irrestrito do parasita no interior de

mondcitos e macréfagos.
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4. As informagdes existentes em relagdo a infec¢do natural pedem um ajuste de algumas
varidveis dos sistemas in vitro, principalmente no que se refere ao niimero de parasitas
do in6culo, e aos componentes celulares do sistema. Isto é particularmente relevante
para sistemas in vitro que procuram simular a geragdo da resposta imune adaptativa. O
sistema mais proximo da infec¢do natural seria o indculo infectivo em sangue total,
procurando-se atingir uma densidade parasitdria inicial em torno de 0,03-0,1 parasita

por célula apresentadora de antigeno.
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Summary

Destructive human mucocutaneous leishmaniasis may appear many years
after the primary cutaneous infection with Leishmania (Viannia) braziliensis.
Hamsters (Mesocricetus auratus) were infected with metacyclic L. braziliensis
promastigotes. It was found that secondary metastatic visceral lesions could
arise from a primary cutaneous lesion, or secondary cutaneous lesions from
a primary visceral lesion. Parasites in the viscera were shown to be viable,
multiplying and capable of metastasis to either secondary visceral or cutaneous
sites. The finding of an early metastasis in the wall of a small cutaneous vessel
indicates that dissemination can occur by the haematogenous route. Slow
growing organisms in viscera may thus be a source for late metastasis to
mucocutaneous sites or for systemic relapse after immunosuppression.

© 1996 W.B. Saunders Company Limited

Leishmania (Viannia) braziliensis, the agent of cutaneous leishmaniasis, causes
destructive mucosal disease in man, usually years after the primary cutaneous
lesions. It has been suggested that early haematogenous dissemination of
parasites to sites where they lie dormant for years might explain the origin of
metastases to the mucosae (Costa et al., 1986). In support of this hypothesis
there have been reports of disseminated cutaneous disease in man (Costa et
al., 1986) and parasites have been demonstrated in healthy mucosal sites, in
lymph nodes (Moraes et al.,, 1993), in deep visceral sites (Souza et al., 1989)
and in circulating blood cells (Martinez ¢t al., 1992). Some of these observations
were, however, sporadic and could not be confirmed by others (Silveira et al.,
1989).

The experimental disease due to L. braziliensis in hamsters (Mesocricetus
auratus) has controversial aspects that parallel those found in the human
disease. Thus, metastatic spread has been reported occasionally in hamsters
(Kahl et al., 1991); spread from primary cutaneous lesions to the viscera has
been described by some authors (Peterson et al., 1988) but not by others (Rey
et al., 1990); while some authors succeeded in producing disseminated disease
after immunosuppression (Wilson and Lollini, 1980), with the demonstration
of parasitized circulating blood cells. The inconsistent results in the hamster
model may in part be due to the fact that only recently has a reliable system
become available for culturing the infective (metacyclic) promastigote form of
L. braziliensis in vitro (Almeida et al., 1993).

0021-9975/96/070311 + 06 $12.00/0 © 1996 W.B. Saunders Company Limited
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It is not clear whether parasites found in visceral sites in hamsters are shed
continuously from cutaneous lesions, and are perhaps non-viable; or whether
they are sequestered and multiplying in sifu, with the capacity for further

metastatic spread to form new visceral or cutaneous lesions. This report
assesses the capacity of L. braziliensis to spread and describes some histo-

pathological aspects of secondary lesions in hamsters. The WHO reference
strain L. braziliensis MHOM/BR/83/LTB300 was used throughout.

In a first experiment, metacyclic promastigotes (500), obtained as described
by Almeida et al. (1993), were injected into the left hind paw of 20 adult male
hamsters. Three months later the animals were killed and aspirates from the
liver were cultured on Difco USAMRU blood agar (Walton et al., 1977).
Smears from both liver and spleen were stained by Giemsa’s method; tissue
samples from the draining lymph nodes, liver and spleen were fixed in neutral
10% formalin and sections were stained with haematoxylin and eosin (HE).
For the liver, 75% (15/20) of cultures, 25% (5/20) of Giemsa-stained smears,
and 20% (4/20) of histopathological sections gave positive results. For the
spleen, amastigotes were seen in 65% (13/20) of the smears and in 60% (12/
20) of the sections. Of the draining lymph-node sections, 89% (16/ 18) contained
demonstrable amastigotes.

In a second experiment, four adult male hamsters and one female were
anaesthetized and inoculated in the spleen with 10* metacyclic promastigotes.
The animals were examined weekly for cutaneous lesions. Aspirates from
metastatic lesions were cultured on blood-agar. After 3 months, three hamsters
were killed and aspirates from liver and spleen were cultured; in two of these
three animals the number of parasites in the spleen was quantified by the
agar-plating technique (Hill, 1983). The two remaining animals died before the
third month of infection, but tissue samples were examined histopathologically.
Three of the five hamsters inoculated in the spleen developed metastatic
cutaneous lesions in the paws and cultures from these secondary sites gave
positive results. All cultures of spleen and liver aspirates gave positive results.
Of the two animals examined quantitatively, one (with no cutaneous lesions)
had 2-4 x 10’ amastigotes in the spleen, and the other (with cutaneous meta-
stasis) 56 x 107, The three animals that developed metastatic cutaneous lesions
also had lesions in the liver and lymph nodes. The two remaining animals
had lesions in the liver and spleen and one also had lymph node lesions.

The microscopical findings in spleen, liver and lymph nodes were similar
in both experiments. Histiocytic aggregates surrounded by plasma cells, a
moderate number of reactive lymphocytes and a few eosinophils were found
in the spleen and lymph nodes. In the lymph nodes the aggregates were found
in the cortex and medulla, without accompanying follicular hyperplasia. In
the spleen and lymph nodes, the histiocytic aggregates were less cohesive than
in the liver and they were found chiefly in the red pulp. The randomly
distributed hepatic lesions were slight, with small and compact histiocytic
aggregates surrounded by plasma cells and rare eosinophils (Fig. 1A). The
cutaneous metastic lesions (Fig. 1B) showed numerous polymorphonuclear
cells, many with fragmentation, and numerous dispersed and richly parasitized
macrophages. In one animal an early metastatic cutaneous lesion was found
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In a first experiment, metacyclic promastigotes (500), obtained as described
by Almeida et al. (1993), were injected into the left hind paw of 20 adult male
hamsters. Three months later the animals were killed and aspirates from the
liver were cultured on Difco USAMRU blood agar (Walton et al., 1977).
Smears from both liver and spleen were stained by Giemsa’s method; tissue
samples from the draining lymph nodes, liver and spleen were fixed in neutral
10% formalin and sections were stained with haematoxylin and eosin (HE).
For the liver, 75% (15/20) of cultures, 25% (5/20) of Giemsa-stained smears,
and 20% (4/20) of histopathological sections gave positive results. For the
spleen, amastigotes were seen in 65% (13/20) of the smears and in 60% (12/
20) of the sections. Of the draining lymph-node sections, 89% (16/ 18) contained
demonstrable amastigotes.

In a second experiment, four adult male hamsters and one female were
anaesthetized and inoculated in the spleen with 10* metacyclic promastigotes.
The animals were examined weekly for cutaneous lesions. Aspirates from
metastatic lesions were cultured on blood-agar. After 3 months, three hamsters
were killed and aspirates from liver and spleen were cultured; in two of these
three animals the number of parasites in the spleen was quantified by the
agar-plating technique (Hill, 1983). The two remaining animals died before the
third month of infection, but tissue samples were examined histopathologically.
Three of the five hamsters inoculated in the spleen developed metastatic
cutaneous lesions in the paws and cultures from these secondary sites gave
positive results. All cultures of spleen and liver aspirates gave positive results.
Of the two animals examined quantitatively, one (with no cutaneous lesions)
had 2-4 x 10’ amastigotes in the spleen, and the other (with cutaneous meta-
stasis) 56 x 107, The three animals that developed metastatic cutaneous lesions
also had lesions in the liver and lymph nodes. The two remaining animals
had lesions in the liver and spleen and one also had lymph node lesions.

The microscopical findings in spleen, liver and lymph nodes were similar
in both experiments. Histiocytic aggregates surrounded by plasma cells, a
moderate number of reactive lymphocytes and a few eosinophils were found
in the spleen and lymph nodes. In the lymph nodes the aggregates were found
in the cortex and medulla, without accompanying follicular hyperplasia. In
the spleen and lymph nodes, the histiocytic aggregates were less cohesive than
in the liver and they were found chiefly in the red pulp. The randomly
distributed hepatic lesions were slight, with small and compact histiocytic
aggregates surrounded by plasma cells and rare eosinophils (Fig. 1A). The
cutaneous metastic lesions (Fig. 1B) showed numerous polymorphonuclear
cells, many with fragmentation, and numerous dispersed and richly parasitized
macrophages. In one animal an early metastatic cutaneous lesion was found
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The availability of our in-vitro system for producing metacyclic pro-
mastigotes with the LBT300 strain (Almeida et al., 1993) made possible this
simple re-evaluation of the dissemination of L. braziliensis. The study confirmed
that L. braziliensis could produce a secondary metastatic visceral lesion from
a primary cutaneous lesion, and a secondary cutaneous lesion from a primary
visceral lesion. The parasites in the viscera were viable, multiplying and
capable of metastasis to secondary visceral and cutaneous sites. Metastatic
visceral lesions were found irrespective of whether the primary site of in-
oculation was visceral or cutaneous (Schnur, 1976). Hill (1988) reported that
Leishmania amazonensis amastigotes accumulated in the viscera as a result of

being shed from primary cutaneous lesions; in our study, increase of L. .

braziliensis amastigotes in the viscera was explicable only by multiplication in
situ. As far as we are aware, agents of New World cutaneous leishmaniasis
have been isolated from deep visceral sites on only two occasions, L. braziliensis
by Souza et al. (1989) and L. amazonensis by Barral et al. (1986), but lymph-
adenopathy due to L. braziliensis (and Leishmania tropica) has been reported in
the absence of cutaneous lesions (Moraes et al., 1993). The histopathological
features of lymphadenitis in’ man, irrespective of the infecting Leishmania
species, resembles that in hamsters, and is reminiscent of lymphadenitis due
to Toxoplasma gondii, except that central necrosis of histiocytic aggregates is
seen only in man; this might explain, at least in part, the more efficient
elimination of organisms from man than from the hamster (Moraes ef al.
1993). Growth of L. braziliensis 1s more abundant at cutaneous sites than at
visceral sites and this may reflect the differential growth rates of viscerotropic
and dermotropic Leishmania at temperatures above 34°C. However, tissue-
specific aspects of host defence, such as the production of more granulomata
in the liver than in the skin and the stronger tuberculoid reaction in draining
lymph nodes than in skin (Ridley and Ridley, 1984), may play a role; such
tissue-specific reactions are apparent in schistosomiasis (Hirata et al., 1993).
The scarcity of reports of “visceralization” of L. braziliensis may be due to the
few attempts that have been made to isolate organisms from viscera and the
difficulties associated with culture.

Dominant or quiescent forms are known in a variety of bacterial, fungal
and protozoal infections, associated with a poor response to chemotherapy
and a tendency to produce relapse. There is evidence that residual Leishmania
infections can occur in healthy human nasal mucosa, in lymph nodes in the
absence of an associated cutaneous lesion, in scar tissue, and in the mouse
model (Aebischer e al., 1993; Moraes et al., 1993). By the polymerase chain
reaction, L. braziliensis has even been detected in the blood of patients
considered to have been cured, or in the blood of persons resident in endemic
areas but never known to have suffered from leishmaniasis (Guevara et al.,
1994). In mice, hamsters and man, infections with Leishmania spp. (including
L. braziliensis), considered to be clinically cured, may relapse if the host
becomes immunosuppressed (Wilson and Lollini, 1980; Rossell et al., 1992).
Disseminated disease due to L. braziliensis has been reported in AIDS patients
(Machado et al., 1992), and visceral leishmaniasis due to Leishmania infantum is
considered an opportunistic disease in Europe (Gorgolas and Miles, 1994).
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Our findings support the hypothesis that quiescent or slow-growing or-
ganisms in deep visceral sites are a source for late metastasis to mucocutaneous
sites and for systemic relapse after immunosuppression. The discrete early
cutaneous metastasis in the wall of a small cutaneous vessel (Fig. 1C) clearly
supports the view that metastasis occurs by the haematogenous route (Martinez
et al., 1992; Bertho et al., 1994).
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