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INTRODUCTION 
Leishmaniasis is a parasitic disease of manifold forms affecting 

millions of people (1-3). The parasite, a unicellular flagellated 

promastigote, is transmitted by the bite of a female sandfly to a 

mammalian host where it infects macrophages and transforms into 

the aflagellated intracellular amastigote (1). Among the major types 

of disease present throughout the World are cutaneous leishmaniasis 

(CL), a localized self-curing form caused by Leishmania major or L. 

tropica, and visceral leishmaniasis (VL), a fatal form caused by L. 

donovani (1-3). Other less frequent, but severe and mutilating, 

clinical conditions also occur (1-3). 

VL or kala azar is characterized by irregular fevers, progressive 

hepatosplenomegaly and anergy to parasite antigen. The objectives 

of this grant were to apply modern biochemical, immunological and 

molecular biological techniques to the study of this disease, 

specifically the development of efficient, reliable methods for the 

diagnosis and survey of VL in endemic foci. 

SUMMARY 
This project focused on the development of diagnostic techniques 

for leisihmaniasis and the identification of Leishmania species 
responsible for disease. A serodiagnostic assay based on the 

recognition of specific parasite proteins, gp70 and dp72, was 

evaluated with serum from dogs and human patients. Competitive 

assays based on the inhibition of monocional antibodies or direct 
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assays based on the reaction with the proteins can be used for the 
early detection of disease and to follow the efficacy of drug 
treatment. Further biochemical studies showed that both proteins 
are found primarily in the cytoplasim and appear to contain lipid 
anchors. One protein, gp70, appears to be associated with DNA. 
Protection experiments in BALB/c mice with dp72 showed that T­

cells are responsible for the reduced liver parasite burdens and that 
antibodies to this protein have no effect on disease progression. 
Evaluation of several endemic foci in Brazil using kDNA probes for L. 
chagasi and L. braziliensis implicated Lutzonvia whitmani and Lu. 
longipalpis in the transmission of L. braziliensis. Two local rodents, 
Ratius r. alexandrinus and R. r. frugivurus were identified as 
reservoir hosts. Specific primers were developed for the 
identification of L. braziliensis and L. chagasi by the polymerase 

chain reaction (PCR). Further analysis of PCR products by schizodeme 
analysis was shown to be useful for geographic analysis of 
individual strains. 

RESULTS 
A. SERODIAGNOSIS (Israel) 

Work was carried out on the development of a serodiagnostic 
assay for canine visceral leishmaniasis. This assay is based on the 
reaction of serum with two proteins purified by affinity 
chromatography from L. donovani, gp70-2 and dp72 (4). 
Preliminary studies have shown that they are useful for the 
diagnosis of human visceral leishmaniasis (5). 

Our studies showed that infected dogs produce antibodies to these 
proteins. Dog sera from Spain and Brazil were examined by 
immunofluoresence (IFA), direct and competitive enzyme-linked 
immunosorbent assay (ELISA). Results presented in table I show 

that the competitive ELISA (C-ELISA) using monoclonal antibodies 
(mAbs) to both proteins correctly identified 94.9% of the IFA 
positive dogs assayed, as compared to 87.2% identified by a direct 
ELISA on crude parasite antigen. 

Fifteen negative sera from dogs were examined (Table 2). No false 

positives were obtained using the direct ELISA and 2/15 samples 
were incorrectly identified by the C-ELISA. These results show that 

antibodies to the proteins gp70 and dp72 are present in the serum 
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of animals with canine visceral leishmaniasis and that the C-ELISA 

can be used to determine the prevalence of VL in endemic foci. 
A direct ELISA for canine visceral leishmaniasis on the pure 

proteins was established. The direct assay is easier and faster to use 

than the C-ELISA. Serum from 50 dogs in southern France was 

obtained and screened by ELISA on the pure proteins. Healthy dogs, 
and dogs with VL, B. canis or E. canis were tested. Using absorbance 

(405nm)=0.500 as the positive/negative cutoff, no false positives 
and 4/20 false negatives were found with dp72; 1/30 false positives 

and 3/20 false negatives were found with gp70 (figure 1). These 
results demonstrate the usefulness of a direct ELISA on pure 

parasite proteins for serodiagnosis. 

Western tlotting on pure proteins can be carried out at high serum 

concentrations, 1/20 dilution. At these dilution's serodiagnostic 

assays which utilize crude parasite antigens encounter problems due 
to nonspecific crossreactions with serum from other diseases. 

Western blotting on pure L. donovani antigens should allow the 

early detection of VL when antibody titers to crude antigen are low. 

Results using dp72 as antigen are shown in figure 2 for serum from 

L. donovani, B. canis, E. canis infected dogs and dogs without disease. 

The reaction with dp72 is very strong when sera from dogs with VL 

is examined. No reaction is visible with serum from the negative 
dogs or dogs infected with B. canis, and only a very weak reaction is 

visible with one E. canis infected dog. These same sera were 

examined by ELISA on crude and pure antigens at 1/1000 and 

1/100 dilution's, respectively. 
Kinetic studies using serum from dogs infected with either L. 

donovani amastigotes or promastigotes were carried out. These 

serum were examined for antibodies to both dp72 and gp70 at 
different times post-infection. Serum antibodies to the pure proteins 
were measured by western blotting at 1/20 and 1/100 serum 

dilution, respectively. The results are shown in figures 3 and 4. 

Antibodies to dp72 can be detected as early as 0.5 months after 

infection with amastigotes and as early as 2.5 months after infection 
with promastigotes. By 2.5 and 3.5 months all of the amastigote and 

promastigote infected dogs, respectively, show antibodies to dp72. A 

similar kinetics is observed when gp70 is used (figure 4). These 

results suggest that western blot analysis on pure antigens might be 

useful for the early dianosis of canine VL. 
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The rate of disappearance of serum antibodies to gp70 and dp72 
in three Israeli children diagnosed and treated for VL was 
determined. It is frequently difficult to evaluate the success of drug 
therapy for VL without resorting to spleen or bone marrow tissue 
aspirates. Anti-parasite antibodies in VL patients generally remain 
positive for more than 6 months and are not useful indicators of 
successful treatment. A rapid loss of anti-gp70 or dp72 antibodies in 
patient serum following chemotherapy would be extremely helpful 
in evaluating the success of therapy. The serum antibody titers on 
crude L. donovani antigen of the patients following chemotherapy 
were measured by direct ELISA. Five months post-treatment the 
anti-parasite antibody levels (at 1/1000 dilution) have almost 
dropped to a normal positive to negative control absorbance ration 
(P/N ratio) < 3. The P/N ratios are 5.8 and 6.0 for the two patients, 
respectively (figure 5). 

Reactions on the pure proteins by western blotting (1/100 serum 
dilution) parallel the direct ELISA and steadily decrease over time 
following chemotherapy (figure 6). The first two bleeds from patient 
I strongly reacted with gp70. By the third bleed (1 month post­
treatment) a decrease in intensity is observed which steadily 
decreases and is essentially gone I to 1.5 months earlier than the 
direct ELISA. With dp72 serum antibody levels remain high for 2 
months following drug treatment and then decline rapidly, 
disappearing by 22/9. Similar results are seen with patient 2. These 
results suggest that a ELISA on pure proteins may be useful for 
determining the effectiveness of chemotherapy. 

B. BIOCHEMISTRY OF DIAGNOSTIC PROTEINS (Israel) 
Both dp72 and gp70 show molecular weight (Mr) micro 

heterogeneity between isolates of L. donovani. Other leishmanial 
antigens, such as lipophosphoglycan, also show Mr variation during 
growth in culture. However, no change in the reaction pattern of 
mAbs D2 (anti-gp70) or D13 (anti-dp72) to the pure proteins was 
observed throughout the growth of promastigotes in vitro 
(logarithmic to stationary phases) or following heat-shock (28 to 
370C, data not shown). 

Polyclonal antibodies to dp72 and gp70 were used for immune 
localization by transmission electron microscopy on promastigotes of 
L. donovani. Promastigotes were fixed in 2% glutaraldehyde and 
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embedded in LRgold. The two polyclonal antibodies were affinity 
purified from western blots of the pure proteins and were used for 
localization on thin sections. Experiments show that dp72 is 
associated primarily with internal membrane structures and the 
nuclear membrane. Gp70 is associated both with internal structures 
and the flagella, but both proteins are found in small amounts on the 
cell surface membrane (figure 7 a-c). 

Lectin binding experiments showed that gp70 is glycosylated. 
However, no evidence for N- or 0-glycosylation of dp72 was found. 
Neither tunicamycin, N-glycanase or 0-glycanase affected the 
migration of metabolically labeled dp72 on polyacrylarnide gels 
(data not shown). Treatment of pure dp72 with N-glycanase, 0­
glycanase, phosphodiesterase I or alkaline phosphatase in the 
presence of proteolytic inhibitors had no affected on the Mr of dp72 
or the binding of mAb and polyclonal antibodies to the protein. 
Similar experiments with gp70 showed that treatment with 
phosphodiesterase I destroyed the epitope recognized by the mAb 
in western blots. Phosphodiesterase I cleaves diphosphate ester 
linkages in DNA, RNA and in mono- or poly(ADP)ribose. Treatment 
of gp70 with DNAse I lead to a loss in mAb binding while RNAse 
treatment had no affect on recognition by the mAb. Treatment with 
N-chlorosuccinimide (NCS), trypsin or SV8 protease also results in 
the loss of mAb binding to the pure protein (data not shown). These 
results indicate that gp70 exists as a protein - DNA complex. 

The technique of phase partition in the detergent TX-i14 has been 
used to study membrane proteins of Leishnania and other parasites. 
Preliminary dot blot experiments with TX-114 suggested that both 
gp70 and dp72 are anchored to the membrane by a lipid tail. 
Cleavage of the lipid anchor by phospholipase C (PLC) affects the 
phase into which the protein partitions. An inhibitor of PLC, ZnCl2, 
was included in some of the samples. Samples were analyzed by 
SDS-PAGE and western blotting using mAbs specific for each protein 
(figure 8). 

The inclusion of ZnCl2 in the detergent lysis buffer drastically 
reduces the solubilization of dp72 (Panel A, Tot), as has been 
reported with other antigens. The solubilization buffers also contain 
a cocktail of proteoiytic enzyme inhibitors. Interestingly, the small 
amount of dp72 which is solubilized partitions exclusively into the 
detergent phase (Det, +). No reactive antigen i, present in the 
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aqueous phase under these conditions (Aq, +). In the absence of Zn 
(-) most of the dp72 is found in ,he aqueous phase (Aq, -), though a 
small amount of reactive antigen of similar Mr 'partitions into the 
detergent phase (Det, -). The Mr of the reactive antigen, solubilized 
in the presence of Zn, is greater than that found in the absence of Zn 
and the Mr micro-heterogeneity is also reduced. 

The same samples were also analyzed for reactions with mAbs to 
gp70 (Panel B). The results were even more striking. In the absence 
of Zn (-) all of the gp70 partitions into the aqueous phase (Aq, -) and 
in the presence of the PLC inhibitor all of the protein partitions into 
the detergent phase (Det, +). Addition of Zn appears to have little 
affect on the efficiency of solubilzation of gp70 (Tot), however the 
Mr of the protein in the presence of the metal ion is higher. 
Furthermore, both proteins can be labeled with myristic acid (data 
not shown). The small weight antigens, 30 kDa, apparent in western 
blots of the solubilized parasites in the presence of Z-" has been 
observed in affinity purified gp70 labeled with myristic acid or 
orthophosphate. Additional experiments are underway to 
substantiate the presence of a lipid Pnchor. 

C. IMMUNOLOGY (Israel) 
In preliminary experiments the protein dp72 protected BALB/c 

mice against a challenge by L. donovani promastigotes. Mice 
immunized with 12pg of the protein and C. parvumn as adjuvant ha]1 

an 85% reduction in parasite liver burdens (LPB). The kinetics of 
protection against L. donovani in mice immunized with dp72 
(6ptg/mouse) was examined. BALB/c mice are of the Lshs, H-2d 

genotype and are highly susceptible during the first 2-4 weeks of 
the disease, after which the parasite burden slowly decreases. 
Following challenge with 107 stationary-phase promastigotes, 
animals were sacrificed at 1, 20 and 108 days post-infection and the 
LPB determined microscopically from liver touch biopsies (figure 9). 
Examination of the LPB at day I showed no significant difference 
(P=0.98) between the parasite burden in the immunized mice and 
the non-immune control mice which only received adjuvant. These 
results were confirmed by limiting dilution assay. However, by day 
20 the mice receiving dp72 showed a 60% reduction in the LPB 
compared to the control mice (P<4.7xI0- 7 ). The difference was even 
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more pronounced in the mice sacrificed at 108 days, 78% lower 

(P<5xl0-6) in the immunized animals. 
The identical LPB found at day 1 in the two groups indicates that 

the protection observed in the immunized mice at later times is not 
a result of differences in the percentage of promastigotes surviving 
immediately following injection. This implies that antibody mediated 

killing does not play any role in the protection observed, even 

though high titers of anti-dp72 (>1/1000) are present in the 
immunized mice. Indeed the passive transfer of hyper-immune sera 

to naive mice did not impart any protection when compared to non­

treated naive mice (data not shown). 
The lympho-proliferative response (LPR) was measured in mice 

immunized with dp72. C. parvum was used as adjuvant for only the 

first boost. These mice also received 107 irradiated L. donovani 
promastigotes as a final boost. Results of one typical experiment are 

shown in figure 10. A strong proliferative response (SI=46.2) to 
dp72 was found, peaking at 0.43pig/ml. No response to other pure 

parasite antigens such as the promastigote surface protease (PSP) or 
lipophosphoglycan were observed. A very weak LPR was observed 

to gp70, SI=0.9 and a weak consistent proliferation to phosphoglycan 
was also observed (SI=12.2). Polyclonal and mAbs to dp72 show no 

reaction with the lipophosphoglycan associated protein. 

In vitro depletion experiments were carried out to identify the T­

cell subset proliferating in culture to dp72. Spleen cells from mice 

immunized with only the pure antigen were stimulated wi.th dp72 in 

the absence or presence of mAbs to the CD4 + , CD8 + or both subsets 
(figure 11). Thymidine uptake showed that antibody to the CD4 + T­

cell subset eliminated proliferation in vitro to dp72, as did a mixture 

of anti-CD4 and -CD8 antibodies. Antibody to the CD8 + T-cell subset 

did not inhibit proliferation. 

Adoptive transfer to naive mice of antigen specific T-cell blasts 

was carried out. The blasts were purified on Percoll gradi(-nts after 5 
days in culture with dp72 and expanded for an additional 3 days 

with IL-2. Twenty-four hours following transfer of the celts to the 
mice, the animals were challenged with 107 L. donovani 
promastigotes and sacrificed after an additional 18 days. Mice 

receiving the T-cell blasts showed a 57% reduction in their LPB 

compared to the control animals (figure 12). 
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In order to confirm the importance of T-cell mediated responses to 

dp72 in protection against VL, we examined the effect of in vivo 

depletion of CD4+ and CD8 + T-cells, and neutralization of y-IFN on 

protection in vaccinated mice (figure 13). Immunized mice were 
treated with antibodies against the T-cells or -y-IFN pre- and post­

challenge. Control immunized mice received injections of either IgG 

or PBS. Mice not immunized with dp72 were included as controls. 

Immunized mice treated with either IgG or PBS showed significantly 

lower LPB than non-immunized mice, 61 or 81% respectively. 

However, if mice immunized with dp72 were injected with 
antibodies to either the CD4 + and/or CD8+ T-cell subsets or to 'y-IFN 

it reversed the protective effect of immunization. 

D. DETECTION OF PARASITES IN ENDEMIC FOCI (Brazil). 

Samples from vertebrate hosts and sandflies collected in different 

foci of leishmaniasis in Brazil were analyzed for Leishmania. 

Sandflies were collected at Baturite, a major focus of cutaneous 

leishmaniasis in the state of Ceara. Castro's aspirator was used to 

collect insects inside residences. Light traps mounted at 50 m from 

the houses were also used to obtain insects. The insects were 

identified by microscopy and prepared for hybridization. 

Sandflies were digested with lysis buffer (10mM Tris-HC1, pH8.O, 
10mM EDTA, 0.2% Triton X-100 and 100i.tg/ml protease K) at 50oC 

for 2 hr. The digest was applied to Genescreen Plus membranes 

using a dot-blot manifold and hybridized under stringent conditions 

with radio-labeled kDNA probes. The results are shown in table 3. 

Pobes for L. braziliensis and L. donovani were employed. 

Around 5% of the sandflies collected reacted with the L. 

braziliensis probe. The incidence of infection was highest in sandflies 

of the Lu. whitmani species. Surprisingly, the second most prevalent 

species which was positive for L. braziliensis was Lu. longipalpis, a 

known vector for L. chagasi in Brazil. Rehybridization of the material 

with the L. chagasi specific kDNA probe was negative for all the 

sandfly samples. 
Domestic and peridomestic rodents were captured at Aquiraz, 

another focus of cutaneous leishmaniasis and processed for detection 

of Leishmania by hybridization. Table 4 shows the results obtained 

in these studies. Material from 32/56 of the rodents analyzed 

reacted with the L. braziliensis kDNA probe. The rodents with the 

( 
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highest levels of infection, 10 and 21%, were Rattus rattus 

alexandrinus and R. r. frugivurus. Parasites were primarily found in 

the liver or skin of the infected rodent. 

E. DEVELOPMENT OF A POLYMERASE CHAIN REACTION FOR THE 
DETECTION OF L. CHAGASI AND L. BRAZILIENSIS. 

The development of a specific polymerase chain reaction (PCR) for 
the viscerotropic Leishmaniases will be based on the knowledge of 

minicircle sequences. By coupling the sensitivity of the PCR 

technique with the potential of schizodeme analysis of parasite 

subpopulations we should be able to develop an excellent procedure 

for the diagnosis and identification of L. chagasi. Total kDNA of L. 

chagasi, L. infantum and L. donovani were digested with the 

endonucleases Dra I and Pst I. The full length minicircles were 

cloned into the plasmid pBluescript. Data analysis of the sequences 
of two L. chagasi minicircles from different classes and one L. 

donovani minicircles are presented in figure 14. 

Sequence alignment revealed conserved region(s), however no 

specific sequences for this group of Leishmania were found in the 

region shown. The alignment of other regions in the minicircle 

identified a variable region (data not shown). 

Amplification of the variable region of the minicircle generates 

distinct sized products depending on the species used (figure 15). 
When hybridization of the amplified variable regions is carried out 

using a probe from the variable region of L. infantum a reaction is 
only seen with the homologous sequence from L. infantum. No 

hybridization to the amplified regions from the other species is 

observed (figure 16). 
Digestion of the PCR amplified product with the restriction enzyme 

flae III results in different patterns between the species (figure 17). 

Further analysis demonstrated that L. chagasi digests with Rsa I 
yielded reproducible profiles which could be grouped according to 

the geographical origin of the strain (figure 18). 
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TABLE #1
 
Comparison of Methods for Diagnosing Canine Visceral Leishmaniasis
 

DOGS POSITIVE BY IMMUNOFLUORESCENCE
 

Dog D-ELISA (P/N ratio) Comp-ELISA (% inhibition)
 

D2 D13
 

*unca 7.9 0 94 
6170L 6.9 62 46 
whiskey 7.0 93 77 
ens 3.7 0 79 
7683 11.3 97 94 
7788 13.5 93 100 
7500 16.6 56 92 
7685 7.8 66 82 
7701 1.0 59 86 
7686 1.0 2 1 
7709 3.2 90 90 
7684 15.1 95 98 
7687 12.9 90 91 
7691 23.1 89 100 
7498 12.4 87 100 
7794 1.0 33 4 
7692 8.8 61 100 
7702 10.4 74 94 

7799 3.5 52 90 
5740 9.9 93 92 

5744 7.0 23 84 
5817 16.2 81 88 
5815 21.1 88 92 
5784 23.1 98 96 
5733 20.3 91 92 
Serro 13.5 46 100 
7538 18.4 54 84 
7540 19.1 93 96 
7499 20.5 79 96 
7541 16.1 84 55 
7457 22.3 63 98 
7711 24.6 40 96 
7690 3.3 39 27 
5765 21.5 63 98 
7500 14.5 35 47 
7498 23.9 91 96 
7710 11.2 0 91 
7704 8.8 44 84 
7697 2.0 28 20 
D42 --- 67 87 pos. control 
.......................................................................... 

TOTAL 33 POS. 35 POS. 
ASSAYED -39 34 POSITIVE COMBINED POSITIVE 37 



TABLE #2
 
Comparison of Methods for Diagnosing Canine Visceral Leishmaniasis
 

-DOGS NEGATIVE BY IMMUNOFLUORESCENCE
 

Dog D-ELISA (P/N ratio) Comp-ELISA (% inhibition)
 
D2 D13
 

S.perro 1.0 0 0
 
4501 1.0 0 9
 
7495 1.0 0 0
 
7696 1.0 50 30
 
7682 1.0 25 2
 
7492 1.0 23 24
 
7703 1.0 6 0
 
7695 1.0 4 0
 
7501 1.0 37 27
 
7495 1.0 29 0
 
7698 1.0 0 0
 
7706 1.0 0 0
 
7708 1.0 26 20
 
7705 1.0 9 20
 
7703 1.0 11 11
 
D23 8 7 neg. control
 

TOTAL 13 NEG. 15 NEG.
 
ASSAYED -15 15 NEGATIVE COMBINED NEGATIVE 13
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F igure 2 Analysis of dp72 and gp7O-2 partitioning in TX-114 by SDS­
(TOT)

PAGE and western blotting. Promastigotes (LV9) were solubilized with TX-114 
(+) or (-) ZnCl 2containing proteolytic inhibitors in the presence absence of 5 mM 

removed centrifugation and the supernatant was 
Non-soluble material was by 

(Det) and aqueous (Aq) phase were separated by 
eq u ilibrated at 30C. The detergent 

to identical volumes. Following SDS­
centrifugatiorl oi sucrose gra(lients and diluted 

either
PAGE and electrophoretic transfer the nitrocellulose was analyzed lv probing 

witl Panel A, mAb D13 (dp72) or Panel B, mAb (gp- 7 0-2 ). 
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FigurelD. liroliferntive response of lymphocytes5 from dp72 imimunriiized mice 

to pure antigens. Spleen cells from n mouse immutized with 7,5 t,r d1172 

and boosted with 10 i7 rradiated promnstigotes (100 kRnds) were cult red 

with dp72, gp 
7 O­

2 , promnstigote surface protense (ii-hydioli 
t l ic and A­

ampiphillic I'SI'). lipophosphoglycinri (LPG) and phosphoglyctin (Mt). After 

four days the proliferation was detetmited by ireasurlng, I'll) - thvmildiie 

Incorporation for 18 it. Encir point represents tLiplicnte cmltirit-s SE. 

PSP was kindly provided by Drs. Bordler and Rivler from the University of 

Lausnntie. lI'G and IT were gifts from Dr. llniimn iti,W ter and FlE sln Hl l 
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Table 3- Analysis of positivity in sandflies captured in Baturite 

,State of Ceara, hybridized against the L.brqzfi~ws 5 probe. 

number 
species examined 

Lu. 0/iiiMmwm 

LUI1m/g e/ 

Lu wllCO7ce/ 

5/haonol 

Lu len/ 

LZVon2q/pis 

outFOS 

SLu. 

riot identified 

total 

The sa me -,aemple 

21 


50 


6 


1 


33 


1I 

31 


160 


number 
examined 

13.1 

31.3 

2.5 

3.8 

0.6 

20.6 

6.9 

21.2 

100 


number 
positive 
sandflies 

3 


1 


2 


2 


8
 

number 
positive/ 
species 

14.3 

2.0 

6.0 

5.9 

were rehybrlidzed agaln t .chAgsf kDNA probe.ione Ilbrydization w83 

observed uqi no this proe, supp'orti ng ard confi r mi ig the I.br8sihrnsm infection of tie positives U­



Table q- Analysis of positivity by organs in rodents captured in 
the State of Cear6, Brazil, hibridized against the L.ras//ws/ 
probe 

number of rodents number of rodents
 
organs positives positives
 

skin/liver 16 28.6 

liver 13 23.2 

skin 03 5.3 

skin/spleen 01 1.8 

23 11.1
 

total 56 100
 

37',-




ALIGNMENT OF THE CONSERVED REGION OF LEISHMANIA MINICIRCLES
 

1 ... , 50
 
LEISH AAAATTCCCAAACTTTTCTGGTCCTCTGGGTAGGGGCGTTC1GCGAAATC
 

M1CLB ..... CGTACTC.CCGA.AT.- ............................
 
MCLG ..... BDTACHC.CCGA.AT -...................... --. .AT
 
MCLAM G.CCCG .......... -,..C-, ,GTG .,G........... -.-. . ,AT
 
MCLMA CG ..A.TT ................ CG ....................... T
 
MCLAE T.. ,A. ....G.AGG.AGTAG ....C......... C.......
 
MCLC C...A................. -..TC ................. T ...-.
 
MCLD C..................... T.A ......................
 
MCLT .. A. CT ...AGTC ...A-..............C .... C.
 

100
51 

LEISH cGAAAAATGGCRTGCAGAAACCCCGTTCAAAAWICGSCCAAAAA-IcGCs
 

MCLB .......... A.A .................. A, . C...... T-..,.G
 
MCLG. . .......... A.A .................. A.CC..G..... .A.G
 
MCLAM G.C ....AT,GG ............ -...T.TTT--- ------. GG
 
MCLMA .......... -G................ G.TTT.T.G..G ..... .T..C
 
MCLAE ........ C.-A .A................ .T.G.G ....... -.-.. C
 
MCLC .......... -G........ T........... A.G.C.A....T-G..GA
 
MCLD G...... AT.GG ........ T........ TTTT.G.C..G ..... GC.-

MCLT GA T--. .A..................A.. G .... C
... .G......W 

150
101 

LEISH . ATTTTTGGGcTC-GGGGCGGAAAAcTAGGGGTTGGTGTAAAATAGGGSGG
 

MCLB ........ C...-CCC.T .C.C. .T ............... T .... T ,GC
 
MCLG T ....... C.. .-CCC.IC.C..T .............. T .... T.G.C
 
MCLAM GAA. . C. ... GG..,C ,GT ....... G.................... GC .
 
M'CLMA ......... G. .G.A.....G, . Il.....................CC..
 
MCLAE ..... C...... G .A....IC ......................... CC.,
 
MCLC .AA,---. C G................... C..
. .............. 


MCLD ......... TC.-........ G..... G.................... CC.
 
MCLT .. , . --- .T. G ......................... GT.
 

151 200
 
LEISH GGGGSTCCSGGGGTTKTGCTTTATKGGGKGAATTTGTGCGI GKWAGCCG
 

MCLB C.C.CA..CC..C.AGA.I.AG.ATT,AIAA..AG ..... C.CTT..A.
 
MlCLG C.CCA.ICC,.C,DGA.Y.AGIIABSHICG .... A.A,-..C,CTT.,AG.

MCLAM CT.C.T.G..CTGT.T .... TGA,.TC.CG.....1T.(G.AT.TAC 
HCLMA l, G..GG..AA,,AAAI-,C,C,G ... ,lGCCGGGT..I., GGICTG, 

MCLAE T. .AC.GG.AAI.CC.CGA..'T,G.,CC..GT,GGC..GA/\AGTG,.,T
 
MCLC .--.G.A.G ....A.I.IGGG...ITI .GCC.GG.C.GC.TG.GACC.T.
 
MCLD . G.GGCT... A.GG ... CCCI...C. .G..-..GC.T .AA.C.,
 
MCLT . CIC. . C.... 1ItlT ,C. BGG. AAl C. , MY. YAI .1 A. /&CGGBIIAA 

Figure -jq.Sequencing allnginent of the conserved reglons of 1.elshmania 

minicircles. Hinicircle sequences found in the Gene Ban41 and the 

sequences obtained in our laboratory were compared by the programs 

Lineup, GAP and Pileup. 

http:G..-..GC
http:TGA,.TC.CG.....1T.(G.AT
http:Il.....................CC
http:BDTACHC.CCGA.AT
http:CGTACTC.CCGA.AT


Figure 1I . The variable recqion of different Leishmania 
isolates wjas amplified as previously described. Lane 1, 
moIecu1 a r Vjej ,rila OX/ II 2, L.donovanJ, laneh t rk.er la larie 

L. iJnlf~tLm, lane 1, L. chaasi , lane 5, L. major, lane 6, 
L. Lropica, Jane 7, L. miazonensis, lane 8, L. pifanoilane 
9, L.braziliensii, lane 10, L. gLiyan)eu1sis, lane 11, L. 
tarent-olaw, lane 12, 
negative control and lane 13 OX/Hae IlT 



$ 

Figure lb. Hybridization of the amplified variable regions.
 
The same products listed in the Figure 1, were blotted and
 

hybridized against the L.infantum product. Hybridization
 

ocurred only with the homologous material, lane 2.
 

72 



i 9uir?e -11 am~pl i f i ced pro ducts o f d it f ercnW Lei shriania 
specieCs wer e di c-iecsted vii t h Hatill.I Lane 1 L -donovani ,lanle 

L. I -I., L i11iaiof I~tl. in- t Icpi ca lane 
OX'/Kiac 1 11 ; I-. L i tftCic an 7, L. rz e ss 

1,11L1e, qi.tIr2 anid lfe ', L tafL-HitA)I ae. 



Figure . Schizodeme analysis of amplif~ed variable regions 
of L.chagasi(state of Ceara, Br.),lane , ; L. chagasi (state 
of Rio de Janeiro, Br.), lane 2; L. chagasi (Tolima, 
Co]6mbia), lane 3; L. chagasi (Tolima Callejon, Col6mbia), 
lane 4. Lane 5, (X/Hae III. The PCR products were digested
 
with Rsa I.
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THE IDENTITY OF LEISHMANIA ISOLATED FROM SAND FLIES
 

AND VERTEBRATE HOSTS IN A MAJOR FOCUS OF CUTANEOUS
 
LEISHMANIASIS [N BATURITE. NORTHEASTERIN BRAZIL
 

I. A, I \"AS(. (.)NCEItS. A W VASC(ONrCELS. N. M FF. 1IL1,. R, (;. 
QUEIROZ. 	E. W SAN 'ANA. M II()ZZA. S M SAI..NAV- C VAI IN I 

R DA), o~i' t (; I.1)I'ES 

Tn" u,lUr I'bb itie lioi timI . %, h,mi ,f ~o 1'h1lr.1~(ittlg %( ,i '4' o ¢ llonltt. (1lh 

de .Sciil.e I'h1O4b , Jutm llrgi " ('te ll 7 11,'tl ,I,/mh (Iio 11,d . ho' Ja1'1, I4jIilll 

Ah.mrct. Dmring a lield InveslIg;ltboll C;IITICd dil Ill IittI.KIIC, lila,'r brol 'l U 
,

I 19)1.
san'd flies. N4ympiimlcl dodnl,lllt!'OFi:. (102 ;tiltf hLIIIMI ll eL ,.tlr'Vcvtrd ht[ ~ IIII I NN 

'" weniv sirains (I L'IAheIIIimi WC Is llL'd 11 II Vitro culture I oitlo ,,ui 'i, ciiIIurom. 
three strains were obtained holii iR/oris nrall. Iwo strImnl fromri does. ani lfv sIramltS troml 

hurnars. Tire isolate, wseeC .ICttac\ertied Is.'eniVille clcCIrI'uhoresis, hv h iridmiitiin 

with kiieiopiasI D NA-sp-ecrif All ',;inples Idenltlled Is,t prohes the were 1. ,' (,IrII,'la 

h rac-iierjIS. [hie 110po rtanCe ofitliese resulis in Ihe dvillllllCS of the Lethm ma Infectlion 
III tills fOCUS is discused. 

Tie taxonomy of tile gerus Lt'i.rishmemiInihas enCe strains were donted by Dr. Ralph Laiison 
-been extensively nodified.' [jecause IF fhe 	 Instiuio Evandro Chavas. Feleim. BMazil). 

complexirl of tile epideuiiology and ianslins­
sion of Ne' World Leishrualinlasi.,. tile correct I.iolation of tilte paraortes
 

identification of the Leii.hmont populations, tile 
phlebol onte vectors, and reservoir hosts is 1i- Tire primary isolation trom humans was made 

portant rn order to design effective i i.'a-	 h\,,t the I vitro cultivallion of samples skinill of 
sures. biopsies or aspirates of enlarged lymph nodes. 

A major focus of cutaneous teishmaniasis , Rodents were killed and samiples were taken 
,rortheasem Brazil is in BRitunte. a rural moun- from the liver, spleen. and skin. Biopsy spec­
rain area of the State of Ceara. However. iro data mens were also obtained from dogs. The sam­

tie tie 	 iihiiu rdents ii­are available oil identify oI Leishinam pies Irom anis. dog s. and were 
species present Ii tis region. Moreover. little is ,culated into blood agar rredrur with tissue 
known about the possible vector and reservoir culture imedia overlay and were examined ior 
irosts in Ibis area. severa sleclie of Lnliormv,?iai parasiles twice a week for Ioui s.'ee'," Sarriles 
have been described ir tle Batunte aea. and of the some biopsies were trituraied lin saline atil 
sympatric rodents rave ieen leported to be Ii1- mouhte inro golden iarristers wrteti available. 
fecred with Lei.hmania in tle Sute of Ceara. Female sanf flies were dissected Illnf examined. 
As a first appro-ch. we atienipied (, Isilfale flu- thse found to contain ilavellhtc., were Illacer­
gellates from the putative Leishma liveroe- rid in saline and inoculated itirt0 iamtisIers. Fur­
brate and veritbrate hosts of tie region, and then tiler isolation of parasiter Iom ilected harrsters 
identify the species of the isolates, 	 was earned out by tile Inoculation of infected 

tissue Into blood ;Igalr miredilul. 

.I AlE IALs AND SiTiHO)DS hi 1tlro (.ii 	 'tlloll 

Strains ot.' ioaites 	 The stocks were inml;lIly cultivated in blood 
agar base (Dilco. Letrit. M) culture rnediunu 

The isolates and tile D tiihmrtiio reference as described elsewhere.' ' Promastigotes were 
strains used in this study are shown in Table I. cultivated until an optimal rate of growth was 
The World Health Organization (WHO) refer-	 achieved. The parasiter were then transferred to 
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159 IDENTIFICATION 011:.1ISHIIANIA IN BIURIT'. IRAZII. 

At.\tLi- I 

Genotvpir and phenntypr idenr/if(lon ol tie Lleishranls itolhner ohtlo ordfrom veri(/'tt od tivtrrbrlte 

hos rtn tfrofilari turca of Ira:i 3,n 1r/98V to IVVI 

Ideri.h-0. 

Ilabrids :aisssn 

H 1389 
H 15(X) 
H 1505 
1115 
if 1512 
R 19407 
1 19416 

R19419 
C35 
C51 

L~u6(XI 


Lu612 

lur6 1. 
Lu63 


Lu090A 

LI3C 
Lu?27 
L735 
Lul1 15 
Lu I122 

iI, hss':hsnsI 

Ilurrlln 4 

Iluman 

tlunuilil 
IluIIUn, 

Hluranm 
RodIer 
Rodeni 

Rooeni 
[)Dg 

h Ii i 
[Phetoloillfi-

Phelbotoilne + 

Pheho omine 

Ih loolullurlllc ,. 


I'hlchotrunrc 
1'1hcoolo.r +e 
PheD innt --

PheloO mn -e 
Phel)or mici-
Phenotonitire + 

....... I/it 
€nirflmtntl 

I hi 1 SSllu.I,5Sl5DNA ., Ihc I -nt- MII It0% 4. 

ihe rVull, snm-lld Irsin Theanh,l- ,, ni.- 1n1V1 .13 {SI det-rs 
I rm IVINph5550505 

4 From -t-S/..............I 

an enriched liquid medium, Schneider's Dro-

sophila medium (Gibco. Grand Island, NY) sup-

plemented with 20% fetal bovine senrum. and tn-

cubated at 25'C. When the piotrasteolte were 

in the log phase of growth, they were harve,;eu 

by cenifugation at 1.50(0 x t for 10 min at 4°C 

and washed twice in pnospiate-hutfereo saline, 
1

p l 7.3. Tihe iial pellet was resuspended itt lysis 

huffer contaitnim, ).1 NI NaCl. (IM! NI EDT,., 

and 0.01 M Iris. p1 h.0. Ior enzyme electro-

phoresis. 

En'mne eli' r.-ophirres.i 

Electrophorests was carried out tn agarose 

gels as previously described.' Brielly. the aga-

ro:e niultiphore tank 02117 LK13, Lippsala. 
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to adhere over its entire surface. The buffers and 

stains used for the enz,,mes were as previously 

described." Tle leishinaia extracts were run in 

many separate expenments and the order of the 

extracts was itierchanged to allow sidr-by-side 

comparsons of the ,atirants All varants having 

Inobilittes simihr enowh i(,preclude consistent 

separation were scored cmnserVatively as the 

same hniad. All isolate ,.etc muihed with nine 

enzymes (Table 2) 

Kietoptst DNA (kDNA t v, ditzation assays 

Approxmately 10' promauistStes were har­

vested hv ceninfugation. washed tn SE buffer 

(0.15 M NaCI. 0.1 N1 EDTA. pl S.0), and dot­

ted ( nilon menhraiies (Gene Screen Plus; Du-

Sweden) was connected to a rehrigerator (LKB- pont. 1oston. MA). The membranes were 

ProductorAI3 I In,regule the tem1perlture. A I '. soaked in solulilin coilluillni 2 - SSC (5X SSC 

agarose gel was prepared in (te ppiopritte :10.15 NI NaCI. 1)15 M s dtiii citrate), 100 

firalmixture hicate(I to is hoiling: tguiul of Denhardt' s soliti(iM 0217r polyvinyl­buffer with the 

point. The agarose gel was spread over t1|CeeC- [lVITil itoiic, ).2%, Ficoll. 1(.02% bovine serum 

ipg/nul of de­trophoresis bond filtn IGelbond; FMC Pioprod- albumin . 50% fonniamide, and 1(0 
0 

ucts. Rocklad. ME lalhced linrizonially and left nainred salmon sperm DNA ;|t1.2'C for 2 hr. 
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160 VASe{ NCiFt.()S AND ItltIFtS 

AII.: 2 
I'ntlnes. fi teiled f i/ic ici,1 /itlgi L %,ushtanla Ifioailoi 

Glucose phosphate sornerase i.C.5 3.19 TP!Nucleosidc hydrolasc f:.C.3.2.2 2 Ni1Pltmpligilicoil,itasi V"C.2 7 5 I II(GMIGluCose-6-ph piia te d iI yiIdrogeriase '.C. I 1 I 40 (;(1'1)1tNIMlic enVii 1-C I 1.1 .it NIP6-Phosphiglucoinaic dchydrot'enae 1tC I I 1 4.1 (I'GIl IProhne dtpepiid:se I. C 3 4 1 Q PEP I)Nialale dell 'drogenase I- C I I 1 3? "iDItIsocttrate dehydroienase l, C I I 4 1 '1011 

Approximately I 10i ng of ttal kl)NA o! .. :iiie'xs. since the ither kI)NA !probes did not
(Viatinti) /raziiel.li ',I-ICO)I 3/6/Iti/Nl2903 hytbidi/e with themi
 
and L. (Leti51nmaml) mi ei.i is IFI AIIli /
 
PHI8 were either radiolae.led or itsel as ciriols
 
in the hybridization experinirts In :idditimo. ; 
 Il'tI5SIN 
probe (pl- S) fr aIviserotropic sira ii of Li t Cutaneous leishmninasis is widespread in the mana was also used in the expenmercs." A D'P" New World and shows di fct ent ecologic pat­
tcal hybridization reaction cLontained I x I( t o .terns oi Sever l L es ,,ian iatralnislion h 

"'eaL'shllH
 
cpm/ml of denatured
2hr t orkDNA probe and was cat­rtedOut 42C. Te ncrobatie-~red out for 12 hr at species have heen dcscri btd as42°C. Tie nicebrare, welc aettnts ofi |ntimntie cto sftB azl"IIadn i' if w ie washed w ith . 1 x SSC . 0.5% sodium dodccyl lh.ctil s ie foranil " th dd inl , l e ', ,se ­sulfate at 65TC. -es be toutd in the sante lOCUS. geierattng 

in sOlC Calses, illixed infectiiins III hunialls 
, " hiosts 


RFMILTS 
 \Ve carned olit ;ii invest itatio iti a ni iior fo­
cu ol CLIlInCous leiliiasil in tic State ofAnalysis of the electrophoretic tnigratiotl of Ctoara. Brazil froni 199 tw ltNI. Leishrriama

nine enzvmes identified all isolates Is L. (.-, ;solaies were obtaitned Ironm humlan., sand flies.braziliensis w.hen compared with the reference dogs, and rodents. All tie isolte, .keie Ideiti­strains. Figure I shows tie envmatic electro- tied as L nste(iV) bragthjnts b t-n7% electrophr,
phoretic profiles of five isolates. selected aniong rests analysis of the niie en'ymes used in thetite strains frotm rodents, dogs. said Ilies. and study. Furhermore. this result was cnnltilled by
humans. which were identified in tills stud,' The 5rtindization "v'itt stwclic l[)INA mooes. Theproffie o our Cn7Viles. It1l1C Ctn7.tlie. ,-phlos- total ,)NA of L 0' rtiwitm.ir ttbridi'ed
phouluconatc delvdlgetnase. malatc tehtydi o- with tite puritted kDN..\ of L- i Ho,.L. cnetst... . 
genase, and glucose phosphate isomerase. could the realever. identity ol tile iotltes could be
clearly discrnttlnale the 
 reference strains he.e deItionStraled through the (it tile Cloied ith­
results were conifiried by the DNA h'vhndzlta- iCiicle cquence pJLIS as a piute 
 ills chne.tion method, as demonlstrated in Figule 2. When which oritnated fron a nuicircle of an L(L)

used as a probe, the total kDNA of L (V. I bra-
 chae.i reterence strain, reacts tlel\ with vis­zilhersis recogized all tile isolates 
 Is Well as the cerotropic leishmantas " Figue 2A clearlytotal kDNA if L (L) c/laan (Figure 2At. The sihiws tile bitding of this prohe (Ilvlt tile

L (L.) amazonien.t.t kDNA probe did inot react kDNA of 
 L tL. Cifat.itmi I hcaiiatiltI: thal all tilt'with any of tile Isolates, but it f.'bridized with IlIatirte satpler belongV to tile It illtiii complex.
the total kDNA of L. (L. i chtt, .as sliriwt tn The enit electrophotests itelhid is coininlot-
Figure 213. However. the specific ituircircle 1v itsed in tile ioctetlnucal iientllicatiot ofclone pJLI8 bounld ntiquelv to L (L.i c/hn'a.i Lx'.thtmunt species antid is the tietfii d reconi­
(Figure 2CI. We concluded from tIese results itiended by vIWHO.' The application ol the DNAthat the isolates front Baturte were L (V.) hra- Ithbruhdzatton technique ill tie detectitn and typ-
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Pure Protein from Leishmania donovani Protects 
Mice against Both Cutaneous and Visceral
 
Leishmaniasis'
 

Nurit Rachanrin and Charles L. Jaffe" 
The Department of Me rane Research aid [IlnO)hy ,ic acA f I itir Cene1 for Mo)lecular [ti hlng. 01 lr ticat Diseases, 
Weiznann IisIiini.nh Of SC+ince, [ehr0vol 7(10(1, 5s1(. 

ABSTRACT. ,'\ protein l)eii h( llitt( itrJ, iifro l ,j1 iii(jo 11 lsthiriles, (l1)72 shas I n I' Si 1) ,mi lly protect BALH(:
mice against a challhnge by this paras i, IItriir,,iitiI (i( t IIiete(I( Iv with 10, 1. (Itlli ,1m i/) ll iiii ole s Showed 
a 0, 60, and 7tV- rru, cuIr li liver JrrI.,Ii Iitrilh i ) (iMIlIed, hiI Coi ihti il . l illt(e 1 (,,i lnu., poml examinecdaIlet challenge, 1, 20, and 108 day,,;, reslr tve-v, \.\.: tern runontroiit rdl' 
 siil t lie,it firom Tlhe imr1ulemice, which reacled sp ecificallV 1ih172 in's . of L. (mi)I)m( , cioss-ici ted with tiio, major band in totalhomogenales of Lvis/hfi~w1i11i nliawi a i,- I etlnmonlas colosn1,h. Lvnii hocyte pioltferat ion to cimde and pine parasiteAg was also e.\,anined in mice imrnoiiized with (I7 SI OI d5 fouilow con ( entratiiins of crudeL. donovani Ag (0.5 g/iml), and wilh plne ()72 l'roliferatii at hiigher coneintr' ,mis tIo (toile L. major and L.co/losoma Ag was ohserv:ud Little of no reachlon 0;11in at(in(m ine 
 < 1.0) was seC. 
 wilh olher pure leishimanial

Ag, including gp-70-2. the pioinasignle swria(e pi lease., and IIpotihoslhogican. Depletion in vitro of the CDU4T cell subset from Immune spleen I.els amili ed i oliteration Io (1p72, whereas depietion CD)8 T cells enhancedproliferatloi to the pure Ag [xpertiient i \ (U showmed that Imunized iicr treated with antiibodies to' eiiher 
C[ , CDS ,both T cell subsets, or to I- N.y),.,d larger LOB (178, 173, 176, and 130,, respectively) after challenge-,vith I. donovanithan noinnnized controls Mice mmunized with dp72 blit treated wihl either PBS or0'. sIg snowed reduced LPH, 81 and W ,;;, i 'pectively (ournipai , tirei.i.w,1tn iininii..... BALB/,,m'cnifIi... 

imnunIzed With d)72 were also piolecled n,,ainst L. niarvrwhich Calns cutai nus lersiniS aniasi Immuized + 
infected 10 "with either o 1( lrornai.,ilntes did not develop lsi ii Linitin1 dilutin a.s..v. confirmed the 
prolecltrin /otirm/ ot /m munilo ;, 9i 15(: 2321. 

" 

liepitozoan parasiles Lcvinmimi c:misc a spec- associated with anci' y to parasile Ag. hvpergammaglobu. 
trum of different human diseases. The three major linemia. hepatosplenomegaly. and death (1-31forms ) t;l'?thi1.. includel 'L, 3 rrreOCntmmieos leishimrniais,, Little is known about the irnmnolog. of VL. Most stud­and VL (1-3). VL is a .,sease of higth |norbiditv normally. es have been carried ot on CL iII Imiairs, or using dce 

mr, a imodel From these stirlrhes, it is now clear that the 
C(irfe Of ('.it. Tccll dtl Ciinerr.to2 iitii 1hi 1ii li _ Iiti Ai reti, t -t ill n i 

ll'iii; discase InsusceptibleI - dlime 1,1s u minl can hcrA le iwtd i, ia m ice iuri lopec strata-
Th o l, ,+wh,,h ,w,.w,, ,.,,. ,,,, h ,.r, ' . ,, ) , ,,Irrllls II\ I i[I (- C 1 ).I ('L ,, ,, , ,.r.tit ,,,,,. ,,,.,. , , .a. , ,, ,.., .. ,, . 

ir I liI i ()l ll t]i1 vI\'i e vr de lic eI I titIf, lif I ole of s ,%veI;l I lph(llrkr 1c.,espe'cially IY ,,C(t'iii tlt, I I ,
IS , Pit, 11-1. and TNFt-r in [lieThinirtIrr)1Wanlalf a. Go,<hit-, nit- I, , I,-(hjdhood 

o (nlim of the dlrsease (4l- ). Re­fle upp l foutdow-i~It, 14, I lih.ci ) h+, ,.L h}__)[)D . tIn,,Ii.iP 
A I D C PD) Vlop ,. ti , il()l IP. -))90(0' x '" it1 ! 0 1,+L .Ial -" 
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pan'iun as ani adjris'aill per mouse C po,-iii',, a s a gill 
from Dr. F. Y. Liew \Velcoirne /Resetarch l al e',, 
Beckenham, England. Control nice received adjuvan 
alone for the first boost and PIS for the seconed lard third 
boosts. After 2 wk each moitLse was riven I weconill iot 
i.p of 1.5 pg pure dp72 without adjuxantand 2 wk later a 
third boost i.pof 1.5 pg dp 7 2 , hr a total of 0 lig protein. 
Two weeks after tire third boost all tilemice wei cial-
lenged with L. donoirot (IKhtartoun, I(" protnastigotes i.v 
prr Inorus,, or L. maort (Fredlhn), 
s..cii the righi rear footpad Piotecthiu was evalalted ii 
experiments with L. doniovrni I\killing tIre nice and cx-
aniniing liver louich biopsies filli(ocicopicall, after sa;ining 
with Diff-Quick. The number of alilastigoteS, per (I() lvel 


.,r spleeni cell nuclei were couited, e\cept foi exlpeniicis
ended after I day \Nhete atiastigote's per 120011cell nuclei 
were determinned. 

: LDLI were calculated (34) as fIllhows 1.1)1 r (nunilier 
arnasilgotevrumnit liver ticleil \:iseight ol liver illid-
ligranis. lIe specific tinleiilelxals used furin ilfecion to
killing are given inthe resultis Poicclior ag:iiinst L. irro i,
which causes CL. was evaliuaed :)\ineaslill hoipid 
thickness at weekly intervals isiil a ial inicroineltr (I._ S 

Stam !'Co.. Atihol. NIA). Tire swelling of tie infected fo(,t-

fpcid (millimeters) was compared tn 
 lie coniralateral unin-

reeled footpad. III some cases, 
 lhe rinnber of parasites in 
either tlie infected footpad (challerige with L mojor) or 
liver (chaiirec with L. doioraioui) was ineasured tw LDA 
(315). 

Depletion in vivo 

Mice imnmunized as described above were infected 5 days 
before parasite challenge. dails. with supernatanits crMrtanr-
ing tnAb (20 ig/dayirnouse) against (lie T cell surface AF. 
CD44 (GKI.5), CDS' (1135). or hoth CD4 * and CDS '. 
ilmmnunized nce were also trealed in pataliel wvith i iAb
against IFN--y (HB 17 hn) 

10'Ior I0' priiti ll(ice'; tial noruse seuinl or 51,, FCS (SCelOuillCd 

(20 ilg/thay iouse , P13S. or nrolistr'\rir ,s'sir (itanli-rulis f)iji(
lgG (25 j iinotlseI. Norri l tir rtceiver!t ed(Iillice illlrc, sit h 

.io ns co P HISA fter c hirlle ixL' I ',\%ill 10 L
prtirastiugotes, the ticc mcr, ii.ccec( cvee 
with tlre sa teantibodie 
and tire a tiasi l tores c unIr l i lt'Inh \er arid ll 
scribed above. nrAb GK1.- (I-G21). aIIti-CD)-. 

d tmanioi 

to 3.dinV-

et n aishr 
Was gort-

e rous ly p ro v ided h D r. F W.Fic h .U ni ersi y o if F -arL_:iCl i ,rChicago. IL (36). mAO 1135-17.2 (NiG2bj. nlltr-CI)X, was 
kindly provided bs Dt. NI hierres. I."N/SER -NI.RS. 
M arseilles. lr;irrce (37) iT'r ntl I N . I11.-t.1111 711 
(lgG1I. was oblaitned froint tire AIrririnc lis.irie Culture 
Collection. R0k ,1 .hI)iill Mdax', 

Lymphocyte prohifoor,-mlionlL y l i rfp h o y i e p rr at o n'I 
Mice were Itnmunized twice essenliallvi.p.. isrtesclibed 

above for the protectiron explen-re he nlv-.t
Jls. crlri'e was 

in th ;umoun of dp72 used, 5 ji aid 2 5 i for tle first 
and second Ioosts. respectle II\[lthcase ol prolileration 
wihh ple AV li nice receiv .,1 tld Ir'Oi of 10- ilrla­
diated {IM)klad) 1,rihmol,1 pionla;Iis lies.Spleen cells 
liollimlirir/ri Inl, elwi adrllit to 5 s,\ 0"/rnl In 
CTCM comnprising 2 riM I-yLt;ir c.1(1 /l penicillin, 
()I inl/nrl stleptioni*lycii,2 tiM II }lT rnltI sirdiurm 
iviuovalel.ItI iiNMronressenial ;111111to;iil. aiid 5 > 10-
NM 2-NW- in RPNII 1640. sulpinenred \%-il either 1% nor­

lot 5/08.Gerlna-
Iry). were Irillliatd 'il I'\r (71"CN withCells (100111) 
cilci 1001;iple Ag (dp72, .,p71i2.A l'.l', It-I'P,LtG. 
or 11oli0htIdhOL ycaii), oir i)sms (I !r''ami. I. mnior,(ir L. 
iollom L "The coCeric itorns (i ill \lriN '\g are given 
in Reo'.ri lhe cells were then puilrkel 1o IS Ii With I lgCi/
well nlih\vl-jlfliTdR. (NFN Re,.:i:uch l'iodiists, Ilosion, 

IAI and larvested onto class filil lters 1) mleans of a 
IriU lipe auiiolnlletil salnpI' Ildl\cII(( ";i1irl'Ile,TechIo;­
rgo. Caniriie, MA). IiJoiirii;itlri if 1'lifldR was as­
sesseil Illa bea courller 

1:u T cell (h'lili inin\lii. splteen cellk %i'' icurhatted
 
.1ul;,vs isitli dp72 ;aid strernmairts hinch II1(). cunitaining
 
eithci anli-CD)l (GKI.5. anli-tS 1135, 
 or mixture of 
anti-(CD4 and CI),) IirAb. lie percentage of the CD4' and
 
C) ' T cells remaining after Iis teaintincit xw'as deter­
rnined iii similar experintenls h\ FAC.S. The cuhures iwere
 
then pulsed for I8h1with nctv-ttIlTdR ( I IrCi/vell) and 
processed as described above. 

Statislical analysis 
One wa or two way with conrastANO\'\A tests or Slt­

dent'sf-lest \set used Iodeneriririe tire statistic significance 
Of differcnces found between parasie lads ini various ex­
pelinlenits and proups of nirce 

Resulls 

i j 

lIAlIl ic I hch arec 
i niil itpi l three tu 

I 1rp .Dp72 wa\cs iri,'l' f od 

. dmoorarid tltt'Urims 


'( IiiI "Io '' in r Ziefd 

'l'i ti ''nh \:[ard CL, 
ones l iral ilfb iinivt )rr , 

fir[ile l;rii 'm h\L')ofh aiti 
mulIre Ar' uIIir'lll h\ SI)S-

PAGE arid silver starinirip'(tieif'A i I 1 0 /,, u s . isG E a n i i (i IA C, in-ri ru was only
usied as adJcrl-alir ii Ire frs roost I (I rie/lrroirSe. This 
iilt\x'ant was successfully elipi(icd ill ciaIl protection 
Stitis aralilst /i.'ii'if i{n#in1r 1t .I . -:. 311 ( nrrtrl mice 
received till ailrloillt ,''nrr-it]ITiPBS. Tenr tolivalenl l "C 

aIf1'(lic scciru liiist, . rcis 
I'rlel sEIa,, I mL Ci' eIdllicd I/I 
alid \\eserrn bloltint, oii total AcN ) . L ## 1 tol (Fre d lin ), a n d~ L
I /')\%Ilhpuiul(i reacted sL o(Ir-,72 

.'r;1ilmr ]Iior r vas'.is. 
Iarinin-,'l h' SI)S-PAG 

l,.sa- , (rf L. doniro'Unt 
t t/ r J,l"nM ic e u­6111i1i
i \\il onc i.w.iand. 


- 70 I.;a, III lysaies o 1/. doiunuon out toi hilitriros of at 
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cent experiments have shown that tlie ucl titcur oif CI. 
is related to tie selective stimulation of Ile diflereint CD4' 
subsets, Thl and Th2. although CI)S 'I cells appear t) 

influence disease outComc (4). lhese subscts can be dis-

tinguished by tire different lyrirphoklires T cells belonging 

to tire Titl subset secrete IFN-v aid I112. ssIiercrs cell'M 

belonging to the Th2 subset produCC IL-4. IL-. I.n. arid 

IL-10 (7, S). Iii general. adoptiv transrt of clones be-

longing to the Thl ,s bwet result,, in protection. \litic;r, 

those belorir'11ig to (he Th2 subset cIust eL;cratruhrroln ( 

disease (4-6) 

Studies in iriciri'CClt-d ssith l ' lit' i'\ 

the prod uction o f C I1) I l-'2 ,Cs iIc ed C 1% ellC.,. Jl dite r .i 11-4. 
IL-5, arid ro cot elrtion bemsel lilt." oercsiriroi( f t hertrlhr ir of iristi p 

2,2 1 

{irice skc r glti% rion blood alct ( 30)' Ilie IsOl;rItC' cniploctd 
in thcse sturdies Cr obtald lIr011 D1 L Illcrndricks. 

Walher Reed Armv lnrsti. it mim.\\';rs~rirh,,,o. r0 

W039): Ill J. Keillils. ('ornill NtcdirlI Sc1on'!. NCs 

Yolk. NY N. dopim ,,rli.Kh;aitoi. Ir .s;S eed. l,.qiui 
I leallRCs!c,, ih Irltcrr-. St,;:f!c, \W.\ 1/ 1, 01rur1/.lia 

*ast I-{rnlhel I. DI, NI Ilunniril. lhi\ epol S.clool (ol liop­

ial NticithlC. LiIooI. IPK (I. dlu-iimll MIrrzru'rm. l\')): 

Il. I) S;ILk. Ill). Nii h.ioralrtllrIrC' of llrh:ilrt lilie.da. 

Nil)N (f. rihorl. Ftirlill), anid I) S Ni,'hach. \\ilnr:rirr 

1lIrsItetC .f Rehu Ilsael t l.1t'.,rrurlrrr/iou,.Science. or. 

1d1c101r 

\ 

Th12 subset and the scrourcie of iiec(irIo ()) Ildeed, 

recent evidence ,suecss tit boil Cl rln ('IrS ''I ellk 

are required tlot irlltrllt I 'VI- (1WI I, . ii 1(01 

lation between tile serurleselo I1-I or lelild ,hsae, 

has been slowi for htniria \L i I I 

\"accIaIuIJ 111oCL. wich s, 1t'Icei SCllalue. i tledtr 
be possible Certrin subccllau ircion,, 112- 7r. isscell 

as pure Ag (IS-20 alld avilulent paiaslte . Sr. rive been 

implicated as potential vaccine candidates Few stiilar 

studies have been carirerl out Withr VL I owevC. seCelI 

recent reports that asymtptomnatic VL. which self-cures. is 

present in at least 15% of tire populaiorin infected by Lcish-

mania dorronini sugrest that a vaccire shoull be possihl. 

for VL. (21. 22.. Siilar reports almc been trade lor cainrie 
VL (23). Early studies iti mrilal Models jittttltrtri/ witi1% 

killed parasites have dermoristrmied that reductions iul LI'B 

can be achieved (2-1-26), althouih little exumition of tire 
specific Ag or inmunologic miecliarllsirs involved ill tins 

protection has been made. Recently, we purified two pro-

teins from L. doovam, dp72 and gp70-2 (27). These pro-

reins are specificallv econized tr , setut frum patients or 

dogs with \L (27, 2S) l'ielrrriulNr C)etiltis wili 
3AL3/c irtice sh sed that iIIIIItIIIIz;itrti irh ilp2 cail%% 

reduce L1 bi SI i cOriaelcd % ith cititl ionitie (2(i) 

Tire proteim ; 7i2 i Otesetn ll bti SdieL''. till' p .ofith 

life cvclc: (Iplor'(' (lr in, ilrl:;teot;llCS eite riit l id related 
protein has been It)'1l(iied ill Other spCCICe(1iOf .I-Ctltiirliiil 

(29). In this study we furihir it'Cestistatc tie poeCtionIi ill 

BALB/c mice itimunized with dp72 acairst VL caused by 

L. donrovait. Itl addition. w c stiow (1411the pure L. dorno l 
protein can arso protect rmrice ra rilst a sCond species;. 

Lc irra i:a ii(oi., which causes CL 

Malerials arid Methods 

Para si t e s 

Protnastigotes for Ag \-crc grrown in Schineider's lior', 
phila medium conaminc 10,%FCS (Biolrb. Jerusalem. ut 

769) plus antibiotics (streptonr\cm, 0.1 Ingimlh pericillhi 

10(1 U/l l). St;rtion;ary ph;am parasies used to cha;lClUC 

(rude pmp siitA!i Weirr lflots. FIlS.\. orVr Ilvinplrtc.vt, 

pirlritioir sceC prepred ;is d&c cre (20) lie its 1. 

t)M 

l/i ,1111 pt in M, ill) Mid .;ri7' .2(. lic pi n ltied b ;il­

frlilty clrortatrglaIrhr i prtviourl> repotred (271 tromt 
-rirs lo ithclitih 

IIU()IA2) l .\)INQ(,Il)Ml,/l..or/Lt2 ) iulcd iritrclial 

wisl ;rlrlvierib \VesIter W ! llld rl\cl l:alninw, itlet 

tltrtIc r.,lIte OIWHrirIiriidl r lnil W /i 

bloite 

S1)Sl A 1: (31). Thle Irvdrpllilhc ll hurr'rllrc t.1t1d (11 

l'Sl' wTIC preMaICad ;ircoldill to Releetice 32 aridi \%cie 

kindly provided to (is h\ I)rs iordiel ;lltt Ri. icr ltrt tire 

Ulrisersity of Lrusairc. I.ausrre..t, Ss tiCrl1l I I IG and 

PG \elc plepared by affilt\ chltlltogriipl., 2(10)and 

veIC gils 1r0u1r i.)t -1 }l;rthlllt. \liter arid Ll a Ihall 

histrtte of' Medical Rcsearch. Mclhoui e. A\stiilia;. 

SDS-PAGE and \'estem bluitti', 

The re:ctions of pooled irtouse Seruirt s.ci exiririrled risigrg 
total lysateS troni 1. rou'arrr urrtirbo: h . 4(i /gel. 

L oia.Lr (F~rdlt). ard L. eollo.omr t1200 rl as Ag. 

Proteins were separated otn 10% gels lb SI)S-PAGE arid 
iccrlrpholCric~lriv iraliSfeCtnCI ioI() -,5 Hili ntitolcclltiOosC 

33, AIle iltrencllhire It; I Ii it 50 mIllPS. pII 7.0. col­

lalnllln i).3o iween 20. inr11rac strips to: cath iAs %kcil 

incuItrcd ' h1at ro0il ttCpIuII ut'IMIrflh pliect Itrn11Lnirc 

in s'.- sur. ililrrel I"10) Ill I tl( 'hI I ilr ps Were 
s\ SCl cr0d %%rl(h"-{ S Julld DriuLd ( I ,rdts t1111es Iti 

1, 

T-PI3S 2'1. FECS. NCs FniCiaind NileicJi. loston, NIA). Af­

ier additinUal ss; e. with T-PIHS the bloi were (died and 

tlIII)t'tdtlOp llc h I'."i llt d Iii-I .' 1 (' I ( I(W l iCi Ill 

exposed otr arlitradirotgrapliI 

Proteir rlutrrtialtro, 

NICnrbrillc anid iV'-,tc pOcin 

inend iisil niic hBrrl-.2ii pitoit 

Tl"he uit (1io uhuct 1,7 alad 

ani . tmr-l.)'e-liirl ;ssav (29) 

Ittutiriatliour and pr(tlf.cton 

cnceimmirrrltr was deter­

tCrIerr t ItRiitrind, CA). 

7,1 s\ e s tlab li she d by 

swin({,r'S 

F ,lerilt{)Al.IBc iicc l()i{ac. Ii-cstct. IK) ,were inmiu­

riiruml i p s. ih ', lie pie rll'172 arid 11)( }ie CWor'ri'hurctcirll 

http:Ilvinplrtc.vt
http:lilie.da
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FIGIJRE 1.v.'A. analvis bv S[)S.I'AGE of poe (11)72 lrotm L 

qqtio v an i . ,Tl e p ro te i n , ' a s j r i f i h\, b , a fhi r ml ch tr a t U
y n gto­

pd wa, 
(2 4 Lpne a, SDS-sample buhfer, hane h ) lithm. lt?2. I?. 
an IySms by : etern bhtluriv oftdplli,,I .i Irltrm BAL itr, 

_1. immunzed w,.llh purt (I72 Mir c( w, we irlltiiz(,d 

Iph'p.separated hv SDS-PAGE, and Ito pI lot statnod 

.o 


Wit, dp72'(6 pl total phlu'- 10(0 11-C ]',~ 1, 
a l',rI 


' -.*rno~~~ e).Contirn ill(C received adjo,',tlt i ' ilt
m 

Vt.itlt lilt i­

i carried Oul ilt l sates, ( ,f,,,,.'in(LIt. (I 1, 1i ,'ajtr' I. I 
and 1. colhosoI la (lep ), u lll 1/I Ot) dlltilti ,ti of 

"Oc'9d sera Ar a posihiv( cotroil nt\l [)1, (diltitd 1/-I) 
,Satnst 'dJ7i2 a, included. L~int' )13, rtAb D1 3, litn.e N) o 

w',i Ir()m,¢ .C~iltrult l r louu c swro. ', ,in, .li' to. c , p,(oowd 

rimmunized mice. 

leat l/l00'he mobility of this band is identic'l to dp72 

detected ir'jhe sanre Western iot with a nonoch-ial or 

po.,clonal. tntibod' specific to this Ag (Fig. Il and data not 

shbo'n). Bec'ause the roAb to dp72 (DI3) was previously 

found to cross-react with a lower mw., protein it several 
other species of Li.lhmania (29), we exaiinined time reaction 

fithe.antidp72 mouse sera on Ivsates of other Kitneto-

p strdia:..The pooled Hinausc se ra reacted with oine ima.o 

froim L.band'r~ff... around-,,I,. 60 or 1O0 kDa iin l'sates prepared., "
 

major or Lepfimolt.i respectively (Fig. I Mi 
.ISome additional w.'eal: bands, niss. < 45 kDa. were aiso 

seen with all the lVsatcs I (7,,l'.'tl but these appeaa' 

ixmto be nonspecilm- Icic'mOs :lldSart'"i S \istI tjlS Melt 

6M1 .....,...,
 
c, in" " 

o 0. O 

A ttw. u tlllll tl f/it,,, t~li 

FIGLIR[ 2. IP i ll,,t t tit I0int', \1, It'"htt) a 
( )7 2 . jm m n / c.d u m r I I ' . lvu ,ll t ' ,Mhti l.u 11. 1, 11111 l w[e 

itl'iw' slitte opitfromIl , It" 11 i tion 
ittzei vvth it",7? (7.!, in, t1t1alplus 11?, it! ( i tttirtttttmisa( 

I m mu rIredho, ot I ,,,,,,, h w 

in,,ororaloi) it,,wm,', !'I IIIR (I t,( ,-,.,1',, Illw ,101 'Ich­
(ioo, int(,l)lKhrlioww 

init. , 

htitt nivil St-1,,1 c'iid 1. lopitm Ai- iml for 

m ladpi 72­
tinnttiti..'d nrtice that rec'ived althirdI htilst a( I(t ir:tmtrd. 

cxlmiilcd %kL. donovaiiiprOllalstgotes Iv. 5as ith pure Ag. 

Stiong politelatiti to pure d1)72 (S. 7- -10 2 \%as oh­

served, with ilie peal, it 0.5 pg/ml ,,k I1ig. 3) \\emk re­

action with gp 7tl-2 (S.. 0.9) oi lilt ru;icttn was litind 

wi'.h tire Ag PSP ;ind tPG at concenitrnto, Imorn (. 1 to 2.0 

ti./nrl At!. Both time hydri philic and amplphiloirm If 

JPSP were caninmmed. A weak prolieration (S.!. - 12.2) was 

crIsistenti'ly observed to phsphoglycan (Fig. 3) at all Ag 

comcentratons examined (0. 1 to 2.0 lp /nil) 

Tihe T cell subsct esponsible for proliferation to pure 

mdp72 was claracere ub antibo -rmtedired depletion tn 
vitro. Lvrlphocvtes fromn rmice rnriuriii/.ed wth only dp72 

tmotai 7.5 Ipg I were Incubated in the pmesencc if dp72. with 
w,Mwilllol: anm(bodle, amallist the T celE smK t" (-11" 

normal mouse sera a I,-nm.sm, . time,, ;mmmmomm(IGK 1.5;. CPS1' 1.171 or huith 'stem.Ih',mliie uplkeIIme, t 

of L ma.ior ai Lt''ionina. I w ,vri , tilt' el shmed thin piltctit on ImmdpT - \i, umhlcd h%ont itW;aItim 

hiorder to dctec: IC;ICtlOls wih Ilkmpoolcd IOisC !ela :1mm-C[M4 aimiiboile (S(,'e inhibitimn (itlt ImIIXtilIe .f anti­

produced to the pule L. doii'ttm ptote:i No icactior \i 

seen with Mvsates of Cri'hidta irlc/mma (ditainot shown ;. 

Proliferative resons'. of !rmpho(,.ctes from 
dp72-irnmunized ftct. 

The proliferation o: spleen cell rmmCt mmmiiltimmed wi'thV 

ip72 (7.5 pg total plu C ; igw',::. : I t,w ,Ile timli [ilme 

Ag .vas assived. L inph )u'me', frim thes mmci Shtwed 

strong proliferation Im crud- tr,'':,/,hmxie , l I . . 

donovtant and L. mao (-)902 and 92(1;' Cpln. lespctcm\'ei \. 

t60.65 and 2.5 li.'lw i of Ac . hmt oniv wsas., icaciiom' r\iii' 
('-5ares prepared IromnLcpaitomm .i (13 IP it..pt . l/m 111 

,fiAt, (Fig. 2) lowever. sring prilifertlt t wss smili 

(> Addi­

tiom of anu-Cl)S antibtiodies alone corsmstenlv eniaiced 

proliferation ( 15(-, 1cotpred with rite citrotl cells (Fig 

'4) Stmil;r rcnilth obtained rat 1)4 

CI.I and ;rmiC-1)8 altibodies W(';mrmlmhmrmlio 

ssue usmnt: alnt-( or 
-CI)8 lgM mAh itm-, ( llatlIl shwimi 

VLlt'r'l,,t on ,.mmdi ,".imgmimmrr, 

HAI.\IB: itrC of iisceptiile iiit-cWi' phclnmmi'ipl;mime ir' 
L,' 2" WiVhen Cl', tlle c l with i..L,M0,,immt imI)SI IVIeS 
ti\ shtio,. imlid i xc Ili LtI over tIme mims2 to -1ss'.. ater 

tM liet parwislre hiilen rcnmilt to les-. constant 

dLpr lmthIeI LtriiCtr W;Cti I. '"v CASel: i111tC ch;1im Ulls ''r ',; i 

til e ill m ; tiilmt tIm i mIno'I. i Iic ( iiI'/l)T mmrI I COlitd 011 et'e 

http:rnriuriii/.ed
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FIGURE 3. Proliferative resp~onse of cells take() from dj)72-
immunized rmice Iopure eishmanial Al; Spleen cells froo l
BALB/c mouse immunized with (1I172 (7.5 Ig total plus 100 
pg C. par.iurn and 1(.1 iriradiated L.doifovanipfo mastil:ohcs,
100 krad), v-ere cultured 4 days witlr the folloiwin pule Ag:dpT2; goT.2: l-PSI o A-lPSlform, LPG and phosphiJoglS-
can. The prolilerative response was deternimei b ymeast ingmethyl1 31-l1dg inicorporaltion I pCiiwelh over 18 I. Ile 
mean cpm Of triplicate cultues 5"-S( shoanNliesis 

l 
 I 


dp72

FIGURE 4. 
 Effect ofT cell subst ldepletion on proliferation 
to dp72. BA LB/c ri 
plus 100 Iig C. parvuni/mouse) were killed 8 (lays after the 
final boost. Tile spleen cells were 

m ice in n nz-iildw ith dp 72 (7.5 pg total 

incub~ated for 4 days Wvill
Ag (CTCMi) or Ag plus the following antiodies, anli-CD-
(GKI.5), anti-CD8 (H35), or anti-CD-1 plus ati-C[DS.cells were pulsed with 1 CiAvell metlhyl- [HTdR ior 21 

iIe 
In

and the incorporation s-,1con tried.Ti mean cilf of Irip- lected with PBS 'lwoweeks alter the irtd h ost tilelicate cultures -_SE is sliwrca;..,n 

challenced with I0"L. dronovani stationary phase promns-
ltigoles and (the kinetics of protectton evaluated bv killing 
mice after 1,20, and 10S days. Touch biopsies were made 
from each group and tie mtean number of aiastigotes per
liver was determined. Results are presented as LDU (3t1) ill 
Figure 5. One dlay alter tile challen..e both tile tttirnulced 
and the control group had the same LPB. 22.7 anid 21.2 
LDU, Jespectrely (1,: ( 0 i Fir 5.17,rr\v'\CT \ii!21)
days after tire challenge rile Irnlized lice shoo,cd atSI-
nificantly lower L.P, 0b1 /)< 4.7 > o-). eColmliaed 
with tile contrc group (Fig 5). Ile diflercnce became even 
more proneounced by l()8days after challenge v.hee the
parasite burden '-'as 78, lnrwer ;p :5 10-" tor the 

U 

In. 

Z 

FIGURE 5. Kinetics of pr(tection aalri, I11 l1( lun e d W illhd C . B /( vm ,u i
orlt ine in in liz 2 B ,\L Tim e e Il e diJz 


Willi otal lou 100 IT!di72 (6fig t[ C. px,ru7,nl0LAst). Conh~olmice received a djuvant alione Mlice %\pre challenged i.vWith 10 7 1.(donOVni~ p)rrt1fnsl,le,,t(K'harhourm. -Ni1,20,and
 
1 08 days, the mice were killed and Oe LOU cal ulaled rorm

liver biopsies (3-1) the mean t DPU Si es.n no 6) 

ittunized group compaed \,th the cintrol trice (Fg.
Statistic analysis of the results 1v Irrl) tle two-wv y 

i 
given above) and contrast testShowed 

that there was a significani diflerence blthl etween (lie
LPB in Ihe control and inllntirr iied groups cach l1ttC ittaJ 

examined and also between tle lite coise of disease de-

Effect of anliboc-nmediated depleti on and
 
neutlralization 
 on VI in BALIA fice 

I'The' cell subsels responsibledifirrmi'oi inItce lot prolccli(n against L.immunized with d1p72 itotal 6 pg) were 

characterized by injecting inttillinized mice daily with anti­
[')4aGK 1.5)4
ant t -CID (a-t35. or a rietsste oh bth anti-


C D) i-CD a ale
arid r tc ibodics ea c int eas 

(ays before parasite challenge and coiired evcry 


e d iN ,iated 3 
2 to 3
 

days until tle experiment was terml1inlatedIlltlnized 
 an­
iinals receiving injectioins of either pite i , (25 liginlouse) 
or PBIS were included. 

Nonimtinrled control iuce. adiuvant onlv, were in­
ince
 

i.% . oonn IKla o n pro­

:lastigotes arrd killed 2(0 days later. Sierlrifica t piolectionwas observed in the ItliftttizcIll trice 1l1:i rceivCed titleC­
tion, of cither IvG or PBS (61 and 81',( reduction in tie 
lPl3, respectively) (Fig. 6) cortpared %%itih tire control ton. 
iTItimmunized mice (PBS).A significant difference (one-way 
ANOVA test at the 95 % confidence level ivh Iinof LDLI) 
irithe LPB was also found between lhp7'-iirnuni;,el tmice 
dleicied of either tie C)4',C)S: * ior hoth T cell subsets. 

the rl-12-irrfrlrmizci rTncc teid \%]lltilher llBS Or 
Ivg, (Fig. 6r. Nio Significant dilleric in ti LIP was 
founrd betweC-e ary Of1the T cell Mu''e-deI leC(i gtoups.
hrlterestinugl.,,, irlrilized iice recervirlg 1rectiors (f either 
anti-CD.l, anti-CDS or both arnri- cell subsets had greater
1I1), (17,-, 173. zric 175-r. respeciveli than tlilt control 
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*. 10 Pro's 

1W 2 

n .
Tr i,* IsI it It 

15 _15 45 55 65 15 91 

k.FIGURE 6. Pa'i\vo trarikfor (f ,otihiioriA In rrIi wbwib' 

or IFNT and their affect on viscerial lei rnaniasis ii BALI/s 

before challeii, 
.phasetJ donovani (KhartouM1riasrignres. a regime of 

tn ibo Y Inl)tinectons a be iu hl irtifnized rhine (as in Fig, 7) 

.e dav,dmce,, i v. with 11' starinnarv_ 

" 

ieceiv.d either PBS. lpG, aniil, . -CD, -CDI lho -CDl 

$por anti.J FN-. ,vibi nes. ,onmirilmwmi d m ce oil, w(v 'd IP 

,'tn~ecti0ors of f'hS. At Ilfi rCv iIteiic W l ild ai .P.p7I 

liver biit)sieS (e 
kSE (n . 61is shown. 
] LDU:Nx.,fre calcudated orn I rCao LDL_ 

hOninimulized mice injected with PI (I-1i: 6}. 
,Jn heisa meexperiment the effect of anib dies to IF I-y 

Eon thecourse of the (tlse'i.,e ili d)72- immunizcd nice was .. 
0:.15 3.5 45 55 6 5 ISt 

an­,Fxamip!d. IFN-y v, as neutralized by injections of til (I * , I .;'r 

,tibod%"-]B I 7' following the samte protocol as described 

!:aboviINeutralization of IFN-y resulted Ii aii increase in the FIGURE 7. Prolectior of BALBi/c oice immunizud wil' the 
LP-th dp72-imnrnhied (I3(7,, compared with t. donovar orotein dp72 against a challenge h L. major..mice 

Mice were iimmirnized wIlth ip72 lsee Fig . 5,. Control micegroup) (Fig 6. the effect of It-, S.C., %Vill)-the nonimmunized '; ece"v-d only adjuvanit. Mice wev(re, challenge'd,.. .. 

::neutralization was less pronounced than that seen after de-
I" ;n'. t eilher 10'1 or 1"0 , sta ionary phase I.. inwmi (Frredlin) prornas­plenioniof the CD4 or CDS* T cell subsets but was sta­
ii ,Cell T billWas t igores in the left rear foot. Tihe thickness of hoth touolpads was 
itisticat)y, significant (957 confidence level in the one-way fea sred (nilliIerers) and) the lane of irleCted to nonin-

XNOyA with In of LDUJ) vhen compared with ldp72- feeted ii tpai SE is shown W, tWt 

,imnuhized mice receiving either PBS or lgG. 

Pureidp72 from L. donot ani protects against CL /1< (;.0 1, Stu d e n t - est uin ce ) w a s alsofo r eq u a l v a f 1:11 .j ..:, . ' 

,Because both antibodies and lynphocytes from BALB/c found for tile control and inimnui/ed tirce challened with 
mnice imIMiuuMzed witil n U proltin, dp72. 1I: prioitistlrte; No lesioni wete isiblc imeither til­tile purl' L doiirin 

. 
react.to crude AL from L iiaw I: \as to see ririnTIzed lro il ) to 70 d s I IIl' paramsltc mr8,i da ss ileresircie p lotr 

.whether immunization with dp72 cin polect Mice atainst (l0' piraslicst after infection, althouli a snal) swellg 

p72 (6 pg total twere rica, the wis a 5) days n, tlre ir up re-CL. BALB/c mice itnrtunizcd with 11 ankle apprenl h 

challeej with L. mtor (Fredliti) Stationary phae pw- celvirg II)' parasites At 70 days t\no iii(rc each from the 

Mastigotes (either l( a or 1 (' per irrouse s.c. in the cit rear immunized aid control Sroups challeincid with 10 pro­

foot). C. par-um was used as adjuvant for only the first illalsteltes weic killed and tle parasite oad Ili tile itfected 

boost. The ratio of infected to noninfected footpad thick- foot examined ibs LDA (35). lnected teet qitatiied from the 
° 

ness (millimetersi was mea;med at weckiy inicrvals The contoul mice cnit;imd 21 X' 10 tunc pa0',me, than were 

rne. 1 10(' parastes/,results are shown in Fieure 7 lntnunization with tite L found it tin dp72-ninttizd 

doniovill protein a S iillif-.aii pi()troll ll ;al clii;; Watito v .1 - W turiteslit. 1,2pmc - I i ,IOri size 

lenge by L orator at cilic: dose. Statl;llc allai, ; off the' i1 thC e it iili miiiTlilll/teh IiltC. n'ull, I{}) ;iii )I(i ))arisitll 

micechalieriged with 10" prontastigrites showed a s:I il - chiadclelruves wi r;mnuiitordi for Itow thilt In i0ii ;lter cital­

icant difference bet,,een the control ait] irtinurized group, lenise withouut (CteICCt1 lesions t(iili not shownl). At 6 lrio 

.P < 0.-4 for 27 to 50 daVs and p 0 004,1 for 57 i) 70 days I linlnet of residual parasites rcrrianiit: itt hie infected< 

(two-way ANOVA with contrast). A si-niificani dillerence lootlIalds [llltlie iOIrllurlediIIIlc chr lllc0cd % I 10' aid 

EST A\/A:AI .,:.,.C .. ' 

E / . 'f,_'- :, :---2­

http:react.to
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l06 parasites "as examiined by LDA. No parasites weie irltial parasite btuden between tie irrnitrr-ied arid comrtol 
detected. trice. Mcasuliets ll' [,Iih rhee torch biopsy anrd LDA 

at I a ;fter inlection d ri n',t tcd 01hi1 tihe parasitv bil 

Discussion deis %keretIe sane for both o p.st IiLate.V I.I)A is ba ed 

Of ti11 ilrtiLeetltrla Idsrr'.,iintrall+illillltln arull .iiorlh al 
,In mice, the control oif \L carr be divided int two phases, a, prorrrasr otLs, e(Iral rrrrrrriel+ i \ 11ble arrar,;ll!ote 

innate and acquired irlrItrlity, which are under control of IIt 1ha been eSt ll Ill til Ii\i '!'. (i bothi en up', Fru 

the Lsh and 1--2 pene loci respectively 4l) thermore, tirts frndrig tirtl te MAIrI oi' iur­(I, Naive sire smria 

.. dm plies thi tiri i.ii bllt : l-BALBIc tice (Lshi, I -2d) wiren challeed wrth - rnehanirrr ri,2irrlri' itis or irdtfN 

aW show a maked icrease it parasite burden during the vasrrl, such as anlbtdy-mtdimct U 1, q%or nonspccins 

early phase of disease, reachirg peak LPI at around 2 to actiarion of tnrictoph:rgcs. (ii trot lim. a le Ill ir pro­

4 wk.Luriur tire latr clritic ihase of disea se, these mice reetron Obsr %edat IS to 2 days. Ihuh thetC;tCH InrlIli­

slowly reduce thei para',tW butens 10. 30.411 Reduction nizle mrie hlve lh ;lIrlrt illnlh e F, :lHlUti),
dp:? I 

of LPB mav be parthly dependent on the siZe of tire pat- irelrunary expwrunnts ha\e alsko sh,\ i that tire passi\e 

asite inoculut used for challenre (38 301). Itanser oi hypertintue seta to d72 hi, i ttfect ott i)I t 

Protection :gainst Ldr'mil. wihich causes VI_. i, Il Ii\C tIlce (N. Rachariri; adh ( L.. Ilic. tupubilshcd
 
thought, ike CL, t0 he Fcell tnediated. Adoptive transier olseirtiolr'
 

of innut' e spleen cells t nude IlI..Bic 01 aie C57131/i .1 In all, I "tml\ (Q1 II 55 Ihch tl,' Iulmlw' of pIoleCtr lilr 

mice imparts protection, iereas tire depletion of I cells at.lll',t 'l. weir rilliscd, l) lcrec ee tile earls 

fromr naiv. BALB/c or C57UM1(J mice blocls acqlsilr lhast of tirt tlnase (i-1t i 301 d;lv's bitrlweel tile IYPB ,I 
,of resrstance (i0, 42, -13i. "-ranslet of I cells or rnmrmre rnive ad mntlrlized C571,1.11( theew\a.oisermed. I1o\­.

."llln has no effect crr disease (2). even.neither setllll alltboit lull I cellc ellI,poiSeS to lersh-
Unlike cutaneous dlCasC caused bh 1.L IMI/m,, dilieretui lal mral Ag were observed in tiese ittttniltled trruce belore 

regulation of tte CD4 -" cell subsets, Tl I and "lh2, does challenge atu tie Ag fracwiorittlhnlrilered otltdiit 

not appear to be involved in determining geneic control or adjuvat. Tis is differertfrot esutts presented here for 
vaccine-induced rare of cure for L. dionutnti. Kaae el al. (Q) itiec i nittried with 117h? plt!s adiriant, which showed 

mouitored lytpnhokne produttin at different tnmes ater atrd ti SMg­sertirr anriboiihes adlvttphtiprmuiticratliiit tlpT2 arnd s 
challenge in naive Lslh coitenic rnice (C57/11L/10. L.slt' tii-arr pILaIteli at IS to 21 daS . Il Rase et If. (911 a 

1 2 haarttp B i0.L-Lnlit corteetrac.rrimrr nllLlti 1-112tlhrM.-IC 
,H-2 necase u te parasite la was apparelil ilv rurneuolater 

}l2 . Early ir i lection (14
curing mice (B 10.D2/n. LIs', 

itt tire disease coturse, at 50 diays. ht Iso A, fractions, 
days) all mrouse strarns produce about tire same levels of 
IFN-, IL-2, and IL-3 after Ag-specilic stilti lttonuit %,itrliof terrsp~c:;Ilwevr.ellsi 30clas notcii-ii ~ 1)epletrot experittents il vrtroi ceirtiitsttatted thrat CD-I 

"1cells specifically proliferate o 1p72. l'relininary exper­
already exhibit a marked decrease in the amotitts of these-tokrterodtciittittetits havec shrowtt that ad'optive trar,;ler of threse T cell 
cytokines. and by 50 days no cytomine pRotuclio was de­

teerd.or oithr I or0<3 1~tdiittot~ blasts rerrc:. I.PR nv 701. ill niaie BAILD/c (N. Rtr­etdeee 

NoevierieQaiis o pm
fot t f tli ir tiinwa chanurin. J. A Loins and C L. .laflc. iupuhlished results).f oun d]w it h a n yo f t h e st r in s tu d ie d it u nl ile c o m rl ¢ d o h tu t in c t s c tcv m o n s o 

of disease. The forx er estokine, ;ir caracteristrc of I hi I T cell of t bi l t a e rw .it til f 

cells. w nherealie ater mtetypical of 112 ccli 1I.-3 IFN-1%anl 1I.-2 i . Sr.Of ti it t' gi'a t el lruti I Calying rte 
produced b\ both "I cell sih,,ctS 7. S. tltciorc, he iis Iimhokre irofile ot thc li 

7 .\l-.ldlh I cells Pro­
tire alihrts ofappearance o c to kiroes ch nacterustic of IliI cell!, rather iluucliiit ot lm . - It. blef .11 L'jatl'il Vslil 

mterin to 2 Nstibser \i aititlla d and l\e tIl CC chillei1.tl \%.I .,l #IPlr iil t(than tire expansriin oi cellq bel n t M alnd 

concur-rent o\erioduCttot r f1-.IL appears tio be associaed cirtol ild reduce parasrt biurdeis both Iivitno -fuld in 'i\'o 

with susceptibility to L. dhi;t-iim in truce .1-48) Inieed. when nucc irtlm1t'etl is ith tiu72 were 

in an earlier report. we showed t irrtrtlint or of treated dtil anti- FN-s allthodis ill \1 o, tie LPt I, at das 

BAL/c mice with dp72 reduces the pca. T113(IS daysM 20 was sirntlar to that of iaive tlce 

. ; alll A]jOii lhitami'Purit trai tfCIi: . *-1 o c 

(29). This protein is present it hoth stages of Ile parasite C57IJ1(I or BALB/c rirtce alone has teen shown to con­
by o\,er 80(-,- alter clun ictree \\t I iiloai stlIoles h e L ( elk hr tlltd 

(29) arid a sierir-ucam liutl-ucu-lu ilinl k puri ire btildtrs ' 14 \es tI all:td Ill~llllir, to il ir it uurertr11 d l eclplelit, 

to 21 daysi of itntied t ci h; ltaecl iish e\,ed l dt- 1.1i . .t 1)). ist tllldlr c il l diliiaerctii1ellt o di ictiitrs that 

less of tire lershtanlr al sta!e iiself lot chalieliee (29. -1.1 heahli t ln)A.'.IIc Itit reiLtL Cs b0rh (I )-;" and C[ S* T 

(Fi . Ai. Further studies. prese te bere. on tie kinctics oh cells, aid tlhit CI cells ar lit' ire iiistll crett ti induce 

infection shos tha the iiredutiin oiserved lit tihe Irrasrrt Clie (lit l.Nudeit[ice leciilrsttnrtuls\ifll rotal splecn cells 

load at I to 21 days i nut caused by inteencer ii tWe irorri aic IJI\LIt iti-e tllu- , conoiiet iren intectIors 

http:chillei1.tl
http:C571,1.11
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,by 8 wk. Ho%%ever, mice receiving only CD4 or CD[ '-
1enriched spleen cells failed to eliminate tire par asites. The 

y.-quirenient Ior both 'I cell SuhpoIulattonS Was urther con-

?firmed by showing that in vivo depletion of either suh,.,t 

,prevented the resolution of the disease iw, naive mice (1)1. 

.	 donw-1Protection in mice immunized ,vith dpi2 aeainsr 

tVoni appears to involve both T cell subpopulations. Ehini-

' CDS,' subset in VIVOination of either the CD4 or the 

reversed the protective effect observed in ininunized mice 

and resulted in LPB equivalent to those found vheni bOlh 

,sub-ets vere dcpleted. In fact, these mice had parasite hur-

'dens higher thla th2 1t0ninllllunizill I[TS coitiol ince, al-

tthough got as great as notImIunizedTIIice (lepletell of their 

iCD4* or CDX' T cell subsets. 'File latter mice .Ioe, ll'B 

'B3S cont:od (N. Rachaniniiapproximatel, 2.5 times the 
,and C. b. Jaffc, unpublished resulrs). 

in the'Add'-,r iale\idence for the rile of CD.* cells 

;controi of L. donvani infections conies front irritno.V-
ii naive aind cured IBALRlic irice (5O).tocheniical studies 

Thz latter rice are resistant to reinfection by L dioi-aiii. 
cells areiTh ese studies showed that both CD),i and CD8 

[prominent in tie liver granulonmas duriig tile innate phase 

of disease. However, the CD4 subset declines rapidly dur-
at aring resdlution and only CD8" lymphoid cells remain 


time when the intracellular parasites 
are being destroved. 

of the Cured Mice was associatcd With a dra-:Rechallenee 
mat c -. 'rease iii CDSu T cells. 

may prinie Inmmnologic te-:mmu,:zatiori with dp7? 

inductioi of suppressorsponsesiso as to avoid the early 


cells, either inacropliages orT cells, that have been reported
;i. ap 

-tapp9.during the first few weeks after the ilfection Of e 

BALh, mice (51, 52). The rapid proliferatiin and influx 

rnto lktyvel granulomas after parasite challenge of (1p;2­

pecifit CD4' T cells that secrete IFN--, and IL-2 could 

'haneboth the protective and functional activr: oh 

IL-2 have been shown tom rcells. Indeed. IFN--- and 
- 'nhancez ie effectiveness Ofe vl tOIXic T alld NK cells and 

• . Socretiotit 


jof IFN -u1by tl,-se latter cells would colliplelenl the Jim-


"ductionofIFN-)- by the CDi stlbopihlOn uesultiitg itt
 

the hi<,her levels of IFN-y that ma\ lie iedlicd Ii tigOen 

'effecti\'e leishtnanicidai tmechanismts (55). In iddition. di­

LnduceFN-y production h\ CDS* cells (53," " 54 

effe t's 

rect contact-nuediated killinglar Oies 

vta cytotoxic CD ' T cells has heeti shownt to plai an 

important role in host defense against other parasites, such 

T oplasoa c'aiin. 7rv[pono.onla clud. antd Pla'motidiitit:n 

\,oeli (56- 5S). Recently, a role for cvlotoxic C .),' cells itt 

mimor has also hec'n te(ic lnti:tew ihost defen, ,r i anst L. 

(59. 	60). 


Cross -sp e c ki Dr o tect it i n hii llii i i , Il T Cole i ;i
itoh e il i ­
piii i itIeI.o

o1Lei'.sin r a appas
-fection with difereriL ,.'cies 

rare and has been documented in riul, ;,\feus -ases between 

*;elated species thit cause CL. i c . Lt it.%lnimo t ; ,ilt 

L. taji)-( 2 
. In the inoulseImodel severeal eY ;itllpie., o cuos-

iCL es thatspccles ploiectton have been reported hcet 
cause CL, Or hwvet L dotroV'eni anI I-,ii using either 

Ildl& Ag oi iiadialcd . I?.1ii1aSt1gotcI . . 

I)t172 i, not iclatet to tile PS!P, a nIuiiI iolALte glyco­

protein that is foiid iniall specie', o1 1 u-tbmai anid both 

stages of the piasite. l'olvclonal ainlic , to d1p72 do not 

iecogliiie PSI'l'2t) and lvntllocvtes ioin nice innonized 

with dp72 do inot proliferate to P'SP (h-Pg. 3) Ihowevet, se­

ruil antibodies and Iyntilioc.e.vs flow tnic iiiiuinized 

with dp72 do recognize a cross-reactive AL in crtide lvsales 

if L. maal (Fig,. I and 2). iiiclic:itiiig that hlilh I; aind 1 cell 
nd ..tioreplilO, iar.'shiltoi betwee.n the I Imovini 

proteins The LI..11io prooeil, (b0 kl Ia. hlia,,lie Ill.w. 

as an Ag 'rcogiizedini L. nilor lv'ie- , nA, D13 

avaint l1 72 (291). •el.inarv SIIis tlar 1113Lsl 

linti patrents %\ithSouth Arierlcan (T'1piolittaic specif­

thai piiii withreally todpi? f(2Y hese results su•gest 

the L. doniiiooi1ilel rimight iltnic iilioiilogrcl re­

spose,, ieriaPs proieclive, \vii'll l;iICi ci;illeiiei with 

,other sp-cle'. of xishomiia. Ildeed whien lAl I/c Intice, 

\%vi[eli are highly susceptible to Il 'loo, ,,elc, ilntiiriiized 

with tli? aid clillenic'd with tis paraslie. no lesiiis de­

\elpedi ill he itiiiiii7ed illice iivel Ihe counse iif this 

study, up to 6 io. The protection was allso confirnied by 

LDA. This P~PC[ represents the firSW i I I rotein 

iotli VL and CL.. Additiial studiesrlhit prolects against 
uin this poteir will help us defiieiC 11 temccli;iiss ill­

viiloed ill disease 'Iind tile apploirlae iinitillolotgic re­

spouses. required for the indiuction ol a pioiecive responise 

ill tile IoiUS' Model SVStet1, IlipelurllV We %%ill Ie ableo touextrapolate these findingvs to vcied\e~mn 
developeit fr ho­taccine 


riait disease.
 

Acknowledgments 

"'thcauihirswoitirklkatiaGrldcluihleichiiassistance 
2 

i puifyin' tile dp7 used in these ,Iitre, i.ti.heiSaiicl for help in
 

prepapinr iti, mauunicril,. ;intl tdtlt;l Sciiech1,TiiiiviinI te'l l tt s11-iitl
 
T l , l 

ji(1ll.ce Ill tdtlill '. '% i i i o1hrmwll lilg lot ihicif 31l1 cll tnrd l, l 
;Itldiratvsi'.landK itc'c rcsuhi, Stitch uiann.s ,, J.: it". 

Iia it: ct rn li ten ;nitsicv artni .r'iiI iNl 

References 

1. Pe rs. W.. !nd R Killhck-KCndic., eds IriS7 The LxiSh­
twiniaus in [tolt'\ and ,,dicinc, Vol I and 2. AcadeinrC 
Press. London. p 041 

2. lutaucl. J.. and R Mehin 1982 1.elhisnantasis tintiullV, i­
uiiitIpithloLv :aid tuinunotlraen(st In iniimiv of pa,-

S, Viti ur.e ,BiackWelltt1 inticili S. (toien and K 


Scicittitiic l'uhl . stow. E imi.l. , 201,
 

3 I L .lmidt I (_I etntdhrI ]'ii \01, , 1'•n .1il
; C ( a ,,. 
m i d 

0 1 11' liullt' lt; ' l /J - ' .I,J . t' ci,' i ' i Il t . 

I . "I t'cl,'itir. J. I' t:riclt. 1 

ccll iC ptil -niOc' Itill iu :llo h t',, . riinnl iheiittin ssith 
,: ,hille:, 	 m11 1ttLItI 19SO T 

im ()/.nu'41,1111i.1 ltni /iti ii i /,it' itj#mArkt' . 

http:ji(1ll.ce
http:Iyntilioc.e.vs


2 3 3 0 2 3 30I'R 
N( i|) fI :Ii: )I,. S 1U )3[5 U'S ,t r I M ' i ll.l fl, &J i hO) li aJ x IN G - .: l 

5. Titus, R G., C. M.rTheJs, P. L Kinise), A Shankar. L. 
 cltare,1, IeilIshidal\l ho,,, o.f'
Hall. M. McGuni, and L. Po,melli. .19'Role 
A, a,: . , UANA2.QlOfaI cells in 2 1. Jan. A.,immunity to the intracellular pathogen, li 

J M Leirntit, and I-JI )w,,leld I19S6. Seroepide­maiowl. 11hsh i hjkmct, etiva 
Suht!cr!,. la c6. Scott, I'., E. Pearce, A. W. Cliever R. L. Coffman, and A 

J .ol l i i 59 l,22 lBadai. R . I C Jouies, i .5M a,\t ,.Sher. 1989. Role of cyikirnes and I) Saiipa , S G._tCl).' T-cell subsets ii II lR ed,'A Ilina.regulation of parasite R. Tcixeiia. and ' 1) John.%onlunun,, and disease limtnumI Jr. I19No 
a. Til112"161, Ret Nee, Ac.l:l~la, ;IwiAlli, \a1lld 1iell Iri.tiii;,II,N j,,l ictl

7. Mosiann, T. k., and JIM) 
M i. qd /n.o lntd tr. l'r¢' d I''lctiR 1.CoffiniiiiIIctcro.'i,,,let 

" " 2 Il,1 J I.(Iiof cyiokille secretion patteris and lUlCtlll. ~~~ivio11 [. 1. ladollill.n i It31 lIof helper T cell. S lielli. ;llh,1dI MI(l~l 'llI)I II I l O VI tAdl, hmm/ol. 46,:111. . i c tIk iti ai ts in
tIefcnaus( %Ionica8. Mosmann, T. R.. fI. Chciwski, M. W. Bond. N1.A. Giedim, 

thaiy I(,'t o)'.1. tele( m cl 
tie [l-,v l Maite 3.elii.Ili I ia-.Ct,,Iat ' O ,'I/,,,c/)anti R. L . Coffini, I S 6 I ' e a 0ypII t eCIIe lp) 'IL ell "m u " "
 

clones. 1. D efinition acc, rd in il pia 'til t' N
o !iivItieF l hol.m a, ­aind secited lrolcn< J. Immumdl /3( 2345 c h. T .. i C l ma. 11It 51 I', ik i ;11 ll itI|tIIii,,II a/36pi,9. 1.catt'ata,,,il' liiiKavc. P. M.. A J CUi.:and J plilt, aI li ad­if Ilad, 1111 lite, . sttaill uklhi killed piolaiimce; A. .1 7,,tp .I',i ttiuh 30entiat productlilon of anwThd ,r t2-deived CI.tu,ines doe o 762determinie the Lli, el comrrtcd (it ac, lc-tmC 
of 

'll u e 25 J; :Iiec l.. . U . il .1 Jcure \l cerI KII'i vi. KitInI niumlne usr l telshlii;:lul .. 1 / . I).146, Ohteiil, ari,\X 11 (;Iqs276. l 1'j , .lN, l, ,/ iuml II1­1
11111. ml &. I10. Stein. . .1I tc.,. , Ii ulllleklut" lt1 ,Himol\It * Rut, ' I. ,lu uuuu, ' 

W,. lauriay , 
S1 ll, Itha Am.4 , .1 11,1, AMv ./t98S.ole ofl1-3t.1 li,,] I/C' ;Ind1I ll1a 1-2 *Tt. OeWI. 2, (l,il , .Uillental \, 'ceral heIlsth a 

AXA od . (2.:irez ; 1,15, IaSiInuluu'almn ofhtarmu­, llw.Immu 140 ."V,
II. Zwinenherger, K, , 

j -/ Mer \"ilth I I CK-killed p ruste, iiudticcd piOIeCClil01 alauin,G. tlarm,. C I'cudros,.;
Sandkamp. and S Nciter 19 I 

()iamua. Ht L.elmuma inlectllon A( I ibop I'llh,,l] .43.225eerUtianis oft tIe ili|n te 27 Jatle. C 1.,response Ini vlsceral lelshln;ulais: 
anl NI Zah sI N'1 ilic,. ,u:,i,01 iko Leith.evidence har predarnu- 111111110410110',r1111 l lO[H1nance of endogenois I p e i|-a1iiis ICeCi:ii,'edille Ieukiri 4 over itertcio11-"y priulic, .\'sera (Oinu

tion. (.'tn lIfinumol, himinnopqathol. 57 242. 
pilhreni wlth \iceral leshaFi;iii,;s o.1,].ho( li 'ltl.ul ul.2.7:53 

12. Howard, J. G., S. Nicklin. C. IHle, and F. Y. Luew 19S2. 28. alle. C L.. alProphylactic imlnllization ag;lilnsl cxpermiental Ieishllanla-
NI Zalis JIM5 Lsei t puified parasile

pilluleIs from l.irhavuoplu,: dimwa'i,sis. I. Protection Induced in mice filr Ie ral]it seudiag­geneically vulneratble I, ilosl% ot vsice;l Ifatal L'ishmaiia tiropica infecuin 
istinoa0 d5..1 h70,',' %i: . 11,,/2').J. l 1mmml 121) 2206 29. Jatle. C, L.. N. RNctarrititi,13. Barral-Netto NI.. S. G Reed. M. 

and R SalrseIlll 90). Charac-Sadiursky. anl G lerizamn
nenfeld. 

Son- of Io prolein, frotn tIh1/MMUI(i(M198-. Specific irlimuniza uIlll'Ou Midn of mice acainsl L "i.Ih- their e tufi vacelnillol agains: viscelal leastl,iaIsn i i/ ll! '. IC at,1o a n wZ o n en s.ll s in g solh . Jll h iliz ed prm lila sllc - I ra . 14 . 6 9 Vo res .63 .) 
0. Ja l . C. . . ( i aldi. an d 14. Howard. M aia t i . I Q614TheJ C., F Y. Liew. C. Ilate. and S Nicklil. 1984. ci hati CProphylactic illuizaltion against expenll 

lliig of Lesan om ll (au u llo Tllhnlal leishtanui- of palrile, CNI. Morel. ed IN)P/W, 1 d hidik/WNsis. 11. Further charaeleriaiion of tie 
. i, 

p llteclie iie hlunily te ru esl.p. 47. M el.against fatal Leishmoaniti tro ci/ i fee ti o induced bv irr .dialed prornastipot e. J. I1lIiila, . 132"450, 
15. Scott. P., 

31. Lien11 li. 1. K 1171) Clea'age of st ,I:110 id lPrO ills (lurlE. Pearce. P Naliovitz. and A. Sh1r ItS7 \'kci. 6ic0.1t:;ucetle :,..se l the tiead ,;t 14 ,\,ae 227.natlion agailltlcish iniamai Ilt a 1111rlnt niidel. 1. Indliol:ll(of orolectiie 

Otes. 

inin iii ' i'', ; oliilh .iraci (f lirlitlastip. 32 llouvieh. J.. J iwes. ant ( It,, , Ib5I b'illIO,i 22/ ldentIlicallonn ,.u 

ailndpillillaiion ('I
16. Scott. P., E. Pearce, ' Naio\'it. ileIltl r;It1II, l soillhie I, ill' otI l 11il1mand A Slier. l)S7 Vacci- surface pliOlell oft i.utuha t,,i pra111'.lie.. J /lla' (ihelnation again.s.t cL;aIniltals leIml mai ,is in ;I nitirme Ilodel II 261 !55(14Imtmiunologic properties of prlectli'e ald nlollplliecllve mIl-

fractions of a solible proliastlgoic exuatct 
33. 'fowh I.. I...T!Ieler ill;11 ((,uldrl 1(79 Feciro-J. himmiol, 1!9.

3118. phorellc transter te iill 1 mpi O I iiutde gels to III­
trocttlihuie siIVCIl pocehl17. Frommel, D.. rcIdr : , ilpilc;uirllsT3 W OGynkolade, I \ouildiiis. and I... Mun 

limto . 
jour. 1988 \;aclne-l,(,uced Iiiiii/Iiit. 

al Arl .5'] I'S1 6 .S7' 
agail t'illilla',Oll 31 Stalher, L A I iMlelslianiatsi I.elsmiiti;iii,;i,i tl Ili ,llmllc:In. BAL /c ileC. iofe-t I,,,,i,: .51" .] Ili Some 

18. Pl/i1 Ii' l,all nslw( ,,',: a ,'', u'1 l tRussell, D. G., and J. Alexander . ENfiectiv.c I ni zl:l,-
l l W. If 

(Culc, Cd I/i li.I'lil O It 3 a;I l C IM FI V O L , ' l 1W , 'I 6 
\ l e'."Ven fi N.I.i P , lI T I T)li l k k IIt I d ] '1 ll~ II iltir ,i:K.t'1 1 ' " 

antiven resiCC ,iUltu'd l.. mIIIll,Ip o 3 IP,,,,, i-l; /j 1 .. ''.tu.19. Champsi. J., and ,). NNlMahoim at. 19S8 
, - . ,i,',. int 1"R hIt,, ,o !InJ A Limis 19F'..N ebitane ilv- A himllim dtiliiincoproiein M -2 lot Ill1111 Y11, /.'t1, lI M1110proiecis aIilinsl !-i' ,i 1 il 

lOt
Ii' 1-I ,t11' W.fectioi. hic:.Illmtil: .521'272 f Itl 1[CCt l l'llilult ' - 4i.Sil3(, )a \rims20. Hanitnan ) P, 7I S , i . :all AE., and C. F Mlichel 1tn'tt5 I mrili ;ti:on Il:h NI c 

I.' v.\C '.t",j (. IrIls 
M ''e., ,. \PW1VL Cuii iei­

tr , S1 aid tLe'I hlmli7iepi receptor ic11"iier l C-ii ie MILT 
Ia'ni ':ll5*' 

laallVs 1 IMc i'lllil of3 iiiiilnIllc i "r cell Nlrti,c' ilieowci t. ,irifi aled 



.38 

Journal of Immunology 

L.3T4, identified by monoclbnal antibody GK 1.5. siolilarll. 
of L3T4 to thehuman Leu.3,'4 molecule. j.hn. rl 1. 
2445.leisinrinras 

37. Sarmiento. NI.,A. L. Glasebrook. and F. \V. Fitch 1980. IgG 
o r IgM m onoc lon ala n tibodie s re ac tive w ith diffe rentde ter ­
minants on the molecular coImplex bearing Lvt-2 anItigen 
block.T cell-mediated Cytolysis in the absence of comple, 
ment. J. lIniunLo. 125:2665 
Ulczak, 0. Nl., and J.NI. Blackvell. 1983. !inmunoregulation 
of genetically, controlled acquired responses tIi . 'iiniiaia 
donovani infection ininice: the effects of parasite dose. c\v-
clophospharnide, and sublethal in adation. l'rasite hni,. 
nol. 5;419. 

39,5Reiner,.N. E. 1982. ltosi-laalnie relauinihslii nrine Icish-
maniasis: patlhophysiological aid illnu11iiiolLIlcal clang.!,
Iet., /or ir. 38:1223. 

q'4 !1J'ackwell, 3. M., B Rolbers, and I. Alexander. I985. Re-
sponse.9f BALB/c mice to leislrimnial irlecton ("tit e-
Aficrobaiol. Imnnriio,. 122.9". 

' Boladny,I.., D.Sadick. and R 1) I'carsii . 1998. lol,ion 
of protective T cells from BA l .11 cJinice chionicallv inlec ed 
with Leis rriahiio donovtn. I.lmiinir/. 141.21321 ­

42,-Reizai,!H, R., J.Farrell. and 
E L. Soulshv lo811irirno-
,sJogical rcsporises of L, d in iaminfection iII rmice and si,-
'nl"ficance ofT cell Ieisiarnce [0 AptVirIrlilala lcshlni;ini:Sis-. 
j inm. Exp. hImrnmiiol. 40.508. 

43!:Sko , ,, aid D. W. T o hi..19 7 1.Ce llu lar i uiii itv t 

( es. hn ,. donovani. I. The effect of T cell depletion onresistance to L domoian" in irice. J. itiimiii 113.2004,1. p , -. . hrtc..A:.C., Jr.. anrid D. IcNIahioi-Prat.,Immu IO lroplnization against e. penrnentral Let./romir latc oov
in0llll­

"u asuscepibiisvfectron by. use of -I purified protein vaccine. J.Infect. DimE 
161.13J3 

45.iM r 
pIr 
,N.. J.J.Sterin.jK.\'elic, S. N1.Car­13 Y. Rubin, 

.rro,andC.F. Nathan. 1987. Euperinerital visceral leish-
lmaniasis;,producron of inerleukir 2 and intereiorn-y, tissue7rmmune reactior, and response i ireatient with interleukii
12 and inederon-y. 3...... hunmiiumo/ 138.2200. J." iol 13 .2 Q6 Murry HV.j. G. L. Spitaliny, and C. F.NatIn 1995. Ac-

'ivation of mooISe penironeal roacropliaves irs vitro aidIiii v'lS 
:vainterferon.-f'. J. r'ritineo mao6A1 5
 
Hoover,D..C.A. Nac\'. 
and M. S. Nlelter IO8 IlIowniroonocyte aciivaron for aeanrnn;r mtracellulaictoro'icirs 
"Leis h mlrlr 'O,'lr ias lndtLClr'1ia dj( ar lr 01Cs It (i'O licroi (I,-
cidal acrivits b. interferon--). Ce1i li puino/ ,45005. 

42 Squires, K. E..R D Sch;ciher. NI. J. NILEirai,. h ', Ruiln. 
S. L. Anderson. and Hi \% luras. I\98.9ErcIiltIl Is-
ceral leishmarasis: role nfeudoecnour IFN-- ir host defense 
and tissue graninrnatois response. 3 /hnmioilo /4 ?'42-d-. 

49. Ulczak. 0. M.. E Ghadiran, E Skamne. J.M. 
and P. A. L. Kongshavn. I989. Characterzatii ot protectie 
T cells in the luiflllthl
acqured response if)b'rr aonmOV01ti Il 
genetically determined curt 01-- 's)and Ionscun (1[-2")rtc 

louse slainrs ' .' "ist
lisc( ionmiiiI, 

50 NIcElrail. NI J.- I \\'.Murra), and Z. A.,('oh. INS The
 
d'rvnanics of pranuilna forriation in e\pericntal visceral 

Al2­/ 3 h'd /6., 
51 1llackwell, J NI.. and ..Mi.Ulczak IQ8.1lrrrltunoieeiilatioii 

o f g e ne lca ll c on tlrolle d a c q uired re sp n ,c, to .'. '.'r.......
 
ijOliotaillIrllCctilII I Illice:delliositralloUid cllatcirla­
lion of suppressor I cell, in nouireirC Inl'e /tlr,' : /nrorlo. 

44.1: . 
52. urras, II \V, S M Cairiero, and ) M. loncl 9

1 80.
 
'leseirce i a Irracropihlage-iredlattd suuessnl cell Iuiecha­
tnrl durill' cell-iiediati irnrie lesprrise II t.slieiinial 
visceral lcishmanra,,s hi-cut inimmim. .17 

53. SlalaMhy.I R",L P S.cdersk,. 1' A NIcK;i\. It S Finkle, 
and NI.A l'alldm..hr9S5 [ini, iyrr.ioii (fl ii;iulal 
killtiu-aciivi\ h, oionihincil tre:tn \'rinhit 'clmbinant 
galliniil Ilielleilolanid Inerllcukill-2. J hiol'rjf wil16tS.s 571, 

5 (iaziirelli. R T.. F T lakin. S I hin. ; M 'Shierenrs and 
A Slier. 19l 1 . Synerpgitic role ol CAlMt arid Cl I'.I I i­
phocYe. iiI I:N-, prd tiiii lnard proic-rns\e irnirrlti'r% Ill­
0uiced hrs an airltiiiicld /iito/i'smu t.'10, ,icCIie J. 

55 i n 'OSI IIN.I . , 
Gen. S J,. N ('rims .. T. Ihlckiri-er N . Nelrie, 
and C A Nat'\ 1I0,9 L,'rnhnrmniir m imirlnioienor, rniIte
 
tire -arenrriir-depeli' s killiir tnechrni i s IFN-'­
srllliiiled III;i'cipliuI-. Inr id,',H ii ol I tI iOt_'cciiits 
lcioi-ii. J /,'rn , . .1290. 

56 \Ve iss .\V.R . M . S cdeg ah. R . L . B eiand o . Ws,M ille1, r, a n d 

NI. F. Good. 1988. CDS' T cells cvlooxcsuipjreswrir are 
recuired fr pmcctlir in, iice i nnirinreed witl iralariaspotri/inier, lns , . S''Nil ', n. I'S.A .5 57?'larleori, R, L 1I0i l)epleiion of ('DS' I cells incrcaes 

and reveres vaccine-rnduced nirln itminirirce
 

inlcted with TruCmmonin eurzi. J.iuiirotu, 144. 717.

5N. lakim. F. T..k T Grizzrelli, . Ierikclx,. S
Shcale,, Ilien\. G. M.and ,A Slier1Q91- CDS' T cellsfrom rmc. \acci­

ia ei againsi rolarna go.'ir arc i-t0 ixic for parasite­
infected or anilgen-pul~ed host cells 1. ,: o 147:2310. 

50 Louis, J.A.. F. Conceicao-Silva. 1.Muller U. Fnith. and P. r
Roni'rc 1992...Analy,., -,i[lie role Nl -'*,it.('1'," '1r
cells
inieSiaince i u t oe Al s ru rv' els 

IIIlesstaiccMidNkSCCeprnriIt. Of rILT ro, primar indhsec­onn]iar% inecrons \kirh LcIO/rmia-isjawi .1 C.ell fl/oc hm. 

601 fill. J.O.. NI A\s, aid ,.J Noril IQis" i'hirimvion ofCI)-t 'sjupprcsor 'Ci' lliuui SiSCcplfCleI..\i ljrc rinncc re­
+ieat-sw CD , \ies1l Illphiti in riredlast. 'rOle .'ri\e iII rIruttt 

a"aisi L mim/i ia "hip ' 

i Alesander. J.1982 A III 
 ialrilenuared 1. it/iiiswrn 

cine nirrrklk incrclses ine,resistaircc . ii 
SCtLICIIt
IIrccrnsi \\iis ie'./' 'rwara 

7twimRn. 'pSri,. u M/'s 1/%, 7!()04(h 
0hlactve' G-A ScIhul.'h.62 Zilis. M 

•
 
muu sac­

ice to sub­
umci'.il'nilma. 

M Os%icir Nes. I) A ( osra. C 
Jaffe. U G Lope', arid 0 8M A Bar'msm. l '' The ccllular 
Imnniire respuse i'ipela
i k11s1CitirraCOU , le%hrlnhsoiit o 
ivcln.hl;inii:Il ,illrsu 'll 'i ilicicrn; n nlh isneirh., .iu'll.n 

5 ( ti" ,' /-" 

http:sponse.9f

