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INTRODUCTION

Leishmaniasis is a parasitic disease of manifold forms affecting
millions of people (i-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 leisimaniasis 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



2

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 Lutzomyia whitmani and Lu.
longipalpis in the transmission of L. braziliensis. Two local rodents,
Rattus 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 1 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 KFrance 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 faise negatives were found with gp70 (figure 1). These
results demonstrate the usefulness of a direct ELISA on pure
parasite proteins for serodiagnosis.

Western blotting 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 shewn 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 promastigoies. 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
1 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 1 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 promastigoies 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 elecron microscopy on promastigotes of
L. donovani. Promastigotes were fixed in 2% glutaraldehyde and

o
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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 O-glycosylation of dp72 was found.
Neither tunicamycin, N-glycanase or O-glycanase affected the
migration of metabolically labeled dp72 on polyacrylamide gels
(data not shown). Treatment of pure dp72 with N-glycanase, O-
glycanase, phosphodiesterase 1 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 1 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-114 has been
used to study membrane proteins of Leishmania 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, ZnCly,
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 ZnaCly 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 the aqueous phase (Aq, -), though a
small amount of reactive antigen of similar Mr nartitions 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 go70 (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 antigen, 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 anchor.

C. IMMUNOLOGY (Israel)

In preliminary experiments the protein dp72 protected BALB/c
mice against a challenge by L. donovani promastigotes. Mice
immunized with 12ug of the protein and C. parvum as adjuvant hai
an 85% reduction in parasite liver burdens (LPB). The Kinetics of
protection against L. donovani in mice immunized with dp72
(6ug/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 | 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<4.7x10-7). The difference was even
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more pronounced in the mice sacrificed at 108 days, 78% lower
(P<5x10-%) 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) arc present in the
immunized mice. Indeed the passive transfer ol 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 (LFR) 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 (S1=46.2) to
dp72 was found, peaking at 0.43ug/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, S1=0.9 and a weak consistent proliferation to phosphoglycan
was also observed (Sl=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 with 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 gradicnts 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 (figurc 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-1FN
it reversed the protective effect of immunization.

D, DETECTI F PARASITES IN ENDEMIC FOCT (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-HCl, pH8.0,
10mM EDTA, 0.2% Triton X-100 and 100pg/ml protease K) at 500C
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.
Piobes for L. bracziliensis 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 hvbridization. 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 Rarttus 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 [, CHAGASI AND L, BRAZILIENSIS.

The develepment 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 1 and Pst 1. 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
Hae 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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TRAINING AND COLLABORATION

During the four year period covered by this contract, three
Brazilians participating in the project spent time in the Israeli -
laboratory. Dr. Ulisses Lopes the co-operating investigator visited for
one week in July 1991 to discuss progress and future collaboration.
Two of his students subsequently spent three month periods in
Israel learning various biochemical and molecular biological
techniques. Some of the results presented above are a direct
outcome of these visits. Flavia C.A. Gomes spent Oct. 1991-Jan. 1992
and Julia R. Araripe spent May to Aug. 1993 in the laboratory of Dr.
Charles L. Jaffe.

PUBLICATION SUPPORTED BY THIS CONTRACT

1. Rachamim, N and Jaffe, CL (1993). Pure protein from Leishmania
donovani protects mice against both cutaneous and visceral
leishmaniasis. J. Immunol. 150, 2322-2331.

2. Vasconcelos, IAB, Vasconcelos AW, Fe Filho, NM, Queiroz, RG,
Santana, EW, Bozza, M, Sallenave, SM, Valim, C, David, JR and Lopes,
UG (1994). The identity of Leishmanic isolated from sand flies and
vertebrate  hosts in a major focus of cutaneous leishmaniasis in
Baturite, Northeastern Brazil. Am. J. Trop. Med. Hyg. 50, 158-
164.

3. Several other manuscripts are either in preparation or
submitted.



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 v 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 a3 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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Figure 1. Direct ELTISA on pure Lefshmania donovan! protelns using sera
from dogs with different diseases. Pos - viscercl leishmanlasis (n=20),

Neg - normal controls (n=10), BC - B, canls (n~10) and EC - E, canls

(n=10). Panel A - Protein dp72 and Panel B - Protein.gp70-2. Each o shows
the average value for each group. The standard errors bars represent the
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Figure 3. Development of anti-dp72 serum antibodies in dogs challenged
with Leishmanie donovani pavasites. Procein (0.8 pp/pel) was separated by
SDS-PAGE and transferrved to nitrocellulese paper. The sctrips were reacted
with sera at 1/20 dilucions and devcloped with protein A - peroxidase
using 2,3’ - diaminobeunzidine.
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Figure 4. Development of anti-gp70-2 serum antibodies in dogs challenged
with Leishmania donovani parasites. Protein (0.5 or 1 pug/gel) was
separated by SDS-PAGE and transferred to nitrocellulose paper. The strips
were reacted with sera at either 1/100 (amastigote) or 1/200
(promastigote) dilutions and developed as in figure 3,
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Figure 6. Western blot analysis of anti-dp72 and -gp70-2 antibody titers
over time following drug treatment of patients with visceral
leishmaniasis. The * marks the date at which a course of glucantime
treatment was bepun. Pure Leishmania donovani proteins (0.8 ug/gel) were
separated by SDS-PAGE and trunsferred to nitrocellulose paper. Strips
were incubated with 1/100 dilutions of patient serum from different dates
and developed with protedfn A - peroxidose and 3,3'- dlominobenzidine,
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Figure 3. Immune localization of dp72 and gp70-2 in promastigotes of
Leishmania donovan:. Post-embedding, plates A and B. Thin sections were
incubated first with affinity purified rabbit adp72 (A, 1:50 dilution) or agp70-2 (B,
1:50 dilution) and following washing with the second antibody, goat anti-rabbit
collodial gold conjugates (15nm). For key see page 35.
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age 35

Pre-embedding, plate C. Parasites were incubated in rabbit agp70-2 prior to
fixation in glutaraldehyde. Thin sections were incubated in goat anti-rabbit collodial
gold conjugates (5nm). er-endoplasmic reticulum, f-flagellum, g-golgi apparatus, k-
kinetoplast, n-nucleus, pm-plasma membrane.
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Figure % Analysis of dp72 and gp70-2 partitioning in TX-114 by SDS-
PAGE and western blotting. Promastigotes (LV9) were solubilized with TX-114 (TOT)
containing proteolytic inhibitors in the presence (+) or absence () of 5 mM ZnCl,
Non-soluble material was removed by centrifugation and the supernatant was
equilibrated at 30°C. The detergent (Det) and aqueous (Ag) phasc werc separated by
centrifugation on sucrose gradients and diluted to identical volumes. Following SDS-
PAGE and electrophoretic transfer the nitrocellulose was analyzed Ly probing either
with Panel A, mAb D13 (dp72) or Panel B, mAD (gp-70-2).
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107 promastigotes. At 1, 20 and 108 dhys, the mlce were sacrificed and
The mean

the Leishman Donovar Unlts (LDU) calculated from liver blopsies.

LDUXSE is shown (n=6)
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FlgurelD. Proliferative response of lymphocytes from dp72 Limmuntzed mice

cells from a mouse immunized with 7.0 ug dpl2
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~ Table 3- Analysis of positivity in sandflies captured in Baturite
State of Ceara, hybridized against the L. braziliensis probe .

number number number number
species examined  examined positive positi.ve/
sancflies species
% 7%
Lu whitmant 21 13.1 3 143
Lu mrgoner 50 31.3 ] 20
L wellcomer 4 25 - -
Ly shannont 6 38 - -
Lu lentr I 06 - -
Lu longipalpis 33 20.6 2 6.0
oulras I 6.9 — -
not identified 34 212 2 59
total 160 100 8 —

The same samples were rethybridized against £.cAsgas/ KDNA probe Hone hibrydization was
observed using this probe, supporting and confirming the £ brasiliensis infection of the pnsitives

N
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}

.
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Table &~ Analysis of positivity by organs in rodents captured in

the State of Ceard, Brazil, hibridized against the /.érasiirensi:
probe

number of rodents number of rodents

organs positives positives
%
skin/liver 16 286
liver 13 23.2
skin | 03 5.3
skin/spleen 0! 1.8
—_ 23 411
total 56 100

"N



ALIGNMENT OF THE CONSERVED REGION OF LEISHMANIA MINICIRCLES

1 . . . . 50

LEISH AAAATTCCCAAACTTTTCTGGTCCTCTOGGTAGGGGCGTTCTGCGAAATC
MCLB ..... COTACTC . CCOA AT .= i e e e et e e
MCLG ..., BDTACHC . CCOA. AT .= it i e e e e -= AT
MCLAM G.CCCG.......... -, ..C-,.GTG...G.....ovv v -.=. . AT
MCLMA CG..A.TT ... O T
MCLAE T...AT....G.AGG.AGTAG. ...C.vvvv i Covvvnn
MCLC R | W T T...-.
MCLD Gt ittt e e s e et e e S £ e
MCLT ..., C..A..CT....AG.TC.... A= .. i Covvvs C.
51 . . . . 100

LEISH . CGAAMMAATGGCRTGCAGAAACCCCGTTCAAAAWTCGSCCAAAAA-TCGCS
MCLB ... AR . A...C...... T-....6
MCLG ..., A A e A..CC..G....-..A.G
MCLAM G.C....AT.GG............. - W T TTT == ...GG
MCLMA ... ... ... o T 6.TT7.7.6..6G....-.7..C
MCLAE  ........ C.o-A A i e T.6.6....... -.-..C
MCLC ..., el C Teveninn. A.G.C.A....T-G..GA
MCLD Govuuo AT.GG........ Toooooos. TTT7.6.C..6G....-.GC.-
MCLT GA. . . T A i e Ao, Gouuui ot W....C
101 . . . . 150

LEISH ATTTTTG66CTC-6666CGGAAAACTAGGGGTTGGTGTAAAATAGGGSGG
MCLB ... C...-CCC.T.C.C..T.. it e nns T....T.G.C
MCLG T, ..., C...-CCC.T.C.C..T.. vt viin v T....T.G.C
MCLAM GAA...C..... G..C.GT.,...... TR GC.
MCIMA ., G..G.A..... N A CcC..
MCLAE ..., Covvvt G A T, e e e cC..
MCLC AN -, Covvvnnniinn 2 C..
MCLD ... ... TC.-....... G..... T cC.
MCLT  ...... B [ I GT.
151 . . . , 200

LEISH GGGGSTCCSGGGGTTKTIGCTTTATKGGGKTGAATTTGTGCGT GKWAGCCG
MCLB C.C.CA..CC..C.AGA.T.AG.ATT . ATAA. .AG..... C.CTT..A..
MCLG C.C.CA.HCC..C.DGA.Y.AGHABSHCG....A A -..C.CTT. AG.
MCLAM CT.C.T.6..CT.GT.T... T.GA,.TC.CG.....TT.G.TAT TAC
MCLLMA 1..6..66. AR AAAT.C.C.G. . .T1G.CCGGOGT. . T.. . GGTCTG.,
MCLAE JT..AC.GG.AAT.CC.CGA..T.G..CC..GT.GGC. .GANAGTG, .. T
MCLC .--.G.A.G....A.T.TGGG...TTT.GCC.GG.C.GC.TG.GACC.T.
MCLD ..T.6.6GCT...A.GG....CCCT...C..G..-..GC.T .AA.C...
MCLT L CTC..CL . HHT L C.BGGLAATC. GG MY YAT . TAL ACCGGBHAA

Figure |4. Sequencing alingment of the conserved reglons of Leishmania
minfcircles. Minicircle sequences found In the Gene Bank and the
sequences obtalned in our laboratory were compared by the programs

Lineup, GAPI and Plleup.
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Figure €. The variable region of different Leishmania
1solates was amplified as previously described. Lane 1,
molecular weight marker OX/Hae 11; lanc 2, L.donovanil, lane
S, L. intatum, lane 4, L. chagasi, lane 5, L. major, lane &,
L. tropica, lane 7, L. amazonenzis, lane 8, L. pifanocilane
9, L.braziliensi:’,, lane 10, L. guyanensis, lane 11, L.
tarentolae, lane 12,

neqgative control and lane 13 OX/Hae IIT
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Figurelip. 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.



Figure|d. The amplified products of different Leilshmania

species wete digested with Hae 1T1. Lane 1, L.donovani; lane
oL o chagasi: dane 3, L maaor; bane 4 L. tropica; lane
S, On/Hae 111:; lane o, L.pitfanol;lane 7, L. bhraziliensis;

)

lane &, L. qguyanensas and lane 9, L. tarentolae.



Figure ‘%Y. Schizodeme analysis of amplified variable regions
of L.chagasi(state of Ceara, Br.),lane .; L. chagasi (state
of Rio de Janeiro, Br.), lane 2; L. chagasi (Tolima,
Colémbia), lane 3:; L. chagasi (Tolima Callejon, Colbmbia),
lane 4. Lane 5, @X/Hae III. The PCR products were digested
with Rsa I.
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THE IDENTITY OF LEISHMANIA 1ISOLATED FROM SAND FLIES
AND VERTEBRATE HOSTS IN A MAJOR FOCUS OF CUTANEQUS
LEISHMANIASIS IN BATURITE, NORTHEASTERN BRAZIL

LA B VASCONCELOS, AL W O VASCONCELOS, N M FE FILHO, R, G.
QUEIROZ. E. W SANTANA. M BOTZA. S M SALLENAVE ¢ VALIM |
RODANID wwo U G LOPES
Nucleo de Medicna Tropooac Dnveradade eaerat ae Ceara, Fortaieza Beazd. Deparimtent of
Tropical Pubite fieaith, Harnang School of Public Healtl, Bovon, Massaciuaetrs, fscoia Nacional
de Saude Publica, Funducao Insanao Oswealdo Craz, Rieodde Janetro, Brazd: bistiuto de
Bionsica Carlos Chavars Tilho, Universidade Feac-ai do Ko ae Janesro, Hna ao Fundaao, Ko de
Janerro, Brasd

Abstract. Duning o tield investugaton cured out i Batuate, Brazd trom 1989 10 1991,
sand flies, sympatrie todents, domeste dogs and humans were surveved for leashminiasiy,
Twenty strimns of Lewshmana were isolated by i viro culture trom Loaczomyvia whinmant,
three strins were obtmned from Ratys ratius, two stimns from dogs, and hve sirums trom
humans. The isolates were charactenized by isoenzvme clecuophoresis by hvbridization
with kinetopiast DNA-specific probes. All the samples were denunhed as 2 iVianma)
braviliensts. The importance of these results in the dvnanucs of the Letshmama ifecton

in this focus 1s discussed.

The taxonomy of the genus Letshmama has
been extensively modified.'”' Because of the
compiexity of the epidennology and transis-
ston of New World Leishmaniast,, the correct
identification of the Letshmania poputations, the
phiebotomine vectors, and reservoir hosts is im-
portant in order to design effective rouaul nuoa-
sures.

A major focus of cutancous leishmaniasis in
northeastern Brazil is in Ratunte, a rural moun-
tain area of the State of Ceara. However, no data
are available on the identity of the Lewsimania
species present n this region. Moreover, littie 1s
known about the possible veciors and reservorr
hosts i this area. Several species of Lutzomvia
have heen descnibed in the
sympatric rodents have been reported to be in-
fected with Letshmania w the Stae of Ceara’®
As a first approach. we attempted toosolate Na-
gellates from the putative Letshmama inverie-
brate and vertebrate hosts of the region, and then
idenufy the species of the isolates.

Batunte area. and

MATERIALS AND METHODS
Strains and tsolates

The isolates and the Leisimama reference
strains used in this study are shown in Table |,

The World Health Orgamzaunon (WHO) refer-

ence stramns were donated by Dr. Ralph Lamson
(Instiuto Evandro Chagas, Belem. Brazil).

Isalation of the parasues

The primary isolation trom humans was made
by the 1n vitro culuvaton of samples of skin
biopstes or aspirates of enlarged lvimph nodes.
Rodents were Killed and sampies were taken
from the liver, spicen. and skin. Biopsy speci-
mens were aiso obtained from dogs. The sam-
ples trom humans, dogs. and rodents were 1n-
oculated 1o blood agar medium with ussue
culture media overlay and were exainined tor
parasites twice a week for tour weeks.” Sampies
of the some biopsies were tnturated in saline and
moculated into golden hansters when available.
Female sand flies were dissected and examined:
those found to contn Hagellates were macer-
ated i sahine and inoculated into hamsters. Fur-
ther isolanon of parasites trom inlected hamsters
was camed out by the inoculaton of infected
tissue nto blood agar medam.

in vuro cultvation

The stocks were inttally cultivated 1n blood
agar base (Difco. Detront, MDY culture medium
as described elsewhere.™" Promasugoles were
cultivated until an opumal rate of growth was
achieved. The parasites were then transferred to
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IDENTIFICATION OF [ EISHMANIA IN BATURITE, BRAZIL

TanLE |
Genotvpic and phenotvpie identificaiion of the Leisshmanw tsolates nbtawned from vertebrate and inveriebrate
hosts from the Baturite area of Brazl from [9RQ 10 [9V]

1der ulicanng

Hybndizanan®

LAV ) brashiensi

ta sl mencuna
Invenzvinel

Code Host wompler Lompies
H1389 Humiant + - LoV franiliensis
HI5(X) Human4 - - LotV vy bratiiensis
H1505 Humani + - L. V) brazidiensis
HISH] Human§ 4 - LAV Y praziliensts
HIS12 Humang - - {.. (V' braziiensis
R19407 Rodent - - [ V) braziiensis
R19416 Rodent - - [V oranthiensis
R19418 Roaent + - L (V)Y nraziliensis
C35 Dep + - LV Braziiienses
CS51 Dog + - 1. V) hreztieniis
Lu600 Phebotomine + - {.. 1V oruziliensis
Lu6l2 Phebotomine + - [ Uy braziliensis
Lu6!? Phebotonmine + - iV beanliensis
Lu63l Phebotanine + - L. ANV braziliensis
Lut90A Phebotomine + - LoV Yy raziliensts
Lu713C Phebotomine + - LoV ivaziiensss
Lu?27 Phebotomine + - LAV braziliensis
Lu73s Phehotomine + - L (V'Y brazihiensis
Lultils Phebotomine -+ - (V)Y brazidiensis
Lall22 Phebotonune + - LoV braziiensis

* The total Mnetopiust DNA o1 ine relerence wrins MHOMMRTL, METOM/BRATIMINY, and HFELAZRRBRAYTIR wav nsed as probes (n the

epenments

* The results onginsted Irom the analyas o nine enzymes as descnbed in ihe Matenals and Meibods

3 From ivinph neoxdes
§ From cutaneous fesion

an ennched liquid mediuin, Schaewder’s Dro-
sophila medium (Gibeo, Grand tsiand, NY) sup-
piemented with 20% fetal bovine serum, and in-
cubated at 25°C. When the promastgotes were
in the log phase of growth. they were harvesicd
by centnfugation at 1,500 % ¢ for 10 nun at 4°C
and washed twice in pnosphate-butferco saline,
pH 7.3, The final peliet was resuspended i bysis
buffer contamning 0.04 M NaClL 0.01 M EDTA,
and 0.01 M Tns, pH 8.0, lor enzyme eleciro-
phoresis.

Ensvme electrophorests

Electrophoresis was camed out in agarose
gels as previously described.” Bniefly, the apa-
rore multiphore tank (#2117. LKB, Uppsala,
Sweden) was connected to a refrigerator (LKB-
ProductorAB) 1o regulate the temperature, A 145
agarose gel was prepared o the appropnate
buffer with the final minture heated to 1ts boihing
point. The agarose gel was spread over an elec-
trophoresis bond film (Gelbond: FMC Bioprod-
ucts, Rockland. ME) placed honizontally and lett

10 adnere over its enure surface. The buffers and
stains used for the enzyimes were as previously
described.® The leishmanial extracts were run mn,
many separate expenments and the order of the
extracts was interchanged to allow side-by-side
compansons of the vanants. All vanants having
mobihities simitar enough 1o preciude consistent
separation were scored conservatively as the
same band. All solates were studied wath ane

enzyvimes (Table 2)

Ninetoplast DNA (kDNA ) hvbridizanion assays

Approxurately 10" promastizotes were har-
vested by centnfugation. washed in SE buffer
(0.15 M NaCl. 0.1 M EDTA, pt 8.0), and dot-
ted on nvlon membranes (Gene Scieen Plus: Du-
pont, Boston, MA). The membrancs were
woaked in solunon contatnimg 2+ SSC (5% §5C
= (.15 M NaCl. 0015 M sodium eitrate), 100
jprml of Denhardt's solution (0.02% polyvinyl-
pyrrolidone, 0.2% Ficoll, 0.02% bovine serum
albuming, 50% fonmamde, and 100 pp/ml ofdc-‘
natured salmon sperm DNA at 22°C for 2 hr.'®

BEST AVAILABLE COPY
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VASCONCELOS AND OTHERS

TanLe 2

Engymes wused in the wdentificannn of Lewshmania prarasies

Name

Entvime Commisaan

tEC) munner Abhreviannn

Glucose phosphate 1somerase
Nucleoside hydroinse
Phosphoglucomutase
Glucosce-t-phosphate dehydrogenase
Malic enzvime

6-Phosphogluconate dehyvdrogenase
Proline dipepudase

Malate dehvdrogenase

Isocttrate dehvdrogenase

ECS53.19 GPl
ECA222 NH
EC2751 PPGNG
EC 1140 GoPDH
EC 40 ME
ECTT 144 al'Git
EC3a)1y PEF D
ECt11.3? CMDH
ECHTa0 1OH

Approximaiely 100 ng of wtal KDNA of [,
(Vianma) brazihensis NMHOM/BR/GR/M2903
and L. (Leishmama) amazonensis VELAIBR/OR/
PH8 were either radiolabeled or used as conteols
i the hyvbridizanon expernments. In addinon, a
prabe (pJLL18) tor a viscerotropic straim of Letsh
mama vas also used in the expenmeras.' A typ-
1cal hybridization reaction contained 1 x (>
cpm/ml of denawred kDNA probe and was car-
ried out for 12 hr at 42°C. The membranes were
washed with 0.1% SSC. 0.5 sodum dodeeyl
sulfate at 65°C.

RESULTS

Analysis af the electrophoretic migration of
nine enzvmes identified all isolates as L. (1)
braziliensis when compared with the reference
strains. Figure | shows the enzymanc electro-
phoretic protiles of five 1solates. selected among
the strains from rodents. dogs. sand Mes. and
humans, which were dentified in this study. The
profiie of tour enzymes, mahic enzvme, H-phos-
phogluconme dehvdrogenase, malate Jdehvdro-
genase, and glucose phosphate isomerase. could
clearly discniminate the reierence strimns. These
results were contirmed by the DNA hvbndiza-
ton method. as demonstrated in Figure 2. When
used as a probe, the total KDNA of L (V) Ekra-
Ziliensis recognized all the isnlates as well as the
total KDNA of L (L chagast (Figure 2A). The
L AL} anazonensis KDNA probe did not react
with any of the 1solates, bur it hvbndized wath
the total kDNA of L (L. chagasi, as shown 1
Figure 2B. However, the
clone pJLI8 bound umquely to Lo (L. chagasi
(Figure 2C). We concluded from these results
that the isolates from Baturite were L (V.) bra-

specthic numcaircle

zdiensis, sice the other KDNA probes did not
hyvbrdize with them

DISCUSSION

Cutancous leishmamasis is widespread in the
New World and shows different ccnlogic pat-
terns of transmission.'"" Several Leshmania
species have been descnbed as agents of human
mfections e Brazil™ In addion, differen spe-
cies may be found m the sume locus, generaung
mosome cases, mixed ntecvons n humans
hosts."™ ™

We carned out an investugation i a major fo-
cus ol cutaneous leishmaniasis 1 the State of
Ceara. Brazi from 1989 (o 10971,
isolates were obtmined from humans, sand flies,
dogs. and rodents. All the 1solates were 1dent-
fied as L. (VY brazidiensis by enzyine clectropho-
resis analysis of the nme enzvmes used in the
study. Furnthenmore. this resuit was confumed by
hybndization with specific KDNA probes. The
total KDNA of L (V7 hvbridized
with the punitied KDNA of L (L cnavasi, How-
ever, the reai adentity of e solates could be

Lewshmama

praziitensis

demonstrated through the use of tne cloned min-
wcrele sequence pJLLIS as i probe. This clone.
which onginated from a nunicirele of an L(L.)
chagast reference stram, reacts <olely with vis-
cerotropae leishmamas.” Fripure 2A cleariv
shows the binding of this probe only 1o the
FONA of Lol chacasa indicatng that all the
Batunte samples betong to the Vianma compiex.
The enzvine electrophoresis method 1< common-
v used inothe biochermical agentificatnon of
Lershmana species and 1s the method recom-
mended by WHO." The apphicanon of the DNA

hy bridization techmque in the detecuon and typ-
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FIGURE 1.
tehrate hosts from Batunte, State of Ceara

5. R19407: 3} LuUGE3: & HISIL 5. HI1512,
MHOMmRﬁ-ﬁ/PI".’S‘ Lanes 6—§ are relerence steains.

ing of Leishmana isolates has becn extensively
reviewed." ’

Many mammals have been described as hosts
of Leishmania, and some of them are thought to
play a role as reservoir hosts of dernmotropic
jeishinanias.’ In Brazil. silvauc rodents.
as edentates and marsupials are jeported to be
the usual reservotr hosts of dermotropic leish-
and these par-

as well

manias i the Amazoman basin.
asite solates were wdentified by several meth-
ods. ' Black rats (Raties have been
identificd as the hosts of Leishmania an Brazil
i the States of Ceari. Rio de Janeiro, and Para
(Santos GPL and others. unpubhished daty.'
Although most of these reports werc based on
-the observaton o!f amastigoles 1o ussues without
any furnther charactenzation of the Letshmand
species. these supgest that this
commensal rodent s i parucipant i the trans-

rattis)

ohservanons

mission eycle of aermotropic leishmaniis 10 the
New World. Our results support this observaiion
and suggest that svmpatne rodents are hosts of
L (V.) brazihensis 10 the Stute of Ceara

could play a role as reservoirs of this parasite.

and

Enzyme ciectrophoresis showing represcntative Leishmama 1solates from verebrates
for the following enzymes:
enzyme: C. ()-phm‘phnglucnnmc dehvdrogenascs D, glucose phosphate 1SOMETasce

and inver-
maiate dehydrogenase: B. mahc
The stocks tested were 1. C35.
7. MH()M/HR/(»X/M'.“)O]'. 8.

A,

o, IFLA/BRIGR/PHE,

Morcover, the presence of Letshmana infection
in black rats may be more widespread in Brazil
despite the absence of pvailable data. In fact. the
capture and the mvestigauon of sympatnc rats
within cutaneous Jeishmantasts $11€s 18 not usu-
done in field studics.

reservous of viscerotropic
* However, [

ally

Doys are maor
Jeishmantas in South Amenca.’
(V) braziliensis infection i dogs has also been
deseribed by several mvestgators”” T in some
the domestic mani-
acuve toci of
where silvatic hosts
Letsimania

ciases, dUg,\ were among

malian hosts of Letshmanmia in
cutancous leishmaniasts.
were not found w0 be intected ™
(V.) braziliensts Was wdenuficd i o of four
solates of dops from Bature. 108 INtrguing
that canine nfection py thus parasite is found
side-by-side with rodent wfecuon. suggesting @
domestc/peridomesiic cvele of letshmaniasis
The tmportance of

(V) brazthensis s still uncertain

ll’(lll‘"!nlSSI(Hl. (10g< a8 r1es-

ervorrs of L.
despite the previous finding of thus parasic 10
this vertebrate.”

Our data also confirmed that Litzomvia whii-
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FIGURE .

tce.ed were 1, H1511: 2, HIS12, 30 R19407: 4. 19416
631. Lb = 1 ng of 1otal KDNA from the reference strain L braziliensis
total KDNA from L. amazoncnsis IFLLA/BR/68/PHS: Lc
| ng of recombinant plasmid contaiming an L

MHOM/BR/74/PP7S: plL18 =

SN . PR S

VASCONCELOS AND OTHERS

- theta. Lo pIL18

. .
] P IR N N - "

A

Kinetoptast DNA (KDNA)Y hvbndizatnon of 10 Leishmania isolates trom Batunte. The asoiates
5, 19418: 6, C35: 7, G5t

. Lu 0. 9. Lu6l2 10, Lo
MHOM/BR/GR/NM2902: La = | ng of
= 1 ng of total KDNA from L chagasi retcrence stramn
chagast umcircle nsern The

membranes were hybndized with A, total KDNA of MHOM/BR/G8/M2901, B. total KDNA of IFLA/BR/6GB/PHS,

and C. viscerotropic Leishmania-specific probe pJLIS.

mani can be a vector of L. (V) braziiensis n
the State of Ceara in portheastern Brazal In ad-
dition, other phiebotomine species were also
found to be naturally infected by this parasue
in the Batwnte regon.’ Further studies on the
prevalence of infection in rodents and dogs and
the ability of this parasite to infect sand fhes
will be required before these species can be 1m-
phicated as natural reservoirs hosts. We also
need to know the reiative role of other sand fly
species as vectors of Lo iV} braziliensis. This
information is necessary for the desige of con-
troi strategies for cutaneous lershmaniasis an
this arca.
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Pure Protein from Leishmania donovani Protects
Mice against Both Cutaneous and Visceral o
Leishmaniasis’ -

Nurit Racham‘m and Charles L. Jaffe?

The Department of Membrane Research and Biophysics-MacArhur Center for Molecular Biology of Tropical Discases, -,

Weizmann Institute of Science, Kehavol TOT00 srael

ABSTRACT. A protemn punihied tiom Lesshmania donovans prom, ishgotes, dp7 2, was shovn o, wtially protect BALB/(
mice against a challenge by this parasie lmmuamized mice niected o with 107 domn anyg promastigotes showe(i
a(, 60, and 78% reduction i fiver parasate burden compared with the contiol mice at each e pomt nmmme(!
after challenge, 1, 20, and 108 days, respectivel, Weetorn Bottmg dernonstiaied that the sera from the immune
mice, which reacted specifically with dp72 m fysates of (. donovani, cross-reacted with one major band in total
homogenm(-s of Leishimama maorand L eptomonas collosoma. Lvmphocvte prolieration to ¢ rude and pure parasvle
Ag was also examined in mice immunized with dp72 Swong proliferation was found al low conc entrations of crude
L. clonovani AL 0.5 pg/ml) and with pure dpr2 P roliteration at higher concentrs’ ons 1o crude L. major and L.
collosoma Ag was observed. Litlle or no reaction {stimulation mdes < 1.0) was sec with other pure Ielshmanlal
Ag, including gp70-2. the promastigote surtace proteasce, and hpophosphoglivean, Depletion in vitro of the CU4’
Tcell subset fron immune spleen cells abolished proliferation o dpT2, whereas depletion of CNE* T celle Pnhanced
proliferaticn 10 the pure Ag. Expeniments in vivo showed that immunized mice treated with antivodies to' elther
CD4*, CO8", both T cell subsets, or 1o IFN- yiodlarger LPB (178, 173, 176, and 130%., re spechively) after challengc

with L donovani than nonimmunized controls. Mice immunized with dp?2 but treated with either PBS or mOt}Sq

Ig showed reduced LPB, 81 and 61%., respectively, compared with the nonmmunized annnals, BALB/O rnt(.

v'-u‘l

iminunized with dp? 2 were also protected aganst Lo major wineh causes cutancous lershmani: Q815 Immunlzed mlqg

miected with either 10% or 10° promastigotes did not develop lesions Limiting dilution assavs confirm ed me

protection  fournal of Immunolog,, 1093 150 21300 R .,;
HNY

B

he protozoan parasites Leishmana cavse a spec- associated with anergy 1o parasie Ag. hyperg amlnavlnbu~

trum of different human diseases. The three magor lmemia. hepatosplenomegaly, and death (1-3) ! e :f"‘“f:

forms include: CL.* mucocutaneous leishmaniasis, Little is known about the immunology of VL. Most stud- |

and VL (1-3). VL 15 a usease of high morbidity normally, tes have been carmed out on CL in humans, or using nice

as o model. From these studies, it is now clear that the
coutse of CLie Teell dependent. This discase susceptible

Eeceved tor publication May 7, 1992 Accomun tor publi ation Dec smiwe 1 - and resistant mice can be alicred by immunologic strata-
1092 : : .
cems nvobving CHL cells In vitto and in vivo cvidence

The costs of pubilication or ting aricie wems gerravig i DA B fhe vy ment o
pape charges Thicanicie must sheroton b neren, marken s eiemmng i pmml tothe tole of several Ivmphokines cespectally TFN-y,
AECTARCE WA TS € beciinn 178 ol 1o it e Lo IL-4 and TNF-a, in the outcome of the disease (d— 6). Re-
PThis work was SUNDOARd o pae by the USDPAAGHE B W ToOe
Prygramme, the Godtre Foundanon tor (! nuiho(m Diceog U0 iaraet _
A D CRO Programme o (MR TROLCOSSOD6G and e obin and Cathe. b AB e ations usert n thic pageer Poruianecacleaneamacs CTOA com
AT NACA e Foungation PR recenae an EABEY s e tefiowentigy Sfele Dssue cutture mechony | [A b daction away . LD Leshman.
. ) Dlonovan amte 108 Lver paraate butder (G hrophosph w0uiyean, PSP U'n
* Addres corresponnence and e reguesioto [ Chariee | Jatie g PLE PO Qe prateaae T RRY PR o MR O AL fween 200, Pl =),
ment of Parasiaion, FHenms Univerat Hadasan Metiea! Setvt Ty o Voovseenabienhosamaas Sy shinndanen metpe A P ampiphohe. PSP 1
V72 Jerusaen 91004, vt e nmm[unlu Pl ANOVA 1aaivae o s aranes
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parviem as an adjuvant per mouse C parvien was g gt
from Dr. F. Y. Liew, Wellcome Research Labor aones,
Beckenham, England. Control nuce recerved adjuvant
alone for the first boost and PBS for the second and third
boosts. After 2 wk each mouse was given a second boost
ipof 1.5 pg pure dp72 without adjuvant and 2 wh Jater a
third boost 1.p of 1.5 g dp72, for a total of 6 ne protein,
Two weceks after the third boost all the
lenged with L. donovani (Khartoum), 10 promastigotes i.v
per mousa, or L. mu/m (Fredhing, 10* or 10° prom: stigotes
s.c in the right réar footpad. Protection was evaluated in

mice were chal-

cxpcmnuu' with L. donovani by Xilling the mice and ex.

amining liver touch biopsies microscopically after st anming

with Diff-Quick. The number of amastigotes per 600 lyver

(Orspl(.cn\ cell nuclei were counted, except for experiments

ended after | day where amastigotes per 12000 cell nucles
were determuned.

+ LDU were calculated (3d) as follows: LDU =
of liverin -

(number
amashigotes/umber hver pucien = weight
ligrams. The specific time mtervals nsed from mtection to
killing are given in the resuits. Protection agamst /.
which causes CL. was evaluaed oy measurmy lootpad
thickniess at week v intervals wath a dial micromerer (1., S
Starre* Co., Athol. MA). The swelling of the infected foot-
pad (millimeters) was compared to the contralateral unin-
fected footpad. In some cases, the number of parasites in
either the infected footpad {challenge with L major) or
llvcr (chalienge with L. donovaniy was measured by LDA

(35)

Mmajor,

Deplelion in vivo

Mice immunized as described above were injected S days
before parasite challenge. daily. with supernatants contain-
lng mAb (20 pg/day/mouse) against the T cell surface Ag,
CD4* (GKL1.5), CDS* (H35). or both CD4* and che:,
fmmunized mice were also treated n patalie) with o mAb
against IFN-y (HB170) ( (20 ng/dayimouse), PBS. or mouse
1gG (25 pgimouse.
tions of PES. After challenge 1y

promastigotes. the mice were mpected every 2 1o 3 davs
with the same antibodies. On d: v 20the animals w 2re killed

Nonmmimumized mice received injec-

with 10 L donovans

and the amastigotes counted m the hver and spleen as de-
scribed above, mAb GE 1.8 (IgG2b), anu-Ch.,
erously provided by Dr. . W Fiieh, University of Chicapo,
Chicago. 1L (36). mAb H35.17.2 (12G2h), ant-CDS. wars
kindly provided by D M Pierres. INSERM-CNRS,
Marscilles, The TFN- HB170
(1gG1). was obtained from the Amernican Tissue Culture
Collection, MD

wWis pen-

Frunce (37 iann mAb,

Rockville,

Lymphocyte proliferation

Mice were immunized twice i-p..essentially as described
nbov( for the protection expeniments. The only enange was

PROTECTION STUDIES USING A2 FROM Lerhimania donovani

in the amount of dp72 used, s pgand 2.5 g for the firsg
amd second boosts, respectively i the case of proliferation
with prire Ag the mice recerved a thud boost of 10 HTd-
dinted (100 krad) 1. donovan promastivotes. Spleen cells
from unmunized mice were adjosted o0 5 S0 10%ml i
CTCM compnising 2 mM - plutanne, 100 Uil penicillin,
O 1 mg/ml streptomyein, 2 mM HEPES. | mM sodium
pyruvate 0.1 mM nonessential aimimo acuds, and § X 101
M 2-ME in RPMI 1640, suppicmented with either 19 nor-
mal mouse serum or 5% FCS (Seromed ot $708, Germa-
ny). Cells (100 puh) were wncubated days in CTCM with
either 100yl pute Ag (dp72, pp70-20 A PSP, 1S, LPG,
ot phosphoglveany, orivsates ¢f  donovan, |, major, or L.
collosona). The concentiations vf the varnous Ag are given
i Resudis, The cells were then pubsed for 18 howith | peCi/
well methyl-["HITAR. INEN Rewsarch Produ. *1s, Boston,
MA) and harvested onto glass fiber [ihers by means of a
multple automated sample nasvester (€ ambndge Technoi-
ogy, Cambridge, MA). Incorporanon of ['HITAR was as-
sessedan a beta counter

For T eell depletion in vitro, spleen cells were incubated
Sdavswith dp?2 and supernarants, dituted 110 contining
cither anti-CD4 (GKLS), anu-CDS (135, or nusture of
anu-(CD4 and CD8) mAb. The pereentage of the CD4™ and
CDS" T cells remaining after this teatment was deter-
mined in similar experiments by FACS. The cultures were
then pulsed for 18 h with methvi-["HITdR (] nCi/well) and
processed as described above.

Statistical analysis

One way or two way with contrast ANOVA tests or Stu-
dent’s r-test were used to determune the statisne stgnificance
of differences found between parasite loads in various ex-
periments and groups of mice

Results
Analvsis o antibodies produc ed in e immunized

with dpr2

BALB/C mice. which are susceptibie 1o both VU and CL,

were immunized three tmes with dp?. (ol o ug/mouse,

-

1P DpT 2 was punified fromoan B thioprmn stran (LV9) of
L donovans and the purity of the Ag monmtored by SDS-
PAGE and silver staning (Fry. 14) ¢

used as adjuvant i the first boost {100 ne/mouse). This

pervin was only

adjuvant was successfully empioved i several protection
fo, 26, Control mice
parvier i PRS. Ten

studies aganst Lewsimania (15, U
received an equivalent amount of ¢
davs atter the second boost, sera were ontined for analvsis,
Pooled sera, dituted 17100, were exannmned hy SDS-PAGE
and Wesiern blotung on total Ap Wvsiaies of 1. donovani
(LN Lomagor (Fredbing, and L. collosoma Mice immu-
mized wath pare dp72 reacted strongiy wuh one band. m.w.

= 70 EDacm lysates of L donovan ont to dilutions of at
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cent experiments have shown that the imal owtcome of CL
is refated to the selective stimulation of the different CD4?
subsets, Th1 and Th2, although CDS™ T cells appear o
influence disease outcome (4). These subsets can be dis-
tinguished by the difterent lvmphokines T cetls belonging
to the Thl subset secrete 1FN-vy and 1220 whereas cells
belonging to the Th2 subset produce [L-4, 1L-5, IL.-6, and
IL-10 (7, 8). In general, adopuve tanster of clones be-
longing to the Thl ,subw( results - protection, whereas
those belonping to the Th2 subset cause exacerbation of
disease (4-0)

Studies in nice mdected with VT show no evidence fo
the production of CDH Th2 sesincted ey tohines. H-4oand
IL-5. and no conelation between the overexpansion of the
Th2 subsct and the seriousness of antecton (91 Indeed,
recent evidence suggests that both CH4 " and CHS " T eells
are required for mmumty 1o VE 010y However, a cone
Jation between the serum fevels of -4 or ekl and discase
has been shown tor human V(1D

Vaccmanon for CL. whichs self-healing, s behesed o
be possible. Certamn subeetlulan fracnons (12-17), as well
as pure Ag (18- 20) and avirulent patasttes (3, 5), have been
implicated as potental vaccine candidates Few similar
studies have been camed out with VI However, several
recent reports that asymptomatc VL, which self-cures, 18
present in atieast 15% of the population infected by Leish-
mania donovani suggest that a vaceme should be possible
for VL (21, 22} Stmitar reports have been made for canme
VL (23). Early studies in ammal models immumyzed with
killed parasites have demonstrated that reductions in LPB
can be achieved (24-26), although hittle exaumnation of the
specific Ag or immunoiogic mechanisms ivolved i this
protection has been made. Recently, we purified two pro-
teins from L. donovan, dp72 and gp70-2 (27). These pro-
teins are specifically recognized by seruin from patients or
dogs with VL (27, 28)
BALB/c mice showed that immunization wath dp
reduce LPB by §16 compared with the control nuce (249)

Prehimnuary expernments with

2 cun
The proten dy 72 is picsent in botn stagves of tiwe parasite
Ife cycle (promacagotes and amastieotes) and a related
protein has been 1antined i other speaies of Letsivnania
(291, In this study we further mvestigate the protection ot
BALB/c mice immunized with dp72 against VL caused by
L. donovani. In addiion. we show that the pure L donovam
protein can @iso protect mice against a second species,
Lewsimaria mayor, which causes CL

Materials and Methods

Parasites

Promastigotes for Ag weire grown in Schneider’s Drose-
phila medium contaming 10% FCS (Biolab, Jerusalem. lot
769) plus antibiotics (stieptomycm, 0.1 mg/imls pemeidlin
100 U/ml). Stavonary phase parasites used to challenge

o
-
[

mice were grow non blood agar (3 The solates employed
in these studies were obtained from Dro L Hendncks,
Waher Reed Army Institute, Winslungton, DC oL mapor,
WRIWY Iy 1 Kewthly, Comell Medical School. New
York, NY (1. donovan, Khartoum), D 5. Reed Issaquiath
Health Research Institute, Scattle, WA L donovam cha-
east, Edmaehy, Do MO Homel Liverpool Schoob of Trop-
wal Medicie, Liverpool, UK (4 donovans mfanuom 1LV Q)
Do by Sacks, LPD, Natonal Instituies of Health, Bethesda,
MD (/. mener, Fredhmy, and Do SO Michael, Wewzmann
Instuute of Science, Rehovol, seael tleptomonays colloso-

i)

Preparation of paraste Ap

Crade parasite Ay for Western hlots FEISAL o Ivinphocyie
politeration were prepated as desenibed (29 The two /L
donovan protems, dp7 2 and gpT0- 20 were panibied by al-
fimty chromatography ac previoushy reported (27) trom
crude pronastipote membres of either Bdimact (NBONY
BRIOO/A2) or EVONMBION/E /0782 Elued matenial
was analyzed by Western blotmge and silver stuning atter
SDS-PAGE (31). The hydrophishe and anpiphihic torms of
PSP weie prepared according o Reference 32 and were
Kindly provided to us by Drs. Bordier and Rivier from the
University of Lausanne, Lausanne, Swatzerland 1.PG and
PG were prepared by affimty chromatography (200 and
wete prts from Do Eo Handman, Walter and Ehza Hall
Insutute of Medical Research. Melbourne, Austraha,

SDS-PAGE and Western blotting

The reactions of pooled mouse serum were exannimed using
total tysates trom L. donovans ofunien (LVY, 400 gp/pel),
L. magor (Fredlin), and L. collosoma (1200 pe/gel) as Ag.
Proteins were separated on 10% pels by SDS-PAGE and
cicctophorencaliv trinsferred o 045 o muaceluiose
(335 Alier quenchimg for 1 han SOmN PBS, pll 7.0, con-
tamng 1.3% Tween 200 memorane stips Lo cach Ay were
icobated 2 hoat reom temperature with pooied immune
mowse seras diluted 1000 a0 T-PRS The siaps were
washied several times wath T-PBS and probed (1 hvat room
temperature with l"‘“I]gn:x! anti-mouse teGo10 pCromn
T-PBS: 20 FCS. New Engiand Nuciear, Boston, MA). Af-
ter addinanal washes with T-PBS the blots were dned and

exposed lor awmoradiography.

Protein detenmimnation

Membrane and lvsate protein concentranon was deter-
mined using the Bho-Rad protem reagent (Richmond, CAY.
The amount of pure ap72 and gp70-2 was estabhshed by

an Auto-Dye-tinding assay (29)

Immunization and protection stadhies

Female BALB/c mice (Olac, Bicester, UKD were mmmu-
mized 1 pwith g pute dp?2 and 100 pe Corvaebacterivun
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FIGURE 1.0 A analvsis by SDS-PAGE of pure dp7 2 from L
a'osmvam T[\c protein was purified by affiniy chromatogra-
phy separated by SDS-PAGE, and the gel silver was staned
.(2‘ &ll_;zne a,,gDQ sample bufier, Line b, purihieo 4p?2. B,
analyms by \M’stvru bloting of poaled <era fromy BALB/C
|m|ce lmmunlzed with pure dpT2
Ml(chlp??. (6 pp total plus 100 pg €
.mo e). Con(rol mice teceved adjuvant aione \Western biots
Wﬁ."g Carned out on hsates ot [, donovani (L},

and’ 1_ colivsoma (Lep ),
poo{ed sera "As a posibve control mAb D13 (diloted 170
ag:’mst d;)?"’ was included. Lane D13, mAb D13 lanes ato
C'c ol mousc SCIN, pooicd ser trom
immunized:mice.

AMice were immunized
parvem as adpavant!

major
using 1100 dllulmnc of

lanes a7 o,

leagl 1/1000. T he mobility of this band is identical to dp72

dc cu.d m'\lhc same Western blot with a monoctonal or
pofyclonal antibody specific to this Ag (Fig. 15 and data not
shown, Bcc*tu%c the mAD to dp72 (D13) was previously
found 1o cross react with a Jower m.w, protetn in several
plhc‘r spccxcs of Lewshmania (29), we examined the reaction
of..lhc ‘anti- dp".’l mouse seria on lvsates of other Kmnero-
plqmdm Th(, pooled mouse sera reacted with one major
band" aroupd 60 or 100 kDua in lysates prepared from L.
n;'(rzi]'ér”or Lepmmomu respectively (Fig. 181

) SSOme nddmonnl weak bands, mow. <045 kDa, were also
ﬁccn with all the lvsates tanes a' 1o ¢' 3 but these appeas
o bc nonspecific reactons amg are .11\(1 visible using the
nOrmﬂl mouse sera (lanes ¢ oo Thiee times the amount
of L. major and !

ungdel’ to detect reactions with the pooled mouse sera

Leptomonas Iveate was loaded on the gel

produced to the puie L. donovam protein No reacton was
seen with lysates of Crithidra fasciculata (data not shown;,

Proliferative response of
dp7 2-immunized mice

Ivimphotytes from

The proliferation o spleen cells from nuce immunized with
dp72 (7.5 ug total plus € cruge and pare

Ag was assaved. Lymphocytes from these mice showed

parvani Lpa o
strong proliferation 1o crude freeve/thawed vsates of L
donovani and L. major (7962 and 9207 cpm, respechiveiy,
20.05 and 2.5 pgrmiof Agy but only weak reactions with
lvsates prepared from Leptomonas (3102 cpmal 2.5 pe/ind
ofiAg), (Fig. 2). However, strong proliferanon was <till

12u00
— &= l.donmam
100w
Lo
oon 4 L,.—+ o leptnmona

A0
4000

Thymidine incorporation (ACTAL)

1

| )

10060 ‘/ ! \\‘

0 e !
.10an L A 4 e et

oos 0 2.6

Antigeo concenlrahion jre/nd

FIGUIRE 2.

dp? 2ammunized maice 10 Ivsates of Leshomann and other

Proiteeqtive recponee of Ivrphase vtec framy A

related pecies Spieen celle ftom a BAFR'C minuase imimu-
mized with dp7 2 (7.5 yn totad plus 100 i
4odave with freezetthaswed extracts of L

PO GIMouse)
voere cultured tor
donovam iKhanoun L maor (Tredimi o 1 coliosoma The

incorporation of miethy, PEHTAR (1 pems el atter an adds-
nonat 18 howas measured and the mcean open o topicate

cudtare =0 SE s shown

observed when SO-told ess crade 1 donovans Ay e {or
L omaor was used  Lymphoeyte prohifetanon i «ip72-
immunized mice thatreceived athird boostof 107 irradiated
L. donovani promastigoles v, was examined with pure Ag.
Stong proliferation to pute dp72 (S1= 40.2) was ob-
served, with the peak at 0.5 pg/ml Ag (Fig. 3 Weak re-
action with gp70-2 (5.1 = 0.9) or no reachon was found
with the Ag PSP and LPG at concentrations from (1110 2.0
peimt Ap. Both the hyvdrophilic and ampliphilic form of
PSP were examined. A weak proliferaton (S.1. = 12.2y was
consistently observed to phosphoglyean (Fig, 3y at all Ag
concentrations examined (0.1 to 2.0 pug/ml),

The T cell subset 1esponsible for proliferation to pure
dp72 was characterized by antibody-mediated deplenon in
vitro. Lymphocytes from mice immunized with only dp72
(otai 7.5 gy were incubated in the presence of dp72. with
Cha~

Thyedine uptake

o withour antibodies agamst the T cell subsin
(GR1.5), CDS8 (H2S
showed that proliteration 1o dp72
anti-C D4 antibodies (865 inhibittony or 4 nuxtire of anti-
CD4 and ant-CDS anubodies (2> 1007 Addi-
von of anui-CDS antibodies alone consistently enhanced
proliferation (1507 compared with the controlb cells (Fig
41 Similar resulte were obtained using rat anu-CD4 or

-CDR [eh! mADb plus C (data not showm

). or both subsets
was inhibited by both

mhibinion)

Protection studhes agamst VL

BALIY
Lah' H- 27 Wien challenged wath L donovans amastigotes

mice are of the susceptible non-cute phenotype

they show aapid tise m LPB over the first 2104 wh, after
which the parasite burden remains more or less constant
dependimg onthe challenge dose used (3%, 300 Two weeks

after the final boost, mice Gmmumized and conttohy were

7
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FIGURE 3. Proliferative response of cells taken from dp7 2-
immunized mice (o pure ieishmanial A Spleen cells from a
BALB/c mouse immunized with dp72 (7.5 pg tatal plus 100
ug €. parvurm and 107 inadiated L. donovan promastigotes,
100 krad), were cultured 9 davs with the tollowing pure Ap:
dpr2; gp70-2: H-PSP o APSE dorm; LPG and phosphogly -
can. The proliferative response was determimned by measunng
methyl-[*H)TdR incorporation (1 pCifwelly over 18 h. The
mean cpm of triplicate cultutes = SE is shown
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FIGURE 4. Effect of T cell subset depletion on proliferation
_to dp72. BALB/c mice immunized with dp?2 (7.5 pg rotal
“plus 100 pg C. parvum/mouse} were killed 8 days after the

final boost. The spleen cells were incubated for 4 days with

Ag (CTCM) or Ag plus the following antibodies, anli-Cl4

(GK1.5), anti-CD8 (H35), or anti-CD4 plus anti-CD8. The

cells were pulsed with 1 pCirvell methyl-[YHITdR for 24 h

and the incormoration was counted. The mean cpm of trp-

licate cultures = S is shown

challenged with 107 L. dunovan: stationary phase promas-
tigotes and the kinetics of protection evaluated by killing
mice after 1, 20, and 108 days. Touch biopsies were made
from each group and the mean number of amastigotes per
liver was determined. Results are presented as LDU (3410
Figure 5. Cme dav after the challenge hoth the unmunized
and the control group had the same LPB. 22.7 and 21.2
LDU, respectvely (p = (98 SRV

days after the challenge the immumzed mice showed a sig-
nificantly lower LPB, 60 (o~ a7 X 10T, compared
with the contrei group (Fig. 5). The difference becanmie even
more pronounced by 108 davs after challenge where the
107" for the

However, by 20

parasite burden was 78% jower (p 0 5

PROTECTION STUDILS USING dp72 FROM tenhimania donovy:
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FIGURE 5. Kinetics of protecthion aganst | donovani in
nuce imimunized with dp‘?'l. BALB/C nce were immunized
with dp72 (6 pe 1otal pluc 100 pe Coparvemmouse). Control
mice recerved adjuvant alone. Mice were challenged .y
with 107 (. donovanipromastigotes (Khanoum,, At 1,20, and
108 days, the mice were killed and the LOU calc ulated from
hiver biopsies (34). The mean LU = S e shown (n = ().

immunized group compared with the control mice (Frg. 2).
Statistic analysis of the resuhis by both the (wo-way
ANOVA (p values given above) and contiast test showed
that there was a significant difference both between the
LPBin the control and immumnized groups ateach time point
examined and also between the time course of disease de-
velopment for vach group (p < 0.0001),

Effect of antibody-mediated deplenon and
neutralization on VU in BALB/c mice

The T cell subsets responsible for protection against L.
donovani in mice wnmunized with dp72 total 6 pg) were
characterized by injecting immunized mice daily with anti-
CD4 (GK1.5), antui-CD8§ (H35), or a mexture of both anti-
CD4 and anti-CDR antibodies Treatment was initiated S
days before parasite challenge and continued every 210 3
days until the experiment was terminated Immunized an-
imals receiving injections of either pure igG (25 pg/mouse)
or PBS were included.

Nonimmunmized control mice, adjuvant only, were in-
jected with PBS. Two weeks after the fina! boost the mice
were challenged i with 107 L donovans (Ehartoum) pro-
masbigotes and killed 20 days later. Sipnificant protection
was observed in the immunized mice that ieceived mjec-
tions of cither 180G o1 PBS (61 and $1% reduction in the
LPB. respecuvely) (Fig. 6) compared with the control neon-
inmunized mice (PBS). A significant difference (one-way
ANOVA test at the 95% confidence level with tn of 1.DUY
10 the LPB was also found between dp7Zammunized mice
depleied of cither the CDA™ CDE " or both T cell subsets,
and the dp?2-unmunized mice teated with cither PBS of
leG (B 60 No sigmificant difference m the LPB Wi
found between any of the T cell subset-depleted groups.
Interestingly, immunized mice recenving injections of cither
anti-CD4, anti-CDS. ar both anti-T cell subsets had ereater
LPBCVIS, 173 and 1756, respectivelyy than the control
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KFICURE 6.  Pascive trancior of antibodies 10 T cell subsets
Sor lfN 5y and their afiect on visceral feishmaniasis in BALB/c

mlcc;‘F'vo days before challenge v, with 107 stationary

hase . donovani (Khartoumi promastigotes, a regime of
Vb'mtrbo y injections was bepun . Immunized mice (asin Fig. 5)
'recelv :d either PBS, 1pG, antu-CO4, -CO8, -CDA plus -CDA
50r anti=lFN-~ antibodies. Nommmuazed mice only recerved
m;ecuops of PBS. At 18 davs all the muce were killed and
iLDU were calculated from liver biopsies. The mean LDU 2

SE (0 =‘ 6) is shown.
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nonlmmunl/cd mice mjected with PBS (Fig 6).
x..",]n lhc same experiment the effect of antibodies 10 1FN-y
yon lht: course of the disezse i ap7
’écxamlp'd IFN-v v as neutralized by injections of the an-
vubody “HE 170 following the same protocol as described
"above:.Neulrnll7al|on of IFN-yresulted in anincrease inthe
;LPB o&thL dp72-immunized mice (130%, compared with
"Lhc nommmumzcd groupy (Fig. 6). The effect of IFN-y
-nculmllznuon was less pronounced than that seen after de-
plcnon Of the CD4” or CDS* T cell subsets but was sti-
;usncally significant (95% confidence level in the one-way
JANOVA with In of LDU) when compmed with dp72-

RTINS }
1mmumzcd mice receiving enthier PBS or 1gG.

2-aimmunized mice was

‘Pure.dp72 from L. donovani protects against CL
oL Sr

‘Because hoth antibodies and lvmphocvies from BALB/c
“mice immunized with the pure Lo donovant protein, dp72,
react.to crude Ag from L.oniyor,an wasomteresting o see
th[hér immunization with dp72
ICL BALB/¢ mice immunized with dp72 (6 pg total) were
Cha“CﬂLLJ with L. major {Fredhin) stanonary phase pro-
maqnqolu (cither 107 or 10% per mouse s.c.in the left rear
“foot). C. parvum was used as adjuvant for only the first

“boost. The ratio of infected to noninfected footpad thick-

can protect mice agiinst

ness (millimeters) was measured at weckiyv mtervals The
‘results are shown in Figure 7. Imimunization with the L
donovani protein zave sigmficant prowecnion agmnst a chaie
lenge by L major at cithe: dose. Staustc analvsis of the
‘mice chatlenged with 10% promastigotes showed & sipmi-
1C:1m difference between the control and immunized group.

<0 01 for 27 10 50 days and p =2 0.004 for 57 10 70 davs

,(lwo ,\\vay ANOVA with contrast). A significant difference
e

10 Pro's
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FIGURE 7. Protection of BALB/c muice immunmized with the

L. donovar protein dp?2 against a challenge by L. major.
Mice were immumized with dp?2 tsee Fig. 5, Control mice
received only adjuvant. Mice were challenged, s.c., with
cither 10* or 10" stanonary phase L. major (Fredim) promas-
tgotes i the left rear foot. The thickness of both fvotpads was
measured (millimeters) and the ratio of intected to nonin-
fected iootpad = SE s shown (n = 6}

(p < G.OL, Stdent (-test for unequal vartances) was also
found for the control and immumized mice chalienged with
10 promastigotes. No lesions were visible 1o either -
mumized group for up to 70 davs (107 pariasitesy or 84 days
(10* parasites? atier infection, although o wnall swelhing
near the ankle was apparent at SO davs i the gieup re-
cerving 10" parasites. At 70 days two mecee each from the
immunized and control groups challenged with 10® pro-
mastigotes were killed and the parasite ioad m the infected
foot exammed by LA (35 ) lntul(‘d teet obtmned from the
control nice contned 21 more parasies than were

found 1 the dp,h-nmmmlzcd mice, 13 = 10% parasites/
foor ve b = 100 parasites/toot, respecuveiy esion size
i the remang umunzed mice. toth 16F and 10" parasite
challenges, was monttored for more than O mo atter chal-
lenge without detecting lestons tdats not shown), At 6 mo
the number of residual parasites remanme m the infected

tootpads fron the ymmunized noce chulleneed with 107 and

‘
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10% parasites was examined by LDA. No parasites were
detected.

Discussion

In mice, the control of VL can be divided into two phases,
innate and acquired immunity, which are under control of
the Lsh and H-2 gene loci, respectively (1, 40). Naive
BALB/c mice (Lsh*, H-2%y when challenged with L. dono-
vani show a marked increase i parasite burden during the
early phase of disease, reaching peak LPB at around 2 1o
4wk, Duniny the latter chronic phase of disease, these e
slowly reduce thewr parasite burdens (10, 39,41, Reducuon
of LPB may be partially dependent on the size ol the par-
asite inoculum used for challenge (38, 39).

Protection against 1. donovani, which causes VI, s
thought, Eke CL, to be T cell mediated. Adoptive transter
of immune spleen cells o nude BALB/C or natve CS7BL/0)
mice imparts protection, whereas the depletion of T cells
from naiv: BALB/c or CS7BL/G) mice blocks acquisition
of resistance (10, 32, 43) Transter of B cells or unmune
ccrum has no effect on disease (42).

Unlike cutancous discase caused by L. nigor, differentiad
regulation of the CD4™ T cell subsets, Thl and Th2, does
not appear to be involved in determining genetic control or
vaccine-induced rate of cure for L. donovant. Kave etal. (9)
monitored lvmphokie production at different tumes after
challenge in naive Lsh congenic mice (CS7/BL/AO. Lsh®
H-2", and B10.L-sh, Lsh® H-2") or MHC congenic non-
curing mice (B10.D2/n. Lsh®, H-2%). Early i infection (14
days) all mouse strams produce about the same levels of
IFN-y. IL-2, and IL-3 after i vitro Ag-specific smulation
of thew spices cells. However, by 30 days noncuring mice
already exhibit a marked decrease in the amounts of these
cywkines, and by 50 days no cytokine production was de-
tected. No evidence for either L= or 11.-5 production was
found with any of the strains studied throughout the course
of disease. The former cyvtokines are characteristic of Thi
cells, whereas the datter are typical of Th2 celis 1L-3 1y
produced by both T cell subners 170 8 theretore, the dis
appearance of cvtokines charactenistic of Thil cells. rather
than the expansion of cells beionging to the Th2 subset and
concurrent overproduction « [ -4, appears to be associated
with susceptibihty o L. donovani i mice.

In an carlier report, we showed that immumization of
BALB/c mice with dp72 reduces the peak LPB (18§ days)
by over 80% after chalicnge with L donovan: amastigotes
(29). This protein i< present in hoth stages of the parasie
(29 and asigmbicant reductionan peak parazate bardens 13
to 21 davs) of immunized muce hae been observed regind-
less of the lewshmand stage used for chalienge (29, 4.4
(Fig. 5). Further studies. presented here, on the Kineties of
infection show that the reduction ohserved 1 the parasite
load at 18 1o 21 davs i not caused by difterences i the

PROTECTION STUDILS USING dp™2 TRON Lerdiimania donoyang

initial parasite burden between the immunized and control
mice. Measuements by both hiver touch bropsy and LD A
at bday atter mfection demonstrated that the parasite bur-
dens were the sime for both groups. Became LDA s based
on transformanon and growth of the intracetlular parasites
as promastpgotes, equal numbers of siable amastgotes
must have been present i the livers of both groups Tug
thermore, this finding that the minal LPE were similar un-
phies that mechmmsms that neatrahize parasites or block -
vasion, such as antibody-mediated C vsis o nonspecific
activation of macrophages, do not piay a tole wn the pro-
tecnon observed at 18 to 20 davs, even though the unma-
mized nuee have hagh ant-dp™2 antibody ters (52 11000),
Prelmunary expeniments have atso shown that the passive
wanster of hyperimmune sera o dp72 has no eflecton LPB
i nanve maee ONL Rachamans and C L Jaltes unpublished
observations)

Iy ane o study (9% i whach the lanenes of protection
against V9 were followed, no ditterence over the carly
phase of the disease (14 or 30 davsy benween the LPB ol
maive and immunized CSTBL/TO miee was observed. How-
ever, nesther serum antibody noc T eell responses o leish-
mamal Ag were observed m these immunized mice before
challenge and the Ag fractions were admintstered withowt
adjuvant. This is different from results presented here for
mice immunized with dp72 ples adiovant, which showed
serum antibodies and Ivmphoproltferanon to dp72 and sig-
mifant protection at 18 10 21 davss e kane et al (9 a
decrease wn the parasite load was apparent only much later
in the discase course, at 50 days. lor two Ag fractions,
38-45 and 79-85 kDa. tested

Deplenon experiments in vitro cemonstrated that CD4
T cells specifically proliferate to dp72. Preliminary exper-
iments have shown that adopave transfer of these T cell
blasts reduces LPR oy 70% i nve BALB/c (N. Ra-
chamim. J. A- Lows and C 1 Jafte. unpublished results).
T cells of this subpopulation can secrete large wmounts of
HoN-y and 122070 8y and we are presentn analvzng the
Ivmphokine profile of the Jdp72 Ap-specitic T oeells Pro-
duction of TFN-v has been correiated with the ability of
vacamated and nave mice challenged wath L donovam to
conttol and reduce parasite burdens both m vio and m vivo
(9, 4548y Indeed, when mice immunized wath dp72 were
teated with ant-1FN-y antbodies o vivo, the LPB at day
20 was sumtlar to that of nave miee

Alihough the adeptive transfer ot CD 7 eells from cued
CSTBLAG or BALRB/C mmice alone has been shown to con-
vev marked nnmumty to chalienge mounpnmed recipents
CH 39 these findmgs are i disagreement wath e ports that
and CDE T

cells alone are msuthaent 1o induce

heahng v BALB/C mice requires both Ch
cells, and that Chad?
cure (101 Nude mice reconstituted wath total <pleen cells

from naive BALB/cmice (nu/ = conttolled theinintectuons

e
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by 8 wk. However, mice receiving only CD47- or CD8 " -
*apriched spleen celis failed to eliminate the parasites. The
‘yequirement for both T cell subpopulanons was further con-
*firmed by showing that in vive depletion of either subset
|pr('vcnled the resolution of the disease it puve mice (10).
! Protccuon in mice immunized with dp72 aganst 1. dono-
L yuni appears to involve both T celt subpopulations. Elim-
“ination of cither the CD4* or the CD8”
rcvcr%ud the protective effect obscrvcd in immunmzed nice
“and resulted in LPB equivalent to those found when botk
ssubsets were depleted. In fact, these mice had parasite bur-

subset in vivo

den% hlghcr than the nonbmmunized PBS control mice, al-
[hough Jotas greatas nonimmunized mice depleted of thei
yCD4 or CDS* T cell subsets. The latter mice show LPB
approxnmalclv 2.5 times the PBS control (N, Rachamim
.and C. L Jaffe, unpublished results).
/\ddll"‘lml evidence for the 1ole of CDS”
.conlrol of L. donovani infections comes from nmimunocy-

cells in the

!tochcmu.dl studies i nave and cured BALRB/C mice (50).
»Th Iaucr mice are resistant 1o reinfection by Lo donovani.
A'Ih s¢ sludlcﬁ showed that both CD4* and CDS§™ cells arc
pronnﬂc?ni in the liver granuwlomas during the innate phase
ofdnsc&sc However, the CD4™ subset declines rapidly dur-
!mg r:ﬂoluuon and only CD8™ lymphoid cells remain at a
'nme wh‘en the intracellular parasites are being destroyed.
Rechal]cnﬁc of the cured mice was associated with i dra-
“matic xgcrc.mc in CD8™ T cells.
"- Immumzauon with dp72 may prime immunologic re-
sponseslso as to avoid the carly induction of suppressor
cells, cuhcr macrophages or T celis. that have been reported
;o appr;gr during the first few weeks after the infection of
BALB/ Jmice (51, 52). The rapid proliferation and influx
%mo lwcr granulomas after parasite challenge of dp72-
pccxﬁ ?CDJ T cells that secrete [FN-y and IL-2 could
?nhance both the protective and functional activity of
CDB %C”ﬂ Indeed. IFN-v and 11.-2 have been shown 1o
"n,nhzmcc ‘the effectiveness of ¢ sviotoxic T and NK cells und
;lldeCQJFI\—) production by CD8* cells (53, 34). Secreton
of IFNZv. by these Jatter cells would compiement the pro-
duction of IFN-y by the CD
lhc higher levels of IFN-~ that may be required 1o trigget
In addon, di-

* subpopulanon resulting in

fccm'c letshmanicidai mechanisms (55).
rect conlacl mediated kilhing of intraceliular amasugotes
via cytotoxic CDE™ T celis has been shown 1o play an
important role in host defense against other parasites, such
Toxoplasma gondu. Trypanosoma cruzi. and Plasmaodiun:
-yoeli (56- 581 Recently. a roie for cvtotoxic CDE” cells n
host defen. » against L. maor has also been demonstrated

(59. 60).

Cross-specic protection i humans wter cuie and rem-
fecnon with differend cpecies of Letsiunania appeats to be
rare and has been documented in only o few cases between

_related spectes that cause Coren Levshoana tropuca and

- L.omajor (2. Inthe mouse model several examples of cross-

RENE

species protection hive been reported between species that
cause CL. or between L. donovani and L. major using cither
crude Ag o nadiated promastigotes (12014 17,61

Dp72 is not related 1o the PSP nimon sarface plyco-
protein that is found m all species of Leaiunania and both
stages of the parasite. Polyclonal anthodies to dp72 donot
recogmize PSP 295 and fymphocytes trom mice unmunized
with dp72 do not proliferate to PSP (Fig. 31 However, se-
rum antibodies and lymphocstes from nnee inmunized
with dp72 do recognize a cross-reactive Ag in cride lvsates
of L. major (Figs. 1 and 23, mdicatimg that both B and Tcell
epitopes are shared between the [ donovani and L.omajor
proteins The Lo major protein, 60 KD has the same .
as an Ag recognized in Loomajor fvsates by mAb D13
apainst dp72 (29). Pichminary results showed that PBL
frem pattents with Soath Amencan CL proliferate specif-
ically to dp72 162y, These results suggest that prnnng with
the L. donovam protein might induce nnmuanologic re-
sponses, perhaps protective, when later challenged with
ather speaies ol Leishmania, Indeed when BAL /¢ mice,
which are hughly suscepuible o L. wnajor were imununized
with dp72 and challenged with thus parasite. 1o Jestons de-
veloped in the immunized mice over the course of this
study. up to 6 mo. The protection was also confirmed by
LLDA. This paper 1epresents the firstreport ofa pure protein
that protects against both VL and CL. Additional studies
using this protein will help us define the mechanisms in-
vob ed in disease and the appropriate immunologic re-
sponses required for the induction of a proteciive response
in the mouse model system. Hopefully we will be able to
extrapolate these findings to vaccine development for hu-
man discase.
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