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IMMUNE RESPONSES INDUCED BY A Leishmania (Leishmania) amazonensis RECOMBINANT
ANTIGEN IN MICE AND LYMPHOCYTES FROM VACCINATED SUBJECTS
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SUMMARY

In the search for Leishmania recombinant antigens that can be used as a vaccine against American Cutaneous Leish-
maniasis, we identified a Leishmania (Leishmania) amazonensis recombinant protein of 33 kD (Larp33) which is recog-
nized by antibodies and peripheral blood leukocytes (PBL) from subjects vaccinated with Leishvacin ®, Larp33 was ex-
pressed in Escherichia coli after cloning of a 2,2 kb Sau3A digested genomic fragment of L. (L.) amazonensis into the
pDS56-6 His vector. Immunoblotting analysis indicated that Larp33 corresponds to an approximately 40-kD native pro-
tein expressed in promastigotes of L.(L.) amazonensis and L. (Viannia) braziliensis. Northern blots of total RNA also
demonstrated that the gene coding for this protein is expressed in promastigotes of the major lineages of Leishmania
causing American Cutaneous Leishmaniasis. Larp33 induced partial protection in susceptible mouse strains (BALB/c and
C57BL/10) against L. (L.) amazonensis after vaccination using Bacille Calmette-Guerin (BCG) as adjuvant. In vitro
stimulation of splenocytes from BALB/c protected mice with Larp33 elicited the secretion of IL-2 and IFN-y, suggesting
that a Th1 cell-mediated protective response is associated with the resistance observed in these mice. As revealed by its
immunogenic and antigenic properties, this novel recombinant antigen is a suitable candidate to compose a vaccine

against cutaneous leishmaniasis.
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INTRODUCTION

American cutaneous leishmaniasis (ACL) is an endemic dis-
ease caused by at least 12 species of the genus Leishmania. Be-
sides the high incidence and the size of the population exposed
to the risk of infection, difficulties to control the disease are ag-
gravated by the diverse clinical, ecological and epidemiological
features of this zoonosis *'® 2. At present, there are no pro-
phylactic drugs capable of preventing the disease and chemo-
therapy is frequently not effective *'. There is, therefore, a great
interest in the development of safe vaccines as a mean of con-
trolling the disease.

The nature of the host immune response to different Leish-
mania infections is one of the main factors controlling the final
outcome of the disease 252>, In mice, susceptibility and resis-
tance to Leishmania major have been correlated with the selec-
tive stimulation of the different CD4*T cell subsets, Thl and
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Th2, and the type of cytokines that they produce. In general, a
protective role is associated with cells of the Th1 subset that se-
crete interleukin-2 (IL-2) and interferon-y (IFN-y) 8 46 47.
whereas the expansion of cells of the Th2 subset, which produce
TL-4 and IL-10, exacerbates disease '* . Similar CD4*T cell
subsets have also been found in humans. Cytokine mRNA levels
in human ACL lesions seem to correlate with the profiles ob-
served in murine models and also with the spectrum of clinical
manifestations of the disease. A Thl profile is detected in pa-
tients with healing lesions, a mixed Th1-Th2 profile is observed
in patients with active cutaneous or mucocutaneous leishmania-
sis and a predominant Th2 response occurs in patients with the
diffuse form of disease '®*. CD8*T cells are also able to synthe-
size IFN-y but, although some evidence for a protective role
played by these cells has been already accumulated, they have
been far less characterized '*!73%3¢ Other cytokines, such as
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IL-12 2% and the tumor necrosis factor o, (TNF-) **, are also
crucial to the establishment of a protective response in experimen-
tal leishmaniasis, whereas an increased expression of transforming
growth factor B (TGF-P) is associated with susceptibility °.

In agreement with these findings, adoptive or vaccine in-
duced protection against leishmaniasis is largely dependent on
cell mediated immunity, Th 1 lymphocytes and IFN-y &% 3446,
Different antigen preparations, including defined and recombi-
nant antigens, have been demonstrated to induce this type of
beneficial response in experimental models * ' 2733 3% 4452 and
also in lymphocytes from patients with clinical Leishmania in-
fections % 404148,

In this study, we have used a novel L. (L.) amazonensis re-
combinant antigen (Larp33) to vaccinate susceptible mice
against Leishmania (L.) amazonensis infection. Larp33 was
identified after screening recombinant polypeptides with sera
and lymphocytes from subjects vaccinated with a killed
promastigote vaccine ¥, Leishvacin®, which is now commer-
cially produced by bioBrds (Bioquimica do Brasil S.A.). Taken
together, our results demonstrate that Larp33 is simultaneously
immunogenic to humans and protective to mice.

MATERIAL AND METHODS

Parasite stocks. For infection experiments, metacyclic
promastigotes of L. (L.) amazonensis (IFLA/BR/67/PHS8) were
obtained by isolation from hamsters lesions and inoculation in
NNN/Lit bifasic medium. Cultures were maintained for 12 days
at 23° C. Cultures where further maintained in LIT medium' at
23° C to obtain logarithmic phase promastigotes of L (L.)
amazonensis (IFLA/BR/67/PH8) and L. (V.) braziliensis
(MHOM/BR/75/M2903) used in the experiments of
immunoblotting and nucleic acid isolation.

Preparation of Soluble Leishmania Antigens (SLA). For
ELISA and lymphocyte proliferation assays, as well as mice
vaccination, stationary phase promastigotes were pelleted by
centrifugation (1200 g, 10 min, at 4° C) and washed tree times
in PBS. Washed promastigotes were ressuspended in PBS and
disrupted by sonification as described*. For immunoloblotting,
1 x 10® promastigotes were ressuspended in Tris-HC1 0.1 M (pH
7.0), 10% glycerol, 10% B mercaptoethanol and 2% SDS,
boiled for 5 min®. and loaded in 12% polyacrylamide-SDS gels
(SDS-PAGE). Protein concentrations were determined as previ-
ously described *.

Nucleic acids isolation and Northern Blotting. Total DNA
from 1 x 10® promastigotes of L. (L.) amazonensis was isolated
by standard techniques involving lysis by 0.5% SDS, proteinase
K (125 pg/ml) treatment followed by repeated phenol/chloro-
form extractions and finally, ethanol precipitation. Total RNA
was extracted from 1 x 10° logarithmic promastigotes with
TRIZOL (Gibco-BRL, Gaithersburg, MD) according
manufacturer’s instructions. Northern hybridization analysis
was carried out as previously described * using 10 pg ot total
Leishmania RNA/lane on formaldehyde 1% agarose gels. Gels
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were transferred to nylon membranes and hybridizided with a
probe comprising a 625 bp PstI and Sal I restriction fragment
of the coding sequence of the Larp33 and labeled with [oi-*P]-
dCTP by the random priming method .

Construction of genomic library and expression of re-
combinant proteins. L.(L.) amazonensis genomic DNA was
partially digested with Sau3A and separated by agarose gel
electrophoresis. Fragments between 2 to 4 kb were excited from
the gel, electro-eluted and cloned into the Bam HI site of the
expression vector pDS56-6His. After transformation of Es-
cherichia coli M-15 cells, individual transformants were grown
in 500 pl of LB medium, and the expression of recombinant
proteins was induced by IPTG (isopropylthio-B-D-galactoside)
at 2mM. After incubation at 37° C for 4 hours under agitation,
cells were pelleted by centrifugation and ressuspended in 100
ul of buffer containing 2.3% SDS, 20% glycerol, 5% B-
mercaptoethanol and 0.5% Bromophenol Blue. Samples were
boiled for 5 min. and loaded in 10% polyacrylamide gel in the
presence of SDS. The identification of transformants express-
ing recombinant proteins was carried out by comparing the
band profiles of crude lysates of induced and non-induced E.
coli cultures. Recombinant proteins were purified from crude
bacterial lysates by a nickel-chelate cromatography. Protein
concentrations were determined as described *.

Lymphocyte proliferation assays. Peripheral blood leuko-
cytes of seven subjects vaccinated with Leishvacin ® according
the protocol described by NASCIMENTO et al., (1990), which
had a Leishmania skin test positive and of four-non-vaccinated
control subjects were used to access immunogenicity of the re-
combinant proteins to humans. Proliferation assays were
perfomed as previously described”, except that cultures were
stimulated with 20 pg/ml (concentration determined by previ-
ous titration) of either Leishmania soluble antigens (SLA) or
recombinant proteins. Five micrograms per mililiter of PHA
was used as mitogen. Proliferation was measured by the
incorportion of 0.2 uCi of [*H] thymidine during the final 18
hours of culture. Results are expressed as Lymphocyte Stimula-
tion Index (LSIs), which represent the ratios of the average of
[*H] thymidine incorporation of triplicate cultures in the pres-
ence versus the absence of antigen or mitogen.

Rabbit antisera. Antiserum against Larp33 and native pro-
teins were raised by four subcutaneous immunizations of a rab-
bit with 100 pg/ml of protein in Freund’s complete adjuvant at
15 days intervals. The booster immunization of 50 pg/ml of
protein was administered in saline. Aliquots of antisera were
stored at -20°C until used. To obtain an antiserum against the
native protein a 40 kD protein fraction was isolated from
Leishvacin® by SDS-PAGE an electroelution (CARDOSO et
al., manuscript in preparation) and used to immunize a rabbit as
described above.

Antibody measurements. Enzyme-linked immunosorbent
assays (ELISA) were used to quantitate antibody levels in sera
of subjects vaccinated with Leishvacin®, and to access cross-
reactivity between native and recombinant proteins. The as-
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says were carried out as previously described ¥, except that
microtiter wells were coated with either 10 pg/ml of recombi-
nant protein or 50 ug/ml of SLA in carbonate buffer (pH 9.6).
To quantitate human antibody levels, plates were incubated
with serial dilutions of human sera followed by incubation
with diluted anti-human IgG (Cappel, USA) conjugated with
peroxidase. To detect reactivity between proteins, plates were
incubated with rabbit sera raised against a Leishvacin® 40 kD
protein fraction or against Larp33 as a control, followed by in-
cubation with an anti-rabbit IgG conjugated with peroxidase
(Sigma, St. Louis, MO). The significance of differences be-
tween groups was determined by Student’s paired t test '8,

Immunoblotting analysis. Western blots were performed
with crude promastigote antigen preparations resolved by 12%
SDS-PAGE and electrophoretically transferred to nitrocellu-
lose paper (Sigma, USA). Proteins were detect by incubating
blots with rabbit antisera raised against Larp33 followed by
incubation with 1:5000 peroxidase-conjugated anti-rabbit im-
munoglobulin G and 3,3’ - diaminobenzidine and H,0,
(Vectastain, Inc., USA).

Vaccination of mice. Female C57BL/10 and BALB/c
mice 8 to 12 weeks old, eight per group, were vaccinated
subcutaneously in the base of the tail and foot-pad, respec-
tively, with three doses of 30 pg of Larp33, or SLA at 15 days
intervals. Live BCG (Fundagdo Ataulpho de Paiva, RJ, Bra-
zil), was used only in the first dose, and 30 pug of PPD (Purified
Protein Derivative Fundagdo Ataulpho de Paiva, RJ, Brazil) were
used in subsequent injections as adjuvants. Control groups re-
ceived only BCG or PBS. BALB/c animals were challenged
with 10 in the hind footpad and C57BL/10 with 10° late-log-
phase promastigotes at the base of tail 7 days after the last im-
munization. All groups of mice were evaluated for lesion de-
velopment for up to 6 months.

Cytokine assays. Spleen cells were collected from 4
BALB/c mice of each vaccinated group, as well as control
mice, at 4 months after parasite challenge for IL-2 and IFN-y
measurements. Cells were prepared as previously described®
and cytokine measurements were performed on supernatants
of cultures stimulated with either Larp33 (20 pg/ml), SLA (20
pg/ml), PPD (40 pg/ml) or ConA (5 pg/ml). IL-2 was mea-
sured on supernatants collected at 24 hours by a CTLL cell
proliferation assay and IFN-y by a two site ELISA with cul-
ture supernatants collected at 48 hours, as previously de-
scribed 22!, Results are presented as average of cytokine con-
centrations determined for 4 animals in each group.

RESULTS

Expression of Leishmania (L.) amazonensis recombi-
nant proteins in the pDS56-6His system. In this work we re-
port the use of the pDS56-6His expression system to express
L. (L.) amazonensis genomic fragments in Escherichia coli
cells. DNA fragments cloned into pDS56-6His are expressed
as recombinant proteins containing a poly-histidine metal
binding peptide fused to their amino terminal portion, which
allows the subsequent purification of the recombinant pro-

teins by means of a nickel-chelate containing column®. As it
has been previously described for other parasite proteins?,
the use of the pDS56-6His system allowed the improvement
of the expression yield and purification of high levels of re-
combinant proteins. The L. (L.) amazonensis recombinant
proteins expressed and purified by this strategy were further
evaluated for their immunogenic properties using sera and
lymphocytes from subjects vaccinated with Leishvacin ®.
Among the recombinant proteins screened, we identified a 33-
kD protein (Larp33), which reacted with sera and lympho-
cytes from subjects vaccinated with Leishvacin®. Figure 1
shows a coomassie-blue stained 10% polyacrylamide gel of
bacterial lysates of the non-induced cultures (lane 2), IPTG
induced cultures (lane 3) and the purified Larp33 (Lane 4).

§7 .

g8

Fig 1. Expression and purification of Larp33 from E. coli. Coomasie blue
stained SDS-PAGE gel of E. coli lisates of non-induced cultures (Lane
2), IPTG induced cultures (Lane 3) and Larp33 purified by niquel-column
cromatography. Numbers represent molecular weight standarts in kD
(Lanel).
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Fig. 2. The Larp33 is recognized by
lymphocytes and antibodies from subjects
vaccinated with Leishvacin ®. Average and
SDs of LSIs in response to Larp33 or SLA (A)
of seven subjects vaccinated with Leishvacin
® and four control non-vaccinated subjects.
Phytohemaglutinin A (PHA) was used as
positive control. Levels of IgG (B) determined
by ELISA by using either L. (L.) amazonensis
soluble antigens (SLA -*), Larp33 (w) or
control (SLA + Larp33 -%) as antigens. Each
point represents the average and SD for
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Larp33 is recognized by PBL and sera antibodies from
subjects vaccinated with Leishvacin ®. Human T-cell re-
sponses to recombinant proteins were assessed with PBL from
seven subjects vaccinated with Leishvacin ® and four non-vacci-
nated control subjects. Figure 2A shows the results obtained with
Larp33. Lymphocytes from all seven vaccinated subjects prolif-
erated in response to Larp33. The LSI value of vaccinated sub-
jects in response to Larp33 was significantly higher (P<0.05)
than that of control subjects, however no statistically significant
difference was found between LSIs of vaccinated subjects in re-
sponse to the Larp33 and SLA. In addition, FACS analysis indi-
cated that stimulation of lymphocytes from vaccinated subjects
with Larp33 resulted in expansion of both CD4* and CD8* T
lymphocytes (data not shown). The reactivity of antibodies
present in sera of vaccinated subjects to the Larp33 was assayed
by ELISA. No statistical difference was found on IgG (Figure
2B) antibody titers present in sera of vaccinated subjects in re-
sponse to the Larp33 and SLA. In agreement with the T-cell pro-
liferation results, sera from all seven vaccinated subjects reacted
with Larp33. Significant differences (p<0.05) were detected by
comparing antibody titers of vaccinated subjects with those of
control subjects. The results clearly indicate that epitopes present
in Larp 33 are recognized by sera of vaccinated subjects and are
able to elicit strong proliferative responses on human T-cells.
The data is also suggestive that the native form of this antigen is
an important component of Leishvacin® and might be associated
with the protective immunity previously observed in subjects
vaccinated with Leishvacin® 3%,

Immunoblotting analysis. Immunoblots of promastigote ly-
sates from L. (L.) amazonensis (Figure 3A) and L.(V.)
braziliensis (Figure 3B) were performed with a polyclonal rabbit
anti-serum raised against Larp33. A dominant protein of apparent
mobility of 40 kD was detected on both Leishmania species,
which was consistent with the result obtained in the northern
blotting of total RNA of the two species. This strongly indicates
that the recombinant and native forms of this antigen share com-
mon epitopes. Besides immunoblotting, the identity between the
recombinant and native proteins were also assayed by ELISA us-
ing Larp33 as antigen and the polyclonal rabbit sera raised
against the recombinant and the 40 kD L. (L.) amazonensis na-
tive protein. No significant differences (p < 0.001) were detected
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between the titers of the antisera raised against the native and re-
combinant proteins. Thus, Larp33 corresponds to a 40 kD Leish-
mania native protein and probably represents nearly the full-
lenght native protein.
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Fig. 3. Detection of the Leishmania native form of Larp33. (A)
Promastigote lysate from L. (L.) amazonensis (lane 2) was probed with
a rabbit polyclonal serum raised against Larp33 (Lane 3) and (B) L. (V)
braziliensis promastigote lysate (lane 1) probed with the same serum
(lane 2).
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Northern blotting analysis. Hybridization of promastigote
total RNA from both Leishmania species (Figure 4) with a probe
comprising part of the coding region of Larp33 revealed the pres-
ence of a single band with estimated size of a 2.8 kb compatible
with the size of the expressed protein.

Fig. 4. Northern Blotting analysis of total promastigote RNA hybridized with
the coding region of Larp33. Total RNA was extracted from logarithmic phase
promastigotes of L. (V) braziliensis (Lane 1) and L. (L.) amazonensis (Lane 2)
separated by agarose-formaldehyde gel electrophoresis, blotted and hybridized
with radiolabelled probe. In Panel B, a portion of the RNA ethidium bromide
stained gel showing the ribosomal RNA bands and that equivalent amounts of
total RNA were loaded in the gel.

Larp 33 induces protection in susceptible mice. Groups of
eight BALB/c and C57BL/10 mice were vaccinated subcutane-
ously with 30 pg of either Larp33 or SLA in association with
BCG, and challenged with 10* and 10° L (L.) amazonensis infec-
tive promastigotes, respectively. The results obtained are summa-
rized on Table 1. Vaccination with SLA induced 50% of protec-
tion. Protection of 75% (6 in 8 mice) against disease was ob-
tained in both susceptible strains by vaccination with Larp33. Le-
sion development was monitored for up 20 weeks and during all

TABLE 1

Efficacy of vaccination of BALB/c and C57BL/10 mice with
Larp33 against challenge
infection with infective promastigotes of L. (L.) amazonensis

EFFICACY
GROUPS VACCINE (% OF PROTECTION)
BALB/c C57BL/10
1 Larp33+BCG 75.0 75.0
2 SLA+BCG 50.0 50.0
3 PBS+BCG 0.0 25.0
4 PBS 0.0 0.0

Groups of eight animals were vaccinated subcutaneously with three doses of
30 pg of Larp33, or SLA at 15 days intervals. BCG was used as adjuvant only
in the first dose and PPD in the subsequent injections. Control mice received
adjuvant or PBS alone. BALB/c mice were challenged with 10* and C57BL/10
with 10° infective promastigotes of L. (L.) amazonensis in the hind footpad
and in the base of the tail, respectively. Results represent percentage of protection
obtained after 20 weeks post infection.

A 1 2 3

Fig. 5. Larp33 protects susceptible mice against L. (L.) amazonensis
challenge infection. In Panel A shows CS7BL10 mice vaccinated and
protected by Larp33 (1) or SLA (2) and lesion development in mice that
received BCG (3). In Panel B, the correspondent BALB/c mice are shown.
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this period no signs of lesion were observed in the protected animals
(Figure 5). These results were confirmed by examining for the pres-
ence of parasites at the site of inoculation by impression smears. In
contrast, control mice that received only BCG or PBS developed pro-
gressive lesions, and metastasis to lynfonodes and other sites (Figure
5). The remaining 25% of animals which were not protected by vacci-
nation with Larp33 had slow and progressive local swelling.

Cytokine responses in protected BALB/c mice. In order to
evaluate whether the protection observed in Larp33 vaccinated
BALB/c mice could be related to a specific pattern of lymphokine
production, the levels of murine IL-2 and IFN-y were determined for
cells from mice vaccinated with either Larp 33, SLA or BCG alone.
Cytokines were not detected in supernatants of spleen cells from
vaccinated mice cultured in absence of antigen. However, increased
levels of IL-2 (Figure 6A) and IFN-y (Figure 6B) were detected
when spleen cells from Larp33 protected animals were stimulated in
vitro with Larp33 or SLA. The same was observed with spleen cells
from SLA protected mice. T-cells from these mice produced lower
levels of IFN-y when stimulated with PPD. Low levels of IFN-y
were also detected in cells from mice that received BCG alone when
stimulated with either Larp33, SLA or PPD.

DISCUSSION

As part of our strategy to produce a recombinant vaccine
against American Cutaneous Leishmaniasis, we screened L. (L.)
amazonensis recombinant proteins for their ability to react with sera
and lymphocytes from subjects vaccinated with Leishvacin ®. Using
this approach, we have identified a recombinant protein (Larp33)
which is simultaneously immunogenic to humans and protective to
mice. In addition no homology with other protein/gene sequences
was found at GeneBank between the DNA sequences obtained for
the genome fragment coding for Larp33 (FERNANDES et al.,
manuscript in preparation), indicating that Larp33 is a novel Leish-
mania antigen. As documented above, Larp33 elicited strong prolif-
erative responses in PBL and was recognized by IgG antibodies in
sera of subjects vaccinated with Leishvacin® which had a positive
DTH reaction. Leishvacin ® has been tested in endemic areas and
was able to prevent cutaneous leishmaniasis in vaccinated subjects,
with higher efficiency in those subjects who showed skin test con-
version after vaccination®. Analysis of the cellular immune re-
sponses induced by Leishvacin® indicated that CD8* lymphocytes

of vaccinated subjects are preferentially stimulated by L. (V)
brazilienses total antigens. In addition, it has been also demon-
strated that IFN-y, but not IL4, is produced by lymphocytes from
vaccinated subjects which had converted the skin test from negative
to positive®. Preliminary analysis of the T cells from subjects vac-
cinated with Leishvacin® that proliferate in response to Larp33
suggest that CD8* and CD4* lymphocytes are both stimulated.
Both T cell subsets have been demonstrated to participate of cure
and resolution of cutaneous leishmaniases and to be important
sources of IFN-y, the principal effector lymphokine in the activa-
tion of macrophages to a leishmanicidal state'**’. These results in-
dicate that Larp33 contains T-cell epitopes recognized by human
lymphocytes, which is an important requirement for vaccine devel-
opment against human cutaneous leishmaniasis.

As indicated by immunoblotting analysis of promastigote total
lysates, Larp33 correspond to a 40 kD native protein expressed in
promastigotes of L. (L.) amazonensis and also of L. (V) braziliensis.
The results obtained from northern blotting of total RNA also indi-
cated that the gene coding for this protein is expressed in
promastigotes of both species. In agreement, sera raised against a 40
kD protein fraction separated by SDS-PAGE and electroeluted
from Leishvacin® reacted with Larp33. Previous results from this
laboratory demonstrated that this 40 kD native protein is one of the
major antigens of Leishvacin® . It stimulates T-cells from vacci-
nated subjects to proliferate and to produce high levels of IFN-y
and also induces partial protection on susceptible mice against
Leishmania challenge infections, after vaccination (CARDOSO et
al., manuscript in preparation).

Leishmania (Leishmania) amazonensis, one of the ethiological
agents of ACL, has a broad geographical distribution ** and has been
associated with the complete spectrum of clinical manifestations of
this disease 3, ranging from single localized lesions to the diffuse cu-
taneous form, which is characterized by a chronic infection associ-
ated with the impairment of the host cell -mediated immune re-
sponse'®, We have also investigated the potential of Larp33 to induce
protective responses in BALB/c and C57BL/10 mice against L. (L.)
amazonensis. Subcutaneous immunization with Larp33 induced
75% of protection on these two susceptible mouse strains. The L.
(L.) amazonensis infection in BALB/c mice is accompanied by
progressive increase in lesion size, metastasis and visceralization
of the parasites’. Associated with this disease pattern, a Th-2 type

Fig 6. Cytokine profile of
spleen cells from vaccinated
BALB/c mice. Spleen cells
from BALB/c mice vaccinated
with Larp33 (black bars), with
SLA (cross-hatched bars),
BCG (open bars) and control
group (hatched bars) were
stimulated in vitro with ConA,
Larp33, SLA and PPD, 4
months after challenge
infection. Production of IL2 e
IFN-y were measured in the
supernatant of stimulated
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response is observed with the production of increased levels of IL-4'.
Similarly to the L. (L.) major infection in BALB/c ™, treatment of
BALB/c mice with anti-IL4 monoclonal antibodies abrogates its
susceptibility to L. (L.) amazonensis, with a corresponding increase
in the TIFN-y production '. Thus, in BALB/c mice a consistent corre-
lation has been found between the production of IFN-y and either
resolution or resistance to infection. Accordingly, in vitro stimula-
tion with Larp33 or SLA induced spleen cells from Larp33 pro-
tected BALB/c mice to produce high levels of IL-2 and IFN-y. This
amplicates that vaccination with Larp 33 is able to influence the
course of the natural infection in these susceptible mice, maybe
through the induction of a Thl protective response. In this study,
the cytokine profile associated with the protective response in-
duced by Larp33 in C57BL/10 mice was not determined. This
would be of interest, since the mechanisms underlining the suscepti-
bility phenotype of this mice strain are not completely understood.
The course of L. (L.) amazonensis infection in C57BL/10 and the
associated cytokine profile is quite distinct from BALB/c. In
C57BL/10 mice the lack of a Th1 response rather than the induction
of a Th2 response might be the determinant factor of its susceptibil-
ity '. This lack of response, apparently, is not due to a genetic de-
fect of these mice, since they are able to heal from L. (L.) major in-
fections producing IFN-y.

In summary, we have demonstrated that Larp33 fulfills impor-
tant requirements to a potential vaccine candidate molecule. It is ex-
pressed in the two major lineages of Leishmania causing ACL, and
is immunogenic to vaccinated subjects and protective to mice. In ad-
dition to the results presented here, current work in our laboratory
also indicates that Larp33 is a novel leishmania recombinant antigen.

ABREVIATIONS:

ACL, American Cutaneous Leishmaniasis; Larp33, Leish-
mania (Leishmania) amazonensis recombinant protein of 33 kD;
Leishvacin®, is a killed promastigote vaccine commercialized by
BioBras (Brazil); PPD, Purified protein Derivate; SLA Soluble
Leishmania Antigens; LSIs, Lymphocyte stimulation index.

RESUMO

Resposta Imune induzida por uma proteina recombinante de
Leishmania (Leishmania) amazonensis de 33 kD (Larp33) em
camundongos e em linfécitos de individuos vacinados

A resposta imune induzida por uma proteina recombinante
de Leishmania (Leishmania) amazonensis de 33 kD (Larp33) foi
avaliada em linfécitos de individuos vacinados com a Leishvacin®
e em camundongos através de vacinagdo. Larp33 foi expressa em
Escherichia coli apés clonagem de um fragmento gendmico de L.
(L.) amazonensis de 2,2 kb no vetor pDS56-6His. Larp33 foi
reconhecida por anticorpos IgG presentes no soro de individuos
vacinados com Leishvacin® e induziu proliferacdo em linfécitos
desses individuos em niveis compardveis ao antigeno total de
Leishmania. A andlise por imunoblot indicou que Larp33
corresponde a uma proteina de aproximadamente 40 kD expressa
em promastigotas de L. (L.) amazonensis e L. (Viannia)
braziliensis. Hibridizagdo com sonda de DNA correspondente a
parte do fragmento clonado, também demonstrou que o gene
codificador desta proteina € expresso em promastigotas destas

duas espécies. Larp33 em associagdo com BCG (Bacille Calmette-
Guerin) foi capaz de induzir 75% de prote¢do em camundongos
C75BL/10 e BALB/c, suceptiveis a infec¢do por L. (L.)
amazonensis. Linfécitos dos camundongos protegidos
produziram IL-2 e IFN-y em resposta a Larp33. Nossos
resultados indicam que Larp33 € imunogénica para linfécitos de
individuos vacinados com Leishvacin ® e protetora para
camundongos contra a infec¢do por L. (L.) amazonensis.
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