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bstract

This study evaluated the potential of a Leishmania antigen vaccine in protecting BALB/c mice against Leishmania chagasi. Mice
eceived two subcutaneous doses of L. amazonensis vaccine with Corynebacterium parvum and subsequent boost was done without
djuvant. One week later, mice were challenged with L. chagasi. We observed that this vaccine caused a significant reduction in

arasite load in liver and spleen and induced a high production of IFN-� and IL-4 by spleen cells from vaccinated mice in response
o Leishmania antigen. Together, our data show that this vaccine is capable of inducing a Th1/Th2 response that is important to
ontrol parasite replication.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Leishmaniasis is a spectrum of diseases caused
y infection with different species of the protozoan

eishmania. These diseases range from self-limiting
utaneous leishmaniasis to visceral leishmaniasis, also
nown as kalazar, which if a fatal infection if not treated
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successfully. Human infection with Leishmania chagasi,
the protozoan causing South American visceral leishma-
niasis, causes diverse sequel ranging from sub-clinical
infection to progressive fatal disease (Wilson, 1993).
Sub-clinical infection results in the development of a
cellular immune response that often results in long-
term protective immunity against re-infection (Pearson
and Sousa, 1996). A goal of anti-leishmanial vaccine
development is to replicate this naturally acquired pro-

tective immunity through immunization with parasite
antigens.

The involvement of T helper 1 (Th1) and T helper
2 (Th2) subsets with protection and disease exacerba-
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tion, respectively, has been demonstrated in the murine
model of cutaneous leishmaniasis caused by L. major
(Heinzel et al., 1989). In contrast, a similar pattern of
T-helper cell subsets has not been demonstrated in vis-
ceral leishmaniasis. Wilson and Weinstock (1996) have
shown that IFN-� is critical for cure of visceral leish-
maniasis in mice. Liver granuloma cells obtained from
C3H.HeJ mice, that show a low parasite burden in liver,
produce high levels of IFN-�. Otherwise, cells obtained
from BALB/c mice, that are susceptible to infection with
L. chagasi, produce no IFN-�. Afterwards, (Wilson et al.,
1998) showed that liver granuloma cells produce TGF-
� and this cytokine is responsible for the inhibition of
IFN-� production. Furthermore, the production of IL-4 is
important for granuloma maturation (Stager et al., 2003),
protection induced by vaccine (Ghosh et al., 2001) and
for cure associated with chemotherapy (Alexander et al.,
2000).

In this study, we evaluated the potential of a freeze-
thawed Leishmania antigen vaccine (composed of PH8
strain of L. amazonensis) as a vaccine candidate against
L. chagasi infection. This vaccine was developed in 1979
(Mayrink et al., 1979) and has been used not only in
the prevention of the disease (Nascimento et al., 1990)
but also as an immunotherapeutic agent in cases where
antimonium salts cannot be used (Hermeto et al., 1994).
Cross-species protection has been documented in other
studies in leishmaniasis (Gicheru et al., 1997, Misra et
al., 2001). These findings tempted us to investigate if
subcutaneous immunization with a Leishmania amazo-
nensis vaccine in conjunction with C. parvum was able
to protect BALB/c mice against L. chagasi infection.

2. Materials and methods

2.1. Leishmania parasites and antigen

The strain of L. chagasi used in this study was
kindly provided by Dr. Maria Norma de Melo, Dep.
de Parasitologia, UFMG, Belo Horizonte. Promastig-
otes were grown in DMEM pH 6,8 supplemented with
20% heat-inactivated fetal bovine serum (FBS), 2 mM
l-glutamine, 25 mM HEPES, 50 �M 2-mercaptoetanol
and 20 �g/mL garamicin (DMEM 20% FBS) at 25 ◦C.
Parasites used in this study were maintained up to 15
passages in culture. Infectivity was maintained by serial
passage through mice. L. amazonensis was grown in
Grace’s Medium (Grace’s medium supplemented with

20% FBS, 2 mM L-glutamine and 20 �g/mL garamicin).
For mice inoculation and vaccine preparation promastig-
otes from L. chagasi or L. amazonensis were harvested
from late-log-phase cultures by centrifugation, washed
ropica 104 (2007) 133–139

three times with PBS and disrupted by three rounds of
freezing and thawing. The protein content was estimated
by the Lowry method (Lowry et al., 1951) and the antigen
was frozen at −70 ◦C until use.

2.2. Mice and vaccine

Female BALB/c mice (4–6 weeks old) were obtained
from CEBIO, UFMG, Belo Horizonte and were main-
tained at Biotério Central/UFOP. The vaccine used in
this study was produced with one strain of Leishma-
nia amazonensis (IFLA/BR/67/PH8). Promastigotes of
L. amazonensis were harvested as described previously.
Vaccine was prepared with a concentration of 800 �g
of protein/mL and 0.01% merthiolate. This vaccine was
kindly provided by Dr Wilson Mayrink, Departamento
de Parasitologia, UFMG, Belo Horizonte.

BALB/c mice were immunized with two subcuta-
neous doses (2 weeks apart) of 100 �g of L. amazonensis
vaccine along with 250 �g of Corynebacterium parvum
and subsequent boost was done 4 weeks later with 10 �g
of L. amazonensis vaccine without adjuvant. Injections
were given at the tail base. Control mice were inocu-
lated with PBS without adjuvant. One week later, mice
were challenged with 1 × 107 promastigotes of L. cha-
gasi given intravenously by lateral tail vein. Two, 4 and
6 weeks later, mice were sacrificed and spleen and liver
parasite load was determined by quantitative limiting-
dilution culture with some modifications (Titus et al.,
1985).

2.3. Determination of vaccine-induced cytokine
production

Spleen and liver from PBS-inoculated and vac-
cinated mice were harvested and their weight was
determined. One fragment of each organ was obtained
and weighed separately for parasite quantification. Sin-
gle cell suspensions of spleen were obtained by tissue
grinder homogenization. The erythrocytes were lysed
with ammonium chloride lysis buffer and the cells were
washed and cultured in DMEM pH 7,2 supplemented
with 10% heat-inactivated fetal bovine serum, 2 mM
l-glutamine, 25 mM HEPES, 50 �M 2-mercaptoetanol
and 20 �g/mL garamicin (DMEM 10% SFB) at 5 × 106

cells/mL. These cells were cultured in 96-well flat-
stimulated with 50 �g of L. chagasi or L. amazonensis
Ag/mL of culture for 72 h. The production of IFN-� and
IL-4 was determined in cell culture supernant by ELISA
(Afonso and Scott, 1993).
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Fig. 1. IFN-� (A) and IL-4 (B) production by splenocytes 3 days after
challenge. BALB/c mice were immunized with Leishmania amazo-
nensis + C. parvum or with PBS as a control. One week later, mice
were challenged with L. chagasi. Three days later, mice were killed
and spleen was collected. Splenocytes were stimulated with L. chagasi
or L. amazonensis Ag and 3 days later supernatants were collected and
cytokine level was determined by ELISA. These results are represented
as the median ±25% of data distribution from two to four experi-
ments with four to six mice. Letter over the bars represent significant
IFN-� production by spleen cells in the following comparisons: (a):
vaccinated × PBS-inoculated, (b): Ag stimulated × non-stimulated.
Statistical differences between cytokine production by stimulated cells
M. de Carvalho Vilela et al.

.4. Determination of the tissue parasite burden

Quantitative limiting-dilution culture was performed
s described previously with some modifications (Titus
t al., 1985). A weighed piece of each organ (liver
nd spleen) was homogenized in tissue grinder and
e-suspended in 500 �L of DMEM 20% FBS in 48-well
at-bottom microtiter plates. Fivefold serial dilution
as done and after 2 weeks the plates were scored
icroscopically for parasite growth. The number of

arasites was determined from the reciprocal of the
ighest dilution at which promastigotes could be
etected at 2 weeks of incubation at 25 ◦C and was
xpressed as parasites per organ.

.5. Statistical analysis

All data were analyzed by Kolmogorov-Smirnov nor-
ality test. All data were not considered normal and were

ubmitted to non-parametric Mann–Whitney’s test.

. Results

.1. IFN-γ and IL-4 production by splenocytes 3
ays after challenge

Initially, we determined whether immunization of
ice with a L. amazonensis vaccine was able to induce

ytokines that were protective against infection with L.
hagasi. Mice were immunized with this vaccine and, 1
eek later, they were challenged with 1 × 107 L. cha-
asi promastigotes. Three days after infection, spleen
ells from PBS-inoculated and vaccinated mice were
btained and stimulated with L. chagasi or L. amazonen-
is antigen. Higher levels of IFN-� were produced 3 days
fter challenge by PBS-inoculated and vaccinated mice
ells in response to L. chagasi and L. amazonensis anti-
en when compared to non-stimulated cells (Fig. 1A).
owever, there was no difference in the level of IFN-�
etween spleen cells obtained from PBS-inoculated and
accinated mice stimulated with Leishmania antigen.
pleen cells from vaccinated mice produced a higher

evel of IL-4 when stimulated with both antigens when
ompared non-stimulated cells. Furthermore, spleen
ells obtained from vaccinated mice produced a higher
evel of IL-4 in response to both antigens when compared
ith cells obtained from PBS-inoculated mice (Fig. 1B).

.2. IFN-γ and IL-4 production by spleen cells at 2,

and 6 weeks after challenge

We also evaluated IFN-� and IL-4 production by
pleen cells from PBS-inoculated and vaccinated mice
and their respective non-stimulated control were determined by non-
parametric Mann–Whitney’s test (**p < 0.01).

2, 4 and 6 weeks after challenge. In all weeks evaluated,
it was observed a higher IFN-� production by spleen
cells from vaccinated mice in response to both anti-
gens when compared to IFN-� production by cells from
PBS-inoculated mice, with one exception – spleen cells
obtained from mice with 6 weeks of infection stimulated
with L. chagasi Ag (Fig. 2A). We also observed that this
vaccine was able to induce a higher production of IL-4

in all weeks studied when spleen cells were stimulated
with L. chagasi or L. amazonensis Ag. This increase
was much more pronounced than the one observed with
IFN-�, mainly because spleen cells obtained from PBS-
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Fig. 2. IFN-� (A) and IL-4 (B) production by splenocytes in different weeks after challenge in PBS-inoculated and vaccinated mice. BALB/c
mice were immunized with Leishmania amazonensis + C. parvum or with PBS as a control. One week later, mice were challenged with L.
chagasi. 2, 4 or 6 weeks later, mice were killed and spleen was collected. Splenocytes were stimulated with L. chagasi or L. amazonensis Ag
and 3 days later supernatants were collected and cytokine level was determined by ELISA. These results are represented as the median and 25% of data
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Fig. 3. Liver (A) and spleen (B) parasite burden from vaccinated
BALB/c mice challenged 1 week after booster. BALB/c mice were
vaccinated, as described in Section 2, and challenged by intravenous
route with 1 × 107 L. chagasi late-log-phase promastigotes 1 week
after booster. Two, four and six weeks after challenge, mice were
sacrificed and their liver and spleen were harvested for parasite quan-
tification by limiting-dilution culture. Results are represented as the
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noculated mice did not produce IL-4 in response to
eishmania antigen.

.3. Parasite load in liver and spleen

In order to determine if L. amazonensis Ag vac-
ine was able to protect BALB/c mice from L. chagasi
nfection, we evaluated parasite load in liver and spleen
y limiting-dilution analysis. We evaluated the magni-
ude of parasite load in vaccinated and PBS-inoculated

ice in different times after intravenous challenge with
× 107 parasites. A significant reduction in parasite load
as observed both in liver at 2, 4 and 6 weeks of infec-

ion (Fig. 3A) and in spleen, at 2 weeks of infection
Fig. 3B) from immunized mice when compared to PBS-
noculated mice. Thus, this vaccine (composed of PH8
train of L. amazonensis) was able to provide a partial
rotection in BALB/c mice infected with Leishmania
hagasi associated with a mixed Th1/Th2 response.

. Discussion

Leishmaniasis has always been one of the promis-
ng diseases for vaccine development, since it has been
nown that exposure and cure from infection usually
esults in long lasting immunity (Pearson and Sousa,
996). Although some works have tried vaccination with
ive parasites (Streit et al., 2001), there are ethical con-
iderations against live parasite vaccine and attention has
hifted to killed parasite vaccines.

A vaccine against cutaneous leishmaniais was devel-
ped by Mayrink et al. (1979) and was prepared from 5
tocks of parasites isolated from patients with different
orms of leishmaniasis. Subsequently, it was developed
nother vaccine that used only PH8 strain of Leishma-
ia amazonensis. This vaccine was licenced in 1999 by
razil Healthy Minister for use in therapy and it was
ommercialized as Leishvacin. Since then, the vaccine
as been used as an immunotherapeutic agent in cases
here antimonium salts cannot be used. In this manner,

t was shown that combining therapy was able to reduce
he time necessary for complete healing of the lesions
hen compared to conventional therapy (Toledo et al.,

001).

During this study, we evaluated if this vaccine was
ble to provide heterologous protection against L. cha-
asi infection in BALB/c mice. Cross-species protection

istribution from two to four experiments with four to six mice. Letter over t
ollowing comparisons: (a): vaccinated × PBS-inoculated, (b): Ag stimulated
y stimulated cells and their respective non-stimulated control were determi
L-4 production was not detected by spleen cells obtained from PBS-inoculat
median and 25% of data distribution from two to four experiments with
four to six mice. Statistical differences in parasite load between vac-
cinated and PBS-inoculated mice were determined by non-parametric
Mann–Whitney’s test (*p < 0.05; **p < 0.01).

has been documented in other studies in leishmaniasis.
Gicheru et al. (1997) demonstrated that Vervet mon-
keys that had been previously infected with Leishmania
donovani were protected against L. major infection.
Furthermore, Misra et al. (2001) showed that alum-
precipitated autoclaved Leishmania major along with

BCG protected monkeys against Leishmania donovani
infection. In this study, mice were vaccinated L. ama-
zonensis vaccine and we observed that this vaccine was
able to reduce parasite load in the liver (2, 4 and 6 weeks

he bars represent significant IFN-� production by spleen cells in the
× non-stimulated. Statistical differences between cytokine production
ned by non-parametric Mann–Whitney’s test (*p < 0.05; **p < 0.01).
ed mice. ND: not detectable.
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of infection) and spleen (2 weeks of infection). These
data suggest that different mechanisms are involved in
the protection in these organs, since at 4 and 6 weeks of
infection, protection was observed only in the liver.

Furthermore, we evaluated the production of IFN-�
and IL-4 by spleen cells stimulated with Leishmania Ag
and the parasite load in both liver and spleen. Cytokine
evaluation was done initially 3 days after challenge and
it was observed a higher production of IFN-� by spleen
cells in response to both antigens by PBS-inoculated
and vaccinated mice in comparison to non-stimulated
cells. We believe that this rapid production of IFN-� is
due the cross-reaction among Leishmania and microbial
Ag found in the flora. One of these antigens, Leish-
mania homologue of mammalian RACK (LACK) is
able to induce a rapid production of IL-4 by V�4V�8
CD4+ T cells in the draining lymph nodes within 16 h
after the subcutaneous infection of L. major promastig-
otes (Mougneau et al., 1995). Furthermore, there was
no increase in the production of IFN-� by spleen cells
obtained from vaccinated mice as compared to PBS-
inoculated mice. Otherwise, the level of IL-4 was higher
by spleen cells from vaccinated mice as compared to
PBS-inoculated mice when these cells were stimulated
with Leishmania Ag.

Cytokine evaluation was done also 2, 4 and 6 weeks
after infection and we observed that L. amazonensis vac-
cine was able to induce a significant production of IFN-�
by spleen cells from vaccinated mice when compared to
spleen cells from mice inoculated with PBS. Further-
more, a much more pronounced increase was observed
in the level of IL-4. Many studies have shown that this
cytokine is important in visceral model of leishmani-
asis. Stager et al. (2003) have shown that IL-4 (and
IL-13) is important for granuloma maturation and anti-
leishmanial activity in the murine model of L. donovani
infection. Furthermore, some studies have shown that
protection induced by vaccines against L. donovani and
L. infantum/chagasi is associated with a mixed Th1/Th2
pattern. Ghosh et al. (2001) showed that immuniza-
tion with A2 protein protects mice against L. donovani
infection and this protein induces a mixed Th1/Th2
and a humoral response. Ramiro et al. (2003) showed
that LACK immunization in a heterologous prime-boost
regime (plasmid DNA and recombinant vector) was able
to protect dogs against L. infantum infection, and this
protection was associated with an increase in the mRNA
level of IL-4 and IFN-� in peripheral blood mononuclear

cells.

Thus, this study shows that a vaccine composed of
L. amazonensis is able to protect BALB/c mice against
an endovenous challenge with L. chagasi promastigotes
ropica 104 (2007) 133–139

and this protection is associated with the induction of
both IFN-� and IL-4. Furthermore, it shows that cross-
protection between Leishmania species presents a major
practical implication, and that this vaccine can be part
of a vaccination scheme that offers protection against L.
chagasi in the mouse model of visceral leishmaniasis.
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