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Abstract Heat shock proteins (HSPs) are highly conserved
among different organisms. A mycobacterial HSP65 DNA
vaccine was previously shown to have prophylactic and
immunotherapeutic effects against Mycobacterium tuber-
culosis infection in mice. Here, BALB/c mice were immu-
nized with mycobacterial DNA-hsp65 or with DNA-hsp65
and trehalose dymicolate (TDM), both carried by biode-
gradable microspheres (MHSP/TDM), and challenged with
Leishmania (Leishmania) major. MHSP/TDM conferred
protection against L. major infection, as indicated by a
significant reduction of edema and parasite loads in infected
tissues. Although high levels of interferon-γ and low levels
of interleukin (IL)-4 and IL-10 were detected in mice
immunized with DNA-hsp65 orMHSP/TDM, only animals
immunized with MHSP/TDM displayed a consistent Th1

immune response, i.e., significantly higher levels of anti-
soluble Leishmania antigen (SLA) immunoglobulin G
(IgG)2a and low anti-SLA IgG1 antibodies. These findings
indicate that encapsulated MHSP/TDM is more immuno-
genic than naked hsp65 DNA, and has great potential to
improve vaccine effectiveness against leishmaniasis and
tuberculosis.

Introduction

Leishmaniasis is a serious health problem worldwide, with
negative effects on the economy of the affected populations
(Desjeux 1996). There are two million new cases each year,
and 367 million people are estimated to live in risk areas
(Grimaldi and Tesh 1993; WHO 2005). In these areas, the
affected population is also under the risk of infection by
Mycobacterium tuberculosis (Reed and Campos-Neto
2003). No protective and effective anti-Leishmania vaccine
is available at the moment in spite of several tested vaccine
protocols (Fernandes et al. 1997; Gurunathan et al. 1998;
Khalil et al. 2000; Ghosh et al. 2001; Misra et al. 2001;
Campbell et al. 2003; Coelho et al. 2003). Live bacterial
Bacillus Calmette Guérin (BCG) has been used as adjuvant
in anti-Leishmania experimental vaccines (Fernandes et al.
1997; Cabrera et al. 2000; Alimoharrunadian et al. 2002;
Santos et al. 2002).

Leishmania share various pathological and immuno-
logical features with M. tuberculosis (Russell 1995; Reed
and Campos-Neto 2003). Both pathogens multiply inside
macrophages and produce granulomatous diseases. In
addition, cure and resistance to infection are normally
associated with Th1 cell responses. Interferon (IFN)-γ
production is essential for resistance and protection against
L. major infection (Launois et al. 1997; Gurunathan et al.
1998). On the other hand, susceptibility is linked to a
polarized Th2 response characterized by early interleukin
(IL)-4 production and by differential expression of the IL-
12 receptor (Kaye et al. 1991; Gurunathan et al. 1998;
Jones et al. 2002; McMahon-Pratt and Alexander 2004).

E. A. F. Coelho
Sector of Clinical Pathology, COLTEC,
Universidade Federal de Minas Gerais,
Av. Antônio Carlos, 6627,
31.270.901 Belo Horizonte, Minas Gerais, Brazil

C. A. P. Tavares
Biological Sciences Institute,
Universidade Federal de Minas Gerais,
Av. Antônio Carlos, 6627,
31.270.901 Belo Horizonte, Minas Gerais, Brazil

A. P. Fernandes (*)
School of Pharmacy, Universidade Federal de Minas Gerais,
Av. Antônio Carlos, 6627,
31.270.901 Belo Horizonte, Minas Gerais, Brazil
e-mail: anav@uai.com.br
Tel.: +55-31-34996884
Fax: +55-31-34996985

K. de Melo Lima . C. L. Silva
School of Medicine, Universidade Federal de São Paulo,
Av. Bandeirantes, 3900,
1404-900 Ribeirão Preto, São Paulo, Brazil

J. M. Rodrigues Jr
Nanocore Biotecnologia Ltda.,
Incubadora Supera, Rua dos Técnicos, s/n,
1404-900 Ribeirão Preto, São Paulo, Brazil



DNA vaccines have been largely studied in infection
models where cell-mediated immune responses, cytotoxic
CD8+ and Th1 CD4+ T cells are required for protection
(Seder and Gurunathan 1999; Gurunathan et al. 2000;
Ghosh et al. 2001; Ahmed et al. 2004; Nagata et al. 2004).
These vaccines are able to provide antigen presentation by
class I major histocompatibility complex (MHC) mole-
cules, and the DNA by itself has an intrinsic adjuvant
property due to CpG signaling through TLR9 receptor
(Krieg 2002). DNA vaccines, expressing Leishmania anti-
gens such as LACK, heat shock protein (HSP), or A2, were
also shown to induce protection in experimental models
against different species (Lussow et al. 1991; Ghosh et al.
2001; Reed and Campos-Neto 2003; Ahmed et al. 2004;
Scott et al. 2004; Coler and Reed 2005). We have pre-
viously shown that a formulation containing the DNA-
hsp65 vaccine and trehalose dymicolate (TDM) as immune
stimulator, both carried into biodegradable microspheres,
was able to protect Bagg Albino (BALB)/c mice from
challenge infection with virulent strain of M. tuberculosis
in a single-dose-based vaccination. The microsphere par-
ticles, after intramuscular injection, form a depot, which
recruits antigen-presenting cell (APC) to the site of admin-
istration facilitating capture of particles and improving
APC transfection (Lima et al. 2003a).

Several findings are suggesting that HSP play critical
roles in generating specific immune responses against can-
cers and infectious agents (Kaufmann 1990; Minowada
and Welch 1995). These proteins have also been involved
in the assembly process of molecular components of the
immune system (Pierce et al. 1991; DeNagel and Pierce
1993). In addition, HSP from some pathogens apparently
possess modulatory properties when used as carriers in
immunization protocols. Immunization with peptides or
oligosaccharides conjugated to the M. tuberculosis HSP70
produced high titers of immunoglobulin G (IgG) antibodies
in the absence of any adjuvant (Barrios et al. 1992). Fur-
thermore, Suzue and Young (1996) demonstrated that the
immunization of a recombinant HIV p24 fused to the M.
tuberculosis HSP70 protein elicited both humoral and cel-
lular immune responses against p24 in the absence of ad-
juvant. Immunostimulatory properties are also present in
the Leishmania infantum HSP70 (Rico et al. 1998, 1999).
Based on these evidences, as well as in the fact that BCG
has been successfully used as adjuvant in Leishmania vac-
cine protocols, in this work, we evaluated the effectiveness
of the DNA-hsp65/TDM entrapped into polyglycolic-co-
lactic acid (PLGA) microspheres (MHSP/TDM) to protect
mice against L. major infection.

Materials and methods

Parasites

Leishmania major (MHOM/IL/1980/FRIEDLIN) was main-
tained as promastigotes grown at 23°C in Schneider’s
(Sigma, St. Louis, MO, USA) medium supplemented with
20% heat-inactivated fetal bovine serum (FBS; Sigma),

20 mM L-glutamine, 200 U ml−1 of penicillin, 100 μg ml−1

of streptomycin, and 50 μg ml−1 of gentamicin at pH 7.4.

Vaccine preparation

DNA plasmid containing the mycobacterial hsp65 gene
(pCDNA3-hsp65) was obtained as previously described
(Lima et al. 2003b) and was kindly provided by Nanocore
Biotecnologia Ltda (Ribeirão Preto, SP, Brazil). Plasmid
pCDNA3, without the hsp65 gene, was used as control.
DH5α Escherichia coli transformed with pCDNA3 or
pCDNA3-hsp65 plasmids was cultured in Luria–Bertani
(LB) liquid medium (Gibco BRL, Gaithersburg, MD,
USA) containing ampicillin (100 μg ml−1). Endotoxin-free
plasmid DNA was isolated using a Wizard plus SV maxi-
preps DNA purification kit (Promega, Amersham Biosci-
ences, Sweden). Plasmid concentrations were determined
at 260:280 nm using a Gene Quant II apparatus (Pharmacia
Biotech, Buckinghamshire, UK).

Microspheres were obtained by the double-emulsion/
double-solvent evaporation technique (Lima et al. 2003a).
Briefly, 30 ml of a dichloromethane solution containing
400 mg of PLGA polymer 50:50 [Resomer RG 505, molec-
ular weight (MW) 78,000, from Boehringer Ingelheim,
Ingelheim, Germany] and TDM (Nanocore) were emulsi-
fied with an aqueous inner solution containing pCDNA3 or
pCDNA3-hsp65 DNA using a T50 Ultraturrax homogeniz-
er (IKA, Labortechnik, Germany) to produce a primary
water-in-oil emulsion. This emulsion was then mixed with
100 ml of an external aqueous phase containing 3% poly-
vinyl alcohol (Mowiol 40–88, Aldrich Chemicals, Wankee,
WI, USA) as surfactant to form a stable water-in-oil-in-
water emulsion. The mixture was stirred for 6 h with a
Eurostar homogenizer for solvent evaporation. Micro-
spheres were collected and washed three times with sterile
water, freeze-dried, and stored at 4°C. Plasmid encapsula-
tion rate was determined by resuspending 10 mg of
microspheres in 0.5 ml of methylene chloride and 0.2 ml of
TE buffer (Tris 10 mM, EDTA 1 mM, pH 8.0). Samples
were incubated at 37°C under rotation end-to-end for 1 h
and centrifuged. The DNA was measured in the upper
aqueous phase as described before using the Gene Quant II.

Antigen preparation

Soluble Leishmania antigen was prepared from stationary-
phase promastigotes of L. major after a few passages in
Schneider’s medium as described previously (Coelho et al.
2003). Briefly, 2×108 promastigotes were washed five
times in cold sterile phosphate-buffered saline (PBS). After
five cycles of freezing (at −196°C) and thawing (37°C),
suspension was centrifuged at 8,000×g for 30 min at 4°C.
The supernatant was then collected, quantified by Bradford
method (Bradford 1976), and stored at −80°C. Recombi-
nant hsp 65 kDa (rhsp65) protein was kindly provided by
Nanocore.

569



Immunization

Bagg Albino/c female mice (n=8 per group; 4–6 weeks
old) were immunized intramuscularly with 100 μg of
pCDNA3-hsp65 or empty pCDNA3 vector. Two vaccine
doses were administered at 3 weeks interval. pCDNA3 or
hsp65 DNA loaded in microspheres (MpCDNA3 or
MHSP/TDM, respectively) was also administered by intra-
muscular injection following the same immunization reg-
imen. Control group received two doses (50 μl per dose) of
sterile PBS.

Challenge infection

Four weeks after the last vaccine dose, mice were chal-
lenged with 1×106 stationary-phase promastigotes of
L. major in their right hind footpad. The course of
the disease was monitored at weekly intervals by measuring
footpad thickness with a metric caliper and expressed as the
increase in thickness of the infected hind foot compared to
the uninfected left foot. All groups of mice were evaluated
for lesion development for up to 8 weeks. Then, animals
were killed, and the spleen, serum samples, and skin tissue
fragments were collected for immunological analysis and
parasite burden evaluation.

Parasite burden evaluation

The number of viable parasites at the site of infection was
determined by a limiting dilution assay (Afonso and Scott
1993). Briefly, skin fragments were excised and homog-
enized in Schneider’s medium supplemented with 20%
FBS and antibiotics. Each tissue homogenate was serially
diluted in a 96-well Maxisorb plate (Nunc, Roskilde,
Denmark). Samples, in duplicate, were incubated at 23°C.
The wells containing motile promastigotes were identified
with a microscope, and the number of viable parasites per
milligram of tissue was determined from the highest di-
lution at which promastigotes have grown after 7 days of
incubation.

Cytokine production assays

Splenocyte cultures and cytokine assays were performed as
described previously (Coelho et al. 2003). Briefly, single-
cell preparations from spleen tissue were plated, in du-
plicate, in 24-well plates (Nunc) at 2×105 cells per
milliliter. Cells were incubated in Dulbecco’s Modified
Eagle’s Medium (DMEM) (background control) or stimu-
lated with either 5 μg concanavalin A, as positive control,
SLA L. major (50 μg), or rhsp65 protein (10 μg) at 37°C in
5% CO2 for 48 h. Supernatants were then collected and
stored to −80°C. IFN-γ and IL-4 levels were assessed by
using Inter Test mouse IFN-γ and IL-4 (Pharmingen, San
Diego, CA, USA), respectively, according to technical
recommendations. IL-10 levels were measured using a Duo

Set enzyme-linked immunosorbent assay (ELISA) devel-
opment system (R&D System, MN, USA) according to
technical recommendations.

ELISA for parasite-specific IgG1 and IgG2a isotypes

Before the serological analysis, a titration curve was per-
formed to determine the best protein concentration. The
specific IgG1 and IgG2a isotypes were measured by
ELISA according to Coelho et al. (2003). Briefly, 96-well
plates (Nunc) were sensitized with rhsp65 protein (250 ng
100 μl−1 well−1) or SLA L. major (1 μg 100 μl−1 well−1)
overnight at 4°C. Plates were blocked with PBS/casein 2%
at 37°C for 2 h and incubated with 1:100 dilutions of
mouse serum samples for 2 h at 37°C. After washing with
PBS 1×/0.05% Tween 20, peroxidase-labeled antibodies
specific to mouse IgG1 or IgG2a isotypes (Sigma), diluted
at 1:5,000, were added for 2 h at 37°C. The plates were
washed seven times with PBS 1×/0.05% Tween 20 and
incubated with H2O2 and o-phenylenediamine for reaction
development. Reactions were stopped by the addition of
20 μl of H2SO4 2 N. Optical densities were determinate at
492 nm in a ELISA reader (BioRad, model 2,550, CA,
USA).

Western blot analysis

Recombinant hsp65 protein (10 μg) and SLA L. major
(50 μg) were separated on 10% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred to nitrocellulose membranes (0.2-μm pore size,
Sigma) by using standard protocols (Towbin et al. 1979).
Membranes were blocked with PBS/casein 2% and
incubated for 16 h. Afterward, membranes were incubated
for 2 h with a pool of sera (1:100 diluted) collected from
hsp65 DNA-immunized mice before challenge infection.
Peroxidase-labeled antibody specific to mouse IgG
(Sigma), diluted 1:10,000, was used as second antibody,
and the reactions were incubated for 2 h. After washing,
reactions were revealed by the addition of cloronafitol,
diaminobenzidine, and H2O2, and stopped with sterile
water. Serum from nonimmunized mice (1:100) was used
as negative control.

Statistical analysis

All data comparisons were tested for significance by using
Student’s t test. P values were considered statistically
significant at P<0.05.

Results

The protective effect of immunization with mycobacterial
hsp65 in BALB/c mice against L. major infection was
evaluated by measuring lesion development (Fig. 1a) and
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parasite loads in the infected footpad (Fig. 1b). No sig-
nificant protection or reduction on parasite loads was ob-
served in the control group or in the animals immunized
with the naked pCDNA3 vector or entrapped into PLGA/
TDM microspheres (MpCDNA3). Lesions developed
progressively during all the experiments in these mice,
resulting, at the end of experiments, in a high level of
swelling and necrosis of the infected footpad. Similarly, no
significant protective effect was achieved in mice im-
munized with TDM or with PLGA alone (data not shown).
In contrast, mice immunized with hsp65-DNA load micro-
spheres (MHSP/TDM) showed a delay in the course of

L. major infection, resulting in a significant decrease in
edema and no signs of necrosis in the infected footpad as
compared to control group.

The reduction in lesion size observed in MHSP-/TDM-
immunized animals correlated with a 105-fold decrease in
parasite loads in the infected footpad as compared to con-
trol group (Fig. 1b). These results indicated that partial
protection was achieved in MHSP-/TDM-immunized ani-
mals, which was comparable to the level observed in mice
immunized with a LACK-DNA vaccine (data not shown).
However, the presence of remaining parasites and an
inflammatory response may have contributed for the
maintenance of a significant level of footpad swelling in
MHSP-/TDM-immunized animals (Fig. 1a).

Sera from hsp65 DNA (data not shown) or MHSP-/
TDM-immunized mice, collected before infection, recog-
nized the rhsp65 protein and native proteins from L. major
SLA in a Western Blot analysis (Fig. 2). A major band of
similar size (∼65 kDa) and additional ones, ranging from
60 to approximately 100 kDa, were reactive on the protein
extracts.

Since activation of a Th1 immune response, i.e, in-
creased and sustained IFN-γ production and low levels of
IL-4 and IL-10, are important requirements for protection
against L. major in BALB/c mice, we analyzed the IFN-γ,
IL-4, and IL-10 production by spleen cells of immunized
mice (hsp65 DNA or MHSP/TDM) stimulated with rhsp65
protein prior (30 days after the first vaccine dose) and
8 weeks after challenge infection.

Prior to infection, spleen cells taken from hsp65 DNA or
MHSP-/TDM-immunized animals produced, in response
to rhsp65, high levels of IFN-γ and very low levels of IL-4
or IL-10 (Fig. 3a). Significant differences were observed in
the levels of IFN-γ produced by splenocytes of animals
immunized with MHSP/TDM, as compared to the levels
produced by animals immunized with hsp65-DNA, in
response to rhsp65 protein. Low levels of IFN-γ were
produced by spleen cells of these animals after stimulation
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Fig. 1 Leishmania major protection assays in BALB/c mice.
BALB/c mice (n=8, per group) were immunized intramuscularly
with two injections, 3 weeks interval, with 100 μg of naked
pCDNA3-hsp65 DNA or empty pCDNA3 vector. pCDNA3-hsp65
DNA and pCDNA3 were entrapped into PLGA/TM microspheres
(MHSP/TDM and MpCDNA3, respectively) and were administered
in the same immunization regimen. Control mice received only
sterile PBS. Each mouse was challenged with 1×106 stationary-
phase promastigotes of L. major in their right hind footpad as
described in the Materials and methods. a Lesion development was
monitored weekly by measuring the footpad swelling with a caliper.
Each point represents average plus standard error. b Results of
parasite loads in infected footpads of each group 8 weeks after
challenge infection. Numbers of viable parasites were determined by
a limiting dilution as described in Material and methods. Each bar
represents average plus standard deviation. Results are representa-
tive of two experiments performed

Fig. 2 Western blot analysis of sera from immunized mice in
reaction with rhsp65 protein and SLA L. major. Soluble Leishmania
antigen (SLA) of L. major (lane 2) was submitted to 10% SDS-
PAGE, transferred to nitrocellulose membranes, and incubated with
a pool of sera of MHSP-/TDM-immunized mice collected before
challenge infection. The rhsp65 protein was used as positive control
(lane 1) and sera of nonimmunized and noninfected mice as
negative control for reactivity with SLA L. major (lane 3)
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with L. major SLA, possibly because HSP antigens rep-
resent proportionally a small fraction among the more than
3,000 proteins found in SLA.

After infection, mice immunized with hsp65-DNA or
MHSP/TDM showed a sustained IFN-γ production
(Fig. 3b). Moreover, spleen cells from MHSP-/TDM-
immunized mice produced significantly higher levels of
IFN-γ and lower levels of IL-4 and IL-10 in comparison to

levels detected in the hsp65 DNA-immunized group in
response to both rhsp65 protein and SLA L. major. In
contrast, spleen cells from control mice produced increased
levels of IL-4 and IL-10 in response to SLA L. major and,
in some extent, to rhsp65 protein. Similar results were
observed in mice immunized with pCDNA3 or Mp
CDNA3. Low IFN-γ levels were detected after stimulation
of spleen cells of these animals, using both stimuli. This
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Fig. 3 Levels of IFN-γ, IL-4, and IL-10 produced by spleen cells from control and immunized groups before (a) and 8 weeks after (b) L.
major challenge infection. Single-cell suspensions (2×105 cells per milliliter) were obtained from spleen and stimulated with rhsp65 protein
(10 μg) or with SLA L. major (50 μg) for 48 h at 37°C 5% CO2. IFN-γ, IL-4, and IL-10 levels were measured by ELISA capture in culture
supernatants of splenocytes collected before (a) and after (b) infection as described in Materials and methods. Each bar represents average
plus standard deviation
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cytokine pattern in response to SLA is consistent with an
ongoing infection and a Th2 response.

Immunoglobulin G levels (isotypes 1 and 2a) were
measured in sera of control and immunized animals after
challenge infection (Fig. 4). This analysis revealed that,
while no significant trend toward either increased levels of
IgG1 or IgG2a anti-HSP65 or anti-SLA antibodies were
detected in sera of animals immunized with hsp65 DNA
(IgG2a/IgG1 ∼1), indicating a mixed Th1/Th2 immune
response, significantly higher levels of anti-HSP65 and
anti-SLA IgG2a antibodies (IgG2a/IgG1>1) were present
in sera of animals immunized with MHSP/TDM. This
pattern is consistent with the Th1 immune responses ob-
served in these animals. In contrast, anti-SLA IgG1 anti-
bodies levels, which correlate with Th2 immune responses,
were significantly higher after infection in control mice or
in mice immunized with the empty vector (IgG2a/IgG1<1).

Discussion

Leishmania vaccine preparations have evolved from crude
parasite preparations to defined molecules administered as
recombinant proteins or DNA vaccines (Mayrink et al.
1979; Gurunathan et al. 1998; Webb et al. 1998; Piedrafita
et al. 1999; Streit et al. 2001; Reed and Campos-Neto 2003;
Coelho et al. 2003; Scott et al. 2004). BCG has been used
as adjuvant for anti-Leishmania vaccine preparations (Satti
et al. 2001; Alimoharrunadian et al. 2002; Santos et al.
2002; Srivastava et al. 2003). The role of BCG as a specific
modulator of the protective response against Leishmania is
not completely understood, but it is known that BCG
immunization induces the production of Th1 cytokines
such as IL-12 and IFN-γ, and this may contribute to an
adequate cytokine environment for leishmanial antigen
presentation and development of specific Th1 cell re-

sponses. On the other hand, homology between Leishmania
andMycobacterium antigens may contribute for recognition
of common protective epitopes (Russell 1995).

Our data show that, after infection, DNA-hsp65-vac-
cinated mice responded to SLA L. major stimulation,
producing high levels of IFN-γ and specific IgG anti-
bodies. Additional data revealed that sera of hsp65 DNA or
MHSP-/TDM-immunized mice recognized a group of pro-
teins, with molecular sizes ranging from 60 to 100 kDa in
soluble promastigote extracts of L. major. These findings
suggest that cross-reactivity between Mycobacterium lep-
rae hsp65 and native proteins of L. major might be in-
volved in the observed protection. HSP proteins are highly
conserved among different species and organisms, and the
hsp60 of L. major shares 64.4% of similarity with M.
leprae hsp65, including identical conservative amino acid
substitutions (Rey-Ladino et al. 1997). Significant cross-
protection was also observed in BALB/c mice immunized
with Leishmania amazonensis hsp70 DNA, in association
with the P4 nuclease, against L. major infection (Campbell
et al. 2003).

Protection against L. major infection was observed only
in encapsulated Mycobacterium hsp65 DNA (MHSP/
TDM)-immunized mice, and the immune response was
characterized by significantly higher levels of IFN-γ in
response to both rhsp65 and SLA as compared to non-
encapsulated hsp65 DNA-immunized animals. In addition,
comparison of anti-SLA IgG1 and IgG2a antibody levels
indicated that only animals immunized with MHSP/TDM
displayed a marked shift in the type of antibodies produced
following vaccination, showing significantly higher levels
of anti-SLA or anti-hsp65 IgG2a antibodies compared to
anti-SLA or anti-hsp65 IgG1 (IgG2a/Ig1>1), which indi-
cates a consistent Th1 immune response. On the other
hand, naked DNA elicited a Th1 response (IgG2a/IgG1 ∼1)
that was not sufficient to protect mice against challenge,
although it is possible that after additional vaccine doses,
protection would be achieved.

The encapsulated hsp65 DNA, through its intrinsic
adjuvant effect, could have provided a microenvironment
suitable to drive the response against Leishmania antigens
to a Th1 pattern. A nonspecific effect of TDM or PLGA
alone can be discharged because mice immunized with
MpCDNA3 or with these adjuvants were not protected
against L. major challenge infection. Another hypothesis is
related to the chaperone effect of heat shock proteins that
could improve the presentation of Leishmania antigens
after infection contributing to generate a protective immune
response (Becker et al. 2002; Robert et al. 2002). This
adjuvant effect would be more pronounced in mice vac-
cinated with microspheres containing hsp65-DNA plus
TDM (Lima et al. 2003a).

The higher production of IFN-γ elicited by microsphere
formulation could be in part attributed to TDM stimuli.
Ryll et al. (2001) showed that TDM could trigger an innate
immune response, which was evident by the proliferation
of natural killer (NK) cells. It could also induce an early
immune response, resulting in the release of IFN-γ,
activation of macrophages, and up-regulation of MHC
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class II. Thus, TDM could provide optimal conditions to
initiate an immune response, making it a valuable Th1-
promoting component of an associated vaccine against
tuberculosis and leishmaniasis.

In conclusion, the vaccine formulation composed by
microspheres containing hsp65 DNA and TDMwas able to
elicit partial protective immune response against L. major.
The ability of PLGA microspheres to slowly release the
entrapped plasmid indicates that this system is also able
to sustain the protein expression without the need of a
booster compared to naked DNA administration (Lima et
al. 2003a). Association to this system of other Leishmania-
specific antigens such as HSP, LACK and A2, which were
previously shown to induce protection against different
Leishmania species, is also a promising perspective. Thus,
this microsphere-based vaccine has great potential for im-
proving the effectiveness of vaccination for tuberculosis
and leishmaniasis, especially in the underdeveloped and
developing countries, reducing costs and improving quality
of life of the population.
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