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The initial encounter of Leishmania cells and cells from the immune system is fundamentally important in
the outcome of infection and determines disease development or resistance. We evaluated the anti-Leishmania
amazonensis response of naive volunteers by using an in vitro priming (IVP) system and comparing the
responses following in vivo vaccination against the same parasite. In vitro stimulation allowed us to distinguish
two groups of individuals, those who produced small amounts of gamma interferon (IFN-�) (n � 16) (low
producers) and those who produced large amounts of this cytokine (n � 16) (high producers). IFN-� produc-
tion was proportional to tumor necrosis factor alpha and interleukin 10 (IL-10) levels but did not correlate with
IL-5 production. Volunteers who produced small amounts of IFN-� in vitro remained low producers 40 days
after vaccination, whereas high producers exhibited increased IFN-� production. However, 6 months after
vaccination, all individuals tested produced similarly high levels of IFN-� upon stimulation of their peripheral
blood mononuclear cells with Leishmania promastigotes, indicating that low in vitro producers respond slowly
in vivo to vaccination. In high IFN-� producers there was an increased frequency of activated CD8� T cells
both in vitro and in vivo compared to the frequency in low producers, and such cells were positive for IFN-�
as determined by intracellular staining. Such findings suggest that IVP responses can be used to predict the
pace of postvaccination responses of test volunteers. Although all vaccinated individuals eventually have a
potent anti-Leishmania cell-mediated immunity (CMI) response, a delay in mounting the CMI response may
influence resistance against leishmaniasis.

T-cell-mediated immunity plays a central role in host re-
sponses to intracellular pathogens (18). Cytokines are central
elements in the development of an immune response and have
received a great deal of attention in both human and experi-
mental leishmaniasis. Cures for leishmaniasis are related to the
predominance of a Th1 response, since this leads to the pro-
duction of gamma interferon (IFN-�) and activation of para-
site-infected macrophages (4). In contrast, a Th2 response with
interleukin 4 (IL-4) and IL-10 production often results in dis-
ease progression (4). Previous efforts have focused on under-
standing the early events that influence the development of
Th1 or Th2 cells.

The initial steps of human leishmaniasis cannot be examined
in vivo due to ethical constraints and the difficulty in estimating
the time of infection. Alternative approaches to understanding
the key elements implicated in the initial responses to the
parasite, which lead to human lymphocyte activity against
Leishmania cells, include in vitro systems that mimic the initial
infection or immunization of normal individuals. Shankar and
Titus (32) developed an in vitro system using cells from lym-
phoid tissues of naive mice and Leishmania major promastig-
otes, which reproduced in vivo responses in murine leishman-

iasis. In vitro systems for priming human naive cells against
Leishmania have been developed for both Leishmania ama-
zonensis (30, 31) and L. major (9, 19). Predominant develop-
ment of Th1 or Th0 responses has been observed in these
studies (9, 30), which probably reflects the great predominance
of these responses in humans. The importance of IL-12 has
also been confirmed for both species of Leishmania (9, 31). An
open question is the relationship of such in vitro systems with
human cells to in vivo responses in humans.

Production of IFN-� by Leishmania antigen-stimulated pe-
ripheral blood mononuclear cells (PBMC) and expansion of
the CD8� T-cell subset were also reported for individuals who
responded to vaccination (23, 26). In anti-Leishmania vaccina-
tion studies in the New World, dead promastigotes have been
used as the antigen, and protection has been induced in ap-
proximately 50% of the individuals vaccinated (2, 3). In the
present study, we compared the initial human responses to
Leishmania in in vitro (priming in vitro) and in vivo (response
to vaccination) systems. We observed that the human immune
response is different in different individuals after the first con-
tact with Leishmania and that in vitro differences were similar
to in vivo differences following vaccination. Our findings sug-
gest that in vitro priming (IVP) responses can be used to
predict the early postvaccination responses of test volunteers
and that such a system mimics the initial human in vivo re-
sponse to Leishmania.
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MATERIALS AND METHODS

Volunteers. Thirty-two healthy male volunteers between 18 and 40 years old
were included in this study. All individuals participated in the study after in-
formed consent was obtained, and the study was approved by the Committee of
Ethics of Centro de Pesquisa Gonçalo Moniz. None of the volunteers had a
previous history of leishmaniasis, and each of them had a proliferation index of
�5 and a negative delayed-type hypersensitivity reaction against Leishmania
(determined after blood collection). Serology results were negative for leishman-
iasis, Chagas’ disease, and human immunodeficiency virus. Before vaccination,
blood was collected and lymphocytes were primed in vitro with Leishmania. After
this the volunteers were vaccinated against Leishmania, and their immune re-
sponses were evaluated 40 days and 6 months after vaccination.

Parasite and antigen. L. amazonensis MHOM/BR/87/BA-125 was used for
infection and for antigen preparation. Details concerning isolation and charac-
terization of this strain have been reported previously (1). Parasites were culti-
vated in Schneider’s medium (Sigma Aldrich, St. Louis, Mo.) supplemented with
5% fetal calf serum and 50 �g of gentamicin (GIBCO) per ml. In vitro stimu-
lation of PBMC was performed with stationary-phase promastigotes, which were
washed three times and resuspended in RPMI 1640 medium at the concentra-
tions indicated below. Soluble L. amazonensis antigen (25 �g of protein per ml)
was used for an intradermal delayed-type hypersensitivity test (27).

In vitro sensitization of human cells to Leishmania. In vitro sensitization to
Leishmania was performed by using the protocol described by Brodskyn et al. (9),
with some modifications. Briefly, PBMC were obtained by using a Ficoll-
Hypaque gradient (Sigma Aldrich). The cells were washed three times, and the
concentration was adjusted to 5 � 106 viable cells/ml in RPMI 1640 medium
(Sigma Aldrich) supplemented with 2 mM L-glutamine (Sigma Aldrich), 10 mM
HEPES (Sigma Aldrich), 50 �g of gentamicin (GIBCO) per ml, and 10% AB
human serum (Sigma Aldrich). A total of 107 cells from this cell suspension were
used for the first stimulation. The remaining cells were plated in 24-well plates,
and 30 min later the nonadherent cells were removed. The adherent cells were
washed and cultivated in complete medium and then allowed to mature into
macrophages for 5 days in order to use them as antigen-presenting cells in the
second stimulation.

For the first stimulation, a preparation containing 5 � 106 cells/ml (1 ml/well
in a 24-well plate) was cultivated with or without live promastigotes (5 � 106

cells/ml) at 37°C in the presence of 5% CO2 in a humid atmosphere for 6 days.
On day 5, mature macrophages were infected with live promastigotes at a ratio
of 10:1 for 24 h at 37°C in the presence of 5% CO2 in a humid atmosphere. Cells
recovered from the first stimulation were boosted (1 � 106 cells/ml) with autol-
ogous Leishmania-infected macrophages in complete RPMI 1640 medium sup-
plemented with 10% supernatant harvested from the first stimulation and cul-
tured for 4 days.

Vaccination. The vaccine used in this study was produced under good manu-
facturing practice conditions, as prescribed by the World Health Organization,
by a licensed Brazilian biotechnology company, BIOBRAS, using a well-defined
World Health Organization L. amazonensis reference strain (IFLA/BR/67/PH8)
as described in detail elsewhere (23). The vaccination protocol consisted of two
1.5-ml doses (1,440 �g/dose) injected intramuscularly with an interval of 21 days
between the doses (22).

Cytokine measurement. Cell-free culture supernatants were collected after
96 h of culture (in both stimulation cycles) and were kept frozen at �20°C.
Cytokine concentrations were determined by an enzyme-linked immunosorbent
assay, using commercially available kits for IFN-�, tumor necrosis factor alpha
(TNF-�) and IL-5 (Duo-set; Genzyme, Cambridge, Mass.) and for IL-10 (Gen-
zyme) according to the manufacturer’s instructions.

Flow cytometry. Cells were analyzed for surface expression of CD3, CD4,
CD8, and CD25 (Becton Dickinson, Mountain View, Calif.). Cells were prepared
for analysis by resuspension in PAB (phosphate-buffered saline, 1% bovine
serum albumin, 0.05% sodium azide) and blocked with mouse immunoglobulin
(20 �g/ml) and 10% fetal bovine serum for 30 min on ice. The cells were then
incubated with labeled antibodies or corresponding controls for an additional 30
min. The cells were fixed with 1% paraformaldelyde in phosphate-buffered saline
and analyzed with a FACS flow cytometer and CellQuest software (Becton
Dickinson). At least 10,000 events were analyzed per sample. For detection of
intracellular IFN-�, cultured cells were restimulated for 6 h with phorbol myris-
tate acetate (Sigma Aldrich) at a concentration of 200 ng/ml, with ionomycin
(Sigma Aldrich) at a concentration of 500 mg/ml, and with brefeldin A (Sigma
Aldrich) at a concentration of 10 �g/ml, stained for surface markers (CD4 and
CD8), fixed overnight, permeabilized with PAB–0.1% saponin at room temper-
ature, and stained for IFN-� as described previously (12). The following reagents
were used for flow cytometry: fluorescein isothiocyanate (FITC)-labeled anti-

human CD3 (clone HIT3a), phycoerythrin (PE)- and FITC-labeled anti-human
CD4 (clone RPA-T4), PE- and Cy-labeled anti-human CD8 (clone RPA-T8),
FITC- and PE-labeled anti-human CD25 (clone M-A251), and appropriately
labeled irrelevant isotype-matched control antibodies from the same suppliers.

Statistical analysis. Comparisons of the cytokine levels in the same individuals
were performed by using the Wilcoxon matched pair test. Comparisons between
high and low producers were performed by using the Mann-Whitney test. For all
statistical analyses we used GraphPad Prism, version 3.00 for Windows (Graph-
Pad Software, San Diego, Calif.).

RESULTS

IFN-� production during IVP stimulation: defining high
and low producers. Using the IVP system, we could discrimi-
nate between two types of donors, those whose PBMC pro-
duced large amounts of IFN-� (high producers) and those
whose PBMC produced low levels of IFN-� (low producers).
Both groups were defined by the concentration of IFN-� pro-
duced after the second round of stimulation. This definition
was based the amount of IFN-� per 106 cells (160 pg), which
was the median value obtained for all donors studied and was
the cutoff point used. PBMC from high producers secreted
IFN-� at concentrations ranging from 505.6 to 1,099 pg of
IFN-�/106 cells. However, low producers continued to secrete
small amounts of IFN-� (34.5 to 253 pg of IFN-�/106 cells)
(Fig. 1A) even after the second round of stimulation. All high
producers presented an increment from the first round to the
second round of stimulation (P � 0.0005) (Fig. 1B), whereas a
consistent pattern was not observed for low producers (Fig.
1C).

TNF-�, IL-10, and IL-5 production by PBMC from high and
low IFN-� producers. TNF-� and IL-10 have been described as
important cytokines in the outcome of Leishmania infections,
since TNF-� contributes to the clearance of parasites in mac-
rophages (20, 21) and IL-10 downregulates IFN-� biological
activities and secretion (6, 7). We evaluated the levels of these
cytokines in supernatants harvested after the first and second
rounds of stimulation with live Leishmania promastigotes in
the priming system. The level of IL-5 was also measured as a
marker for Th2 response, since IL-4 could not be consistently
detected in cultures of human cells. As shown in Fig. 2A,
TNF-� secretion was greater in the group of high producers,
and the levels seemed to increase after the second round (22.6
to 81.6 pg of TNF�/106 cells). However, the mean levels of
TNF-� in low IFN-� producers were very low, and the levels
had a tendency to decrease in supernatants harvested after the
second stimulation. Differences between low and high re-
sponders were statistically significant in both the first and sec-
ond rounds of stimulation. Therefore, TNF-� could be consid-
ered an important biological marker in our system, because its
effect in the initial phase of infection is crucial to killing of
parasites, as reported previously (36). We had to consider the
hypothesis that the increase in the level of this cytokine ob-
served after priming of PBMC with L. amazonensis could re-
flect a secondary effect caused by production of high levels of
IFN-�, leading to activation of infected macrophages and se-
cretion of this cytokine.

Production of IL-10 (Fig. 2B) was greater in high IFN-�
producers than in low producers (P � 0.007). The IL-10 levels
in high IFN-� producers decreased from the first round to the
second round of stimulation. On the other hand, IL-10 pro-
duction increased slightly but not statistically significantly after
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second round of stimulation in low IFN-� producers. Both
groups of donors produced low levels of IL-5, and there was a
significant increase in the second stimulation cycle, which was
more pronounced in high IFN-� producers (2.9 to 39.7 pg of
IL-5/106 cells). Due to the marked dispersion of the data,
differences between low and high producers were not statisti-
cally significant (data not shown).

Postvaccination evaluation: IFN-� production. Forty days
after vaccination, PBMC from different volunteers classified as
high producers after IVP also secreted larger amounts of
IFN-� upon immunization in vivo, whereas low producers after
IVP secreted low levels of IFN-� (Fig. 3A). Again, groups were
divided by taking account the median amount of IFN-�/106

cells produced 40 days after vaccination. Most of individuals
(81.25%) who were high in vitro producers were also high
IFN-� producers 40 days after vaccination.

Interestingly, 6 months after vaccination, all vaccinated in-
dividuals in this study produced similarly high levels of IFN-�
(Fig. 3A). Besides IFN-� production, we also evaluated pro-
liferative responses and IL-12 production, and no differences
were observed between the high and low IFN-� producers.
Actually, these results indicated that eventually all vaccinated

FIG. 1. Levels of IFN-� obtained from PBMC from high and low
responders with the IVP system after the first and second rounds of
stimulation. PBMC (5 � 106 cells) from different donors were stimu-
lated with 5 � 106 live L. amazonensis promastigotes. After 96 h 100 �l
was collected from each well to evaluate IFN-� production in the
supernatants (first stimulation). After 6 days of incubation, cells were
harvested and restimulated with infected autologous macrophages for
96 h. After this, supernatants were collected, and the concentrations of
IFN-� were determined (A). (B and C) Variations in the levels of
IFN-� produced by high (B) and low (C) IFN-� producers. Each line
represents a different donor.

FIG. 2. Levels of TNF-� and IL-10 obtained from PBMC from
high and low IFN-� responders with the IVP system after the first and
second rounds of stimulation. PBMC (5 � 106 cells) from different
donors were stimulated with 5 � 106 live L. amazonensis promastig-
otes. After 96 h 100 �l was collected from each well to evaluate IFN-�
production in the supernatants (first stimulation). After 6 days of
incubation, cells were harvested and restimulated with infected autol-
ogous macrophages for 96 h. After this, supernatants were collected,
and the concentrations of TNF-� (A) and IL-10 (B) were determined.
ns, not significant.
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individuals did mount effective cell-mediated immunity re-
sponses, but there was a significant delay in individuals who
produced low levels of IFN-� during the early phase of the
interaction with live promastigotes. Therefore, it may be more
appropriate to refer to fast responders and slow responders,
corresponding to the high and low producers observed after
IVP.

Postvaccination evaluation: TNF-�, IL-10, and IL-5 produc-
tion. As described above for IFN-� production, TNF-� secre-
tion and IL-10 secretion exhibited the same pattern observed

after IVP; i.e., fast responders (high producers) produced
higher levels of both cytokines, whereas slow responders (low
producers) produced lower levels of IL-10 (Fig. 3B) and
TNF-� (Fig. 3C) in their supernatants (P � 0.03 and P � 0.002,
respectively). TNF-� production was greater in high responder
donors than in low responder donors before vaccination and 40
days after vaccination, but 6 months after vaccination the levels
decreased significantly and no differences were observed be-
tween high and low producers. These results could reflect an
early response to Leishmania in vivo with production of in-
flammatory cytokines, which are downregulated later. At the
evaluation 6 months after vaccination there was a significant
reduction in IL-10 production in the fast responder group,
while the levels remained low in the slow responders (Fig. 3B).
Significant amounts of IL-5 were produced by both groups 40
days after vaccination, and there was an important increase 6
months after vaccination. Production was greater in slow re-
sponders at both time points studied, although the differences
between groups were not significant (data not shown).

Primed in vitro response versus early postvaccination re-
sponse. As mentioned above, the pattern of responses to IVP
was similar to that observed 40 days after vaccination. There
were positive correlations between the primed in vitro re-
sponse and the first postvaccination data for IFN-� (P �
0.0001) (Fig. 4A), TNF-� (P � 0.0005) (Fig. 4B), IL-10 (P �
0.01) (Fig. 4C), and IL-5 (P � 0.0005) (Fig. 4D). These results
suggest that IVP response can be used to predict the early
postvaccination responses of test volunteers and probably
mimic the initial human in vivo responses to Leishmania.

CD8� T cells are activated preferentially by high IFN-�
producers. Since we observed a positive correlation between
IVP responses and the first postvaccination data, the next step
was to explore the possible mechanisms responsible for the
early high levels of IFN-� production during the responses to
L. amazonensis. PBMC from high and low producers were
primed in vitro with live promastigotes, and cells were har-
vested after the second stimulation and stained to detect acti-
vation markers (CD25) by flow cytometry in CD4� and CD8�

T cells. As shown in Fig. 5A, there was not a significant dif-
ference in the frequency of CD4� CD25� T cells between high
and low producers. However, we observed a higher frequency
of activated CD8� T cells (CD25�) in the high IFN-� produc-
ers (Fig. 5B). Cells from high-producer donors were harvested
after the second round of stimulation and stained to detect
intracellular IFN-�. In fact, the percentage of CD8� T cells
producing IFN-� was significantly higher than the percentage
of CD4� T cells producing IFN-� (Fig. 6) (7.5 and 3.5% for
CD8� and CD4� T cells, respectively), showing that CD8� T
cells are preferentially activated in human immune responses
to L. amazonensis. Forty days after vaccination, PBMC from
fast and slow responders were obtained and stimulated with
live promastigotes for 96 h at 37°C in the presence of 5% CO2,
and the cells were then harvested and stained. Although we
observed a difference between the fast and slow IFN-� re-
sponders in terms of activation of CD4� T cells under ex vivo
conditions, after in vitro restimulation of the cells the frequen-
cies of CD4� T cells activated seemed to be the same in the
low and high responders. On the other hand, there was a
significant increase in the level of activation of CD8� T cells,
represented by the presence of CD25 (Fig. 7B), in donor cells

FIG. 3. Levels of IFN-� and IL-10 obtained from PBMC from
healthy donors vaccinated with L. amazonensis. Healthy volunteers
were vaccinated, and 40 days and 6 months after vaccination their
PBMC were obtained and restimulated in vitro with L. amazonensis
promastigotes for 72 h. Supernatants were harvested, and IFN-� (A),
IL-10 (B), and TNF-� (C) levels were determined by enzyme-linked
immunosorbent assays. FR, fast responders; SR, slow responders.
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restimulated in vitro with Leishmania. It seemed that fast re-
sponders had a greater CD8� response, as measured by CD25
levels, and that IFN-� production preferentially occurred in
CD8� cells.

DISCUSSION

In the present study, we showed that IVP of T cells from
individuals who have not been exposed to L. amzonensis can be
used to distinguish volunteers who produce low and high levels
of IFN-�. Additionally, the differences in in vitro IFN-� pro-
duction could be used to predict the pace of the in vivo re-
sponse to Leishmania vaccination. It is tempting to speculate
that the two types of individuals differ in their responses to
natural Leishmania infections. If it is assumed that resistance
to leishmaniasis is related to fast production of high levels of
IFN-�, reflecting a strong cell-mediated immunity response,
low producers get the disease because their cells do not secrete
sufficient amounts of IFN-� to activate macrophages and de-
stroy intracellular parasites. Mice in which IFN-� production is
delayed are more susceptible to Toxoplasma gondii than mice
which exhibit a faster response (37). Additionally, the propor-
tion of fast and slow responders observed in the present study
is similar to the rate of protection against Leishmania reported
for the vaccine which we employed (22, 23). It was shown
previously that 50% of cutaneous leishmaniasis patients who
had had the disease for less than 60 days contained low levels
of IFN-� or even no IFN-� when their PBMC were stimulated
with Leishmania antigen. However, later during the disease
cycle high levels of IFN-� and TNF-� were produced, suggest-
ing that there was transitory immunosuppression from the
PBMC which allowed parasite proliferation (28). These data

were somewhat similar to the data obtained in this study for
cytokine production from low IFN-� producers, whose cyto-
kine levels were low 40 days after vaccination but increased
substantially after 6 months, reaching levels similar to those in
fast responders.

It is interesting that high IFN-� producers also secreted
higher levels of TNF-� and IL-10. It has been shown that
TNF-� is directly involved in activation of macrophages and
immunoregulation of IFN-� production (20, 21) and contrib-
utes to the control of infection by intracellular pathogens. The
correlation between high levels of IFN-� and high levels of
TNF-� could be explained by direct activation of macrophages
by the former cytokine, leading to destruction of the parasites
(21, 36). A correlation between IFN-� and IL-10 levels has
been observed for leishmaniasis and other diseases (8, 11, 29).
Since IL-10 usually exhibits human macrophage-deactivating
properties (6, 7), high levels of IL-10 may represent a necessary
counterbalance to an extremely polarized immune response,
limiting tissue damage. On the other hand, IL-10 may also lead
to increased IFN-� production by NK cells (33).

Low levels of IL-5 production were detected with the IVP
system and 40 days after vaccination, but 6 months after vac-
cination the concentrations of IL-5 in fast and slow IFN-�
producers increased, and the differences between the two
groups were not significant. Russo et al. (30), who developed
an in vitro system to study early responses of unexposed indi-
viduals to L. amazonensis infection, and Brodskyn et al. (9),
who used an IVP system for L. major, also observed low levels
of IL-5. Elevated production of Th1 cytokines and low levels of
production of Th2 cytokines were also observed in other hu-
man T-cell IVP systems (35).

In this study, we had the opportunity to compare results

FIG. 4. Positive correlation between the primed in vitro response and the first postvaccination data (40 days) for IFN-� (P � 0.0001) (A),
TNF-� (P � 0.0005) (B), IL-10 (P � 0.01) (C), and IL-5 (P � 0.0005) (D).
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obtained with the IVP system in which PBMC and live L.
amazonensis were used with results obtained after in vivo im-
munization of the same donors with a safe vaccine (22). There
was a positive correlation between the IVP response and the
first postvaccination data (40 days) for all of the cytokines
tested. Actually, all vaccinated individuals eventually mounted
a potent anti-Leishmania cellular immune response 6 months
after vaccination. These findings correlate with the in vivo
observation that most cutaneous leishmaniasis patients do
mount a potent Th1 response, but cutaneous leishmaniasis
patients in the initial stages of the disease produce smaller
amounts of IFN-� than patients in the late phase of the disease
(28, 29). Upon vaccination normal individuals differ in the pace
at which the cellular immune response is mounted rather than
in the level of response achieved in the long term, which may
have important implications concerning the success of a vac-
cine.

The data presented here demonstrated that important acti-
vation of CD8� T cells occurred both in vitro and in vivo
following exposure to Leishmania antigen. Interestingly, the
percentage of CD8� T cells producing IFN-� was higher than
the percentage of CD4� T cells producing IFN-�. These re-
sults suggest that CD8� T cells may be responsible for the
initial production of Th1 cytokines, which may lead to the
dominance of the Th1 response. Natural killer cells may be a
very important source of IFN-� in this situation. While previ-
ous reports have shown that CD8� T cells may not be essential
for primary immunity (17), there have been several studies
which have shown that CD8� T cells do have a role in second-
ary responses (24, 25, 34). LACK DNA induces antigen-spe-
cific CD8� IFN-�-producing T cells following vaccination of
BALB/c mice (14), and depletion of CD8� T cells at the time
of infection abrogated protection (14, 15). Additionally, these
mice had diminished frequencies of CD4� IFN-�-producing T
cells, suggesting that CD8� T cells have an immunoregulatory
function (16). Russo et al. (31), using an in vitro system with
soluble Leishmania antigen, observed a high frequency of
CD8� T cells, which lysed parasite-infected macrophages, but
these cells did not produce IFN-�. The differences between the
results of Russo et al. and our results may be explained by the
different protocols that Russo et al. used in their experiments,
which generated human T-cell lines with soluble Leishmania
antigens in the presence of different cytokines. The system
used in this study closely mimicked the in vivo situation by
infecting autologous macrophages without added cytokines.

On the other hand, low or slow IFN-� producers could fail
to activate CD8 appropriately at the beginning of infection,
leading to a delay in IFN-� production. In addition, secretion
of suppressor cytokines, like transforming growth factor 	
(TGF-	) or IL-4, could affect the pace of cytokine production.
In mice, it has been demonstrated that TGF-	 inhibits the
immune response, allowing parasite growth (5). TGF-	 levels
differ greatly in different individuals, and the differences in
TGF-	 levels could be responsible for some of the results
observed in our study. Another important aspect concerns the

FIG. 5. Frequencies of CD4� CD25� and CD8� CD25� T cells
obtained from PBMC from healthy volunteers ex vivo and after IVP
(second round of stimulation). Cells were prepared for analysis by
resuspension in PAB and were blocked with mouse immunoglobulin
(20 �g/ml) and 10% fetal bovine serum for 30 min on ice. The cells
were then incubated with labeled antibodies (anti-CD4, anti-CD8, and
anti-CD25) or corresponding controls for an additional 30 min. The
cells were fixed with 1% paraformaldeyde in phosphate-buffered saline
and analyzed with a FACS flow cytometer and CellQuest software
(Becton Dickinson). At least 10,000 events were analyzed per sample.
(A) Frequencies of CD4� CD25� T cells from fast responders (FR)
and slow responders (SR); (B) frequencies of CD8� CD25� T cells
from fast responders and slow responders. Ag, antigen.

FIG. 6. Detection of intracellular IFN-� in PBMC obtained after
the second round of IVP stimulation. For detection of intracellular
IFN-� and IL-10, cultured cells were restimulated for 6 h with phorbol
myristate acetate (200 ng/ml), ionomycin (500 ng/ml; Sigma), and
brefeldin A (10 �g/ml), stained for surface markers (CD4 and CD8),
fixed overnight, permeabilized with PAB–0.1% saponin at room tem-
perature, and stained for IFN-� as described in Materials and Meth-
ods.
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participation of costimulatory molecules in the activation of
T-cell responses. It has been shown that these molecules are
involved in Th1 and Th2 cytokine production (10, 13). Expres-
sion of CD40 or B-7 could have been downregulated in some
of the volunteers, delaying activation of their T cells and pre-
cluding IFN-� secretion.

For the first time, we demonstrated that there is a correla-
tion between an in vitro system and in vivo immunization.
Therefore, by using this system, we can obtain a detailed un-
derstanding of the early response of T cells to Leishmania
infection, and the information obtained should allow identifi-
cation of the antigens responsible for triggering early protec-
tive responses, which should be crucial for identifying protec-
tive Leishmania antigens.

ACKNOWLEDGMENTS

We thank Greg DeKrey and Edgar Carvalho for critical reviews of
the manuscript and Cecilia Fiuza and Dirceu Costa for technical as-
sistance.

This work was supported by grant AI 30639 from the National
Institutes of Health. C.B., A.B., and M.B.-N. are investigators of the
Brazilian National Research Council (CNPq).

REFERENCES

1. Almeida, R. P., M. Barral-Netto, A. M. De Jesus, L. A. De Freitas, E. M.
Carvalho, and A. Barral. 1996. Biological behavior of Leishmania amazonen-
sis isolated from humans with cutaneous, mucosal, or visceral leishmaniasis
in BALB/C mice. Am. J. Trop. Med. Hyg. 54:178–184.

2. Antunes, C. M., W. Mayrink, P. A. Magalhaes, C. A. Costa, M. N. Melo, M.
Dias, M. S. Michalick, P. Williams, A. O. Lima, J. B. Vieira, et al. 1986.
Controlled field trials of a vaccine against New World cutaneous leishman-
iasis. Int. J. Epidemiol. 15:572–580.

3. Armijos, R. X., M. M. Weigel, R. Izurieta, J. Racines, C. Zurita, W. Herrera,
and M. Vega. 1997. The epidemiology of cutaneous leishmaniasis in sub-
tropical Ecuador. Trop. Med. Int. Health 2:140–152.

4. Barral, A., J. Guerreiro, G. Bomfim, D. Correia, M. Barral-Netto, and E. M.
Carvalho. 1995. Lymphadenopathy as the first sign of human cutaneous
infection by Leishmania braziliensis. Am. J. Trop. Med. Hyg. 53:256–259.

5. Barral-Netto, M., A. Barral, C. E. Brownell, Y. A. Skeiky, L. R. Ellingsworth,
D. R. Twardzik, and S. G. Reed. 1992. Transforming growth factor-beta in
leishmanial infection: a parasite escape mechanism. Science 257:545–548.

6. Bogdan, C., J. Paik, Y. Vodovotz, and C. Nathan. 1992. Contrasting mech-
anisms for suppression of macrophage cytokine release by transforming
growth factor-beta and interleukin-10. J. Biol. Chem. 267:23301–23308.

7. Bogdan, C., Y. Vodovotz, and C. Nathan. 1991. Macrophage deactivation by
interleukin 10. J. Exp. Med. 174:1549–1555.

8. Boussiotis, V. A., E. Y. Tsai, E. J. Yunis, S. Thim, J. C. Delgado, C. C.
Dascher, A. Berezovskaya, D. Rousset, J. M. Reynes, and A. E. Goldfeld.
2000. IL-10-producing T cells suppress immune responses in anergic tuber-
culosis patients. J. Clin. Investig. 105:1317–1325.

9. Brodskyn, C., S. M. Beverley, and R. G. Titus. 2000. Virulent or avirulent
(dhfr-ts-) Leishmania major elicit predominantly a type-1 cytokine response
by human cells in vitro. Clin. Exp. Immunol. 119:299–304.

10. Brodskyn, C. I., G. K. DeKrey, and R. G. Titus. 2001. Influence of costimu-
latory molecules on immune response to Leishmania major by human cells in
vitro. Infect. Immun. 69:665–672.

11. Carvalho, E. M., W. D. Johnson, E. Barreto, P. D. Marsden, J. L. Costa, S.
Reed, and H. Rocha. 1985. Cell mediated immunity in American cutaneous
and mucosal leishmaniasis. J. Immunol. 135:4144–4148.

12. Coligan, J., A. Kruisbeek, E. Shevach, and W. Strober. 1997. Detection of
cytokine with labeled antibodies. Curr. Protocols Immunol. 2:6–15.

13. Elloso, M. M., and P. Scott. 1999. Expression and contribution of B7–1
(CD80) and B7–2 (CD86) in the early immune response to Leishmania major
infection. J. Immunol. 162:6708–6715.

14. Gurunathan, S., C. Prussin, D. L. Sacks, and R. A. Seder. 1998. Vaccine
requirements for sustained cellular immunity to an intracellular parasitic
infection. Nat. Med. 4:1409–1415.

15. Gurunathan, S., D. L. Sacks, D. R. Brown, S. L. Reiner, H. Charest, N.
Glaichenhaus, and R. A. Seder. 1997. Vaccination with DNA encoding the
immunodominant LACK parasite antigen confers protective immunity to
mice infected with Leishmania major. J. Exp. Med. 186:1137–1147.

16. Gurunathan, S., L. Stobie, C. Prussin, D. L. Sacks, N. Glaichenhaus, D. J.
Fowell, R. M. Locksley, J. T. Chang, C. Y. Wu, and R. A. Seder. 2000.
Requirements for the maintenance of Th1 immunity in vivo following DNA
vaccination: a potential immunoregulatory role for CD8� T cells. J. Immu-
nol. 165:915–924.

17. Hill, J. O., M. Awwad, and R. J. North. 1989. Elimination of CD4� sup-
pressor T cells from susceptible BALB/c mice releases CD8� T lymphocytes
to mediate protective immunity against Leishmania. J. Exp. Med. 169:1819–
1827.

18. Kaufmann, S. H. 1993. Immunity to intracellular bacteria. Annu. Rev. Im-
munol. 11:129–163.

19. Kurtzhals, J. A., M. Kemp, L. K. Poulsen, M. B. Hansen, A. Kharazmi, and
T. G. Theander. 1995. Interleukin-4 and interferon-gamma production by
Leishmania stimulated peripheral blood mononuclear cells from nonexposed
individuals. Scand. J. Immunol. 41:343–349.

20. Liew, F. Y., S. Millott, C. Parkinson, R. M. Palmer, and S. Moncada. 1990.
Macrophage killing of Leishmania parasite in vivo is mediated by nitric oxide
from L-arginine. J. Immunol. 144:4794–4797.

21. Liew, F. Y., C. Parkinson, S. Millott, A. Severn, and M. Carrier. 1990.
Tumour necrosis factor (TNF alpha) in leishmaniasis. I. TNF alpha mediates
host protection against cutaneous leishmaniasis. Immunology 69:570–573.

22. Marzochi, K. B., M. A. Marzochi, A. F. Silva, N. Grativol, R. Duarte, E. M.
Confort, and F. Modabber. 1998. Phase 1 study of an inactivated vaccine
against American tegumentary leishmaniasis in normal volunteers in Brazil.
Mem. Inst. Oswaldo Cruz 93:205–212.

23. Mendonca, S. C., P. M. De Luca, W. Mayrink, T. G. Restom, F. Conceicao-
Silva, A. M. Da-Cruz, A. L. Bertho, C. A. Da Costa, O. Genaro, V. P. Toledo,
et al. 1995. Characterization of human T lymphocyte-mediated immune
responses induced by a vaccine against American tegumentary leishmaniasis.
Am. J. Trop. Med. Hyg. 53:195–201.

24. Muller, I., P. Kropf, R. J. Etges, and J. A. Louis. 1993. Gamma interferon
response in secondary Leishmania major infection: role of CD8� T cells.
Infect. Immun. 61:3730–3738.

FIG. 7. Frequencies of CD4� CD25� and CD8� CD25� T cells
obtained from PBMC ex vivo and 40 days after vaccination. Using the
method described in the legend to Fig. 5, we determined the frequen-
cies of CD4� CD25� T cells from fast responders (FR) and slow
responders (SR) (A) and of CD8� CD25� T cells from fast responders
and slow responders (B). PBMC from donors were restimulated with
antigen (Ag.) for 72 h, and after this cells were prepared for analysis.

VOL. 69, 2001 IFN-� PRODUCTION AND ANTI-LEISHMANIA RESPONSE 7459



25. Muller, I., T. Pedrazzini, P. Kropf, J. Louis, and G. Milon. 1991. Establish-
ment of resistance to Leishmania major infection in susceptible BALB/c mice
requires parasite-specific CD8� T cells. Int. Immunol. 3:587–597.

26. Nascimento, E., W. Mayrink, C. A. da Costa, M. S. Michalick, M. N. Melo,
G. C. Barros, M. Dias, C. M. Antunes, M. S. Lima, D. C. Taboada, et al.
1990. Vaccination of humans against cutaneous leishmaniasis: cellular and
humoral immune responses. Infect Immun. 58:2198–2203.

27. Reed, S. G., R. Badaro, H. Masur, E. M. Carvalho, R. Lorenco, A. Lisboa, R.
Teixeira, W. D. Johnson, and T. C. Jones. 1986. Selection of a skin test
antigen for American visceral leishmaniasis. Am. J. Trop. Med. Hyg. 35:79–
85.

28. Ribeiro-de-Jesus, A., R. P. Almeida, H. Lessa, O. Bacellar, and E. M. Car-
valho. 1998. Cytokine profile and pathology in human leishmaniasis. Braz.
J. Med. Biol. Res. 31:143–148.

29. Rocha, P. N., R. P. Almeida, O. Bacellar, A. R. de Jesus, D. C. Filho, A. C.
Filho, A. Barral, R. L. Coffman, and E. M. Carvalho. 1999. Down-regulation
of Th1 type of response in early human American cutaneous leishmaniasis.
J. Infect. Dis. 180:1731–1734.

30. Russo, D. M., P. Chakrabarti, and J. M. Burns. 1998. Naive human T cells
develop into Th1 or Th0 effectors and exhibit cytotoxicity early after stimu-
lation with Leishmania-infected macrophages. J. Infect. Dis. 177:1345–1351.

31. Russo, D. M., P. Chakrabarti, and A. Y. Higgins. 1999. Leishmania: naive

human T cells sensitized with promastigote antigen and IL-12 develop into
potent Th1 and CD8(�) cytotoxic effectors. Exp. Parasitol. 93:161–170.

32. Shankar, A. H., and R. G. Titus. 1993. Leishmania major-specific, CD4�,
major histocompatibility complex class II-restricted T cells derived in vitro
from lymphoid tissues of naive mice. J. Exp. Med. 178:101–111.

33. Shibata, Y., L. A. Foster, M. Kurimoto, H. Okamura, R. M. Nakamura, K.
Kawajiri, J. P. Justice, M. R. Van Scott, Q. N. Myrvik, and W. J. Metzger.
1998. Immunoregulatory roles of IL-10 in innate immunity: IL-10 inhibits
macrophage production of IFN-gamma-inducing factors but enhances NK
cell production of IFN-gamma. J. Immunol. 161:4283–4288.

34. Stefani, M. M., I. Muller, and J. A. Louis. 1994. Leishmania major-specific
CD8� T cells are inducers and targets of nitric oxide produced by parasit-
ized macrophages. Eur. J. Immunol. 24:746–752.

35. Subauste, C. S., F. Fuh, R. de Waal Malefyt, and J. S. Remington. 1998.
Alpha beta T cell response to Toxoplasma gondii in previously unexposed
individuals. J. Immunol. 160:3403–3411.

36. Wilhelm, P., U. Ritter, S. Labbow, N. Donhauser, M. Rollinghoff, C. Bogdan,
and H. Korner. 2001. Rapidly fatal leishmaniasis in resistant c57bl/6 mice
lacking tnf. J. Immunol. 166:4012–4019.

37. Yap, G., R. Ortmann, E. Shevach, and A. Sher. 2001. A heritable defect in
IL-12 signaling in B10.Q/J mice. II. Effect on acute resistance to Toxoplasma
gondii and rescue by IL-18. J. Immunol. 166:5720–5725.

Editor: W. A. Petri, Jr.

7460 POMPEU ET AL. INFECT. IMMUN.


