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Introduction

Leishmaniasis is a group of sandfly-transmitted diseases
caused by different species of protozoan parasites from the
genus Leishmania, affecting 88 countries around the world
[1]. The diverse clinical presentations depend upon which
Leishmania species is involved and also upon host-related
factors. American tegumentary leishmaniasis (ATL) is
endemic in widespread areas of Latin America, and the main
causative agents include species from the subgenus Viannia
(Leishmania (Viannia) braziliensis, L. (V.) guyanensis, L. (V.)
panamensis) and the subgenus Leishmania (Leishmania
(Leishmania) amazonensis, L. (L.) mexicana) [1].In addition
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Summary

Leishmaniasis is a group of important parasitic diseases affecting millions
worldwide. To understand more clearly the quality of T helper type 1 (Thl)
response stimulated after Leishmania infection, we applied a multiparametric
flow cytometry protocol to evaluate multifunctional T cells induced by crude
antigen extracts obtained from promastigotes of Leishmania braziliensis
(LbAg) and Leishmania amazonensis (LaAg) in peripheral blood mono-
nuclear cells from healed cutaneous leishmaniasis patients. Although no
significant difference was detected in the percentage of total interferon
(IFN)-y-producing CD4* T cells induced by both antigens, multiparametric
flow cytometry analysis revealed clear differences in the quality of Thl
responses. LbAg induced an important proportion of multifunctional CD4*
T cells (28% of the total Thl response evaluated), whereas LaAg induced
predominantly single-positive cells (68%), and 57% of those were IFN-y
single-positives. Multifunctional CD4" T cells showed the highest mean fluo-
rescence intensity (MFI) for the three Thl cytokines assessed and MFIs for
IFN-y and interleukin-2 from those cells stimulated with LbAg were signifi-
cantly higher than those obtained after LaAg stimulation. These major differ-
ences observed in the generation of multifunctional CD4* T cells suggest that
the quality of the Thl response induced by L. amazonensis antigens can be
involved in the mechanisms responsible for the high susceptibility observed in
L. amazonensis-infected individuals. Ultimately, our results call attention
to the importance of studying a Thl response regarding its quality, not
just its magnitude, and indicate that this kind of evaluation might help
understanding of the complex and diverse immunopathogenesis of American
tegumentary leishmaniasis.

Keywords: human American cutaneous leishmaniasis, Leishmania amazonen-
sis, Leishmania braziliensis, multifunctional T cells

to being a public health problem in the New World, ATL is a
risk for those who travel to Latin America [2].

Human infection with Leishmania braziliensis leads to a
broad spectrum of clinical, immunological and histopatho-
logical manifestations, ranging from self-healing cutaneous
lesions to the severe and destructive clinical form named
mucocutaneous leishmaniasis (ML) [3-5]. The localized
cutaneous form (CL) usually manifests as one or a few ulcers
with elevated borders and sharp crater that increase rapidly
in size and heal slowly without treatment [6]. L. braziliensis
can also cause disseminated leishmaniasis, in which up to
hundreds of lesions erupt as a result of haematogenous
spread of parasite [7,8]. L. amazonensis has also been isolated
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from patients with diverse clinical forms, including CL and
diffuse cutaneous leishmaniasis (DCL) [9]. Patients with
DCL are often resistant to chemotherapy, have negative
leishmanin skin test and low or negative responses after
Leishmania antigen-specific stimulation in vitro, but remain
responsive for other unrelated antigens, such as tuberculin
[3,10]. The mechanisms responsible for this specific cell-
mediated immune response suppression remain unclear. A
high degree of variability in cross-immunity between the
New World Leishmania species in humans as well as in
simian models has also been observed [11-14].

Currently, it is well established that the T helper type 1
(Th1) immune response is important for protection against
intracellular parasites. Previous studies have demonstrated
that CL caused by L. braziliensis is associated with an early
establishment of efficient parasite-killing mechanisms with a
balance between Th1 and Th2 responses, which is associated
with the control of exacerbated inflammatory responses and
lesion healing. In contrast, individuals who develop ML
display an exacerbated Thl response associated with lower
levels of interleukin (IL)-10 and lower expression of IL-10
receptors, in comparison to CL patients [15-18]. Even
though we have made great progress in understanding
the immunopathology of human ATL, many questions
still remain, especially regarding Leishmania-specific Thl
response induction, regulation and persistence.

After specific activation, naive CD4" T cells undergo a
complex differentiation programme before developing into
Thl cells [19]. The amount and duration of antigenic stimu-
lation [20], the type of antigen-presenting cell [21], the ana-
tomic site of immunization and the cytokine milieu [22] all
seem to determine the magnitude and quality of the Thl
response elicited. Differences in cytokine production can
also have profound implications in this fine-tuned differen-
tiation programme, as CD4" T cells that secrete only IFN-y
have a self-limited capacity to develop into memory T cells
when compared to IL-2*- or IL-2'TEN-y*-producing cells
[23,24]. CD4" T cells obtained from human immunodefi-
ciency virus (HIV)-infected long-term non-progressors
(LTNP) individuals, or those treated with antiretroviral
therapy, have increased frequencies of IL-2* or IL-2* IFN-y*
T cells, whereas progressors had predominantly IFN-y
single-producing CD4'T cells [25-28]. Similar results
were found in chronic hepatitis C virus (HCV) [29] and
Mycobacterium  tuberculosis infections [30]. Using the
multiparametric flow cytometry approach, and including
tumour necrosis factor (TNF)-a production as another
parameter of investigation, it clearly demonstrated a corre-
lation between protective immunity and the induction of a
high frequency of IFN-y*TNF-o'IL-2*-producing CD4* T
cells (termed multifunctional T cells) after vaccination with
protein plus cytosine—phosphate-guanosine oligodeoxy-
nucleotide (CpG ODN) in experimental L. major infection.
Conversely, poor or non-protective vaccine strategies
induced mainly T cells producing only one or two different
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cytokines [31]. The same pattern was observed in vaccine
studies for tuberculosis [32,33], malaria [34] and Chlamydia
infection [35].

To first evaluate the generation of multifunctional T cells
in human leishmaniasis we performed a multiparametric
flow cytometry analysis in peripheral blood mononuclear
cells (PBMC) obtained from healed Brazilian CL patients
after stimulation in vitro with total crude antigen extracts
obtained from stationary phase promastigotes of L. amazo-
nensis, the causative agent of DCL, and also from L. brazilien-
sis, regarded as the most important cause of ATL in
Brazil [36]. A better understanding in the induction of
multifunctional T cells in human disease may help to clarify
mechanisms associated with the diverse clinical manifesta-
tions of ATL and the immunopathological factors involved in
cure and protection, which will certainly help in the develop-
ment of vaccines and/or immunotherapeutical strategies
against human leishmaniasis.

Materials and methods

Patients

A group of 18 ATL patients with clinical history of localized
CL lesions (11 male and seven female, aged 40-3 * 16 years)
was recruited from Evandro Chagas Clinical Research Insti-
tute (IPEC), Oswaldo Cruz Foundation (FIOCRUZ) in Rio
de Janeiro, Brazil. PBMC were obtained from the patients
approximately 110 days after completing the antimonial
therapy, when lesions were considered healed. They were
diagnosed based on immunological and parasitological cri-
teria, as described previously [37], and treated with meglu-
mine antimoniate. Parasites were isolated from the lesions of
15 patients and L. braziliensis infection was confirmed by
characterization with isoenzyme electrophoresis [38], using
five enzymatic loci: 6-phosphogluconate dehydrogenase
(6PGDH; EC.1-1.1-43); phosphoglucose isomerase (GPL
EC.5-3.1+9); nucleoside hydrolase (NH; two loci, EC.3-2.2:1);
glucose-6-phosphate dehydrogenase (G6PDH; EC.1-1.1-49);
and phosphoglucomutase (PGM; EC.1-4.1-9). Reference
samples of L. (Viannia) braziliensis (MHOM/BR/75/M2903)
were used in all the electrophoretic runs. A control group
from non-endemic areas, comprised of 14 healthy subjects
(six male and eight female, aged 28 * 7-1 years), was also
evaluated in parallel. This study was approved by the
National Ethical Clearance Committee of Brazil (CONEP),
as well as by the Ethical Committee for Human Research
from IPEC/FIOCRUZ, all of which adhere to the principles
laid out in the Declaration of Helsinki. Informed consent
was obtained from all participants.

Antigens
Promastigotes of L. braziliensis (MCAN/BR/98/R69) and

L. amazonensis (IFLA/BR/67/PH8) were cultured in
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Schneider’s medium supplemented with antibiotics (200 IU
penicillin and 200 pg streptomycin/ml) and 10% inactivated
fetal calf serum (all from Sigma-Aldrich, St Louis, MO,
USA). Stationary phase promastigotes were washed three
times in phosphate-buffered saline (PBS), and disrupted by
10 freeze and thaw cycles, followed by ultrasonication
(Ultra-tip Labsonic System; Laboratory-Line, Melrose
Park, IL, USA), at 40 watts for 15 min in an ice bath, to
generate the crude extracts of L. braziliensis (LbAg) and
L. amazonensis (LaAg). All antigenic preparations were
adjusted to 1 mg/ml protein nitrogen in PBS and stored at
—70°C until use.

PBMC culture and IFN-y enzyme-linked
immunosorbent assay (ELISA)

PBMCs were isolated from heparinized venous blood by
Ficoll-Hypaque gradient centrifugation (Sigma). After being
washed three times in PBS, the PBMC were resuspended
in RPMI-1640 medium (Sigma) supplemented with 10%
human AB serum, 10 mM HEPES, 1-5 mM L-glutamine,
0-04 mM 2-mercaptoethanol and antibiotics (200 IU/ml
penicillin and 200 mg/ml streptomycin) (all from Sigma).
Cells were adjusted to 3 x 10° cells/ml, added to 24-well
plates and kept unstimulated or were stimulated with
50 pg/ml of each Leishmania crude antigen or 20 pg/ml of
concanavalin A (ConA; Sigma) for 5 days at 37°C, in a 5%
CO; incubator. After this time, the supernatants were col-
lected and stored frozen at —=70°C until analysed for IFN-y
production by a commercial ELISA kit (BD Pharmingen, San
Diego, CA, USA). The procedures were performed according
to the manufacturer’s instructions. Samples were tested
in duplicate and concentration was analysed using the
SOFTmax PRO version 4-0 program (Life Sciences Edition;
Molecular Devices Corporation, Sunnyvale, CA, USA).
Results were expressed as picograms per millilitre. The
minimum IFN-y level detected was 7-8 pg/ml.

Multiparametric flow cytometry

A total of 3 X 10° PBMC:s of each individual were kept at rest,
unstimulated, or were stimulated with 50 pg/ml of either
Leishmania crude antigens in the presence of 2 pug/ml anti-
body to CD28 (e-Bioscience, San Diego, CA, USA) for 2 h at
37°C, in a 5% CO, incubator. ConA was also used as a posi-
tive control (20 pg/ml; Sigma). Brefeldin A (BFA; Sigma) was
added to all cultures at a final concentration of 10 pg/ml and
cells were incubated for an additional 12 h before staining.
Cells were then harvested and stained for surface markers
using allophycocyanin-cyanin-7 (APC-Cy7)-labelled anti-
CD4, phycoerythrin (PE)-Texas red-labelled anti-CD8
(Invitrogen, Carlsbad, CA, USA) and PE-Cy5-labelled anti-
CD25 monoclonal antibodies by incubation for 30 min in
PBS containing 0-1% bovine serum albumin (BSA) and
0-05% sodium azide (all from Sigma-Aldrich), followed
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by washes and fixation using 4% formaldehyde solution
(Sigma-Aldrich). These cells were permeabilized with 0-5%
saponin solution in PBS/BSA (SAP buffer). After 1 h perme-
abilization at 4°C cells were incubated, for additional 30 min,
with the cytokine antibodies PE-Cy7-labelled anti-IFN-y,
fluorescein isothiocyanate (FITC)-labelled anti-TNF-a,
APC-labelled anti-IL-2 and PE-labelled anti-IL-10, washed
with SAP buffer and resuspended in PBS/BSA. All antibodies
were purchased from e-Bioscience except when noted. A
minimum of 50 000 events per sample were acquired inside
the lymphocytes gate, based on size and granularity proper-
ties, in a CyAn ADP flow cytometer device (Beckman-
Coulter/Dako, Brea, CA, USA) and analysed using FlowJo
software (Tree Star Inc., Ashland, OR, USA).

Statistical analysis

Statistical comparisons were performed by a two-tailed
Wilcoxon matched-pairs signed-ranks, Mann—Whitney
U-test (in the comparison between patients and control
groups) and Spearman’s correlation tests, using GraphPad
Prism version 5-0 software (GraphPad Software, La Jolla, CA,
USA). All cytokine frequencies, mean fluorescence intensity
(MFI) and iMFI values reported are after background sub-
traction of the frequency, MFI or integrated MFI (iMFI) of
the identically gated population of cells from the same
sample cultured without antigen. Statistical significance was
assigned to P = 0-05.

Results

Single-parameter evaluation of cytokine producing
CDA4" T cells: analysis via iMFI of cytokine-expressing
cells can make a difference

The majority of studies that evaluate immune responses in
human leishmaniasis usually estimate the frequency of
antigen-specific IFN-y and other Thl-related cytokine-
producing cells, as a key immune correlate of a protective
response. In a former report, Darrah et al. [31] developed a
metric approach in order to evaluate the total response of a
given population of cytokine-producing cells that combine
the magnitude and quality of T cell responses multiplying
the frequency of cytokine-expressing cells by the cytokine
MF], termed iMFI. After applying this novel metric approach
to our data we were able to detect more pronounced differ-
ences between healed CL patients and control groups for
both Leishmania crude antigen preparations than when
using only the frequencies of cytokine-positive cells (Fig. la
and b). More significantly, we found that LbAg-stimulated
CD4" T cells have considerably higher iMFIs for IFN-y,
TNF-o. and IL-2 in comparison to LaAg (Fig. 1b) in the
healed CL group, while only the frequencies of IL2*CD4*
T cells differ between both antigens in the same group
(Fig. 1a). These findings indicate that LbAg induces higher
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Fig. 1. Response of cytokine-producing CD4" T cells analysed by the frequency of cytokine positive cells (a) or by the integrated mean fluorescence
intensity (iMFI) of interferon (IFN)-y, tumour necrosis factor (TNF)-o and interleukin (IL)-2 (b) after stimulation with Leishmaniasis braziliensis
(LbAg) and L. amazonensis (LaAg) total antigen extracts of peripheral blood mononuclear cells (PBMCs) obtained from healed cutaneous
leishmanaisis (CL) patients and uninfected controls (Ctrl). #Different from LaAg CL Wilcoxon matched-pairs signed-ranks test, P < 0-05; *different
from Ctrl group; Mann—Whitney U-test; *P < 0-05; **P < 0-005; ***P < 0-0005.

cytokine production by CD4" T cells than LaAg, rather than
a higher percentage of cytokine-producing cells. In fact, the
levels of IFN-y protein detected in supernatants of LbAg-
stimulated PBMC cultures (3871-74 * 887 pg/ml) were
higher than after LaAg stimulation (2849-42 * 712-9 pg/ml)
in the healed CL patient group (P=0-001 Wilcoxon’s
matched-pairs signed-ranks test), although we were not able
to find a positive correlation between the amount of protein
and the iMFIs.

Distinct quality of CD4 Th1 cells is induced after
stimulation with L braziliensis and L. amazonensis
crude antigen extracts

It has been suggested that multifunctional CD4'T cells, able
to produce simultaneously IFN-v, IL-2 and TNF-q, are asso-
ciated with protective immunity or a beneficial outcome in
chronic infectious diseases, such as HIV [25-28] and HCV
[29]. We therefore evaluated the quality of Thl responses
induced by LbAg and LaAg in healed CL patients, based on
their ability to secrete these three major Thl-related cytok-
ines at the single-cell level. Using multiparametric flow
cytometry, seven distinct populations of cytokine-producing
cells can be delineated based on any of the possible combi-
nations of IFN-y*, IL-2* and TNF-o producers, and the
relative frequency of these distinct populations defines the
quality of the Thl response. The percentages of cytokine-
producing cells were shown to be higher in the healed CL
patient group than in healthy controls, and we were able to
observe statistically significant differences between those
groups for triple-positive (3+) multifunctional T cells (with
both LbAg and LaAg), IFN-y single-positive cells after LaAg
stimulation and for IFN-y* IL-2* cells stimulated with LbAg
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(Fig. 2a). When comparing the quality of the Thl response
elicited by each Leishmania antigen evaluated we could
observe that LbAg induces significantly higher percentages of
multifunctional CD4* T cells and IFN-y* IL-2* cells than
LaAg stimulation in the healed CL patient group (Fig. 2a).
The quality of the Thl response was also evaluated by
analysing the contribution of each phenotype in the total
Thl response, and is represented pictorially by pie charts
(Fig. 2b). This kind of representation demonstrates clearly
that LbAg induced a major proportion of multifunctional
CD4" T cells (in red — 28% of the total Th1 response evalu-
ated) and double-positive CD4" T cells (in blue — comprising
44% of the total Thl response), while LaAg induced pre-
dominantly single-positive cells (68%). More than half of the
single-positive cells induced by LaAg were IFN-y single-
positive. In the control group, the majority of responsive
cells were single-positives (>60%), and no major differences
were observed concerning LbAg and LaAg stimulation.
Having shown that LbAg induced higher cytokine pro-
duction by CD4* T cells than LaAg in healed CL patients
(Fig. 1b), we also investigated the relative cytokine concen-
trations produced by all distinct Th1l phenotypes induced
by LbAg and LaAg, measured as the geometric MFIs. The
highest MFI values for all three cytokines were found among
triple-positive multifunctional CD4" T cells (both after LbAg
and LaAg stimulation) (Fig. 2c) and a progressive decrease in
the MFIs for all cytokines was observed as the degree of
functionality decreased (3+to single-positives). MFIs for
IFN-v and IL-2 from multifunctional T cells stimulated with
LbAg were significantly higher than those obtained after
LaAg stimulus (Fig. 2¢). Although LbAg induces significantly
higher percentages of triple-positive (3+) cells, which also
produces more IFN-y than LaAg, we could not find any
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correlation between the percentage of 3+ cells and the
amount of IFN-y detected in LbAg- or LaAg-stimulated
culture supernatants.

Discussion

Localized CL is the most frequent clinical form of ATL
[18,36,39]. It can be caused by all pathogenic Leishmania
species with dermal tropism, including L. braziliensis and
L. amazonensis [18]. Clinical and histopathological differ-
ences have been described between human infections with
these two species: L. braziliensis causes mucosal leishmania-
sis, a clinical form associated with the up-regulation of
Thl-type responses [15-18], whereas L. amazonensis is the
aetiological agent of anergic diffuse cutaneous leishmaniasis,
a condition associated with specific impairment of the
cell-mediated immune response [3,10,18,37,40]. Further-
more, a respectable amount of data in the murine model
indicates impairment in multiple immune functions after
L. amazonensis infection [41-47]. Taken together, these
observations suggest major differences in cell-mediated
immunity against these Leishmania species, and that the
mechanisms responsible for susceptibility to L. amazonensis
are complex and deserve more thorough investigation.

In the present study, we were able to show that crude
promastigotes extracts obtained from L. braziliensis and
L. amazonensis induce a different magnitude and quality of
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the Th1 response in PBMCs from healed CL patients. To our
knowledge, this is the first time that multifunctional CD4* T
cells have been evaluated in human leishmaniasis. Corrobo-
rating previous data [48], in this study we confirmed that
LbAg induces higher levels of IFN-y than LaAg, and are now
able to demonstrate that this fact was related not to a higher
percentage of cytokine-producing cells, but to a higher
amount of protein produced by individual CD4* T cells
(Fig. la and b). Furthermore, using multiparametric flow
cytometry approach, we were also able to indicate that it
might be associated to differences in the quality of Th1 CD4*
T cells induced by both antigen extracts (Fig. 2).

Because the same results regarding IFN-y levels induced
by LbAg and LaAg were observed in PBMCs obtained from
ATL patients before therapy [48], and that parasites isolated
from patients of the former and current studies were char-
acterized as L braziliensis, it could be expected that their T
cells would respond more strongly to antigens from the
homologous species with which they have been infected than
to antigens from species belonging to a different subgenus.
Conversely, it has been demonstrated that LbAg is a more
potent stimulator of T cell response than LaAg in individuals
infected with L. amazonensis, as well as in individuals
infected with parasites from the Viannia subgenus, before
and after therapy [49]. It has also been shown that LaAg or
live L. amazonensis promastigotes are able to induce high
levels of IL-10 in PBMCs obtained from LaAg-vaccinated
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volunteers [50] or from healthy subjects [51], suggesting that
the differences observed between LbAg and LaAg stimula-
tion can be related to suppressive factors that are triggered by
L. amazonensis parasites. We could not detect CD4" that were
able to produce IL-10 and IFN-y simultaneously and did not
observe any differences in the frequency of IL-10'*CD4* T
cells, or in CD4*CD25"¢"[L10* regulatory T cells between
LbAg and LaAg stimulation (data not shown). There are
indications that L. amazonensis infection induces IL-10 pro-
duction by macrophages [51-53] and regulatory B cells [54],
which were not evaluated in the present work. These
possibilities are currently being investigated, as we are now
also looking for IL-10 production by other cell types.

As shown in Fig. 2a and b, LbAg induced significantly
higher proportions of multifunctional triple-positive (3+)
CD4'T cells than LaAg, corresponding to 28% of the total
Thl response observed. Forty-four per cent (44%) of the
LbAg responding cells were double-positives and 21% were
single-positives for IFN-y. Conversely, 68% of the Thl
responses induced by LaAg were composed of single-positive
cells and more than half of those were IFN-y single-positives
(covering 32% of the total Thl response). Only 10% of the
Thl cells induced by LaAg were capable of producing all
three cytokines simultaneously (Fig. 2b). As it has been well
demonstrated that IFN-y single-positive cells are short-lived
[24,25], and fail to induce protection in murine L. major
vaccine-studies [32], it is possible that one of the mecha-
nisms involved in the poor parasite-specific Thl response
observed in DCL patients is the induction of a great number
of short-lived IFN-y single-positive cells. L. amazonensis
could induce a state of functional exhaustion of CD4 Thl
cells, as was shown recently for CD8" T cells in L. mexicana-
infected DCL patients [55]. In our system we were able to
detect low percentages of Leishmania-specific cytokine-
producing CD8" T cells. All of them were IFN-y single-
positives, but no difference could be observed between LaAg
and LbAg stimulation (data not shown). L. amazonensis
can also cause localized cutaneous leishmaniasis, and DCL
patients may display temporary remission of lesions after
therapy, when eventually they can produce low levels
of IFN-y after in vitro Leishmania antigen stimulation
[18]. It would be most interesting to study the quality
of parasite-specific CD4* T cells generated after LaAg and
LbAg stimulation in L. amazonensis-infected patients to
evaluate a possible correlation between the induction of
multifunctional T cells or IFN-y single-positive T cells, and
the development of CL or DCL in L. amazonensis-infected
individuals.

We also investigated the relative cytokine concentrations
produced by all seven Th1 phenotypes induced by LbAg and
LaAg by comparing the geometric MFIs. Multifunctional
CD4" T cells stimulated with LbAg and LaAg presented the
highest MFIs for the three Th1 cytokines assessed when com-
pared with double-positive and single-positive cells. Interest-
ingly, MFIs for IFN-y and IL-2 from multifunctional T cells
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stimulated with LbAg were significantly higher than those
obtained after LaAg stimulation (Fig. 2c). Although this last
result corroborates the ELISA data for IFN-y protein detec-
tion in Leishmania antigen-stimulated PBMCs, we could not
find any correlation between protein levels in the culture
supernatants and the IFN-y MFIs of multifunctional triple-
positive CD4* T cells after LaAg or LbAg stimulation. The
same lack of correlation was observed when we compared
the ELISA data with the total percentages of multifunctional
T cells or the iMFIs of total IFN-y-producing CD4* T cells.
Because in the ELISA technique supernatants are analysed
after 5 days of antigen stimulation, with the participation of
other cell types besides CD4* or CD8" T lymphocytes that
can also produce IFN-v, this lack of correlation could be
expected.

In experimental leishmaniasis it has been shown that
subcutaneous injections with LaAg alone can significantly
increase the susceptibility of Rhesus monkeys to experimen-
tal infection with L. amazonensis, despite the enhanced
IFN-y production and increased delayed-type cutaneous
hypersensitivity [56]. Similarly, intramuscular LaAg was
found to increase the susceptibility of BALB/c mice
to cutaneous leishmaniasis, in a manner associated with
up-regulated transforming growth factor (TGF)-f overcom-
ing the increased IFN-y [57]. In humans, L. amazonensis
whole-cell extract has also been tested for both immunopro-
phylaxis and immunotherapy. As observed in experimental
models, although capable of eliciting T cell-mediated
responses in immunized volunteers and the production of
expressive amounts of IFN-y [58-60], a vaccine candidate
composed of killed L. amazonensis promastigotes from the
same strain utilized in the present work failed to induce
protection in a Phase III clinical trial [61]. Conversely, the
same preparation was shown to be extremely suitable for
immunotherapeutic practice, especially in individuals who
are resistant to the usual antimonial therapy and those with
counterindications such as cardiopathy and nephropathy
[62,63]. As IFN-v single-positive CD4" T cells are short-lived
[22,23], our results can offer a possible explanation for the
diverse results observed in the prophylaxis and immuno-
therapy studies with L. amazonensis whole-cell extracts.
LaAg stimulation induces a substantial amount of IFN-y
single-positive CD4" T cells, which may not be sufficient to
induce long-term and good-quality protection against rein-
fection, but could be effective when a rapid and transient
Thl response is needed, as in the case of immunotherapeutic
interventions. It has also been shown that in-vitro stimula-
tion with LaAg in PBMCs obtained from LaAg vaccinated
volunteers induce a higher number of IL-10 producers (mea-
sured by ELISA) than IFN-y producers, while the opposite
effect was observed in PBMCs from LTA patients before
therapy [51]. The capacity of LaAg to induce IL-10 secretion
in PBMCs obtained from ATL patients, together with
the generation of short-lived IFN-y-producing CD4'T cells,
could result in equilibrium between inflammatory and
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anti-inflammatory responses, allowing parasite clearance
and lesion resolution, as observed in the immunotherapeutic
protocols tested so far.

Currently we are performing multiparametric flow
cytometry studies with PBMCs obtained from CL, ML and
disseminated CL patients infected with L. braziliensis before
and after therapy, in an attempt to find better immune
parameters that could correlate with the clinical manifesta-
tion and effective healing of lesions. It is to be expected
that understanding the induction of Leishmania-specific
multifunctional T cells in the diverse clinical manifestations
of ATL will help understanding of the complex immuno-
pathogenesis of this neglected tropical disease, and bring
new and important parameters that can help in the selection
of antigens or adjuvants that will have better chances of
working in prophylactic or therapeutic interventions against
human leishmaniasis.

Based on our data, we are very tempted to suggest that
the quality of the Th1 response induced by L. amazonensis
antigens, involving a poor generation of multifunctional
CD4* T cells and a high proportion of IEN-vy single-positive
CD4* T cells, in association with its well-known capacity
of inducing IL-10 production [45-47,51,53,54], can be
involved in the mechanisms responsible for the susceptibility
to L. amazonensis observed in ATL patients and in experi-
mental models. In this sense we have shown, for the first
time, that multiparametric flow cytometry can bring new
important aspects to the studies of ATL immunopathogen-
esis, and reinforce the importance of evaluating not just
the magnitude, but the quality of a pathogen-specific Thl
immune response by multiple parameters at a single-cell
level, to find better and more effective biomarkers of disease
and protection.
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