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Mixed inflammatory/regulatory cytokine profile marked by
simultaneous raise of interferon-yand interleukin-10 and low frequency
of tumour necrosis factor-o” monocytes are hallmarks of active human
visceral Leishmaniasis due to Leishmania chagasi infection
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Introduction

Visceral Leishmaniasis (VL), caused by the intracellular pro-
tozoan Leishmania (Leishmania) chagasi, in the New World
is a progressive, potentially fatal infection characterized by
chronic fever, hepatosplenomegaly, pancytopenia and pro-
found cachexia. Protective immunity to Leishmania infec-
tion is cell-mediated and results in the killing of intracellular
parasites by activated macrophages and cytotoxic responses.
Many reports have previously linked the presence of active
VL with an impaired lymphocyte proliferation after in vitro
stimulation with Leishmania antigens with suppression of
type 1 cytokines, such as interleukin (IL)-2, interferon
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Summary

Considering the complexity of the immunological events triggered during
active visceral Leishmaniasis (VL), the relevance of the segregation of the
immune response during human VL into type 1 and type 2 still remains
unclear. For this purpose, in individuals living in risk areas for VL, we have
evaluated especially asymptomatic individuals and patients with active VL,
the plasmatic levels of cytokines and reactive nitrogen species under ex vivo
conditions. In addition, we have also performed an analysis of intracellular
cytokine patterns of circulating leucocytes after short-term culture, particu-
larly in the absence of antigenic-specific stimulation, in order to reflect
dynamic events of immune response in vivo during Leishmania chagasi infec-
tion. Although asymptomatic individuals and non-infected subjects pre-
sented a similar immunological profile, an outstanding inflammatory/
regulatory profile, based on higher plasmatic levels of cytokines such as inter-
leukin (IL)-8, interferon (IFN)-y, tumour necrosis factor (TNF)-o, IL-6 and
IL-10, was associated with clinical status observed in active VL. In this context,
we hypothesize that IL-10, through its ability to inhibit anti-leishmanial mac-
rophage activation, associated with the lower frequency of TNF-0i* monocytes
and ordinary levels of nitrite and nitrate are the major mechanisms associated
with disease onset.

Keywords: cellular immune response, cytometric bead array, flow cytometry,
immunoregulation, visceral Leishmaniasis

(IFN)-y and IL-12, associated with marked up-regulation of
type 2 cytokines as IL-4 and IL-10 [1-3]. However, despite
such down-regulation of antigen-specific T cell responsive-
ness, strong IFN-y and IL-10 expression has been demon-
strated in the liver, spleen and bone marrow of infected
hamster, used as the preferred model to reproduce active
human disease [4]. Moreover, high levels of mRNA for both
type 1 and type 2 cytokines has been described further in
lymphoid tissue and bone marrow-derived cells during
human active VL [5,6]. Consistent with this tissue profile, a
mixed type 1/type 2 immune response has been observed
when increased levels of circulating cytokines such as IFN-y,
tumour necrosis factor (TNF)-o, IL-6, IL-8 and IL-10 occur
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simultaneously during active VL [7-10]. Additionally, stud-
ies of cellular immune response after in vitro non-specific
stimulation with phorbol myristate acetate (PMA) and ion-
omycin have demonstrated co-expression of IFN-yand IL-10
by CD4" T lymphocytes during active VL [11]. However,
despite the increased levels of IFN-v, it seems that the IFN-y-
mediated macrophage activation could be regulated by IL-10
during active VL, blocking leishmanicidal activity and nitro-
gen (NO)-mediated killing of Leishmania by macrophages,
favouring disease onset and progression [12,13]. In the ham-
ster, this observation is supported by the fact that progressive
disease is associated with a defect in the generation of NO
[4].

It is possible that these controversial data may reflect dis-
tinct methodological approaches used to investigate the
immune mechanisms associated with human VL. Consider-
ing the complexity of the immunological events triggered
during active VL, the relevance of such segregation of the
immune responses into type 1 and type 2 during active VL
still remains unclear in human VL. We have postulated
previously that antigen stimulation in vitro is able to switch
the immune profile toward a type 2 profile, and it may
explain those disagreements observed between previous
investigators.

For this purpose, in this study, in individuals living in risk
areas for VL, we have evaluated especially asymptomatic
individuals and patients with active VL, the plasmatic levels
of cytokines and reactive nitrogen species under ex vivo con-
ditions in addition to the analysis of intracellular cytokine
patterns of circulating leucocytes after a short-term culture,
particularly in the absence of antigenic-specific stimulation
in order to reflect dynamic events of immune response in
vivo during L. chagasi infection.

Materials and methods

Study groups

The patients included in this study were divided into two
groups of L. (L) chagasi-infected individuals. The first
group comprised untreated patients with signs and symp-
toms of active VL (ACT) and the second comprised individ-
uals with asymptomatic VL (AS). The ACT group consisted
of 22 patients (16 males and six females), with ages ranging
from 3 to 67 years, who acquired their infection in the met-
ropolitan area of Belo Horizonte, the capital of Minas
Gerais State or in Montes Claros, the largest city of the
north region of Minas Gerais State, Brazil. Their clinical sta-
tus was defined by independent clinical evaluation by three
of us (A. R.,,R.M.Fand T. C. A. E in Belo Horizonte and S.
F. G. C. in Montes Claros). Active infections were deter-
mined when the patients presented fever, hepatosplenome-
galy, anaemia, leukopenia and a positive serological test for
Leishmania (indirect immunofluorescence test). In the
majority of cases (63:6%), a positive bone marrow aspirate
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for Leishmania amastigotes in a Giemsa-stained smear was
also documented. In cases without a parasitological confir-
matory diagnosis the VL was diagnosed by clinical cure
statement after successful pentavalent antimony therapy.
The AS group consisted of 22 individuals (eight males and
14 females), with ages ranging from 6 to 66 years, living in
Porteirinha, an area endemic for L. (L) chagasi infection,
also located in the region refereed above. These individuals
had never received VL treatment prior to this study, and
remained without clinical signs or symptoms of VL as well
as presenting positive serological tests for Leishmania and
positive Montenegro skin tests (68% of cases).

The non-infected group (NI) comprised 20 volunteers (12
males and eight females), with ages ranging from 6 to 60
years, also living in Porteirinha. These individuals presented
negative Montenegro skin tests and serological tests for
Leishmania.

All subjects in this study signed an informed consent,
approved by the FIOCRUZ Ethics Committee — Protocol
0070/99 (Ministry of Health, Brazil).

Detection of plasmatic cytokine levels by cytometric
bead array immunoassay (CBA)

The secreted cytokines analysis by flow cytometry is a meth-
odology in which the simultaneous measurement of multi-
ple cytokines in a single sample is performed [14]. For
plasmatic cytokine determination, whole blood samples
were collected using ethylenediamine tetraacetic acid
(EDTA) as the anti-coagulant. Plasma was maintained for up
to 6 months at —20°C in aliquots thawed just before use. The
CBA immunoassay kit (Becton Dickinson Biosciences
Pharmingen, San Diego, CA, USA) was used for quantitative
analysis of plasmatic cytokine levels. The CBA kit uses
7-5um polystyrene microbeads, consisting of six distinct
populations, unique on their type 3 fluorescence intensity
(FL-3) each coupled to monoclonal antibody (MoAb)
against one of six cytokines [IL-2, IL-4, IL-5, IL-10, TNF-a
and IFN-y (human TH1/TH2 kit) or IL-1j, IL-6, IL-8, IL-10,
IL-12p70 and TNF-a (inflammation kit)] to capture a given
cytokine. The captured cytokines were then detected via
direct immunoassay using a cocktail of six different MoAbs
coupled to phycoerythrin (PE) (FL-2). Briefly, 25ul of
plasma (diluted 1:5 in diluent G, supplied by CBA kit) or
standard (previously diluted in diluent G, as recommended
by the manufacturer) were added to 15 ul of mixture beads
and incubated for 90 min at room temperature in the dark.
The cytokine standard calibrator mixture was used for each
assay. After incubation, the samples and standards were
washed with 500 pl of wash buffer (supplied with CBA kit)
and centrifuged at 600 g for 7 min at room temperature.
Subsequently, 20 pl of detection cocktail consisting of six PE-
conjugated MoAbs were added to each tube and the mixture
re-incubated for 90 min at room temperature in the dark.
Following incubation, the samples and standards were
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washed again with 500 pl of wash buffer and centrifuged at
600 g for 7 min at room temperature to remove unbound
detector reagent. After washing, 250 ul of wash buffer was
added to each tube prior to data acquisition using a fluores-
cence activated cell sorter (FACS)Calibur® flow cytometer
(Becton Dickinson).

Although the fluorescently labelled particles in the BD
CBA immunoassay are designed to be excited by the 488 nm
laser common to all BD flow cytometers, they can also be
excited by the red diode laser on dual-laser BD FACSCali-
bur instruments. The detection of particle emission on the
FL-4 channel simplifies the instrument set-up procedure
and reduces the need for fluorescence compensation. Thus,
a total of 1800 events/gate were acquired after proper set-up
of a flow cytometer to measure forward (FSC) and side
(SSC) light scatters and dual-colour (FL-4 and FL-2) flow
cytometric acquisition, using a dual-laser BD CBA tem-
plate. Data analysis was performed using BD Bioscience
CBA software.

Short-term whole blood culture in vitro

Peripheral blood samples were collected into Vacutainer
tubes containing sodium heparin (Becton Dickinson Vacu-
tainer), and 500 pl aliquots were dispensed into individual
17 X 100 mm polypropylene tubes (Falcon® 2059). In this
study, analysis of the cytokine profile was evaluated after
short-term incubation in vitro in the absence of exogenous
stimuli. These conditions were chosen considering that the
detection of cytokines, particularly in the absence of exoge-
nous stimuli, may reflect the dynamic events of cytokine
production in blood leucocyte subsets in vivo. For this pur-
pose, whole blood samples were incubated for 4 h at 37°C in
a 5% CO, humidified atmosphere in the presence of 500 pl
of RPMI-1640 (GiBco, Grand Island, NY, USA) plus 10 ug/
ml of Brefeldin A (BFA; Sigma Chemical Company, St Louis,
MO, USA) to inhibit cytokine secretion, allowing accumu-
lation at the Golgi complex leading to higher percentages of
cytokine-positive cells, which increases sensitivity for further
analysis. Following incubation, the cultures were treated
with 2 mM EDTA (Sigma) and kept at room temperature for
15 min.

Flow cytometric immunostaining for intracellular
cytokine acquisition and analysis

After EDTA treatment, whole blood culture samples were
washed with 6 ml of FACS buffer containing 0-015 M phos-
phate buffered saline (PBS), 0:5% bovine serum albumin
(BSA) and 0-1% sodium azide (Sigma) by centrifugation at
600 g for 7 min at room temperature. After resuspension in
1 ml of FACS buffer, 200 pl aliquots were dispensed into two
12 x 75 mm polystyrene tubes (Falcon® 2052) and stained
individually with anti-human fluorescein isothiocyanate
(FITC) MoAbs (Becton Dickinson Biosciences Pharmingen)
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at 0-5 pg/ml, including isotypic control (clone X40), anti-
CD14 (clone MOP9), anti-CD16 (clone B73-1), anti-CD19
(clone 4G7), anti-CD4 (clone RPA-T4) and anti-CDS8 (clone
HIT8a) for 30 min at room temperature in the dark. Stained
samples were treated by vortexing gently with 2 ml of FACS
lysing solution (Becton Dickinson Biosciences Pharmingen)
and re-incubating for an additional 10 min at room temper-
ature. After erythrocyte lysis was completed, the samples
were centrifuged at 600 g for 7 min at room temperature, the
supernatant discarded and the cell pellet resuspended and
kept for 10 min at room temperature in the dark with 2 ml of
FACS permeabilizing solution, containing FACS buffer sup-
plemented with 0-5% of saponin (Sigma). Following incu-
bation, the samples were centrifuged at 600 g for 7 min at
room temperature, the supernatant decanted gently and the
cell pellet washed with 3 ml of FACS buffer. After centrifu-
gation, the cells were resuspended in 200 pl of FACS buffer
and distributed in 30 pl aliquots over 96-well U-bottomed
microtitre plates (Thomas 9383-A90). Cells were then
stained with 20 pul of PE-labelled anti-cytokine MoAbs,
including anti-IFN-y (clone B27), anti-TNF-o0 (clone
MABI11), anti-IL-4 (clone MP4-25D2) and anti-IL-10
(clone JES3-9D7) at a final concentration of 25 ug/ml,
diluted previously 1 : 50 in sterile FACS permeabilizing solu-
tion, by incubation for 30 min at room temperature in the
dark. After incubation, the cells were washed twice, first with
150 pl of FACS permeabilizing solution and then with 200 pl
of FACS buffer. The cell preparations were then fixed in
200 ul of FACS fixing solution (10 g/l paraformaldehyde,
10-2 g/l sodium cacodylate and 6-63 g/l sodium chloride,
pH 7-2) and stored at 4°C in the dark prior to flow cytometry
analysis within 24 h. A total of 30000 events/tube were
acquired using a FACScan® flow cytometer (Becton Dickin-
son) properly set up to measure FSC and SSC light scatters,
FITC (FL-1) and PE (FL-2) fluorescence. CELLQuest™ soft-
ware provided by the manufacture was used for data acqui-
sition and analysis.

Distinct gating strategies were used to analyse the cytokine
profile of specific leucocyte subpopulations. Selective analy-
sis of neutrophils was performed by establishing a specific
scatter gate using the combination of anti-cell surface anti-
gens and laser SSC to discriminate, and the neutrophils were
gated as SSC""CD16"#"*, Flow cytometric assessment of
eosinophils was based essentially on autofluorescent cells
using a non-related FL-3 channel versus FSC. Identification
of natural killer (NK) cells, B lymphocytes and T CD4" or T
CD8" lymphocytes was performed initially by a lymphocyte
scatter gate set-up, using FSC versus SSC dot plots, followed
by immunophenotyping using anti-CD16-FITC, anti-
CD19-FITC, anti-CD4-FITC or anti-CD8-FITC MoAb by
determination of the subpopulation of interest. Analysis of
monocytes was performed by staining immunophenotyping
using SSC versus FL-1/anti-CD14-FITC dot plots to select
the monocytes as SSC"CD14""* cells. Following the selec-
tion of leucocyte populations, the prevalence of cytokine-
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expressing cells was determined using quadrant statistics
over FL-2/anti-cytokine-PE versus FL-1/anti-cell surface
marker-FITC dot plots, except for eosinophils, where the
cytokine-expressing cells were identified using FL-2/anti-
cytokine-PE versus FSC dot plots. All results were first
expressed as percentages of cytokine-positive cells for differ-
ent gated leucocyte subpopulations analysed in this study,
selected as described above. This procedure was used to
obtain the cytokine profile at single-cell level and also as the
baseline to calculate the absolute number of cytokine-
expressing leucocyte subpopulations. In order to obtain the
percentage of cytokine-positive cells within total circulating
leucocytes, the results were calculated as:

X of cytokine-positive events from each cell subpopulation/
Total leucocyte events

Final data were expressed as the absolute number of cytok-
ine-expressing leucocyte subpopulations (cells/mm’ of
peripheral blood). These values were calculated taking the
percentage of cells that express the cytokine of interest in the
upper right quadrant multiplied by the absolute number leu-
cocyte subpopulation obtained by haematological analysis.

Nitrite (NO,") and nitrate (NO;") detection by the
vanadium III/Griess method

The nitrite and nitrate measurement by the vanadium III/
Griess method is an assay that combines both nitrate reduc-
tion and nitrite detection in a single step. In this study, we
evaluated the nitrite and nitrate levels according to a proto-
col adapted from the original methodology described by
Miranda et al. [15].

Human plasma were collected and stored at —20°C until
use. Subsequently, 200 ul aliquots were deproteinized by
centrifugation at 16000 g for 10 min at room temperature, in
the presence of 20 ul of ZnCl, 1 M (Sigma, St Louis, MO,
USA). A NaNO, and NaNO; (Sigma) standard solution
(50 ul final) was serially diluted (generally from 100 to
0-8 uM) in non-pirogenic water plus 10% ZnCl, 1 M, in 96-
well, flat-bottomed, polystyrene microtitre plates (Nunc
Brand Products, Copenhagen Denmark). The dilution
medium was used as blank. After loading the plate with 50 ul
of samples, 50 Pl of Griess reagent [1 : 1 solution of sulpha-
nilamide 1% in CH;COOH 30% and N-(1-napthyl)ethyl-
enediamine 0-1% in CH;COOH 60% (Sigma)], premixed
immediately prior to application to the plate, were added to
each well. At this point, nitrite only was measured at 560 nm
spectrophotometrically (Emax microplate reader; Molecular
Devices, Sunnyvale, CA, USA). For the detection of nitrite
plus nitrate levels, 100 pl of vanadium solution (1 : 1 solu-
tion of vanadium 0-4 g/50 ml of HCI 0-1 N; Sigma) were
added to each well and the plates were incubated for 90 min
at 37°C in a 5% CO, humidified incubator. After incubation,
the concentrations of both nitrite plus nitrate were measured
at 560 nm spectrophotometrically.
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Statistical analysis

Statistical analysis was performed by a non-parametric anal-
ysis using an analysis of variance (aNova) Kruskal-Wallis
test followed by Bonferroni’s multiple comparison test pro-
vided by the software GraphPad Prism version 3-0-3 (San
Diego, CA, USA). Spearman’s (rs) rank correlations were
computed to assess correlations between plasmatic and
intracellular parameters. Statistically significant differences
were considered when P < 0-05.

Results

Cytokine plasmatic levels in VL

Quantitative detection of soluble cytokines by flow cytome-
try, particularly in the ex vivo context, have become a recent
strategy to establish the immune response balance that
closely reflects the in vivo immunoregulation status of
patients in different clinical situations. Using the cytometric
bead array we have quantified the plasmatic cytokine levels
(IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, TNF-o
and IEN-y) of L. (L) chagasi-infected individuals, both ACT
and AS, and compared to those observed for NI subjects, all
living in risk areas for infection. Our data demonstrate that
ACT presented higher levels of circulating IL-8, IFN-y, TNE-
o, IL-6 and IL-10 in comparison to the NI and AS groups
(Fig. la—e). No significant differences were observed for IL-
2, IL-4, IL-5 and IL-12p70 plasmatic levels among NI, AS
and ACT individuals (Fig. 1f~i). The IL-1p plasmatic levels
were below the detection limit for the assay.

Frequency of cytokine expression by circulating
leucocytes in VL

In order to evaluate the dynamic events of cytokines produc-
tion that reflect the in vivo baseline immune response in
human VL, the intracellular cytokine profile of circulating
leucocytes was investigated after short-term incubation in
vitro in the absence of exogenous stimuli. For this purpose
we analysed IFN-y, TNF-o, IL-12, IL-10, IL-4 and IL-5
cytokines at single-cell level in circulating leucocyte popula-
tions (Fig. 2), selected by scatter gate set-up using FSC versus
SSC dot plots. In order to verify the main sources of each
cytokine, we have further evaluated the contribution of spe-
cific subpopulations, including neutrophils, eosinophils,
monocytes and lymphocytes. Significant differences are
listed in Table 1. Complementary non-significant data are
listed in the text.

As shown in Fig. 2a, an increased frequency of IFN-y-
expressing leucocytes was observed in ACT compared to NI
and AS groups, upholding our results of evaluation plas-
matic levels of these cytokines. We have further focused our
attention on the identification of the main cell sources of
IFN-y in ACT patients. Our data demonstrate a similar
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Plasmatic cytokines
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contribution of the innate and adaptive immune response to
this enhanced frequency of IFN-y-producing cells, with
increased levels of neutrophils, eosinophils, NK cells, CD4" T
lymphocytes and CD8" T lymphocytes expressing IFN-y
(Table 1).

On the other hand, our data failed to show an association
between the elevated plasmatic levels of TNF-o. and the fre-

quency of TNF-o" circulating leucocytes. Distinct from the
high plasmatic level of TNF-o, we observed a decreased fre-
quency of TNF-o" leucocytes (Fig. 2b) in ACT compared to
NI and AS. We then investigated the contribution of leuco-
cyte subpopulations to this phenomenon and identified the
circulating monocytes, which are known to be the major
source of this cytokine, as the main target of lower TNF-o

Circulating leuckocytes
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Table 1. Intracellular cytokine profile of leucocytes subpopulations in
peripheral blood from NI, AS and ACT individuals*.

Groups
Leucocytes/cytokines NI AS ACT
Innate immunity
Neutrophils
IFN-y 56+37 57+39 115+ 6:5*°
1L-4 5-4+39 7-4 £ 60 9-5 % 5-4*
Eosinophils
IFN-y 2115 0-8£0-8* 32+£2:3%
Monocytes
TNE-o 2436+ 71-8 234111220  66-4+50-5*"
NK cells
IFN-y 1-7+10 1-1+09 31+ 2:4%°
Adaptive immunity
Lymphocytes
CD4" T cells
IFN-y 29+1-6 2-4+1-4 7-7 £ 4-5*°
CD8" T cells
IFN-y 2:8+£22 2:4%1-2 60 + 49
IL-10 2:1+1-6 22+13 47 +3.2%
1L-4 16 £0-9 2-1+£1-2 33+£27°
CD19" B cells
IL-10 3215 34+19 59+ 3.8°

*Intracellular cytokine profile was determined by mean absolute
numbers of cytokine-expressing cells £ s.d. Letters a and b represent
statistically significant differences (P <0-05) between the active VL
(ACT) and the non-infected (NI) and asymptomatic (AS), respectively.
IFN: interferon; IL: interleukin; TNF: tumour necrosis factor.

synthesis in ACT (Table 1). No significant contribution of
neutrophils, eosinophils and lymphocytes was observed
(neutrophils: NI=20-5%+10-8/mm’; AS=19-3+8-1/mm’
ACT =14-3 £ 10-5/mm’ eosinophils: NI =60+ 4-1/mm’
AS=4-0+2-1/mm’, ACT=4-0%2-4/mm? NK cells:
NI=2-1%+19/mm’ AS=3-7%2.5/mm’ ACT=2-2%1-9/
mm’; CD4" T cells: NI=4-3+1-6/mm?’ AS=9-5%56/
mm?’ ACT =3-5+1-9/mm?’ CD8" T cells: NI=3-4+1-8/
mm’; AS=56+2-9/mm’ ACT=3-7+3-2/mm’ and
B cells: NI = 4-3 +2-5/mm? AS =4-5+2-5/mm?;
ACT =5-5+3-9/mm°).

Although the role of IL-12 determines a type 1 immune
response, such as we observed in plasmatic analysis, no dif-
ference in the frequency of IL-12" leucocytes was detected
among NI, AS and ACT individuals (Fig. 2¢).

Considering the importance of IL-10 on immunoregula-
tory mechanisms and the high plasmatic levels of IL-10
observed in our study, we have additionally investigated the
synthesis of IL-10 by circulating leucocytes at intracytoplas-
matic level. Similarly, we found an increased frequency of IL-
10-producing leucocytes in ACT compared to NI and AS
groups (Fig. 2d). The restricted sources of IL-10 were cells
related to the adaptive immune response, with increased lev-
els of IL-10" CD8" T lymphocytes and IL-10" B lymphocytes
(Table 1). No significant contribution of neutrophils,
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eosinophils, monocytes and CD4" T lymphocytes was
observed (neutrophils: NI=6-7 + 3-9/mm’ AS=6-3+ 3-3/
mm’ ACT=7-1+4-9/mm’ eosinophils: NI=1-1+0-7/
mm’; AS=1-0+0-8/mm’* ACT=1.7+1-5/mm’ mono-
cytes: NI =4-0 +2:3/mm?; AS =3-5%2-5/mm’,
ACT =3-2 4+ 3-0/mm?’ and CD4" T cells: NI = 2:6 £ 1-1/mm?;
AS=4-4+3-0/mm’* ACT = 4-0 £ 2-3/mm°).

For analysis of IL-4 and IL-5 in circulating leucocytes, in
the same way, no difference was observed among the groups
evaluated (Fig. 2e,f, respectively). Although no significant
difference was observed, our data demonstrated higher fre-
quency of IL-4" neutrophils and CD8" T lymphocytes in
ACT patients compared to the NI group (Table 1). No sig-
nificant contribution of eosinophils, NK cells, CD4" T lym-
phocytes and B cells to a higher frequency of IL-4 were
observed (eosinophils: NI=1:3+0-9/mm’ AS=1-2+1-4/
mm’; ACT =1-6+0-8/mm’; NK cells: NI =1-8 + 1-4/mm?;
AS=1-1%0-8/mm’; ACT=19%1.5/mm’ CD4" T cells:
NI=1-6%1-1/mm’ AS=2-7+1-3/mm’ ACT=2-6%1-6/
mm’; and B cells: NI =2-9 + 1-9/mm’; AS=2-4 + 1-8/mm?;
ACT =27 £ 1-6/mm’).

Correlation between IFN-Y and IL-10 in the active VL

Whereas IFN-y is the major type 1 cytokine involved on
macrophage activation, IL-10 is characterized initially as a
potent immunoregulatory cytokine, modulating the IFN-y-
induced activation of macrophages during Leishmania infec-
tion. Therefore, it is usually expected that these two cytok-
ines present a reverse balance. As we observed the presence of
IFN-y and IL-10 on both plasmatic and intracytoplasmatic
analysis, it was of interest to determine whether there was a
positive or negative relationship between the levels of these
cytokines during active VL. For this purpose, we examined
the correlation between the plasmatic levels of IFN-yand IL-
10 as well as the frequency of leucocyte subpopulations
expressing these cytokines. As shown in Table 2, a positive
correlation between IFN-yand IL-10 was observed in plasma
and circulating leucocytes.

Table 2. Correlation coefficients interleukin (IL)-10/interferon (IFN)-
¥ plasmatic and intracellular in active visceral Leishmaniasis (VL)
(ACT) individuals*.

Cytokines

correlation Cell type Coefficient (r,)** P

IL-10/IFEN-y Plasma 0-7135 0-0006
Total leucocytes 0-6455 0-0016
Eosinophils 0-6470 0-0006
Neutrophils 0-3000 0-0423
CD4" T lymphocytes 0-5692 00030

*Correlation between plasmatic levels of IL-10 and IFN- v, including
only those with detectable titres and correlation between absolute num-
bers of cells expressing IL-10 or IFN- . **Spearman’s (rs) rank correla-
tions were computed and statistical significance was considered when
P <0-05.
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Fig. 3. Measurement of NO,™ plus NO;™ plasmatic levels from NI (M),
AS (A) and ACT (@) individuals. The results are expressed as scattering
of individual values and mean of NO,™ plus NO;™ plasmatic levels.

NO, and NO;™ plasmatic levels detection in VL

Considering the importance of reactive nitrogen intermedi-
ates in macrophage leishmanicidal activity, and the simulta-
neous increase of IFN-y and IL-10 observed in active VL
patients, we evaluated the NO,™ plus NO;™ plasmatic levels by
the vanadium III/Griess method of NI, AS and ACT individ-
uals. As showed in Fig.3, no significant difference was
observed for NO,™ plus NO;™~ plasmatic levels among the NI,
AS and ACT groups.

Discussion

Considering the complexity of the immunological events
triggered during active VL, the relevance of the segregation
of the immune responses into types 1 and 2 has remained
unclear in human VL. In this study, we have evaluated the
immunological profile of individuals living in risk areas for
VL, especially asymptomatic individuals and patients with
active VL.

Our data showed an increase of IL-8 plasmatic levels, a
strong neutrophil chemotatic and activating cytokine, in
active VL patients (Fig. 1a). It is known that the migration of
different leucocyte subpopulations to the environment of
inflammatory response in active disease is linked to chemok-
ine production [8,16]. This chemokine has also been associ-
ated with the anti-apoptotic function of neutrophils induced
by Leishmania [17].

In accordance with previous observations [5-8], our data
clearly demonstrate simultaneous elevation of both plas-
matic and intracytoplasmatic levels of IFN-y and IL-10 in
patients with active VL, as determined by ex vivo and after
short-term in vitro cultures, respectively (Fig. 1b, le, 2a,d
and Table 2). IFN-y is the most potent cytokine for the
induction of macrophage activation for the leishmanicidal
state [18]. We evaluated the main cellular sources involved in
IFN-y production, and found a similar contribution of cells
involved in both innate and adaptive immune response

130

(Table 1). On the other hand, the synthesis of IL-10 was par-
ticularly restricted to CD8" T cells and B lymphocytes
(Table 1). The role that these cells play in human leishma-
niasis is still unclear. It has been described that during active
VL, immunodominance of the CD8" T cells could play an
important role in disease progression through the significant
secretion of IL-10, with a less apparent role of CD4" T cells in
determining the ultimate outcome of the infection in
humans [19,20]. In this context, B lymphocytes have also
been implicated as IL-10-producing cells, suggesting their
involvement in the modulation of the immune response
through antigen presentation and expression of co-stimula-
tory molecules driving the T cell-mediated immune
response [21-24].

We postulate that the production of IL-10 could influence
the outcome of the infection by its direct action on the mac-
rophages. This includes the down-regulation of cytokine
production, mainly TNF-o, and other metabolic events
associated with macrophage activation, such as reactive
nitrogen species [5,13,19]. Perhaps more important could be
the powerful effects of IL-10 on partially inhibiting IFN-y
production and blocking the IFN-y-mediated activation of
macrophages to kill intracellular parasites [4,5,13]. Support-
ing this hypothesis were the ordinary plasmatic levels of
nitrite and nitrate observed in ACT (Fig. 3). Furthermore,
the plasmatic and intracytoplasmatic levels of IL-12, a key
cytokine involved on the development of specific type 1 T
cell-mediated immunity [3,25], remained unaltered in these
individuals (Figs 1i and 2c, respectively).

Despite the high plasmatic levels of TNF-o (Fig. 1c),
decreased frequencies of TNF-0" leucocytes were observed
in ACT (Fig. 2b) due mainly to the low numbers of circulat-
ing TNF-or" monocytes, the major cell population associated
with this phenomenon. We believe that other immunological
compartments could account for the high plasmatic levels of
TNF-o.. However, as monocytes are known to be an impor-
tant source of TNF-o and also the main targets of Leishma-
nia, we suggest that impairment in the production of TNF-o
by monocytes can be implicated as one of the fundamental
mechanisms for Leishmania survival during disease onset.

A similar role of IL-4 by blocking the IFN-y function dur-
ing active VL may be suggested, as our data demonstrated a
higher frequency of IL-4" neutrophils and CD8" T lympho-
cytes in ACT (Table 1), despite basal levels of IL-4 detected at
the plasmatic level and by absolute counts of IL4" leucocytes
(Figs 1g and 2e, respectively). These findings indicated the
importance of cytokine detection at single-cell level and are
consistent with the involvement of neutrophils [17] and type
2 CD8" T-cells [19,20] on immunological mechanisms that
hold back leishmanicidal events during VL.

Consistent with our findings of increased plasmatic levels
of IL-6 (Fig. 1d) are the hallmarks of active VL, such as poly-
clonal activation of B cells and hypergamaglobulinaemia
with increased levels of circulating immune complexes
[8,9,26,27].

© 2006 The Author(s)
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Interestingly, our data demonstrated that AS individuals
presented a cytokine profile similar to that observed for NI
subjects (Figs 1 and 2). However, it is important to note
that in vitro, after antigen-specific short-term stimuli, AS
individuals presented a distinct cytokine profile when their
innate immune response was analysed at single-cell level
[28]. We have shown previously that cells of innate
immune response from NI individuals are capable of pro-
ducing the type 2 pattern of response, characterized by the
increased frequency of IL-4" and IL-10" cells, as well as low
levels of TNF-o." cells [28]. On the other hand, AS were dis-
tinguished by a mixed type 1/type 2 immune profile char-
acterized by increased levels of IFN-y" cells as well as a high
frequency of IL-127 cells with simultaneous increase of IL-
4" cells and high levels of IL-10" cells [28]. Taken together, a
basal cytokine pattern, similar to that observed for NI, can
be identified by ex vivo and control culture protocols. How-
ever, as described above, a mixed type 1/type 2 immune
profile demonstrated the ability of AS to respond to Leish-
mania products differently to uninfected individuals.

In conclusion, these findings are relevant to understand-
ing of the dynamic of immunological events associated with
the different clinical status of human VL. We have demon-
strated here that outstanding inflammatory profiles, espe-
cially driven by IL-8, IFN-y, TNF-o. and IL-6 cytokines, are
important for the clinical status changes observed in active
VL. On the other hand, to guarantee the survival and persis-
tence of Leishmania during active disease the establishment
of a regulatory profile is critical, triggered by lowering fre-
quency of TNF-of monocytes and unaltered plasmatic levels
of nitrite and nitrate. In addition, our data support the
hypothesis that the ability of IL-10 in inhibiting anti-leish-
manial macrophage activation seems to be the major mech-
anism associated with active disease.
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