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1. ABSTRACT

Several immunoregulatory mechanisms are
proposed to be effective both in human and experimental
Trypanosoma cruzi infection. However, the role of
CD4"CD25"&" T cells in Chagas disease has not yet been
elucidated. These cells are critical for the regulation of
immune response to infectious agents and in the control of
autoimmune diseases. In this study, the presence of
CD4°CD25"" regulatory T cells in the whole blood of
non-infected individuals (NI), and patients with the
indeterminate (IND) and cardiac form (CARD) of Chagas
disease was evaluated. To further characterize this
population of regulatory cells, the co-expression of CTLA-
4, CD62L, CD45RO, CD45RA, HLA-DR, CD40L, CD69,
CD54, IL-10R and the intracellular molecules FOXP3 and
IL-10 on the CD4"CD25"¢" T lymphocytes was examined.
FOXP3 was expressed by the majority of CD4"CD25"e!
when compared with the other CD4" T cells subsets in
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patients with Chagas disease. Patients with the IND form of
the disease had a higher frequency of circulating regulatory
CD4'CD25"¢" T cells than patients with the CARD form.
Moreover, there was an increase in CD4 CD25"#'FOXP3*
cells that were also IL-10" in the IND group whereas, in the
CARD group, there was an increase in the percentage of
CD4'CD25"e" FOXP3" cells that expressed CTLA-4. These
data suggest that IL-10 produced by regulatory T cells is
effective in controlling disease development in patients with
the IND form. However, in individuals with the CARD form
of the disease, the same regulatory mechanism, mediated by
IL-10 and CTLA-4 expression is not sufficient to control the
progression of the disease. The data suggest that
CD4'CD25""FOXP3" regulatory T cells in patients with
Chagas disease might play a role in the immune response
against 7. cruzi infection although with distinct effects in
patients with the IND and CARD forms of disease.
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2. INTRODUCTION

The protozoan parasite, Trypanosoma cruzi, is the
etiological agent of American trypanosomiasis or Chagas
disease. The disease is endemic throughout Latin America
where 18-20 million people are infected (1). The acute
phase of infection with 7. cruzi is characterized by intense
parasitism and evident blood parasitemia and may result in
death. In survivors, the acute phase is followed by an
asymptomatic or indeterminate phase, during which there
are no clinical symptoms. The asymptomatic phase may
last anywhere between months to decades. About 30% of
those individuals who experience the indeterminate phase
of the disease go on to develop clinical symptoms of
Chagas disease (2).

The scarce parasitism during the chronic phase,
the prolonged latent period that precedes morbidity, and the
intriguing existence of different clinical forms suggest an
autoimmune basis for the pathology of chronic Chagas
disease. The demonstration of 7. cruzi or its antigens by
immunohistochemical techniques or of 7. cruzi DNA by
polymerase chain reaction (PCR) in inflamed myocardial
tissues suggests that parasite antigens may be necessary to
trigger the inflammatory process (3,4,5). Several studies of
Chagas disease have demonstrated that immunoregulatory
mechanisms control the intense immune activity in the
chronic phase. These immunoregulatory mechanisms are
necessary to prevent a deleterious effect of the excessive
stimulation of immune system and fatality (6,7). In our
laboratory, we demonstrated that patients with the cardiac
(CARD) form of chronic Chagas disease develop a strong
immune response against the parasite, with high levels of
IFN-gamma and low levels of IL-10 (8,9) and this response
is associated with cardiac pathology. These data suggest
that an increase in the secretion of IL-10 during the chronic
phase may be associated with protection of the host against
the severe pathology induced by type 1 immune response
(8,9).

Recently the role of CD4'CD25" regulatory T
cells has become the focus of increased study because of
the putative importance of these cells in maintaining self
tolerance and in defense against infections. It has been
suggested that these cells are important in perpetuating the
persistence of the infection and consequent long-term
resistance against re-infection (10,11,12,13). CD4'CD25"
cells are naturally generated in the thymus and constitute 5-
10% of peripheral CD4" T cells in naive animals and
humans (14). However, by itself the expression of CD25 is
not a definitive marker of natural regulatory T cells. CD25
is an activation marker for T cells and is therefore also
expressed by effectors Type 1 and Type 2 cells. For these
reasons, characterization of the CD4'CD25" regulatory T
cells population with additional markers is crucial for
improved characterization of the cells. Among the
described markers are CD38, CD62L, and CTLA-4 or
intracellular expression of the transcriptional repressor
FOXP3 (forkhead box P3) (15,16).

The suppressive mechanisms of CD4'CD25" T
regulatory cells are not yet clear. However, there is

2798

increasing evidence that cell-cell contact is required to
trigger these suppressive mechanisms and that the
expression of CTLA-4 might be involved (17).
Furthermore, other studies have shown that IL-10 is an
important cytokine involved in the suppressive function of
regulatory T cells (18). Although there is no evidences for
the effector function of this cell population in human
Chagas disease, we have previously demonstrated that IL-
10 is significantly involved on the control of morbidity
during the chronic phase of the infection with T.cruzi (8).
Thus, it is possible that in human Chagas disease,
CD4'CD25" T cells may be an important population in the
control of morbidity development. In this study we present
the first evidence suggesting that in humans, control of
morbidity may be occurring via IL-10 induction/secretion.

3. PATIENTS, MATERIALS AND METHODS

3.1. Recruitment of Subjects

The initial cohort of study subjects was recruited 8
years ago from the Referral Outpatient Center for Chagas
Disease of the Hospital das Clinicas, Federal University of
Minas Gerais, Brazil. All study participants provided written
informed consent following the guidelines of the Ethics
Committee of the Federal University of Minas Gerais. The
study protocol complied with the regulations of the Brazilian
National Council on Research in Humans and was approved
by the Ethics Committee of the Federal University of Minas
Gerais under protocol COEP-ETIC 372/04. Individuals with
systemic arterial hypertension, diabetes mellitus, thyroid
dysfunction, renal insufficiency, chronic obstructive
pulmonary disease, hydroelectrolytic disorders, alcoholism,
previous clinical history suggesting coronary artery
obstruction and rheumatic disease, or who were unable to
fulfill the study requirements for annual examinations were
excluded from the study. Individuals were considered
seropositive for 7. cruzi infection if two or more standard tests
(indirect immunofluorescence, ELISA, indirect
haemagglutination) were positive. Study participants were
evaluationed annually for a range of clinical and
immunological parameters related to Chagas disease (8).

For this study, we investigated the immune
responses of 27 patients in the chronic phase of the
infection who had completed the protocol described
above. The patients infected with T. cruzi were
classified as being in the indeterminate phase of Chagas
disease (IND) or having the cardiac (CARD) form of the
disease as previously reported (19). Individuals in the
IND group (n=14) ranged in age from 30 to 67 years.
These individuals had no significant alterations in the
electrocardiography, chest x-ray, echocardiogram,
esophagogram and barium enema. The CARD group
(n=13) ranged in age from 25 to 70 years, and presented
echocardiographic and/or clinical and radiological signs
of heart enlargement, with a final diastolic diameter of
the left ventricle of more than 55mm. The cardiac
patients that participated in this study were classified as
belonging to the group CARD V as previously reported
(19). Eleven normal healthy individuals, ranging in age
from 29 to 55 years, from an area that is not endemic for
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Chagas disease and who had negative serology for
Chagas disease, were included as a control group (NI).

3.2. Antigens

Epimastigote (EPI) antigens were prepared by
using the CL strain of 7. cruzi. EPI were washed three
times in cold phosphate-buffered saline (PBS), disrupted by
repeated freezing at -70°C and thawing, and homogenized
at 4 to 6°C in a Potter-Elvejem centrifuge at 20,000 rpm
five times for 60 seconds, with 30 seconds intervals at 4°C.
The suspension was subsequently centrifuged at 40,000 x g
for 60 minutes on ice. The clear supernatant was dialyzed
for 24 hours at4°C against PBS, filter sterilized on 0.2-um-
pore-size membranes, assayed for protein concentration,
aliquoted, and stored at -20°C until use.

3.3. Flow cytometric analysis of peripheral blood

Whole blood was collected in Vacutainer tubes
containing EDTA (Becton Dickinson) and 100ul samples
were mixed in tubes with 2ul of undiluted monoclonal
antibodies conjugated with fluorescein
isothiocyanate(FITC), phycoerythrin(PE), or
allophycocyanin(APC) for the following cell surface
markers: CD4(SK3), CD25(MA251), HLA-DR(G466),
CD45RA(HI100), CD45RO(UCHL-1),CD62L(DREG56),
CD40L(TRAP1), CD54(HAS8), CD69(FN50), IL-
10R(3F9), CDI152[CTLA-4 (BNI3)]. The tubes were
incubated in the dark for 30 minutes at room temperature.
Following incubation, erythrocytes were lysed using 2ml of
fluorescence-activated cell sorter (FACS) Lysing Solution.
After incubation, the cells were washed twice with 2ml of
phosphate-buffered saline containing 0.01% sodium azide.
The cells were then fixed in formaldehyde (4%) and
permeabilized in saponin buffer (0.5%) (Sigma) for 15
minutes. Finally, the cells were incubated with monoclonal
antibody reactive to FOXP3(PCH101). After incubation the
cells were fixed in 200ul of FACS fix solution (10g/1
paraformaldehyde, 1% sodium-cacodylate, 6.65g/1 sodium
chloride, 0.01% sodium azide). Phenotypic analyses were
performed by flow cytometry with a Becton Dickinson
FACScalibur flow cytometer, collecting data on 5 x 10*
lymphocytes (gate by forward and side scatter properties)
and analyzed using CellQuest software (BD Biosciences).

3.4. Flow cytometric analysis of cells culture

Whole blood was stimulated with either medium
alone (RPMI 1640 supplemented with 1.6% L-glutamine,
3% antibiotic-antimycotic, 5% of AB Rh-positive heat-
inactivated normal human serum) or EPI (25 pg/ml) for 22
hours at 37°C and 5% CO,. During the last 4 hours of
culture, Brefeldin A (SIGMA, St. Louis, MO, USA)
(10pg/ml) was added to the cultures (20). Cultured cells were
washed twice in PBS containing 1% bovine serum albumin
and stained with monoclonal antibodies specific for several
cell-surface markers conjugated with FITC or PE or APC
(same described above). The cells were then fixed in
formaldehyde (4%) and permeabilized in saponin buffer
(0.5%) (Sigma) for 15 minutes. Finally, the cells were
incubated with monoclonal antibodies reactive to IL-
10(JES3-9D7), IL-2(MQ1-17H12), IFN- gamma(B27),
TNF-alpha(Mab11) and FOXP3(PCH101). Phenotypic
analyses were performed by flow cytometry with a Becton
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Dickinson FACScalibur flow cytometer, and data on 5 x
10* lymphocytes collected (gate by forward and side scatter
properties) and analyzed using CellQuest software (BD
Biosciences).

3.5. FACS analysis of surface markers and intracellular
cytokine

Lymphocytes were analyzed for their intracellular
cytokine expression patterns and frequencies as well as for
cell surface markers using Cell Quest software. The
frequency of cells was analyzed in four gates for each
staining: gate 1 (R1), lymphocyte gate (Figure 1A); gate 2
(R1 and R2), T CD4'CD25"¢" lymphocytes gate; gate 3
(R1 and R3), T CD4"CD25"" gate, and gate 4 (R1 and
R4), T CD4'CD25 gate (Figure 1B). Limits for the
quadrant markers were always set based on negative
populations and isotype controls. This approach allowed us
to determine the frequency of populations in sub regions of
mononuclear cells, taking advantage of the known position
of T CD4"CD25"e" lymphocytes based on their size and
granularity profiles. The analyzed regulatory population
presented strong positivity for CD25 cell marker. Moreover,
this analytical approach allowed us to obtain a
homogeneous and well-defined population. The following
step was to build histograms used to quantify the
percentage of the following markers: CD45RA, CD45RO,
CD62L, CD40L, CD69, HLA-DR, CD54, CD152, IL10R,
intracellular cytokines and FOXP3 on CD4'CD25"e"
CD4'CD25% ¢ CD4'CD25 T cells subpopulations
(Figure 1C).

3.6. Statistical analysis

Analyses were performed using GraphPad Prism
version 3.0 software. The following nonparametric tests
were performed: 1) Mann-Whitney test to compare two
groups (NI x IND or NI x CARD or IND x CARD), 2)
Kruskal-Wallis test to compare the three groups (NI x IND
x CARD), and 3) Wilcoxon test to compare cultures
stimulated and non stimulated. Differences were considered
significant when a P value of less than 0.05 was obtained.
The statistical analyses were performed using the median
values of each group.

4. RESULTS

4.1. Human CD4*CD25"¢" regulatory T cells are
elevated in individuals with the indeterminate form of
Chagas disease

It has been demonstrated that within the
CD4'CD25" T cells, both sub-populations expressing either
low or high levels of CD25 exhibit regulatory functions in
mice. However, in humans only CD4" T cells expressing high
levels of CD25 exhibit similar strong regulatory function (21).
We utilized peripheral blood samples from patients with
Chagas disease to determine whether CD4'CD25" cell sub-
populations are correlated with the clinical forms of the
discase. We evaluated the expression of this marker both
before and after in vitro stimulation with parasite antigens. In
Figure 2 we show the percentage of CD4+CD25high,
CD4+CD25low and CD4+CD25- cells in the peripheral
blood of patients with the different clinicalforms of the
disease as well as in non-infected controls.
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Our results show that CD4"CD25"e" T cells comprise 1-
5% of the total CD4" T cell population in all individuals
studied. After in vitro antigenic stimulation, we observed
that patients with IND form of the disease had significantly
higher percentages of CD4'CD25"¢" (p less than 0.05)
when compared with non-infected individuals(NI) (Figure
2). No statistically significant differences were observed in
CD4'CD25"" or CD4"CD25 T cells between the groups
studied (Figure 2).

Figure 3 shows the expression of FOXP3, a
transcriptional repressor associated with the function of
regulatory T cells, in blood from patients with the IND
and CARD forms of Chagas disease and the NI group
before and after in vitro stimulation with 7. cruzi
antigens. Flow cytometric analysis showed that FOXP3
was expressed by the majority of CD4"CD25"2" T cells
from the IND, CARD and NI groups when compared
with the percentages of expression by CD4"CD25"" and
CD4°CD25 T cells.

4.2. Peripheral blood CD4"CD25"€" cells from Chagasic
patients express different levels of surface molecules

CD4'CD25 (hiehlowinegative) T colls from Chagasic
patients were evaluated for expression of different cell
surface markers in order to fully characterize this
regulatory population in these patients. The different levels
of expression of cell surface markers on T CD4'CD25hieh |
T CD4'CD25"Y , T CD4°CD25 subsets are shown in
Table 1.
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Figure 1. Identification of peripheral lymphocytes population in diagram of FSC x SSC (A). Dot plot of FL-3 x FL-4, displaying
the frequency of CD4°CD25" cells, after stimulation with EPL. The CD4 CD25"#"(R2), CD4'CD25°“(R3) and
CD4'CD25"#*"(R4) populations were sorted using the indicated sorting gates (B). The histograms represent the expression of
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Some human T cells express CD45RA surface
markers characterizing them as naive, whereas memory
T cells express the CD45RO isoform. Our results show
that the CD4"CD25"&" T cells from Chagasic patients
and non-infected individuals express low levels of
CD45RA  when compared to CD4'CD25"Y or
CD4°CD25 subsets (Table 1). In contrast, CD45RO was
expressed at  significantly = higher levels by
CD4'CD25"&" T cells than the CD4°CD25°“ or
CD4°CD25 subsets. This higher expression of CD45RO
on CD4'CD25"&" regulatory cells was previously
observed in healthy individuals (21).

We also observed that the expression of
activation markers (HLA-DR, CD40L and CD69), the L-
selectin CD62L, IL-10R, and the adhesion molecule
(CD54/ICAM-1) on CD4'CD25™¢" T cells surface was
increased when compared with CD4°CD25"" T cells
and CD4°CD25™ T cells in all groups studied (Table 1).
After stimulation with 7. cruzi antigens we observed a
decreased in the percentage of CD4 CD25"&" T cells in
Chagasic patients expressing CD62L and IL-10R.
However, the levels of HLA-DR, CD40L, CD54 and
CD69 were higher on the surface of these cells in
Chagasic patients when compared with non-infected
individuals (Table 1). Our results show that
CD4'CD25"e" regulatory T cells of Chagasic patients
express a number of cell surface markers that are
associated with activation, migration, and antigen
presentation.
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Figure 2. Percentages of CD4'CD25"" or CD4"CD25"" or CD4'CD25™#" T cells, evaluated by flow cytometry as described in
Material and Methods. A) Representative ex vivo context. B) After stimulation with 7. cruzi antigens (EPI). The differences between
the groups are considered significant at p less than 0.05 and are represented by letters: a = different when compared to NI group
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Figure 3. FOXP3 expression by CD4 CD25"¢" or CD4'CD25"" or CD4"CD25™#™ T cells. A) Non-infected individuals. B) Patients
with indeterminate form of the disease. C) Patients with cardiac form of the disease. The black line represent the isotype control, the
blue line represents the ex vivo context and the red line represents the state after stimulation with T.cruzi antigens (EPI). The numbers
represent the FOXP3 % of one individual or patient in ex vivo context and after stimulation with EPI antigens, respectively

4.3. Regulatory T cells from IND and CARD clinical forms of Chagas disease present different effector mechanism

The suppressive mechanisms by which CD4"CD25" T regulatory cells act are not yet clear. Some studies suggest that
the immune suppressive activity is due to the secretion of cytokines (14). However, other investigators have suggested that
suppression is due to cell-to-cell contact via CTLA-4 (21). In Figure 4, we show the expression of CTLA-4(CD152) and
IL-10 on CD4"CD25 (helownegative) 7 ¢ols from Chagasic patients after in vitro stimulation with T. cruzi antigens. Our
results revealed ahigher expression of IL-10 by CD4"CD25"" T cells in Chagasic patients, mainly in the IND group, when
compared to the NI group (Figure 4). We also observed a higher frequency of CD4'CD25""CTLA-4" T cells in the CARD
group when compared with NI group (Figure 4). There was no statistically significant difference in intracellular expression
of IL-2, TNF-alpha and IFN-gamma in CD4'CD25"iglewnegative) T (011 petween Chagasic patients and NI individuals
(data not shown).
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Table 1. Phenotypic analyses of CD4 CD25"%", CD4'CD25"" and CD4"CD25™ " T cells subsets

Cell marker Ex vivo/In vitro CD25"=" CD25"™ CD25™e
CD45RA Ex vivo
NI 597+1.62 17.71 £3.53 35.55+4.93
IND 7.57+191 21.47+£3.80 35.41+497
CARD 6.56+2.15 13.66 £2.20 29.35+3.79
In vitro
NI 5.25+2.07 15.50 £2.63 28.49 +4.00
IND 510+ 1.26 18.45+3.01 31.60 +3.68
CARD 4.74 + 1.06 14.16 £2.52 25.7+3.59
CD45RO Ex vivo
NI 90.77 +2.08 77.59 +3.09 55.29+3.58
IND 90.37 £2.39 80.05 +4.33 60.56 +4.75
CARD 92.34+1.83 82.95+291 60.58 +3.75
In vitro
NI 89.88 +£2.45 76.52+3.11 59.07 £3.87
IND 88.91 £2.47 73.55+5.10 57.06 £5.70
CARD 90.94 + 1.67 80.36 +2.31 62.95+4.08
HLA-DR Ex vivo
NI 14.14 +1.80 3.04£0.55 3.07+1.29
IND 14.05+ 1.44 4.11+1.15 4.52+1.55
CARD 16.82 +3.57 6.03 +2.37 4.34+£1.21
In vitro
NI 11.77+1.33 2.28+£0.34 1.68 +0.34
IND 14.44 +2.07 4.65+0.96 2.98+1.01
CARD 15.81 £2.96 6.09 +1.32 4.36+£1.20
CD62L Ex vivo
NI 91.24+1.87 81.58 +2.17 83.03 £ 1.95
IND 9233 +1.34 79.35 +£2.46 73.89+4.28
CARD 91.83 £2.02 77.85+2.12 72.09 +3.08
In vitro
NI 9330+ 1.54 85.79+1.62 86.87 £ 1.66
IND 76.33 £4.16" 81.67 £2.07 79.92 +3.44
CARD 79.92 +3.02' 84.69 + 1.71 78.07£2.36'
CD40L Ex vivo
NI 3.02+1.52 1.47+£0.35 0.88+0.18
IND 5.17+2.28 1.53 £0.41 0.92+0.15
CARD 4.12+1.58 2.18+£0.59 1.03+0.12
In vitro
NI 5.12+1.24 4.44 +£0.94 3.06+0.71
IND 12344217 5.63+1.09 2.70 £ 0.54
CARD 11.08+1.83" 6.11+1.25 2.55+0.60
CD54 Ex vivo
NI 35.92+5.70 23.43+5.00 12.71 £3.19
IND 47.62+5.42 38.10 £ 5.33 30.95+4.68
CARD 49.74+£7.13 4041 +£5.17 28.37+£3.27"
In vitro
NI 3434 +5.43 23.58+5.82 15.22 +4.60
IND 76.76 +4.59 ! 47.72+£5.45 33.94+6.13"
CARD 73.13+6.86 4742 £5.84 30.52 £4.31"
CD69 Ex vivo
NI 0.52+0.13 0.41 +£0.07 0.23+0.03
IND 0.86+0.19 0.44 +£0.08 0.37+£0.07
CARD 0.88 + 0.40 0.94 £ 041 0.46+0.13
In vitro
NI 1.47£0.38 0.54+0.15 0.22+0.03
IND 36.96 +5.03 ' 16.03 £2.09 ' 6.49+1.10"
CARD 26.62+£4.46" 13.13+4.17" 3.61£0.57"'
IL-10R Ex vivo
NI 93.59 £ 1.66 72.67£4.24 49.48 £4.29
IND 91.18 £2.09 68.45+4.91 54.73 +3.98
CARD 93.76 £ 1.79 74.88 £4.17 52.28+3.94
In vitro
NI 20.69 £2.45 9.60 +1.28 6.48 £ 1.10
IND 13.46+2.80" 10.73 £2.51 543+1.48
CARD 11.92+2.02" 9.16 +2.46 4.33+£0.79

Values of human surface markers are expressed as % medium for each group. Ex vivo = before stimulation and /n vitro = after

stimulation. 'Significantly different from NI (p less than 0.05).

5. DISCUSSION

The immunological mechanisms involved in the
control of 7. cruzi replication and in the development of

cardiac pathologies in Chagas disease are not well
understood. Recent studies have determined that regulatory
T cells are contained within the CD4" T cell subset which
control excessive or misdirected immune responses.
Regulatory T cells represent approximately 10% of
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Figure 4. Percentage of CD4"CD25"€", CD4"CD25"" and CD4*CD25™%* ™ T cells, evaluated by flow cytometry after a short in
vitro stimulation with 7.cruzi antigen (EPI) as described in Material and Methods. A) CTLA-4 expression. B) Intracellular
cytokine IL-10 expression. The difference between a given group and the NI group is considered significant at p less than 0.05
and is indicated by the letter a placed on the graph above the group in question.

peripheral CD4" cells in humans. These cells which express
high levels of the cell-surface marker CD25 develop in the
thymus and later enter peripheral tissues where they
suppress the activation of other cells (13,22,23). Although
the role of regulatory T cells has been assessed for a
number of human diseases, little is known about their role
in Chagas disease. Here, we show that there is an increase
in the frequency of CD4'CD25"¢" T cells in the peripheral
blood of patients with the IND,form of the disease,
suggesting that these cells could be involved in the control
of morbidity in Chagas disease.

We also show that a higher percentage of
CD4"CD25"&" T cell population from patients with the IND
form of the disease express FOXP3 and IL-10 when
compared to the other groups of individuals evaluated
(Figure 3 and 4). As previously described by Gomes ef al.,
2003, IL-10 has a key role in regulating type 1
inflammatory response to infection and in the control of
parasite replication in the heart and other host tissues
during the chronic phase of the disease. This
immunoregulatory cytokine has also been suggested to be
involved in the mechanisms by which regulatory T cells
exert their suppressive activity in vivo (24). The ability of
regulatory T cells to inhibit Type 1 responses, especially
IFN-gamma production, further support our previous
results showing that PBMC from patients with the IND
form of the disease produce low levels of IFN-gamma (8).
This suggests that regulatory T cells may be involved in the
regulation of the excessive Type 1 immune response
observed in patients with the CARD form of the disease.
Based on our results, and those previously published, it is
possible that the regulatory role of IL-10 is due to an
increase in the number of regulatory T cells.
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Among the most important markers of regulatory
T cells is the forkhead transcription factor FOXP3 (25).
This marker plays a key role in regulatory T cell function
and is a specific marker for these cells (26,27). Previously
published studies have consistently reported that FOXP3 is
predominantly expressed by both human and murine
CD4'CD25" T regulatory cells. We analyzed FOXP3
protein expression in peripheral blood before and after
stimulation with 7. cruzi antigens. Our data confirm that
the majority of FOXP3 cells are indeed CD4'CD25"e",
Although CD4'CD25 "&" have higher expression of
FOXP3, low expression of this protein was also observed in
CD4'CD25"" and CD4'CD25 T cells. Similar results have
been found for other infections (16,28,29). Whether low
FOXP3 expression can modulate/suppress T cell and/or
antigen-presenting cell activation or can convert non-
regulatory CD4" T cells into regulatory T cells is still not
clear, and future studies are required to answer these
questions. We also observed that, besides expression of
FOXP3, the CD4"CD25"¢" cell population in Chagasic
patients also expresses several other cell-surface markers
that included CD45RO and CTLA-4 (Table 1, Figure 2 and
3), further supporting the role of CD4'CD25" T cells as
regulatory T cells.

Although CD4°CD25" regulatory T cells are
selected by high affinity interactions with self-peptide in
the thymus, it is now apparent that these cells respond to
numerous environmental stimuli in the periphery (30).
Currently, the antigenic specificity of CD4'CD25"
regulatory T cells remains unknown. However, there is
evidence that they can mount a recall response to foreign
antigens (30,31). It has been shown that CD4'CD25" T
cells isolated from the skin of Leishmania major-infected
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mice suppressed IFN-gamma production by L. major
reactive CD4'CD25" effectors cells in the presence of L.
major infected dendritic cells but not in uninfected animals
(12). In the present study we observed that the percentage
of CD4"CD25""FOXP3" regulatory T cells, after in vitro
stimulation with specific 7. cruzi antigens, was higher in
Chagasic patients. More importantly we show that this
marker increase occurred mainly in cells from patients with
the IND form of the disease also suggesting a role for
CD4"CD25""FOXP3" regulatory T cells in the control of
pathology in T. cruzi infected individuals (Figure 2). To
demonstrate the specificity of this, response cells from the
same individuals were stimulated with unrelated antigens
from Schistosoma mansoni or L. major, and the preliminary
data show that the percentage of CD4 CD25"¢" regulatory
T cells was lower (data not shown). Although these results
support previous suggestions that regulatory T cells have a
large repertoire capable of recognizing both self and
foreign peptides, one cannot rule out the possibility that
they react to heart specific antigens whose expression is
regulated/elicited by infection with the 7. cruzi.

It has been demonstrated that human T cells
from patients with indeterminate and cardiac forms of
Chagas disease present an increased expression of class II
MHC molecules in the peripheral blood (32).We have
shown that CD4"CD25"" T cells from Chagasic and NI
individuals express HLA-DR. It has also been
demonstrated that MHC-II expression on human
CD4'CD25"e" T cells identifies a functionally distinct
population of T regulatory cells that induces early contact-
dependent suppression associated with high FOXP3
expression (21).

The expression of CTLA-4 occurs in regulatory T
cells (17,34,35) and it may be functionally important.
Indeed, anti-CLTA-4 treatment abrogates the ability of
regulatory T cells to inhibit colitis (17,34) and also induces
the development of gastritis in normal mice (35). In our
study we observed a high percentage of CD4'CD25"¢" T
cells from patients with the CARD form of the disease
expressing CTLA-4 (Figure 4A). Our results suggest that
Type 1 immune response is the main immune mechanism
involved in the genesis and/or maintenance of heart
pathology in Chagas disease (8,9). Therefore, it is possible
that the elevated expression of CTLA-4 may be the
mechanism by which inhibition of IL-10 secretion by
macrophages occurs, leading to development of severe
heart disease.

In conclusion, CD4'CD25"¢" regulatory T cells
from the IND patients seem to reduce the severity of type 1
responses to 7. cruzi infection. Thus, regulatory T cells,
may be beneficial to patients with the IND form of the
disease through expression of IL10 and maintenance of a
balance among efficient effectors that kill the parasites.
However, CD4'CD25"¢" regulatory T cells from patients
with the CARD form of the disease could contribute to the
development of severe heart pathology through CTLA-4
and suppression of anti-pathogen protective immune
responses. Therefore, the differences in host-parasite
interaction may be influenced by the ratio of regulatory to
effector T cells.
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The results presented in this paper provide the
first evidence that 7. cruzi infection induces the presence of
regulatory T cells. This finding raises several important
questions such as how do regulatory mechanisms by
CD47CD25"e" abrogate the development of heart damage
in some patients and allow the development of pathology in
others. Functional studies to characterize this population
are being conducted and may provide a Dbetter
understanding of the immunological complexities that
control the course of indeterminate clinical form of Chagas
disease and determine whether a patient will remain at the
indeterminate stage of the disease or progress to the cardiac
and/or digestive forms of the disease.

6. ACKNOWLEDGMENTS

Fernanda Fortes Aratjo and Juliana Assis
Silva Gomes contributed equally to this manuscript. This
work was supported by CAPES, CNPq, FIOCRUZ and
NIH HL66480-02. We thank Ana Beatriz Ribeiro de
Queiroz for excellent technical assistance in flow
cytometry and Dr. Flavio Guimardes da Fonseca and Dra.
Joseli Lannes Vieira for critical review of the manuscript.

7. REFERENCES

1. World Health Organization Programme Report of the
UNDP/World Bank/Who Special Programme for Research
and Training in Tropical Diseases, (Geneva, Switzerland)
(2002)

2. Dias J.C.P and J. Coura: Clinica e terapéutica da doenca
de Chagas: uma abordagem pratica para o clinico geral. Rio
de Janeiro: FIOCRUZ, (1997)

3. Jones EM, D.G. Colley, S. Tostes, E.R. Lopes, C.L.
Vnencak, Jones, T.L. McCurley: Amplification of a
Trypanosoma cruzi DNA sequence from inflammatory
lesions in human Chagasic cardiomyopathy. Am J Trop
Med Hyg 48(3), 348. 357 (1993)

4. Brener Z, R.T. Gazzinelli: Immunological control of
Trypanosoma cruzi infection and pathogenesis of Chagas'
disease. Int Arch Allergy Immunol 114(2),103. 110 (1997)

5. Higuchi M.D., M.M. Reis, V.D. Aiello, L.A. Benvenuti,
P.S. Gutierrez, G. Bellotti, F.Pileggi: Association of an
increase in CD8" T cells with the presence of Trypanosoma
cruzi antigens in chronic, human, Chagasic myocarditis.
Am J Trop Med Hyg 56(5), 485. 489 (1997)

6. Hunter C.A, L.A. Ellis. Neyes, T. Slifer, S. Kanaly, G.
Grunig, M. Fort, D. Rennick and F.G.Araujo: IL. 10 is
required to prevent immune hyperactivity during infection
with Trypanosoma cruzi. J. Immunol 158, 3311. 3316
(1997)

7. Golgher D, R.T. Gazzinelli: Innate and acquired
immunity in the pathogenesis of Chagas disease.
Autoimmunity 37(5), 399. 409 (2004)

8. Gomes J.A, L.M. Bahia. Oliveira, M.O. Rocha, O.A.
Martins. Filho, G. Gazzinelli, R. Correa. Oliveira: Evidence



Immunoregulation in Chagas disease

that development of severe cardiomyopathy in human
Chagas' disease is due to a Thl. specific immune response.
Infect Immun 71(3), 1185. 1193 (2003)

9. Gomes J.A, L.M. Bahia. Oliveira, M.O. Rocha, S.C.
Busek, M.M. Teixeira, J.S. Silva, R. Correa. Oliveira: Type
1 chemokine receptor expression in Chagas' disease
correlates with morbidity in cardiac patients. Infect Immun
73(12), 7960. 7966 (2005)

10. Bach J.F: Non. Th2 regulatory T cell control of Thl
autoimmunity. Scand. J. Immunol 54,21 (2001)

11. Sacks D and N. Noben. Trauth: The immunology of
susceptibility and resistance to Leishmania major in mice.
Nat. Rev. Immunol 2, 845 (2002)

12. Belkaid Y, C.A. Piccirillo, S. Mendez, E.M. Shevach,
D.L. Sacks: CD4°CD25" regulatory T cells control
Leishmania major persistence and immunity. Nature
420(6915), 502. 507 (2002)

13.  Mills K.H: Regulatory T cells: friend or foe in
immunity to infection? Nat Rev Immunol 4(11), 841. 55
(2004)

14. Liu H, B. Hu, D. Xu & F.Y. Liew: CD4'CD25"
regulatory T cells cure murine colitis: the role of IL. 10,
TGF. beta and CTLA. 4. J. Immunol 171, 5012. 5017
(2003)

15. Powrie F, J. Cartino, M.W. Leach, S. Mauze and R.L.
Coffman: A critical role for transforming growth factor.
beta but not interleukin 4 in the suppression of T helper
type 1. mediated colitis by CD45RBlowCD4+ T cells. J.
Exp. Med 183, 2669. 2674 (1996)

16. Fontenot J.D, M.A. Gavin and A.Y. Rudensky: Foxp3
programs the development and function of CD4'CD25"
regulatory T cells. Nature Immunol 4, 330. 336 (2003)

17. Read S, V. Malmstrom and F. Powrie: Cytotoxic T
lymphocyte. associated antigen 4 plays an essential role in
the function of CD4°CD25" regulatory cells that control
intestinal inflammation. J. Exp. Med. 192, 295. 302 (2000)

18. Hara M, C.I. Kingsley, M. Niimi, S. Read, S.E. Turvey,
A.R. Bushell, P.J. Morris, F. Powrie, K.J. Wood: IL. 10 is
required for t cells to mediate tolerance to alloantigens in
vivo. J Immunol 166,3789. 3796 (2001)

19. Cardoso G.M, M.J.Morato, J.A.Gomes, M.O. Rocha, 1.P.
Bonfim, S. Williams. Blangero, J.L. VandeBerg, M.R. Reis,
E.F. Magalhaes, R.Correa. Oliveira: Comparative analysis of
cell phenotypes in different severe clinical forms of Chagas'
disease. Front Biosci 11, 1158. 1163 (2006)

20. Jung T, U. Schauer, C. Heusser, C. Neumann and C.
Rieger: Detection of intracellular cytokines by flow
cytometry. J. Immunol Methods 159, 197. 207 (1993)

21. Baecher. Allan C, J.A. Brown, G.J. Freeman, D.A.
Hafler: CD4"CD25"E" regulatory cells in human peripheral
blood. J Immunol 167(3), 1245. 1253 (2001)

2805

22. Cozzo C, J. Larkin and A.J. Caton: Self. peptides drive
the peripheral expansion of CD4"CD25" regulatory T cells.
J Immunol 171, 5878. 5882 (2003)

23. Bluestone J.A and A.K. Abbas: Natural versus adaptive
regulatory T cells. Nature Rev. Immunol 3, 253. 257 (2003)

24. O’Garra A, P.L.Vieira, P.Vieira, A.E.Goldfeld: IL. 10.
producing and naturally occurring CD4" Tregs: limiting
collateral damage. J Clin Investig 114, 1372. 1378 (2004)

25. Fontenot J.D and A.Y. Rudensky: A well adapted
regulatory contrivance: regulatory T cell development and
the forkhead family transcription factor FOXP3. Nature
Immunol 6(4), 331. 337 (2005)

26. Hori S, T. Nomura, S. Sakaguchi: Control of regulatory
T cell development by the transcription factor FOXP3.
Science 299,1057. 1061 (2003)

27. Ramsdell F: FOXP3 and natural regulatory T cells: key
to a cell lineage? Immunity 19, 165. 168 (2003)

28. Furtado G.C, M.A. Curotto de Lafaille, N.
Kutchukhidze, J.J. Lafaille: Interleukin 2 signaling is
required for CD4(+) regulatory T cell function. J Exp Med
196, 851. 857 (2002)

29. Kaestner K.H, W. Knochel, D.E. Martinez: Unified
nomenclature for the winged helix/forkhead transcription
factors. Genes Dev 14, 142. 146 (2000)

30. Thompson C & F. Powrie: Regulatory T cells. Current
Opinion in Pharmacology 4,408. 414 (2004)

31. Belkaid Y & B.T. Rouse: Natural regulatory T cells in
infectious disease. Nature Immunology 6, 353. 360 (2005)

32. Dutra W.O, Z.M.P. da Luz, J.R. Cangado, M.E. Pereira,
R.M. Brigido. Nunes, L.M.C. Galvao, D.G. Colley, Z.
Brener, G. Gazzinelli & J.F. Carvalho. Parra: Influence of
parasite presence on the immunologic profile of peripheral
blood mononuclear cells from Chagasic patients after
specific drug therapy. Parasite Immunol 18, 1.7 (1996)

33. Baecher. Allan C, E. Wolf, D.A. Hafler: MHC Class 11
Expression Identifies Functionally Distinct Human
Regulatory T Cells. J Immunol 176(8), 4622. 4631 (2006)

34. Salomon B, D.J. Lenschow, L. Rhee, N. Ashourian, B.
Singh, A. Sharpe, J.A. Bluestone: B7/CD28 costimulation
is essential for the homeostasis of the CD4+CD25+
immunoregulatory T cells that control autoimmune
diabetes. Immunity 12, 431. 440 (2000)

35. Takahashi T, T. Tagami, S. Yamazaki, T. Uede, J.

Shimizu, N. Sakaguchi, T.W. Mak, S. Sakaguchi.
Immunologic self. tolerance maintained by
CD25(+)CD4(+) regulatory T cells constitutively

expressing cytotoxic T lymphocyte. associated antigen 4. J
Exp Med 192, 303. 310 (2000)



Immunoregulation in Chagas disease

Key Words: Chagas disease, Regulatory T cells,
Cytokines, Trypanosoma cruzi

Send correspondence to: Dr. Rodrigo Correa-Oliveira,
Laboratorio de Imunologia Celular e Molecular, Centro
de Pesquisas René Rachou/FIOCRUZ. Av. Augusto de
Lima 1715, 30190-002, Belo Horizonte, Minas Gerais,
Brazil, Tel: 55-31-33497777 Fax: 55-31-32953566, E-
mail: correa@cpqrr.fiocruz.br

http://www.bioscience.org/current/vol12.htm

2806



