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Trypanosoma cruzi, a parasitic protozoan, is the etiological agent of Chagas’ disease. Despite the many
immune system disorders recognized in this infection and the crucial role played by dendritic cells (DC) in
acquired immune responses, it was not known whether these cells could be infected by T. cruzi trypomastigotes
and the consequences of such an infection on their immune functions. We now provide evidence that human
monocyte-derived DC can be infected by T. cruzi and can support its intracellular multiplication. Interestingly,
this infection has functional consequences on immature DC and on their maturation induced by lipopolysac-
charide (LPS). First, after T. cruzi infection, the basal synthesis of interleukin-12 (IL-12) and tumor necrosis
factor alpha (TNF-a) was impaired. Furthermore, the process of maturation of DC induced by LPS was
drastically affected by 7. cruzi infection. Indeed, secretion of cytokines such as IL-12, TNF-«, and IL-6, which
are released normally at high levels by LPS-activated DC, as well as the up-regulation of HLA-DR and CD40
molecules, was significantly reduced after this infection. The same effects could be induced by 7. cruzi-
conditioned medium, indicating that at least these inhibitory effects were mediated by soluble factors released
by T. cruzi. Taken together, these results provide new insights into a novel efficient mechanism, directly
involving the alteration of DC function, which might be used by 7. cruzi to escape the host immune responses
in Chagas’ disease and thus might favor persistent infection.

Trypanosoma cruzi, the etiological agent of Chagas’ disease,
is a hemoflagellate protozoan parasite that infects humans as
well as domestic and wild mammals (39). This parasite exists in
two forms in the vertebrate host: the trypomastigote, which is
the blood form and infects several cells (macrophages, fibro-
blasts, nerve cells, and muscle cells), and the amastigote, which
replicates in the host cell cytosol (9). Cell invasion and intra-
cellular replication are essential for the induction of the dis-
ease and the continuation of the parasite life cycle. In human
infection, most patients survive the initial acute phase but
some develop the chronic manifestations of the disease, char-
acterized by long-lasting inflammatory lesions and immune
system disorders, years later (14, 39). The use of experimental
murine models has shown that host resistance to 7. cruzi de-
pends at least partially on natural killer (NK) cells, T cells, and
macrophages, which produce various cytokines, such as inter-
leukin-12 (IL-12), gamma interferon (IFN-y), and tumor ne-
crosis factor alpha (TNF-a), involved in the control of the
disease (1, 3, 11, 25, 37, 40). However, an efficient protective
immunity is seldom or never achieved so that viable parasites
and focal chronic inflammation can be detected in host tissue
for life.

The role of dendritic cells (DC) in T. cruzi infection has
never been investigated, despite their unique and essential
function in the initiation of the acquired immune response (6).
Immature DC, which reside in most tissues and organs, actively
capture and process antigens (12). Upon activation by whole
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bacteria, the microbial cell wall component lipopolysaccharide
(LPS), or cytokines such as IL-1B, granulocyte-macrophage
colony-stimulating factor (GM-CSF), or TNF-a, they migrate
to lymph nodes and the spleen, where they activate naive
antigen-specific T cells. During this migration, they undergo a
process of maturation, which is a crucial step in the develop-
ment of DC into fully potent antigen-presenting cells (APC).
During maturation, DC lose their ability to capture and pro-
cess antigens, increase their expression of major histocompat-
ibility complex (MHC) class II costimulatory (CD40, CD80,
CD86) and adhesion (CD54) molecules, and up-regulate their
production of cytokines such as IL-12. This cytokine plays a
key role in the induction of cell-mediated immunity to intra-
cellular pathogens by triggering the production of IFN-y from
NK and T cells (35). In the case of T. cruzi infection, this
cytokine is required for both innate and acquired immunity (1,
24). Indeed, in murine models, the induction of IL-12 early in
infection with 7. cruzi initiates innate resistance which is de-
pendent on IFN-y and TNF-a (3, 25) while ensuring the in-
duction of an efficient adaptive host response.

Accordingly, we investigated the relationship between DC
and 7. cruzi trypomastigotes by using DC obtained from hu-
man blood monocytes incubated with IL-4 and GM-CSF. We
first assessed whether DC could be infected by T. cruzi, as is the
case with several viruses (7, 21, 28) and bacteria (15, 22-24, 26,
33) and at least one parasitic protozoan, Leishmania (32). We
next evaluated the influence of DC infection by 7. cruzi on the
capacity of these cells to secrete cytokines (IL-6, IL-8, IL-10,
IL-12, and TNF-a) and to express MHC class II costimulatory
and adhesion molecules both at the immature stage and upon
maturation induced by LPS.

Finally, we tested whether the observed effects on human
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DC could be also attributed to soluble factors released by T.
cruzi (termed T. cruzi-conditioned medium [TCM]).

MATERIALS AND METHODS

Culture medium and reagents. The culture medium consisted of RPMI 1640
(Biowhittaker Europe, Verviers, Belgium) supplemented with L-glutamine (2
mM), gentamicin (20 pg/ml), 2 X 10~> M 2-mercaptoethanol, 1% nonessential
amino acids (GIBCO, Grand Island, N.Y.), and 10% fetal bovine serum (Bio-
whittaker). Recombinant IL-4 was kindly provided by Schering-Plough (Ken-
ilworth, N.J.). Recombinant GM-CSF was obtained from Novartis (Basel, Swit-
zerland). LPS (Escherichia coli 0128:B12), phosphate-buffered saline (PBS), and
bovine serum albumin were purchased from Sigma Chemical Co. (St. Louis,
Mo.).

Human DC. Human DC were generated from peripheral blood mononuclear
cells as previously described (36). Briefly, peripheral blood mononuclear cells
from healthy volunteers were isolated by density centrifugation of heparinized
blood on Lymphoprep (Nycomed, Oslo, Norway), resuspended in culture me-
dium, and allowed to adhere to culture flasks. After 2 h at 37°C, nonadherent
cells were removed and adherent cells were cultured in medium containing
GM-CSF (800 U/ml) and IL-4 (500 U/ml). Every 2 days, GM-CSF and IL-4 were
added. After 7 days of culture, nonadherent cells corresponding, to the DC-
enriched fraction, were harvested, washed, and used for subsequent experiments.
As previously reported (8), the DC-enriched fraction obtained by this method
routinely contains more than 95% DC as assessed by morphology and flow
cytometry analysis.

T. cruzi trypomastigotes and TCM. T. cruzi trypomastigotes (Tehuantepec
strain, Mexico) were maintained by weekly intraperitoneal inoculations to
BALB/c mice. To obtain large quantities of parasites, trypomastigotes (2.5 X 10°
parasites/rat) were inoculated into F344 Fischer rats (Iffa Credo, Brussels, Bel-
gium) irradiated with X rays (700 rads). Trypomastigotes were obtained from the
blood (containing 10 U of heparin/ml) of infected rats by ion-exchange chroma-
tography on DEAE-cellulose (Whatman DE 52) equilibrated with phosphate
saline glucose buffer at pH 7.4 (30, 34). Trypomastigotes were centrifuged (15
min at 1,800 X g and 4°C) and resuspended in endotoxin-free PBS.

TCM was prepared by the method described by Kierszenbaum et al. (27) to
obtain trypanosomal immunosuppressive factor. Briefly, suspensions of 7. cruzi
(2 X 107 trypomastigotes/ml in RPMI 1640 medium) were incubated at 37°C and
5% CO, for 24 h. The parasites were then removed by filtration through a sterile
0.22-pm-pore-size filter (Millipore Corp., Bedford, Mass.). This TCM was ali-
quoted and stored at —20°C until used. When necessary, it was diluted in culture
medium to obtain a final concentration of 12.5, 25, 50, or 75%.

Effects of T. cruzi infection and TCM on DC. To assess whether 7. cruzi infects
human DC, 5 X 10° DC/ml were cultured in 24-well plates with trypomastigotes
at parasite-to-cell ratios of 0.1:1, 0.5:1, 1:1, 2:1, 5:1, 10:1, and 20:1. After 24 h, the
DC were washed to remove free parasites, fixed with methanol, and then stained
with Giemsa stain. In some experiments, DC were not fixed but were further
incubated for a total of 48 or 72 h to assess the intracellular multiplication of
amastigotes. The percentage of infected DC and the mean number of amasti-
gotes per infected DC were recorded after microscopic examination of at least
300 cells (34).

The effects of T. cruzi on cytokine production and surface molecule expression
of DC were investigated by using DC incubated either with trypomastigotes
(parasite-to-cell ratios of 5:1, 10:1, and 20:1) or with TCM (12.5 to 50% [vol/vol]
of the culture medium) for 24 h. In some experiments, DC were cultured in the
bottom of wells and separated by a cell-impermeable filter from trypomastigotes
placed in a transwell (clear, 6.5-mm diameter, 0.4-pm pore size, 24-well size
[Corning Costar Corp., Cambridge, Mass.]). Similar experiments were per-
formed with DC incubated in medium containing 10 ng of LPS per ml together
with trypomastigotes (parasite-to-cell ratios, 0.1:1, 0.5:1, 1:1, 2:1, 5:1, 10:1, 20:1,
and 30:1) or TCM (3, 6.25, 12.5, 25, 50, and 75%).

Cytokine assays. Culture supernatants of DC were harvested, and TNF-q,
IL-6, TL-8, IL-10, and IL-12 (p40) levels were assayed with enzyme-linked im-
munosorbent assay (ELISA) kits from Biosource Europe (Nivelles, Belgium).
The IL-12 (p40) assay detects both the heterodimeric (p70) and homodimeric
(p40-p40) forms of human IL-12. IL-12 (p70) production was measured with an
ELISA kit provided by Genzyme (Leuven, Belgium). The absorbances were
measured in a microplate ELISA reader (Spectracount Microplate Photometer;
Packard, Meriden, Conn.).

Flow cytometry analysis. For immunophenotyping, 10> DC were harvested
and washed in PBS supplemented with 0.5% bovine serum albumin and 10 mM
NaNj; and incubated for 30 min at 4°C with one of the following phycoerythrin-
or fluorescein isothiocyanate (FITC)-conjugated murine monoclonal antibodies
(MADb): anti-HLA-DR immunoglobulin G2a (IgG2a) MAD (Becton Dickinson,
San Jose, Calif.), anti-CD80 (B7-1) IgG1 MADb (Becton Dickinson), anti-CD54
(ICAM-1) IgG2b MADb (Becton Dickinson), anti-CD14 IgG2b MAb (Becton
Dickinson), anti-CD86 (B7-2) IgG2b MAD (PharMingen, San Diego, Calif.), and
anti-CD40 IgG1 MADb (Biosource Europe). As controls, DC were stained with
corresponding isotype-matched MAbs. The DC were fixed with 1% paraformal-
dehyde before being subjected to flow cytometry analysis (FACSCalibur; Becton
Dickinson).
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FIG. 1. T. cruzi-infected human DC. (A and B) DC were incubated with 7.
cruzi trypomastigotes at different parasite-to-cell ratios (0.1:1 to 20:1). After 24 h,
the cultures were washed to remove free parasites and DC were fixed with
methanol and stained with Giemsa stain. The percentages of infected DC (A)
and mean numbers of amastigotes per infected DC (B) were recorded after
microscopy examination of at least 300 cells. Data are from four independent
experiments with four different blood donors. (C) In another set of experiments,
DC were first incubated with 7. cruzi trypomastigotes at a parasite-to-cell ratio of
5:1 for 24 h and then excess parasites were removed by extensive washing.
Cultures of DC were continued for an additional incubation time of 24 or 48 h
before the cells were fixed and stained with Giemsa stain. Mean numbers of
amastigotes per infected DC were recorded after microscopy examination of at
least 300 cells. Data are from three independent experiments with three different
blood donors.



FIG. 2. Light microscopy and TEM of T. cruzi-infected human DC. (A) DC were incubated with T. cruzi trypomastigotes (parasite-to-cell ratio, 20:1) for 24 h, fixed
with methanol, and stained with Giemsa stain. T, trypomastigote; arrows, parasite inside a parasitophorous vacuole; arrowheads, parasite in the cytosol. Bar, 2.5 pm.
(B) DC were incubated with 7. cruzi trypomastigotes (parasite-to-cell ratio, 5:1) for 24 h and treated for TEM. T, trypomastigote; arrow, parasite in the cytosol; N, DC
nucleus. Bar, 1.5 pm.
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TABLE 1. T. cruzi and TCM inhibit the basal production
of IL-12 (p40) and TNF-o*

Cytokine level (pg/ml)®

Inhibitor
IL-8 IL-12 (p40) TNF-a

None (medium alone) 3,150 £ 1,433 244 =58 383 £ 156
T. cruzi

51 2,518 = 864 80 = 33* 129 + 25

10/1 3,171 = 1,350 79 * 33* 105 = 31

20/1 3,938 = 2,233 69 = 22* 194 + 97*
TCM

12.5% 1,987 + 1,355 100 = 32 120 = 55*

25% 3,692 = 2,395 96 = 50* 124 + 55*

50% 3,159 = 2,450 72 = 33* 27 = 24*

“DC (5 X 10°) were incubated with or without live 7. cruzi trypomastigotes at
different parasite-to-cell ratios or TCM at different concentrations. After 24 h,
supernatants were collected to determine the cytokine production by ELISA.

b Data represent the mean * standard error of the mean of five independent
experiments performed with five different donors. *, P < 0.03 by nonparametric
Wilcoxon’s paired one-tailed test, compared to cytokine levels in the absence of
live T. cruzi trypomastigotes or TCM.

Analysis of cell viability. Double staining for annexin V-FITC and propidium
iodide (PT) was performed for analysis of cell viability, as described elsewhere
(5). An annexin V kit (Bender Medsystems, Vienna, Austria) was used. Briefly,
DC (10°) were washed with PBS and resuspended in 200 ul of annexin V binding
buffer (10 mM HEPES-NaOH [pH 7.4], 140 mM NaCl, 2.5 mM CaCl,) contain-
ing 5 wl of annexin V-FITC. After 10 min of incubation at 0°C, the cells were
washed before the addition of 1 pg of PI per ml and analyzed by flow cytometry.

TEM. T. cruzi-infected DC were pelleted and fixed in 2.5% glutaraldehyde for
1 h, washed twice in PBS and then fixed in 0.1 M sodium cacodylate buffer (pH
7.4) for 24 h, and postfixed in a 4% aqueous solution of osmium tetroxide for 1 h.
The DC were then dehydrated in a graded series of ethanol and embedded in
Epon 812. Thin sections were stained with uranyl acetate and lead citrate for
examination by transmission electron microscopy (TEM).

Statistical analysis. Data were compared by using the nonparametric Wilcox-
on’s paired one-tailed test.

RESULTS

T. cruzi infects human DC. In a first set of experiments, we
investigated whether 7. cruzi infects human DC. For this pur-
pose, we evaluated by light microscopy the infection rate of
human DC cocultured with 7. cruzi trypomastigotes for 24 h.
The percentage of infected cells increased with increasing par-
asite-to-cell ratios (Fig. 1A) as well as the mean number of
amastigotes per infected DC (Fig. 1B). To assess the intracel-
lular multiplication of amastigotes, DC were infected with 7.
cruzi trypomastigotes (parasite-to-cell ratio, 5:1) for 24 h and
then excess parasites were removed by extensive washing. Cul-
tures of DC were incubated for an additional 24 or 48 h, fixed,
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TABLE 2. DC viability is not affected by TCM*

% of cells labeled” by:

TCM concn -
(%) Annexin V \’}‘;‘;ZX‘},‘} PI
0 (control) 4x2 7x2 17%5
12.5 3+1 8§+1 23+5
25 3+1 102 236
50 3+1 11+3 22+3
75 3+1 9+2 22 +4

“ DC were incubated for 24 h in medium alone (control) or in the presence of
TCM at different concentrations. They were then washed and incubated with
annexin V-FITC followed by PI, and staining was analyzed by flow cytometry.
Annexin V staining corresponds to early apoptosis, Annexin V PI staining cor-
responds to late apoptosis, and PI staining alone corresponds to necrotic cells.

b Data represent the percentage of positive cells (mean * standard error of the
mean) in each quadrant of dot plot analysis in four independent experiments
with four different blood donors.

and stained with Giemsa stain. The mean number of amasti-
gotes per cell increased five- to eightfold between 24 and 72 h
of culture (Fig. 1C).

The intracellular location of the parasites was determined by
using both light microscopy and TEM. At the beginning of the
infection, parasites were seen in the parasitophorous vacuole
(Fig. 2A), from which they escaped into the cytosol (Fig. 2B).
We also observed that DC viability was over 95%, as assessed
by the trypan blue test, and was not affected by 7. cruzi infec-
tion (data not shown).

Taken together, these data indicated that 7. cruzi trypomas-
tigotes invade, survive, and multiply in the DC.

Effects of T. cruzi infection and TCM medium on cytokine
production and surface molecule expression by immature hu-
man DC. We next investigated whether 7. cruzi would affect
the production of cytokines by human DC. IL-12 (p40) and
TNF-a secretion by DC was significantly decreased after in-
fection with trypomastigotes at almost all parasite-to-cell ratios
(5:1, 10:1, and 20:1) tested. In contrast, IL-8 production was
not modified (Table 1). IL-6 and IL-10 levels were below the
detection limits of the assays in the presence and absence of
trypomastigotes (data not shown). To establish whether this
inhibitory effect required DC infection, we used a culture sys-
tem in which DC and trypomastigotes were separated by the
presence of a cell-impermeable filter. Inhibition of IL-12 (p40)
and TNF-« synthesis was also observed under these conditions,
indicating the production of filterable inhibitory soluble factors
by T. cruzi (Fig. 3).

To assess whether this production of inhibitory factors was
spontaneous or was induced by the presence of DC or DC
products, we used TCM prepared as described by Kierszen-

IL-8 (pg/ml)

FIG. 3. Filterable soluble factors released by 7. cruzi inhibit the basal production of IL-12 (p40) and TNF-a. DC were cultured in the bottom of wells and separated
by a cell-impermeable filter from trypomastigotes placed in a transwell. The parasite-to-cell ratios were 5:1 and 10:1. After 24 h, supernatants were collected to
determine the cytokine production by ELISA. Results of one representative experiment of three are shown.
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TABLE 3. TCM inhibits LPS-induced HLA-DR and
CD40 up-regulation®

Surface molecule expression (MFI)?

Condition(s)
HLA-DR CD40 CD54 CD80 CD86
Medium 216 =3 55+4 84 +31 215 33x16
Medium + TCM 232 = 4] 46 = 4 55*+19 195 3316
LPS 1,006 £419 99 =11 125+35 45%=6 106 *20
LPS + TCM 680 £ 244* 72 +x9* 114*+26 35*x4 72+x4

“ DC were stimulated with LPS (10 ng/ml) in the presence or absence of TCM
(75%). After 2 h, the DC were harvested and washed, and the expression of
surface molecules was determined by flow cytometry analysis. As a control, DC
were incubated in medium alone in the presence or the absence of TCM (75%).

b Results are expressed as median fluorescence intensity (MFI) and represent
the mean * standard error of the mean of six independent experiments with six
different donors. Cell labeling with control MADb was not affected by TCM (data
not shown). *, P = 0.01 by nonparametric Wilcoxon’s paired one-tailed test,
compared to MFI in the absence of TCM.
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FIG. 4. T. cruzi infection and TCM inhibit LPS-induced cytokine release
from DC. A total of 5 X 10° DC were incubated with LPS (10 ng/ml) with or
without trypomastigotes or TCM for 24 h, and cytokine levels were measured in
culture supernatants. (A) Levels of cytokines produced in the absence (NI) or
presence of trypomastigotes at different parasite-to-cell ratios. (B) Levels of
cytokines produced in the absence (NI) or presence of TCM at different graded
concentrations. Data represent the mean and standard error of the mean of five
independent experiments performed with five different blood donors. *, P < 0.03
by nonparametric Wilcoxon’s paired one-tailed test, compared to cytokine levels
in the absence of T. cruzi trypomastigotes or TCM.
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FIG. 5. T. cruzi infection and TCM inhibit LPS-induced IL-12 (p70) release
from DC. DC were stimulated with LPS (10 ng/ml) in the presence of trypomas-
tigotes at different parasite-to-cell ratios (A) or in the presence of increasing
concentrations of TCM (B). After 24 h, supernatants were collected for deter-
mination of IL-12 (p70) levels by ELISA. Results of one representative experi-
ment of two are shown.

baum et al. (27). A comparable dose-dependent impairment of
IL-12 (p40) and TNF-a production was observed when DC
were incubated with increasing concentrations of TCM (12.5,
25, and 50%; Table 1). To exclude a cytotoxic effect of TCM on
DC, the viability of the DC was evaluated by using annexin V
and PI staining. Treatment of DC with TCM at all the con-
centrations used did not alter cell viability as assessed by an-
nexin V and PI staining (Table 2).

Effects of 7. cruzi infection or TCM treatment on the ex-
pression of HLA-DR, CD40, CD54, CD80, and CD86 mole-
cules, which are involved in the APC function of DC, were also
tested. 7. cruzi infection or TCM treatment of DC had no
effect on the basal expression of these molecules (data not
shown and Table 3).

Effects of T. cruzi infection and TCM on DC maturation
induced by LPS stimulation. Since DC maturation is an essen-
tial process during which DC acquire optimal immunostimu-
latory properties, we examined the influence of 7. cruzi infec-
tion on the response of DC to LPS, which has been previously
described to be a major stimulus for cytokine production and
up-regulation of surface molecule expression (8, 43). There-
fore, we performed the same experiments as those described
above in the presence of LPS (10 ng/ml). We first observed that
DC were infected to the same extent in the presence and in the
absence of LPS (data not shown). Furthermore, as shown in
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FIG. 6. T. cruzi infection and TCM inhibit LPS-induced HLA-DR and CD40 up-regulation. DC were incubated with LPS (10 ng/ml) with or without trypomastigotes
(parasite-to-cell ratio, 30:1) (A) or TCM (75%) (B). DC incubated in the presence of medium alone were used as control. After 24 h, DC were harvested and washed,
and the expression of HLA-DR (left) and CDA40 (right) was determined by flow cytometry. Thin lines represent FACS profiles obtained for DC incubated with medium
alone. Thick lines represent FACS profiles obtained for DC incubated with LPS alone. Dotted lines represent FACS profiles obtained for DC incubated with LPS in
the presence of trypomastigotes (A) or TCM (B). The solid histograms represent FACS profiles after staining with the corresponding isotype-matched control MAb.

Results of one representative experiment of six are shown.

Fig. 4, the enhanced secretion of IL-12 (p40), TNF-«, and IL-6
normally induced by LPS was decreased by both 7. cruzi in-
fection and TCM in a dose-dependent manner. A maximal
inhibitory effect was reached at a parasite-to-cell ratio of 30:1
or when TCM was used instead of 75% of the culture medium.
The heterodimeric bioactive p70 form of IL-12 was also inhib-
ited by T. cruzi infection and TCM (Fig. 5). The stimulation of
IL-8 and IL-10 production was not modified (data not shown).
Finally, we observed that LPS-induced HLA-DR and CD40
up-regulation was significantly inhibited by both trypomastig-
otes (parasite-to-cell ratio 30:1) and TCM (75%), while no
effect was found on CD54, CD80, and CD86 (Fig. 6 and Table
3). DC remained CD14 negative in the presence of trypomas-
tigotes or TCM. This inhibitory effect on LPS-induced IL-12
(p40) production as well as costimulatory-molecule expression
(HLA-DR and CD40) was also observed at lower parasite-to-
cell ratios (0.1:1, 0.5:1, 1:1, and 2:1) and lower concentrations
of TCM (3 and 6.25%) (data not shown).

DISCUSSION

In the present report, we demonstrate for the first time that
human DC, the only APC with the ability to initiate a primary
immune response, could be infected by T. cruzi and support its
intracellular multiplication. 7. cruzi is first internalized in a
parasitophorous vacuole, from which it escapes into the cy-
tosol. Our observations on human DC infection are in line with

those obtained in experiments with human and murine mac-
rophages infected by T. cruzi (4).

Interestingly, T. cruzi infection of human monocytes-derived
DC has functional consequences for immature DC and their
maturation induced by LPS. Indeed, no increase in the basal
production of cytokines is induced by this infection, in contrast
to infection by other pathogens, which induce DC maturation
(15, 19, 24, 26, 33, 38, 44). Instead, an inhibition of basal
production of IL-12 and TNF-« is induced after this infection.
The decreased basal production of IL-12 by human DC was
also observed with Leishmania donovani promastigotes, His-
toplasma capsulatum, Mycobacterium kansasii (2), and viruses
(influenza virus, measles virus, and human immunodeficiency
virus) (7, 16, 17). Most interestingly, LPS-induced DC matu-
ration was profoundly impaired by 7. cruzi infection. Indeed,
IL-12, TNF-a, and IL-6 were inhibited in DC activated by LPS
in the presence of 7. cruzi. Studies performed with mouse
models, both in vitro and in vivo, suggested that 7. cruzi is a
potent stimulator of IL-12 and TNF-a synthesis by macro-
phages (3, 10, 31). In contrast, and consistent with our results
on human DC, LPS-induced IL-12 and TNF-a production was
inhibited when human macrophages were infected in vitro with
T. cruzi or treated with a mucin-like protein derived from the
parasite (13).

Furthermore, in addition to their major IL-12 production
upon microbial infection in vivo, the importance of DC in the
initiation of acquired immunity is well established (19, 38).
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Thus, by altering the ability of the DC to secrete IL-12, TNF-a,
and IL-6 (cytokines involved in the control of intracellular
infection [35, 41]), T. cruzi may use a new mechanism to evade
the immune response.

The activity of 7. cruzi on DC could be also mediated
through transwells, suggesting the production of filterable in-
hibitory soluble factors by the parasite. Indeed, supernatants
derived from suspensions of 7. cruzi or TCM have the same
inhibitory effect on cytokine release. These results indicate that
a close contact between DC and 7. cruzi, leading to infection,
is not a prerequisite for inhibition of cytokine synthesis. Para-
site-derived molecules released into the culture medium seem
to be responsible for this inhibition. Moreover, the presence of
DC is not required for the spontaneous release of the inhibi-
tory active principle of TCM by the parasite. Preliminary data
suggest that the biological activity of TCM on monocyte-de-
rived human DC could be attributed at least to a small
(<3,000-Da), heat-stable molecule(s) (data not shown). The
effect of TCM on cytokine production is related to trypanoso-
mal immunosuppressive factor, which inhibits lymphoprolif-
eration and IL-2 receptor expression on human T lymphocytes
(27). Similarly, in a mouse experimental model, down-regula-
tion of T lymphocyte activation has been demonstrated by
using trypomastigotes and parasite-derived glycoinositol-phos-
pholipid (18, 42). These results are also reminiscent of similar
disturbances observed in 7. cruzi-infected mouse macrophages,
such as impairment of APC function (29, 34). These data and
our own observations suggest that 7. cruzi affects many func-
tions of the host cells, probably by releasing several biologically
active molecules, indicating that the infection by itself is not
necessary.

Besides their ability to produce large amounts of cytokines
while maturing, DC up-regulate their MHC and costimulatory
molecules, leading to an efficient stimulation of naive T cells.
Our results indicate that 7. cruzi infection did not drive any
up-regulation of HLA-DR, costimulatory, or adhesion mole-
cules and that parasite-derived molecules had no effect on the
basal expression of these molecules. In contrast, both 7. cruzi
and TCM prevented an optimal maturation of DC by LPS,
since a reduced expression of HLA-DR and CD40 molecules
was observed. Because of the central roles of HLA-DR mole-
cules and CD40-CD40L pathway in the induction and effector
phase of immune system responses (20), the inhibition of these
surface molecules by 7. cruzi is another strategy to escape
specific immune system surveillance and to persist in the host.

Taken together, these data indicate that by altering the mat-
uration of DC, which is a crucial step in induction of a potent
cellular immune response, 1. cruzi, probably by releasing sol-
uble immunosuppressive factors, may unbalance the immune
response to its benefit. If so, this inhibition might be added to
the long list of escape mechanisms used by 7. cruzi to reduce
the effectiveness of the host immune response and could ex-
plain the persistence of the parasites together with a long-
lasting inflammation process.
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