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ABSTRACT

Introduction: The innate immune response is the first mechanism of protection against 
Trypanosoma cruzi, and the interaction of inflammatory cells with parasite molecules may activate 
this response and modulate the adaptive immune system. This study aimed to analyze the levels 
of cytokines and chemokines synthesized by the whole blood cells (WBC) and peripheral blood 
mononuclear cells (PBMC) of individuals seronegative for Chagas disease after interaction with 
live T. cruzi trypomastigotes. Methods: IL-12, IL-10, TNF-α, TGF-β, CCL-5, CCL-2, CCL-3, 
and CXCL-9 were measured by ELISA. Nitrite was determined by the Griess method. Results: 
IL-10 was produced at high levels by WBC compared with PBMC, even after incubation with 
live trypomastigotes. Production of TNF-α by both PBMC and WBC was significantly higher 
after stimulation with trypomastigotes. Only PBMC produced significantly higher levels of IL-
12 after parasite stimulation. Stimulation of cultures with trypomastigotes induced an increase 
of CXCL-9 levels produced by WBC. Nitrite levels produced by PBMC increased after the 
addition of parasites to the culture. Conclusions: Surface molecules of T. cruzi may induce the 
production of cytokines and chemokines by cells of the innate immune system through the 
activation of specific receptors not evaluated in this experiment. The ability to induce IL-12 and 
TNF-α contributes to shift the adaptive response towards a Th1 profile.
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RESUMO

Introdução: A resposta imune inata é o primeiro mecanismo de proteção contra o Trypanosoma 
cruzi e a interação de células inflamatórias com moléculas do parasita pode ativar esta resposta 
e modular a resposta adaptativa. O objetivo deste trabalho foi analisar os níveis de citocinas 
e quimiocinas sintetizados por células do sangue total (WBC) e células mononucleares do 
sangue periférico (PBMC) de voluntários soronegativos para doença de Chagas depois da 
interação com Trypanosoma cruzi. Métodos: IL-12, IL-10, TNF-α, TGF-β, CCL5, CCL2, 
CCL3, CXC-9 foram avaliados por ELISA. Níveis de nitrito foram determinados pelo método 
de Griess. Resultados: Foram produzidos altos níveis de IL-10 por WBC quando comparado 
aos sintetizados por PBMC, inclusive após incubação com tripomastigotas. A produção de 
TNF-α foi significativamente maior nas culturas de PBMC e WBC após estímulo com o 
parasita. O aumento significativo dos níveis de IL-12 foi observado apenas em PBMC depois 
do estímulo com tripomastigotas. A adição de tripomastigotas nas culturas induziu aumento 
dos níveis de CXCL9 produzidos por WBC. Os níveis de nitrito produzidos pelos PBMCs 
de todos os voluntários após a adição de parasito nas culturas aumentaram. Conclusões: 
Moléculas de superfície do parasito podem induzir a produção de citocinas e quimiocinas pelas 
células da resposta imune inata através da ativação dos receptores específicos não avaliados 
neste experimento. A habilidade de induzir IL-12 e TNF-α contribui para direcionar uma 
resposta imune adaptativa de perfil Th1.

Palavras-chaves: Trypanosoma cruzi. Imunidade inata. Citocinas. Quimiocinas.

Trypanosoma cruzi is an intracellular parasite 
and the causative agent of Chagas disease, an illness 
that affects about eight million people in Central and 
South America, with 75 million living in risk areas. 
The global incidence of the disease is 300,000 new 
cases per year1,2.

Resistance to the parasite observed in humans 
and in experimental models is due at least in part to 
the cellular immune response, which is responsible 
for the production of cytokines, chemokines, and 
oxygen and nitrogen intermediates3,4. In vitro, 
peripheral blood mononuclear cells (PBMC) can 
eliminate the parasite after phagocytosis5. Studies 
have demonstrated an increase in the number of 
PBMC in rats infected with T. cruzi. During the acute 
phase of infection, the presence of the parasite induces 
a rapid increase in the production, maturation, and 
activation of monocytes/macrophages in an attempt 
to control its replication6. In vivo, these cells secrete 
hydrogen peroxide and nitric oxide (NO) when in 
contact with the parasite7,8.

The interaction of T. cruzi with macrophages and 
other cells involved in the innate immune response is 
mediated by pathogen-specific pattern-recognition 
receptors such as Toll-like receptors (TLRs). These 
receptors are activated by molecules present on the 
surface of the pathogen and induce the synthesis 
of various proinflammatory cytokines such as 
interleukin 6 (IL-6), tumor necrosis factor alpha 
(TNF-α), and IL-12. In addition, these receptors 
activate inducible nitric oxide synthase (iNOS)9-11. 
In this respect, TLR2 plays an important role in the 
regulation of the initial proinflammatory response 
during infection12. In addition to these cytokines, 
macrophages and other cells of the innate immune 
system synthesize immunomodulatory chemokines 
such as CCL5, CXCL9, CCL2, and CCL3, among 
others. The result of this interaction is crucial for the 
evolution of infection, permitting the elimination 
of the microorganism at an early stage or guiding 
an adaptive immune response. The immunological 
mechanisms relevant for both resistance to and 
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pathogenesis of Chagas disease are numerous but are still not 
completely understood, especially in humans. These mechanisms 
are considered to be important for the control of T. cruzi infection 
and involve many cell types and mediators of the host’s innate and 
adaptive immune system13,14.

In view of the marked importance of the interaction between 
T. cruzi and the host cell, the objective of the present study was to 
analyze the levels of cytokines and chemokines produced by cells of 
the innate immune system of seronegative subjects after the addition 
of trypomastigote forms of T. cruzi strain Y to the culture. The innate 
immune response of the host to parasite antigens was evaluated by 
investigating the synthesis of cytokines (TGF-β, IL-10, IL-12, and 
TNF-α) and chemokines (CCL5, CXCL9, CCL2, and CCL3), as 
well as the production of NO.

Parasites

Trypomastigotes of Trypanosoma cruzi strain Y maintained in 
kidney epithelial cells of the African monkey Cercopithecus aethiops 
(VERO CCl-81) were studied. The cultures were maintained in 
RPMI 1640 medium (Sigma, USA) supplemented with 40mg/ml 
garamycin (Schering-Plough, Brazil) and 5% fetal bovine serum 
(Gibco BRL, USA). The medium was changed daily to obtain 
the maximum number of trypomastigote forms and to eliminate 
amastigotes in the supernatant.

Subjects

Sixteen healthy volunteers ranging in age from 18 to 40 years, with 
negative serology for Chagas disease, were invited to participate in 
this study. After the volunteers had signed an informed consent form, 
venous blood (20ml) was collected from normal noninfected blood 
donors. Negative serology was confirmed by hemagglutination and 
enzyme-linked immunosorbent assay (ELISA). Cells were collect 
from 20ml heparinized blood. The blood samples were centrifuged at 
400×g on a Ficoll-Hypaque gradient (Pharmacia, Sweden) for 20min 
at room temperature for the separation of mononuclear cells. For the 
analysis of whole blood cells (without separation of mononuclear 
cells), samples were centrifuged three times at 300×g for 15min at 
4ºC and then resuspended in Dulbecco's Modified Eagle Medium 
supplemented with 5% fetal bovine serum, gentamicin, and 2-beta 
mercaptoethanol at a concentration of 2 x 106 cells/ml. The cells were 
cultured in a volume of 1,000µl in 24-well plates and incubated for 
24h in the presence (5 parasites/1 host cell) or absence of live T. cruzi 
trypomastigote forms. The plates were incubated in an incubator at 
37ºC in an atmosphere enriched with 5% CO2. After fractionation, 
PBMC were washed three times by centrifugation and cultured under 
the same conditions as described above. 

Nitrite measurement

The Griess method was used for the measurement of nitrite15. 
First, nitrate was reduced to nitrite in buffer containing 1 unit/
ml nitrate reductase. Next, Griess reagents were prepared by 
mixing 1% sulfanilamide (Sigma) and 1% naphthalenediamine 
(Sigma) at a proportion of 1:1 in 2.5% phosphoric acid (Merck, 
Brazil). For the reaction, 50µl of each dilution of the curve and 
the supernatant were added to microplate wells and the reaction 
was read at 540nm.

Determination of cytokines and chemokines

Cytokines (IL-12, IL-10, TNF-α, and TGF-β) and chemokines 
(CCL5, CCL2, CCL3, and CXCL9) were determined by ELISA 
using commercially available monoclonal antibody pairs (BD 
optEIA). The detection limit of the methods ranged from 2pg/ml 
to 20pg/ml. High-affinity plates were sensitized with the capture 
antibody in carbonate buffer and incubated overnight at 4°C. After 
washing with phosphate buffered saline (PBS) containing 0.05% 
Tween 20 (Sigma), the plates were blocked with PBS containing 2% 
bovine serum albumin (BSA) for 4h. Next, the supernatants diluted 
1:2 in PBS-BSA were applied concomitantly with recombinant 
cytokine or chemokine standard (0 to 2,000pg/ml and 0 to 1,000pg/
ml, respectively, or 250pg/ml for IL-12). The plates were incubated 
for 18h at 4oC. Next, the plates were washed with PBS containing 
0.05% Tween 20 and incubated for 2h at room temperature 
with the biotinylated antibodies specific for each cytokine or 
chemokine. The plates were again washed and then incubated with 
peroxidase-conjugated streptavidin for 2h at room temperature. 
Finally, the plates were washed and the reaction was developed with 
orthophenylenediamine  in buffer containing hydroxyurea (Sigma). 
After color development, the reaction was stopped by the addition 
of 20µl 2 M H2SO4 and the plates were read at 450nm. 

Statistical analysis 

The results were analyzed by the Mann-Whitney and Wilcoxon 
tests using the Statview for Windows program (Abacus). A p value 
<0.05 was considered to indicate significant differences.

Ethical considerations

The study protocol was approved by the Ethics Committee of 
Universidade Federal do Triângulo Mineiro (protocol 0905).

Cytokine levels

In the absence of live trypomastigote stimulus, whole blood cells 
produced higher levels of IL-10 than did PBMC. Addition of the 
stimulus to whole blood cell cultures induced a significant production 
of IL-10 by these cells (p=0.015) (Figure 1A). The high levels of 
IL-10 produced by whole blood cells may increase the susceptibility 
of these cells to infection with T. cruzi.

No significant difference in the production of TNF-α was observed 
between PBMC and whole blood cells. However, the addition of 
trypomastigotes to the two cell cultures (PBMC and whole blood 
cells) induced a significant increase in the production of this cytokine  
(p=0.0006 and p=0.0002, respectively) (Figure 1B). TNF-α is 
produced by cells such as monocytes, macrophages, B and T 
lymphocytes, and polymorphonuclear cells after adhesion and 
invasion of the microorganism, and is considered an important trigger 
of the innate immune response.

No differences in the levels of IL-12 produced by PBMC or whole 
blood cells were observed in the absence of the stimulus. However, 
there was a significant increase in IL-12 levels produced by PBMC 
after the addition of trypomastigotes (p=0.021), these cells being 
important producers of this cytokine (Figure 1C). The production of 
IL-12 is fundamental for the development of a Th1 immune response, 
which is associated with the induction of trypanocidal mechanisms. 
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FIGURE 1 - Comparison of the levels of IL-10 (A), TNF-α (B), and IL-12 (C) 
produced by whole blood cells and mononuclear cells of individuals seronegative 
for Chagas disease 24h after infection with trypomastigotes.

PBMC and whole blood cells did not produce significant levels 
of TGF-β in the presence or absence of the parasite in culture (data 
not shown).

Chemokine levels

The presence of the parasite in whole blood cell cultures induced 
the synthesis of high levels of CXCL9 (p=0.0009) (Figure 2). 
Whole blood cells also produced high levels of CCL3 and CCL2  

(Figure 3A and Figure 3B, respectively), as well as CXCL3 and 
CCL5 (data not shown). Analysis of the production of CCL3 per 
subject showed that addition of the parasite to whole blood cell 
cultures induced an increase in the production of this chemokine 
by these cells (p=0.1092) (Figure 3A). A reduction in individual 
levels of CCL2 produced by whole blood cells (p=0.067) and PBMC 
was observed after the addition of trypomastigotes to these cultures 
(Figure 3B and Figure 3C, respectively).

PBMC: peripheral blood mononuclear cell. *p<0.05.
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DISCUSSION

FIGURE 2 - Comparison of the levels of CXCL9 produced by whole blood cells 
and mononuclear cells of individuals seronegative for Chagas disease 24h after 
infection with trypomastigotes.

FIGURE 3 - Comparison of the levels of chemokines and nitric oxide produced by whole blood cells (WBC) and peripheral blood 
mononuclear cells (PBMC) before and after stimulation with trypomastigotes. (A) CCL3, (B) CCL2-PBMC, (C) CCL2-WBC, and 
(D) nitric oxide. 

Nitrite levels

Whole blood cells produced higher levels of nitrite than did 
PBMC in the absence of T. cruzi. Neither mononuclear cells nor 
whole blood cells produced significant levels of nitrite in the presence 
of trypomastigote forms. However, analysis of nitrite levels produced 
by PBMC per subject showed that addition of the parasite to the 
culture reduced nitrite production by these cells (p=0.180) (Figure 
3D). The fact that the supernatant was collected 24h after infection 
may have contributed to the low production of NO.

Infection with T. cruzi can activate multiple pathways of the innate 
and adaptive immune system of the host. During the early stages of 
the disease, contact with T. cruzi trypomastigotes favors the synthesis 
of regulatory and effector molecules of the immune system, such 
as cytokines, chemokines, and nitrite7,16-20. According to Guiñazú 
et al.21, parasite surface antigens (tGPI-mucin surface molecules) 
interact with cells of the innate immune system, mainly macrophages, 

Rezende-Oliveira K et al - Production of cytokine and chemokine after infection with Trypanosoma cruzi

PBMC: peripheral blood mononuclear cell. *p<0.05.

PBMC: peripheral blood mononuclear cell. *p<0.05.
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and thus contribute to the immunoregulatory processes observed 
in Chagas disease4,17,19,22. Moreover, monocytes play an important 
role in the activation of the innate response during the early stages 
of infection by mediating the cross-talk between the innate and the 
adaptive immune responses23.

In the present study, we analyzed the immune response of PBMC 
and leukocytes in the blood of healthy volunteers with negative 
serology for Chagas disease after exposure to live trypomastigote 
forms of T. cruzi strain Y. Supernatants from 24h cultures were used 
to limit the analysis to the early stages of the parasite-host interaction. 
In addition, live trypomastigote forms, which are the parasite forms 
involved in the natural infection of humans, were used. Various 
surface molecules can serve as receptors for parasite antigens, which 
induce the synthesis of different cytokines and chemokines24,25.

The present study demonstrated the capacity of whole blood 
cells and PBMC to produce cytokines, chemokines, and nitrite 
when cultured in the presence of live trypomastigote forms of  
T. cruzi strain Y. The parasite was able to stimulate the synthesis 
of proinflammatory (TNF-α) and anti-inflammatory mediators 
(IL-10 and TGF-β) that are responsible for the modulation of nitrite 
synthesis, with consequent effects on trypanocidal capacity26,27. 
The significant production of IL-12 and TNF-α highlights the 
importance of these two cytokines during the early stages of infection, 
with IL-12 inducing the differentiation of Th1 lymphocytes and 
TNF-α activating iNOS. However, a low production of nitrite by 
these cells was observed, a finding that can be explained by the fact 
that the cultures basically consisted of monocytes, which are poor 
producers of nitrite in short-term culture28. Furthermore, studies 
using experimental models have shown that nitrite levels induced by 
TNF-α alone are not sufficient for an efficient trypanocidal action18.

In the present study, significantly higher IL-10 levels were observed 
in whole blood cultures after the addition of live trypomastigotes. 
IL-10 is known to exert an important anti-inflammatory effect, 
inhibiting the synthesis of nitrite by macrophages and the production 
of IFN-γ by CD4+ T lymphocytes. The effects of this cytokine include 
the inhibition of a protective immune response and escape of the 
parasite, thus contributing to the establishment of infection16,29,30. The 
significant increase in the production of IL-10 by whole blood cells 
after addition of the parasite to the culture suggests that this cytokine 
indeed contributes to parasite escape. The ability of the parasite to 
induce IL-10 production suggests the involvement of this cytokine 
in the early stages of infection.

We also analyzed the production of chemokines, molecules that 
play an important role in the early events of the immune response 
and that may also contribute to the nature of the adaptive immune 
response to be established. Since chemokines play a crucial role in the 
development of the immune response31-33, this study also investigated 
the modulation of these mediator by live trypomastigotes of T. cruzi. 
A significant increase in CXCL9 and CCL3 and a decrease in CCL2 
levels were observed after the addition of live trypomastigotes. The 
presence of both parasite and other immune system mediators, 
including cytokines, might influence the expression of these 
chemokines34,35. In experimental models, infection with T. cruzi 
has been shown to induce the expression of beta chemokines 
such as CCL3 and CCL2, which are direct inducers of iNOS in 
macrophages and are involved in parasite control36. Studies using 
experimental models have shown that CXCL9 is correlated with the 
expression of IFN-γ and TNF-α and is involved in the recruitment of 

inflammatory cells in chagasic myocarditis. Since CXCL9 can induce 
the migration of IFN-γ-producing T lymphocytes through CXCR3 
receptor signaling37,38, the production of this chemokine stimulated 
by the presence of the parasite may contribute to the activation of 
a local immune response that is able to control parasite growth. 
Using an experimental model, Hardison et al.39 demonstrated that 
the chemokines CXCL9 and CCL5 predominate during the acute 
and chronic phases of experimental Chagas disease and that CXCL9, 
together with CXCL10, is responsible for the control of replication 
of T. cruzi. 

The present study suggests that the interaction of cells of the 
innate immune system with live trypomastigote forms of T. cruzi 
triggers the production of a set of mediators involved in immune 
response regulation. The synthesis of cytokines and chemokines 
induced by T. cruzi is decisive for the development of the adaptive 
immune response involved in parasite control and in the formation 
of lesions characteristic of the chronic phase of Chagas disease.
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