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Summary

Chagas disease, caused by the infection with Trypanosoma cruz, is endemic in all Latin America.
Due to the increase in population migration, Chagas disease has spread worldwide and is now
considered a health issue not only in endemic countries. While most chronically infected
individuals remain asymptomatic, approximately 30% of the patients develop a potentially deadly
cardiomyopathy. The exact mechanisms that underlie the establishment and maintenance of the
cardiac pathology are not clear. However, there is consistent evidence that immunoregulatory
cytokines are critical for orchestrating the immune response and, thus, influence disease
development or control. While the asymptomatic (indeterminate) form represents a state of
balance between the host and the parasite, the establishment of the cardiac form represents the loss
of this balance. Analysis of data obtained from several studies have led to the hypothesis that the
indeterminate form is associated with an anti-inflammatory cytokine profile, represented by high
expression of IL-10, while cardiac form is associated with a high production of IFN-gamma and
TNF-alpha in relation to 1L-10, leading to an inflammatory profile. Here, we discuss the
immunoregulatory events that might influence disease outcome, as well as the mechanisms that
influence the establishment of these complex immunoregulatory networks.
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Chagas disease: a complex host-parasite interaction drives polar clinical

outcomes
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Chagas disease is a major health problem in Latin America, where it affects over 13 million
people and millions are at risk of infection (1). Infection with Trypanosoma cruz via contact
with contaminated vectors is still the main route of transmission in endemic countries.
However, Chagas disease transmission through blood transfusion and organ transplantation
is a serious problem, especially in non-endemic areas (2). The main issue here is the fact that
Chagas disease screening was not performed in blood banks in non-endemic countries. Since
many donors are asymptomatic and sometimes do not even know that they have the disease,
they would donate blood (or organs) and transmit the infection to the healthy recipients. This
situation became so critical that several countries, such as the United States, now have a
mandatory screening for Chagas disease in blood banks. Two major points arise here: (1) it
is critical that this control is maintained, and (2) doctors from non-endemic countries need to
become aware of the disease — how to deal with it in terms of diagnostics, clinical care and
treatment.

Infection via the oral route has also become very important epidemiologically, as an
alarming number of acute cases due to ingestion of contaminated sugar cane or agai juices
have been reported in the past ten years, especially in Brazil. These cases point to the re-
emergence of Chagas disease in areas where its transmission was considered interrupted due
to successful vector control programs (3). The variety of transmission routes and the
spreading of the disease highlight an important issue: although Chagas disease is still a
socioeconomic problem, its sustainable control requires joint efforts.

Individuals infected with T. cruz undergo a short acute phase, characterized by high
numbers of parasites in the bloodstream and tissues. Specific therapy is successful in about
70% of the individuals diagnosed shortly after infection (4, 5), but often associated with
toxic side effects. If infection is not treated, roughly 5% of individuals die of acute
myocarditis, but most individuals progress to the chronic phase, which is accompanied by
sub-patent levels of parasitemia. Approximately 60—70% of the chronic patients develop the
indeterminate form of Chagas disease and show no clinical symptoms associated with the
infection, which is only identified following specific laboratory tests. Over time, however,
chronically infected patients may develop the symptomatic forms of Chagas disease,
affecting digestive and/or cardiac tissues. The cardiac clinical form is characterized by
conductive and/or contractile disruptions in the heart accompanied by high morbidity and
mortality (6). Chronic Chagas cardiomyopathy (CCC) poses an economic burden of over
$1billion/year due to death or disability, with over 10,000 deaths/year. A critical issue is
why some patients remain asymptomatic while others develop such devastating cardiac
disease?

Several studies have approached the important issue of what are the events that drive the
differential clinical evolution of Chagas disease but, as expected, the answer is
multifactorial. Given the fact that the disease is the result of a complex interaction between a
parasite and its host, it is natural (and necessary) to consider both parasite- and host-related
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factors in order to understand this issue. Parasite variability and its possible influence in the
immune response and disease evolution are discussed in Box 1.

Box 1

Trypanosoma cruzi variability might influence the different clinical
outcomes of Chagas disease

T. cruz reproduces predominantly by binary fission. However it is known that sexual
events have occurred and, thus, shaped the genetic structure of the current T. cruz
population. These events seem to be rare enough to allow for the propagation of clonal
genotypes over time (7). The classification of T. cruz clonal populations has been highly
controversial over the years and numerous authors have attempted to characterize the
structure of the T. cruz population. Analysis of the genetic variability of the T. cruz
population has allowed for its classification into different groups. This genetic variability
also translates into biological differences, as demonstrated by the fact that the different
groups display distinct host preferences, antigenic variability and tissue tropism, amongst
other characteristics (8).

In a satellite meeting held in 1999 during the International Symposium to celebrate the
90t anniversary of the discovery of Chagas disease, T. cruz was classified into two
major groups, named T. cruz | and T. cruz Il (Anonymous 1999) (8). Advances in the
understanding of T. cruz population diversity collected over the years were discussed in
a second satellite meeting, which led to a new consensus in T. cruzi nomenclature
published in 2009 by Zingales and colleagues. The new consensus classifies T. cruz into
six “discrete type units” (DTUs), from Tc I to VI (9). Each DTU groups together a set of
stocks that are genetically more similar to each other than to any other stock, and are
identifiable by common genetic, molecular, or immunological markers (10). Many
experimental parameters were used to perform this classification (11) including; in vitro
growth and infectivity, pathogenicity in mice, transmissibility through triatomine bugs,
and in vitro and in vivo drug sensitivity, as summarized in table 1. However, the fact that
there are still variations amongst individuals belonging to the same DTU indicates the
importance of clearly determining the biological significance of the DTUs (7).

In Brazil, Tc | and Tc Il groups correspond to parasite strains associated with sylvatic and
domestic transmission cycles, respectively (Anonymous 1999). Despite the presence of
Tc I/T cll populations in vectors and reservoirs in Brazil, the majority of chronic patients
carry Tc Il strains (19-21). In an outbreak of acute Chagas disease in the south of Brazil
in the state of Santa Catarina, a mixed pattern of Tc I/Tc Il strains was identified in
patients during the acute phase, while only Tc I1 strains were found after disease
chronification (21). This suggests that Tc | is either eliminated by the host’s immune
system or is hidden somewhere in the host. While evidence supports the first hypothesis,
the second one cannot be completely ruled out. Tcl is prevalent in the northern region of
Brazil, Central and North America (9, 22). Interestingly, parasites belonging to other
DTUs may be found in patients from other Latin American countries. In the northern
portion of South America and in Central America, chronic human infection is often
associated with Tc | (23). However, Tc V was found to be the most common amongst
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patients in Bolivia, Argentina and Paraguay, whereas TcVI is the predominant type in the
Gran Chaco region (24, 25).

Andrade et al., working with in vitro infection of cardiomyocytes from BALB/c and
DBA-2 mice, demonstrated that co-infections with JG (Tcll) and Col1.7G2 clone (Tc I)
progressed with the selection of the JG strain (Tc Il) over time. This selection was due to
higher intracellular multiplication of the JG strain (26). Another study conducted using a
mixture of Tc | and Tc Il strains in murine and human macrophages also showed that Tc
11 strains have a higher proliferative ability, as well as lower doubling time inside
macrophages, as compared to Tc | (27). Such characteristics partially explain the
predominance of Tc Il in humans. However, the fact that Tc | may be found in humans in
other areas such as Bolivia, Chile and Venezuela (17), suggest that distinct genetic
characteristics of the population strains can potentially influence the immune response
and may also be critical for parasite control/persistence.

It is well established that different T. cruz clones display distinct tissue tropism. This
model is known as the “clonal histotropic model” of Chagas disease (28). Differential
tissue tropism was seen in rats co-infected with JG and CL Brener strains (Tc Il and Tc
VI, respectively). At the end of the acute phase, only JG strain occurred in cardiac
muscle, while CL-Brener was only detectable in skeletal muscle and other organs. During
the acute phase, CL-Brener was no longer detected and its disappearance prevented CL-
Brener-induced mortality (29). Moreover, the different tissue tropisms were correlated
with different MHC gene expression in the murine host (30). Studies with Chagas
patients also suggested that some MHC alleles could be associated with clinical forms of
chronic Chagas disease (31, 32). Despite these findings, it is still difficult to establish a
relationship between the genetic diversity of parasite and clinical manifestation of human
Chagas disease. While Vago et al. 2000 clearly demonstrated that parasites with different
genetic profiles can be found in different tissues (esophagus and heart) in the same
patient, D’Avila et al. were not able to establish a correlation between the genetic profiles
of the T. cruz isolates and different clinical forms of Chagas disease (33). Accordingly,
del Puerto et al., analyzing blood samples from 306 chronic Bolivian patients did not find
associations between Tc types and clinical manifestation of Chagas disease (34).

An important question is whether parasites belonging to distinct DTUSs elicit different
immune reactivity in the host, which could be associated with distinct clinical outcomes.
Given that genetic variability can influence protein expression, it is possible that
differential expression of antigenic molecules by parasites belonging to distinct DTUs
influences host immune responses. Burgos and colleagues observed that trans-sialidase
(TS) family genes have different distribution among T. cruzi DTUs (35). In murine
models, TS proteins are recognized by CD8+ T cells (36) and are also capable of
activating CD4+ T cells (37). These results could point to distinct patterns of T cell
responses against the proteins that result from the polymorphisms of TS genes. However,
a systematic study of the response to TS derived from parasites belonging to different
DTUs has not yet been performed.

A study using the experimental model of T. cruz infection demonstrated that infection
with three different strains (all from Tc I1) led to the development of cardiac
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inflammation, associated with high production of IFN-y and TNF-a and low production
of I1L-10 during the acute phase of infection, regardless of the strain used in infection
(38). It is known that the production of inflammatory cytokines is important for the
control of the infection with T. cruzi. Amastigotes from a low virulent Tc | strain failed to
trigger a patent infection in vivo due the high susceptibility to IFN-y (39). Another study
showed that strains from Tc | and Tc Il present similar susceptibility to IFN-y-activated
macrophages in vitro with similar production of nitrite (27). Thus, the genetic diversity of
T. cruz and its relationship with the host’s immunity is an important aspect that should
be clarified in order to provide more information that could aid in the understanding of
how different strains influence the host’s immune response and, thus, pathology
development and/or control. Moreover, considering the possibility of mixed infections, it
is critical to understand the interaction between the different parasite strains. Lastly,
clarifying whether the host can preferentially clear the infection with particular strains, or
if they become undetectable because they “hide,” is an important point, with
consequences for clinical management and treatment.

Host immune responses and the establishment of pathology:

immunoregulatory mechanisms and their influence in clinical outcome

The activation of specific cell populations that will perform effector functions is critical for
the control of the parasite during the acute phase of Chagas disease. Few studies are
available in the literature covering a qualitative analysis of human immune response during
acute infection with T. cruzi. However, it has been shown that antibody production, as well
as activation of innate mechanisms, seem to be important for parasite control during the
acute phase (40). It is noteworthy to mention that parasite control during the acute phase is
highly efficient, given the parasitemia reaches subpatent levels as patients enter the chronic
phase.

Studies in experimental models of T. cruz infection have shown that a robust inflammatory
response is triggered in the acute phase, with production of inflammatory cytokines, such as
IFN-gamma and TNF-alpha, which activate cells to eliminate the parasite (41). This
postulate is supported by the findings that IFN-gamma and TNF-alpha knockout animals are
highly susceptible to T. cruz infection, as are nitric oxide-deficient mice (42). Although
scarce, studies during the acute phase of human Chagas disease have also shown the
production of inflammatory cytokines. This production has been associated with parasite
control. Acute myocarditis is also observed in animals (41) and patients (43) during the
acute phase, possibly due to this intense inflammatory reaction elicited during the acute
phase. However, this inflammation is transient in the great majority of patients, and a likely
side effect resulting from the effective response to control the parasitemia that also depends
on cell activation and effector functions.

The transition from the acute to the chronic phase is accompanied by a decrease in tissue
and blood parasitemia, as well as the control of the inflammatory response observed in the
acute phase. This suggests the presence of immunoregulatory mechanisms in the control of
this inflammatory response. It is well established that anti-inflammatory cytokines play a
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key role in controlling inflammatory cytokine production. Amongst the most potent anti-
inflammatory cytokines is IL-10, a cytokine produced by immune cells such as monocytes
and T cells. Whereas data concerning 1L-10 production during the acute phase of human
Chagas disease is lacking, it is known that chronic patients produce 1L-10 (44). In fact,
IL-10 is detected in patients from the early stages of the chronic phase through the late
phases (45, 46). Thus, it is possible that the control of the intense inflammatory reaction
observed in the acute phase is due to IL-10 production. Interestingly, this control seems to
be a well balanced since the production of IL-10 does not immunosuppress the cellular
response enough to allow for increased levels of parasites, but it seems to be sufficient to
control the establishment of inflammation during the chronic phase, at least in indeterminate
patients. Even in patients who develop CCC, disease evolution may take many years,
suggesting that some level of immunoregulatory control is present. Analyzing a collection of
data published by us, as well as other groups, we hypothesize that while the indeterminate
form of Chagas disease is associated with the predominance of an anti-inflammatory
environment, the cardiac form is associated with the predominance of an inflammatory
profile. Thus, by as of yet undiscovered mechanisms, the evolution to the cardiac clinical
form is related to the loss of ability to control the inflammatory immune response, leading to
tissue destruction. Host genetic susceptibility seems to play an important role in this process
but other unknown mechanisms, such as epigenetic and post-translational events might also
be important. Figure 1 summarizes the data that support our hypothesis, which are presented
in more detail in the following sections.

Indeterminate clinical form: role of IL-10 and IL-17 in maintaining the host/parasite balance

In most patients that proceed to the chronic phase (untreated patients or treated and not
cured), the disease is silent. Despite positive serology, exuberant antibody production and a
vigorous T cell response to parasite and host antigens (47), such patients, named
indeterminate, do not present clinical disease. These patients represent an “ideal” balance
between the host and the parasite, given they carry the parasite for years and do not develop
disease. Studies concerning immunoregulatory mechanisms in indeterminate patients have
shown that, while these patients produce inflammatory cytokines such as TNF-alpha and
IFN-gamma (likely important for keeping the parasite in check), they also produce anti-
inflammatory cytokines, especially 1L-10. In fact, a higher frequency of regulatory T cells
(48, 49), monocytes and lymphocytes-producing IL-10 (44) can be found in indeterminate,
as compared to cardiac patients. More importantly, the balance between inflammatory/anti-
inflammatory cytokines is shifted towards the anti-inflammatory arm of the response in
indeterminate patients (44). Recent studies have shown that IL-17 plays a protective role in
human Chagas disease, as well as in experimental infection models of T. cruz infection (50,
51). It has been shown that infection with T. cruz in murine models lead to the production
of IL-17 by CD4+ T cells, CD8+ T cells, NKT and v8T cells (51). In an attempt to study the
role of IL-17 in protection, a series of experiments were performed using IL-17A knock out
mice, as well as anti-IL-17 treatment. Results showed that while increased IL-17 expression
was associated with susceptibility to T. cruz infection in a murine model using bradykinin
receptor 2—/— mice (52), other studies have shown that mice treated with anti-IL-17 and
IL-17-/- mice exhibited earlier mortality as compared to controls, and that inhibition of
IL-17 also resulted in greater heart inflammation (51, 53). Studies of IL-17 expression in
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Chagas patients showed that indeterminate patients display a higher frequency of IL-17+ T
cells as compared to cardiac patients (50). Moreover, the use of captopril, an anti-
hypertensive drug commonly used in Chagas patients that has cardioprotective properties,
leads to an increase in IL-17 expression (54), suggesting an association between
cardioprotection and IL-17 expression, as observed in experimental models. These studies
do not address the direct role of IL-17, but they suggest that this cytokine is important in
maintaining the immunoregulatory balance, allowing for parasite control during the chronic
phase. Taken together, these data shape the argument that the modulatory environment
observed in indeterminate patients allows for the maintenance of the asymptomatic state in
these patients. Recent studies have shown that higher production of IL-10 or IL-17 are
correlated with better cardiac function in Chagas patients, emphasizing a protective role for
these cytokines (50, 55, 56). Thus, in order to avoid pathology establishment, it is critical to
understand the mechanisms that control the production of anti-inflammatory cytokines, such
as IL-10. A study by our group has shown an association between the occurrence of a
functional gene polymorphism in the promoter region of the IL10 gene and the cardiac form
of Chagas disease (55). This polymorphism was also related to lower I1L-10 production (57).
Thus, it is possible that genetic susceptibility to be a lower IL-10 producer may predispose
individuals to develop a more intense inflammatory response upon infection with T. cruzi
and, thus, cardiomyopathy. While this association poses an interesting possibility, it is also
noteworthy to mention that not all cardiac patients display the IL-10 “low-producer”
genotype. Thus, other mechanisms of IL-10 expression control, such as epigenetic and post-
translational mechanisms, may play an important role in influencing IL-10 production.

Evolution to cardiac disease: lack of immunological control of TNF-alpha and IFN-gamma
activities leading to heart inflammation, dysfunction and death

In contrast to the immunoregulatory events observed in indeterminate patients, cardiac
individuals display a predominance of inflammatory cytokines in relation to IL-10. A series
of studies have shown that, despite the fact that IL-10 production is also observed in cardiac
patients, cardiac pathology is associated with an inflammatory response, in which TNF-
alpha producing cells are predominant in the damaged tissue (58, 59). Also, T cell clones
derived from lymphocytes isolated from heart tissue from cardiac patients display a
predominant expression of IFN-gamma over other cytokines (60). Not only locally but also
systemically, the production of inflammatory cytokines is evident in cardiac Chagas
patients. Ex vivo analysis of cytokine expression showed that cells from cardiac patients
display higher production of TNF-alpha as well as IFN-gamma (61). Interestingly, IFN-
gamma production has been associated with parasitological cure (62), and a decrease in
IFN-gamma expression was also observed in cardiac patients, in another study (63). The
association between IFN-gamma and treatment emphasizes the need of an activating-
response to potentiate parasitological cure. However, subsequent control of an initial
inflammatory response seems critical to avoid pathology, as discussed above.

While monocytes seem to be the predominant source of TNF-alpha within mononuclear
cells from cardiac Chagas patients (44), CD4+ T cells seem to be the major source of IFN-
gamma in these patients (64). Interestingly, a small subset of lymphocytes, the CD4-CD8-
T cells, are important producers of cytokines, despite their relatively low frequency in the
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peripheral blood of indeterminate and cardiac patients (56). These cells expand upon
exposure to trypomastigote forms of T. cruz in vitro and their cytokine profile expression is
consistent with the immunoregulatory mechanisms taking place in indeterminate versus
cardiac patients; while in the former they express predominantly IL-10, in the latter their
cytokine expression is predominantly of TNF-alpha.

The production of TNF-alpha and IFN-gamma has also been correlated with clinical signs of
cardiac pathology. Individuals with higher TNF-alpha production display worse cardiac
function, as measured by left ventricular ejection fraction, and a worse prognosis of disease
progression (65). Additionally, a study that classified cardiac patients according to the
degree of cardiac damage, showed that the worse the degree of cardiomyopathy, the higher
the production of the inflammatory cytokine IFN-gamma (64). Thus, it is clear that the
immunoregulatory network upon human infection with T. cruz is very different in
indeterminate versus cardiac patients; such profiles also have a clear association with the
lack or presence of inflammation-related pathology in indeterminate or cardiac patients,
respectively, as summarized in Figure 1.

Although the misbalance between inflammatory and anti-inflammatory cytokine expression
is clearly associated with the different clinical outcomes of Chagas disease, it is very
difficult to establish whether it is a cause or a consequence of the disease development.
Longitudinal studies would be necessary to clarify this point. One can hypothesize, based on
the data currently available, that cytokine expression could change during disease
progression and that these changes would modify the microenvironment, which would lead
to pathology. Now: what leads to such changes? Even in individuals with a genetic
predisposition to produce “pathogenic” levels of cytokines, what triggers the misbalanced
production? Why is the time of disease evolution different amongst patients? Recent
evidence has been suggesting that the interaction of the host immune system with the neuro-
endocrine network might play a role in the immunoregulation of Chagas disease. Thus, other
apparently unrelated events may interfere with the cytokine expression and could influence
disease outcome. While still speculative, this intriguing aspect could shine new light on the
understanding of Chagas disease pathology. Below we discuss some pioneering data
addressing this point.

Interactions between the neuroendocrine and immune systems in T. cruzi

infection: possible pathway of immunoregulation

The immune system is regulated by the central nervous system either directly, by way of the
hypothalamic-pituitary-adrenal system (HPA axis) or by the autonomic nervous system (66).
Interactions between immune and neuroendocrine systems are largely due to the anatomical
connections and sharing of common mediators and cellular receptors. Communication
between these various systems appears to be multidirectional with specific hormones,
neuropeptides, cytokines and growth factors serving as mediators. Immune cells, in their
resting state, or upon activation, express cell surface receptors for these hormones and
peptides permitting responses to ligands. Similarly, cells within the neurvous and endocrine
systems can express receptors to various immune-derived cytokines, chemokines and growth
factors. During states of physical or psychological stress, these various systems release
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mediators to facilitate crosstalk with eachother, controlling cytokine production and general
immune activation. Controlled interactions between these systems are believed to be critical
for the maintenance of a homeostatic balance within the body and alterations in these
systems in response to disease, stress, injury and/or metabolic alterations can lead to
significant changes in immune responsiveness and susceptibility to infections and
autoimmune disease states (67).

The hypothalamus—pituitary—adrenal (HPA) axis plays a key role in stress responses.
Corticotropin-releasing factor (CRH), adrenocorticotropin (ACTH) and glucocorticoids,
through activation of the stress response, modulation of pro-inflammatory cytokine
secretion, and regulation of peripheral immune response, mediate the control of
neuroendocrine—immune interactions (68). Thus, the HPA axis function can be considered
as a target in experimental and human Chagas disease. Figure 2 shows a proposed model of
the interaction between the HPA-axis, SNC and immune system, as well as the influence of
neuropeptides, particularly VIP and substance P, in the development of the different clinical
forms of Chagas disease. The data that supports this model is discussed in the following
paragraphs. Corréa-de-Santana and co-workers (69), investigating the HPA axis in mice
acutely infected by T. cruz, observed that parasites can be found in the adrenal gland,
whereas a T. cruz specific polymerase chain reaction (PCR) gene amplification product was
found in both adrenal and pituitary glands of infected mice. Moreover, a decrease in CRH
and an increase in corticosterone content were detected in the hypothalamus and serum of
infected animals, respectively. In contrast, significant changes in the levels of ACTH were
not found in sera of infected animals. These findings suggest an imbalance in the circuitry of
the HPA axis during the course of infection. Interestingly, it is known that IL-6 is able to
directly stimulate both glucocorticoid and ACTH release. In T. cruzi—infected mice, the
apparent ACTH-independent increase of glucocorticoid secretion at the adrenal cortex is
likely due to an enhancement of circulating IL-1 and/or IL-6 (69). Another study evaluated a
possible up-regulation of the cellular immune response triggered by prolactin (PRL), one of
several hormones involved in immunoregulation, in rats infected by T. cruz (70). The data
demonstrated that PRL induces the proliferation of T lymphocytes, coupled with an
activation of macrophages and the production of nitric oxide (NO), leading to a reduction in
the number of blood trypomastigotes during the peak of parasitemia. This work suggests that
PRL might be an alternative hormone able to up-regulate the host’s immune system,
consequently lowering the pathological effects of T. cruz infection (70). Interestingly,
chagasic patients showed no alterations in PRL levels (71).

In order to investigate the correlation between potential immunoneuroendocrine
abnormalities and the diverse clinical manifestations in Chagas disease, Perez and co-
workers (71) studied the features of parallel immunoneuroendocrine responses in patients
with different degrees of chronic Chagas myocarditis (indeterminate, mild/moderate or
severe cardiopathy). Corroborating with previous studies, they found a systemic
inflammatory scenario in patients with severe myocarditis characterized by higher serum
levels of TNF-q, IL-6, IL-17, CCL-2, IFN-y and NO when compared to values found in
healthy subjects. This was paralleled by a decreased concentration of
dehydroepiandrosterone-sulfate (DHEA-s) and an unbalanced cortisol/DHEA-s ratio. Given
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that DHEA-s is an adrenal androgen implicated in immunomodulatory mechanisms, the data
suggest a lack of satisfactory anti-inflammatory control that might contribute to pathology
evolution (71). The determination of the role of such neuroendocrine changes in the
pathophysiology of human Chagas disease is still open to investigation, considering the
scarcity of clinical studies and the absence of strong evidence of hormonal involvement in
chagasic cardiopathy.

Neuropeptides are mediators of the immune and neuroendocrine systems and their
participation in Chagas disease development, especially in digestive tract, has been
investigated in experimental infection by T. cruz and in chronically infected patients.
Digestive Chagas’ disease is frequently characterized by massive myenteric neuronal loss
resulting in megacolon with severely and irreversibly disturbed motility. The distribution of
substance P, a neuropeptide with pro-inflammatory activities and vasoactive intestinal
peptide (VIP), a neuropeptide with modulatory activities, were investigated in myenteric
plexus of mice infected with T. cruz. There was less intense staining of VIP- and substance
P-positive nerve fibers in the infected mice than in the controls. The decrease of substance P
and VIP could be the result of denervation of the myenteric plexus observed in those mice,
and could be related to the disturbances in intestinal motility observed in the chronic phase
of Chagas disease (72). Nascimento and co-workers studied the expression of substance P
and VIP in megaesophagus of chagasic individuals, which are known to activate or inhibit
local immune cells, respectively (73). Morphometric analyses revealed increased substance
P- and decreased VIP-reactive areas in esophageal sections from patients with
megaesophagus. Furthermore, in the group of Chagas patients without megaesophagus, the
loss of VIP positively correlated with the denervation process. The data suggest that an
imbalance between VIP and substance P production results in the reestablishment and
maintenance of the inflammatory process, leading to denervation and, consequently,
promoting the development of megaesophagus (73). Since in the chronic phase of Chagas
disease, the destruction of enteric nervous system (ENS) components leads to megacolon
development, a study was performed to verify the regeneration rate of ENS components
expressing several neuropeptides (cChat, Substance P, NPY, VIP and NOS) (74). The
results demonstrated that the levels of cChat, Substance P, and NPY after regeneration were
similar in Chagas patients and non-infected individuals. However, levels of VIP and NOS
neuropeptides were increased in Chagas patients when compared with non-infected
individuals. It is possible that the increase in the regeneration occurs due to an enhanced
destruction of selective neuronal types, since previous studies pointed to selective
destruction of VIP and NOS neurons in Chagas patients (75). Silveira and coworkers (76)
demonstrated that neurons from myenteric and submucosal plexuses from the dilated
portions of the colon from chagasic patients with megacolon presented high levels of
Substance P and low levels of NK1 receptor when compared with non-dilated portions of
the colon from the same patients, and with non-infected individuals. It is well known that
Substance P participates in acute and chronic intestinal inflammation via binding to NK1
receptors inducing secretion of pro-inflammatory cytokines. On the other hand, the
expression of pro-inflammatory cytokines inhibits the expression of NK1 receptor, which is
a shared element used by both the enteric nervous system and immune system cells to
restrict the magnitude of inflammation in the colon (76). Jabari and coworkers (77) have
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found a decrease in submucosal neuron number and a decrease in mucosal nerve fiber
density in chagasic/megacolonic segments. Partial selective survival of special nerve
elements was also observed. In the submucosa/mucosa, neurons and nerve fibers staining
positive for calretinin (CALR) survive better than those that stain for somatostatin (SOM).
VIP is widely co-localized with CALR in both submucosal neurons and mucosal nerve
fibers. The same group (78), focusing on the balance of intramuscular excitatory (positive
for choline acetyltransferase [ChAT]) and inhibitory (positive for neuronal nitric oxide
synthase [NOS], as well as vasoactive intestinal peptide [VIP]) nerve fibers, observed that
the intramuscular nerve fiber density was significantly reduced in megacolon segments from
chagasic patients. Interestingly, in the myenteric plexus, neurons co-staining for NOS and
VIP showed a significant increase. Thus, in chronic Chagas’ disease, VIP might have both
neuro-protective functions. The peptide could protect CALR/VIP-neurons and NOS/VIP-
neurons from cell death and thereby allow patients to survive for decades through its
protective role on the intestinal mucosa, despite the presence of irreversibly disturbed
colonic motility (77, 78).

Our group has studied the expression of VIP in Chagas patients with the cardiac form of the
disease. In these studies, we have found that VIP expression is lower in patients with worse
cardiac function (79). We believe that a decrease of neuropeptides with anti-inflammatory
activities might contribute to the exacerbation of the immune response and, indirectly,
participate in tissue lesions observed in Chagas disease. However, further research relating
neuroendocrine-immune system interactions and its influence in Chagas disease outcome is
necessary to elucidate the role of these systems in disease development.

Concluding remarks

There is compelling evidence that immunoregulatory mechanisms are associated with the
different clinical forms of Chagas disease. However, the mechanisms that control the
establishment of immunoregulatory networks are not completely understood. Genetic and
epigenetic events, as well as control of cytokine secretion and signal transduction via
cytokine receptors are important issues that remain to be investigated in the context of
Chagas disease. However, these mentioned events only deal with the direct response to
cytokines. As pointed out in this review, other issues may also influence cytokine responses,
such as the neuro-immuno-endocrine interactions. Little is known about this area and further
studies will certainly strengthen our knowledge. While Chagas disease is an old disease, the
issues that surround its associated pathology are contemporary and, given the fact that the
disease is far from being controlled — in fact, we would say the opposite — understanding the
immunoregulatory dynamics will form the basis for proposing alternative immune-based
therapies and/or adjuvants, as well as prophylactic methods.
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Figure 1.

Cytokines play a key role in the orchestration of the immune response: the yin/yang of
immunoregulation. This figure depicts the involvement of cytokines, produced by specific
cell populations, in the development of Chagas disease. Upon infection, it is important to
produce inflammatory cytokines such as IFN-gamma and TNF-alpha, which will activate
macrophages to kill the intracellular parasites. However, these cytokines favor the
establishment of an inflammatory environment that, if not controlled, may lead to tissue
destruction and, thus, the establishment of the cardiac clinical form. On the other hand, if the
initial inflammatory environment is controlled by the expression of anti-inflammatory
cytokines such as IL-10, this may lead to a balanced response, and the maintenance of the
indeterminate clinical form. Several studies have shown that TNF-alpha and IL-10 are
mainly produced by monocytes/macrophages, although CD4+ and CD4-CD8-T cells also
express these cytokines. IFN-gamma and IL-17 are mainly produced by CD4+ T cells, but
CD8+ and CD4-CD8- T cells also express significant percentages of these cytokines.
While patients with both clinical forms express inflammatory and anti-inflammatory
cytokines, the predominance of an inflammatory environment is observed in cardiac
patients, whereas an anti-inflammatory environment is predominantly observed in
indeterminate patients.
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Figure2.

The crosstalk between the HPA-axis, nervous and immune systems. Neuroendocrine
hormones, neuropeptides and cytokines produced by immune and neuroendocrine cells are
recognized by common receptors expressed in both systems. The released neuroendocrine
mediators act on immune cells influencing their function. In turn, molecules produced and
released by immune cells, such as cytokines and neuropeptides, affect the response of
neuroendocrine system. VIP and substance P influence the expression of immunoregulatory
cytokines. While an increase in VIP and decrease in substance P lead to a modulatory
cytokine environment, decrease in VIP and increase in substance P lead to an inflammatory
cytokine environment, which are associated with the different clinical forms of Chagas

disease.
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