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Current status and perspectives of cell therapy in Chagas disease
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One century after its discovery, Chagas disease, caused by the protozoan, Trypanosoma cruzi, remains a major
health problem in Latin America. Mortality and morbidity are mainly due to chronic processes that lead to dysfunc-
tion of the cardiac and digestive systems. About one third of the chronic chagasic individuals have or will develop the
symptomatic forms of the disease, with cardiomyopathy being the most common chronic form. This is a progressively
debilitating disease for which there are no currently available effective treatments other than heart transplantation.
Like in other cardiac diseases, tissue engineering and cell therapy have been investigated in the past few years as
a means of recovering the heart function lost as a consequence of chronic damage caused by the immune-mediated
pathogenic mechanisms elicited in individuals with chronic chagasic cardiomyopathy. Here we review the studies of
cell therapy in animal models and patients with chronic Chagas disease and the perspectives of the recovery of the

heart function lost due to infection with T. cruzi.
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Infection with Trypanosoma cruzi causes American
trypanosomiasis or Chagas disease, which, despite the
efforts of the past 100 years since its discovery, remains
a major health problem in Latin America. In the acute
phase of the infection, parasites are easily found repli-
cating in different tissues and organs (Fig. 1A) as well
as circulating in the blood. During this phase of infec-
tion, anti-7. cruzi adaptive immune responses reduce
and control the parasitism but do not cause its complete
eradication (Soares et al. 2001).

The acute phase is followed by a chronic phase, the
indeterminate form of Chagas disease, in which patients
are usually free of clinical symptoms. Most of the indi-
viduals will remain in this phase throughout the rest of
their lives. However, about 30% of chagasic patients de-
velop a chronic symptomatic form of the disease after a
time period ranging from a few months to decades (Dias
& Coura 1997).

Chronic chagasic cardiomyopathy (CCC) is the most
prevalent form of chronic symptomatic disease and con-
stitutes one of the leading causes of heart failure in sev-
eral Latin American countries. It is characterised by an
intense myocarditis, myocytolysis, neuronal destruction
and replacement of lost cardiac tissue by fibrosis. These
pathological changes may lead to cardiomegaly, apical
aneurism and arrhythmias, consequently causing heart
failure and death (Koberle 1968).

The pathological basis of CCC has been a matter of
intense debate in recent decades (Soares et al. 2001).
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Some authors propose that the pathogenic inflammatory
response is exclusively directed against 7. cruzi antigens
at sites of parasite persistence (Higuchi 1997, Tarleton
2001). However, the lack of correlation between the de-
gree of tissue parasitism and the inflammatory response
has led to a hypothesis that CCC is an autoimmune
disease triggered in some individuals by 7. cruzi infec-
tion (Cunha-Neto & Kalil 1995, Leon & Engman 2001,
Pontes de Carvalho et al. 2002). Nonetheless, it is likely
that these two components are associated (Soares et al.
2001) and T-cell mediated responses against cardiac an-
tigens have been reported upon stimulation with 7. cruzi
(Ribeiro dos Santos et al. 1992, 2001, Leon et al. 2004).

Benznidazole is the main antiparasitic drug avail-
able for the etiological treatment of Chagas disease. This
drug is mainly effective in parasite eradication in the
acute phase of infection but not in the prevalent chronic
stage of the disease (Cangado 2002). Due to its high tox-
icity and low efficacy in parasite eradication, the use of
benznidazole during the chronic phase of infection has
been highly debated. However, the reduction in parasite
burden due to the administration of benznidazole during
the chronic infection was associated with a reduction in
the cardiac alterations in mice with CCC (Garcia et al.
2005). Thus, there is a great need for the development
of new anti-7. cruzi agents that are less toxic and more
effective (Moreira et al. 2009).

Patients with CCC may have some benefits from
drugs such as beta-blockers, ACE inhibitors and diuret-
ics. However, the only effective treatment available for
patients with heart failure due to Chagas disease is heart
transplantation. This procedure is not only difficult in
these patients due to the high costs and scarcity of do-
nated organs but also because the use of immunosup-
pressive drugs after transplantation may reactivate the
latent infection. Thus, millions of chagasic cardiopaths
in Latin American countries will inexorably evolve to
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death without any therapeutic option. Therefore, the de-
velopment of new therapies for patients with CCC is of
great social and economical relevance.

The discovery of stem cells capable of differentiating
into specialised cell types has opened new avenues for
the treatment of degenerative and traumatic disorders,
including heart failure. In the case of Chagas disease,
this therapy is being developed not to kill the infectious
agent, but rather to ameliorate the heart disease caused
by chronic infection with 7. cruzi. Instead of replacing
the heart of chagasic individuals with heart failure, the
repair of the heart with the patient’s own cells became
an attractive option to be investigated. In this review, we
will focus on the new approaches that may lead to the
regeneration of the heart tissue damaged by the patho-
logical processes caused by infection with 7. cruzi.

Stem cells

Stem cells are non-specialised cells that possess two
main characteristics: the ability to self-renew, thereby
maintaining a pool of stem cells, and the potential for
differentiation into specialised cells. There are two main
types of stem cells considered for tissue regeneration,
namely embryonic and adult stem cells. Embryonic stem
cells (ESCs) are derived from the inner cell mass of blas-
tocyst-stage embryos, whereas adult stem cells, such as
mesenchymal stem cells (MSCs), can be isolated from
post-natal tissues, expanded in vitro as adhesion-derived
cells and induced to differentiate into multiple cell types
(Alison & Islam 2009).

During the past decade, adult stem cells have been
isolated from most tissues in the body. The sources com-
monly used for experimental studies are the bone marrow,
adipose tissue, dental pulp, umbilical cord blood and pla-
centa. Studies comparing the properties and the potential
induction of tissue regeneration are still being carried out
and may in the future allow for the selection of the most
appropriate cell type for treating a particular disease.

Stem cells can be classified as totipotent, pluripo-
tent or multipotent. A multipotent cell can give rise to
multiple cell types not restricted to a single germ layer.
A pluripotent cell should be able to give rise to all cell
types that are found in an adult organism. A totipotent
cell is a cell that can produce an entire organism includ-
ing extra-embryonic membranes and placenta. In addi-
tion, the term progenitor cell has also been applied to
tissue-specific stem cell populations, such as cardiac
stem cells (Kajstura et al. 2008).

Tissue-specific (resident) stem cells play a physi-
ological role in tissue renewal and regeneration. In addi-
tion, bone marrow derived circulating stem and precur-
sor cells can migrate into organs such as the liver and
heart, as shown in studies of chimeric mice and patients
(Bayes-Genis et al. 2007, ten Hove et al. 2007). When
chronic injuries cause persistent damage, the repair pro-
moted by endogenous or circulating stem cells is usually
not sufficient to retain the organ’s functionality. Aging
also causes a decline in stem cell populations (Ballard
& Edelberg 2008) and, consequently, the regenerative
capacity of patients more often affected by chronic de-
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generative diseases is decreased with age. Thus, there is
a great need for developing new therapies based on stem
cells and cell factors to directly repair or improve the en-
dogenous repair mechanisms of damaged organs (Taylor
& Zenovich 2008).

Reconstructing the heart

The search for methods to repair the damaged heart
has been the subject of intense investigation. Myoblasts
(Scorsin et al. 2000) and ESCs (Hodgson et al. 1994,
Klug et al. 1996, Laflamme & Murry 2005, Laflamme et
al. 2005, Menard et al. 2005) were tested in animal mod-
els of cardiac lesions caused by ischemia. Although im-
provement of heart function was observed after treatment
with these cell types, their clinical use at the moment is
impaired due to safety and ethical issues. Treatment with
ESCs, besides all the polemics surrounding its clinical
application, caused the development of teratocarcinomas
in animal models (Cao et al. 2006), whereas myoblasts
caused arrhythmias in patients due to the lack of gap
junction establishment between these cells and resident
cardiomyocytes (Reinecke et al. 2000). Thus, the use of
other sources of adult cells that can allow for fast transla-
tion into the clinical setting has been investigated.

The bone marrow became an attractive source of cells
for tissue regeneration after the discovery of pluripotent
stem cells in this tissue (Pittenger et al. 1999), opening
up the possibility of applying their plasticity to gener-
ate new cardiomyocytes (Makino et al. 1999). In addi-
tion, due to previous clinical experience in bone marrow
transplantation and its easy accessibility for collection,
this is a readily available source for autologous therapy.
Orlic et al. (2001) published the first report showing the
potential use of bone marrow-derived cells (BMC) in the
regeneration of damaged myocardium by acute ischemia
in mice. Several reports demonstrating in animal mod-
els of heart diseases the repair of cardiac lesions as well
as functional improvement of heart function were pub-
lished shortly thereafter (Kocher et al. 2001, Wang et al.
2001, Toma et al. 2002, Olivares et al. 2004).

Although interesting results were obtained in animal
models of disease, only a few cardiomyocytes derived
from transplanted stem cells were found, indicating that
their mechanism of action may be due to paracrine ef-
fects. These include the induction of angiogenesis, re-
cruitment of circulating stem cells and activation of resi-
dent cardiac stem cells (Cheng & Yau 2008).

The development of new methodologies in tissue bio-
engineering may allow for the reconstruction of a new
heart using scaffolds of decellularised hearts in which
the extracellular matrix components and vascular bed
are preserved (Ott et al. 2008).

Cell therapy studies in Chagas disease

Cell therapy in animal models - During the acute
infection with 7. cruzi, a massive destruction of cardio-
myocytes occurs. However, when parasitemia is con-
trolled, a remarkable recovery of the heart can be ob-
served. Using bone marrow chimeras, in which the bone
marrow from C57Bl1/6 recipient mice are replaced by
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cells from EGFP transgenic C57Bl/6 mice, we observe
the migration of GFP* BMC (Fig. 1B). In addition, the
appearance of some GFP' cardiomyocytes can be ob-
served (Fig. 1C, D). This indicates that BMC contribute
to the repair of the myocardium after the acute infec-
tion. The presence of inflammation and cell death may
represent signals for the recruitment of circulating stem
cells into the chagasic heart.

Since bone marrow cells naturally migrate to the in-
flamed chagasic heart and contribute to the formation
of new cardiomyocytes, we hypothesised that the trans-
plantation of bone marrow cells ameliorates the myo-
carditis found during the chronic phase of infection. To
investigate the effects of cell transplantation in Chagas
disease we used mice chronically infected with the myo-
tropic Colombian 7. cruzi strain (Federici et al. 1964),
which develop a cardiomyopathy with histopathological
and functional characteristics similar to those observed
in humans (Rocha et al. 2006).

Using BMC obtained from mice transgenic for green
fluorescent protein (GFP), we observed the presence of a
transplanted cells in the hearts of chagasic mice (Soares
et al. 2004, 2007), suggesting that, after systemic injec-
tion of BMC, chemoattractant factors released by the
inflamed heart are able to promote their recruitment. In
addition, a few days after transplantation, we observe
the appearance of GFP* cells co-expressing a-cardiac
myosin, indicating that some of them may transdiffer-
entiate or fuse with resident cardiomyocytes. The pres-
ence of GFP" myofibers with male and female nuclei
in hearts from female recipient mice transplanted with
male GFP* BMC (Fig. 1E, F) favours the hypothesis that
the transplanted cells can fuse with resident cardiomyo-
cytes. However, as in other models of cellular therapy in
heart diseases, only a few cells are found in the hearts
of BMC-treated mice; therefore, a direct contribution
to tissue regeneration do not seem to fully explain the
beneficial effects observed. A growing body of evidence
indicates that most of the effects of stem cell therapy
in cardiac diseases are, in fact, due to paracrine effects
(Dawn etal. 2006, Cheng & Yau 2008), which may act on
resident mature cells and/or tissue-specific stem cells. In
this regard, several groups have described the presence
of resident cardiac stem cells (Perino et al. 2008).

Syngeneic BMCs obtained from normal littermates
transplanted intravenously into chronic chagasic mice
caused a significant decrease in inflammation observed
two months after cell therapy in a dose-dependent fash-
ion (Soares et al. 2004). Similar results were obtained
using BMCs from chronically-infected donors and sug-
gested that autologous BMCs could be used to treat pa-
tients with CCC.

Surprisingly, BMC therapy in the hearts of chronic
chagasic mice produced a significant reduction in fibro-
sis (Soares et al. 2004). A nearly 60% reduction in fibro-
sis was found two months after BMC therapy compared
to saline-treated controls. Reduced fibrosis seems to be
a common effect of BMC therapy, being also observed in
other models of ischemic heart disease (Orlic et al. 2001)
as well as in liver disease (Oliveira et al. 2008). The pro-

duction of metalloproteases by stem cells has been previ-
ously demonstrated (Higashiyama et al. 2007); however,
the specific mechanisms by which these cells directly
and/or indirectly promote the degradation of fibrosis in
Chagas disease remains to be clarified.

Since the decrease in inflammation observed af-
ter cell therapy in the mouse model of Chagas disease
could be due to cell death, we evaluated the number of
apoptotic cells in the hearts of chronic chagasic mice
treated with BMC versus controls by the TUNEL assay.
BMC-treated hearts had an increased number of apop-
totic inflammatory cells compared to untreated chagasic
controls (Soares et al. 2004). This suggests that trans-
planted BMCs may exert their action via immunomodu-
latory mechanisms. The immunosuppressive properties
of bone marrow mesenchymal cells have been well de-

Fig. 1: presence of bone marrow-derived cells (BMC) in the hearts of
chagasic mice. A: heart section of a BALB/c mouse during the acute
phase of infection with Colombian strain Trypanosoma cruzi, show-
ing parasite nests (green); B: heart section of a chimeric C57Bl/6
mouse during the acute phase (30 days after infection) of infection
with Colombian strain 70 cruzi showing the migration of green fluo-
rescent protein (GFP*) cells (green) to the myocardium; C, D: heart
section of a chimeric C57Bl/6 mouse 60 days after infection with
Colombian strain 7. cruzi showing the presence of GFP” cells (green)
in the myocardium, co-stained with myosin (red); E, F: heart section
of a chronic female C57Bl/6 mouse 15 days after transplantion with
BMC obtained from male GFP* mice. Cell therapy was performed
six months after infection with Colombian strain 7. cruzi. Presence
of GFP* cells (green) in the myocardium, co-stained with myosin
(red). Fluorescence in situ hybridization was performed to detect Y
(green arrow) and X (red arrow) chromosomes. Nuclei in A-F were
stained with DAPI (blue). Images were captured using an Olympus
spectral confocal microscope FV1000.
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scribed (Le Blanc & Ringdén 2007) and may, therefore,
contribute to the phenomenon observed in chagasic
hearts after BMC therapy.

Goldenberg et al. (2008) performed a magnetic res-
onance imaging study to assess changes in the cardiac
morphology of 7. cruzi-infected mice after therapy with
BMC:s. In the model studied, the authors found that BMC-
treated mice had regression of the right ventricular dila-
tation typically observed in the chagasic mouse model.

It is not known at the moment which bone marrow
cell population is responsible for the observed effects.
The mononuclear-enriched cell fraction used in the
mouse model of CCC is highly heterogeneous and con-
tains mature cell populations as well as various types of
stem and precursor cells, including mesenchymal cells.
Therefore, it is possible that more than one population
acts to improve the heart tissue in this model.

In a rat model of 7. cruzi infection using a different
therapeutic scheme, improvement of the ejection fraction
was observed. Rats infected with 7. cruzi usually control
the infection and remain in an indeterminate form of the
disease. Guarita-Souza et al. (2006) used chronically in-
fected rats showing cardiac disturbances characteristic
of Chagas disease (with an ejection fraction below 37%)
and treated them with autologous skeletal myoblasts co-
cultured with bone marrow-derived MSCs for 14 days.
This mixed cell culture was harvested and prepared for
injection directly into the left ventricular wall of hearts
from chagasic rats. A significant improvement in ejec-
tion fraction was observed in the animals treated with
the mixed cell preparation, whereas the control group,
which received only an injection of culture medium,
showed no significant improvement after injection. In
addition, a decrease in left ventricular end-diastolic vol-
ume and left ventricular end-systolic volume were also
observed in cell-treated rats.

Histopathological analysis of heart sections of rats
treated with co-cultured cells suggests the presence of
myogenesis and angiogenesis (Carvalho et al. 2006).
Thus, in addition to improvements in heart function,
these are two desired effects of combined cell therapy
for the recovery of damaged chagasic hearts. However,
the use of skeletal myoblasts has been previously associ-
ated with the appearance of arrhythmias (Reinecke et al.
2000). Therefore, it is possible that the use of this kind of
therapy in humans may cause conduction disturbances
in chagasic patients.

Use of granulocyte-colony stimulating factor (G-
CSF) in experimental Chagas disease - The process of
chronic inflammation that leads to a progressive destruc-
tion of the heart may take a few years or even decades.
When individuals with CCC evolve to heart failure, their
hearts have suffered intense remodelling processes due
to continuous tissue aggression from immune-mediat-
ed mechanisms. Therefore, one administration of cells
may not be sufficient to cause a desired improvement in
chronic chagasic patients. However, additional adminis-
trations may constitute an increase in costs as well as in
risks for the patients due to the procedures involved in
this type of therapy.

An alternative to BMC infusion is the use of cyto-
kines that are able to mobilise bone marrow cells into
the circulation, such as G-CSF. A therapy using this cy-
tokine is attractive, because G-CSF is already used in
clinical practice, has mild side effects and is a less inva-
sive treatment than bone marrow harvest and infusion of
cells into the coronary arteries. In addition, since its ad-
ministration is subcutaneous, it can be used repeatedly,
allowing for a boosting of the initial stimulus.

We tested the efficacy of G-CSF treatment in the
mouse model of CCC. Histopathological analysis and
cardiopulmonary function evaluation were performed
in animals injected with G-CSF or saline as controls.
Mice with CCC treated with three cycles of G-CSF (5
daily subcutaneous injections) had a significant de-
crease in inflammation and fibrosis in the hearts when
compared to saline-treated controls. Mice treated with
only one cycle had little improvement in inflammation
and fibrosis (SG Macambira et al., unpublished obser-
vations). Their results indicate that, in addition to the
number of cells, the number of administrations should
be taken into account when searching for a more effec-
tive cell therapy for Chagas heart disease. In addition,
chagasic mice treated with BMC followed by one cycle
of G-CSF showed a significant decrease in inflamma-
tion and fibrosis compared to animals treated only with
BMCs (Fig. 2).

Several studies in models of myocardial infarc-
tion indicate that G-CSF treatment causes repair of the
myocardium and improvement of heart function. This
cytokine seems to exert multiple roles, including stimu-
lation of neovascularisation (Minatoguchi et al. 2004),
protection of cardiomyocytes from death by apoptosis
and decreasing the size of fibrotic areas (Harada et al.
2005, Hasegawa 2006), recruitment of bone marrow de-
rived stem cells and the generation of new cardiomyo-
cytes (Adachi et al. 2004, Kawada et al. 2004). In our
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Fig. 2: effects of combined bone marrow-derived cells (BMC) and
granulocyte-colony stimulating factor (G-CSF) therapy in chronic
myocarditis. Chronic chagasic C57B1/6 mice (6 months of infection)
were treated with 2 x 107 BMC by endovenous route. Thirty days later
mice received one cycle of G-CSF (5 pg/kg/day during 5 days). In-
flammation was quantified in the hearts two months after treatment
by morphometry in H&E-stained sections.
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model of CCC, we found that chronic chagasic hearts
produce chemoattractant factors able to recruit stem
cells mobilised by G-CSF into the myocardium (MBP
Soares et al., unpublished observations, SG Macambira
et al., unpublished observations).

A major concern in chagasic patients is the residual
parasite load found in individuals during the chronic
infection. In the mouse model of Chagas disease, we
did not observe reactivation (appearance of patent par-
asitemia and intense tissue parasitism) of the infection
after BMC and/or G-CSF therapy by the evaluation of
blood samples and heart sections of treated mice.

Clinical trials - Based on our experimental results,
we conducted a phase I clinical trial of autologous
BMC therapy in patients with heart failure due to Cha-
gas disease. Patients with New York Heart Association
(NYHA) classes I1I or IV were included. Due to the lack
of donated organs for heart transplant, most chagasic pa-
tients in this stage of heart failure will die in a few years
without this therapeutic option.

Twenty eight patients were enrolled in the study in
which 50 mL of bone marrow aspirate was collected
from each patient by multiple punctures of the two
iliac crests (Vilas-Boas et al. 2006). A mononuclear-
enriched cell fraction was then isolated by centrifuga-
tion in a ficoll-hypaque gradient and resuspended in
5% human albumin solution in saline. The 20 mL cell
suspension was then injected slowly into the coronaries
using a catheter. In addition to the cell infusion, patients
received five daily administrations of G-CSF (5 pg/kg)
beginning on the 25th day post-transplant as a boost to
the therapy. Patients were evaluated before and after the
procedure to determine safety as well as potential ben-
efits of the therapy.

The first chagasic patient showed that the procedure
was feasible and that no adverse effects of the therapy
were observed (Vilas-Boas et al. 2004). This was further
confirmed with the analysis of several clinical, biochem-
ical and cardiologic parameters during and after the cell
transplantation in a larger group of patients included in
the study, who had no complications directly related to
the procedure. In addition, we demonstrated the feasi-
bility of performing puncture and coronary infusion in
chronic chagasic patients (Vilas-Boas et al. 2006).

In addition to safety, the potential efficacy of the
therapy was evaluated. A significant improvement in
several parameters during a 60 day follow-up also sug-
gested a potential benefit of the therapy. These included
improvements in NYHA functional class, in the Minne-
sota quality of life questionnaire, in the distance walked
in six minutes and in the left ventricular ejection fraction
(Vilas-Boas et al. 2006).

In a case report by Jacob et al. (2007), the migration
to the heart of injected bone marrow cells labelled with
mTc was documented by scintigraphy. This case report
showed that the transplanted BMCs are retained in the
myocardium for at least 6 h after coronary injection.

Although the identification of the relevant cell popu-
lations may be important to improve the therapy, it is of

note that the methodology used in this study is simple
and less expensive than purified cell preparations. The
therapy with BMC in Chagas cardiomyopathy, like in
other cardiac diseases, such as acute myocardial infarc-
tion (Kang et al. 2008), seems to only partially restore
the cardiac function. Nonetheless, a small gain in func-
tion seems to reflect in a significant improvement in
quality of life and, therefore, should not be ignored.

The fact that CCC is characterised by the presence of
diffuse inflammation may be of relevance compared to
other heart diseases, such as myocardial infarction and
non-chagasic dilated cardiomyopathy. In chronic lesions
caused by infarction, as well as in many cases of non-
chagasic dilated cardiomyopathies, inflammation is low
or absent and may not properly attract cells to the site of
the lesion. In addition, fibrosis in chagasic cardiomyopa-
thy is widespread throughout the heart, whereas fibro-
sis after infarction is limited to the infarcted area, a fact
which may render more difficult the ability of cells to
penetrate and act in the damaged tissue.

A phase II/I11 clinical trial sponsored by the Brazil-
ian Ministry of Health, involving 300 chronic chagasic
patients designed to evaluate the efficacy of the therapy
is being concluded (Tura et al. 2007). This multicentric,
randomised, double-blind and placebo-controlled trial
started enrolling patients in June 2005 and will allow
for a critical evaluation of the efficacy of bone marrow-
derived cell therapy in the setting of CCC.

Although the results of the clinical trial in patients
with Chagas disease are encouraging, we are still in the
beginning phases of the development of a new therapy.
As for other diseases, there is still a long way ahead in
order to achieve a therapy fully capable of reconstitut-
ing the organ damaged by many years of chronic dis-
ease. It should also be noted that the patients submitted
to these first attempts of heart repair had very severe
cardiomyopathy and were eligible for cardiac transplan-
tation due to their degree of heart failure. Perhaps an
earlier intervention will be more efficient in treating or
blocking the evolution of the disease than the same in-
tervention at later stages.

In order to achieve a more efficient therapy, several
issues need to be resolved, including the optimal cell
population, the number of cells and the number of admin-
istrations required. Regarding the cell type, since adult
stem cells do not have the same potential to differentiate
into cardiomyocytes of ESCs and because these will al-
ways be allogeneic cells when used for transplantation in
a patient, methods for the genetic modification of adult
cells into pluripotent cells are being developed. The re-
programming of adult cells, such as fibroblasts, which
can be easily obtained from a biopsy of the patient, has
been achieved by the expression of cell factors, generat-
ing the so-called induced pluripotent stem. These cells
have properties similar to those of ESCs (Takahashi &
Yamanaka 2006, Takahashi et al. 2007) and can be dif-
ferentiated into cardiomyocytes (Zhang et al. 2009).

Because many transplanted cells die a few days af-
ter transplantation (Robey et al. 2008), means to prolong
survival and engraftment of these cells are needed. The
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discovery of molecular and cellular mechanisms driving
the cells to injured sites and their action may contribute
to the development of new strategies for the treatment of
Chagas heart disease. If it is proven that the main effect
of cellular therapy in heart diseases is a paracrine effect
(Fig. 3) due to the secretion of soluble mediators and by
the stimulation of endogenous stem cells in their niche,
cell therapy may be associated with or even replaced by
the delivery of paracrine factors (Cheng & Yau 2008) to
repair the damaged chagasic heart.

ANGIOGENESIS ~ FIBROSIS
STEM CELLS
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Fig. 3: possible mechanisms of action of transplanted stem cells in
chronic chagasic cardiomyopathy (CCC). Initially, stem cells were
thought to act by transdifferentiation, acquiring a cardiomyocyte
phenotype or by fusion with resident cardiomyocytes. Currently,
stem cells seem mainly to act through a paracrine effect, causing a
reduction of inflammation and fibrosis, angiogenesis and possibly by
stimulating resident cardiac stem cells which can promote de regen-
eration of the myocardium.
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