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Fas—FasL interaction modulates nitric oxide production in Trypanosoma
cruzi-infected mice
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SUMMARY

During acute Trypanosoma cruzi infection in mice, many leucocytes undergo apoptosis. Although
apoptosis has been ascribed to increased levels of nitric oxide (NO) and Fas—FasL interaction, the
importance of this phenomenon in modulating the host response against 7. cruzi is unknown.
Herein, the role of NO- and Fas—FasL-induced apoptosis in modulating the immune response to 7.
cruzi was evaluated using mice deficient in Fas expression (MRL/MplJ-Fas /pr) and inducible nitric
oxide synthase (iINOS) knockout mice (iNOS—/-). The results showed that besides decreasing
apoptosis induction after infection, impairment of the Fas—FasL interaction resulted in decreased
NO production, as a consequence of enhanced T helper 2 (Th2) cytokine production. Differently,
blockage of NO-induced apoptosis resulted in uncontrolled cytokine production, rather than a
biased Th2 cytokine pattern. Together, these results suggested that Fas and FasL-induced apoptosis
could be implied in modulation of the immune response against 7. cruzi by interfering with cytokine
and NO production during the acute phase of the infection.

INTRODUCTION

The obligate intracellular protozoan parasite Trypanosoma
cruzi is the causative agent of South American trypanosomiasis
or Chagas’ disease, a chronic and debilitating syndrome that
affects millions of people in Latin America.! Murine 7. cruzi
infection recapitulates many of the major pathological and
immunological alterations reported in human Chagas’ disease.
In addition, lymphoproliferative responses are suppressed in
acutely infected mice,? and this is probably caused by infection-
associated increases in nitric oxide (NO).** NO is produced as
a result of the induction of inducible nitric oxide synthase
(iNOS)>® by cytokines such as interferon-y (IFN-y) and
tumour necrosis factor-oo (TNF-a), known to be increased as
a result of infection.” The resultant increase in NO production
contributes to parasite killing and host survival®® but may also
lead to myocardial dysfunction.” Additionally, NO has been
implicated in the apoptosis of lymphocytes, macrophages
(M¢) and many other cells (reviewed in refs 10 and 11) in

Received 31 August 2000; revised 20 November 2000; accepted 17
January 2001.

Correspondence: Dr Jodo Santana Silva, Department of
Immunology, School of Medicine of Ribeirdo Preto, University of
Sdao Paulo 14049-900, Av. Bandeirantes, 3900, Ribeirdo Preto, SP,
Brazil. E-mail: jsdsilva@fmrp.usp.br

a variety of clinical and experimental settings and with several
micro-organisms, >3 including 7. cruzi.*

Apoptosis is a cell-intrinsic process that is essential for
animal development and tissue homeostasis. Malfunction of
this tightly controlled mechanism of cell suicide may result
in cancer, neurodegenerative diseases, or other pathological
conditions (reviewed in ref. 16). Both extracellular and intra-
cellular signals can trigger apoptosis, including growth factor
deprivation'® and overexpression of certain oncogenes or
tumour-suppressor genes.'’ Moreover, cross-linking of the
so-called ‘death receptors’, including Fas (CD95) and TNF
receptor 1 by their respective ligands, FasL (CD95L) and TNF-
o,'® might lead to apoptosis. Spleen cells from mice acutely
infected with 7. cruzi exhibit increased expression of Fas and
FasL as a consequence of the IFN-y produced, as in IFN-y—/—
mice the expression of these molecules is unchanged as a result
of infection.!” Moreover, in vitro, Fas and FasL have been
implicated in activation-induced apoptosis in CD4™" T cells
from infected mice.*

Mice genetically deficient in Fas (Ipr)*! or FasL (gld)** have
been shown to be more susceptible to 7. cruzi infection than
their wild-type (WT) infected control. However, the mechan-
isms that mediate this enhanced susceptibility are not under-
stood. Moreover, less is known about the importance of
apoptosis induction in the establishment of an efficient immune
response and in the control of 7. cruzi infection, or in the
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resulting autoimmune mechanisms that are reported to occur
in infected mice.?

Herein, we addressed these questions by infecting the MRL/
Mpl-Fas (Ipr) and iNOS—/— mice with 7. cruzi and assaying
apoptosis rates and the production of cytokines and NO. The
results showed that while blockage of NO-induced apoptosis
results in dysregulated cytokine production, inhibition of Fas—
FasL-induced apoptosis led to a marked inhibition of NO
production, as a consequence of an increased T helper 2 (Th2)
cytokine production. Our data support the hypothesis that
the Fas pathway of apoptosis induction is important for
modulating the immune response against 7. cruzi infection.

MATERIALS AND METHODS

Infection of mice

The Y strain of 7. cruzi was used in all experiments and
maintained in BALB/c mice (Jackson Laboratories, Bar
Harbor, ME). The iNOS—/-** and syngeneic 129sv x C57BL/
6 WT mice (kindly provided Drs Carl Nathan and John
Mudgett, respectively) were maintained under pathogen-free
conditions. MRL/Mpl-Fas Ipr (Ipr) and C57BL/6J mice (WT)
were obtained from Jackson Laboratories. Six-week-old mice
were infected with 10° trypomastigotes, and parasitaemia was
assessed as previously described.

Spleen cell cultures

Suspensions of splenocytes from uninfected and infected WT,
iNOS-/- or Ipr mice were washed in Hank’s balanced salt
solution (HBSS) and treated with lysing buffer (9:1) (0-16 m
NH,Cl1:0-17 m Tris-HCl, pH 7-5, respectively) for 4 min.
The erythrocyte-free cells were then washed three times in
HBSS and adjusted to 3 x 10° cells/ml in RPMI-1640 (Flow
Laboratories, Inc., McLean, VA) supplemented with 10%
fetal calf serum (Hyclone, Logan, UT), 2-mercaptoethanol
(5% 107° m), L-glutamine (2 mm) and antibiotics (all pur-
chased from Sigma Chemicals Co., St. Louis, MO). The cell
suspension was distributed (1 ml/well) into 24-well tissue
culture plates (Corning Inc. Life Sciences, Acton, MA) and
cultured for 48 hr at 37° in a humidified 5% CO, atmosphere,
in the presence or absence of parasite lysate (10 pg/ml),
concanavalin A (Con A) (2 pug/ml), neutralizing monoclonal
antibody (mAb) anti-murine FasL (5 pg/ml) (clone Kay-10;
Pharmingen, San Diego, CA), or control immunoglobulin G
(IgG) (5 pg/ml). The cells were used to assay apoptosis, or
expression of CD95 (Fas) or CD95L (FasL), and the super-
natant was collected to evaluate cytokine and NO production.

Quantification of nitrite and nitrate

Blood was obtained from the retro-orbital plexus of uninfected
or infected mice at various time-points postinfection. The
nitrate was reduced to nitrite with nitrate reductase, as des-
cribed previously,® and the nitrite concentration was deter-
mined according to the Griess method.? For this assay, 0-1 ml
of cell-free culture medium or serum was mixed with 0-1 ml of
Griess reagent in a multiwell plate and the absorbance at
550 nm was then read 10 min later. The NO, concentration
was determined by reference to a standard curve of NaNO,
(1-200 um).
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DNA labelling technique and flow cytometry (FCM) analysis
The percentage of apoptotic cells in the samples was estimated
by labelling cells with 7-amino-actinomycin D (7-AAD)
(Calbiochem-Novabiochem Corp., La Jolla, CA), as previously
described,?® with a few modifications. Briefly, cells (3 x 10°)
were washed twice in phosphate-buffered saline (PBS) and
resuspended in 500 ul of 7-AAD (10 ug/ml) in PBS and
incubated for 20 min at 4° in 12 x 75 mm polypropylene tubes
(Becton-Dickinson, Mountain View, CA) protected from light.
The 7-AAD fluorescence (FL-3) from at least 10* cells in each
sample was analysed in a fluorescence-activated cell sorter
(FACScan flow cytometer; Becton-Dickinson, San Jose, CA).
Debris and clumps were excluded from the analysis by setting
the appropriate gate on a side scatter (SSC) versus forward
scatter (FSC) dot-plot. All measurements were made using the
same instrumental settings.

To evaluate the expression of Fas and FasL, spleen cells
from uninfected or infected WT, iNOS-/— or Ipr mice were
incubated for 30 min at 4° with 0-5pg of anti-CDI16/
CD32 mAbD (Fc block), followed by the addition of 0-5 ug of
fluorescein isothiocyanate (FITC)-labelled anti-Fas or 0-5 ug
of phycoerythrin (PE) -labelled anti FasL (all purchased from
Pharmingen). To determine the level of background staining,
cells were incubated with 0-5 ug each of hamster IgGl1 anti-
trinitrophenyl (TNP) FITC (Pharmingen), for 30 min at 4°, in
the dark in 100 ul of PBS containing 1% bovine serum albumin
(PBS-BSA). Subsequently, cells were washed twice and
resuspended in 300 pl of PBS-BSA. Multivariate data analysis
was performed using CELLQUEST software (Becton-Dickson), by
setting a gate on the lymphocytes on a SSC versus FSC scatter
dot-plot and determining the expression of Fas or FasL FL-1
histograms.

Cytokine assays

Total spleen cells were cultured in the presence or absence of 7.
cruzi lysate, as described above. Supernatants were harvested
after 48 hr, and stored at —20° until use. Cytokine (IFN-vy,
interleukin [IL]-4 and IL-10) concentrations in the super-
natants were evaluated by using a sandwich enzyme-linked
immunosorbent assay (ELISA), as previously described.?’

Statistical analysis

The results are expressed as the mean +standard error of the
mean (SEM) of the indicated number of animals or experi-
ments. Statistical analysis was performed using analysis of
variance (ANova) followed by the Student Newman—Keuls test
(insTAT software,;GraphPad, San Diego, CA). A P-value of
<0-05 was considered to indicate significance.

RESULTS

Susceptibility of Ipr and iNOS—/— mice to infection with the Y
strain of 7. cruzi

On day 5 postinfection, the parasitaemia in iNOS—/— and Ipr
mice was similar to that found in infected WT mice (Fig. la,
Ic). However, on day 9 postinfection, /pr (Fig. 1a) and iNOS—/—
(Fig. 1c) mice presented = threefold higher parasitaemia than
WT mice. By day 10 postinfection there was no significant
difference between any of the groups. Importantly, infected Ipr
and iNOS-/- mice had increased mortality as compared to the
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Figure 1. Impairment of Fas—FasL interaction or absence of inducible nitric oxide synthase (iNOS) leads to increased parasitaemia
and mortality. Wild-type (WT) control (squares), Ipr (circles) or iNOS-/- (triangles) mice were each infected intraperitoneally (i.p.)
with 10° blood trypomastigotes (Y strain), and the parasitaemia (n=10) (a) and (c) and mortality (b) and (d) were evaluated. The data
in panels (a) and (c) are expressed as median + SEM. Data from one of two experiments shown. Asterisks indicate statistical
significance, P <0-01 (Student Newman—Keuls test), compared with infected WT mice.

WT mice. All of the infected WT mice survived acute infection.
The mortality rate of infected /pr mice was 90% by day 21
postinfection (Fig. 1b) and 100% of infected iNOS—/— mice had
died by day 18 postinfection (Fig. 1d).

Apoptosis in the absence of Fas—FasL interaction in
T. cruzi-infected mice

The percentage of apoptosis was determined in spleen cells
obtained from /pr or WT mice on day 11 postinfection, as at
this time-point the number of apoptotic cells is significantly
enhanced in infected compared to non-infected mice, as
previously reported.* The phenotype of apoptotic cells was
similar to that previously published,* being =~ 65% CD4~
T cells, 23% CD3* CD8* T cells and 11% CDI19" CD3~
B cells.

Figure 2 shows the percentage enhancement of apoptosis
in spleen cells after infection of WT and Ipr mice, before
(Fig. 2a) and after (Fig. 2b) culture. Although infection with 7.
cruzi led to a significant increase of apoptosis in spleen cells
from both WT and /pr mice, enhancement of apoptosis was
considerably increased in cells from WT mice compared with
cells from Ipr mice (Fig. 2a). Moreover, after culture for 48 hr,
the cells obtained from the infected Ipr mice showed lower
levels of apoptosis than those from infected WT mice (Fig. 2b).

NO production after 7. cruzi infection in the absence of
Fas—FasL interaction

In an effort to understand the mechanism by which the absence
of Fas and FasL interaction rendered mice more susceptible
to infection with the Y strain of 7. cruzi, we evaluated NO
production in infected /pr mice. The results showed that the
levels of nitrite and nitrate in the sera of WT mice were
significantly increased as compared with the levels found in /pr
mice (Fig. 3a). In addition, the level of nitrite in supernatants
of spleen cells cultured in the presence of parasite antigens was
significantly reduced in the infected /pr mice as compared to
that of WT mice (Fig. 3b). Moreover, addition of the blocking
mAb, anti-FasL, to cultures of spleen cells from infected
WT mice resulted in significant inhibition of NO production
(Fig. 3c). Interestingly, the concentration of IFN-y in these
supernatants was reduced by 50% as compared with controls
(data not shown). Together, these results indicate that the
interaction of Fas and FasL are implied in the modulation of
NO production during 7. cruzi infection.

Cytokine production by T. cruzi-infected /pr mice

To investigate whether the inhibition of NO production in
infected /pr mice could be related to a unbalanced T helper 1
(Th1)/Th2 activation, we assayed the production of Thl and
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Figure 2. Apoptosis induced by Trypanosoma cruzi infection is
decreased in the /pr mice. The percentage of apoptotic cells was
evaluated in spleen from 7. cruzi-infected (11 days postinfection) wild-
type (WT) and /pr mice (n=4 mice per group) before (a) or after (b)
culture in medium for 48 hr. The apoptotic cells were detected by flow
cytometry, as described in the Materials and methods. Each column
(mean + SEM) represents the percentage of enhancement of apoptotic
cells after infection in relation to the respective uninfected controls
(100%). The results shown are representative of three separate experi-
ments. Asterisks indicate statistical significance, P<0-01 (Student
Newman—Keuls test), compared with spleen cells from the respective
control infected WT mice.

Th2 cytokines in spleen cells harvested from infected /pr and
WT mice and cultured for 48 hr in the presence or absence of
Con A or parasite antigens. The results showed that infection
with 7. cruzi led to a significant increase in the production
of IFN-y, but not of IL-4 and IL-10, as detected in the
supernatants of splenic cells cultured in the presence of parasite
lysate (Fig. 4). In comparison to the cells from WT mice, cells
from /pr mice produced significantly less IFN-y (Fig. 4a) and
significantly more IL-10 (Fig. 4b) and IL-4 (Fig. 4c). When
cultured in the presence of Con A, there was an increase in
IFN-y and IL-4 production by cells from both WT and /pr mice
(Fig. 4c) and an increased IL-10 production in cells from Ipr,
but not from WT, mice (Fig. 4b). These data indicate that
although spleen cells of infected /pr mice are able to secrete
normal levels of IFN-y when cultured with Con A, in the
presence of parasite antigens they produce preferentially Th2
cytokines.

Apoptosis and cytokine production in the absence of iINOS in
T. cruzi-infected mice

We next considered whether the blockage of NO-induced
apoptosis could interfere with cytokine production after
infection, as occurred when Fas- and FasL-induced apoptosis
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Figure 3. Nitric oxide (NO) production by spleen cells, after
Trypanosoma cruzi infection, in the absence of Fas and FasL
interaction. NO production by normal or 7. cruzi-infected (11 days
postinfection) wild-type (WT) and /pr mice was evaluated by measuring
nitrite and nitrate levels in serum (a) or in the supernatants of spleen
cells cultured for 48 hr (b) and (c) in the presence or absence of parasite
lysate (Tc lysate) (10 ug/ml) (b), or of neutralizing anti-FasL
monoclonal antibody (mAb) (5 ug/ml) (c) or control immunoglobulin
G (IgG) (5 ug/ml) (c). Each column (mean+SEM) represents the
results for three mice in one experiment representative of two per-
formed separately. Asterisks indicate statistical significance, P<0-01
(Student Newman-Keuls test), compared with the value from the
control uninfected (*) or infected WT (**) mice, or cells from infected
WT mice cultured in medium only (***) or in the presence of parasite
lysate (¥***).
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Figure 4. Production of cytokines in cells from infected /pr mice.
Spleen cells were harvested from normal and infected (day 11) wild-type
(WT) and /pr mice (n =4 mice/group) and were cultured in medium only
or in the presence of concanavalin A (Con A) (2 pug/ml) or parasite
lysate (Tc lysate, 10 ug/ml). Supernatants were harvested after 48 hr
of incubation and the concentration of interferon-y (IFN-y) (a),
interleukin-10 (IL-10) (b) and interleukin-4 (IL-4) (c) was determined
by enzyme-linked immunosorbent assay (ELISA). Bars (mean+ SD)
represent the results (in triplicate) from one experiment representative
of two performed separately. Asterisks indicate statistical significance,
P <0:01 (Student Newman-Keuls test), compared with the values for
cells from the respective controls: WT uninfected mice (*) or cells from
infected mice cultured in medium only (**) or in the presence of Tc
lysate (*¥**).
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Figure 5. Apoptosis induced by Trypanosoma cruzi infection is
decreased in the inducible nitric oxide synthase-deficient (iNOS-/-)
mice. The percentage of apoptotic cells was evaluated in spleen from 7.
cruzi-infected (11 days postinfection) wild-type (WT) and iNOS —/—
mice (n =4 mice/group) before (a) or after (b) culture in medium alone
for 48 hr. The apoptotic cells were detected by flow cytometry, as
described in the Materials and methods. Each column (mean +SEM)
represents the percentage of enhancement of apoptotic cells after infec-
tion in relation to the respective uninfected controls (100%). The results
shown are representative of two experiments performed separately.
Asterisks indicate statistical significance, P<0-01 (Student Newman—
Keuls test), compared with the value for cells from the respective
infected control WT mice.

was blocked. To answer this question we evaluated the number
of apoptotic spleen cells and determined cytokine levels in the
iNOS knockout mice. As shown in Fig. 5, infection of WT mice
with T. cruziled to a significant enhancement in the percentage
of apoptosis in spleen cells. In iNOS-/— mice, the infection also
led to an increase in apoptosis levels; however, this was
significantly less pronounced than that observed in cells from
WT mice (Fig. 5a). Moreover, after culture for 48 hr, spleen
cells obtained from the infected iNOS-/— mice showed lower
levels of apoptosis than those from infected WT mice (Fig. 5b).

Analysis of IFN-y, IL-4 and IL-10 production was
performed in supernatants of spleen cells from normal or
infected WT or iNOS—/— mice, cultured for 48 hr in medium
only or in the presence of parasite antigens. The results are
presented in Fig. 6 and show that, in contrast to the results
obtained from cells of infected Ipr mice, cells from infected
iNOS-/— mice showed an increase in IFN-y (Fig. 6a) and IL-10
(Fig. 6b) production when cultured in the presence of parasite
antigens, as compared to infected WT mice. There was no
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Figure 6. Production of cytokines in cells from 7. cruzi-infected
inducible nitric oxide synthase-deficient (iNOS-/-) mice. Spleen cells
were harvested from normal and infected (day 11) wild-type (WT) or
iNOS-/— mice (n=4 mice/group) and were cultured in medium alone
or in the presence of parasite lysate (Tc) (10 pug/ml). Supernatants
were harvested after 48 hr of incubation, and the concentrations of
interferon-y (IFN-vy) (a), interleukin-10 (IL-10) (b) and interleukin-4
(IL-4) (c) were determined by enzyme-linked immunosorbent assay
(ELISA). Bars (mean + SD) represent the results (in triplicate) from
one experiment representative of two performed separately. Asterisks
indicate statistical significance, P <0-01 (Student Newman-Keuls test),
compared with the values for cells from the respective uninfected
control WT mice (*) or cells from infected mice cultured in the presence
of parasite lysate (***).
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significant enhancement in IL-4 production by cells from WT
or iINOS-/- mice after infection (Fig. 6c).

DISCUSSION

In this present study we analysed the roles of NO and Fas—
FasL-induced apoptosis in modulating the immune response
against 7. cruzi in mice. iINOS—/— and Ipr mice were utilized in
order to ensure that high levels of NO® and Fas expression'®
would not be increased as a result of infection. Induction of
apoptosis in leucocytes has been observed during infection with
many different parasites,'> 1323 including 7. cruzi**' We
have previously observed spontaneous apoptosis in vivo and in
vitro in CD4"% and CD8" T lymphocytes from 7. cruzi Y
strain-infected mice.* In addition, activation-induced cell death
(AICD) was reported to occur in CD4 ™", but not in CD8™*, T
lymphocytes during this infection.”® While spontancous
apoptosis was demonstrated to be modulated by NO,* AICD
was ascribed to the Fas—FasL pathway.?

Infection of /pr mice with the Y strain of 7. cruzi resulted in
high parasitaemia and mortality, associated with decreased NO
production (Fig. 3). This is consistent with previous work
demonstrating that NO is critical for host survival during 7.
cruzi infection.®® The finding that blockage of Fas—FasL
interaction in infected WT mice (Fig. 4) led to a significant
inhibition of NO production in vitro, additionally confirmed
the implication of Fas and FasL in modulating NO production
during the acute phase of 7. cruzi infection.

One probable mechanism by which the Fas—FasL interac-
tion could participate in the modulation of NO production
after infection with 7. cruzi could be through interference with
cytokine production. As demonstrated by our results (Fig. 4b,
4c¢), the infected /pr mice produced significantly higher amounts
of IL-10 and IL-4 than infected WT mice. Also, the production
of IFN-y was reduced in infected /pr mice when compared to
the infected WT mice (Fig. 4a). Moreover, blockage of FasL in
cultured cells from infected WT mice resulted in decreased
production of IFN-y (data not shown). Strikingly, data
reported recently from separate work showed that gld mice
(which have a defect in FasL) are also highly susceptible to T.
cruzi infection and produce higher levels of Th2 cytokines than
WT mice when infected with 7. cruzi.®* Our data confirm this
observation and additionally extend it, demonstrating that
after infection with a more virulent strain of 7. cruzi,
impairment of the Fas-FasL interaction led to a decrease in
NO production and enhanced susceptibility to infection. The
decreased NO synthesis could be related to the reduced
production of IFN-y observed in the infected /pr mice as
compared to WT mice.

The mechanism(s) underlying this enhanced production of
IL-4 and IL-10 in the absence of Fas is (are) not clear. Some
authors have reported that Thl cells are more susceptible to
Fas-induced apoptosis than Th2 cells,>* while others have
demonstrated that Th1l and Th2 cells are similarly susceptible
to Fas—FasL-induced apoptosis.>®> However, the possibility
that preferential apoptosis of Th1 or Th2 cells is occurring in 7.
cruzi-infected mice cannot be ruled out because, as shown here
in the infected /pr mice, there is an enhanced production of Th2
cytokines. In this context, it has been recently reported that
apoptosis induction is associated with a decreased production
of Thl cytokines in susceptible, but not in resistant, mice
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infected with Leishmania donovani®* In addition, in mice
infected with Mycobacterium tuberculosis, the selective loss
of CD4™ Thl cells was associated with enhanced expression
of Fas.®

In contrast to that observed with the inhibition of Fas—
FasL-induced apoptosis, blockage of NO-induced apoptosis
rendered an unbalanced cytokine production rather than
a biased Th2 pattern, suggesting that Fas, more than
NO-induced apoptosis, could participate in the control of
the immune response through modulating the production of
cytokines.

Our results showed that infected iNOS-/— mice produced
significantly more IFN-y than the infected WT mice. In
agreement with this finding, it has been reported that IFN-y
production is increased in iNOS—/— mice infected with other
parasites, such as mycobacterium® and influenza A virus.*®
The explanation for this is not completely understood. How-
ever, it has been demonstrated that NO can inhibit activation
of IL-1p-converting enzyme (ICE),*” which is important in
the production of active IL-18, the IFN-y-inducing factor.*®
If production of IFN-y during 7. cruzi infection depends on
IL-18, then the inhibition of NO production in iNOS-/— mice
could result in higher levels of 1L-18 and, as a consequence,
increased production of IFN-y. However, this possibility
remains to be investigated.

The results showing that infected /pr mice also presented
significantly decreased apoptosis in comparison to infected WT
mice indicate that Fas is involved in apoptosis induction during
the acute period of infection. However, the low number of
apoptotic leucocytes present in the Ipr mice after infection
could be related to the absence of elevated NO production after
infection in these mice.

In summary, our results underscore the relationships
between the induction of apoptosis and the control of cytokine
production after infection with 7. cruzi, which are crucial for
the induction of NO, inhibition of parasite growth and,
probably, in disease outcome. In this context, it is tempting to
speculate that the Fas—FasL system could also interfere with
the pathogeny of 7. cruzi infection. If so, impairment of the
Fas-FasL interaction would probably result in enhanced
myocarditis. Experiments to test this possibility are currently
underway. Understanding the involvement of apoptosis in the
regulation of cytokine and NO production and its importance
in the immune response could be helpful for elucidating
the mechanisms underlying the establishment of an efficient
response against 7. cruzi.
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