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Abstract P2X; is a member of the purinergic receptors
family, with extracellular adenosine triphosphate (ATP) as
the main agonist, promoting cations influx and membrane
permeabilization that can lead to cell death. We previously
proposed that extracellular ATP is involved in thymus
atrophy induced by Trypanosoma cruzi infection through
the induction of CD4"/CD8" double-positive cell death and
that P2X, could be involved in this process. To further
elucidate this possibility raised by in vitro assays, in this
study, we used P2X, /~ mice and observed no difference in
thymus atrophy or parasitemia when compared to C57Bl/6.
We then decided to investigate other aspects of purinergic
receptor interplay that could be better evidenced by the
infection and observed that (1) thymocytes from infected
and noninfected C57B1/6 mice express P2X, and P2X,
receptors (Western blotting), but ATP-induced membrane
permeabilization only occurs in thymocytes from infected
mice; (2) peritoneal macrophages from noninfected C57Bl/
6 mice (P2X; and P2X7) are permeabilized by ATP.
Although macrophages from infected C57Bl/6 mice are
P2X; but P2X], they are resistant to ATP, either through
permeabilization or Ca'" influx (fluorimetry); (3) using

C. M. Cascabulho - R. F. S. Menna-Barreto *

A. Henriques-Pons (D<)

Laboratorio de Biologia Celular, Fundagdo Oswaldo Cruz,
Instituto Oswaldo Cruz, FIOCRUZ,

Manguinhos,

Rio de Janeiro, Brazil 21045-900

e-mail: andreah@ioc.fiocruz.br

R. Coutinho-Silva - P. M. Persechini
Laboratorio de Imunobiofisica,

Instituto de Biofisica Carlos Chagas Filho,
Universidade Federal do Rio de Janeiro,
Rio de Janeiro, Brazil

noninfected P2X, /= mice, C57Bl/6 infected mice, and
different agonistic stimuli, we observed interesting cross-
talks among P2X and P2Y receptors (flow cytometry).

Introduction

Chagas’ disease is caused by the protozoan parasite
Trypanosoma cruzi and has a widespread distribution in
South America. Transmission to humans occurs primarily
through blood-sucking reduvid bugs, but it may also occur,
for example, through blood transfusion, organs transplant,
and transplacentary infection (Moncayo 2003; WHO 2004).
The disease is characterized by an initial acute phase, and it
is generally accepted that patients with more severe acute
infection may develop a more aggressive chronic phase
(Coura 2007; Higuchi et al. 2003). A number of alterations
are imposed by 7. cruzi infection, and many relating to the
immune system have been reported, such as polyclonal
activation of B and T cells (Minoprio et al. 1989),
splenomegaly, and Fas-dependent activation induced T cell
death (AICD) of CD4" T cells (Lopes et al. 1999).
Moreover, phagocytosis of apoptotic cells by macrophages
leads to declined proinflammatory cytokine expression and
blockage of NO production by these cells, thus favoring the
infection (Freire-de-Lima et al. 2000). Structural and
functional alterations of the thymus are also observed in
the acute phase of the pathology, with a severe atrophy of
the organ characterized by CD4"/CD8" double-positive
(DP) cell loss (Leite-de-Moraes et al. 1992). Additionally,
the thymic microenvironment is greatly altered, as shown
by the increased production of extracellular matrix compo-
nents (Cotta-de-Almeida et al. 2003), decreased epithelial
thymic nurse cell (TNC) viability, and decreased number of
thymocytes per TNC (Cotta-de-Almeida et al. 1997).
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In the case of thymus atrophy, a potential role for
trans-sialidase, a virulence factor shed by 7. cruzi, has been
reported. This enzyme induces apoptosis in TNC com-
plexes, where immature DP cells undergo selection (Mucci
et al. 2002). However, cellular death triggered by this
pathway is observed only in males, suggesting the
requirement of androgen hormones in this process (Mucci
et al. 2005). Our group has published that the P2X- receptor
may also be involved in thymus atrophy induced by the
acute phase of the infection. This receptor is a member of
the purinergic receptor family, and its activation renders cell
membranes permeable to molecules up to 900 Da in
macrophages and 400 Da in lymphocytes, leading to cell
death. Our previous results were obtained by in vitro assays
and showed a positive correlation between thymus involu-
tion and extracellular adenosine triphosphate (ATP.)-
induced pore opening with uptake of large solutes in
thymocytes. DP cells from noninfected mice were refrac-
tory to ATP.-induced permeabilization or death, while DP
thymocytes from 7. cruzi-infected mice were susceptible to
both. In addition, thymuses restored age-matched numbers
of cells and structural architecture during the chronic phase,
recovering low responsiveness to ATP,, in vitro (Mantuano-
Barradas et al. 2003).

ATP, plays a variety of roles by interacting with P2
receptors, such as: the G protein-coupled P2Y receptors and
the ligand-gated cation channel P2X receptors (Ralevic and
Burnstock 1998). Besides ATP., other agonists, such as
adenosine diphosphate (ADP), uridine diphosphate (UDP),
and uridine triphosphate (UTP) can activate some of the P2
receptors.

A complex network of intermolecular interactions within
the family of purinergic receptors, called a “combinatorial
receptor web,” has been suggested (Volonte et al. 2006).
This set of interactions is possible due to: (1) similar
molecular structures, allowing a certain agonist to interact
with one or more receptors, altering their final responses;
(2) the fact that P2X and P2Y subtypes can form homomers
and heteromers, increasing the diversity in agonist and
antagonist selectivity (Guo et al. 2007; Surprenant et al.
2000); and (3) cross-talk mechanisms among purinergic
receptors and other families of receptors. Platelets, for
example, share a reciprocal cross-talk between P2Y,, and
P2Y, (Hardy et al. 2004), and retinal pericyte cells couple
P2Y and P2X; activity (Sugiyama et al. 2005). P2 receptors
can also interact with Cys-loop channels for acetylcholine,
y-amino butyric acid, glycine, and serotonin, glutamate-
gated channels (kainite, alpha-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid, and N-methyl-D-aspartic acid),
and opioid receptors (Volonte et al. 2006).

Other effects of P2X,; were proposed including the
release of interleukin 13 from macrophages (Ferrari et al.
2006), CD62-L shedding (Gu et al. 1998), and maturation
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of T cells (Tsukimoto et al. 2006). Furthermore, innumerous
loss-of-function polymorphisms (Adriouch et al. 2002;
Shemon et al. 2006) and one that results in gain-of-function
have been identified (Cabrini et al. 2005).

The activation of P2X, receptor has also been reported to
induce membrane permeability to cationic molecules
(Virginio et al. 1999). However, in contrast to P2X,, few
studies address its physiological properties and functional
roles. It was only recently shown that P2X; and P2X, can be
structurally and functionally associated on the cell surface,
and this notion may unveil new approaches to target
pharmacological studies (Guo et al. 2007; Dubyak 2007).

In the present study, we used P2X;-defficient (PZX; /=
mice to evaluate the role played by this receptor in in vivo
thymic atrophy induced by 7. cruzi infection. Although
these experiments indicate that the receptor is not respon-
sible for thymic involution, using P2X- /= mice, we
observed important interactions between P2X and P2Y
receptors. These data further illustrate the complex modu-
latory web set up by purinergic receptors and that additional
interactions can be imposed by pathological situations.

Materials and methods

Animals Seven-weck-old male C57BI/6 (P2XI/") mice
were purchased from the Breeding Laboratory Animal
Center at Fundacdo Oswaldo Cruz, and P2X, /= mice
(C57Bl1/6 background), derived from Pfizer (Groton, CT,
USA) and generated by Solle et al. (2001), were kindly
supplied by Dr. A Gabel and bred at the Transgenic Mice
Laboratory at the Biophysics Institute Carlos Chagas Filho
at the Federal University do Rio de Janeiro. Mice were
housed for 7-10 days in the Laboratory of Cellular
Biology, Division of Animal Experimentation, under
environmental factors and sanitation conforming to the
guide for the Care and Use of Laboratory Animals
(DHEW publication no. [NIH] 80-23). This project was
approved by the Fiocruz Committee of Ethics in Research
(0308-06), according to resolution 196/96 of the National
Health Council of Brazilian Ministry of Health. Experi-
ments were carried out using C57Bl/6 mice, except when
indicated as P2X; /=,

Parasites and infection Parasites were obtained from
infected Swiss—Webster mice and isolated as previously
described (Araujo-Jorge et al. 1989). Mice were intra-
peritoneally injected with 1x10* blood trypomastigote
forms of 7. cruzi Y strain in 200 ul of phosphate-buffered
saline (PBS). Age-matched noninfected (control) mice
received 200 pl of PBS and were treated under the same
conditions. Individual parasitemia was scored in 5 ul of
blood collected from tail snips.
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Cell isolation Thymocytes were isolated by mechanical
dissociation, and peritoneal cells were harvested by
injection of ice-cold medium RPMI 1640 (Sigma Chemical,
St. Louis, MO, USA). Cells were washed, homogenized in
RPMI/4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) 10 mM (Sigma) pH 7.4, and maintained in ice
until use. Samples were collected on days 11 or 14 post
infection (dpi), as described in the text.

Permeabilization assay Peritoneal cells (a population with
high susceptibility to ATP, used as a positive control) and
thymocytes were prewarmed for 5 min in RPMI 1640/
HEPES 10 mM at 37°C and then incubated for 10 min in
the presence or absence of 10 uM, 100 uM, 1 mM, or
5 mM of ATP,, adenosine monophosphate (AMP), adeno-
sine, UTP, or ATP plus UTP (all purchased from Sigma). In
some cases, cells were preincubated for 5 min in 100 pM
ZnCL,, 50 uM CuCl,, 5 mM UTP, or 35 uM before
Brilliant Blue G Coomassie (BBG) before exposure to
ATP.. To evaluate agonist-induced cell permeabilization,
one of the following membrane-impermeant deoxyribonu-
cleic acid-staining fluorescent dyes was added during
the last 5 min of incubation, as mentioned in the text:
propidium iodide (Sigma) 2.5 uM or TO-PRO-3 (Molec-
ular Probes, Eugene, OR, USA) 1 puM. Samples were
analyzed using a FACScalibur flow cytometer (Becton &
Dickinson, San Jose, CA, USA).

Permeabilization of each subpopulation of thymocytes
was achieved by labeling the cells for 30 min in ice
with phycoerythrin (PE)-conjugated anti-CD4 and fluo-
rescein isothiocyanate (FITC)-conjugated anti-CD8 mAb
(SouthernBiotech, Birminghan, AL, USA) before expo-
sure to the agonist. Using these fluorochromes, perme-
abilization assays were carried out using TO-PRO-3. In
most experiments, we used total peritoneal cells, except in
permeabilization assays where macrophages were gated by
a combination of forward scatter x side scatter and MAC-1"
labeling. Flow cytometry data were analyzed using
CellQuest software version 3.2 (Becton & Dickinson).

Cell sorting DP thymocytes were incubated with bead-
conjugated anti-CD8 (Miltenyi Biotec, Auburn, CA, USA)
at 4°C for 15 min, centrifuged (25%g/10 min), homoge-
nized in 500 pl of PBS, and applied to a MiniMACS
column (Miltenyi Biotec) in a magnetic field. Sort purity of
CD8" cells was determined by labeling the cells with anti-
CD8 FITC and anti-CD4 PE mAb for flow cytometry
analysis. We used samples of at least 95% enrichment of
DP cells.

Intracellular calcium measurements Freshly collected intra-
peritoneal cells or enriched DP thymocytes were loaded with
Fura 2-AM (Molecular Probes) 5 uM for 45 min at room

temperature in RPMI-1640/HEPES 20 mM/probenecid
2.5 mM (Sigma). Cells were then left to decant for 10 min at
room temperature on glass coverslips coated with poly-L-lysin
0.001% and placed in a three-compartment superfusion
chamber. The central chamber containing cells was contin-
uously perfused at a rate of 1 ml/min with RPMI-1640/
HEPES 10 mM at 37°C until stabilization of background
signal. Intracellular calcium was monitored using a fluo-
rescence photometer (Photon Technology, Princeton, NIJ,
USA) throughout perfusion, initially with medium only and
then with medium containing ATP, 5 mM. All traces
recorded were representative of 3060 cells preincubated or
not with BBG. Saponin 0.01% was used to control Fura-2
loading.

Western blotting Intraperitoneal cells or thymocytes were
lysed with extraction buffer (Tris—HCI 50 mM, NP-40 1%,
leupeptin 1 mM, phenylmethylsulfonyl fluoride (PMSF)
100 mM, pepstatin A 1 mM, ethylenediamine tetraacetic acid
(EDTA) 100 mM); (Sigma), and total proteins (50 pg) were
resolved using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) 12%. Proteins on nitrocellulose
membranes were incubated with anti-P2X,; Ab (Alomone,
Jerusalem, Israel) for 2 h, rinsed in blocking buffer, and
incubated with alkaline phosphatase-conjugated anti-rabbit
IgG (SouthernBiotech) for 1 h. The detection was performed
using 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetra-
zolium solution (BCIP/NBT) (SouthernBiotech). Thymocytes
from P2X; /~ mice were used as negative controls.

Transmission electron microscopy DP-enriched thymocytes
were collected from noninfected mice, washed in cold PBS,
and fixed using paraformoldehyde 4% and glutaraldehyde
0.1% in 0.1 M of Na-cacodylate buffer (pH 7.2) plus 0.01%
of saponine at 4°C for 30 min. Cells were washed in
washing buffer (PBS containing bovine serum albumin 4%
and saponin 0.05%) at 20°C and incubated with anti-P2X,
Ab diluted in washing buffer for 1 h. After washing,
samples were incubated with gold-conjugated goat anti-
rabbit mAb (Sigma), washed in washing buffer, followed
by saponine-free washing buffer and finally Na-cacodylate
buffer 0.1 M. Samples were fixed with glutaraldehyde 2.5%
in Na-cacodylate buffer 0.1 M (pH 7.2) at room tempera-
ture for 40 min and postfixed with a solution of OsO4 1%.
Cells were dehydrated in an ascending acetone series and
embedded in PolyBed 812 resin. Ultrathin sections were
stained with uranyl acetate and lead citrate and examined in
a Zeiss EM10C (Zeiss, Germany) transmission electron
microscope.

Statistical analysis Using the software SPSS version 8.0,

Student’s ¢ test was used to compare two sets of data.
p values are indicated in figure legends.
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Results

Given that macrophages are important host cells for 7. cruzi
life cycle and express high levels of P2X;, we evaluated
blood parasitemia as a basic parasitological parameter in
P2X;r/ * and P2X5 /~ mice. Using a T cruzi strain that
induces an early acute peak, we observed similar results in
both groups of mice (Fig. l1a). Thymus atrophy was also
similar in infected P2X7+/+ or PZX;/f mice (Fig. 1b). In
addition, we observed that noninfected P2X, = mice
maintained normal distribution of thymocyte subpopula-
tions, when compared to P2X7+/ * (Fig. lc,d). Importantly,
the DP subpopulation was equally affected in both groups
of infected mice (Fig. le,f). Therefore, contrary to what we
might expect based on our previous in vitro experiments
(Mantuano-Barradas et al. 2003), these in vivo results
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indicate that P2X5 is not a central molecule in thymus
atrophy induced by T. cruzi infection. Therefore, we
decided to investigate whether other aspects of P2 receptors
were altered by the infection.

Western blotting analyses were performed on dpi 11, and
we found P2X; labeling in total thymocytes from nonin-
fected (Fig. 1g arrowhead—Ilane 1) and infected mice
(Fig. lg—Ilane 2), as well as in peritoneal cells from
noninfected mice (Fig. 1g—Ilane 3). However, peritoneal
cells from infected mice did not express the receptor
(Fig. 1g—Ilane 4) as well as negative control (Fig. 1g—
lane 5). The same results were obtained using DP-enriched
thymocytes (data not shown).

Since thymocytes from noninfected mice expressed
P2X; but were resistant to ATP.-induced permeabilization,
we used electron microscopy to determine the receptor
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Fig. 1 Thymus atrophy and P2X;. Blood parasitemia (a) and total
thymocytes (b) were counted at indicated time points. Thymocyte
subpopulations were labeled with anti-CD4 and anti-CDS8, and
quadrant numbers indicate individual percentages from: noninfected
CSTBI6 (c) or P2X4/™ (d); infected (dpi 14) C57BI6 (e) or P2X; '~
(f) mice. Cellular extracts of: thymocytes from noninfected (g—/ane
1) and infected (2), peritoneal cells from noninfected (3) and infected
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(4), all from C57Bl/6 mice and thymocytes from noninfected PZX;r I+
mice (5, negative control) were used in Western blotting. Arrowhead
indicates 68 kDa. Results are representative of five independent
experiments with ten mice per experiment. Ultrastructural immuno-
cytochemical labeling indicated P2X; labeling (arrows in h). Bar=

10 pm. Asterisk means p<0.05 when compared to noninfected mice
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localization, as it can be sequestered within cytoplasmic
granules. We observed P2X; labeling in chromatin, nuclear
membrane, cytoplasmic vesicles, and plasma membrane
(Fig. 1h), suggesting that the resistance to permeabilization
is not due to the lack of P2X; expression on the cell surface.

To further investigate the modulation of P2 receptors
during the infection, we investigated ATP.-triggered Ca'"
influx. In peritoneal cells from noninfected mice, ATP,
induced a biphasic Ca™" response, consisting of a rapid
transient signal, peaking within 20-30 s and followed by a
plateau, compatible with a permeabilization response
(Fig. 2a). Importantly, the second component of the signal
(plateau) was blocked by BBG, an antagonist of P2X;
(Eschke et al. 2002; Fig. 2b). When peritoneal cells from
infected mice (dpi 11) were treated with ATP. (Fig. 2c),
neither component of the response was observed. This result
is in agreement with our data showing that the infection
downregulates the expression of the P2X; receptor in
macrophages and suggests that besides P2X,, other P2
receptors are absent or not functional in these cells.

DP thymocytes from noninfected mice showed only the
rapid component of the signal and then declined to basal
levels after 100 s (Fig. 3a). Pretreatment with BBG did not
block this signal (Fig. 3b), further suggesting that although
expressed on the membrane, P2X receptor is functionally
downregulated in these cells. On the other hand, DP
thymocytes from infected mice showed a continuous
response induced by the agonist, reaching a plateau after
100 s (Fig. 3c). After pretreatment with BBG, we observed
only the rapid peak within 30—40 s, declining to basal levels
in 80-90 s (Fig. 3d). In conclusion, we observed that the
infection induces a gain of function of P2X5 in thymocytes
but a downregulation of P2 receptors in peritoneal cells.

As there was no response induced by ATP, in nonin-
fected thymocytes and P2X receptors may share extracel-
lular domains and agonists due to heteromerization, we
evaluated whether other agonists could trigger cellular
permeabilization. However, we still observed no cellular
response using adenosine, AMP, or UTP (data not shown).

Since ATP.-induced permeabilization can also be medi-
ated by P2X, and P2X, (Virginio et al. 1999), we evaluated
whether P2X; modulations could affect other purinegic
receptors (cross-talks). We observed that the preincubation
with ZnCl,, a condition that favors P2X, activity (Coddou
et al. 2003), rendered peritoneal cells from noninfected
C57Bl/6 mice more susceptible to permeabilization with
lower concentrations of ATP,, (100 uM), when compared to
ATP, only (1 mM; Fig. 4a). In addition, incubation with
CuCl,, a condition that prevents P2X, activity (Coddou et
al. 2003), induced significant permeabilization only with
5 mM of ATP,, and there was no response in the presence
of BBG. All incubations using P2X- /= cells induced no
response, even in the presence of ZnCl,, where we
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Fig. 2 Calcium influx of peritoneal cells. Calcium influx of Fura-2-
loaded C57BI/6 peritoneal cells was evaluated in: noninfected mice/
untreated cells (a) or BBG-treated (b) and infected mice/untreated
cells (¢). ATP. 5 mM was added (first arrow), and saponin was used
as a positive control (second arrow). Results are representative of four
independent experiments with eight mice per experiment (30 to 60
cells were recorded per microscopic field per mouse)

expected to observe membrane permeabilization through
P2X, (Fig. 4a). Using peritoneal cells from infected
(Fig. 4b) and DP thymocytes from noninfected mice
(Fig. 4c), we observed no response under any condition
tested. Thymocytes from infected mice were permeabilized
in the presence of ATP. or ZnCl,/ATP, (Fig. 4d), and once
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Fig. 3 Calcium influx of thymocytes. Calcium influx of Fura-2-
loaded C57Bl/6 thymocytes was evaluated in: noninfected mice/
untreated cells (a) or BBG-treated (b), infected mice/untreated cells
(¢) or BBG-treated (d). ATP. 5 mM was added (first arrow), and

more, there was no permeabilization of DP thymocytes
from infected PZX;r " mice preincubated with ZnCl,,
suggesting P2X, functional downregulation also in this cell
type.

Since previous data from literature (Sugiyama et al. 2005)
and from our laboratory indicated a possible cross-interaction
between P2X; and P2Y, we evaluated if pre- and/or coin-
cubation of UTP with ATP. could modulate the perme-
abilization response. We observed that pre-exposure to UTP
blocked ATP.-induced pore opening only in peritoneal cells
from noninfected mice (Figs. 5a,b). Regarding DP thymo-
cytes, this effect was observed only in cells from infected
mice (Figs. 5c,d). Taken together, these data indicate a highly
complex group of functional interactions not only involving
P2X receptors but also P2X and P2Y receptors.

Discussion

Our previous in vitro data indicated a role for ATP.-induced
cell death in thymus atrophy induced by 7. cruzi infection,
raising the possibility that the P2X; receptor is involved in
this phenomenon (Mantuano-Barradas et al. 2003). How-
ever, in vivo assays using P2X- /~ mice indicated that the
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saponin was used as a positive control (second arrow). Results are
representative of four independent experiments with eight mice per
experiment (30 to 60 cells were recorded per microscopic field per
mouse)

receptor is not a central molecule in the process. On the
other hand, knockout mice may not be an appropriate tool
to evaluate this possibility, since alternative pathways may
take place and substitute the deleted molecule or interde-
pendent intracellular pathways of signal transduction could
be masking the relevance of P2X; in the atrophy (cross-
talk). Therefore, we suggest that this interdependence
among P2 receptors may make purinergic knockout mice
a two-edged sword, and we should be aware of this
possibility. Accordingly, in this work we observed impor-
tant interactions and modulations concerning not only P2X,
function and expression but also P2X, and P2Y. These data
illustrate the complexity of roles played by members of P2
purinergic receptors family and the wide range of possible
immune modulatory interplays.

Our previous data using C57Bl/6 mice showed that DP
thymocytes from noninfected mice are resistant to ATP,-
induced permeabilization and cell death (Mantuano-Barradas
et al. 2003). In the present work, we extended these
observations by demonstrating that although the P2X;,
receptor is expressed on the plasma membrane of these
cells, ATP. did not induce Ca'" influx compatible to
membrane permeabilization. One possibility could be that
the receptor and the component(s) of the pore itself are



Parasitol Res (2008) 103:829-838

[

@]

Permeabilization (%)

500 3000
Agonist (uM)

5500

o

50+

404

Permeabilization (%)

0o 100 500
Agonist (LM)

3000 5500

Fig. 4 P2X,; and P2X, interaction. Peritoneal macrophages from
noninfected (a) or infected mice (b) or thymocytes from noninfected
(¢) or infected mice (d) were collected from C57Bl/6 and P2X; /=
mice (as indicated) and preincubated or not with ZnCl,, CuCl,, or
BBG. ATP was then added in indicated concentrations (uM), and
propidium iodide incorporation was measured by flow cytometry.

different entities (Coutinho-Silva and Persechini 1997) and,
although the receptor is present in DP cells, the molecules
that compose the pore are missing. It has recently been
proposed that pannexin hemichannels participate in the pore
structure (Pelegrin and Surprenant 2006), and it could be
possible that this molecule was not being expressed or even
not coupled to the signaling cascade of permeabilization or
death before infection. It would be interesting to examine the
expression of this molecule in thymocytes.

During the phase of thymus atrophy induced by 7. cruzi
infection, DP thymocytes become responsive to ATP.-
induced permeabilization and Ca"" signaling through P2X;
activity. This could be due to cellular phenotypic modula-
tion and induction of pannexin expression, for example,
completing the panel of required molecules to induce P2X,
response. It could also be possible that the infection,
through cytokines for example, induced the coupling of
signaling machinery to pre-existing surface molecules.
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Results are representative of six independent experiments with ten
mice per experiment. @ means p<0.05 when comparing Zn/ATP
5 mM with Zn/ATP 10 uM; # when comparing Zn/ATP 100 uM and
1 mM with other parameters at the same concentration; * when
comparing Cu/ATP 5 mM with ATP 5 mM; [[1) when comparing Zn/
ATP 5 mM with Cu/ATP 5 mM

A different type of P2 receptors modulation was observed
in peritoneal cells. We observed that these cells from infected
mice downregulate the expression of P2X;, making them no
longer susceptible to ATP.. Similarly, it has been shown
that J774 cells infected with Chlamydia also reduce ATP,.-
induced cell membrane permeabilization, but sustain Ca'"
influx induced by ATP. (Coutinho-Silva et al. 2001).

Although it has been reported that interferon-y and tumor
necrosis factor-o¢ upregulate the expression of P2X; in
monocytes (Humphreys and Dubyak 1998) and these
cytokines are abundant in the acute phase of the infection,
other stimuli certainly took place, abolishing the expression
of this receptor in peritoneal cells. Since there was no
detectable Ca"™" signal triggered by ATP, in these peritoneal
cells from infected mice, other P2 receptors are also probably
not functional or expressed at very low levels. At least in the
case of P2X,, Western blotting assays indicated that these
cells express the receptor (data not shown). However, in this
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Fig. 5 P2X,; and P2Y interaction. Peritoneal macrophages from
noninfected (a) or infected mice (b) or thymocytes from noninfected
(c) or infected mice (d) were collected from C57Bl/6 and P2X, /™ mice
(as indicated) and were incubated, preincubated (UTP=ATP), or
coincubated with UTP (UTP/ATP) (5 mM). ATP, was then added in
indicated concentrations (M), and propidium iodide incorporation was

case, due to the absence of P2X, the P2X,, for example, can
mostly be sequestered in intracellular vesicles, not exposed
to agonistic stimulation (Guo et al. 2007).

Our present data indicate normal expression and function
of P2X, and P2X; in peritoneal cells from noninfected
mice. However, our findings with cells from noninfected
P2X7" mice evidenced an interesting cross-talk between
both receptors, with no permeabilization even in the
presence of ZnCl,, which indicates no P2X, response. In
addition, the preincubation of macrophages from nonin-
fected C57B1/6 mice with BBG (a blocker of P2X; activity)
showed no P2X; or P2X, activity after incubation with
ATP.. These results were reproduced using thymocytes
from infected mice, indicating a phenomenon conserved in
cells from myeloid and lymphoid lineages. These data are
in agreement with the literature that shows both receptors
forming heteromeric structures that ultimately affect their
final function (Dubyak 2007; Guo et al. 2007).
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measured by flow cytometry. Results are representative of six
independent experiments with ten mice per experiment. @ means p<
0.05 when comparing ATP 5 mM with UTP=ATP 5 mM; # when
comparing ATP 5 mM with UTP/ATP 5 mM; * when comparing UTP/
ATP 5 mM with UTP="ATP 5 mM

Although we had no indication of the possible relevance
of P2Y in thymus atrophy, our present data concerning P2X
cross-talks, previous results from our laboratory, and related
literature (Sugiyama et al. 2005) motivated the investigation
of P2Y/P2X; interaction. To this regard, we observed that
preincubation with 5 mM of UTP blocked ATP.-dependent
permeabilization both in peritoneal cells from noninfected
mice and DP thymocytes from infected mice. Similar results
have been obtained with retinal pericyte cells, where the
incubation of isolated cells with 30 uM of UTP for 30 min
before exposure to 100 pM of benzoylbenzoyl-ATP blocks
P2X5-dependent permeabilization (Sugiyama et al. 2005)

We thus consider that additional experiments based, for
example, on electrophysiology and pharmacological
approaches are necessary to re-evaluate P2X, receptor
relevance in thymus atrophy induced by 7. cruzi infection
in vivo. Approaches other than those using knockout mice
should be adopted, since compensatory mechanisms may
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take control and mask primary physiological roles of
individual purinergic receptors during the atrophy. How-
ever, these mice, together with the infection, revealed
interesting interactions that can help us to understand the
role of P2 receptors in immunomodulations of protozoan
infections.
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