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Trypanosoma cruzi-induced immunosuppression: B cells undergo spontaneous
apoptosis and lipopolysaccharide (LPS) arrests their proliferation

during acute infection
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SUMMARY

Acute infection with Trypanosoma cruzi is characterized by multiple manifestations of immunosuppres-
sion of both cellular and humoral responses. B cells isolated at the acute stage of infection have shown
marked impairment in their response to polyclonal activators in vitro. The present work aims at studying
the B cell compartment in the context of acute 7. cruzi infection to provide evidence for B cell
activation, spontaneous apoptosis and arrest of the cell cycle upon mitogenic stimulation as a mechanism
underlying B cell hyporesponse. We found that B cells from acutely infected mice, which fail to respond
to the mitogen LPS, showed spontaneous proliferation and production of IgM, indicating a high level of
B cell activation. Furthermore, these activated B cells also exhibited an increase in Fas expression and
apoptosis in cultures without an exogenous stimulus. On the other hand, B cells from early acute and
chronic infected mice did not present activation or apoptosis, and were able to respond properly to the
mitogen. Upon in vitro stimulation with LPS, B cells from hyporesponder mice failed to progress
through the cell cycle (Go/G arrest), nor did they increase the levels of apoptosis. These results indicate
that B cell apoptosis and cell cycle arrest could be the mechanisms that control intense B cell expansion,
but at the same time could be delaying the emergence of a specific immune response against the parasite.
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INTRODUCTION

Acute infection of mice with Trypanosoma cruzi, the intracellular
protozoan parasite responsible for Chagas’ disease, is character-
ized by depression of cellular and humoral immune responses
[1,2]. This functional deficiency has been implicated in key events
of T. cruzi pathogenesis, such as parasite persistence [3] and
immunoregulatory disturbances leading to late immunological
attack of the host heart and skeletal muscle or nervous system [4].

Several studies [5-7] demonstrated the importance of
antibodies for survival and parasite clearance. Brener [8] proposed
that trypanolytic antibodies elicited by an active infection are the
major and possibly the sole immune effector mechanism
controlling murine and human 7. cruzi infection. Although
parasite-specific antibodies are essential for controlling 7. cruzi
infection, it has been described that B cells from acutely
T. cruzi-infected mice showed a reduced reactivity to parasite
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antigens in vitro [9]. Minoprio et al. [4] proposed that the humoral
immunosuppression to parasite antigens observed during the acute
phase of the infection might be due to the fact that parasite-specific
B cells are outnumbered by polyclonally activated cells which
produce non-specific antibodies that fail to bind parasite
antigens. In addition, Hayes & Kierszenbaum [10] described
that B cells isolated only at the acute phase of the infection show
an impaired reactivity to polyclonal activators despite the
significant number of B lymphocytes, indicating a B cell
alteration, a suppressive phenomenon, or a combination of both.
In this context, it has been reported that stimulated B lymphocytes
display reduced IL-2R expression in the presence of 7. cruzi
trypomastigotes [11]. Other researchers have suggested that a
membrane antigen of 7. cruzi is involved in immunosuppression
[12]. Altogether, these findings provide evidence for the
coexistence of B cell immunosuppression and polyclonal
activation during acute T cruzi infection. The coexistence of
these apparently contradictory immunological phenomena is
consistent with the hypothesis that a continuous stimulation of
lymphocytes leads them to an immune dysfunction: a loss of
ability to respond to an antigen (anergy) and/or an increase in
the levels of apoptosis.
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Here, we document that B cell hyporesponsiveness to LPS in
T. cruzi-infected mice is a result of B cell activation, spontaneous
apoptosis and cell cycle arrest upon LPS stimulation.

Since different mechanisms of impaired T cell responses have
been proposed [13—18] and these T cell defects may affect the B
cell response in the majority of the experiments, we undertook to
study the effect of mitogenic stimulation on B cells keeping them
under the influence of other immune cells, as occurs in in vivo
conditions. Hence, we used a B cell potent mitogen, such as LPS,
and analysed its effect on CD19" or B220" cells of the whole
splenocyte population. To simulate the in vivo conditions, we
selected LPS as B cell mitogen, since LPS acts [19] in a similar
way to mitogenic 7. cruzi antigens [20-22]. Elucidation of the
mechanisms responsible for B cell hyporesponsiveness in 7. cruzi
infection may provide new clues for immune intervention aimed
at preventing or reversing the resulting humoral immunosuppres-
sion and further promoting the development of protective
immunity against the parasite.

MATERIALS AND METHODS

Parasite and mouse strains

The Tulahuén strain of T. cruzi was used. It was maintained by
weekly intraperitoneal (i.p.) inoculation in BALB/c mice. These
mice (6—8 weeks old) were obtained from the Comisién Nacional
de Energia Atémica (Buenos Aires, Argentina).

Infection with T. cruzi

Mice were infected intraperitoneally with 500 trypomastigotes (tp)
from 7. cruzi, diluted in 0-2 ml PBS. This parasite dose was
selected in view of the fact that 500 tp-infected mice were able to
progress to the chronic phase, so it was useful to evaluate cell
behaviour at acute and chronic phases of the infection. Age-
matched uninfected normal littermates were used as control mice.
In some experiments we also assayed mice injected with 0-2 ml of
Freund’s complete adjuvant (FCA) diluted 1:1 in PBS as control.
After 8, 15 (acute phase) and 180 days (chronic phase), post-
infection mice were killed by cervical dislocation and spleens
were obtained by surgery.

Cell preparation
Spleens from normal or infected donors were removed at the
indicated times after the infection and cell suspensions were
prepared by homogenization in a tissue grinder. Erythrocytes were
lysed by brief incubation in erythrocyte lysing buffer (Sigma
Chemical Co.). Spleen mononuclear cells (SMC) were washed
twice and resuspended in complete RPMI medium containing
10% fetal bovine serum (FBS), 50 um B-mercaptoethanol and
40 pg/ml gentamycin.

For B cell purification, monocytes were removed from SMC
by two rounds of plastic adherence (1 h incubation at 37°C in 10-
cm Petri dishes) and T cells were depleted by magnetic cell
sorting using anti-Thyl.2-coated magnetic beads (Dynal beads)
following the manufacturer’s instructions. After this procedure
>95% of CD19™ cells were detected by flow cytometry.

In vitro cell cultures

SMC (2 x 10° cells/well) were cultured in triplicate in a volume
of 200 wlin flat-bottomed 96-well tissue culture plates (Corning)
for 24, 48, 72, 96 and 120 h with 20 pg/ml LPS (from
Escherichia coli serotype 0127:B8; Sigma) or medium alone.

Cell proliferation was assayed by measuring the *H-TdR
incorporation (1 wCi/well) during the final 18 h of culture. To
evaluate in vitro spontaneous proliferation, SMC were cultured
for 6 h as above in the absence of exogenous stimulus following
the protocol of Minoprio et al. [23]. To analyse the effects of LPS
proliferation, a similar experiment was carried out in the presence
of LPS (20 wg/ml). Cells were harvested and *H-TdR incorpora-
tion was measured by a beta scintillation counter. Results are
presented as ct/min of *H-TdR incorporation or Act/min (Act/min
= ct/min in the presence of LPS — ct/min without stimulus)
* s.d.

In another set of experiments, SMC from normal or infected
mice were cultured with or without LPS (20 wg/ml), at 2 x 10°
cells per 2 ml of complete RPMI medium in flat-bottomed 24-
well plates. After culturing for different times, supernatants were
collected and released IgM was determined. In these supernatants
the presence of DNA fragmentation was evaluated as below. Cells
were harvested and submitted to flow cytometric determination.

IgM determination

For IgM determination 96-well ELISA plates were coated with
goat anti-mouse IgM overnight at 4°C, extensively washed and
blocked by the addition of 1% bovine serum albumin (BSA) for
1 h at room temperature. Plates were emptied and supernatants of
cultures diluted 1:10 in 1% BSA were added for 2 h at 37°C in a
humidified atmosphere in air. After washing three times with PBS
containing 0-05% Tween 20 (PBS-T), peroxidase-conjugated
anti-mouse IgM was added and incubated for 1 h at 37°C. The
reaction was developed using o-phenylenediamine. The assays
were performed in duplicate and values were expressed as mean
optical density at 490 nm (OD at 490 nm) * s.d. in an ELISA
reader (BioRad, Hercules, CA).

DNA fragmentation analysis
SMC were cultured as above. After 18 h of culture, supernatants
were collected and further depleted of contaminating cells by
centrifugation. An equal volume (600 wl) of supernatant was
obtained from each treatment and treated with 0-2 ml cell lysis
buffer consisting of 0-5 (w/v) SDS, 200 pg/ml proteinase K
(Sigma), and 50 mMm NaCl in TE buffer (10 mm Tris—HCI, 1 mm
EDTA, pH 8-0) for 2-5 h at 42°C. The pellet was treated with 50%
isopropanol/0-05 M NaCl at — 20°C overnight, centrifuged, and
finally the DNA was washed with 70% ethanol, air-dried and
resuspended in TE buffer.

The DNA was separated on 1-5% agarose gel using a standard
electrophoresis procedure. Gels were stained with 5 wg/ml
ethidium bromide (Sigma) and photographed under UV light.

Flow cytometry determinations

SMC from normal or infected mice freshly explanted or cultured
for 96 h were washed three times with Hanks’ balanced salt
solution (HBSS) containing 1% BSA and 0-1% NaN; and
preincubated with anti-mouse CD32/CD16 antibody for 1 h at
4°C in order to block immunoglobulin non-specific trapping
through Fc receptors. Following Fc blocking, cells were incubated
with PE-labelled anti-mouse CD19 (PharMingen, San Diego, CA),
PE-labelled anti-mouse B220 (Sigma), and/or FITC-labelled anti-
mouse Fas (PharMingen) for 30 min at 4°C using 1 pwg of
antibody/10° cells. The cells were washed three times with HBSS,
fixed in 2% formaldehyde and stored at 4°C in the dark until
analysis.

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 119:507-515
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Fig. 1. Proliferative response of spleen mononuclear cells (SMC) from
normal and Trypanosoma cruzi-infected mice following stimulation with
LPS. SMC (2 x 10%ml) obtained from normal (®) or 8 day-infected mice
(M) (a) or from 15- (V) or 180 (chronic) -day-infected mice () (b) were
cultured with medium alone or stimulated with LPS (20 pwg/ml). (a,b)
Thymidine incorporation was measured at different hours of culture and
the results are presented as delta of the mean ct/min of triplicate cultures
* s.d. (see Materials and Methods). The data in (a,b) were obtained during
different days and are representative of three independent experiments.

The DNA content was determined as described by Nicoletti
et al. [24]. SMC cultured during 36 h were stained with FITC-
labelled anti-mouse B220 as described above and fixed in 1 ml
cold 70% ethanol at 4°C. Then the propidium iodide (PI; 50 wg/ml;
Sigma) was added to stain DNA.

The number of apoptotic cells was determined by evaluating
the percentage of hypodiploid nuclei in the <2N DNA peak and
the cells in Go/G, were distinguished from those in S/G,/M cell
cycle stage by the amount of DNA per cell.

Terminal deoxinucleotidyl transferase (TdT)-mediated dUTP
nick-end labelling (TUNEL) assay [25] was carried out on
purified B cell population using the Apoptosis Detection System,
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Fluorescein (Promega) according to the manufacturer’s recom-
mended protocol for flow cytometry. Incorporation of FITC-
labelled dUTP by exogenous TdT was detected by analysing green
fluorescence. Negative control involved the omission of the TdT
enzyme during TUNEL reaction.

Ten thousand events were acquired with a flow cytometer
(Becton Dickinson) and results were analysed with WiMDI
software.

Statistical analysis
All statistical analyses were performed using an unpaired
Student’s r-test. P < 0-05 was considered significant.

RESULTS

Impaired reactivity to LPS in SMC from 15 days T. cruzi-infected
mice

To assess the kinetics of the B cell proliferative response
throughout the acute and chronic phases of 7. cruzi infection,
SMC from mice at 8, 15 and 180 (chronic) days post-infection
were cultured with or without LPS during different time periods.
Cell proliferation was assayed by measuring *H-TdR incorpora-
tion. SMC corresponding to age-matched normal mice were used
as controls

We also assessed, as control, one group of mice injected with
FCA in order to imitate normal germinal centre reaction following
antigenic challenge, and it was observed that the proliferative
response of B cells from these FCA-injected mice was similar to
normal mice (data not shown).

As observed in Fig. 1a,b, cells from 8-day-infected mice with
500 tp were able to proliferate upon LPS stimulation with a peak
of proliferation reached 24 h before B cells from normal mice. In
addition, B cells corresponding to 180-day (chronic)-infected
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Fig. 2. Percentage of CD19™ cells on spleen mononuclear cells (SMC) from Trypanosoma cruzi-infected mice. SMC from normal (a) or 15-
day-infected mice (b) were cultured with medium alone (left panels) or LPS (20 wg/ml) (right panels) during 96 h. The cells were then
analysed for CD19™" expression by flow cytometry using PE-labelled anti-mouse CD19 antibodies. Staining with control isotype is shown by
open histograms. The relative cell number is plotted against fluorescence intensity.
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Fig. 3. DNA fragmentation on cells obtained from Trypanosoma cruzi-
infected mice. Spleen mononuclear cells (SMC) from normal 8-day, 15-
day or 180-day-infected mice were cultured with medium alone or LPS
(20 pg/ml) during 6 h. DNA released into the supernatant by SMC was
electrophoresed to monitor DNA fragmentation. Molecular size markers
(PN DNA-EcoRI-Hind III digest) are shown in lane M. Data are
representative of three independent experiments.
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mice (Fig. 1b) were able to respond to LPS to a similar extent to
normal mice cells. In contrast, behaviour of B cells at day 15 post-
infection (Fig. 1b) was clearly different, since their proliferative
response to LPS was significantly diminished compared with
controls. Figure 1b shows only 15-day age-matched control mice,
since their proliferative response was similar that of 180-day age-
matched control mice.

Our findings about cells from 15-day and chronic infected
mice are in broad agreement with those described by Hayes &
Kierszenbaum [16]. Furthermore, we also found that the ability of
B cells to respond to LPS was closely related to the dose of tp
inoculated and the day post-infection in which the cells were
explanted. By using 10 000 and 50 000 tp, the suppression was
revealed at 11 days of infection, and using 100 000 tp, it was
observed at 8 days of infection (data not shown).

Lower number of B cells in SMC from infected mice that fail to
respond to LPS

Since B cells from 15-day T. cruzi-infected mice are unable to
respond properly to LPS, we cultured SMC from normal and 15-
day infected mice for 96 h in the absence or presence of LPS and
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Fig. 4. Forward scatter'® population is enriched in spleen mononuclear cells (SMC) from Trypanosoma cruzi-infected mice. SMC from
normal (a) or 15-day-infected mice (b) were cultured in medium alone (left panels) or 20 wg/ml LPS (right panels) during 96 h. Cells were
stained with PE-labelled anti-mouse CD19. CD19" cells were gated and analysed for FSC wersus SSC profiles. Density plots show three
distinct populations (FSC'®™ or R1, FSC™™ or R2 and FSC"#" or R3) based on light scattering parameters. The percentages shown indicate

the number of cells within each region.
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Fig. 5. Incorporation of fluorescein-labelled dUTP into DNA strand breaks of purified B cells from Trypanosoma cruzi-infected and normal
mice. B cells from normal (a) or infected mice at day 15 after infection (b) were cultured during 6 h (2 x 10° cells/well) in medium alone
(left panels) or with LPS (right panels). The cells were then incubated with FITC-labelled dUTP and terminal deoxitransferase according to
Promega Kit directions. The percentages of apoptotic B cells are indicated. Staining without the TdT enzyme during TUNEL reaction is
shown by open histograms The data are representative of two independent experiments.

studied by FACS the percentage of viable B cells using PE-
labelled anti-mouse CD19.

As expected, the percentage of CD19™" cells in cultures of
SMC from normal mice (Fig. 2a) increased from 51-6% in non-
stimulated cultures (Fig. 2a, left panel) up to 85-7% in cultures
stimulated with LPS (Fig. 2a, right panel). However, the
percentage of CD19™ cells in non-stimulated cultures of SMC
from infected mice (Fig. 2b, left panel) was significantly lower
than controls. Interestingly, LPS stimulation induced a more
pronounced decrease of CDI9% cells from infected mice
(Fig. 2b, right panel). Accordingly, SMC from infected mice
presented lower absolute numbers of B cells compared with
controls, and the difference was increased by LPS stimulation
(data not shown).

Two hypotheses could explain the reduced cell number: (i) an
increase in the rate of cell death, or (ii) a reduction in new cells
generated. In the light of these observations, the next issue we
attempted to investigate was related to the molecular mechanism
involved in decreased B cell number in cultures of SMC from
infected mice that fail to respond to LPS.

B cells from infected mice exhibit a high rate of spontaneous
apoptosis and LPS is unable to rescue them from death

In order to evaluate the first hypothesis, we measured the
occurrence of apoptosis in SMC non-stimulated or stimulated with
LPS after 6 h of culture. Fragmented DNA was detected in culture
supernatants of SMC from 15-day-infected mice, but not in
cultures of SMC from normal, 8-day and 180-day (chronic)-
infected mice (Fig. 3). Simultaneously, we processed FCA-
injected mice as control and did not detect DNA fragmentation
at that time (data not shown). There was no increase in DNA
release in any of the cell types studied upon LPS stimulation.
Previous reports [26—28] have described that apoptotic cells
exhibit an FSC'®" accompanied by an increase or no change in
SSC on a flow cytometer, validating the use of light scattering

properties as evidence of apoptosis. After analysing by FACS FSC
versus SSC of SMC from normal and 15-day-infected mice, we
observed that SMC from normal mice had raised levels of 43-5%
of CD19™ B cells with FSC'® in non-stimulated cultures (Fig. 4a,
left panel), and this percentage decreased to 5-1% upon mitogenic
stimulation (Fig. 4a, right panel). Consistently, this mitogen
increased the number of CD19™ B cells with FSC&" revealing
a very extensive blast transformation. On the other hand, Fig. 4b
shows that cultures of SMC from 15-day-infected mice exhibited a
substantial proportion of CD19" FSC'¥ B cells in non-stimulated
cultures (90-6%), and this percentage was not modified in LPS-
stimulated cultures (95-6%).

These results were in broad agreement with the percentage of
B220™" cells that had a hypodiploid content of DNA after culturing
SMC for 36 h (15-day-infected mice, 64%; normal mice, 36%;
data not shown).

In order to assess whether increased B cell death during
T. cruzi infection would be triggered by another cell type, we
measured by the TUNEL technique the percentage of apoptotic
cells after culturing purified B cells during 6 h. As shown in
Fig. 5, cells from T. cruzi 15-day-infected mice present higher
levels of apoptosis than B cells from normal mice, indicating that
B cells undergo spontaneous apoptosis without any other cell type
in vitro contribution. As described above, during the first 6 h of
culture LPS does not modify the levels of B cell apoptosis either
in normal or in infected mice. We also detected by the TUNEL
technique, both in normal and in infected mice, lower apoptosis of
CD19™ cells in the context of SMC in comparison with purified B
cells (data not shown).

Together these results demonstrate that B cells from 7. cruzi-
infected mice, exhibiting a hyporesponsiveness to LPS, present an
increased rate of spontaneous apoptosis, and moreover, LPS
neither rescues cells from death nor increases B cell apoptosis.
These results provide a clue for explaining the low number of B
cells in cultures of SMC from infected mice.

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 119:507-515
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Fig. 6. Flow cytometric analysis of Fas expression on B220™ spleen cells
from Trypanosoma cruzi-infected and normal mice. Spleen mononuclear
cells (SMC) from normal (a) or infected mice at day 15 after infection (b)
were stained with PE-labelled anti-mouse B220™ and FITC-labelled anti-
mouse Fas. B220™ cells were gated and the percentages of Fas™ cells are
indicated. Staining with control isotype is shown by open histograms. The
data are representative of three independent experiments.

Fas expression is increased among B cells during acute T. cruzi
infection

To gain more insight into the mechanisms involved in
spontaneous B cell apoptosis during acute 7. cruzi infection, the
expression of Fas molecule on B220" B cells was studied by
FACS. It was found that the percentage of Fas™ B cells was
increased in 15 day-T. cruzi-infected mice in comparison with
uninfected controls (Fig. 6). Moreover, statistical analysis re-
vealed that the mean of Fas expression on B cells from infected
mice was 28-4 in comparison with 17-0 in B cells from normal
mice (data not shown), indicating a higher expression of Fas
protein on B cell from infected mice in comparison with normal

mice. These results indicate that 7. cruzi infection increases the
expression of the Fas pro-apoptotic molecule on B lymphocytes.

LPS stimulation reduces spontaneous proliferation of B cells from
infected mice and arrests them in the Go/G; cell cycle stage
Since mitogenic stimulation did not increase B cell death, the next
question was why cultures of SMC from infected mice stimulated
with LPS exhibited lower number of B cells than non-stimulated
ones? To address this question the second hypothesis was
analysed: reduction in new B cell generation upon LPS stimulus.
Hence, spontaneous proliferation was evaluated by measuring the
incorporation of *H-TdR during the first 6 h of culture with or
without LPS (Table 1). It was observed that SMC from 15-day-
infected mice showed, in absence of exogenous stimulus, higher
levels of spontaneous proliferation in comparison with normal
mice (Table 1) and FCA-injected mice (data not shown). In
addition, activated B cells from 15-day-infected mice were able to
differentiate into immunoglobulin secretory cells, since they
released spontaneously high levels of IgM after 72 h of culture
compared with B cells from normal mice (Table 1). Interestingly,
cells from 15-day-infected mice cultured with LPS showed lower
levels of spontaneous proliferation than cells cultured in the
absence of the mitogenic stimulus. These results are in agreement
with the low levels of IgM released by B cells from 15-day-
infected mice after 72 h of culture in the presence of LPS
compared with non-stimulated cultures (Table 1).

It should be remarked that B cells from 8- and 180-day-
infected mice that were able to respond to LPS did not present
spontaneous proliferation or production of IgM. Furthermore, LPS
stimulation did not modify the levels of thymidine incorporated
during the first 6 h of culture (Table 1). Consistent with the
lymphoproliferative response shown in Fig. 1, the levels of IgM
released by B cells from 8- and 180-day-infected mice increased
upon LPS stimulation.

Finally, the effects of LPS were analysed on the cell cycle of
the B220™ population from normal and 15-day-infected mice after
6 h of culture. Consistent with spontaneous proliferation in
infected mice, we detected 23-3% of B220" cells in the Go/M/S
cell cycle stage (Fig. 7b, left panel) compared with 2-3% of
B220 cells in control mice (Fig. 7a, left panel). B cells from
normal mice cultured for 6 h with LPS progressed through the cell
cycle to a similar extent as non-stimulated cells. In contrast, LPS
reduced the number of B220" cells from infected mice that

Table 1. Spontaneous proliferation and IgM production of spleen mononuclear cells (SMC) from Trypanosoma cruzi-infected mice

Proliferation 6 h + LPS
(ct/min x 10° * s.d.)

Proliferation 6 h
(ct/min x 10° * s.d.)

Dose and
days post-infection

IgM 72 h
(OD at 492 nm * s.d.)

IgM 72 h + LPS
(OD at 492 nm =* s.d.)

*Normal 464 = 13 318 = 20 102 =5 644 = 3
500 tp/8 days 523 = 31 514 = 12 1159 455 £ 3
*Normal 1046 *= 166 967 *= 43 102 £5 644 £ 3
Chronic 1171 = 234 1135 = 223 110 = 14 644 = 2
500 tp/15 days 18 861 *= 1268 13 432 = 940 408 = 14 270 = 14

*Data obtained from two different experiments.

SMC obtained from normal, 500 trypomastigote (tp)-infected mice at days 8, 15 or 180 (chronic) after infection were cultured (2 x 10°/well) with or
without LPS. Spontaneous proliferation was measured by thymidine incorporation during the first 6 h of culture and results are presented as the mean ct/
min of triplicate cultures = s.d. IgM released to the supernatant after 72 h of culture was assayed by a capture ELISA and expressed as optical density (OD)
at 490 nm of triplicate cultures * s.d.

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 119:507-515
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Fig. 7. Cell cycle analysis of B220" cells from Trypanosoma cruzi-infected and normal mice. Spleen mononuclear cells (SMC) from
normal (a) or infected mice (b) were explanted at day 15 after infection and cultured during 6 h with medium alone (left panels) or with
20 wg/ml LPS (right panels). Cells were double-stained with FITC-labelled anti-mouse B220 and propidium iodide. B220" cells were gated
and the percentages of B cells in Go/G; (M1), S/Go/M (M2) or sub Go/G; (M3) cell cycle stages are indicated.

entered into the S/G,/M stage. In agreement with the results
presented before, we observed that cultures of SMC from infected
mice exhibited a higher number of hypo-diploid B220™ cells, and
LPS did not alter the percentage of apoptotic B220™ cells.
These data indicate that upon LPS stimulation, B cells from
infected mice are arrested in the G¢/G; cell cycle stage, avoiding
spontaneous proliferation and consequently generation of novel B
cells, explaining why cultures stimulated with LPS presented a
lower number of B cells in comparison with non-stimulated ones.

DISCUSSION

Acute infection with T. cruzi is characterized by multiple
manifestations of immunosuppression of both cellular and
humoral responses. In this study, we re-validate the B cell
compartment in the context of acute 7. cruzi infection, providing
evidence for B cell spontaneous apoptosis and arrest in the cell
cycle after LPS stimulation.

B cells isolated at the acute stage of infection have shown
marked impairment in their response to polyclonal activators
in vitro [10]. Here, we succeeded not only in confirming these
findings but also detecting that the ability of B cells from 7. cruzi
acutely infected mice to respond to a mitogen was closely related
to the dose inoculated and the day of infection in which the cells
were explanted. It was also observed that mice which failed to
respond to a mitogen had B cells that proliferated and produced
IgM spontaneously, indicating a high level of B cell activation.
Furthermore, these activated B cells also exhibited spontaneous
apoptosis in cultures without an exogenous stimulus. On the other
hand, B cells from 8- and 180-day-infected mice did not present
activation or apoptosis, and were able to respond properly to a
mitogen. These data suggest an association between B cell
activation, apoptosis and immunosuppression during acute
T. cruzi infection. In some experiments we assessed FCA-injected

as control mice in order to imitate normal germinal centre reaction
following an antigenic challenge, and it was found that 15-day-
infected mice exhibited more immunosuppression and apoptosis
than FCA-injected mice. These findings may result from the
higher levels of B cell activation reached after 7. cruzi infection in
comparison with FCA injection. The phenomenon of B cell
apoptosis following intense immune stimulation is well docu-
mented [29,30], but no data of B cell apoptosis during T. cruzi
infection have previously been reported. Our findings are in line
with a series of experimental results during infection with several
pathogens, ranging from parasites to retroviruses, where lympho-
cytes undergo apoptosis as a consequence of infection [31-34].
Therefore, apoptosis could be a general mechanism, which acts
during virus and parasite infection, in which the immediate
consequence is a state of immunosuppression. We demonstrated
that during acute T. cruzi infection B cells undergo spontaneous
apoptosis without contribution of any other cell type in vitro.
Recently, Fas/FasL interaction has been shown to be involved in
activation-induced cell death of CD4™ T cells during experimental
Chagas’ infection [35]. Considering that we detected an increase
in Fas expression on B cell population from unresponsive mice, it
is possible that the Fas/FasL. pathway may be involved in B cell
apoptosis, regulating the magnitude of an immune response as was
previously proposed [36]. Nevertheless, further investigations
should be carried out to discern whether Fas molecule is
responsible for B cell apoptosis and whether an antigen-specific
stimulus is able to modify it.

LPS is a potent polyclonal activator of normal murine B
lymphocytes, and is able to rescue mature resting splenic B cells
from spontaneous apoptosis and promote cell cycle entry [37].
Lopes et al. [38] described that CD4™ T cells activated by 7. cruzi
infection raised the level of apoptosis upon mitogenic stimulation,
so we expected that LPS would accelerate B cell apoptosis during
the first hours of culture. We observed however that during acute
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T. cruzi infection, stimulation with LPS: (i) did not increase the
levels of B cell apoptosis; (ii) failed to reduce apoptosis levels of
B cells, raising the possibility that LPS was unable to provide a
survival signal for B cells from infected mice and/or that apoptosis
was so advanced that survival signals failed to rescue cells from
death; and (iii) arrested B cells in the Go/G; stage, preventing
proliferation of B cells from infected mice and reducing the
number of B220" cells in the S/G,/M stage of the cell cycle.
Whether this phenomenon would be a consequence of B cell or
macrophage activation requires more investigation. In any case,
high activation of both B cells and macrophages has been reported
during T cruzi infection [4,39]. It has been proposed that parasite
mitogens [20,21,40] are responsible for polyclonal activation of
the B cell compartment during acute 7. cruzi infection [41,42],
and it is probable that the restimulation of these activated B cells
with a mitogen leads them to an arrested stage. In this sense, it is
probable that parasite mitogens first expand B cell clones and then
arrest them by subsequent interactions, thus triggering and
controlling polyclonal activation. Similar results were observed
with T lymphocytes that were arrested in the Go/G; stage by
mitogenic stimulation in presence of T. cruzi trypomastigotes
[11]. Also in mice with murine AIDS (MAIDS), mitogenic
stimulation arrested T lymphocytes in the G¢/G; phase of the cell
cycle [43]. Future investigations could generalize this phenom-
enon as an alternative mechanism to control intense immune
responses of the B cell population.

The biological relevance of this study is supported by the fact
that B cell apoptosis and cell cycle arrest could be mechanisms
that control intense lymphocyte expansion during acute 7. cruzi
infection, but at the same time could be delaying the emergence of
a specific immune response against the parasite. It would be
relevant to investigate whether these mechanisms of controlling
intense immune responses discriminate between parasite-specific
and non-specific B cells. This issue is under current investigation
in our laboratory.
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