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A model of experimental Trypanosoma cruzi murine infection with chemically induced metacyclic forms
(opossum clone Dm28c) showed a marked state of T-cell unresponsiveness during acute phase, but lacked
evidence of suppressor cell activity. Spleen cells from infected mice were suppressed in vitro in responses to
T-cell activators concanavalin A, anti-Thyl monoclonal antibody (MAb), and anti-CD3 MAb compared with
spleen cells from control littermates. Activation with accessory cell-independent stimulus provided by
immobilized anti-CD3 was defective in splenic CD4-positive T cells from infected mice, but not in such cells
from control mice. No evidence of splenic suppressor cell activity was found in cell-mixing experiments using
nylon-passed T cells from control and infected donors. Kinetic experiments showed that there was a discrete
stage in infection when T cells were already suppressed in response to anti-CD3 but still responded to
anti-CD69 MAb. In these T cells, immobilized anti-CD3 failed to enhance simultaneous CD69 responses,
although anti-CD3 enhanced CD69 responses in control T cells from uninfected donors. These results
demonstrate an intrinsic defect in T-cell receptor-mediated T-cell activation, which could be a mechanism
generating T-cell suppression during infection by T. cruzi.

Infection of humans by the intracellular protozoan Trypano-
soma cruzi causes Chagas' disease, which by 1985 affected 16
million people in Latin America (22). Therefore, a great effort
has been devoted to understanding the pathogenic mecha-
nisms related to the dysfunction of the immune system induced
by the parasite. Experimental murine models of Chagas'
disease have identified a marked T-lymphocyte immunosup-
pression during acute infection (7, 14, 17) which could be
involved in key pathogenic events in the host, such as contin-
ued parasite persistence (10), and immunoregulatory and
repertoire disturbances leading to late autoimmune attack of
target tissues such as cardiac and skeletal muscle or neuronal
myoenteric plexuses (12). Distinct mechanisms for reduced
T-cell responses have been described, including an accessory
cell (AC) defect in interleukin 1 production (14), release of
suppressive arachdonate metabolites (7, 17), and CD8 T-cell-
derived suppressor activity (17). However, some of these and
other studies also noted the concomitant presence of an
endogenous T-cell defect (7, 18). We have developed an
experimental model of murine infection with metacyclic forms
of T. cruzi clone Dm28c, chemically transformed in vitro as
described previously (4). In this system, we found a profound
T-cell suppression in spite of undetectable suppressor cell
activity. AC-independent T-cell responses to immobilized anti-
CD3 antibody were markedly reduced in T cells from infected
donors compared with those in cells from normal controls.
However, there was a discrete stage in the course of infection
when otherwise-suppressed T cells could still be activated via
the early activation antigen CD69 (24). T cells from infected
mice, but not from control littermates, failed to mount en-
hanced responses upon concomitant CD69 and T-cell receptor
(TcR)-CD3 cross-linkage, indicating that the intrinsic T-cell
defect can be antigen receptor mediated.

* Corresponding author.

Male BALB/c mice (6 to 8 weeks) were subcutaneously
infected with 105 metacyclic Dm28c forms, obtained in vitro as
described previously (4). After 20 to 60 days of infection,
spleens were removed from infected and normal littermates.
Whole-splenocyte suspensions and nylon wool-enriched T cells
were prepared as described previously (8). These cells still
contained residual AC sufficient to mount proliferative re-
sponses to concanavalin A (ConA) and to anti-CD69 plus
phorbol myristate acetate (PMA), although the responses were
of limited amplitude. In addition, the experiment shown in Fig.
1 was done with highly purified normal splenic T cells, ob-
tained by two cycles of nylon wool purification followed by lysis
with anti-Ia monoclonal antibody (MAb) and complement.
These cells are depleted of AC, since they fail to respond to
ConA and to anti-CD69 plus PMA (Fig. 1 and data not
shown). CD8-depleted T cells were nylon-passed splenic T
cells obtained by lysis with anti-CD8 MAb and complement
followed by a second cycle of cytotoxicity with anti-rat immu-
noglobulin MAb and complement. By flow cytometry, the T
cells in this population (80 to 85% of total cells) contained
more than 92% CD4-positive cells and less than 3% CD8-
positive cells in both control and infected donors. Cultures
were done in 0.2 ml of Dulbecco modified Eagle medium
(Sigma Chemical Co., St. Louis, Mo.) supplemented with
bicarbonate, 2-mercaptoethanol (5 x 10-5 M), L-glutamine (2
mM), gentamycin (10 ,ug/ml), and 10% fetal calf serum (FCS)
(Cultilab, Sao Paulo, Brazil) in 96-well flat-bottom microtiter
plates (Linbro, Hamden, Conn.) for 3 days in a humid incu-
bator with 5% CO2 at 37°C. Eighteen hours before harvesting,
0.5 ,uCi of tritiated thymidine ([3H]TdR; 6.7 Ci/mmol; New
England Nuclear Corp., Boston, Mass.) was added to each
well. Cultures were harvested with a Mini-Mash II harvesting
device (M.A. Bioproducts, Walkersville, Md.) onto fiberglass
filters, and the amount of [3H]TdR incorporated into DNA
was measured by liquid scintillation spectroscopy. Cultures
were set up in triplicate. Reagents added to cultures included

1484



NOTES 1485

3H-TdR UPTAKE (KCPM)
40

30

20-

10-

0 0.1 0.5 1

145-2C1 1 (%SUP
FIG. 1. Potentiation of T-cell activation by cc

anti-CD3 and anti-CD69 antibody H1.2F3. Splenoc
BALB/c mice were purified over two nylon wool coli
Ia-positive cells, and stimulated (2 x 1O5) in the prn
PMA per ml in wells coated overnight with the ir
anti-CD3 (145-2Cl MAb) supernatant fluid, which
co-coated with anti-CD69 (10 ,ug of H1.2F3 salt-cu
Proliferation was assessed by [3H]TdR uptake after
Bars indicate the standard errors of the mean of t
Bars are hidden by circles where the error is too sri

PMA (Sigma), ConA (Pharmacia, Uppsala,
reagent (Sigma), rat anti-mouse Thyl MAb (

anti-mouse CD3s MAb 145-2C11 (11), and
mouse CD69 MAb H1.2F3 (23) (provided by
Laboratory of Immunology, National Institt
Bethesda, Md.). To stimulate cells with plas
antibodies, microtiter plates were treated fo
overnight at 37°C with MAb 145-2C11, dilul
serum-free medium at the desired dosage or w
145-2C11 and 10-,ug/ml H1.2F3. Before use, we
three times with Hanks solution-10% fetal
reincubated until the cells were added. In
experiments, nylon-passed splenic T cells were
with different stimuli and, after 3 days, ac

proliferation was measured by an MTT reducti
assay as described previously (13). Color
formazan crystal formation was measured at
enzyme-linked immunosorbent assay (ELISA)

Murine CD69, like its human counterpart (2,

in resting T cells but is rapidly induced following in vitro
activation with phorbol ester and in the presence of AC,
cross-linkage with anti-CD69 MAb H1.2F3 induces murine
polyclonal T-cell but not B-cell activation (23). In addition,
human CD69 also enhances T-cell activation induced with
anti-CD3 MAb (3). In highly purified mouse splenic T cells
treated with phorbol ester (Fig. 1), immobilized anti-CD69
MAb H1.2F3 enhances T-cell activation induced by coimmo-
bilized anti-CD3. Soluble anti-CD69 failed to enhance immo-
bilized anti-CD3 responses in these highly purified T cells
(data not shown). However, when responding cells still con-
tained residual AC, as do splenic T cells passed over one nylon

Dlus H1.2F3 column, a cooperative response was seen with soluble anti-
CD69 and limiting doses of immobile anti-CD3 (data not
shown). Therefore, CD3 and CD69 pathways cooperate to
costimulate normal murine T-cell activation, as occurs in
human T cells. In a second experiment, BALB/c nylon-passed
T cells gave responses of 3,828 cpm to PMA alone, 8,737 cpm
to PMA and immobile HI.2F3, and 29,079 cpm to PMA and
immobile anti-CD3. However, in microtiter wells coated with
both anti-CD3 and H1I.2F3, the T-cell response was 89,835iti-CD alone cpm. Addition of an equal number of irradiated AC (105) had
no effect on the response to immobile anti-CD3 plus PMA
(30,423 cpm), probably because this stimulus is AC indepen-
dent. Addition of AC and soluble H1.2F3 in the presence of
PMA resulted in a response of 413,090 cpm by these T cells in
the absence of anti-CD3, indicating that anti-CD69 is a potent
mitogen when added in soluble form in the presence of excess
AC and PMA. We have developed a model of experimental
Chagas' disease by infecting BALB/c mice with chemically
induced metacyclic forms of the opossum T. cruzi clone

.0 1 5 Dm28c. Very similar alterations were induced in mice infected
with either chemically induced or triatomine-derived metacy-
clic forms of clone Dm28c (I la). During acute phase, a
profound state of immunosuppression develops among spleen

ostimulation with T cells (Fig. 2A); this is characterized by markedly reduced
ytes from normal responses to polyclonal T-cell stimuli like ConA, mitogenic
umns, depleted of anti-Thyl MAb G7, and mitogenic anti-CD3E chain MAb
esence of 5 ng of 145-2C11. However, stimulation of otherwise-suppressed
ndicated doses of splenocytes with anti-CD69 MAb HI.2F3 in the presence of
were or were not PMA resulted in a vigorous proliferative response, almost
it ascites per ml). comparable to that of control littermates (Fig. 2A). Since
3 daysin culture. splenic T cells were collected at various time points during
nalli infection, this differential response of suppressed cells to

anti-CD69 was not observed in all experiments. Some animals
presented a generalized T-cell defect, including suppression to
anti-CD69 stimulation. To bypass AC function in T-cell re-

Sweden), MTT sponses, we used immobilized anti-CD3 to stimulate nylon-
57 (6), hamster passed spleen T cells in the presence or absence of PMA. This
hamster anti- form of T-cell activation is considered to be AC-independent

Ethan Shevach, (5, 21). As mentioned above, nylon-passed, CD8-negative
ites of Health, spleen cells from either control or infected donors had similar
,tic-immobilized numbers of T cells expressing CD3 and CD4 markers and were
r either 2 h or essentially devoid of CD8-bearing cells, as assessed by flow
ted in 50 [lI of cytometry. Nylon-passed CD8-negative T cells from control
ith a mixture of littermates responded both to high doses of immobilized
lls were washed anti-CD3 in the absence of PMA and to lower doses of
calf serum and immobilized anti-CD3 in the presence of PMA, as shown in
one series of Fig. 2B. On the other hand, as shown in Fig. 2B, nylon-passed,

cultured in vitro CD8-negative T cells from infected mice failed to respond to
tivation and/or immobilized anti-CD3, even in the presence of a potent
ion colorimetric costimulator like PMA. Thus, an intrinsic defect in responsivity
resulting from through CD3 is likely to occur in T cells from infected mice.
590 nm in an Besides CD8 depletion, additional experiments also indicated
plate reader. a lack of suppressor cell activity in immunosuppressed mice.
3, 19), is absent As shown in Table 1, experiment 1, splenic nylon-passed T cells

anti-CD3 r

an,
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FIG. 2. Characterization of T-cell immune defects in T. cruzi-infected mice. (A). Sparing of CD69 activation pathway in suppressed T cells.
Splenocytes (3 x 105) from control littermates or infected (51 days) BALB/c mice were stimulated with medium, 2 pLg of ConA per ml, 0.002%
anti-CD3 ascites, 10 p.g anti-Thyl (G7) salt-cut ascites per ml, or 10 pg of anti-CD69 (HI.2F3) salt-cut ascites per ml in the presence of PMA (5
ng/ml). (B). Immobilized anti-CD3 fails to activate CD4-positive T cells from infected donors. Control littermates or infected (41 days) BALB/c
splenocytes were purified over nylon wool columns and depleted of CD8 T cells. CD4 T cells were cultured (2 x 105) either in the absence of PMA
in anti-CD3-coated (0.1% ascites) wells or in the presence of PMA in anti-CD3-coated (0.005% ascites) wells. Proliferation was assessed by
[3H]TdR uptake after 3 days in culture. Standard errors of the mean are shown.

from infected mice were completely unresponsive to ConA,
compared with the control donor. However, upon being mixed
at a 1:1 ratio, nylon-passed T cells from the infected donor did
not suppress the T-cell response of control donor to ConA. In
fact, an enhancement of the ConA response was observed.
Presumably, the enhancement was caused by an increase in the
number of endogenous AC available for costimulation of the
ConA response after the mixing of equal amounts of nylon-
passed cells from control and infected donors. Moreover, as

shown in Table 1, experiment 2, mixing nylon-passed T cells
from an infected donor, which were unresponsive, with a

responsive T-cell population from a control littermate did not
result in any suppression of the control T-cell response to
immobile anti-CD3 plus PMA. In this experiment, addition of
an equal number of irradiated AC from a control donor did
not enhance the response to immobile anti-CD3 in T cells from
both control and infected donors, presumably because the
stimulus was AC independent (data not shown). These results
strongly suggest that the T-cell defect was intrinsic and not due
to suppressor cell activity contained in residual AC or T-cell

splenic populations. It was possible that the variable behavior
of T cells upon anti-CD3 and anti-CD69 stimulation of indi-
vidual infected mice resulted from differential kinetics of
suppression in response to these stimuli during infection. To
investigate this possibility, one group of infected mice and their
control littermates was monitored at distinct stages postinfec-
tion. Activation and/or proliferation of nylon-passed splenic T
cells (2 x 105) were measured by an MTT colorimetric assay,
as described previously (13), after 3 days in culture supple-
mented with PMA and with or without stimulus. After 27 days
of infection, an infected animal's T-cell response to immobile
anti-CD3 was 144% above that of its control (0.793 change in
optical density [A\OD] versus 0.549 for control T cells). In a

previous kinetic study, we had already noted this hyperrespon-
siveness in infected T cells just before the onset of immuno-
suppression. One week later (day 34), although control T-cell
response to immobile anti-CD3 was maintained (0.670 zXOD),
T cells from the infected animal were already markedly
unresponsive to immobile anti-CD3 (0.191 SOD). On the
same day (day 34), we measured anti-CD69 (soluble) re-

TABLE 1. Lack of suppressor cell activity in splenic AC and T cells from infected donors

Exptno. Nylon-passed T-cell Mean (SEM) [3H]TdR incorporation (cpm) in response to':
Expt no. origin Medium ConA Immobile anti-CD3 Acpm ConA Acpm anti-CD3

1
Control 539 (166) 36,401 (2,251) "' 35,862
Infected 239 (94) 448 (132) 209
Control + infected 748 (94) 66,014 (2,789) - 65,266

2
Control 2,411 (263) - 103,923 (3,562) 101,512
Infected 363 (103) 6,116 (522) - 5,753
Control + infected 12,455 (576) 140,458 (3,220) 128,003

"Nylon-passed splenic T cells (1.5 x lO in experiment 1, 1 x 105 in experiment 2) were cultured either alone or with an equal number (1.5 x 105 or I x 105,
respectively) ofT cells from control or infected animals. Proliferation was measured after 3 days in culture by [3H]TdR uptake. Numbers are means of triplicate cultures.
All cultures in experiment 2 received 5 ng of PMA per ml, and immobile anti-CD3 was used at an concentration of 0.1% 145-2C1 I ascites.

-, not done.

INFECrF. IMMUN.



NOTES 1487

3H-TdR UPTAKE (KCPM)

aCD69 aCD69 - aCD69 aCD69
+ +

axCD3 aCD3

FIG. 3. CD3 engagement fails to enhance CD69 T-cell responses in
T. criuzi-infected mice. Splenocytes (2 x 10S) from control littermates
or infected (29 days for panel A and 32 days for panel B) BALB/c mice
were passed over nylon wool columns and stimulated in the presence
of PMA in anti-CD69-coated (10 j.g/ml) wells. Part of the cultures (A
and B) also contained immobilized anti-CD3 MAb (0.005C>1c ascites for
coating). Coating was done by a 2-h incubation at 37C. Proliferation
was assessed by [3H]TdR uptake after 3 days in culture. Panels A and
B represent independent experiments done with distinct lots of
infected animals. Standard errors of the mean are shown. Statistical
analysis was done by comparing T-cell responses to anti-CD69 without
or with immobile anti-CD3 (paired t test, using log transformation of
[3H]TdR uptake data). The differences caused by including anti-CD3
were significant (P < 0.05) for control T cells in both panels A and B.
However, the differences caused in T cells from infected donors were
not significant in either panel A or B.

sponses and found that they were almost comparable in control
(0.138A0D) and infected (0.1 12AOD) animals. At a later stage
in infection (day 55), the response to anti-CD3 in the control
was 0.553AOD but was only 0.061AOD in the infected donor.
However, by this time the response to soluble anti-CD69 was
also suppressed in the infected animal's T cells (0.034) com-

pared within control T cells (0.435A0D). As an additional
control, although T-cell responses to ionomycin plus PMA
were comparable in control and infected animals up until 45
days after infection, T cells from the infected group lost
responsiveness to this mitogenic stimulus at day 55 (0.172
compared to 0.661A0D in control T cells). Therefore, T-cell
unresponsiveness seems to progress during infection, and loss
of T-cell responses occurs in the following order: CD3 (and
ConA [not shown]), CD69, ionomycin. These results confirm
that there is a discrete stage during infection when T cells still
respond to soluble anti-CD69, although they are already
defective to stimulation via immobile anti-CD3. Therefore, our

previous variable results might have been due to testing
animals either before or after this critical stage.

In order to assess the role of TcR-CD3 pathway in estab-
lishing the low-responsiveness state, we investigated CD3-
CD69 cooperation in animals which still responded to anti-
CD69. Figure 3A and B shows two independent experiments
comparing T cells from infected donors and matched control T
cells, both of which were stimulated with immobilized anti-
CD69 with or without coimmobilized anti-CD3 in the presence
of the CD69-inducing agent PMA. The experiments were done
on different occasions, using two distinct lots of infected
animals. As shown in the figure, T-cell responses to anti-CD69
were still detectable in infected mice. Costimulation with
immobile anti-CD3 enhanced the CD69 response in control T
cells but failed to enhance T-cell responses in the infected
group. The results shown in Fig. 3 strongly suggest that

TcR-CD3 function is defective or abnormal in T cells from
infected mice, being unable to costimulate activation with
CD69. The possibility of a TcR signalling defect, such as the
one described in peripheral T-cell tolerance to a self Mis 1'
ligand (1), is currently being investigated.

In murine T cells, the responses to both ConA and anti-Thy 1
are TcR-CD3 dependent (16). CD69-induced activation in
human T cells is also dependent on concomitant TcR-CD3
expression (15). However, T cells from infected mice could
respond to anti-CD69 at a stage when they were unresponsive
to TcR-CD3. Perhaps differences in the extent of TcR-CD3
engagement by CD69 or additional unique properties of CD69
signalling could explain this differential behavior. In this study,
we used immobile anti-CD3 to observe that an intrinsic
functional defect in the TcR-CD3 pathway occurs in T cells
from T cruzi-infected hosts. Therefore, T-ccll anergy is a likely
mechanism of immunosuppression in the host. During poly-
clonal activation and parasite replication, most of the murine T
cells in vivo (12) and about 15% of human T cells in vitro (20)
are activated, which seems paradoxical in light of the finding of
an unresponsive state. However, vigorous expansion of T cells
in vivo in the periphery can lead to T-cell anergy and/or
programmed cell death, as has been demonstrated for T-cell
subsets stimulated in vivo with self (1) and bacterial (9)
superantigens. We are currently investigating, in this model of
Chagas' disease, the relationship between polyclonal T-cell
activation and the onset of TcR-CD3-mediated defects in
T-cell activation.
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