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SUMMARY

The cytokine interleukin-12 (IL-12) is essential for resistance to Trypanosoma cruzi infection

because it stimulates the synthesis of interferon-c (IFN-c), a major activator of the parasiticidal

effect of macrophages. A less studied property of IL-12 is its ability to amplify the proliferation of

T or natural killer (NK) lymphocytes. We investigated the role of endogenously produced IL-12 in

the maintenance of parasite antigen (T-Ag)-speci®c lymphoproliferative responses during the acute

phase of T. cruzi infection. We also studied whether treatment with recombinant IL-12 (rIL-12)

would stimulate T-Ag-speci®c or concanavalin A (Con A)-stimulated lymphoproliferation and

abrogate the suppression that is characteristic of the acute phase of infection. Production of IL-12

by spleen-cell cultures during T. cruzi infection increased in the ®rst days of infection (days 3±5) and

decreased as infection progressed beyond day 7. The growth-promoting activity of endogenous

IL-12 on T-Ag-speci®c proliferation was observed on day 5 of infection. Treatment of cultures with

rIL-12 promoted a signi®cant increase in Con A-stimulated proliferation by spleen cells from

normal or infected mice. Enhanced T-Ag-speci®c proliferation by rIL-12 was seen in spleen cell

cultures from infected mice providing that nitric oxide production was inhibited by treatment with

the competitive inhibitor NG-monomethyl-L-arginine (NMMA). Enhancement of proliferation

promoted by IL-12 occurred in the presence of neutralizing anti-interleukin-2 (IL-2) antibody,

suggesting that this activity of IL-12 was partly independent of endogenous IL-2. Thymidine

incorporation levels achieved with rIL-12 treatment of the cultures were < 50% of those stimulated

by rIL-2 in the same cultures.

INTRODUCTION

The protozoan Trypanosoma cruzi is the aetiological agent

of Chagas' disease, which is endemic in South and Central

America. The acute phase of experimental T. cruzi infection in

mice is characterized by progressive and intense suppression of

the lymphoproliferative responses of spleen cells stimulated

with polyclonal activators or with parasite antigens.1,2 The

suppression is largely mediated by nitric oxide (NO) produced

by interferon-c (IFN-c)- and tumour necrosis factor-a

(TNF-a)-activated macrophages,3 by prostaglandins4,5 and by

decreased interleukin-2 (IL-2) synthesis accompanied with

reduced expression of IL-2 receptors (IL-2R) in lymphocytes.6±8

In spite of the several suppressor mechanisms that directly or

indirectly affect proliferation, and the response to IL-2

during infection, lymphocyte proliferation is partially or

completely restored (depending on the degree of suppression)

when NO and/or prostaglandin synthesis are blocked,3±5

when IFN-c and/or TNF-a are neutralized by monoclonal

antibodies (mAbs),3,5 or when rIL-2 is added to cultures.3,4

Interleukin-12 (IL-12) participates in the resistance of mice

to T. cruzi infection by innate and acquired immunity.9 The

neutralization of this cytokine by mAbs leads to aggravation of

the infection,9,10 accompanied with a reduction of IFN-c and

NO synthesis by spleen cells from infected mice,9 indicating

that IL-12 is produced during infection and is important in the

control of T. cruzi parasitism. IL-12 can also act as a growth

factor, promoting the proliferation of preactivated T and

natural killer (NK) cells, and enhancing the generation of

cytotoxic T lymphocytes (CTLs) and lymphokine-activated

killer (LAK) cells.11±13 However, IL-12 induces little or no

proliferation of resting T and NK cells, but increases T-cell

proliferation to phytohaemagglutinin (PHA), alloantigens,

anti-CD3 antibody or IL-2.11,14,15 Moreover, treatment of

peripheral blood mononuclear cell (PBMC) cultures from
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patients with Chagas' disease with recombinant IL-12 (rIL-12)

stimulated parasite-speci®c lymphoproliferation.16 Bearing in

mind the described activity of IL-12 as growth factor of pre-

activated T and NK cells, and that this cytokine is synthesized

during T. cruzi infection, we investigated the role of endo-

genously produced IL-12 in the maintenance of lympho-

proliferative responses during infection and whether rIL-12

would stimulate parasite antigen-speci®c lymphoproliferation

and abrogate suppression.

This article reports that IL-12 is produced during T. cruzi

infection and that endogenously produced IL-12 exerts a

signi®cant role in antigen-speci®c lymphocyte proliferation

in the ®rst week of infection. We also show that addition of

rIL-12 increases parasite antigen- and concanavalin A (Con A)-

stimulated speci®c proliferation in culture, partially reducing

suppression. Moreover, IL-12 was capable of stimulating pro-

liferation, even when endogenous IL-2 was neutralized by mAb.

MATERIALS AND METHODS

Animals

Female C57BL/6 mice, (6±8-weeks old, speci®c pathogen-free

[SPF]), were bred in the SPF mouse breeding facilities (BioteÂrio

de Camundongos IsogeÃnicos) of the Department of Immunol-

ogy, ICB, USP. The mice were housed at a density of ®ve per

microisolator cage and offered food and water ad libitum. All

animal procedures were performed in accordance with the

principles of the Brazilian Code for the Use of Laboratory

Animals. For each experiment, the spleen cells of three mice

were pooled.

Infection and preparation of parasite antigen

T. cruzi (strain Y) was maintained by weekly intraperitoneal

(i.p.) inoculation of BALB/c mice. Trypomastigote-containing

blood was drawn from these mice and injected (5000 forms

i.p.) into C57BL/6 mice. T. cruzi tissue-culture trypomastigote

antigen (T-Ag) was prepared from parasites harvested from

infected cultures of LLC-MK2 cells (CCL7.1; American Type

Culture Collection [ATCC], Bethesda, MD) by 10 freeze±thaw

cycles, as previously described.1

Cell cultures

Spleen-cell suspensions were prepared from normal (NSC) or

infected (ISC) mice on days 5, 7, 9 and 12 after infection. The

cells were cultured in 96-well culture plates at a density of

4r105/well, in RPMI-1640 containing 10% fetal calf serum

(FCS), 2 mM L-glutamine, 0.05 mM 2-mercaptoethanol (2-ME),

and penicillin and streptomycin (100 U/ml and 100 mg/ml,

respectively) (Sigma Chemical Co., St Louis, MO). The cul-

tures were stimulated with Con A (2.5 mg/ml), T-Ag (4r105

parasites, prepared by the freeze±thaw procedure stated above)

or maintained in culture medium alone, for a total period of

72 hr. NG-monomethyl-L-arginine (NMMA) (Sigma Chemical

Co.), a competitive inhibitor of NO synthesis, was added to

cultures at a concentration of 0.5 mM, after titration for a dose

that induced the maximum increase of antigen-speci®c pro-

liferation without toxicity. Methyl-[3H]thymidine ([3H]TdR,

speci®c activity 5 Ci/mmol; Amersham Pharmacia, Biotech

UK Ltd, Little Chalfont, Bucks., UK) was added (0.5 mCi/well)

18 hr before termination of the cultures. Radioactivity

was measured by scintillation counting and the results were

expressed as mean counts per minute (c.p.m.)tstandard

deviation (SD) of triplicate cultures.

Treatment of cultures with rIL-12, rIL-2 or anti-IL-12 mAb

The activity of puri®ed murine rIL-12 (a gift from

Dr M. Gately, Hoffman-La Roche Inc., Nutley, NJ) on cell

proliferation was titrated in the range of 150±2500 pg/ml.

The different concentrations of rIL-12 were added 36 hr after

starting the cultures, which were then harvested 36 hr later.

In some experiments, cultures were also treated with 50 ml

of a supernatant from rat S4B6.31 hybridoma cells that

produce immunoglobulin 2a (IgG2a) anti-mouse IL-2 mAb.

Previous titration of this supernatant showed that, at the

dilution of 1 : 4 (v/v) used in the cultures, it completely

inhibited growth of the IL-2-dependent HT-2 cell line.17 The

anti-IL-2-containing supernatant was added together with

rIL-12 at 36 hr of culture.

The effects of rIL-12 and rIL-2 on cell proliferation were

compared. To achieve this, murine rIL-2 (a gift from Dr Robert

L. Coffman, DNAX Research Institute Inc., Palo Alto, CA)

was added at 50 U/ml, alone or in combination with rIL-12

(2500 pg/ml), 36 hr after initiation of the cultures.

In order to verify the effect of endogenously produced

IL-12 in the proliferation of spleen cells, the cultures were

treated with the neutralizing IgG2a rat anti-mouse IL-12 (p-40)

mAb, C17.8 (a gift from Dr Giorgio Trinchieri, Wistar Insti-

tute, Philadelphia, PA), at 100 mg/ml. As a control, the rat anti-

mouse b-galactosidase mAb, GL 117 (of the same isotype), was

added at the same concentration to the cultures. The mAbs

were added at the start of culture, with or without NMMA.

Detection of IL-12

Production of IL-12 (p-40) was measured in 48-hr culture

supernatants of spleen cell cultures by using a two-site

sandwich enzyme-linked immunosorbent assay (ELISA).

This method was standardized in our laboratory using rat

anti-mouse IL-12 (p-40) mAbs: C17.15 as capture antibody

and C15.6 as biotinylated antibody. The lower limit of

IL-12 detectable in our assay was 0.31 ng/ml. The mAbs were

puri®ed from ascites ¯uid donated by Dr Giorgio Trinchieri.

Data analysis

Means of control and experimental groups were compared by

using the Student's t-test. Comparisons of multiple groups were

performed by analysis of variance (ANOVA) and Bonferroni's

test. Differences were considered to be signi®cant when the

P-value was <0.05. Statistical analysis was performed using

GraphPad Instat.

RESULTS

Production of IL-12 by T. cruzi-infected mice

The levels of IL-12 produced by spleen-cell cultures from

infected mice, stimulated or not stimulated by parasite antigen,

were measured by ELISA detection of the p-40 chain (Fig. 1).

Levels of IL-12 were highest on day 5 postinfection (p.i.)

when parasites became detectable in the blood. As parasitaemia

increased from day 7 p.i. onwards, a progressive decrease of

IL-12 synthesis by ISC was observed and preinfection levels

were reached on day 9 p.i.
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Neutralization of IL-12 at the start of infection

reduces Ag-speci®c proliferation

Proliferative responses to T. cruzi Ag by ISC were present

on day 5 p.i., and treatment of the cultures with neutralizing

anti-IL-12 mAb, C17.8, but not with the isotype-matched con-

trol anti-b-galactosidase mAb, GL-117, reduced Ag-speci®c

lymphocyte proliferation by < 50% (Fig. 2).

On day 7 of infection, Ag-speci®c proliferation by ISC was

intensely suppressed, but still detectable, whereas on day 12

p.i., suppression was almost complete, with [3H]TdR incor-

poration levels below 500 c.p.m. Antigen-speci®c proliferation

could be enhanced by treating ISC from days 7 or 12 p.i. with

NMMA, a competitive inhibitor of NO synthesis (Fig. 2).

Neutralizing endogenously produced IL-12 with anti-IL-

12 mAb had no effect on Ag-speci®c proliferation by ISC

(treated or not treated with NMMA) from days 7 or 12 p.i. No

effect of anti-IL-12 mAb treatment was observed on Con A-

stimulated proliferative responses by ISC which were treated or

not treated with NMMA (data not shown). The results indicate

that endogenous IL-12 acts as a costimulator of Ag-speci®c

lymphocyte proliferation early in the course of infection.

Treatment with rIL-12 stimulates parasite Ag-speci®c

or Con A-induced proliferation

We next asked whether Ag-speci®c proliferation by ISC could

be enhanced by the addition of rIL-12. Proliferation was

markedly suppressed in ISC from days 9 and 12 p.i. (Fig. 3b)

compared to ISC cultures from day 5 p.i. (Fig. 3a). The

addition of NMMA increased the suppressed proliferative

responses to parasite Ag by ISC from days 9 and 12 p.i.

(Fig. 3b) but not from day 5 p.i. (results not shown). Treatment

with rIL-12 in doses up to 2500 pg/ml did not further increase

Ag-speci®c proliferation by ISC from day 5 p.i. or by NSC

(Fig. 3a). However, addition of rIL-12 to NMMA-treated ISC

from days 9 or 12 p.i. resulted in a marked dose-dependent

increase of Ag-speci®c lymphocyte proliferation (Fig. 3b). This

enhancing effect of IL-12 on proliferation was not observed in

ISC that were not treated with NMMA (Fig. 3b). Thus, rIL-12

was capable of further stimulating Ag-speci®c proliferation

provided that NO production was blocked by NMMA.

Lymphocyte proliferation induced by the polyclonal

activator Con A was also enhanced by IL-12 in either NSC

or ISC (Fig. 4a, 4b). The maximal effect of rIL-12 varied

between 50% and 100% increase and occurred regardless of

whether the cultures had been treated with NMMA.
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Figure 2. Effect of neutralization of endogenously produced inter-

leukin-12 (IL-12) by monoclonal antibody (mAb) anti-IL-12 (C17.8,

100 mg/ml) on parasite antigen (T-Ag)-stimulated spleen cell prolifera-

tion from Trypanosoma cruzi-infected mice. As an isotype control the

rat anti-b-galactosidase mAb GL 117 (IgG2a) was used at the same

concentration as C17.8. 1*P<0.01. Values are expressed as arithmetic

means from triplicate cultures tstandard deviation. The results are

representative of three experiments.
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Figure 1. Production of interleukin-12 (IL-12) by spleen cell cultures,

and corresponding blood parasite counts, after intraperitoneal (i.p.)

infection of C57Bl/6 mice with 5000 Trypanosoma cruzi blood forms.

The cultures were stimulated with parasite antigen (T-Ag) or incubated

in culture medium alone. Values are expressed as arithmetic means

from duplicate cultures tstandard deviation (for IL-12) or from

six mice (parasite counts). The results are representative of four

experiments.
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Figure 3. Effect of recombinant interleukin-12 (rIL-12) on parasite

antigen (T-Ag)-stimulated spleen cell proliferation from Trypanosoma

cruzi-infected (ISC) or from normal control (NSC) mice. Cultures were

obtained on days 5, 9 or 12 after infection and were treated (or not

treated) with NG-monomethyl-L-arginine (NMMA). Values are

expressed as arithmetic means of triplicate cultures tstandard

deviation. (a) NSC and ISC on day 5 of infection. (b) ISC on days 9

and 12 of infection, treated or not treated with NMMA. The results are

representative of four experiments.
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Stimulation of parasite Ag-speci®c proliferation by IL-12

is not affected by anti-IL-2 treatment

It was important to determine whether the stimulation of

lymphocyte proliferation by IL-12 resulted from a direct effect

of this cytokine or indirectly from an IL-12-dependent effect on

the synthesis/activity of IL-2. To achieve this, the cultures were

treated with rIL-12 in the presence or absence of anti-IL-2

neutralizing mAb, S4B6.31. As shown in Fig. 5(a), anti-IL-2

treatment signi®cantly reduced NSC proliferation to Con A;

however, the addition of rIL-12 was still capable of enhancing

proliferation to anti-IL-2-treated cultures. In fact, proliferation

achieved with the highest dose of rIL-12 (2500 pg/ml) in the pre-

sence of anti-IL-2-blocking mAb reached values found in Con

A-stimulated, but untreated, cultures. However, the maximal

stimulation of proliferation by IL-12 in Con A-stimulated

cultures was seen when endogenous IL-2 was not neutralized.

Regarding parasite Ag-speci®c responses, proliferation by

NMMA-treated ISC was not decreased by IL-2 neutralization;

supplementing IL-12 markedly increased proliferation, not

being affected by neutralizing endogenous IL-2 (Fig. 5b). The

possibility that lymphocytes proliferating to parasite-Ag in the

presence of NMMA could use a cytokine other than IL-2 as a

growth factor was investigated. To achieve this, cultures were

treated with anti-IL-4 mAb, 11B11 (20 mg/ml), or with anti-

granulocyte±macrophage colony-stimulating factor (GM-CSF)

mAb (20 mg/ml); no inhibition of proliferation was observed

(data not shown), indicating that these cytokines do not

participate as growth factors in the observed proliferation.

Comparison between the proliferation-stimulating ability

of IL-12 and IL-2

The effect of supplementing cultures with IL-12 or IL-2 on

lymphocyte proliferation was tested by treating ISC from day

12-infected mice with these cytokines. The results shown in

Fig. 6 were obtained for the maximal concentrations of the

tested cytokines. These were 50 U/ml for IL-2, as previously

titrated to induce maximal proliferation of Con A-stimulated

NSC or HT-2 cells, and 2500 pg/ml for IL-12, as shown in

Figs 4 and 5. Neither IL-2 nor IL-12 stimulated Ag-speci®c

proliferation when NO production was not blocked (data not

shown). When cultures were treated with NMMA, the levels of

proliferation obtained with IL-12 treatment were < 50% of

those obtained with IL-2, as seen in either Con A- or parasite-

Ag-stimulated cultures (Fig. 6). No synergistic effect was

observed by adding both cytokines together to the cultures.
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Figure 6. Comparison of interleukin-2 (IL-2) and interleukin-12

(IL-12) treatment on spleen cell proliferation in concanavalin A

(Con A)- or parasite antigen (T-Ag)-stimulated cultures, or in cultures

incubated in medium alone, from Trypanosoma cruzi-infected mice.

The cultures were performed on day 12 of infection, treated with

NG-monomethyl-L-arginine (NMMA) and supplemented with IL-12

(2.5 ng/ml), IL-2 (50 U/ml) or both cytokines. Values are presented as

arithmetic means of triplicate cultures tstandard deviation. The

results are representative of two experiments.
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Figure 4. Effect of interleukin-12 (IL-12) on concanavalin A (Con A)-

stimulated spleen cell proliferation from Trypanosoma cruzi-infected

(ISC) or from normal control (NSC) mice. Cultures were obtained on

days 5, 9 or 12 after infection and were treated (or not treated) with NG-

monomethyl-L-arginine (NMMA). Values are expressed as arithmetic

means of triplicate cultures tstandard deviation. (a) NSC and ISC on

day 5 of infection. (b) ISC on days 9 and 12 of infection, treated or not

treated with NMMA. The results are representative of four experiments.
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Figure 5. Effect of treatment with anti-interleukin-2 (IL-2) monoclonal

antibody (mAb) S4B6.31 on concanavalin A (Con A)-stimulated spleen

cell proliferation from normal mice in cultures treated with interleukin-

12 (IL-12) (a), and the effect of the same treatments on parasite

antigen (T-Ag)-stimulated proliferation in NG-monomethyl-L-arginine

(NMMA)-treated cultures of spleen cells obtained from day-12 Try-

panosoma cruzi-infected mice (b). Values are expressed as arithmetic

means of triplicate cultures tstandard deviation. The results are

representative of three experiments.
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DISCUSSION

The cytokine IL-12 is essential for resistance to T. cruzi

infection because it stimulates the synthesis of IFN-c, a major

activator of the parasiticidal activity of macrophages. A less

investigated role of IL-12 is its ability to amplify T or NK

lymphocyte proliferation. Indeed, IL-12 was originally

described as having a co-mitogenic effect on human T cells.18

Most studies have investigated the stimulatory activity of IL-12

on proliferation when the recombinant cytokine is added

to mitogen- or anti-CD3-stimulated lymphocyte cultures.18,19

Although the role of endogenous IL-12 on antigen-stimulated

T-cell proliferation has been studied in much less detail, this

cytokine clearly participates in enhancing T-cell proliferation

to allostimulation in mixed leucocyte cultures.20 The results

presented in this report show that IL-12 is mainly produced

early in the course of T. cruzi infection in the mouse and that it

has an important role of promoting parasite±antigen-speci®c

proliferation early in infection. This activity of IL-12 was

inferred from the data showing signi®cant inhibition of

Ag-speci®c proliferation by anti-IL-12 p40 mAb, 17.8, on the

®rst week of infection. Recently, however, IL-23, a heterodimer

formed by the IL-12 chain p40 and a protein designated p19,

was described as stimulatory for anti-CD3- and anti-CD28-

induced proliferation of mouse or human memory lympho-

cytes.21 Proliferation of murine lymphocytes induced by

the hybrid Hy-p40-p19 molecule, or by conditioned medium

of p19p40-cotransfected cells, was markedly suppressed by

treating the cultures with the neutralizing anti-IL-12p40 mAb

17.8.21 Therefore, as we also used mAb 17.8, this antibody

could block the effect of both IL-12 and IL-23 in the cultures.

At this point, we cannot be sure whether endogenous IL-23

stimulates T. cruzi Ag-speci®c proliferation in our system.

To our knowledge this is the ®rst time that the prolifera-

tion-enhancing ability of endogenous IL-12 has been shown

to occur in a situation of in vivo infection or immunization.

The participation of endogenous IL-12 as a growth-promoting

factor for T. cruzi-speci®c T cells was restricted to the ®rst week

of infection. Nevertheless, it may compensate for suboptimal

IL-2 synthesis and/or expression of IL-2 receptors that have

been reported to occur in early T. cruzi infection.22 As infection

progressed beyond day 7, there was a progressive decline in

IL-12 production, and parasite Ag- and mitogen-speci®c pro-

liferative responses became gradually suppressed, reaching the

lowest levels by day 12 of infection; endogenous IL-12 had no

demonstrable participation in proliferation, even when sup-

pression was partially abrogated by inhibiting NO synthesis

with NMMA (cf. Figure 2). The decline in IL-12 produc-

tion correlated with increased IL-10 and NO production

and progressive immunesuppression during this time-period

of infection (A. P. GalvaÄo da Silva & I. A. Abrahamsohn,

unpublished).

Treatment with rIL-12 had no effect on Ag-speci®c

proliferation on day 5 after infection (when endogenous IL-12

acts as a T-cell growth factor), suggesting that there was no

shortage of growth factors for the relatively limited numbers of

Ag-speci®c T cells that are induced to proliferate by parasite

antigen. In contrast, IL-12 treatment clearly enhanced Con

A-stimulated proliferation in normal or day-5-infected cultures.

The polyclonal nature of the stimulation that affects most

T cells would require supplementation with growth-promoting

factors to achieve optimal T-cell proliferation.

Proliferation enhancement by IL-12 in the phase of high

suppression was seen in parasite Ag-stimulated cultures, pro-

vided that NO synthesis was blocked by the addition of

NMMA. Treatment with NMMA alone stimulated prolifera-

tion by 300%, while addition of IL-12 to these cultures further

doubled the incorporation rates. In addition, inhibition of NO

synthesis is also required in order to observe a proliferation-

enhancing effect by IL-2 in similar cultures.3 Two mechanisms

may explain this requirement. First, the high levels of NO

produced in the cultures cause cell death that can be reversed

by NMMA treatment,23 and a higher number of cells express-

ing IL-12 receptors would be available in culture. Second,

T. cruzi-infected mice treated with an inhibitor of NO synthesis

have increased expression of IL-2R, suggesting that NO down-

regulates IL-2R expression during infection.24 The prolifera-

tion of Con A-stimulated cultures, however, was enhanced by

IL-12, regardless of whether NO synthesis was blocked. As Con

A is a polyclonal activator, the frequency of T cells activated by

Con A, even in the presence of NO, would be higher than in

antigen-stimulated cultures, and the cultures would respond to

IL-12 supplementation.

The mechanisms by which IL-12 stimulates proliferation

are not completely clear. The effect requires previous activation

of the cells, as IL-12 is not capable of activating resting T cells.

In fact, IL-12 was not capable of inducing resting T cells from

normal mice to proliferate, even when exposed to parasite

antigen, and IL-12 addition was most effective at stimulating

proliferation in Ag- or Con A-stimulated cultures when added

at 36 hr of culture. A similar behaviour was seen for PBMC

from Chagas' disease patients stimulated with parasite anti-

gen.16 Activated T cells express high-af®nity IL-12R, which

is a requirement for IL-12-induced proliferation, but not for

induced cytokine production.25

Our results indicate that IL-12 enhances proliferation to

Con A and parasite antigen, even when endogenous IL-2 has

been neutralized by a speci®c mAb. This is in accordance with

previous observations using other antigens or mitogens.11

Although IL-12 can promote proliferation independently from

IL-2, these two cytokines can have an additive effect on each

other, optimizing proliferation as IL-2 induces the expression

of IL-12 receptor26,27 and IL-12 induces IL-2Ra.28,29 In fact,

our results show that maximal proliferation to Con A induced

by IL-12 is dependent on the availability of endogenous IL-2,

whereas Ag-speci®c proliferation is stimulated by IL-12, but

not affected by neutralization of endogenous IL-2.

Regarding the relative ef®cacy of IL-12 and IL-2 in pro-

moting cell proliferation, our results show that IL-12 is less

ef®cient at enhancing proliferation than IL-2 when both cyto-

kines are used at concentrations that induce maximal cell

proliferation. These cytokines also do not synergize and these

results agree with previous published reports on the subject.11,19

In addition, whereas IL-2 enhances proliferation of both rest-

ing and preactivated T cells, IL-12 does not stimulate resting

or normal cells (Fig. 3 and data not shown) and thus is capable

of preferentially expanding parasite Ag-speci®c clones. This

latter observation agrees with the effect of IL-12 on T. cruzi

Ag-speci®c proliferation by human T cells.16

In summary, we have shown that endogenous IL-12 acts as

a T-cell growth factor for parasite Ag-speci®c proliferation
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in acute T. cruzi infection, and that in vitro treatment with

IL-12 contributes to restoring cell proliferation to suppressed

parasite-speci®c and Con A lymphocyte responses of the acute

phase.
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