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Enhancement of natural killer (NK) cell cytotoxicity and induction of NK cell-

derived interferon-gamma (IFN-g ) display different kinetics during experimental

infection with Trypanosoma cruzi
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SUMMARY

Early immunological activation involves an initial phase of cytokine activity and involvement of cell

types such as NK cells. Such early immune responses are often decisive in resolution of microbial

infection. NK cells reduce parasitaemia and enhance survival in experimental Trypanosoma cruzi

infection, although the nature of these protective effects is not well understood. In this study, a detailed

analysis of innate cytokine induction in the absence and presence of NK cells during the first 8 days of

infection was performed. Following intraperitoneal infection with a high dose of parasites, reverse

transcriptase-polymerase chain reaction showed that splenic mRNA for IFN-g appeared as a peak 24 h

after infection and then reappeared 2±3 days later. In NK-depleted animals the first peak of IFN-g was

absent and the second wave was slightly delayed. mRNA for IL-12 and tumour necrosis factor-alpha

(TNF-a ) as well as IFN-a protein in serum was only recorded 24 h after infection, at the same time as

the IFN-g peak. NK depletion resulted in a small decrease of IL-12 mRNA levels, whereas TNF-a and

IFN-a were not affected. NK cytotoxicity remained elevated throughout the 8 days and thus did not

parallel the expression of IFN-g production by NK cells. We conclude that NK cell cytokine production

and cytolytic activity play different roles in response to challenge with T. cruzi.
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INTRODUCTION

NK cells enhance host survival in many intracellular infections

and NK depletion is known to increase susceptibility to several

experimental infections [1±3]. The mechanisms underlying the

protective effects are not clear. Activation of NK cells in response

to certain pathogens involves increased cytolytic capacity as well

as induction of cytokine production of primarily IFN-g and

tumour necrosis factor-alpha (TNF-a ). In some cases, direct

killing of pathogens or infected cells has been demonstrated in

vitro [4±6]. Lately however, more attention has been given to the

cytokines, mainly IFN-g , that NK cells can produce before any T

cell-derived cytokines are available.

Murine infection with the intracellular protozoan parasite

Trypanosoma cruzi is a suitable model for study of the

mechanisms for activation, as well as protective properties of

NK cells because the parasite activates both cytotoxicity and IFN-

g production by NK cells. NK cells are also involved in protection

against T. cruzi infection [2,7].

Trypanosoma cruzi is the aetiologic agent of Chagas' disease.

Upon inoculation into a mammalian host, metacyclic trypomas-

tigotes invade various cell types where they transform into

amastigotes and multiply. Within a week, parasites rupture the cell

and spread further in the host as bloodstream trypomastigotes.

Resolution of the infection is critically dependent on production of

IFN-g which activates microbicidal mechanisms of macrophages

(e.g. nitric oxide (NO) from inducible nitric oxide synthase

(iNOS)) [7±9]. Ultimately, T cells are required for cure of the

disease [10], but the innate immune response plays a crucial role

in the very early phase of infection. Thus depletion of NK cells in

mice prior to infection results in increased parasitaemia and

mortality [2]. The cytotoxic activity of NK cells increases some

days after infection [11]. IFN-g is produced soon after infection

with T. cruzi [12] and NK-depleted mice produce reduced amounts

of the cytokine at this time [7,13].

The initiation of the immune response to T. cruzi and the way

NK cells are activated to produce IFN-g in vivo are not well

understood. Several factors have been described that activate

cytotoxicity and/or cytokine production by NK cells. IL-12 and

IL-18 are efficient inducers of IFN-g production by both NK and

T cells, and have been demonstrated in vivo during T. cruzi
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infection [14]. Exogenous IL-12 is protective in an IFN-g- and

TNF-a -dependent manner [15]. IL-12 is produced upon exposure

of splenic macrophages to T. cruzi in vitro [16] and anti-IL-12

antibodies mediate susceptibility in vivo [17].

IFN-a /b (type I interferons) are produced 24±48 h after T.

cruzi infection [18]. Administration of IFN-a /b or interferon

inducers results in reduced parasitaemia and decreased mortality

[2,19]. However, type I interferons have many immunoregulatory

functions and their exact role in protection is poorly understood.

In the study described here, a kinetic analysis of innate

cytokine expression in C57Bl/6 mice during the first 8 days after

infection with different doses of T. cruzi was performed. The time

period was chosen to extend long enough for adaptive immune

mechanisms to become initiated. In order to study the role of NK

cells during early infection, both NK-depleted and control mice

were infected. The kinetics of cytokine expression was also

related to the activation of the cytotoxic activity of NK cells.

MATERIALS AND METHODS

Mice and parasites

C57Bl/6 mice were bred at the animal facilities at the

Microbiology and Tumour Biology Centre (MTC). All mice were

4±8 weeks old when inoculated intraperitoneally with trypomas-

tigotes of the TulahueÂn strain. Trypanosoma cruzi parasites were

obtained from peripheral blood of infected C57Bl/6 mice. Control

mice were injected with PBS.

Depletion of NK cells in vivo

Mice were depleted of NK cells by intravenous administration of

25 m l anti-asialo GM1 rabbit antiserum (Wako Pure Chemical

Industries, Osaka, Japan) diluted in 200 m l PBS. Control mice

received 25 m l of normal rabbit serum (NRS). The antisera were

given 24 h prior to infection unless otherwise indicated. The

efficiency of the depletion was evaluated in 51Cr-release assays.

Cytotoxicity assay
51Cr-labelled target cells (5 � 103) were added to 96-well V-

bottomed microtitre plates containing appropriate numbers of

effector cells. The plates were incubated for 4 h at 378C. After

incubation, plates were centrifuged and 100 m l of the supernatant

were harvested and transferred to precipitin tubes. The amount of

released 51Cr was measured and the percentage of specific lysis

was calculated from the standard formula [20].

Competitive polymerase chain reaction

Spleen cells [107] were dissolved in 1 ml Ultraspec RNA solution

(Biotecx Laboratories, Houston, TX) and total RNA was purified

according to the manufacturer's instructions. RNA (2 mg) was

denatured at 948C for 5 min, reverse transcribed at 408C for

45 min and treated at 948C for 5 min. The reverse transcription

was carried out in a total volume of 40 m l with 7´5 mm DTT

(Gibco BRL, Paisley, UK), 0´5 mm nucleotides (dNTP; Pharma-

cia, Uppsala, Sweden), 1 U/m l RNAsin (Promega, Madison, WI),

5 mm random hexanucleotides (pd(N)6; Pharmacia) and 10 U/m l

M-MLV reverse transcriptase (Gibco BRL).

Each cDNA sample was amplified in a competitive poly-

merase chain reaction (PCR) assay [21]. The PCR reaction was

performed in 20 m l containing 0´2 mm dNTP, 25 mU/ml taq

polymerase (Roche Molecular Systems Inc., Branchburg, NJ),

0´5 mm sense and antisense primers, cDNA and 2 m l of

competitor fragments of different lengths, but with the same

primer binding sequences as the target DNA. The competitors for

each cytokine were diluted in a series of at least five three-fold

dilutions for every sample. A negative control containing no

template, a competitor control and cDNA controls were included

in every assay. Primer sequences, annealing temperatures and

competitors for b -actin, IFN-g , and IL-12 (p40) were the same as

previously reported [22,23]. The primer sequences for TNF-a
were: sense 5 0 TGT CTC AGC CTC TTC TCA TTC 3 0, antisense

5 0 GAG AAC CTG GGA GTA GAC AAG 3 0, annealing

temperature 628C, and for IL-18, sense 5 0 CAG TGA ACC

CCA GAC CAG AC 3 0, antisense 5 0 CAA ACC CTC CCC ACC

TAA CT 3 0, annealing temperature 658C. PCR products were

loaded on a 2% agarose gel, electrophoresed with ethidium

bromide and photographed. The original concentration of the

competitor was known in all cases. The concentrations of cDNA

were calculated from cDNA and competitor bands with equal

intensity. The cytokine mRNA concentrations were expressed as

percentage of the b -actin mRNA concentration for each sample.

Immunoassays for cytokines in serum

IFN-a and -b in serum were measured separately in dissociation-

enhanced lanthanide fluoroimmunoassays (DELFIA) as described

[24]. In brief, microtitre plates were coated with sheep anti-IFN-

a /b (a gift from Dr Michael Tovey, CNRS, Paris, France),

incubated with samples or standards and then with MoAbs to

IFN-a or -b labelled with Europium lanthanide chelate. An

enhancement solution was added and fluorescence measured in a

DELFIA fluorometer.

IFN-g was measured by a capture ELISA. Rat anti-mouse

IFN-g MoAb R4-GA2 (Immunokontact, Abingdon, UK) was used

as the capture antibody (5 mg/ml), and biotinylated anti-mouse

IFN-g MoAb XMG1.2 (4 mg/ml) (Immunokontact) was used for

detection. Quantification of IFN-g in serum was calculated by

comparison with a reference linear regression with a known

concentration of recombinant IFN-g (PharMingen, San Diego,

CA).

Separation of T cell subsets

T cells positive for CD4 and CD8 were enriched using Dynabeads

(Dynal AS, Oslo, Norway) according to the manufacturer's

instructions. Briefly, 2´5 � 107 beads were incubated with 108

spleen cells for 30 min at 48C. The cells were suspended and

magnetically separated four times, after which they were

dissolved in 1 ml Ultraspec RNA solution.

Cell staining and flow cytometry analysis

For FACS staining, positive cell populations were incubated at

378C overnight so that the Dynabeads would detach and free beads

were magnetically removed from the cell suspensions. Cells

(5 � 105) in 50 m l PBS containing 5% fetal calf serum (FCS)

were labelled with 4 mg/ml PE-conjugated MoAbs to CD4 (RM4-

5; PharMingen) or CD8 (53-6.7; PharMingen). The labelling was

performed for 1 h, after which the cells were washed once and

fixed for 1±3 days in PBS containing 0´5% bovine serum albumin

(BSA) and 1% formaldehyde. After an additional wash, the cells

were analysed in a FACScan (Becton Dickinson, Mountain View,

CA).
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RESULTS

Early cytokine response in C57Bl/6 mice infected with T: cruzi

Innate cytokine responses to T. cruzi were assessed by measuring

the amount of cytokine mRNA in the spleen at various time points

during the first 8 days of infection. Initially, the mice were

inoculated either with a high dose (105 or 5 � 105) or a low dose

(50) of trypomastigotes. The high dose is lethal, causing death

within 2 weeks. The low dose gives a peak of parasitaemia 3±

4 weeks after infection, a time at which a proportion (usually 10±

50%) of the animals will die. The surviving mice will be free of

detectable blood-form trypomastigotes after about 2 months [25].

In this study, injection of 5 � 105 parasites resulted in low

numbers of parasites in the blood at the latest time point, 8 days

after infection (data not included). At the other time points and in

mice infected with the low dose, no blood trypomastigotes could

be detected.

Competitive RT-PCR revealed a substantial increase of IFN-g
mRNA 24 h after infection with the high dose of T. cruzi (Fig. 1a).

IFN-g was also present in serum at this time according to ELISA

(data not included). The IFN-g transcripts had almost completely

disappeared 24 h later, but 4 days after infection, a considerable

accumulation of IFN-g mRNA was again observed. The same

mice showed a peak of IL-12 (p40) mRNA after 24 h,

simultaneous with the first IFN-g peak (Fig. 1b). IL-12 transcripts

never reappeared during the first 8 days, however. Induction of

TNF-a mRNA was also apparent after 24 h but not at later time

points (Fig. 1c). The levels of splenic mRNA for IL-18 were not

above background at any time point (data not included). Contrary

to the high dose of parasites, the lower dose did not induce any of

the cytokines as measured by PCR in the spleen (Table 1).

Since the parasites used for inoculation are obtained from

peripheral blood of infected mice, it is possible that activated

leucocytes in the inoculum migrate to the spleen and contribute to

the cytokine production. To test this, mice were infected with an

intermediate dose of 104 parasites, thus containing only 2% of the

number of leucocytes contained in the highest dose inoculum, and

accumulation of cytokine mRNA was assessed after 24 h. These

mice exhibited induction of IFN-g , IL-12 and TNF-a to a similar

magnitude as that of mice infected with 5 � 105 parasites

(Table 1), demonstrating that the cytokine response observed

was indeed an effect of the parasite.

IFN-a and -b were measured in serum by immunoassay. Mice

infected with the high dose of parasites demonstrated appreciable

concentrations of IFN-a in serum 24 h after infection (Fig. 2). At

all other time points IFN-a was undetectable. Mice receiving 50

parasites had low but significant levels after 48 h but were

otherwise negative for IFN-a . No IFN-b could be detected in

serum from any mouse (data not included).

Fig. 1. Accumulation of cytokine mRNA in spleens of C57Bl/6 mice after infection with a high dose of Trypanosoma cruzi trypomastigotes.

Results are expressed as moles of cytokine mRNA per mole of b -actin mRNA in percent ^ s.e.m. Each point represents the mean of four or

five mice and experiments at each time point were repeated at least once with similar results.

Table 1. Cytokine mRNA levels in spleens 24 h after infection with

different doses of Trypanosoma cruzi

No. of parasites

mRNA as percentage of b-actin mRNA*

IFN-g IL-12 (p40) TNF-a

0 0´63 ^ 0´22 0´10 ^ 0´02 20´0 ^ 0´30

50 0´53 ^ 0´08 0´04 ^ 0´02 4´73 ^ 1´14

104 1´80 ^ 0´81 0´59 ^ 0´01 102´7 ^ 44´9

5 � 105 2´54 ^ 0´51 0´70 ^ 0´15 49´8 ^ 6´8

*Data are expressed as percentage of b-actin mRNA.

The mean and s.e.m. are shown; n � 3±5.

Fig. 2. IFN-a in serum of C57Bl/6 mice infected with different doses of

Trypanosoma cruzi expressed as U/ml ^ s.e.m. The detection limit is 6 U/

ml. Each point represents the mean of three mice. A, 50 parasites; W,

5 � 105 parasites.
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Activation of NK cells in response to T: cruzi

The activation of NK cells in T. cruzi infection was examined both

with regard to cytolytic function and IFN-g production. NK

cytotoxicity as measured by lysis of the target cell line Yac-1 was

elevated 24 h after infection in accordance with previous reports

[11] and remained high throughout the 8-day period (Fig. 3).

Infection with 50 parasites did not cause any change in NK

cytotoxicity 24 h later (data not included).

In order to examine in more detail the activities of NK cells

during infection with T. cruzi, mice were depleted of NK cells

before or during infection. Since only minor alterations in NK

activity and cytokine induction were observed after infection with

50 parasites, a high dose (105 parasites) was used in these NK

depletion studies. When mice were depleted of NK cells with anti-

asialo GM1 antiserum 24 h prior to infection, NK cytolytic

activity was almost completely eliminated after 24 h and

gradually reappeared during the 8-day test period (Table 2). The

IFN-g mRNA observed in non-depleted control mice 24 h after

infection was virtually absent in NK-depleted mice (Table 2),

suggesting that NK cells are the dominating source of IFN-g at

this early time point. Six days after infection IFN-g mRNA levels

were detectable at control levels. To investigate if newly recruited

NK cells accounted for this IFN-g production, infected mice were

treated with anti-asialo GM1 7 days after infection and IFN-g
transcripts were quantified 24 h later. In spite of a strong

reduction in NK cytotoxicity (Fig. 4a), the level of mRNA for

IFN-g was unaffected (Fig. 4b), strongly suggesting that the IFN-

g produced at this time primarily emanates from non-NK cells.

The levels of IL-12 mRNA 24 h after infection were reduced

but not eliminated in NK-depleted mice (Table 2), suggesting that

induction of IL-12 may be partly but not completely dependent on

NK cells and IFN-g in this system. In contrast, the number of

transcripts for TNF-a was unaffected by NK depletion, indicating

that TNF-a is neither mainly produced by, nor dependent on NK

cells.

NK depletion did not cause any change in the amount of IFN-

a in serum (data not included).

Origin of late IFN-g
CD41 and CD81 T cells were isolated from spleens with

magnetic beads 8 days after infection. The procedure resulted in

an enrichment of both T cell populations by about six times

compared with unseparated spleen cells (Table 3). In the

population enriched for CD41 cells the IFN-g mRNA levels

were about five times higher compared with unseparated spleen

cells (Table 3). The IFN-g mRNA levels in CD81 enriched cells

were the same as in unseparated cells.

DISCUSSION

We demonstrate in this study that an early peak of IFN-g
transcripts appears in splenocytes between 12 h and 24 h after

infection with a high dose of T. cruzi. IFN-g can also be detected

in serum after 24 h. The expression subsided to background levels

at 48 h and thereafter increased again. The high dose of parasites

was chosen to make cytokine transcription as well as cytotoxicity

readily detectable. A dose of 50 parasites, which would more

closely mimic natural infection, did not result in any detectable

transcription of IFN-g or IL-12. This dose is infective however,

and we believe that innate cytokine production proceeds in a

similar fashion, although at a lower rate and possibly with

different kinetics. Experimental infection also differs from natural

infection in other respects, for example by route of infection and

synchronicity of the parasites.

Depletion of NK cells almost completely abrogated IFN-g
transcription 24 h after infection, indicating that NK cells, at least

in the spleen, are the dominating source of early IFN-g . The NK-

depleted animals gradually regained full cytolytic activity during

the subsequent 8 days, and this was accompanied by increasing

Fig. 3. Lysis of Yac-1 by spleen cells of C57Bl/6 mice at various times

after infection with 105 trypomastigotes. 100% � lysis by uninfected

control animals at each time point. The E:T ratio is 200:1. The absolute

values of cytotoxicity varied between 5% and 20% for uninfected mice and

between 20% and 50% for infected mice.

Table 2. Relative NK cytolytic activity and cytokine mRNA expression

in spleen at various times after depletion of NK cells

Time

post-infection

(h)*

Relative NK

cytotoxicity§

Relative cytokine mRNA expression²³

IFN-g IL-12 (p40) TNF-a

24 3 ^ 3 15 ^ 1 53 ^ 15 104 ^ 27

96 20 ^ 4 33 ^ 13 B B

144 48 ^ 7 89 ^ 32 B B

192 78 ^ 17 125 ^ 29 B B

*Mice were injected with anti-asialo GM1 intravenously 24 h before

infection with 105 trypomastigotes. At the indicated time points post-

infection, spleen cells were isolated and tested for cytolytic activity against

Yac-1 as well as accumulation of mRNA for the different cytokines.

²Only time points at which cytokine expression exceeded the

background levels of uninfected control mice are depicted.

³Data are expressed as mRNA accumulation in NK-depleted mice/

mRNA accumulation in control mice � 100.

§Data are expressed as the percentage lysis of NK-depleted mice/%

lysis in control mice � 100 at an E:T ratio of 200:1.

B, Background levels.

The mean and s.e.m. are shown. n � 4±5. Experiments at 24 h and

192 h were repeated twice with similar results.
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numbers of IFN-g transcripts. Four days after infection NK-

depleted mice still had reduced IFN-g mRNA expression

compared with infected control mice. Considering that almost

no IFN-g transcription took place 2 days after infection, this

implies a double peak of IFN-g production by NK cells. A

possible explanation for this could be that inoculated blood

trypomastigotes cause induction of the first peak and that the

second is triggered by release of intracellular parasites 2±3 days

later. An alternative explanation is that the IFN-g mRNA

observed at day 4 does not derive from NK cells, but that NK

cells trigger IFN-g production from other cell types and that lack

of NK cells delays a second wave of IFN-g production. From

6 days post-infection NK-depleted and control mice had similar

levels of IFN-g transcripts. Treatment with anti-asialo GM1 at

this time did not cause any decrease in the amount of IFN-g
mRNA, suggesting that NK cells are not major IFN-g producers

after the initial induction. Instead, activated T helper 1 cells are

the main source. This is in agreement with data from Cardillo

et al., who reported that splenocytes from NK-depleted infected

mice, upon restimulation in vitro with live trypomastigotes,

produced reduced amounts of IFN-g compared with controls until

day 10, after which no difference was observed [7].

NK cell-derived early IFN-g could exert protective effects in

several ways. It could activate macrophage microbicidal mechan-

isms which could lead to containment of the parasite, as has been

suggested in Leishmania major infection [26]. A strongly reduced

IFN-g response during the first 4±6 days, as observed in our

study, would certainly give the parasite an advantage. Other

studies of L. major infection imply that NK cells, through

production of IFN-g , can direct subsequent T cell development

into a Th1 response [27]. However, treatment with exogenous

IFN-g alone has little effect on protection [28], and other

cytokines, e.g. IL-12, seem to be necessary for the ultimate

formation of a Th1 response. We demonstrate here that the peak of

IL-12 mRNA 24 h post-infection is somewhat reduced in mice

depleted of NK cells, implying that NK cells could contribute to,

but are not necessary for induction of IL-12 in this system.

Furthermore, IFN-g mRNA levels in NK-depleted and control

mice are already similar after 6 days, indicating no severe

impairment in Th1 development. It thus seems that factors other

than NK activation are decisive in finally establishing a Th1

environment during T. cruzi infection.

TNF-a has been implied in defence against T. cruzi [29].

However, in our study the magnitude and kinetics of TNF-a
transcription was not affected by depletion of NK cells. TNF-a is

therefore not likely to be involved to any significant degree in the

protective effects exerted by NK cells.

A distinct peak of IFN-a in serum appeared 24 h after

infection and had vanished completely at the later time points. The

transient nature of expression is characteristic of type 1 IFN

expression in response to many stimuli [30]. It is clear that IFN-a
activates the cytolytic function of NK cells [31]. Its role in

regulation of cytokine expression is controversial, however. Some

authors have reported that IFN-a can stimulate IFN-g production

by NK cells [32]. Others claim that IFN-a suppresses IL-12

activity and thereby IFN-g production early after viral infection

[33]. IFN-a has also been implicated in suppression of IL-4 [34]

and induction of iNOS [35].

NK cytolytic activity remained elevated from 24 h until

8 days, although transcription of IFN-g mRNA in NK cells

declined during the period. It thus seems as if the cytotoxic

function of NK cells is more persistent than IFN-g production in

response to T. cruzi. The persistence of cytotoxicity appears to be

dependent on the dose of parasites, because Hatcher et al.

demonstrated that at lower doses the cytotoxicity reverts to control

levels after less than a week [11]. The maintenance of elevated

cytotoxicity could be explained by more stable cellular alterations

associated with cytotoxic function, continuous stimulation of

cytotoxicity or down-regulation of IFN-g production. It should be

noted that IFN-a /b or IL-12 are absent 8 days after infection and

thus unable to stimulate cytotoxicity directly. Appearance of other

cytokines, such as IL-2, may explain the phenomenon. Addition-

ally, mRNA for IL-18 may not be detectable by PCR. Gene

expression of IL-18 detectable by in situ hybridization but not

PCR has been reported, primarily however at time points later

than 8 days post-infection. In the same study IL-12 was detected

3±4 weeks after infection, but not during the first week. Time

points before 3 days post-infection were not addressed [14].

Furthermore, it can not be excluded that the early IL-12 has later

effects on cytotoxicity. In contrast, IFN-a /b are believed to have

Fig. 4. NK cytotoxicity (a) and IFN-g mRNA accumulation (b) in spleens

of C57Bl/6 mice 8 days after infection with 105 trypomastigotes. NK

depletion was accomplished by i.v. treatment with anti-asialo GM1

antiserum 7 days after infection. Control mice received normal rabbit

serum. The E:T ratio is 200:1. Results are averages of four mice per group.

Error bars represent s.e.m. A, Control; B, NK-depleted.

Table 3 Expression of mRNA for IFN-g in CD4 and CD8 cells enriched

by Dynabeads 8 days after infection with Trypanosoma cruzi

Percent positive cells*

Cell population CD4 CD8 IFN-g /b-actin (%)²

Total spleen 8´5 6´7 16 ^ 2

CD41 51´2 NT 78 ^ 22

CD81 NT 37´6 12 ^ 2

*One spleen was analysed by FACS.

²The mean and s.e.m. are shown; n � 6.

NT, Not tested.

The same experiment was performed 12 days after infection, with

similar results.
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only short-term effects on NK cytolytic activity [31]. The

discrepancy between NK cytotoxicity and IFN-g production

confirms what has been reported in some other studies. Beige

mice lack NK lytic function but possess NK-like cells that

produce IFN-g when stimulated [36], and during cytomegalovirus

(CMV) infection IFN-a promotes cytolytic activity while IL-12

induces IFN-g production by NK cells [37].

In conclusion, we have demonstrated that exposure to T. cruzi

in vivo is followed by more or less simultaneous peaks of

transcription of IFN-g , IL-12 and TNF-a in the spleen as well as

IFN-a in serum 24 h after infection. IFN-g at this time is almost

completely dependent on the presence of NK cells. The three

cytokines are transcribed only transiently, but 3 days later

transcription of IFN-g is resumed, now by CD41 T cells. We

also report that the cytolytic function, and IFN-g transcription by

NK cells, follow different kinetics and are thus probably regulated

in different ways.
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