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Toxoplasma gondii is an obligate intracellular

parasite among man and animals. Infection in hu

mans usually goes unnoticed or is a benign self-

limited illness in immunocompetent individuals. In

contrast, congenital infection in the fetus (Remington

and Desmonts, 1990) or infection in immuno-

compromised patients, especially those with ac

quired immunodeficiency syndrome, may result in

debilitating and/or the life-threatening disease (Levy

et al., 1985; Levy and Bredensen, 1988; Luft and

Remington, 1992). These facts clearly demonstrate

that immune responsiveness of the individual is

critically important for resistance against this para

site. CD8+ T cells play an important role in the

protective immunity (Suzuki and Remington, 1988,

1990; Gazzinelli et al., 1991) but CD4+ T cells are

also responsible for immunity to T. gondii (Suzuki

and Remington, 1988; Araujo, 1991; Gazzinelli et

al., 1991;Nagasawaefa/., 1991). Interferon-gamma

(IFN-y) has been shown to be the major mediator of

resistance against T. gondii (Suzuki et al., 1988,

1989; Suzuki and Remington, 1990; Gazzinelli et

al., 1991), and CD8+ T cells appear to be a major

source of the IFN-yin vivo during the acute infection

(Suzuki and Remington, 1990; Gazzinelli et al.,

1991). However, this lymphokine could be detected
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in mice as early as 3 days after infection (Suzuki et

al, 1993).

These facts led us to explore whether IFN-y

production by cells other than CD4+ and CD8+ T

cells may be involved in resistance in the early stage

of the infection. The studies described below reveal

that athymic nude and severe combined immuno-

deficient (SCID) mice treated with monoclonal an

tibody (mAb) against IFN-y died of acute

toxoplasmosis significantly earlier than control mice.

These results indicate the presence of T cell-inde

pendent IFN-y-mediated mechanism(s) of resist

ance against infection with T. gondii in these T cell-

deficient mice.

Female BALB/c background nude (nu/nu) and

CB-17/lcr scid mice were obtained from Japan Clea

Co. (Tokyo, Japan). Female C57BL/6 mice were

purchased from Shizuoka Cooperative Association

for Laboratory Animals (Hamamatsu, Japan). Mice

were 8-10 week old when used. Each experimental

group had five to eight mice.

Cysts of the avirulent ME49 strain of T. gondii

were obtained from chronically infected C57BL/6

mice as previously described (Suzuki et al., 1993).

Mice were sacrificed by asphyxiation with CO2 and

their brains removed and trituated in phosphate-

buffered saline, pH7.2, with mortar and pestle. An

aliquot ofthe brain suspension was examined for the

number of cysts and, after appropriate dilution in

phosphate-buffered saline, each mouse received 10

cysts intraperitoneally.

Mice were injected intraperitoneally with anti-

IFN-y mAb (100 jig of H22.1, a hamster mAb, or 1
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mg of XMG1.2, a rat mAb) one day before and 6

days after infection. These amounts of the mAb are

sufficient to neutralize activity of endogenous IFN-

y produced by immunocompetent mice during

Toxoplasma infection as described previously

(Suzuki et al, 1988, 1991). Control mice were

injected with either 100 jig of normal hamster IgG

(Cooper Biochemical, Westchester, PA) or 1 mg of

normal rat IgG (Cooper Biochemical) in the same

manner as for the mAb. The activities of these mAbs

have been described previously (Schreiber et al,

1985; Cherwinski et al, 1987).

Levels of significance for comparisons on sur

vival days of mice between experimental groups

were determined using Student's ^-distribution.

Athymic nude mice that were infected and re

ceived normal rat or hamster IgG died of

toxoplasmosis from day 16 to 20 of infection (Fig.

1). In contrast, all mice that were infected and

received either of the mAbs died by day 11 of

infection (Fig. 1). (p<0.0001). Thus, these athymic

nude mice have an IFN-y-mediated resistance against

T. gondii.

SCID mice which do not have T as B lymphocytes

were infected with T. gondii. Those mice that re

ceived normal rat IgG died of toxoplasmosis from

day 13 to 19 of infection (Fig. 2) whereas those that

received mAb against IFN-ydied significantly ear

lier (p<0.0001) (Fig. 2), indicating that SCID mice

also have IFN-y-mediated mechanism(s) of resist

ance against this parasite.

Studies using immunocompetent mice have pre

viously shown that CD8+ T cells are the major

afferent limb of the protective immune response of

immunized mice (Suzuki and Remington, 1988,

1990; Gazzinelli et al, 1991) and that their activity

is mediated by IFN-y (Suzuki and Remington, 1990;

Gazzinelli et al, 1991). In in vitro culture, CD4+ as

well as CD8+ T cells can produce IFN-y in response

to Toxoplasma antigens (Gazzinelli etal, 1991). In

the present study, two strains of immunodeficient

mice, athymic nude and SCID, were shown to have

IFN-y-mediated mechanism(s) of resistance against

T. gondii. This indicates that such mice can produce

IFN-y although they do not have oc/B T cells or both

oc/B and y/8 T cells and B cells, respectively.

The T cell-independent IFN-yproduction in these

immunodeficient mice appears to occur in the very

100

80-

5 60-

40 -

20"

Days

1 0

after

20

infection

Fig. 1 Effect of mAbs to IFN-y on resistance of athymic

mice against infection with T. gondii. Mice were in

jected ip with either 100 fig of H22.1 (A) or 1 mg of

XMG1.2 (#) one day before and 6 days after infection

with 10 cysts of the ME49 strain. Control mice were

injected with either 100/ig ofnormal hamster IgG (A) or

1 mg of normal rat IgG (O) in the same manner as mAbs.

100
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Fig. 2 Effect of a mAb to IFN-yon resistance ofSCID mice

against infection with T. gondii. Mice were injected ip

with either 1 mg ofXMG 1.2 (#) or normal rat IgG (O)

one day before and 6 days after infection with 10 cysts

of theME49 strain.

early stage of infection, possibly within 7 days after

infection, since mice died from day 9 of infection

when treated with mAb against this lymphokine.

However, these IFN-yproduction was not sufficient

to prevent death of mice infected with an avirulent

strain of T. gondii. The presence of T cells was

required for prevention of death since immuno

competent BALB/c mice survived (data not shown)
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but both nude and SCID mice died of acute

toxoplasmosis after infection with 10 cysts of the

ME49 strain.

The source of IFN-y in athymic nude and SCID

mice during acute toxoplasmosis in the present

study is unclear. One possibility for the source is NK

cells. NK cell activity has previously been shown to

be augmented during the early stage of Toxoplasma

infection in mice (Hausem al., 1982; Kamiyamaef

al., 1982). During infection with Listeria mono-

cytogenes, CD4~ CD8~ NK cells were reported to

produce IFN-y (Dunn and North, 1991; Wherry et

al., 1991). Recently, Sher etal. (1993) reported that

NK cells from normal (not infected with T. gondii)

SCID mice can produce IFN-y in an in vitro culture

with Toxoplasma antigens.

Another potential source of early production of

IFN-yarey/ST cells. However, this appears unlikely

in our SCID mouse model since these mice do not

have y/8 T cells (Izzo and North, 1992).

The T cell-independent IFN-y-mediated

mechanism(s) of resistance shown in the present

study may be important in immunocompetent mice

as well during the early stage of the infection to

prevent spread of T. gondii before CD8+ and CD4+

T cells begin to produce this cytokine.
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