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SUMMARY

Immunization of mammals with irradiated malaria sporo-
zoites protects from a subsegquent contact with the parasite.
Protective immunity is directed against the pre-erythrocytic
siages gf the parasite, sporoczeites and liver stages. Speciiic
antibodies neutralize part of the mfections sporocoites
injected by the mosquito vector, while liver stages are the
target af a cellular immune response which is mediated by T
cells. In thiz study, we evaluated the T-cell dependent
protection induced by the imjection gf P. berghel frradiated
sporozoites and the contribution of pevforin and of the recepior’
ligamd svstem CDOSCDOIL, two T cell-dependent mechanisms
Imown to mediate elimination af target cells. Wild tvpe.
perforin deficient, CD3Y mutanr, CDOSL mutant and per-
Jorin deficientyCDOIL murant mice were immmunized with P
berghel irradiafed sporozoites and submitted to a challenge
with mfections sporazoites. All mice immunized with P.
bershel frradiated sporozoifes were protected against a
sporozoite challenge, mcluding perforin deficient'CDE3L
mutant animals. These results indicate that T cells do not kill
malaria-infected hepatocytes via one af the Enown path-
ways, but rather that activated parasite-specific T cells
produce cytokines which activate in cascade other mechan-
isms responsible for the mtracellular elimination af the
parasite.
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INTRODUCTION

One of the goals of malana vaccine research 1s to generate a
vaccine agamst pre-erythrocytic stapes of the parasite,
sporozoites and liver stages, that mimics the protection
mduced by mjection of attenuated sporozoites. The cellular
Impne response 50 generated 1z mamly directed agamst the
liver stage of the parasite. It has been shown that CD8" and
CD4™" T eells play a role in protection (Mardin & MNussenz-
weig 1993}, However, the mechanizms by whoich T cells
eliminate the parasite are not well defined and 1t has never
been formally proved that T cells lyse the mfected bepatorytes.

T cells use two mam mechanisms to kill tarzet cells. Upon
recogmton of a target cell expressing MHC I'peptide
complexes, CDE* T cells release perforin and granzyme.
A second mechamism 13 mediated by the mteraction of a
receptor and 1fs ligand, Fas (CD93) on the target cell and Fas
ligand (CD935L) which is expressed after activation on the
effector T cell. Both pathways mduce apoptosis of the target
cell (RKaz et al. 1994, Lowm er al. 1994).

In this study, C5TBL/G I:H-_?‘I’} mice were used. Wild-type
[WT], perforin-deficient [Perf —/—] (Lowin et al. 1994}, Fas
matant [Lpr], Fasl mutant [Gld] (Bhandocla er al. 1994)
and double deficient mice [Perf—/ — = Gld] (Braun er al.
19968} were mmunized with nradiated sporozoites to eval-
uwate the mvolvement of these two systems m T cell-
dependent elimination of malana-infected hepatocytes
(White er al. 1996).

WT mice were purchased from Harlan (Zaist, WL). Lpr,
Gld, perforin deficient and double deficient mice ware bred
in the animal facilities of the Institute of Biochemistry. Lpr
and Gld mice were onginally obtained from The Jackson
Laboratories (Bar Harbor, ME, USA). Perforin, Lpr and Gld
deficient/mufant ammals were obtamned from parents homo-
zygous for one locus. Double deficient mice were obtained
after cross-breeding of parents homeozygous for both loci.



Dieficient animals are routmely checked as already descnbed
elsewhere (Braum et al. 1996).

P. berghei (ANEA stram clone 1) sporozoifes were
produced by feeding laboratory-bred 4. pambige mosqu-
toes on mfectious mice. Infected mosquitoes were nradiated
(10000 rads) and then anaesthetized with ether to dissect
salivary glands. Sporozoites were counted, resuspended in
TBS buffer (pH 7-2) and then injected into the tail vein of
C5TBL/G. Mice (6-10 weeks old) were boosted eight days
after the first injection and one week later challenged by
natural (mosquitos) or arfificial mjection of sporozoites
(solated from salivary glands). Fmally, parasitaenma was
assessed regularly by Glemsa-stained bloodsmears. Mice
were considered protected when no parasites were detected
14 days after the challenge.

We first determined whether all types of mice used in this
study could be mfected with P. berghei sporozoites. Mice
were injected intravenously with 400 infections sporozoites.
C5TBL/6 mice are susceptible to sporozoite-induced mfac-
tion. Some mice became positive on day 4 after challenge,
while most of them had detectable parasites on day 6. The
development of the dizease 1z very smmilar i all groups of
mice tested. Blood forms were detectable approximately at
the same fime and this was accompamed by acute symptoms
of malaria (Table 1.

Mice exhibiting a defect mn one or in both mechanisms
were then immmmzed with P. berghei rradiated sporozoites
to assess the contribution of perforin and Fas in the CTL-
dependent killing of the parasite m the hepatocytes. As
shown 1 Table 2, all tyvpes of mice were protectad by the
mjection of irradiated sporozoites. Protection was neither

abolished by the absence of perforin nor by a defect i Fas/
Fasl. mteraction. Additionally, perforinFasl. double deficient
animals were also protected.

Elmmation of malaria liver stages by parasite-specthe T
cells 15 MHC restricted and it has been shown in vanous
experimental models that CD4% or CDEY T cells are
implicated 1 protection (Waiss ef al. 1988, Del Guudice ot
al. 1920, Tswji et al. 1990, Rodripues, Mussenzweiz &
Zavala 1993). Upon actvaton, parasite-speciic T cells
should be capable of (1) eliminating the parasite and 1ts
host hepatocyte or (1) actrvating other mechamizms that can
kall speciheally mtracellular parasite m the hepatocyte.
Destruction of parasite-mfected hepatocytes by activated T
cells has only been demonstrated in witre under tizsue
culture conditions (Hoffman et al. 1989, Weiss et al. 1990).

Om the contrary, there are many evidences suggesting that
cytokines secreted by T cells or other cell types (e.g. NK
cells, Kiipffer cells) might be crucial fo mamtam protective
mmmamity. Missler ef al. (1991a) have shown that THFE
mmhibits the growth of P. yeelii liver stages by stimmlating
non-parenchymal liver cells fo produce IL-6 and that the
effect of IL-5 15 L-argimine and WO-dependent (INissler o
al. 1991k, Pied er al. 1991). Simalarly, mjection of recom-
bimant IFM-v 15 sufficient to strongly imhibit P bergher
mfection in AT mice and m Morway Brown rats (Ferreira ot
al. 1986). In the same experimental model, protection was
supprassed by treatment with antibodies directed against
IFM-+y or CDE™-T cells. This indicates that parasite-specific
cytotoxic T cells produce IFIN-y or that they secrete another
cytokine capable of subsequently inducing IFN-+ production
(Schofield eral. 1987). It has been extensively demonstrated

Table 1 Maive mice were submiitted to a parasite challense with mfertions sporozoites to determine their suscepdbility to P bargher infartion: 400
sporozoites werse injected infravenously. The presence of parssites was assessed by Giersa-staimed blopdsmesrs. Parssitsentia pepresents the
percentaze of mfected red blood cells (ranme or single numiber when all parasitaerda were aqusl)

Mice WT Lpr Gid Perf —i— Gld % Perf —/—
Infectadexposed
Dy 3 W5 06 05 ' 03
Parasitaermia - - - - -
Diav 4 25 1’6 15 ' 13
Parasitaemmia <1 <1 <1 - <1
Dy 5 3/5 46 15 36 13
Parasitaemmia <1 <1 <1 <1 <1
Diav & 475 56 45 56 i3
Parasitaemmia =1-1 < 1-1 =1 = 1-5 = 1-1
Day 7 45 /6 45 56 Pl
Parasitaemia 1-13 3-15 1-13 3= d=10
Dav 8 445 56 45 56 272
Parasitaemia 20-T8 X0=-T0 16-50 2480 1050

* 1 monze died mmepectedly between days 6 and 7.



Table 2 Mice impnmized with P. bergher fradisted sporozoites were submitted fo 2 parasite challenze with infections sporoeoites; parasitaemia was
aszeszed by Giemisa-stained bloodsmesrs; mice were considered protecied when no parasites were detected 14 days afier the challenze. Diata represent

accunmilated resnlts of two experiments

Mice WT WT Gld Lpr Perf —/— Perf —/— » Gid
' Irradiated sporozoites MO YES YES YES YES YES
Experiment 1,2 1,2 2 2 1 2
*Infected Exposed

Day 5 11715 012 s 6 s 6

Day & 13715 012 s 6 s 6

Day 10 13715 012 s 6 s 6

Day 14 13715 012 s 6 s 6

! Mice were immmmized with 72 000 {exp. 2) or 118000 {exp. 1) imradiated sporozoies.
* Mice were challenged with infected mosquitoes (exp. 1, mice were submitted to 4 infected bites) or were injected with 400 spz iv. (exp. 7).

that IFMN-y mediated protection i1z NO-dependent. Indeed,
addition of different inducible nitric oxide synthase (NDS)
mhibitors reverses the protection generated bv imjection of
attenuated sporozoites (Mellouk et al. 1991, Missler ar al.
1993, Segum et al. 1994, Klotz er al. 1993). Finally, it has
been shown that mice lackimg IFM-+y receptor {IFN—TR.W'}} are
not protected by a single mjection of P. yoelii nradiated
sporozoites whereas wild type muce were protected and
expressed high levels of INOS mBEMA m their liver. How-
ever, a second mjection of irradiated sporozoites restored
protection In IF'I'-I-'}'E.W mice. This latter observation sug-
pests that other yet unknown mechamisms play a role agamst
pre-ervthrocytic stages of malaria (Tsuji er al. 1993).

In thus stady, we attempted to clanfy the mechanizm of P.
berghei liver stage elimination. We were able to demon-
strate that Fas and perforin-mediated killmg are not
mvolved in the elimination of P. berghei lrver stages by
CDE* T calls. Thus, CDE™ T cells do not kill parasite-
mfacted hepatocytes via these two pathways. As extensively
demonsirated by other investigators, 1t 15 likely that parasite-
specithe T cells produce cytokines among which IFN-y
seems fo play a key role. This cytokme is capable of
activating mtracellular mechanmisms like NO-synthase
which can eliminate or mhibit the development of the
liver stage of malana (Subrbier 1991). Howewver, several
questions remam open; for instance, the mechamizms by
which parasite-specific T cells are activated as well as the
contnbution of other cell types found m the liver (Kipffer
cell, NE cells) are still pootly understood m nradiated
sporozolie nduced profection.
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