
Fig. 4 (left). Undecagold-labeled Fab' fragments 
are shown in (A). The Fab' molecules show 
quantitative labeling and the undecagold spots 
(0.8 nm in diameter) are at one end of these 50- 
kD fragments. Some Fab' fragments show more 
than one Aull cluster attached. Three clear frag- 
ments, each with one gold cluster attached, can be 
seen in the boxed region. This vicinity is enlarged 
two times in (8); a simple schematic is shown in 
(C)., Typical ferritin molecules with gold-labeled 
Fab fragments attached are shown in (D) and 
(E). The binding of a single Fabl-Aul complex to 
a ferritin molecule is shown in (F) for clarity. 
Controls are shown in (G to 1): Rabbit antibodv 
to dynein Fabl-Aull molecules (not shown) was 
prepared and appeared to be similar to (A) and 
was reactive toward dynein. When this Fabl-Aul 1 

was incubated with ferritin and passed through a 
column, only native ferritin was found (G). Acti- 
vated and unactivated gold clusters (with a malei- 
mide or an m i n e  group at the end of the linking 
arm) were separately incubated with ferritin, then 
separated on a column. Images similar to (G) 
were obtained, which indicated that no gold 
bound to the ferritin. Spectral absorbance of the 
gold was also used to determine that no gold had 
bound. Antibody to ferritin Fab' (with no gold 
attached, but with the free sulfhydryl blocked 
with N-ethyl maleimide) was incubated in excess 
with ferritin. A subsequent incubation with anti- 
body to ferritin Fabl-Au,, (and column separa- 
tion) showed no gold cluster spots on the ferritin 
since all epitopes had been exhausted. The unla- 
beled Fab' around the ferritin is clearly seen in 
(H) as an additional shell of protein density. 
When antibody to ferritin Fabl-Au, was incubat- 
ed with tobacco mosaic virus (TMV), glutamine 
synthetase (GS), and ferritin, only the ferritin was 
labeled (I). TMV is the rod-shaped object; GS 
molecules are the round, medium-intensity ob- 
jects about the same diameter as TMV. Two 
ferritin molecules are at the lower right with dense 
cores and have several Fabl-Aull labels attached. 
AU incubations were for 1 hour at 37°C. Images 
were recorded with the STEM in the dark-field 
mode at a dose of 0.60 e nm-'. Full width: 106 
nm (A and I); 53 nm (B to H). 

thin sections or in conventional EMS with- 
out a sacrifice of the high resolution of this 
technique. 

Other antibodies have been successfully 
labeled by this technique and include: rabbit 
antibody to  flagella, rabbit antibodies to 22s 
dynein and 14s dynein, and two mouse 
monoclonal antibodies to bovine factor V. 
This indicates that the labeling procedure 
described should be generally applicable to 
many antibodies. 
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Efficacy of Murine Malaria Sporomite Vaccines: 
Implications for Human Vaccine Development 

As part of a study of potential vaccines against malaria, the protective efficacy of 
sporozoite subunit vaccines was determined by using the Plasmodium berg.hei murine 
malaria model. Mice were immunized with recombinant DNA-produced or synthetic 
peptide-carrier subunit vaccines derived from the repetitive epitopes of thePlmmodium 
berghei circumsporozoite gene, or with radiation-attenuated sporozoites. Immuniza- 
tion with subunit vaccines elicited hurnoral responses that were equivalent to or 
greater than those elicited by irradiated sporozoites, yet the protection against 
sporozoite challenge induced by either of the subunit vaccines was far less than that 
achieved by immunization with attenuated sporozoites. Passive and adoptive transfer 
studies demonstrated that subunit vaccines elicited predominantly antibody-mediated 
protection that was easily overcome whereas irradiated sporozoites induced potent 
cell-mediated immunity that protected against high challenge doses of sporozoites. 
These studies indicate that new strategies designed to induce cellular immunity will be 
required for efficacious sporozoite vaccines. 

I MMUNIZATION WITH SPOROZOITES 

attenuated by irradiation protects ani- 
mals and humans from experimental 

sporozoite-induced malaria (1). This find- 
ing, first with Plasnzodiurn berghei in rodents 
and subsequently with the human malaria 
species P. falcipantrn and P. vzvax, provided 
great impetus to the development of human 
sporozoite vaccines. The characterization of 
sporowite membrane antigens that play a 
role in the development of this immunity 
revealed a family of circumsporowite (CS) 
proteins that have a general structure com- 
mon to all malaria species studied to date 
(2). The gene for the CS protein of P. 

falciparum, for example, contains a long 
stretch of nucleotide base pairs that are 
highly conserved among different strains of 
the parasite (3)  and encode a large central 
immunodominant repeat region with the 
amino acid sequence Asn-Ala-Asn-Pro (4). 
Antibodies elicited by immunization with 
synthetic peptides derived from this repeat 
region neutralize sporozoite infectivity, but 
antibodies elicited by immunization with 

synthetic peptides derived from two nonre- 
peat regions that are highly conserved 
among malaria species do not ( 5 ) .  The CS 
protein repeat sequences have thus been 
identified as the major target for malaria 
vaccine development. 

There is considerable evidence that anti- 
body to the CS protein has a role in sporo- 
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515 Fig. 1. Efficacy of subunit sporozo- 
ite vaccines. Mice were challenged 

80 by intravenous inoculations of 500 - (m), 1,000 (m), or 10,000 (m) 
.= salivary gland sporozoites 2 to 4 - weeks after the final immunizing 

40 dose (see Table 1). Peripheral 
B blood smears were examined for 

parasitized erythrocytes daily for at 
0 least 1 month after challenge. Val- 

(D.?~.N) c A NI KLH ues above each histogram indicate 
KLH ~ B l t e t ~ ~  the number of mice protected out 

of the number challenged; protect- 
ed animals failed to develop patent parasitemia during the follow-up period. Immunizing antigens are 
indicated under each histogram. Construct pBltet3* was combined with either complete Freund's 
adjuvant (C) or alum (A); NI, nonimmunized mice; y-Spz, mice immunized with y-irradiated 
sporozoites. 

monoclonal antibodies (rnAb) to P. bevhei 
CS protein protects recipient animals (6), 
and humans living in endemic areas have CS 
antibodies with biologic activities that cor- 
relate with protection from sporozoite chal- 
lenge (7). Subunit vaccines prepared against 
P, falciparuwz CS protein have been devel- 
oped both by recombinant DNA techniques 
and by synthesizing peptides and are being 
tested for safety and immunogenicity in 
human volunteers, but their efficacy has not 
been tested by challenge with viable sporo- 
zoites. The CS gene for P,  ber~hei has recent- 
ly been cloned and sequenced (8) ,  making it 
possible to use the rodent malaria model for 
testing sporozoite vaccines. In the study 
reported here we used this murine model to 
demonstrate that immunization with sub- 
unit CS protein vaccines induces high levels 
of antibodies to P, beghei sporozoites, but 
that the protection obtained is quantitatively 
and qualitatively different from that induced 
by immunization with irradiated sporozo- 
ites. The data suggest that vaccines that also 
elicit cell-mediated immunity will be re- 
quired for human antisporozoite vaccines. 

A 16-residue peptide (D-16-N) contain- 
ing two tandemly repeated octapeptides 
from the repeat region of the P. begbei CS 
protein was synthesized and conjugated to 

keyhole limpet hemocyanin (KLH) (9). A 
P, beghei CS construct, p B l t e t ~ ,  was ex- 
pressed in Escherichia coli as a fusion protein 
containing 254 amino acids including the 
entire central repeat region of the CS pro- 
tein (10, 11). C57B116 mice were immu- 
nized with (D- 16-N)-KLH or pB ltet32, 
with complete Freund's adjuvant (CFA) or 
alum being used as adjuvants (12) (Table 1).  
Control mice were immunized with 50 kg 
of KLH in CFA or with multiple intrave- 
nous doses of gamma-irradiated (y) P. 
beyhei sporozoites (13). 

Sera from the mice immunized with (D- 
16-N)-KLH, pBltet3~, or y-sporozoite-im- 
munized mice contained high titers of anti- 
bodies that reacted in an enzyme-linked 
immunosorbent assay (ELISA) (14) when 
(D-16-N) conjugated to bovine serum albu- 
min [(D-16-N)-BSA], ~ B l t e t ~ ~  or P. bevghei 
sporozoites were used as antigens (Table 1). 
Sera from these mice also blocked sporozo- 
ite invasion of h m a n  hepatoma cells in 
vitro (IS1 assay) and reacted in the circum- 
sporozoite precipitation (CSP) assay (14); 
both assays are thought to correlate with 
protection from sporozoite challenge. Im- 
munization with CS subunit vaccines in- 
duced antibodies with higher ELISA titers 
and greater CSP and IS1 activities than did 

Table 1. Immunization schedule and serum reactivity. ND, not done. 

ELISA titert 
Immunogen* Dose Schedule CSPS ISIS 

(weeks) (Di&N) pBltet3, NK65 score 

(D-16-N)-KLH-CFA 100 pg 0,3,7,12 30,800 10,580 2,250 84 93 
pBltet3,-CFA 50 pg 0,2,4,8 3,600 23,295 6,150 89 97 
~ B l t e t ~ ~ - a l u m  50 kg 4 4 3  2,975 12,475 4,063 83 94 
y-Sporowites 50,000 0 

11,000 2 3,000 3,000 3,940 62 85 
2,000 4 

KLH-CFA 50 pg 0,3,7,12 0 0 0 2 ND 

"Suucture of s nthetic and recombinant construct: (D-16-N) = (DPAPPNANDPAPPNAN); 
pB1tet3, = M D R ? P S ( l - 2 5 I f I % ~ ~ ~  +Titer determined by ELISA with (D-16-N)-BSA, pBltet3,, or NK65 
sporozoites being used as antigen. At each dilution the standard deviation was less than 0.1 optical density (O.D.) 
unit. The geometric mean titers for grou ed sera were calculated by using the dilution of individual sera, giving an 
O.D. of 1 (50% maximal absorbance), aniwere reproducible to within a single dilution of s e m ,  $Circumsporo- 
mite preci itation score (see legend to Fig. 2). §Inhibition of sporozoite invasion into He G16-2A cells in vitro 
by serum iiuted 1:20 (14). Both CSP scores and IS1 activities were reproducible to within ;%. 

454 

immunization with y-sporozoites. 
Protective efficacy of these vaccines was 

determined by intravenous challenge with 
500 to 10,000 sporozoites from the salivary 
glands of mosquitoes (Anopheles stephensi) . 
When all groups of mice that received the 
subunit vaccine were considered, only 17  
out of 57 (30%) were protected from chal- 
lenge with 500 sporozoites (Fig. 1). None 
were protected when challenged with 1000 
sporozoites. The mice that received their 
first three doses of pBltet3~-CFA at 2-week 
intervals appeared to have decreased protec- 
tion. In no subunit-vaccinated group did 
protection exceed 45%. In contrast, all but 
one of the animals immunized with y-sporo- 

2 
U 

a 
c 

40 

20 

0 

zoites were protected even when chbl;nged 
with a 2- to 20-fold greater dose of sporozo- 

0 0 
A A 0 0 . 
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A 0 0 
0 - . 0.0 

Q 
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- 
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- 0 0 

ites. Protection of subunit-vaccinated mice 

-;.Spz pBltet3* (D-16-N).KLH 

Fig. 2. Relation between CSP scores and protec- 
tion from sporozoite challenge. CSP assays were 
performed as described (14) with sera diluted 1:2. 
Each of 25 sporozoites was scored as 0 (no 
reaction), 2 (surface precipitate), or 4 (filamen- 
tous precipitate), and the sum of these scores was 
plotted for individual mice immunized with irra- 
diated sporozoites (y-Spz), recombinant DNA 
construct ( ~ B l t e t ~ ~ ) ,  or synthetic peptide conju- 
gate (D-16-N)-KLH. Mice were challenged intra- 
venously with 500 (O), 1,000 (A), or 10,000 (0) 
NK65 P, berghei sporozoites. Solid symbols indi- 
cate protected mice. All animals challenges with 
the 1,000-sporozoite dose were protected. 

was never seen in the absence of detectable 
antibody, but high levels of CSP activity did 
not assure protection in these groups (Fig. 
2). In contrast, y-sporozoite-immunized 
mice had CSP activities comparable to sub- 
unit-vaccinated individuals, yet resisted 
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A 13113 Fig. 3. Adoptive transfer of immu- much greater sporozoite challenges. Analy- 
ses of IS1 and ELISA results for individual 
animals were similarly not predictive of pro- 
tection. 

In previous studies, passive transfer of 
serum from sporozoite-immunized animals 
did not protect recipient animals from chal- 
lenge, but passive transfer of purified mAb 
to a repetitive epitope on P. berghei sporozo- 
ites did protect recipient mice in a dose- 
dependent manner (6, 15). To determine 
whether protection induced by subunit vac- 
cines was a function of antibddv concentra- 
tion, we used a protein A column to purify 
immunoglobulin G (IgG) from serum ob- 
tained from the mice that received (D-16- 
N)-KLH, ~ B l t e t ~ ~ ,  or y-sporozoites and 
were protected when challenged with 500 
sporozoites (1 6). Plasmodium berghei mAb 
3.28 (IgGl), which reacted with CS protein 
by immunoblot and produced high ELISA, 
CSP, and IS1 activity was similarly purified. 
These antibodies were injected intravenous- 
ly into naive mice 30 minutes before they 
were challenged with 500 sporozoites. As 
shown in Table 2, mAb 3.28 protected 
recipient animals in a dose-dependent fash- 
ion, with 100% protection in all mice receiv- 
ing at least 100 pg of mAb. Protection with 
polyclonal serum was observed only with 
the 250-kg dose of (D-16-N)-KLH IgG, 
which contained 5.65 kg of CS-specific 
antibody (2.26% of 250 kg). These data 
suggest that polyclonal antibodies in mice 
injected with CS subunit vaccines may be 
more effective than monoclonal antibodies. 
However, levels of CS antibodies produced 
with y-sporozoite immunization were com- 
parable to those elicited by subunit vaccina- 
tion yet y-sporozoite immunized mice re- 
sisted challenge with at least 20 times more 
sporozoites than subunit vaccinated mice. 
These data indicate that the mechanism of 
protective immunity elicited by y-sporozo- 
ites is fundamentally different from that 
induced by immunization with subunit CS 
protein vaccines and may be independent of 
antibody. 

The potential importance of antibody- 
independent mechanisms was first suggested 
by experiments with sporozoite-immunized 
mice that had been treated with goat anti- 
body to the p chain of immunoglobulin M 
and therefore could not produce antibody 
but were protected against sporozoite chal- 
lenge (1 7). Adoptive transfer experiments 
by one of us (W.T.H.; see Fig. 3A) showed 
that T-cell-enriched spleen cells from y- 
sporozoite-immunized donors protected re- 
cipient animals, but B-ceknriched spleen 
cells did not, extending an earlier observa- 
tion that sensitized whde spleen cell popula- 
tions conferred protection (18). We similar- 
ly examined the development of cellular 

n i 6  to spdrozoite challenge. (A) 
Recipient mice received 2.5 x lo6 
(W), 1 x lo6 (U), or 5 x l o 5 ( 0 )  
spleen cells from mice immunized 
with y-sporozoites. Immune spleen 
cells (ISC) were fractionated by ny- 
lon wool columns. Nonadherent 
cells were treated with antisera to 
Light chains of immunoglobulin to - " ,: ISC T cells B cells NSC yGld a population enrirhed for T 

E 6 lymphocytes. Adherent cells were 
9 treated with antisera to theta chains 

of immunoglobulin to yield a pop- 

8.1 & ulation enriched for B lymphocytes. 
611 0 NSC. normal sdeen cells. (BI Re- 

cipient mice reieived 1 x 1of (m)  

40 or 2.5 x lo6 (W) unfractionated 
spleen cells from mice that were 

1\10 1/10 1/10 protected following immunization 
with the recombinant protein 

0 ~ B l t e t ~ ~ - a l u m  (RSC) or the svn- 
ISC RSC PSC NSC hetic -heptide' (~:16-N)-KLH- 

CFA (PSC). Control mice received 
total spleen cell populations from y-sporozoite immunized (ISC) or nonimmune (NSC) mice. 
Recipient mice were irradiated with 500 R immediately prior to transfer and received a booster 
injection of 10,000 y-sporozoites 24 hours later. Mice were challenged with 10,000 (A) or 1,000 (B) 
salivary gland sporozoites 7 days after cell transfer. The number that did not develop patent parasitemia 
out of the number challenged is shown for each group. 

Table 2. Protective efficacy of passively transferred IgG purified from ascites containing mAb 3.28 or 
from sera of normal mice (control) or mice that were immunized with (D-16-N)-KLH, ~ B l t e t ~ ~ ,  or y- 
sporozoites and shown to be protected from sporowite challenge (15). The concentration of antigen- 
specific IgG was determined by ELISA with (D-16-N)-BSA as the capture antigen and expressed as 
percentage activity relative to rnAb 3.28. Data are expressed as the number of mice protected out of the 
number challenged. The mean day that parasitemia was first detected is given in parentheses. ND, not 
done. 

IgG source (and percentage activity) 
Dose 

rnAb 3.28 (D-16-N) -KLH ~ B l t e t , ~  y-Sporozoites Control 
( )  (100%) (2.26%) (1.05%) (0.03%) (0%) 

V h e  dose was 125 kg for these groups. 

immune responses in mice vaccinated with 
subunit CS protein, contrasting these re- 
sponses with those elicited by y-sporozoite 
immunization. Sensitized spleen cells from 
mice immunized with and protected by 
y-sporowites, (D- 16-N)-KLH-CFA, or 
~ B l t e t ~ ~ - a l u m  were adoptively transferred 
into nayve animals that received boosting 
doses (10,000 y-sporozoites) 24 hours later 
and were challenged after 1 week with 1000 
sporozoites (Fig. 3B). Spleen cells from 
sporozoite-immunized donors, but not from 
subunit vaccinated donors, protected the 
recipient mice. 

These studies have important implications 
for sporozoite malaria vaccine development. 
It may be possible to improve the efficacy of 
subunit vaccines by modification of the im- 
munization regimen or dose (19), alteration 
of the orientation of the peptide-carrier cou- 
pling (20), inclusion of other sporozoite- 
derived epitopes, or the use of more potent 

adjuvants. In this study we also challenged 
mice with intravenous injections of sporozo- 
ites. Under natural conditions animals are 
challenged by mosquito bites so that sporo- 
mites are introduced into ca~illaries and are 
likely to be exposed longer to the protective 
effects of antibody prior to reaching the 
liver. These studies differentiated between 
cellular and humoral protective responses 
induced by vaccination and emphasize that 
cellular immune mechanisms are critical to 
the high level of protection induced by y- 
sporozoites. The correlation of protective 
immunity with CS antibody as indicated by 
CSP and IS1 activitv in animal and human 
immunization studies may largely be an 
epiphenomenon marking induction of criti- 
cal but unrecognized cell-mediated immuni- 
ty. In theory, animals vaccinated with pep- 
tide-carrier conjugates preferentially induce 
humoral responses since T epitopes required 
for cellular responses (excluding T-helper 
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activities) are generally not found on short 10. A Taq I fragment encodin 82% of the complete P. 14. The ELISA, ISI, and CSP assays were performed 
synthetic peptides. Unlike the repeat region "'3hei CS gene was to Prepare clone P B ~ -  under blind conditions on triplicate serum samples 

6 (J. L. Weber et al., Exp. Parasitol., in press), as described by Young (11) with the followin 
of P. falciparam, the P. berghei CS protein digested with Taq I, treated with DNA polymerase I modifications: (i) the capture antigen for ELIS1 
contains variable tandem repeats consisting (Wenow fra ment) and deoxycpidine triphosphate was (D-16-N)-BSA, ~ B l t e t ~ ~ ,  or P. be@ei sporozo- 

to partially all in the 5' overhang, and treated with ites (NK65 strain); (li) for the IS1 and CSP assays P. 
of three different octapeptides and a long mung bean nuclease to remove the remaining single berghei sporozoites were used. 
stretch of dipeptides (8).  we used the con- base overhang. The DNA was digested with Ssp I 15. G. L. Spltalnv, C. Rivera-Ortiz, R. S. Nussenzweig, 

and a 763-base pair fragment was isolated and Exp. ~ardritul. 40, 179 (1976). 
SensuS octapeptide for synthetic peptide im- ligated into Bam HI-di ested Wenow-treated pAS1 16. Pooled serum sam les from mice immunized with y- 

rnunization, but it is possible that other ~ g h ~ ~ ~ F g ~ ~ ~ ~ ~ { ~ F 1 ~ ~ ~ g ~  f-j::zric: sporozoites (D- lgN) ,  pBltetg2, and from normal 
controls (20 mice per grou ), and mAb 3.28.1 

epitopes may be important in protection. [Young et ( l l ) ] .  The resultin construct encodes ascites were a%nin.-purified gy protein A-Sepha- 
The recombinant constmct pBltet32 includ- 254 "mmo acids and extends k m  Taq I, which rose 4B chromatographv (7). The mAb 3.28.1 was 

begins 40 amino acids 5' of the first octa eptide derived from spleen cells of mice immunized with y- ed the entire repeat region sequence as well repeat, includes all of region I (4), the centrafrepeat sporozoites as described elsewhere [H. D. Danforth, 
as flanking nonrepeat regions, suggesting units, region 11 (41, and ends in the hvdrophobic G. H .  Campbell, M. F. Leef, R. L. Beaudoin, J .  

anchor sequence 18 amino acids 5' of t6e carboxyl- Parasitol. 68, 1029 (198211. The protein concentra- that if e ~ i t O ~ e s  in the indue- terminal aspara ine residue of the complete protein. tion of the final product was determined spectro- 
tion of cellular immunity were included they This poivpeptih is fused to 32 amino acids derived photometrically at a wavelength of 280 nm. 

were ine~ective because of inappropriate from th; tetr region of the expression vector. The 17. D. H.  Chen, R. E. Tigelaar, F. I, Weinbaum, J. 
construct was expressed in E. coli under the control Immunul. 118, 1322 (1977). 

conformation or antigen presentation. At- of the PL promoter as described [J. F. Young, Proc. 18. J. P. Verhave, G. T. Strickland, H .  A. Jaffe, A. 

tenuated sporozoites must be intact and Natl. Acad. Sci. U.SA. 80, 6105 (198311. The P. Ahmed, ibid. 121, 1031 (1978). 
berghei fusion protein extracted from induced E. coli 19. J. Ipsen, N. End. J. Med. 251, 459 (1954). 

administered intravenously to be efficacious with 0.1% (wtv) sodium deoxycholate was present 20. T. Dyrberg and M. B. A. Oldstone, J .  Exp. Med. 
at approximately 5 to 10% of the total rotein 164, 1344 (1986). (21)3 suggesting that targeting of the precipitated with 20 to 40% ammonium sulfate. 21. G. L. Spitalnv and R. S. Nussenzweig, Proc. Helm. 

nism to a particular cell and subsequent 11. J. F. Young et d., Science 228, 958 (1985). Soc. Wash. 39, 506 (1972). 
processing and presentation of antigen in 12. Antigens were emulsified 1 : l  in complete Freund's 22. M. Hollingdale, P. Leland, J. Leef, A. L. Schwartz, 

adjuvant [CFA], (Gibco) for primary immunization Am. J .  Trop. Med. Hj8. 32, 685 (1983); A. Szarf- 
association with histocompatibility mole- and in incomplete Freund's adjuvant (IFA) for man et al., in preparation. 
cules may be important, F~~~ studies in subsequent doses, and injected intramuscularly and 23. We thank E. Baker, R. Gore, J. Williams, T. Jareed, 

subcutaneouslv. CS construct pBltet3* was ad- L. Cannon, M. Dowler, W. Corr, C. Sigler, A. 
vitro it appears that ~p0r0~0iteS shed CS sorbed to alukinum hydroxide gel in 0.9Nsaline by Adje ong, and P. S inella for expert assistance. We 
protein onto the surface of hepatoma cells end-over-end rotation at 4°C for 16 hours. Each t h d J .  D. Chulay E r  reviewing the manuscript and 

0.25-ml dose contained 0.5 mg of A13+. F. H .  To for support in this work. M.R.H. was 
during invasion and that developing exo- 13, Sporozoites of the NK65 straln of P. berghei were supporteBby AID contract DPE-0453-C-00-3051- 
erythrocytic forms express epitopes recog- harvested in Medium 199 from Anopheles st@ensi 00. S.L.H. was supported in part by the Naval 

approximately 14 days after the mosquitoes had fed  medical Research and Development Command, nized mAbs against s~OrOzOites (22). It is on infected Syrian hamsters. Sporozoites used for Work Unit 3M16270A870 AF312. 
possible that CS protein or other non-CS immunization received 8000 R from a 'j°Co source 

antigens associated with these developing (Gamma Cell 220) at 4°C. 22 December 1986; accepted 18 March 1987 

exoerythrocytic forms elicit responses medi- 
ated by natural killer cells, cytotoxic T cells, 
or cytokines. However, the antigens, specif- 
ic cellular effector mechanisms, and their 
targets have not been identified, B~ using Glucocorticoid Receptor-Like Antigen in Lymphoma 
the P beghei model it should be possible to Cell Membranes: Correlation to Cell Lysis 
develop subunit vaccines capable of induc- 
ing these cell-mediated responses and to 
apply these findings to the development of BAHIRu GAMETcHu 

sporozoite vaccines against human malaria. 
S-49 mouse lymphoma cells undergo lysis when treated with glucocorticoids; the 
mechanism of this effect is not understood. A protein was detected in the plasma 
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