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T CELL RESPONSES TO REPEAT AND NON-REPEAT REGIONS OF THE
CIRCUMSPOROZOITE PROTEIN DETECTED IN VOLUNTEERS IMMUNIZED WITH
PLASMODIUM FALCIPARUM SPOROZOITES
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The design of a malarial vaccine based on the circumsporozoite (CS) protein, a major surface
antigen of the sporvozoite stuge of the malaria parasite, requires the identification of T and B cell
epitopes for inclusion in recombinanl or synthetic vaccine candidates. We have investigated the
specificity and function of a series of T cell clones, derived from volunteers immunized with
Plasmodium falciparum sporozoites, in an effort to identify relevant epitopes in the immune
response to the pre-erythrocylic stages of the parasite. CD4+ T cell clones were obtained which
specifically recognized a repetitive epitope located in the 5’ repeat region of the CS protein. This
epitope, when conjugated to the 3' repeat region in a synthetic MAPs construct, induced high
fliters of antisporozoile antibodies in C57B1 mice. A second T cell epitope, which mapped lo aa
326-345 of the carboxy terminal, was recognized by lytic, as well as non-lytic, CD4+ T cells
derived from the sporozoile-immunized volunteers. The demonstration of CD4+ CIL in the hu-
man volunieers, and the recent studies in the rodent model (Renia et al., 1991, Tsuji et al., 1990),
suggest that CS-specific CD4+ T cells, in addition lo their indirect role as helper cells in the
induction of antibody and CD8+ effecior cells, may also play a direct role in protection against
sporozoite challenge by targeting EEF within the liver.

Key words: malana sporozoites — CS protein — human CD4+ T cells — epitopes — vaccines

The demonstration that sporozoite-immu-
nized human volunteers, as well as rodents and
monkeys, could be protected against malaria
has provided the impctus for research on sporo-
zoite-induced immune mechanisms and vaccine
development (Nussenzwelg & Nussenzwelg,
1989). The unique aspects of the Plasmodium
life cycle render the sporozoite susceplible to
both humoral and cellular effector mechanisms,
The 1dentification T cell epitopes recognized
by helper and cytotoxic T cells has, therefore,
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become a prionty for the design of effective
malaria vaccines.

In an effort to characterize the cell-medi-
ated immune responses to malaria sporozoites,
we have derived T cell lines and clones from
several volunteers immunized by multiple ex-
posures to the bites of irradiated P. falciparum
infected mosquitoes (Herrington et al.,, 1991).
A T cell line was derived from one volunteer,
by stimulating his PBL in vitro with a recom-
binant P. falciparum circumsporozoite (rPfCS)
protein (Nardin et al., 1989). These CD4+ T
cells proliferated and secreted gamma interferon
when challenged with the rPfCS protein. The
yeast-derived recombinant protein contains
approximately 70% of the total CS sequence,
including the entire repeat region consisting of
5' repeats of alternating NANP and NVDP
sequences and a 3' repeat containing only the
NANP tetramer (Nardin et al., 1990). The CD4+
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T cell clones also recognized the native CS

protein contained in extracts of P. falciparum
sporozoites but not extracts of other malarial

species.

Mapping of the T cell epitope recognized
by the sporozoite specific CD4+ T cell clones
was carried out using truncated recombinant
CS proteins produced in Escherichia coli. The
ability of the recombinants to stimulate the T
cell clones depended on the presence of the 5
repeat sequence consisting of alternating NANP
and NVDP tetramers. Deletion of the 5' repeats
abrogated the T cell response.

The i1dentification of the T cell epitope
within the 5' repeat region was confirmed us-
ing a 12-mer synthetic peptide that contained
the NANPNVDPNANP 5' repeat sequence
which stimulated the T cell clone to the same
extent as the rPfCS protein. A peptide contain-
ing the 3' repeat (NANP)3 sequence, which
contains the immundominant B cell epitope of
the P. falciparum CS protein (Zavala et al.,
1985), did not induce proliferation or gamma
interferon production by the T cell clones.

The 3' and the 3' repeat sequences of the
CS protein are conserved tn all isolates of P.
Jalciparum sequenced to date (Dame et al,,
1984; del Portillo et al., 1987; Lockyer &
Schwarz, 1987; Caspers et al.,, 1989). There-
fore, vaccines based on the repeats would be
expected to generate an immune response ef-
fective in different endemic areas. In order to
investigate the role of the T cell epitope in the
anti-parasite immunity, we examined the abil-
ity of a synthetic vaccine containing the 5' re-
peat T cell epitope when combined with the 3'
repeats, to induce an antisporozoite antibody
response in mice (Munesinghe et al., 1991).

The mice were immunized with a synthetic
peptide polymer called the Multiple Antigen
Peptide system (MAPs), which consists of a
poly-lysine core matrix on which peptides arc
synthesized to form dendritic arms or branches
(Tam, 1988). MAPs containing T and B cell
epitopes of the CS protein of P. bergher rodent
malaria have been shown to induce high levels
of antisporozoite antibodies and protect immu-
nized mice against viable sporozoite challenge
(Tam et al., 1990).

The P. falciparum MAPs used to immunize
the mice contains equimolar ratios of the P.
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Jalciparum T and B cell repeat epitopes in each
one of its four branches or arms (Fig. 1). The
antigenicity of the T cell epitope was not al-
tered by incorporation into MAPs, The human
T cell clones, derived from the sporozoite-im-
munized volunteer, proliferated and produced
gamma interferon when challenged with all the
MAPs constructs containing the 5' repeats re-
gardless of configuration (Munesinghe et al.,

1991).
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Fig. 1: a schematic representation of the (TB)4 MAP
construct which contains equimolar ratios of T and B
cell epitopes 1n each one of the four branches linked to
the (lys),-cys-ala core. The DPNANPNVDPNANPNV
sequence represents the T cell epitope located in the ¥’
repeat region and (NANP), represents the B cell epitope
located 1n the 3' repeats of the Plasmodium falciparum
CS protein.

Based on a series of MAPs constructs hav-
ing different orientations and molar ratios of T
and B cell epitopes, the (TB)4 construct was
found to be optimally immunogenic (Fig. 2).
Following immunization with MAPs, mice of
four different inbred strains behaved either as
high, intermediate or non-responders. Balb/c
mice belonged to this last category, since they
tfailed to produce antibody when immunized
with any of the MAPS constructs containing
the 3' and 5' repeats of the P. falciparum CS
protein.

After the first immunizing dose of (TBM in
Freund’s Adjuvant, mice of the three responder
strains, C57B1 (H-2b), A/J (H-2a) and C3H
(H-2k), developed anti-repeat antibodies and
this response increased after the subsequent
boosters on day 2! and 42. The anti-repeat
antibody response in the intermediate responder
stains suggests that mice of the H-2k and H-2a
haplotypes recognize a T helper epitope within
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Fig. 2: the ELISA geometric mean titers (GMT) x 10
of sera obtained from four inbred strains of mice immu-
nized with 50ug of (TB)4 MAPs emulsified in Freund’s
Adjuvant, administered on day 0, 21 and 42. Sera from
four mice in each group, obtained 20 days following
each immunizing dose, was assayed in the ELISA using
(NANP)50 as antigen. (from Munseinghe et al., 1991).

the 5' repeat region, since only the H-2b
haplotype can recognize a T cell epitope in the
3' repeats (Del Giudice et al., 1986; Good et
al., 1986).

The anti-peptide antibodies generated by
MAPs immunization were highly cross-reac-
tive with the native CS protein on the sporozo-
ite surface as shown by the indirect 1immun-
ofluorescent (IFA) titers. In the high responder
strain, a geometric mean [FA titer of 826,000
was obtained in the sera of C57B1 mice, with
peak IFA titers reaching 1 million in sera of
some individual mice.

Therefore, the studies with the MAPs con-
structs have shown that the 5' repeat region of
the CS protein is recognized by T helper cells
that function in the production of antisporozoite
antibodies. However, in addition to CD4+ T
helper cell epitopes, the CS protein of P.
falciparum is also recognized by CD8+ T cells
obtained from sporozoite-immunized human
volunteers (Malik et al., 1991). Cytotoxic cells
specific for the CS protein of several rodent
malarias can passively protective naive recipi-

ents against sporozoite challenge (Romero et
al., 1989, Rodrigues et al., 1991).

In an effort to detect cytotoxic T cells, we
screened PBL obtained from the sporozoite-
immunized volunteers for cytotoxic activity.

PBL of one volunteer, obtained after he had
successfully resisted challenge with infective
P. falciparum sporozoites, lysed 34% of the
target cells pulsed with a pool of synthetic
peptides that covered the entire P. falciparum
CS protein sequence (Moreno et al., 1991).

Six of the ten sublines derived from this
line displayed high levels of lytic activity and
the response of a representative clone 1s shown
(Fig. 3). When T cells were incubated with
SICr-labelled target cells pulsed with a peptide
pool covering aa 1 - 405 of the CS proten,
82% of the target cells were lysed.

In order to identify the epitope recognized
by the CTL, target cells were pulsed with pools
of 10-20 peptides representing either the amino
terminal, the repeats, or the carboxy terminal
sequences of the P. falciparum protein. High
levels of lytic activity were obtained only when
target cells were pulsed with a pool of peptides
representing the carboxy terminal sequence aa
281-345. When the target cells were pulsed with
each one of the eight peptides contained tn the
aa 281-345 pool, only the target cells pulsed
with the 20-mer peptide containing the amino
acid sequence EYLNKIQNSLSTEWSPCSVT,
aa 326-345, were lysed. The degree of lysis
was similar to that observed using target cells
pulsed with the entire CS peptide pool (aa 1 -
405).

The phenotype of the lytic T cells was found
to be predominantly CD4+ and consistent with
this phenotype, the lytic, as well as the prolif-
erative, responses of the lines and clones were
found to be class Il restricted. Peptide pulsed
cells that were either matched or mismatched
with the HLA DR 1,7 determinants of the T
cell donor were tested for ability to stimulate
the T cell clones. Only the peptide cells that
expressed the class II DR 7 allele were lysed
by the CTL. The CTL also showed high levels
of proliferation when the 326-345 peptide was
presented by autologous APC cells or by cells
expressing DR 5,7, but not the DR 1,4 alleles.

Therefore, the class Il restricted CD4+ CTL
recognize an epitope in the C terminal region
of the P. falciparum CS protein that is distinct
from the epitope recognized by the class I re-
stricted CD8+ CTL (KPKDELDYENDIEK-
KICKMEKCS) recently identified using cells
obtained from sporozoite-immunized rodents

and human volunteers (Kumar et al., 1988;
Malik et al., 1991).
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F1g. 3: peptide specificity of a representative cytolytic CD4+ T cell clone. The results are shown as percent lysis, at an

E:T ratio of 50:1, of *'Cr-labelled autologous B cells targets
Plasmodium falciparum CS protein. Numbering of amino aci

pulsed with peptides representing different regions of the

ds 1s based on the CS protein sequence of the NF 54 strain

of P. falciparum (Caspers et al., 1989). The dark bars represent lysis oblained using target cells pulsed with a pool of
peptides representing the entire CS sequence (aa 1-405) or with smaller peptide pools representing the N-terminal (aa -
102), repeat regions (5 and 3' repeat sequences) or the C terminal sequences (aa 281-345 and aa 346-405). The hatched
bar indicates the lysis obtained using target cells pulsed with peptide aa 326-345. The amino acid sequence is shown in

single letter code (from Moreno et al., 1991).

The lytic activity of the human CD4+ T cell
clones, along with the recent demonstration that
mice could be protected against sporozoite chal-
lenge following passive transfer of cytotoxic CD4+
T cells specific for the P. yoelli CS protein (Del
Giudice et al., 1990; Renia et al., 1991), or a non-
CS antigen that is expressed in both sporozoites
and blood stages of P. berghei (Tsuji et al., 1990),
would suggest that CD4+ T cells may play a
direct role in protection against sporozoite chal-
lenge, in addition to their indirect role as helper
cells tn the induction of antibody and CD8+ ef-
fector cell mechanisms of immunity.
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