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SUMMARY

Antigenic polymorphism and HLA restriction may limit the immunogenicity of a subunit vaccine against

liver-stage Plasmodium falciparum. We examined 59 clinical isolates and five laboratory clones of P.

falciparum for polymorphism in the N- and C-terminal regions of LSA-1, evaluated binding of the

corresponding peptides to selected HLA class I alleles, and measured IFN-g responses in residents of a

malaria-endemic area of Papua New Guinea where HLA-A*1101, -24, -B13, and -B40 are the most

common class I alleles. LSA-1 polymorphism was limited to a single non-synonymous mutation

encoding serine (S), proline (P), or threonine (T) at amino acid 85. Nine-mer 84±92 peptides with S, T,

or P at the primary anchor position bound differentially to HLA-A11, -A2, and -B7. IFN-g ELISPOT

responses increased with age in malaria-exposed subjects: 14±16% and 30±36% of 2±5- and 6±54-year-

olds, respectively, had $ 10 IFN-g-secreting cells/106 peripheral blood mononuclear cells when

stimulated with at least one peptide variant (P , 0´05). IFN-g responses to all three peptides were also

greater for older than younger individuals. No children , 3 years old had lymphocytes that responded to

all three 84±92 peptides, whereas 45% of adults (mean age 48 years) had aggregated IFN-g responses.

These data support the notion that age-related cumulative exposure to P. falciparum increases the

frequency of IFN-g responses to polymorphic epitopes of liver-stage antigens such as LSA-1.
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INTRODUCTION

Falciparum malaria is a leading cause of morbidity and death in

the tropics, especially among infants and other individuals who

have not been repeatedly exposed to the parasite. Malaria

infection is initiated when sporozoites are deposited in the

bloodstream by anopheline mosquitoes. Within 30 min of

inoculation, sporozoites invade hepatocytes where they subse-

quently undergo asexual reproduction. Liver-stage infection is

followed in 1±2 weeks by the emergence of blood-stage parasites

that may cause fever and other symptoms. Efforts to develop a

vaccine against Plasmodium falciparum have been directed at

enhancing resistance and immune responses to both pre-

erythrocytic (sporozoite and liver-stage) and blood-stage parasites

[1].

Study of the immune basis of resistance against liver-stage

malaria in humans is difficult because there is no direct means of

assessing parasite elimination and local immunity in this organ.

Experimental work using murine malaria models indicates that

vaccination with irradiated sporozoites, recombinant proteins, or

plasmid DNA elicits cytotoxic T lymphocyte (CTL) and CD4 and/

or CD8 T cell IFN-g responses to peptide epitopes of pre-

erythrocytic antigens. These antigen-specific responses are

thought to contribute to resistance against liver-stage infection

[2]. Analogous T cell responses develop in residents of endemic

areas who are repeatedly infected with the P. falciparum [3,4] and

immunologically naive volunteers in whom complete but transient

resistance can be induced by prior exposure to radiation-

attenuated sporozoites [5,6]. Several pre-erythrocytic antigens

are currently under consideration for inclusion in a multistage

vaccine against P. falciparum, e.g. circumsporozoite sporozoite

protein (CSP), thrombospondin-related adhesive protein (TRAP,

also known as sporozoite surface protein 2 or SSP2), and LSA-1.

Immunodominant T cell epitopes of CSP are highly polymorphic,
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and T cell immunity to them is restricted by class I MHC

molecules in mice [7] and humans [8]. The relationship between

exposure to polymorphic epitopes of P. falciparum pre-erythro-

cytic antigens and human T cell immunity has been examined

most thoroughly in the case of CSP. Udhayakumar and co-workers

[9], for example, described natural polymorphism of CSP amino

acid residues 368±390 and CTL reactions to the corresponding

23-mer peptides in four adult Kenyans. Evidence that variant

epitopes of CSP may be selected by HLA-restricted CTL

responses and that responses to such variants may be mutually

antagonistic has been reported in a study conducted in the Gambia

[10]. These and other data suggest that parasite antigenic

polymorphism combined with HLA restriction of immunity to T

cell epitopes may reduce the immunogenicity and efficacy of a

subunit vaccine.

To date, LSA-1 is the only pre-erythrocytic antigen known to

be expressed exclusively by liver-stage P. falciparum [11]. T cell

and antibody responses to the N- and C-terminal non-repeat and

central repeat regions of LSA-1 have been described in non-

immune North Americans immunized with irradiated sporozoites

[6] and Africans living in malaria-endemic areas [12]. Recent

studies conducted in Kenya and Gabon indicate that cytokine

responses to N- and C-terminal non-repeat regions of LSA-1

correlate with partial resistance to re-infection [13±15]. Using a

consensus sequence based on the NF54 P. falciparum isolate, we

previously characterized T cell cytokine responses to peptides

encoded by LSA-1 amino acid residues 84±107, 1813±1835, and

1888±1909 in adults living in the Wosera area of East Sepik

Province, Papua New Guinea [16]. Whereas only 18% of

individuals had IL-4 or IL-5 responses, IFN-g production

stimulated by the N-terminal 84±107 peptide was observed in

33% of the subjects. The frequency of lymphocyte responses to

the C-terminal peptides was even greater (87±88% of subjects).

The reasons for the lower rate of IFN-g responses to the N-

terminal peptide are not known. In the current study, we determine

if local isolates of P. falciparum have polymorphisms that were

not represented in the peptide sequences used to stimulate

lymphocyte cytokine production, assess whether 9-mer peptides

corresponding to these polymorphic epitopes bind to HLA class I

alleles common in this area of Papua New Guinea, and compare

the ability of children and adults to make IFN-g in response to the

peptide variants.

SUBJECTS AND METHODS

Study site and human subjects

The study was conducted in the Wosera area of East Sepik

Province, where P. falciparum, P. vivax, and P. malariae

infection are holoendemic. Uncomplicated malaria morbidity

peaks in 1±3-year-old children and decreases progressively with

age so that the lowest frequency is in individuals $ 20 years old.

Malaria is the major cause of death in 1±4-year-olds, accounting

for 33% of the mortality in this age group [17,18].

Peripheral blood mononuclear cells (PBMC) for studies of T

cell IFN-g production and HLA typing were obtained from

residents of the villages of Miko 1 and Miko 2. Healthy volunteers

were recruited after explaining the purpose of the research. One

hundred and fifty-one and 106 persons were typed at the HLA-A

and -B loci, respectively. PBMC from 61 people were analysed for

IFN-g production in November 1997. Their age range was 14±

67 years (mean ^ 1 s.d. 28´3 ^ 12 years). A second round of

cytokine analysis was conducted in April 1999. At that time,

PBMC from 43 children (age range 2±5 years; mean ^ 1 s.d.

3´7 ^ 1 years) and 74 older individuals (age range 6±54 years;

mean ^ 1 s.d. 19´2 ^ 13 years) were obtained. None of the

subjects had fever or other clinical manifestations of malaria.

Twelve healthy North American adults (age range 30±45 years)

who had never visited a malaria-endemic area also donated blood.

Malaria infection status was established by inspection of thick

and thin blood smears according to standard protocols of the

Papua New Guinea Institute of Medical Research. A thick smear

was scored as negative if no parasites were observed micro-

scopically in oil immersion fields that included a total of 200

leucocytes. Plasmodium falciparum, P. vivax, and P. malariae

were detected in 38´7, 8´0 and 10´7% of the subjects in 1997,

respectively. One individual was infected with all three species.

Infection status was not determined in the subjects studied in

1999.

Ethical clearance and approval of the procedure for oral

informed consent were obtained from the Medical Research

Council of the Government of Papua New Guinea and the

institutional Review Board for Human Studies of University

Hospitals of Cleveland, Case Western Reserve University.

Genotyping of P: falciparum clones and field isolates

DNA samples isolated from the P. falciparum laboratory clones/

isolates designated HB3 (origin Honduras), CAMP (Malaysia),

D10 (Papua New Guinea), 3D7 (The Netherlands, of African

origin), T2C6 (Thailand), and NF54 (Africa) were the gift of T.

Wellems (National Institutes of Health, Bethesda, MD). Field

isolates were obtained from a total of 59 residents of the Wosera

in April 1996 and November 1997. Blood was collected by

venepuncture or finger prick and blotted onto filter paper (Number

1 Whatman 3M, Minneapolis, MN). The dried samples were

placed in 180 m l 5% w/v Chelex-100 (BioRad, Richmond, CA)

preheated to 1008C. DNA was released into solution by vigorous

shaking for 15 s and boiling for 10 min [19]. Following

centrifugation, 5 m l of the supernatant were added to a

polymerase chain reaction (PCR) mixture containing 25 mm

MgCl2, 1� PCR buffer, 2´5 mm dNTPs, 1 U Taq polymerase (US

Biochemical Corp., Cleveland, OH), and 10 mm oligonucleotide

primer pair. Primer pairs were synthesized on the basis of the

NF54 LSA-1 sequence (GenBank Accession no. X56203). The

region of the LSA-1 gene encoding amino acids 1813±1909 was

amplified using a primer set comprising the following oligonu-

cleotides: 5 0 GGAATTTATAA-AGAACTAGAAG 3 0 and 5 0

AGTTTCATAAAATATTTAGTTAT 3 0. The region encoding

LSA-1 84±107 was amplified with the oligonucleotides 5 0

TATGAGAAAACTAAAAATAATG 3 0 and 5 0 CATCATCATT-

TATTATGTGTTC 3 0. PCR mixtures were initially denatured at

948C for 30 s followed by 35 cycles of amplification

(948C � 10 s, 508C � 20 s, 728C � 160 s), and finally extended

at 728C � 7 min. The products were separated by electrophoresis

in 1´5% agarose gel and fragments of appropriate size selected for

sequencing. Sequencing was carried out across both strands using

a PCR product sequencing kit (US Biochemical). Sequences were

analysed using GeneWorks 2.1.

Restriction fragment length polymorphism (RFLP) analysis was

performed on the 196 bp PCR product resulting from the second set

of primers described above using the restriction enzymes ClaI and

HpaI according to the manufacturer's protocol (US Biochemical).

Digested DNA was separated by electrophoresis in a 4% agarose 3:1
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high resolution blend gel (Amresco Corp., Solon, OH) in 0´5� TBE

at 100 V for 1 h.

Experiments using either of the primer pairs with P. vivax

genomic DNA as template did not produce PCR products

detectable by staining with ethidium bromide.

HLA typing

HLA-A and -B alleles were determined serologically using

Terasaki trays according to the manufacturer's instructions (One

Lambda, Canoga Park, CA). Asian-specific reagents were used for

typing the Papua New Guinea study subjects. The HLA-A*1101

subtype was confirmed by cloning and sequencing of the A-locus

gene of five subjects [20].

LSA-1 variant peptides

Peptides were synthesized by fmoc chemistry [21], purified to

$ 95% homogeneity by reverse phase high performance liquid

chromatography (HPLC; Chiron Mimetopes, Raleigh, NC), and

suspended in PBS pH 7 immediately before use. Assuming that

position 2 of a 9-mer peptide corresponds to the primary anchor in

the B pocket of the HLA class I dimer [22], peptides

corresponding to LSA-1 84±92 with three different amino acids

at position 2 were synthesized, i.e. L_MSNVKNV with T

(threonine), P (proline), or S (serine).

Peptide binding to HLA class I molecules

Peptide binding was estimated using an HLA class I assembly

assay based on binding of antibodies that recognize the

conformation of stabilized class I dimers expressed on the surface

of T2 lymphoma cells [23]. The .174/T2 cell line was obtained by

fusion of the peptide transporter mutant .174 LCL with the T cell

line CEM. These cells express HLA-A*0201 (A2/T2). T2 cells

transfected with HLA-A*1101 (A11/T2) and HLA-B7 (B7/T2)

were maintained as described [24]. Antibodies to HLA-A11

(A11.1M) and HLA-B7 (B27M1) were obtained from American

Type Culture Collection (Rockville, MD). Stabilized HLA-A2

dimers were detected using antibody directed against HLA-A, -B

and -C (Biodesign Int., Kennebunk, ME). FITC-conjugated

secondary antibody was goat anti-mouse IgG (Life Technologies,

Rockville, MD).

Differences in MHC class I expression between control and

test MHC class I assembly assays were evaluated using the Mantel

Haenzel x2-test. P # 0´0001 was considered significant.

T cell IFN-g production

Blood was obtained by venepuncture and anti-coagulated with

heparin. PBMC were separated from whole blood within 4 h of

collection by Hypaque±Ficoll density gradient centrifugation and

dispensed in duplicate in 96-well microtitre wells at a concentra-

tion of 1 � 106 cells per 300 m l RPMI 1640-containing 10%

human AB serum, 80 mg/ml gentamycin, and 25 mm HEPES

(cRPMI) [25]. To stimulate the cells for measurement of IFN-g
production, 10 mg/ml (9´7 mm) LSA-1 peptide were added and

incubation continued for 48 h at 378C in 5% CO2 in air. IFN-g
was measured by ELISPOT. Briefly, 24-well ELISPOT plates

were coated by overnight incubation at 48C with 5 mg/ml anti-

IFN-g MoAb (Endogen, Woburn, MA). Plates were washed three

times with sterile PBS and blocked with 10% human serum in

PBS at room temperature for 2 h. Pre-stimulated PBMC were

washed and added to the wells at concentrations of 0´5 � 106 and

0´25 � 106 cells/300 m l complete medium. Incubation at 378C

was continued for 20 h, followed by washing with PBS20´05%

Tween and PBS alone. Biotinylated secondary antibody (200 m l;

Endogen) was added at 4 mg/ml in PBS containing 0´05%

Tween21% bovine serum albumin (BSA) and incubated over-

night at 48C. The plates were then washed with PBS±Tween,

200 m l streptavidin-peroxidase (diluted 1:2000) (Dako, Carpin-

teria, CA) were added, and incubation carried out at room

temperature for 2 h. After a final wash with PBS, spots were

visualized by adding 200 m l substrate (800 m l of 1% 3-amino-9-

ethyl-carbazole in 24 ml 0´1 m acetate buffer pH 5´0). Results are

expressed as the net mean number of IFN-g-secreting cells/106

PBMC (i.e. the value obtained after subtraction of the basal

number). Only those preparations for which . 100 IFN-g-

secreting cells/106 PBMC were observed following stimulation

with 5 mg/ml phytohaemagglutinin (PHA; Sigma, St Louis, MO)

were included in the analysis. Basal frequencies (i.e. culture

medium alone) of IFN-g-secreting cells from Papua New Guinea

study subjects ranged from 0 to 5 per 106 PBMC.

PBMC from 12 North Americans who had never been exposed

to malaria did not produce IFN-g in response to any of the LSA-1

84±92 peptides on three separate occasions. The subjects included

persons whose HLA class I alleles belonged to the A3-, A2-, and

B7-like supertypes [26]. A positive response by a Papua New

Guinean study subject was arbitrarily defined as a net value $ 10

IFN-g-secreting cells/106 PBMC.

The expected frequency of response to all three variant

peptides was calculated by multiplying the overall frequency of

responses to individual peptides for all study subjects within a

given age category. Differences in expected and observed

frequencies were evaluated using the Mantel Haenzel x2 test. P

# 0´05 was considered significant.

RESULTS

Polymorphism in the N- and C-terminal non-repeat regions of

LSA-1

PCR products of 325 bp were generated with the primer pair

encompassing codons for the C-terminal amino acid residues

1813±1909. The amplicons were cloned and sequenced. There

were no synonymous or non-synonymous mutations in the T2C6,

CAMP or 3D7 clones compared with the NF54 sequence

(GenBank Accession no. X56203). DNA was prepared from the

blood of five P. falciparum-infected individuals from the Wosera.

The sequences were identical to the NF54strain and did not

include any synonymous or non-synonymous mutations.

PCR products of 196 bp were generated using the primer pair

that includes nucleotides encoding the N-terminal amino acid

residues 84±107. A single mutation predictive of an amino acid

change at residue 85 was observed. The CAMP clone had T,

which is identical to NF54. The 3D7 and HB3 clones had S, and

the D10 clone had P (GenBank Accession no. U60974; Table 1).

PCR products derived from the blood of 17 malaria-infected

subjects studied in 1996 were sequenced. Samples from five

subjects had non-synonymous mutations that encoded T, nine

encoded S, and three encoded P at LSA-1 85. No other nucleotide

changes relative to the NF54sequence were observed.

RFLP analysis of the 196-bp PCR product was possible since

the nucleotide change that predicted S at LSA-1 85 produced a

ClaI site. When a nucleotide substitution that corresponded to T

occurred, a HpaI site was created. When P was encoded, no site

was susceptible to digestion with either restriction enzyme. RFLP
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analysis of the 17 samples described above produced results

predicted by sequencing. Eight, two, and one of 11 additional field

isolates examined by RFLP analysis alone had codons that

predicted S, P, or T, respectively. The data from all 28 samples

obtained in 1996 are summarized in Table 1.

RFLP analysis was repeated using blood from a different

group of 31 malaria-infected examined in 1997. There was no

significant change in the frequency of the non-synonymous

mutations at LSA-1 residue 85 compared with 1996 (P . 0´05,

Table 1).

HLA-A and -B alleles

The most common alleles at the HLA-A locus were A11 (A*1101

subtype confirmed by nucleotide sequence), A24, and A34. All

HLA-A alleles were within Hardy±Weinberg proportions. At the

HLA-B locus, B13 and B40 were most frequent (Table 2). A

greater frequency of HLA-B13/B40 was observed (60 of 106

individuals) than expected (38 of 106 individuals) from Hardy±

Weinberg proportions (P , 0´05).

Peptide binding to HLA-A11, -A2 and -B7 molecules

The T, S and P variants of LSA-1 84±92 led to variable levels of

dimer stabilization for the three HLA class I molecules tested

(Fig. 1). Expression of stable dimers of HLA-A*1101 increased

significantly (P , 0´0001) in the presence of the S variant

compared with cells to which no peptide was added. By contrast,

when T and P were substituted at the second position, there was no

detectable binding to HLA-A11. HLA-A2 expression increased in

the presence of the T variant, while HLA-B7 expression increased

in the presence of either the S or P variant (Fig. 1).

LSA-1 peptide-stimulated IFN-g production

The frequency of IFN-g responses to at least one of the 84±92

peptides was lower in 2±5-year-olds (14±16%) compared with

older individuals (30±36%). The age-related differences were

statistically significant (P , 0´05) for the S and P but not T

peptide (Table 3).

Age-related changes in aggregated IFN-g responses to all three

LSA-1 peptide variants

No persons in the 2±3-year-old age group responded to all three

peptides. PBMC from 8% of 4±5-year-olds produced IFN-g in

response to the T, S and P 84±92 peptides. Thereafter, the

proportion of responders increased progressively from the age of

6±7 years into adulthood (Fig. 2, r2 � 0´8548). Among indivi-

duals between the ages of 6 and 54 years, responses to all peptide

variants occurred more frequently together than expected if the

responses to each variant were independent of each other.

Assuming independence, the predicted value was 0´038

(0´30*0´36*0´35); the observed value was 0´216 (P � 0´001).

By contrast, the observed and predicted values were similar for

persons # 5 years old (P � 0´155).

Relationship between malaria infection status and IFN-g
responses to LSA-1 peptides

There was no significant positive or negative correlation between

responses to any of the LSA-1 peptides and malaria infection

status as determined by thick blood smear (examined only during

the 1997 study). To examine the correlation between variant

peptide-driven IFN-g responses and clonality of infection,

PCR genotyping of the N-terminal region of the LSA-1 gene

was performed on samples obtained from adults who were

Table 2. HLA-A and HLA-B alleles of Wosera study subjects*²

HLA allele No. of persons Frequency

A11 102 0´675

A24 108 0´715

A31 10 0´066

A34 40 0´265

B13 69 0´651

B27 8 0´075

B40 93 0´877

B56 18 0´170

*The numbers of subjects typed at the HLA-A and -B loci were 151

and 106, respectively.

²Other HLA-B alleles and their frequencies were: B15, 0´096; B54,

0´027; B70, 0´055; B37, B39, B45, B63, B75, B77 and B8101, all equal to

0´014.
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Fig. 1. Binding of LSA-1 84±92 peptides to HLA-A*1101-, HLA-A2-,

and HLA-B7-transfected T2 lymphoma cells. Assays were performed as

described in Subjects and Methods. Results are the mean of three

experiments. *Expression of HLA dimers was significantly greater

(P , 0´0001) than in the presence of peptide compared with cells

incubated without peptide.

Table 1. Nucleotide and predicted amino acid sequences of Plasmodium

falciparum LSA-1 84±92

Amino acid and nucleotide sequence Clones

Field isolates

1996 1997

L T M S N V K N V NF54, CAMP 6/28 5/31

tta acg atg tct aat gta aaa aat gtg* (21%) (16%)

L S M S N V K N V 3D7, HB3 17/28 25/31

tta tcg atg tct aat gta aaa aat gtg (61%) (81%)

L P M S N V K N V D10 5/28 1/31

tta ccg atg tct aat gta aaa aat gtg (18%) (3%)

*LSA-1 nucleotides 325±354 (GenBank Accession no. X56203).
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immunologically characterized in 1997. Of 14 individuals infected

with blood-stage P. falciparum encoding T at LSA-1 residue 85,

five persons did (36%) and nine did not (64%) have IFN-g
responses to the 84±92 T peptide. These percentages did not differ

from those of persons infected with P. falciparum of the S or P

genotypes, or individuals whose blood did not generate a signal

for the LSA-1 gene following PCR amplification (P . 0´05).

DISCUSSION

This study demonstrates that IFN-g responses to three variants of

an N-terminal polymorphic epitope of LSA-1 are common in

persons living in a malaria-holoendemic area of Papua New

Guinea where parasites of the corresponding genotypes circulate.

The likelihood of responding increases with age, and by inference,

cumulative exposure to clonal populations of parasites that

express the variant epitopes. The overall frequency of IFN-g
responses reported here (30±36% in adults) is similar to that of

polymorphic epitopes of other pre-erythrocytic antigens which are

thought to be highly conserved, e.g. 32% of Gambians had IFN-g-

secreting cells when stimulated with a series of peptides that

spanned TRAP/SSP2 [27].

The relatively greater frequency of non-synonymous than

synonymous mutations in the N-terminal but not C-terminal non-

repeat sequence of LSA-1 supports the notion that epitopes in the

former region are subject to selection by the host immune

response [28,29]. Previous descriptions of nucleotide sequences

encoding the C-terminal region of LSA-1 have not identified

mutations predictive of amino acid differences between the NF54

(African origin) and T9/96 (Thai origin) clones/strains of P.

falciparum [12]. The data presented here confirm this in that the

nucleotide sequences encoding amino acid residues 1813±1909

were identical among field isolates and several laboratory strains

and clones of P. falciparum. By contrast, nucleotide changes that

predicted three amino acid substitutions at the N-terminal residue

85 were identified. Yang and co-workers [30] have previously

described nucleotide sequence variations in the non-repeat regions

of the LSA-1 gene in field isolates from Kenya, Brazil, and Papua

New Guinea. Five non-synonymous mutations between amino

acid residues 1831 and 1869 were detected; 46´7% of isolates

from the Madang area of Papua New Guinea (located approx.

300 km from the Wosera) had valine at residue 1867, and the

remainder had aspartic acid at this position (identical to NF54).

With respect to the N-terminus, only the threonine and serine (and

not proline) alleles at amino acid residue 85 were identified. This

earlier report also described nucleotide substitutions predictive of

amino acid changes at residues 92, 95 and 104. These were not

observed in the current study. Spatial and temporal differences of

parasite populations in these geographically separate areas of

Papua New Guinea may account for differences in the proportions

of the various mutations. In addition, unlike Yang et al., we did

not establish in vitro cultures of P. falciparum before genotyping.

Thus, if low levels of circulating parasites with these genotypes

were present, they may not have been detected by amplification of

genomic DNA isolated directly from blood.

The results showing an age-related increase in the frequency

of individual and aggregated IFN-g responses to the variant

peptides support the notion that cumulative exposure to multiple

clones of parasites broadens the repertoire of T cell responses to

polymorphic regions of pre-erythrocytic antigens such as LSA-1.

Alternatively, the data are consistent with the possibility that T

cell immunity to LSA-1 transcends various strains of P.

falciparum or that recent malaria infections were clustered in

the cohort of individuals studied. Antibody and lymphocyte

proliferation responses to other pre-erythrocytic antigens have

been reported to increase with age [31,32], but to our knowledge

there are no published data describing the frequency of T cell IFN-

g or CTL responses to polymorphic epitopes of LSA-1. In the

context of evaluating the potential antigenicity of candidate pre-

erythrocytic vaccine molecules, it should be noted that the method

used to study T cell immunity influences the frequency of

responses detected in malaria-exposed populations. The IFN-g
ELISPOT was employed in the current study. This assay has

Table 3. Frequency of IFN-g responses to variants of LSA-1 84±92 by 2±5 and 6±54-year-old study subjects

Number of subjects T at position 2 S at position 2 P at position 2

2±5 years old 43 0´16 0´16 0´14

6±54 years old 74 0´30 0´36 0´35

P* 0´104 0´020 0´013

*Mantel Haenszel x2 test.
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Fig. 2. Age-related frequency of IFN-g responses to all three variants of

LSA-1 84±92. Peripheral blood mononuclear cells from a total of 117

individuals were incubated with individual peptides as described in

Subjects and Methods. The number of persons in age group was the

following: 2±3-year-olds, 16; 4-year-olds, 15; 5-year-olds, 12; mean 7-

year-olds (range 6±10), 19; mean 15-year-olds (range 11±20), 13; mean

26-year-olds (range 21±30), 17; mean 33-year-olds (range 31±40), 18;

mean 48-year-olds (range 41±54), 7. The trend line has r2 � 0.85.
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recently been used to estimate frequencies of T cell immunity to

TRAP peptide epitopes [27]. Since the current results are based on

responses of lymphocytes incubated with peptides for 72 h, they

probably reflect cytokine production by `re-stimulated' T cells

rather than ex vivo responses (i.e. short-term responses that occur

before cell division occurs) [33]. It is not yet clear if these or other

assays (e.g. CTL) are surrogates of protective immunity. Recent

reports using LSA-1 peptides greater than 20-mer in length or

recombinant LSA-1 proteins suggest that IL-10 responses to LSA-

1 correlate with resistance to re-infection [13,15]. Nine-mer

peptides were used here because we ultimately want to define the

importance of HLA class I-restricted CD8 T cell responses in

resistance to re-infection. Preliminary examination of lymphocyte

responses to these and other 9-mer LSA-1 peptides in malaria-

endemic areas of Kenya and Papua New Guinea indicate that

, 10% of individuals make IL-10 (unpublished observations).

Peptide binding experiments were performed to gain insight

into whether HLA class I alleles may restrict responses to LSA-1

peptide variants. Binding of the three 84±92 variants to HLA-

A*1101 was evaluated. This allele has a frequency of 67´5% in the

population. Peptide with serine but not threonine or proline at the

primary anchor position stabilized HLA-A11 dimers in vitro.

Given the preference of HLA-A11 and other members of the

HLA-A3-like supertype for hydroxyl-containing amino acids at

position 2 [34], the results with serine peptide were anticipated. It

is not clear however, why the peptide with threonine at position 2,

another hyroxyl amino acid, did not bind. It is possible that more

sensitive assays of peptide binding, such as those that rely on

competition with known binders and allow determination of

binding affinity, would have shown significant binding. More

detailed studies of this problem will require examination of the

responses of purified CD8 cells from persons exposed to malaria.

Since this is not feasible in most endemic settings, especially

when only limited amounts of blood can be obtained from

children and infants, future studies will identify the surface

phenotype and cytokine production profile of CD81 T cells that

bind HLA-A11 tetramers that include LSA-1 9-mer peptides [35].
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