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SUMMARY

We have investigated the phenotype of human lymphocytes responding to a defined Plasmodium
falciparum malaria antigen in vitro. Cells were obtained from the peripheral blood ofmalaria-immune
donors from an endemic area of West Africa and were tested for proliferation in response to cloned
fragments of a merozoite surface protein (PfMSPl). Depletion and inhibition studies indicated that
the majority of proliferating cells were CD4+ and restricted by HLA-DR or -DQ. A proportion of
responding cells appeared to be CD8 +, but their response was dependent on help from CD4 + cells. In
two donors there was evidence that low responses could be enhanced by removal ofCD8 + cells and/
or blocking of antigen presentation by anti-HLA-DQ antibodies. This phenomenon was observed in
cells collected during the wet (malaria transmission) season but not in cells collected from the same
individual during the dry season.
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INTRODUCTION

In malaria-endemic areas, clinical immunity to malaria is
acquired in an age-dependent fashion related to the level of
malaria transmission. Complete sterilizing immunity is rarely
achieved and periodic re-infection occurs throughout life. Both
cell-mediated and antibody-mediated mechanisms are believed
to contribute to clinical immunity, but can also contribute to the
pathology of malaria infection. For example, macrophages
activated by T cell-derived interferon-gamma (IFN-y) pro-
duce tumour necrosis factor-alpha (TNF-i) which may result in
damage to the host as well as the parasite (reviewed in [1]).
Similarly, unregulated activation of B cells can lead to hyper-
gammaglobulinaemia and hyper-reactive malarial splenome-
galy [2]. Thus, in the face of persistent antigenic stimulation, the
antimalarial immune response must be carefully regulated to
maintain the delicate balance between protection from infection
and avoidance of immune-mediated pathology.

It has been proposed [3] that the primary function of
particular subsets of T cells is to down-regulate immune
responses to antigens which cannot be eliminated from the
body, such as autoantigens and intracellular parasites, and there
is evidence to suggest that cellular immune responses to malarial
antigens are down-regulated in individuals with persistent long-
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term exposure to Plasmodium falciparum or P. vivax [4,5].
Peripheral blood mononuclear cells (PBMC) from a proportion
of apparently immune individuals are non-responsive to crude
or partially purified schizont extracts, but non-responsiveness
can be reversed by removal of CD8+ cells from the PBMC
population [6-9]. It has also been suggested that blocking HLA-
DQ molecules on the surface of antigen-presenting cells will
reverse non-responsiveness to malaria antigens [7]. A similar
phenomenon of HLA-DQ-associated T cell non-responsiveness
has been described for the human immune response to Schisto-
somajaponicum soluble egg antigen [10], Mycobacterium leprae
[11,12] and streptococcal cell wall antigens [13].

We have examined the response of human peripheral T cell
populations to a defined antigen of P. falciparum, the major
merozoite surface antigen (PfMSPl). We were able to show that
depletion of CD8+ cells or blocking of HLA-DQ increased the
proliferative response to PfMSPI in some non-responding
donors, but this effect was seen only during the malaria
transmission season when recent exposure to parasite antigens
might be expected.

SUBJECTS AND METHODS

Subjects
Nine adults (three female, six male, age range 18-55 years) were
recruited from a rural village in the Gambia where malaria is
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Table 1. Lymphoproliferative responses to PfMSPI proteins and phytohaemagglutinin (PHA)

Dry season Wet season

Donor Unstim. pMEl pME6 pME14 PHA Unstim. pMEI pME6 pME14 PHA

7SC 334 1478 2328 375 73580 450 5715 6975 4455 50580
500S 351 2854 1867 1566 38505 425 4080 2040 1445 29070
107FK 161 1215 1201 859 59103 287 2066 3329 5855 24710
iMS 126 1439 747 19302 22415 311 2768 5536 7153 30167
28BC 99 949 2260 349 46352 2140 7918 4708 19902 17976
1221S 115 14119 10087 291 35029 454 3042 3314 1998 23789
69JC 123 5882 833 181 58 536 106 625 541 625 25546
79AJ 96 11 853 9620 758 107741 128 358 269 256 35456
82AS 193 23601 12 178 687 50 161 529 3862 3227 3333 28883

Geometric mean ct/min. Values which are underlined are those where the SI (versus the appropriate fusion partner
control) is > 3. Values shown in bold indicate that the donor was parasitaemic at the time the blood was collected.

seasonally endemic (peak transmission occurs from July to
November after the annual rains; point prevalence parasitaemia
is approximately 30% in adults at the end of the transmission
season [14]). All the subjects were long term residents of the
village and had been exposed to P. falciparum malaria through-
out their lives. Blood samples were collected at the end of the dry
season, after several months of little or no malaria transmission,
and again at the end of the malaria transmission season.

Venous blood samples were collected into a sterile hepari-
nized container. Thick and thin blood films were stained with
Giemsa's stain and examined for malaria parasites. Two of the
nine donors had low levels of parasitaemia at the end of the dry
season (approximately five asexual stage parasites/pl); three
donors were infected at the end of the transmission season (2-7
asexual stage parasites/,ul).

Batches of pooled serum were screened for HIV- 1 and HIV-
2 seropositivity; all pools were negative.

Antigens
PfMSPI proteins were derived from the Wellcome strain of P.
falciparum [15]. Proteins pMEI, pME6 and pME14 were
derived as /3galactosidase or TrpE' fusion proteins from recom-
binant Escherichia coli expression vectors [16], purified by
solubility fractionation or affinity chromatography and freeze
dried. Freeze-dried proteins were reconstituted in sterile PBS
and diluted in culture medium. pMEI represents the N-terminal
halfofPfMSP I (blocks 3-1 1 according to the scheme ofTanabe
et al. [17]), pME6 represents block 3 plus part of block 4 (i.e. is
contained within pMEl), and pME14 represents blocks 10-16
towards the C-terminus of the molecule.

The mitogen, phytohaemagglutinin (PHA; Difco, Detroit,
MI) was used as a positive control for cell viability.

Preparation ofPBMC populations
PBMC were isolated from heparinized blood by density gra-
dient centrifugation (Lymphoprep, Nygaard, Norway).
Washed cells were suspended in RPMI 1640 supplemented with
2 mM L-glutamine, 100 U/ml penicillin and streptomycin, 30 mM
HEPES, 0-22% sodium bicarbonate and 10% non-immune
human serum.

CD4+ and CD8+ T cells were selectively removed from
mixed PBMC preparations using anti-CD4 or anti-CD8-coated

magnetic beads (Dynal, Oslo, Norway). Briefly, aliquots of
washed mononuclear cells were suspended in complete culture
medium at a concentration of 106 cells/ml. Antibody-coated
magnetic beads were added to the cell suspension and incubated
at room temperature for 1 h. Beads, with specifically bound
CD4+ or CD8 + lymphocytes, were drawn to the side of the tube
using a magnet and the supernatant (together with the unbound
cell population) removed into a clean tube. The depleted cell
preparation was washed and resuspended to its original volume
in complete culture medium. The efficiency of depletion was
determined by immunofluorescence and flow cytometry.

Lymphocyte proliferation assays
PBMC, or depleted cell populations, were aliquoted into round-
bottomed, 96-well microtitre plates (100 pl/well). Purified
PfMSPl proteins and fusion partner controls (final concentra-
tion I yg/ml) or PHA (2 pg/ml) were added to triplicate wells to
form a final culture volume of 200 pl/well. Optimal antigen
concentration was determined by titration experiments (data
not shown). Control wells were cultured in the absence of any
antigen or mitogen. Cultures were incubated at 37°C in 5% CO2
for 7 days. Eighteen hours before harvesting, cells were pulsed
with I pCi 3H-thymidine (Amersham, Aylesbury, UK). Cellular
incorporation of3H-thymidine was measured by liquid scintilla-
tion counting. Proliferative responses were calculated as the
geometric mean (gm) ct/min of triplicate wells. Stimulation
indices (SI) are calculated as the gm ct/min of triplicate antigen-
stimulated wells divided by the gm ct/min of appropriate (fusion
partner) control wells.

Antibodies to HLA class II antigens
Antigen presentation via HLA class II antigens was selectively
blocked using MoAbs directed against monomorphic epitopes
of HLA-DR or HLA-DQ (Leu-10) (Becton Dickinson, San
Jose, CA). Antibodies were diluted in complete culture medium
and added to cell cultures on day 0. Optimal antibody
concentration was determined by titration (data not shown).

RESULTS

Lymphoproliferative responses to PfMSPI
Lymphoproliferative responses to recombinant PfMSPI anti-
gens are shown in Table 1. In the dry season, cells from all nine
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Fig. 1. Effect of depletion ofCD4+ or CD8 + T cells, or additon of anti-
DR or anti-DQ antibodies, on the proliferative response (SI) to PfMSP I
proteins in two donors. Responses of the other seven donors were not
significantly different from the examples shown in (a) and (b); no
significant seasonal changes, other than those shown, were observed. (a,
b) Dry season study. (c, d) Wet season study. (a, c) Donor no. 79. (b, d)
Donor no. 82. *, Untreated; U, CD4+-depleted; U, CD8+-depleted;
0, with anti-DR antibody; M, with anti-DQ antibody.

donors tested gave positive proliferative responses (defined as

SI > 3) to pMEI and pME6, but only two responded to pME14.
In the wet season 8/9 donors responded to pMEI and pME6,
but four donors responded to pME14.

Patent parasitaemia during the wet season was accompanied
by decreased proliferative responses to PfMSPI in two donors
(nos 69 and 82; Table 1). The responses ofone donor with patent
parasitaemia in the dry season (no. 50) were not noticeably
lower in comparison with responses of the same individual in the
wet season. One donor (no. 107) was parasitaemic on both
occasions. Cells from one donor (no. 79) showed a much lower
response in the wet season than in the dry season, although this
donor was not apparently infected on either occasion.

Phenotype of responding cells
Immunofluorescence staining revealed that anti-CD4-coated
magnetic beads removed approximately 99% ofCD4+ cells, but
that anti-CD8-coated beads removed only 57% of CD8+ cells.
A further round of depletion improved the CD8+ depletion
efficiency to approximately 75%. CD4+-depleted or CD8+-
depleted cells were cultured for 7 days with pME antigens and
the proliferative response of the depleted population compared
with the response of the intact population (Fig. 1).

Proliferative responses of PHA-stimulated cultures were not
significantly affected by the treatment regime (data not shown),
indicating that the treatment was not intrinsically harmful to the
cells. In all donors responses to PfMSP1 were completely
ablated by depletion of CD4+ cells. Responses were slightly
decreased after CD8 + depletion in some donors, indicating that
some of the responding cells are CD8+, although these cells did
not appear to proliferate in the absence of CD4+ cells.

In the dry season there was no indication that responses to
any of the PfMSPI antigens were enhanced by removal of
CD8 + cells. However, in the wet season responses of cells from
one of the nine donors (no. 79) were clearly enhanced after
removal of CD8+ cells (Fig. 1). The responses of cells from this

donor showed a markedly lower proliferative response to
PfMSP1 antigens in the wet season than in the preceding dry
season (Table 1).

Effect of blocking antigen presentation by HLA class II
molecules
Antibodies to HLA-DR markedly inhibited the proliferative
response to all the malaria antigens in all donors, but had no
significant effect on the proliferative response to PHA (data not
shown). Anti-DQ antibodies had a more variable effect, but it
was clear that a proportion of the proliferating cells were DQ-
restricted (Fig. 1).

In the dry season there was no evidence that anti-DQ
antibodies enhanced the proliferative response to any of the
antigens. However, in the wet season the proliferative responses
of cells from two donors (nos 79 and 82) were clearly enhanced
after blocking of antigen presentation via HLA-DQ.

DISCUSSION

The notion that persistent infections eventually lead to down-
regulation of the anti-parasitic immune response, with conse-
quent reduction of immune-mediated pathology, is not a new
one [18], although the mechanisms by which such immune
modulation may occur are still rather unclear. In the case of
parasitic helminths, which are typically long lived but which do
not multiply within a single host, selective immunological
tolerance via induction of specific T cell anergy appears to be a
satisfactory solution [19,20]. The problem in infections such as
malaria is maintaining the balance between controlling the
infection (keeping parasitaemia below levels at which clinical
symptoms appear) and avoiding the pathological consequences
of persistent immune activation. In this case, a more dynamic
concept of immune regulation may be appropriate.

Previous studies have indicated that in some malaria-
immune donors proliferative responses to crude schizont anti-
gen preparations can be enhanced by removal of the CD8+
lymphocyte population from the culture system [6-9], but the
effect of CD8+ depletion on responses to defined malaria
antigens has not been investigated. We have examined the
phenotype of cells proliferating in response to one such antigen,
PfMSPI . The responding cell population appears to be predom-
inantly CD4+ and HLA-DR-restricted, but a smaller popula-
tion of CD8+ cells-which may be HLA-DQ restricted-can
also respond.

Although there was no consistent difference in proliferative
responses to PfMSPI antigens between the two seasons,
responses of several donors were noticeably lower in the wet
season than in the dry season. At the end of the dry season, all
donors responded to the related constructs pMEl and pME6,
but only two donors responded to pME14. The response to
pME14 in the non-responders could not be enhanced by
removal of CD8+ cells or blocking of HLA-DQ molecules. In
contrast, at the end of the wet season, the response to pME I and
pME6 (but not to the fusion partner controls) in the one non-
responding donor (no. 79) could be enhanced by either removal
ofCD8+ cells or blocking of HLA-DQ. There was a similar but
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less marked effect on the response to pME14. Anti-DQ
antibodies also slightly enhanced the response to PfMSPI
proteins (but not fusion partner controls) in one other donor
(no. 82), where the response in the wet season was significantly
lower than in the dry season. In this case, removal ofCD8 + cells
had no effect.

Taken together, these results suggest that (CD8+) DQ-
restricted cells may be activated during periods of malaria
transmission to down-regulate the cellular proliferative re-
sponse to PfMSP1. Seasonal variation in the suppressive effects
of CD8+ cells has been reported previously [8] (CD8+ cells
isolated from malaria-exposed donors during the malaria
transmission season had suppressive activity whereas cells
isolated in the dry season did not), but the only other study of
DQ-mediated suppression of responses to malaria antigens [7]
was conducted in an area of year-round malaria transmission
where such seasonal changes would not be expected.

DQ-mediated suppression of lymphoproliferation does not
appear to be a universal phenomenon. In this study, the effect
was observed in only two of nine donors. The effect was not
observed in two other donors (nos 122 and 69), whose responses
were also lower in the wet season than in the dry season.
Similarly, anti-DQ antibodies enhanced the proliferative re-
sponse to Myco. leprae in 4/22 patients in one study [1 1] and in 1/
18 patients in another study [21]. It is possible that individuals
expressing different class II alleles may recognize a different
array of T cell epitopes with varying susceptibility to DQ-
mediated suppression. In the case of malaria, many of the
crucial cellular interactions occur in the deep vasculature of the
spleen and liver, and it is possible that cells isolated from the
peripheral blood at any one time represent only a subset of the
total malaria-reactive T cell pool. Although not directly related
to patent malarial parasitaemia in the donor, the fact that DQ-
mediated suppression was evident only during the malaria
transmission season suggests that recent exposure to infection
may lead to alterations in the composition of the circulating T
cell population.

In this study we have confirmed that CD8+ and/or DQ-
restricted cells can down-regulate proliferative responses to
malaria antigens and have demonstrated these effects using
purified, defined antigens rather than crude parasite extracts.
Whilst far from conclusive, these data tend to support the
notion that the observed response to PfMSPl is the net result of
activation of a variety of cell populations leading to either
stimulation or suppression of T cell-mediated immunity.
Further studies are required to elucidate the mechanism ofT cell
regulation in individuals with repeated, long term exposure to
malaria.
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