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Plasmodium falciparum MSP6 is a merozoite surface antigen that shows organization and sequence homol-
ogies similar to those of MSP3. Within its C-terminus conserved region, it presents some epitopes that are
cross-reactive with MSP3 and others that are not, both being targets of naturally occurring antibodies that
block the P. falciparum erythrocytic cycle in cooperation with monocytes.

Plasmodium falciparum MSP6 has been described recently
as a merozoite surface molecule, structurally related in its
overall sequence organization to the previously described
MSP3 (10, 17). The C-terminal part of the protein shows ho-
mology with MSP3 (ca. 50% identity and 85% similarity of
amino acid residues) and an identity for an 11-amino-acid (aa)
stretch (ILGWEFGGG[A/V]P) previously identified as a tar-
get of antibodies with strong antiparasite activity (9, 13). More-
over, the C-terminal part of MSP6 is highly conserved in
MSP6, as in the case of MSP3, whereas the N-terminal part
displays polymorphisms, is proteolytically cleaved, and is less
antigenic than the C-terminal part (10, 18).

MSP3 has been identified as a target of protective antibodies
by assays involving antibody-dependent cellular inhibition
(ADCI), a mechanism found to best reflect the protection that
can be passively transferred by antibodies in P. falciparum-
infected patients (9). MSP3 has been pursued for human vac-
cine trials based on the following series of findings suggesting
that anti-MSP3 antibodies contribute to protection against ma-
laria. (i) Immunoepidemiological studies showed a significant
correlation of immunoglobulin G3 (IgG3) antibodies with pro-
tection acquired by natural exposure to the parasite (13, 14).
(ii) Either naturally occurring or artificially raised antibodies
have a strong monocyte-dependent ADCI effect (9, 13). (iii)
Immunity can be actively elicited in primates against a P. fal-
ciparum challenge and correlates with prechallenge anti-MSP3
antibody titers (7). (iv) Immunity can be passively transferred
by anti-MSP3 antibodies in P. falciparum-infected SCID mice
(1, 13) and Plasmodium reichnowi-infected chimpanzees (M.
Dziegel et al., submitted for publication).

Given the homologies of MSP6 with MSP3, we therefore
performed a detailed study of the antigenicity of MSP6 and
assessed the antiparasite role of the naturally occurring anti-
MSP6 antibodies.

Antigenicity in populations of areas of endemicity. The
C-terminal part of MSP6 (aa 161 to 371 in clone 3D7) was

cloned and expressed as a recombinant histidine-tagged pro-
tein (MSP6-Cterm), as described earlier (16). Six overlapping
peptides (MSP6a161-182, MSP6b179-204, MSP6c192-224,
MSP6d205-257, MSP6e282-326, and MSP6f320-371) were designed
in a similar manner to those from MSP3 (13), each represent-
ing a different region of the C-terminal part, as shown in Fig.
1. A small glutamic acid-rich region (aa 258 to 281; 54% glu-
tamic acid) was excluded to avoid cross-reactivity exhibited by
glutamate-rich epitopes present in several P. falciparum anti-
gens (8). Enzyme-linked immunosorbent assays (ELISAs)
were performed as described earlier (13) to determine the
level of total IgG and the subclass distribution against each
peptide in sera from 30 malaria-protected African adults from
Ivory Coast. Passive transfer of IgG purified from these sera
was earlier found to markedly reduce the level of parasitemia
in malaria patients (12).

Figure 2 summarizes antibody subclass reactivity recorded
against the six peptides covering the various regions of MSP6-
Cterm. Though the prevalence of IgG against different regions
varied, the pattern of antibody subclass reactivity to each pep-
tide was rather homogeneous, with an overall dominance of
cytophilic antibodies IgG1 and IgG3. Substantial levels of IgG2
antibodies were also detected against some of the peptides,
e.g., MSP6e. This antibody subclass pattern differs from that
observed against several blood-stage antigens. For instance,
the corresponding regions of MSP3 showed a predominance of
IgG3 against MSP3b, MSP3c, and MSP3d peptides, whereas
IgG1 predominated against MSP3f (13). Differential patterns
of antibody subclass have also been found against distinct re-
gions within a single protein—e.g., a predominance of IgG3
against MSP1 Block 2 in contrast to IgG1 against MSP119

(3)—and between different proteins—e.g., predominance of
IgG3 against MSP2 (11, 15) as compared to IgG1 against
RAP-1 (4) and AMA-1 (S. Singh et al., unpublished results).
Within the family of another merozoite surface antigen, IgG3
is predominant against MSP4 as compared to the predomi-
nance of IgG1 against MSP5 (18, 19). The factors responsible
for a distinct human subclass response to different antigens are
not fully understood: however, the nature of the antigen itself
(6) and the cytokine milieu experienced by the responding B
cells (5) may both influence the outcome.
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Antimalarial activity of anti-MSP6 antibodies. To assess the
functional activity of human antibodies towards different re-
gions of MSP6, we affinity purified antibodies against each of
the six peptides, using independent serum pools (each made up
of five to seven individual serum samples) selected as described
earlier (13) on the basis of high content of cytophilic antibodies
(IgG1 plus IgG3) and minimal reactivity towards the adjacent
regions. The affinity-purified antibodies proved to be specific
against the respective peptides, as no cross-reactivity was ob-
served to other regions of the molecule (Table 1, shown by
optical density at 450 nm [OD450]). Thus, each of the MSP6
peptides was found to define at least one B-cell epitope that
does not share antigenic determinants with other regions of the
molecule. Indirect immunofluorescence assays (IFA) on ace-
tone-fixed thin smears of P. falciparum asexual blood-stage
parasites indicated that each antipeptide antibody was reactive
with the native parasite protein (data not shown).

The antiparasite activity was thereafter assessed in vitro with

monocyte-dependent ADCI assays. To this end, each peptide-
specific antibody was adjusted to an equal effective concentra-
tion by testing reactivity to the parasite protein (1/200 IFA
endpoint titer), as previously described (13) for testing in
ADCI assays. The assays were performed in duplicates over a
96-h period, using the 3D7 strain of parasites and monocytes
from healthy donors, as described earlier (2). The affinity-
purified antibodies, dialyzed against RPMI medium, were
added at a ratio of 10% (vol/vol) of the complete culture
medium; thus, each of them was used at a final IFA titer of 1/20
in the ADCI assay. Parasitemia, determined at the end of 96 h
by microscopic examination of �10,000 erythrocytes on Gi-
emsa-stained thin smears, was used to calculate the specific
growth inhibitory index (SGI) as follows: % SGI � 1 � [(%
parasitemia with monocytes and test IgG/% parasitemia with
test IgG)/(% parasitemia with monocytes and normal IgG/%
parasitemia with normal IgG)] � 100. Results from the ADCI
assays (Fig. 3) show that antibodies affinity purified against

FIG. 1. (A) Schematic presentation of P. falciparum MSP6 protein and the design of MSP6-Cterm recombinant protein and peptides (MSP6a,
MSP6b, MSP6c, MSP6d, MSP6e, and MSP6f). The representation of the N-terminal part of the molecule is compressed here (indicated by dotted
lines). The numbers show amino acid positions for each region based on the sequence derived from strain 3D7. (B) Homologous alignment of
different MSP6 peptide regions with their corresponding regions from MSP3. Solid circles represent identity, while vertical lines show similarity
of the amino acid residues shared between the two related molecules (using the Wilbur-Lipman algorithm for pairwise alignment, PAM250).
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each of the six peptides were able to exert a strong monocyte-
dependent inhibition of the parasite growth. This result differs
markedly from those obtained with MSP3, where only three of
the six peptide-specific antibodies were effective (13). No sig-

FIG. 2. Prevalence and titer of antibodies against different regions of MSP6 in hyperimmune sera (n � 30) from Ivory Coast. Antibody
reactivity was considered to be positive if the ratio of the mean OD of the test sera to the mean OD of the control sera � 3 � the standard deviation
of the control sera was �1. The figure represents antibody titers, expressed as a ratio for each serum, and the dotted line represents the baseline
of a ratio equal to 1. The horizontal bars represent the arithmetic mean level of each isotype for positive sera. The table shows the prevalence of
sera positive for total IgG to different regions of MSP6.

FIG. 3. Effect of human affinity-purified anti-MSP6 antibodies on
parasite growth in ADCI assays. The histograms represent mean val-
ues of percent SGI (as explained in the text) from three independent
experiments � standard error; values �30% were considered signifi-
cant. PIAG, positive control IgG from the pool of Ivory Coast adult
sera used for passive transfer in humans (10). The level of parasite
inhibition obtained with affinity-purified antibodies was adjusted in
proportion to the effect observed by PIAG, which was considered to be
100%. NIgG, negative control IgG from pool of French donors not
exposed to malaria. Anti-RESA antibodies were affinity purified from
a pool of hyperimmune sera (Ivory Coast) against a synthetic peptide
(sequence H-[EENVEHDA]2-[EENV]2-OH).

TABLE 1. Specificity of affinity-purified human anti-MSP6
antibodies determined by ELISA

Region
Mean OD450 for antibody toa:

MSP6a MSP6b MSP6c MSP6d MSP6e MSP6f

Specificity
MSP6a 0.118 0.009 0.008 0.008 0.009 0.008
MSP6b 0.007 0.111 0.007 0.008 0.007 0.009
MSP6c 0.009 0.008 0.084 0.018 0.006 0.007
MSP6d 0.010 0.007 0.008 0.116 0.007 0.009
MSP6e 0.009 0.009 0.009 0.008 0.085 0.008
MSP6f 0.007 0.008 0.007 0.008 0.009 0.092

Cross-reactivity
MSP3a 0.007 0.007 0.008 0.010 0.007 0.012
MSP3b 0.010 0.105 0.008 0.008 0.009 0.007
MSP3c 0.008 0.009 0.010 0.008 0.008 0.009
MSP3d 0.010 0.009 0.007 0.049 0.008 0.008
MSP3e 0.008 0.008 0.009 0.009 0.045 0.010
MSP3f 0.009 0.009 0.011 0.009 0.008 0.085

a Antibodies affinity purified against different regions of MSP6 were tested for
specificity and cross-reactivity to related regions in MSP3. Mean OD450s from
duplicate wells are shown. All of the peptides were used under identical coating
conditions. Boldface values represent positive reactivity.
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nificant direct effect upon parasite growth (in the absence of
monocytes) was observed at the antibody concentrations em-
ployed (data not shown).

MSP6 and MSP3 share cross-reactive epitopes. Cross-reac-
tivity was examined by using anti-MSP6 affinity-purified anti-
bodies against homologous peptides from MSP3. As shown in
Table 1, four regions were found to be cross-reactive. Anti-
MSP6b and -f antibodies were fully cross-reactive, whereas
anti-MSP6d and -e antibodies displayed partial cross-reactivity.
In contrast, anti-MSP6a and anti-MSP6c did not show cross-
reactivity to the corresponding MSP3 regions. These results
are in overall agreement with the sequence homologies (Fig.
1B) and suggest that the antiparasite effect mediated by some
of the anti-MSP6 antibodies could also be due to the binding to
cross-reactive regions in MSP3. However, parasite inhibition
mediated by non-cross-reactive MSP6 antibodies, such as anti-
MSP6a and anti-MSP6c, demonstrate that MSP6 is also a
target of ADCI on its own.

This study demonstrates that, together with considerable
sequence similarities which result in sharing of antigenic prop-
erties, there exist striking differences between various regions
of MSP6 as compared to MSP3. The observed patterns of
antibody subclass reactivity and cross-reactivity against various
regions of MSP3 and MSP6 indicate that the amino acid se-
quence divergences also result in true antigenic differences.

Both molecules have very valuable features, and effective
antibodies can be induced by either one of them. In addition,
antibodies directed to the cross-reactive epitopes can react
with both molecules on the merozoite surface and this in-
creases the number of antigenic targets for the effective anti-
bodies. In contrast, the range of immune responses induced by
MSP6 is wider than that for MSP3, which could provide a
strategic advantage of using MSP6 as an immunogen rather
than MSP3 as the former could induce antibodies reactive to
both (i) molecules and (ii) non-cross-reactive epitopes, which
also have valuable features in defense mechanisms.

The rationale that was applied to conduct MSP3 clinical
trials obviously also applies to MSP6 in view of these features.
However, only results from clinical trials with each antigen will
substantiate whether MSP6, in practical terms, holds a strate-
gic advantage over MSP3 in inducing in humans a larger vari-
ety of antibodies that mediate parasite killing.
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