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CD36 and Intercellular Adhesion Molecule 1 Mediate Adhesion
of Developing Plasmodium falciparum Gametocytes
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Plasmodium falciparum trophozoite-infected erythrocytes adhere to the amelanotic melanoma C32 cell line in
vitro. Here we demonstrate for the first time that immature gametocyte-infected erythrocytes also adhere to
C32 cells, albeit at lower levels than trophozoites. However, anti-CD36 and anti-intercellular adhesion mole-
cule 1 antibodies inhibit asexual and gametocyte adhesion by comparable percentages, suggesting a common
dependency for binding to these cellular receptors.

Plasmodium falciparum-infected erythrocytes are character-
ized by their ability to adhere to the endothelial cells lining the
microvasculature of various organs, including the heart, gut,
lung, and brain (7, 10, 15, 20, 22, 26, 32). Adhesion of the
asexual (trophozoite/schizont)-stage-infected erythrocyte is im-
plicated in malaria pathogenesis (16, 22), while sequestration
of the erythrocytes infected with immature sexual stages is
presumably vital to the development of mature gametocytes.
In vitro binding assays with erythrocytes infected with asex-

ual-stage parasites (3, 8, 14, 30, 31, 33) have revealed specific
interactions between one or more receptors on the host endo-
thelium and ligands on such infected erythrocytes. Host cell
receptors identified include CD36 (platelet glycoprotein IIIb)
(2, 4, 9), intercellular adhesion molecule 1 (ICAM-1) (7–9),
thrombospondin (1, 9, 18, 23), vascular cell adhesion molecule
1 (19), and endothelial leukocyte adhesion molecule 1 (19).
CD36 and ICAM-1 are thought to be the major receptors in
the adhesion of most P. falciparum isolates (6). Members of the
PfEMP-1 family of variable surface-expressed parasite anti-
gens have been proposed as parasite ligands mediating adhe-
sion of asexual-stage-infected erythrocytes (5, 27, 28).
In contrast to the above-described studies, the adhesion of

erythrocytes infected with sexual-stage parasites has been
poorly described. Gametocytogenesis involves five stages, all of
which remain intracellular. Within 24 h of erythrocyte invasion,
immature male and female gametocytes (stage I) become se-
questered in the microvasculature of the bone marrow and
spleen (25). The gametocytes remain sequestered for 8 to 10
days, as judged by the absence of stage I to IV parasites from
the peripheral circulation. Mature infectious gametocytes
(stage V) reenter the circulation (6, 12). CD36 and throm-
bospondin have been suggested as receptors mediating binding
of early (stage I and II) gametocytes (13) but not that of later
developmental forms.
The C32 amelanotic melanoma cell line is the most com-

monly used model system for adhesion of asexual-stage para-
sites. This cell line expresses both CD36 and ICAM-1 (3).
Conventional binding assays, however, preclude the study of
gametocyte binding because of the requirement for large vol-
umes of infected erythrocytes. We have developed and opti-
mized an improved binding assay to enable gametocyte adhe-

sion to be studied with the low yield of gametocytes obtainable
in culture. Immature gametocytes of the 3D7 strain of P. fal-
ciparum were harvested following 12 days in semiautomatic
continuous culture (21) and were enriched by centrifugation
over a discontinuous Percoll gradient (70–45% interface) (21)
and by subsequent sorbitol treatment (24). Asexual-stage par-
asites were cultured according to established protocols (29).
Trophozoites and schizonts were enriched by Plasmagel (Lab-
oratoire Roger Bellon, Neuilly, France) selection (17). The
viability and subsequent development of parasites were not
impaired as a result of these enrichment procedures (data not
shown). Enriched parasites were resuspended to 10% hemat-
ocrit in binding medium, and parasitemia was varied by the
addition of fresh uninfected erythrocytes. The percent game-
tocytemia was determined by using morphological criteria after
Giemsa staining. For gametocyte adherence assays, 2.5 3 103

C32 cells were seeded into 16-well Lab-tek chamber slides
(Nunc, Naperville, Ill.) and cultured for 48 h at 378C and 5%
CO2 in 20% fetal calf serum in Dulbecco’s minimum essential
medium with nonessential amino acids. The cells were fixed
with 1% formaldehyde in phosphate-buffered saline (PBS), pH
7.4, for 20 min at room temperature. The fixative was aspi-
rated, and nonspecific binding sites were blocked with 1%
bovine serum albumin in PBS for 2 h at 48C. Immediately prior
to the addition of parasites, the blocking medium was removed
and the cells were washed twice in binding medium (10.62 g of
RPMI 1640 [without L-glutamine] per liter, 2 g of glucose per
liter, and 1% human serum, pH 7.2). Infected erythrocytes (50
ml) were added to each well, and slides were incubated at 378C
for 90 min on a rocking table. Chambers were removed from
the slides prior to four washes for 10 min each at 378C in
washing medium (binding medium without serum). Parasites
were visualized after methanol fixation and Giemsa staining
(Fig. 1), and the number of parasites bound to 500 C32 cells
was determined (magnification, 31,000). Under these condi-
tions, there was no background binding of uninfected erythro-
cytes to C32 cells or of infected erythrocytes to slides. The
possible adherence of low levels of contaminating asexual
stages in sexual-stage assays was excluded on the basis of dis-
tinct morphological characteristics. Parasites in triplicate wells
were counted, and data were analyzed by using Student’s t test
(significance level, P , 0.05). All experiments were repeated
at least three times. Under these conditions, binding of game-
tocyte stages I to IV was clearly observed (Fig. 1). Stage V
gametocytes were never observed, which is consistent with the
presence of these parasites in the peripheral circulation and

* Corresponding author. Mailing address: Immunology and Cell Bi-
ology Unit, Department of Medical Parasitology, London School of
Hygiene & Tropical Medicine, Keppel St., London, WC1E 7HT,
United Kingdom. Phone: 0171 927 2402. Fax: 0171 636 8739.

1480



their nonadhesive phenotype. In contrast to the binding of
asexual-stage parasites under the same conditions, the number
of adherent sexual-stage parasites was low (Fig. 2). At 5%
infected erythrocytes, approximately 14 times more trophozo-
ites than gametocytes adhere. Furthermore, whereas tropho-
zoite binding reaches a plateau at above 7% parasitemia, bind-
ing of gametocytes continues to increase up to 50%, the
maximum tested.
Given the role of CD36 and ICAM-1 in the adhesion of

asexual-stage parasites, we investigated whether they mediate
gametocyte adhesion. Fixed C32 cells were preincubated with
50 ml of monoclonal antibody (MAb) 8A6 (immunoglobulin
G1 [IgG1]; anti-CD36) (4) or 15.2 (IgG1; anti-ICAM-1) (11)

or an isotype control (IgG1; Sigma, Poole, United Kingdom) at
various concentrations in binding medium at 378C for 60 min.
Unbound antibody was aspirated, and the cells were rinsed
once with binding medium prior to the addition of parasites as
described above. Both antireceptor antibodies inhibited adhe-
sion of gametocytes in a dose-dependent fashion (Fig. 3A).
MAb 8A6 resulted in significantly greater inhibition of game-
tocyte binding than did MAb 15.2 (P , 0.05) at all concentra-
tions tested. The characteristics of antibody inhibition were
similar in directly comparable studies using trophozoites (Fig.
3B). Furthermore, the percent reductions in specific binding
observed for gametocytes and asexual-stage parasites were
similar (Table 1). Binding of infected erythrocytes was not
significantly inhibited by a MAb to major histocompatibility
complex class I (W6/32), although this molecule is highly ex-
pressed, compared with CD36 and ICAM-1, on C32 cells (data
not shown).
In summary, we have developed an in vitro binding assay

which has enabled us to define receptors involved in adhesion
of gametocyte-infected erythrocytes. While we have identified
similarities between gametocytes and asexual stages in host-
parasite adhesion interactions, differences between these

FIG. 1. Adherent parasites visualized by Giemsa staining. (A) Stage III ga-
metocytes; (B) stage IV gametocytes; (C) trophozoites. Magnification, 31,000
(oil immersion). Arrows indicate parasitized erythrocytes. Binding of trophozo-
ites was not homogeneous; many may bind to one cell or a specific region of one
cell, while other C32 cells fail to bind trophozoites. In contrast, gametocyte
binding never exceeded two per cell.

FIG. 2. Adhesion of infected erythrocytes over a range of parasitemia with
gametocytes (A) and trophozoites (B). Values are means 6 standard errors of
the means for triplicate wells. Five hundred C32 cells were counted per well.
Data are representative of three experiments.
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stages in adhesion properties and/or receptor expression
clearly exist. Asexual parasites rupture from the host cell every
48 h, invading new erythrocytes, and they possess the ability to
alter their surface receptors from generation to generation (5,
22, 27, 28). The recently cloned PfEMP-1 family of genes has
been implicated in adhesion, and the study of these genes and
their products may answer questions about expression and
affinity of receptors. Once committed to gametocyte develop-
ment, however, the parasite remains inside the erythrocyte,
and no data on the ability of gametocytes to express or alter
cell surface receptors are currently available. Work to investi-
gate whether PfEMP-1 is expressed on gametocyte-infected
cells and whether it mediates adhesion of the sexual stage is
under way. The lower numbers of bound gametocytes com-
pared with asexual stages may reflect the fact that only a
subpopulation of gametocytes express the ligands for CD36
and ICAM-1 and are therefore capable of adhering to the C32

cell. Alternatively, gametocyte-infected erythrocytes may ex-
press ligands at a lower density or affinity for CD36 and
ICAM-1 than asexual stages. Under the assay conditions we
have described, it may not be possible to detect adhesion of
parasites to low-affinity receptors. Less stringent washing, how-
ever, results in greater nonspecific binding of both infected and
uninfected erythrocytes.
Our data do not preclude the possibility that receptors other

than CD36 and ICAM-1 are involved in gametocyte adhesion.
Indeed, the distinct sequestration sites of asexual and sexual
stages suggest that other gametocyte-specific receptors and/or
cellular targets may be involved. However, this work clearly
demonstrates that later-stage gametocyte adherence shares at
least some of the properties of adherence of asexual-stage
parasites. The assay described will allow further characteriza-
tion at the molecular level of the receptors on C32 cells and
endothelial cells from various organs. Identification of the re-
ceptors vital to gametocyte adhesion may make it possible to
interfere with sequestration of the immature gametocytes, thus
interrupting the subsequent development and transmission of
the mature sexual stages.
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