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ARTIGO/ARTICLE

Stages of in vitro phagocytosis of Plasmodium falciparum-
infected erythrocytes by human monocytes

Estagios da fagocitose iz vitro por mondcitos humanos de eritrocitos infectados
por Plasmodium falciparum

Maria Imaculada Muniz-Junqueira'? and Carlos Eduardo Tosta'?

ABSTRACT

Monocytes/macrophages play a critical role in the defense mechanisms against malaria parasites, and are the main cells responsible for the elimination
of malaria parasites from the blood circulation. We carried out a microscope-aided evaluation of the stages of in vitro phagocytosis of Plasmodium
Jfalciparum-infected erythrocytes, by human monocytes. These cells were obtained from healthy adult individuals by means of centrifugation through
a cushion of Percoll density medium and were incubated with erythrocytes infected with Plasmodium falciparum that had previously been incubated
with a pool of anti-plasmodial immune serum. We described the stages of phagocytosis, starting from adherence of infected erythrocytes to the phagocyte
membrane and ending with their destruction within the phagolisosomes of the monocytes. We observed that the different erythrocytic forms of the
parasite were ingested by monocytes, and that the process of phagocytosis may be completed in around 30 minutes. Furthermore, we showed that
phagocytosis may occur continuously, such that different phases of the process were observed in the same phagocyte.
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RESUMO

Mondcitos/macréfagos desempenham uma funco critica nos mecanismos de defesa antiplasmddio e constituem as principais células responsiveis
pela eliminagfio das formas eritrocitdrias do plasmddio da circulagdo sangiiinea. Realizamos uma avaliacio microscépica dos estigios da fagocitose
in vitro de eritrécitos infectados por Plasmodium falciparum por mondcitos humanos. Essas células foram obtidas de individuos adultos sadios por
centrifugagiio em Percoll e incubadas com eritricitos infectados por Plasmodium falciparum previamente incubados com um pool de soro imune
contra plasmédio. Descrevemos os estigios da fagocitose, desde a aderéncia dos eritrdcitos infectados até sua destruicio nos fagolisossomas dos
mondcitos. Observou-se que eritrgcitos infectados por todos os diferentes estgios assexuados do parasito foram ingeridos pelos mondcitos e que o
processo de fagocitose pode se completar em cerca de 30 minutos. Além disso, mostramos que a fagocitose pode ocorrer de uma forma continua,
de tal maneira que diferentes fases do processo foram observadas no mesmo fagécito.

Palavras-chaves: Fagocitose. Mondcitos. Plasmodium falciparum.

It has been recognized that monocytes/macrophages play a
critical role in the defense against malaria parasites, and are the
main cells responsible for the clearance of blood forms of the
parasite from the circulation*?. Peripheral blood monocytes" and
spleen and liver macrophages' show considerable phagocytic
activity towards parasitized erythrocytes, particularly when
anti-parasite antibodies are present . It has been shown that
monocytes plus anti-plasmodial antibodies are able to decrease
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the in vitro growth of Plasmodium falciparum by nearly 80%’.
However, the nature of the process of phagocytosis of Plasmodium
Jfalciparum-infected erythrocytes by human monocytes has not so
far been fully clarified. Therefore, we have described the stages of
in vitro phagocytosis of erythrocytes infected with Plasmodium
falciparum, by human blood monocytes, in the presence of anti-
plasmodial antibodies.

MATERIAL AND METHODS

Subjects, cells and serum samples. Human blood
monocytes were obtained from heparinized venous blood
collected from healthy adult volunteers who had no present or past
episodes of malaria, and who had never been to areas of malaria
transmission. The process of phagocytosis was evaluated in the
presence of a pool of anti-plasmodial immune serum, obtained
from 44 individuals infected with Plasmodium falciparum who
were living in an endemic malarial area in Brazil. The serum

103



Muniz-Junqueira MI and Tosta CE

samples were pooled, aliquoted, and kept at -70°C until used in
the n vitro tests and were thawed only once. When tested using
indirect immunofluorescence, with the isolate Pf/UnB-169 of
Plasmodium falciparum as the antigen, the serum pool showed
titers of 160 for IgM and 640 for IgG.

Plasmodium falciparum isolate. The Ptf/UnB-169 isolate
of Plasmodium falciparum was kept under continuous culturing
conditions, modified from Trager and Jansen'?, in O* erythrocytes
with 4% hematocrit. It was suspended in complete RPMI 1640
medium buffered with 20mM of HEPES and 7.5% NaHCO,, and
was supplemented with 0.25mg/dl of hypoxanthine and 10%
heat-inactivated AB* human serum in an atmosphere of synthetic
air plus 5% CO, at 37°C.

Test of phagocytosis. Peripheral blood mononuclear
cells were obtained from healthy adult individuals by means of
centrifugation through a cushion of Percoll (Pharmacia, Uppsala,
Sweden), density 1,077, at 750g for 15 min at 4°C, followed by two
washings at 400g and 200g", and suspended into cold RPMI 1640
medium (Sigma, St. Louis, USA), pH 7.2, supplemented with 20mM
HEPES (Sigma, St. Louis, USA), 2mM glutamine (Sigma, St Louis,
USA), and 2.5mg/dl of gentamicin. Cell viability was assessed using
0.05% nigrosin solution in 0.15M phosphate-buffered saline (PBS),
pH 7.2, and was found to be always higher than 97%. The test of
phagocytosis of erythrocytes infected with Plasmodium falciparum
was adapted from a technique previously described®. Briefly,
monocytes from individual volunteers were separated by adherence
to 13-mm-diameter round glass coverslips in 24-well plastic plates
(Flow, MacLean, USA) after incubation in a wet chamber for 2h at
37°C, in the presence of 5% CO, in air. After rising the coverslips with
PBS, adherent cells (>99% monocytes, with an average of 26,000
14,200 cells/coverslip) were incubated, in duplicate preparations,
with 100 erythrocytes infected with Plasmodium falciparum per
monocyte, for 30 min at 37°C in a wet chamber with 5% CO, in
air. Infected erythrocytes were first incubated for 30 min at 37°C
with 10% pool of anti-Plasmodium falciparum immune serum
and thoroughly washed afterward. The meantSD of parasitemia of
Plasmodium falciparum-infected erythrocytes used in the tests was
13+4%, with predominance of mature forms of the parasite (mature
trophozoites and schizonts). Next, the coverslips were thoroughly
rinsed with PBS at 37°C to eliminate the erythrocytes that were not
strongly adhering to monocytes. Cells were then fixed with absolute
methanol, stained with 10% Giemsa solution in PBS (pH 7.2) and
examined under an optical microscope at 1,000x magnification.

The duration of the incubation period for the phagocytosis
evaluation was defined from previous experiments in which
monocytes collected from three individuals were incubated with
infected erythrocytes for 10, 15, 20, 25, 30 and 45 min, in duplicate
preparations, in the same way as described above. The assessment
of phagocytosis under the microscope showed that adherence of
infected erythrocytes to monocytes was detectable as early as after
10 min of incubation. Twenty minutes later, degenerated parasites
were present in the monocytic phagolysosomes. The incubation
period of 30 min was chosen for our observations because, at
that time, all stages of phagocytosis could be identified and the
developmental phases of the parasite could be distinguished.
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Ethical issues. The ethical rules of the Helsinki Declaration
and those of the Brazilian National Health Council, Ministry
of Health, for experiments on humans, were strictly observed
throughout this work.

RESULTS

Figures 1-6 show the stages of in vitro phagocytosis of
erythrocytes infected with Plasmodium falciparum by human
monocytes, starting with adherence of the infected erythrocytes
to the phagocytes and ending with the destruction of the parasites
within phagolysosomes. It was observed that erythrocytes infected
by the different stages of the parasite were phagocytized. Figure 1
shows an erythrocyte infected with a ring form, at the beginning of
the phagocytosis process, while Figure 2 shows the phagocytosis
of an erythrocyte infected with a trophozoite form and Figure 3,

FIGURE 1

Erythrocyte infected with a ring form of Plasmodium falciparum (arrow), adhering
to a monocyte: the first step of phagocytosis. Giemsa staining, 1,000x magnification.
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FIGURE 2

Adherence of an erythrocyte infected with two trophozoites of Plasmodium falciparum
(arrow) to a blood monocyte. Giemsa staining, 1,000x magnification.
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with a schizont form. A further step in the phagocytosis process
is shown in Figure 4, in which a trophozoite is contained within
a phagosome, and the erythrocyte membrane is no longer seen.
In Figure 5, the phagocytosis process is reaching its end, and

FIGURE 3

Erythrocyte infected with schizont of Plasmodium falciparum (arrow), adhering to
a monocyte. Giemsa staining, 1,000x magnification.

only remnants of the parasite are present in the monocytic
phagolysosome. This and Figure 6 show that different stages of
phagocytosis can be found in the same monocyte, thus suggesting
that this process is highly dynamic.

FIGURE 4

A trophozoite of Plasmodium falciparum (arrow), observed within the phagosome
of a monocyte. Giemsa staining, 1,000x magnification.

FIGURE 5

Remnants of Plasmodium falciparum (narrow arrows) within monocyte phagosome.
Two other Plasmodium falciparum-infected erythrocytes adhering to the same
monocyte (wide arrows). Giemsa staining, 1,000x magnification.

DISCUSSION

Itis already established that blood phagocytes contribute towards
the defense against malaria parasites' > %, and possibly play a part in the
pathogenic effects of parasite sequestration in the microcirculation.

Our present investigation adds further information on
the process of phagocytosis of Plasmodium falciparum-
infected erythrocytes by human monocytes. We showed that

FIGURE 6

Remnants of Plasmodium falciparum (narrow arrows) within monocyte phagosome,
and two other erythrocytes infected with Plasmodium falciparum adhering to the
same cell (wide arrow). Giemsa staining, 1,000x magnification.

all developmental forms of intra-erythrocytic Plasmodium
Sfalciparum are susceptible to adherence, ingestion and
destruction by monocytes, and that the whole process may be
completed within about 30 minutes, which was the duration of
the incubation period chosen for our observations.

Adherence of erythrocytes infected with Plasmodium
Sfalciparum to monocytes induces ingestion and involves the
expression of different membrane receptors, including mannose-
fucose and glucan receptors, the CR1 and CR3 complement
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receptors, and the Fcy receptor? 3 . The latter plays a crucial
role in the phagocytosis of parasitized erythrocytes, such that this
process is increased by 100% when immune serum is added to
the system’. This receptor was operative in our system, since it
is expressed in recently collected monocytes® and we incubated
the parasitized erythrocytes with a pool of immune serum sample
containing IgG specific to Plasmodium falciparum.

The finding that all asexual erythrocytic stages of Plasmodium
Jfalciparum were phagocytized in the presence of immune serum
suggests that antibodies against these stages may be operative in
this process. Furthermore, it indicates that individuals infected
with Plasmodium falciparum produce antibodies against
the different developmental stages of malarial parasites. This
observation may contribute towards better understanding of host-
parasite immunology in Plasmodium falciparum infection.

In conclusion, this study described the stages of phagocytosis of
erythrocytes infected with Plasmodium falciparum, starting from
adherence of the infected cells to the monocyte membrane and
ending with their destruction within the phagocyte phagolysosomes.
We found that all erythrocytic forms of the parasite are ingested
by monocytes, and that the whole process of phagocytosis may be
completed in about 30 minutes. Furthermore, it was also found that
phagocytosis may occur continuously, such that different phases of
the phagocytosis process are observed in the same phagocyte.
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