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Elucidation of mechanisms by which host immune cells kill protozoan parasites
and development of antiparasitic peptides
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Understanding the molecular defense mechanism of phagocytes and identifying
their effector molecules against malarial parasites may provide important clues for the discovery of
new therapies. Macrophages and neutrophils are professional phagocytes that play key role in the
innate immune response against infection through their ability to rapidly recognize and Kill
microorganisms. An attempt was made to identify the host effector molecules derived from macrophages
and neutrophils that kill malaria parasites using DNA microarray technology.
Results suggested that DEFB130 from macrophages and CTSL from neutrophils are involved in the
clearance mechanism of malarial parasites. The data obtained from this project broaden our knowledge

on the immunological response of macrophages and neutrophils to malaria parasites and shed light on
a new target for therapeutic intervention.

Immunology

Macrophages Neutrophils Phagocytes Effector molecules



Malaria, caused by apicomplexan protozoa of
the Plasmodium falciparum, remains one of the
top public hedth concerns worldwide, killing
nearly 0.5 million people every year. Resistance
to the current antimalarial drugs in many
endemic regions of the world exaggerates this
health threat and proposes the urgent need for a
new frontline antimalarial therapy. Macrophages
and neutrophils are professional phagocytic cells
that play key roles in the innate immune response
against infection through their ability to rapidly
recognize, phagocytize, and kill microorganisms.
Upon recognition by these cells, foreign agents
are internalized and engulfed into phagosomes to
be exposed to various antimicrobial effectors,
including proteases, hydrolytic enzymes, and
antimicrobial  peptides. Understanding the
molecular defense mechanism of macrophages
and neutrophils, and identifying their effector
molecules against malarial parasites may provide
important clues for the discovery of new
therapies.

In the current study, an attempt was made to
identify the host effector molecules derived from
macrophages and neutrophils that kill malaria
parasites using DNA microarray technology.

Human macrophages and neutrophils were
cultured with Plasmodium falciparum parasitized
erythrocytes (iRBCs) to obtain high number of
iRBCs-phagocytizing cells. Phagocytes were
harvested for RNA extraction at the peak of
phagocytic activity after 2 hrs for macrophages
and 1 hr co-culture for neutrophils.
Transcriptional analyses by DNA microarray
technology were performed to identify genes
profile of human macrophage specifically
induced by phagocytosis of iRBCs. Gene
knockdown was carried out using esiRNA in
human primary macrophages and THP1 cell line.
Gene overexpression was carried out in HL
human cell line for mostly regulated genes in the
DNA microarray data P3XFLAG-CMV14
mammalian expression vector was used as carrier
vector and electroporation was performed in a
nucleofector device. The toxic activity of cells
was examined in vitro against iRBCs.

Transcriptional analyses by DNA microarray
technology indicated that macrophages generated
a broad and vigorous set of gene expression in
response to malarial parasites represented in 216
upregulated genes and 168 downregulated genes.
Importantly, the upregulated genes were involved
in multiple cellular functions including growth,
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proteolysis, coagulation  and  adhesion.
Interestingly, microarray results identified
B-defensin 130 (DEFB130) as one of the top

three upregulated genes in macrophages
phagocytizing iRBCs. These results led to
identify DEFBI30 as an antimicrobial

host-defense peptide against malarial parasites.
Confocal laser scanning microscopic examination
showed that macrophages phagocytizing iRBC
had higher levels of DEFB130, which appeared
within the cytosol of the macrophages and
accumulated around the engulfed iRBC or
malaria pigment (Fig. 1). Transfection of
esiRNA-mediated knockdown of DEFB130 into
macrophages resulted in a remarkable reduction
in their antiplasmodial activity in vitro (Fig. 2).
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Furthermore, DEFBI130 synthetic peptide

exhibited a modest toxic effect on P. falciparum
in vitro and P. yodlii in vivo, unlike scrambled
DEFB130  peptide, which showed no
antiplasmodial activity (Fig. 3).
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Fig. 3. Morphological changes in the parasites after
3 h of culture with 50 uM peptide.

To further define the effective region of
DEFB130, we synthesized analog peptides for
the N-terminal (32 amino acids) and C-terminal



(15 amino acids) domains of DEFBI130 and
examined their inhibitory effects against P.
falciparum parasites in vitro. Strikingly, the
analog peptide of the N-terminal but not the
C-terminal domain was effective against the
growth of parasites (Table 1). Together, these
results suggest that DEFB130 might be one of the
macrophage effector molecules for eliminating
malarial parasites and its maximal cytolytic
activity likely depends on the full cationic charge,
hydrophobicity, and amphipathicity of the

peptide.
Parasite strains (1Cso pM)
3D7 Dd2 HB3
DEFB130 47.12 £ 4353 + 4922 +
222 3.81 3.16

sDEFB130 >200 >200 >200

Nt-DEFB130  93.02 £ 9131 £ 90.55 =+
0.88 2.09 1.63

Ct-DEFB130 >200 >200 >200

Table 1. Antimalarial activity of DEFB130. The
IC50 values of synthetic DEFB130, scrambled
peptide, and N-terminal and C-terminal domain
peptides against different strains of P. falciparum
parasites in vitro.

Furthermore, the same strategy was applied on
human neutrophils phagocytizing infected
erythrocytes to identify their effective molecules.
Notably, microarray data demonstrated that
neutrophils induced a broad and vigorous set of
changes in gene expression in response to
malarial  parasites, represented by 384
downregulated and 148 upregulated genes. The
transcriptional response was characterized by
regulation of numerous genes encoding multiple
surface receptors, proteins involved in signal
transduction pathways, and defense response
proteins. Several genes were targeted for in vitro
studies and the antiplasmodial activities of gene
manipulated HL-60 human cell line were
examined. Results revealed the involvement of
cathepsin L (CTSL) in mechanism by which
neutrophils kill malarial parasites (Fig. 4).
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Fig.4. Percentage of growth inhibition by transfected HL

cells. Top regulated genes were overexpressed In
neutrophil-like cells and then cultured with iRBCs.

In conclusion, these data obtained from this
project broaden our knowledge of the
immunological response of macrophages to
malaria parasites and shed light on a new target
for therapeutic intervention.
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