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HNE produced by the malaria parasitePlasmodium falciparum
generates HNE—protein adducts and decreases
erythrocyte deformability

Aleksei Skorokhod, Evelin Schwarzer, Giuliana Gremo, Paolo Arese
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In Plasmodium fal ciparum-parasitized erythrocytes, hemozoin (HZ) formation was accompanied by
enhanced formation of 4-hydroxynonenal (HNE)—protein adducts on the cell surface, reaching in
the HZ-rich schizont forms the 16.8-fold amount of control non-parasitized cells. The addition of
1-100uM exogenous HNE to control non-parasitized cells generated HNE-adducts on surface
proteins in amounts similar to those found in schizonts. Parasitized as well as HNE-treated non-
parasitized erythrocytes showed decreased cell deformability (measured as decreased filterability
through cylindrical-pore filters) related to the amount of HNE addugtgvo, the HZ-containing
trophozoites and schizonts are phagocytic targets for monocytes/macrophages. The reduced
deformability of circulating erythrocytes carrying HNE-adducts may increase their phagocytic
elimination. Uncontrolled HNE production by parasitized erythrocytes may additionally modify
non-parasitized bystander erythrocytes, induce their phagocytosis, and contribute to malarial
anemia, which is predominantly due to the removal of large numbers of indirectly damaged non-
parasitized erythrocytes.
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INTRODUCTION formed covalent adducts with cysteine, lysine and histi-
dine residues in proteifig,and was a potent mediator of

The malaria parasite digests up to 75% of erythrocyta variety of biological effects.
hemoglobin during its maturation from the ring to the Here, we show the formation of surface protein HNE
trophozoite form and polymerizes the undigested hemadducts by endogenously formed/generated HNE during
moiety to hemozoin (HZ) in close contact to the mem-the process of intracellular parasite maturation. The for-
brane of the digestive vacuole of the parasite, provokinghation of HNE and the appearance of HNE adducts on
lipid peroxidation.In vitro, isolated HZ catalyzes the the erythrocyte surface co-incided with the onset of HZ
peroxidation of polyunsaturated fatty acids (PUFAs)formation in the parasite and was also apparently corre-
with subsequent degradation to 4-hydroxynonenalated with decrease of erythrocyte deformability.
(HNE) and other products. In the host erythrocytes,
lipoperoxidation increased during the maturation process of
the parasite and was accompanied by accumulation of MATERIALS AND METHODS
HNE up to 51uM in HZ isolated from mature tropho-
zoites? In non-parasitized erythrocytegxogenously HZ was obtained fronn vitro grown Plasmodium falci-
added HNE concentrated within the mear@s and parum parasites (Palo Alto strainMycoplasma-free).
Different matration stages of the parasite were har-
vested from synchronized cultures and deprived of
exogenous HZ by Percoll separatiotdNE—protein
adducts were detected by flow cytometry (FACS) after
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Fig. 1. Onset of HZ formation (late ring stage, arrow) co-incides with enhanced formation of HNE—protein adducts on the suréeitzefipar

erythrocytes, represented as MFI (see Materials and Methods). Progressive HZ generation
increase of HNE adducts as shown in three distinct representative experiments. Parasitemi
in each experiment.
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Fig. 2. Decrease in erythrocyte deformability during parasite maturatiparfd after exogenous
experiments. SignificanceP*< 0.05; **P < 0.1.

HNE treatmeBit. Mean + SEM of 4 independent
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The amount of HNE adducts is presented as mean flue@xplain the decrease in erythrocyte deformability.
rescence intensity (MFI) defining background as zerovivo, the HZ-containing trophozoite as well as isolated
To examine the effect of HNE on erythrocyte deforma-HZ are phagocytic targets for monocytes/macrophages.
bility, erythrocytes were treated with 0—1 mM HNE for The reduced deformability of circulating erythrocytes
30 min at 37°C. Prior to the deformability measurementcarrying HNE adducts should increase their phagocytic
parasitized and HNE-treated erythrocytes were washeddimination in spleen, liver and bone marrow. Uncon-
times with PBS-G, then the erythrocytes were dilutedrolled HNE production by parasitized erythrocytes may
with PBS-G to a hematocrit of 1%. Non-parasitized,additionally modify bystander non-parasitized erythro-
fresh erythrocytes from the same donor served as comytes, induce their phagocytosis, and contribute to
trols. Erythrocyte deformability was assessed at roonmalarial anemia, which is predominantly due to the
temperature by the filtration technique using the equipremoval of non-parasitized erythrocytés.

ment and methods described elsewlierBriefly,

aliquots (25Qul) of PBS-G and the erythrocyte suspen-
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