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Abstract
Project Code : RSA/09/2540
Project Title : Mechanism of malaria pathogenesis
Investigator : Rachanee Udomsangpetch
E-mail Address : scrud@mahidol.ac.th
Project Period : 1 December 1997 — 1 December 2000

Virulence of malaria parasites has been investigated in various geographical
malaria endemic areas. Parasite factors causing severity can be shown with different
parameters, i.e. production of toxin, stimulation of cytokine production, induction of
vascular endothelium damage, etc.

One of the factors related to disease severity and pathogenesis of malaria
infection is the production of P. falciparum-toxin which induces high tumor necrosis factor
(TNF) production. Nonetheless in this study using similar form of antigens, P. vivax could
induce a greater TNF production by mononuclear cells than that did by P. falciparum at
the same level of parasite density. As expected, more mature form of P. vivax induced the
highest level of TNF release. . This finding was correlated clearly with the results of a
clinical study in Thailand that pyrogenic density of P. vivax was lower than that of P.
falciparum.

On the other hand, stimulation of mononuclear cells by P. falciparum-infected red
cell membrane extracts caused activation of the brain tissue-derived endothelial cells
resulting in an increased adherence of platelets within a brief period after co-incubation.
P. vivax did not have the same effect on induction of platelet adherence. Human umbilical
vein endothelial cells did not show the same response when co-incubated with either P.
falciparum or P. vivax-stimulated mononuclear cells. These findings may provide a

plausible explanation to the mechanism of pathogenesis in cerebral malaria.

Keywords: cerebral malaria, parasite toxin, tumor necrosis factor
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INTRODUCTION

Plasmodium vivax infection has been known to cause benign malaria infection in
man. A lack of adherence to endothelial cells resulting in a non-sequestering infected
erythrocytes in the host is believed a frail factor of the parasite survival and hence
reduced severity. On the other hand, paroxisms are distinct manifestations in patients
‘with P. vivax infection. One of the potent mediators from host responses to malaria
infection is tumor necrosis factor (TNF) released by stimulated macrophages(1,2). TNF
plays dual rcle in malana infection. In P. vivax infection, TNF together with plasma
factors can kill parasite (3). In P. falciparum infection, high TNF in plasma (4,5) and in
the brain tissue (6,7) is shown to associate with pathogenesis in severe malaria. A
membrane-associated parasite antigen, glycosylphosphatidyl inositol (GPI) shown to
| activate macrophages and endothelial cells (8). 'i?revious study implicates signal
. transduction in macrophages by the binding of GPI leading to TNF expression with
pathogenesis in cerebral malaria (9). The presence of GPI in P. vivax-infected red blood
cells has not been investigated. The mechanism by which P. vivax-derived antigen (GPI)
stimulates macrophages has not been verified, however, in this study we reported a
significantly greater level of TNF production by P. vivax-stimulated mononuclear cells in

vitro than that by P. falciparum.



MATERIALS AND METHODS
Preparations of malaria antigens: Parasite density (number infected red cells/ul} and

stages of parasites in all infected blood specimens were determined on admission.

Plasmodium falciparum: Ring stage from blood specimens on admission were washed 3
times with RPMI-1640 (SIGMA, UK), pH7.2, containing 25 mM HEPES, 2mM
glutamine, 5SmM glucose, bufty coat removed and the parasites were cuitured at 3%
hematocrit in an endotoxin free RPMI-1640 supplemented with 10% AB serum,. The
parasite cultures were kept at 37°C in 5% CO; air-mixture and maturation of the
parasites to schizont stages containing >8 nuclei was confirmed by thin blood smears at
24 to 30 hours after starting the culture. The cultures were then washed 3 times in the
serum free RPMI-1640 and the red cells were lysed with an endotoxin free water
(SIGMA, UK) using red cell:water = 1:10 (v/v) and centriﬁlgt;d at 10,.000 rpm, 20°C for
4 minutes. Washing of the red cell membrane with water was repeated until the
supernatant showed the least hemoglobin and last washing in the RPMI-1640. The red
cell membrane was reconstituted with RPMI-1640 to the original red cell volume used at
the start of hemolysis and then kept frozen at -20°C until used. Ring stage antigens were
prepared from the parasites on admission without culturing, and stored as described

above.

Plasmodium vivax: Whole blood from patients infected with P. vivax were diluted 1/10
with the 37°C-prewarmed @hﬂ-l 640. Ten milliliters of the diluted blood was plated in
a 100mm diameter tissue culture petri dish and kept at 37°C in 5%CO;-air mixture for
one hour to remove the adherent monocytes and neutrophil. After one hour incubation

the blood was transferred to a new petri dish, kept under the same conditions as above



and this process was repeated twice. F. vivax-infected red cells in the adherent cell-
depleted blood was then kept under tissue culture conditions at 37°C in 5%CO2-air
mixture for 30 to 40 hours depending on the stagé of parasites on admisston. Maturation
of P. vivax showing fully segmented schizonts was determined by thick blood films
prepared during the period of ex vivo cultures. The parasite cultures containing schizont
stage were centrifuged and the red cells washed 3 times in RPMI-1640. Preparations of
the P. vivax antigen were performed as those for P. falciparum above. P. vivax antigen

of the younger stages of the parasite was prepared from the admission blood.

Mononuclear cell preparations and stimulation assay: Freshly drawn heparimized
blood from a malaria non-immune healthy donor was overlayered on Lymphoprep® and
centrifuged at 1,800 rpm, 20°C for 20 minutes. Mononu;:lear cells in the interface layer
were collected, washed, number of cells counted and resuspended in the RPMI-1640
medium containing 5% fetal bovine serum to a final concentration of 3x10° cells/ml.
Stimulation of the mononuclear cells with malaria antigens was performed in
quadruplicate wells of a 96-well microtiter plate using 100 ul (3x10°) of the cell
suspension per well, Forty microliters of each malaria antigen were added and incubated
with the mononuclear cells at 37°C, 5% CO,-atmosphere for 20 hours and supernatant
collected. Uninfected red blood cell antigens prepared by the same protocol as malaria
antigens were used to obtain baseline of the mononuclear cell stimulation.
Lipopolysaccharides (1, 10, 100 ng/ml) were used as positive control for cell stimulation,
and the negative control was mononuclear cells cultured alone in the RPM1-1640

medium.



Cytotoxic assay: A mouse fibroblast cell line 1.929 susceptible to lysis by TNF-a was
used to determine the level of TNF-u released by malaria stimulated mononuclear cells.
The 1929 cells were pre-grown at 3x10* cells/well of microtiter plate and kept under the
same culture conditions as above for 16-20 hours before used. Supernatants from the
antigen-stimulated mononuclear cell cultures collected at the end of incubation period
were transferred into a parallel microtiter plate of the pre-grown L1929 cells and
incubated overnight under culture conditions. Recombinant TNF-a (5, 50, 500 ng/ml}
were added into an extra row of the 1929 cells and used as a dose dependent curve
showing the levels of TNF-induced cell lysis. Control for the starting number of 1L.929
cells in the study used only RPMI-1640 medium. At the end of incubation period, the
1.929 cells in microtiter plate were fixed and stained with 5% crystal violet solution in
25% methanol for 20 min then rinsed with distilled water and air-dried. The crystal violet
was dissolved in 50% ethanol for 20 minutes at room temperature and the amount of the
dye read by spectrophotometer at 540 nm. The values were between malaria antigen
stimulation and control cultures were compared and the levels of cell lysis was expressed

in percentage.

Statistical analysis: Correlations between clinical parameters of the two malaria groups
were tested by Pearson. The amount of TNF produced in the stimulation assays were
log-transformed and the comparative differences in levels of TNF production between
the two parasite species were tested by Mann Whitney U test. All statistical analyses

were performed using SPSS';Iersion 7 analysis programme.



RESULTS
Clinical parameters of all malaria patients in both groups were summarized in Tablel. All
cases (n=32) of P. vivax infection were hot severe. Twenty one cases of the P.
Jalciparum were from severe infection, only 5 cases were cerebral malaria and 24 were
of uncomplicated malaria. Body temperatures during admission of all patients in both
infections were not different, although the parasite densities were significantly different,
p<0.01. Time of illness prior to admission of the P. vivax infection group appeared to be

longer than that of the P. falciparum infection group.

In stimulation of the blood mononuclear celis (BMC), parasite antigens were in either
young or mature stages. The level of cell lysis caused by the recombinant TNF was
calculated with the known concentrations of TNF and a dose dependent curve was
drawn. All values from the cell lysis assay were read against the TNF standard curve,
The amount of TNF release caused by stirnulation of BMC with P. vivax and P.
Jalciparum antigens were compared in Table 1, and distribution of all values was shown
in Figure 1. Since the levels of parasite density were different between the two groups,
the amount of TNF from the stimulation assays was then normalized at the level of 10°
parasite/ul before comparison. In P vivax infection, TNF released by amoeboid form and
schizont antigens was strongly correlated (r=0.94, p=0.01) showing the mean (95%CI)
level of TNF per 10° parasites = 1.4 (0.7-2.1) ng/m! and 2.0 (0.9-3.0) ng/ml,
respectively. There was no correlation between the release of TNF and other clinical
parameters studied in P. viva‘::;. In all degree of P. falciparum malaria severity, the release
of TNF by stimulation with ring stage and schizont were correlated (r=0.99, p=0.01)
showing the mean (95%CI) level of TNF per 10° parasites = 0.3 (0.2-0.5) ng/mi and 0.7

(0.2-1.2) ng/ml, respectively. Production of TNF was compared with other clinical



parameters among the 3 severity groups of P. falciparum infection. In severe malaria, the
production of TNF by either ring or schizont antigens were correlated with duration of
illness (r=0.44, p=0.05). No such correlation was observed in uncomplicated and
cerebral malaria. TNF production by ring stage antigen of the uncomplicated malaria

appeared to correlate (r=0.53, p=0.05) with the body temperature on admission.

Comparison between P. vivax and the 3 clinically difference groups of P. falciparum
showed that parasite density in P. vivax was much lower than those in all P. falciparum
{p=0.001). Production of TNF by stimulation with either amoeboid form or schizont
antigen of P. vivax was greater than that in the uncomplicated (p=0) and severe
(p=0.002) falciparum malaria. On contrary, TNF productions by stimulation mth
antigens from P. vivax infection group and the cerebral malaria in P. falciparum group

were not significantly different.



DISCUSSION
P. vivax infection, unlike P. falciparum is known to cause benign malaria. Due to

lack of sequestration in the post capillaries and property to adhere to endothelium.
Compared with P. falciparum, clinical manifestations of P. vivax infection in this study
were less severe. Severity in P. vivax infection has been described in symptomatic cases
with paroxysm during which the peak of plasma level of TNF is concomittant with the
time of infected erythrocyte rupturing (10). High TNF level is shown in severe P.
Jfalciparum infection, including cerebral malaria (4,5). The cause of increase(.i TNF
production in P. falciparum-infected malaria patients is parasite-derived phospholipid
(11) released during completion of schizogony (12). Recently, the endotoxin like product
has been characterized as a glycosylphosphatidylinositol (GPI) which is a lipid by nature
and increasingly deposited in the membrane of infected erythrocytes (9) during
maturation to schizonts. The GPI of P. falciparum is conserved in different geographical
endemic regions (13). A wide range in GPI quantity is found in various P. falciparum
parasite isolates, however, its stimulating effects on blood mononuclear cells to release
TNF in viro is similar, showing no dose dependent manne; (13). This can be explained
by a toxic effect of the parasite GPI in stimulation of the mononuclear cells, and thus the
factor in stimulation is not a matter of quantity. Our results support the notion that GP1
function as toxin due to the signalling capacity therefore only a few molecules of GP1 is
required to mediate biological effects (13). GPI of P. vivax has not been investigated and
its existence in P. vivax-infected erythrocytes is being explored. Our findings that P.
vivax-derived antigens in the infected erythrocyte membrane lysate stimulated
mononuclear cells to produce TNF suggest that endotoxin like antigen of P. vivax must
be retained in the membrane lysate. More TNF produced by P. vivax antigens than that

did by the P. falciparum antigens indicate that P. vivax antigens is more potent in



activation of mononuclear cells than that of the P. falciparum. The high stimulating
potency found in P. vivax might be dug to a difference in the GP1 structure, leading to a
stronger sigﬁal]ing capacity. It has been shown previously (14) that mycoplasma
contaminated in parasite materials potently stimulates mononuclear cells to produce TNF
but this is not the case in our study. Random sampling mycoplasma test of the specimens
showed negative result. Control red blood cell lysates from non-malaria immune donors
and all negative medium controls showed no TNF production in these assays. Our
findings may explain the clinical features observed in a previous historical malaria
infection studied in volunteers (15) and a recent study at the Thai-Myanmar border (16)
showing that the pyrogenic density in P. vivax infection is much lower than that in P.

Jalciparum infection.
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Figure legend 3\/1-‘5 4 nd 1€
Figure 1. Comparison of tumor necrosis factor-alpha (TNF-ct) production by stimulation
of the blood mononuclear cells with the infected red cell lysate preparations from young

and mature stages of P. falciparum and P. vivax parasites.
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