The Role of Natural Killer Cells in
Immunity Against Malaria

Natural killer (NK) cells are non-
adherent, non-phagocytic mononu-
clear cells, the surface of which
bear receptors for the Fc portion of
IgG.' NK cells share a number of
features with T cells and with
macrophages. Thus, about half of
the human NK cells express recep-
tors for the red blood cells of sheep?
and the cells grow in response to T-
cell growth factor (TCGF).®> En-
riched populations of human NK
cells undergo blastogenic transfor-
mation in the presence of T-cell mi-
togens, phytohaemagglutinin and
concanavalin A.* NK cells, how-
ever, are not thymic-dependent,
since high NK activity could be
detected in athymic nude or neona-
tally thymectomized mice and
rats.>® The properties of human
NK cells that are shared with ma-
crophages include reaction of the
NK cell surface marker with OKM1
monoclonal antibody.” Morpholo-
gically, NK cells are large granular
lymphocytes which comprise about
5 per cent of the peripheral blood
leukocytes.®

NK cells can exert cytolytic acti-
vity against a wide variety of syn-
geneic, allogeneic and xenogeneic
cells.? Cells susceptible to NK cyto-
toxicity include malignant cells,
fetal cells and virus-infected cells.
NK activities are enhanced by inter-
feron.! Stimulated NK cells also
produce mediators, one of which is
~interferon.'® Accumulated evidence
, gathered in recent years shows that

NK cells play an important role in
host defence against tumours, virus-
infected cells, bacteria and parasites.
This lytic activity is independent of
T cells. .- For example, neonatal
thymectomized mice do not have a
particularly high incidence of spon-
taneous or  carcinogen-induced
tumours and they are also resistant
to some microbial agents.'™3 In
addition, the resistance in vivo to
the growth of implanted allogeneic
tumour cell lines has been shown to
be correlated with the level of NK
activitv in recipient animals, i.e.
poorer tumour cell growth in reci-
pients with higher NK activity and
vice versa.'>'* NK cells also play a
role against syngeneic autologous
primary tumour cells as demons-
trated by NK cell accumulation at
the site of small spontaneous mam-
mary carcinomas in mice as well as
in small primary mouse tumours in
mice that have been induced by
murine sarcoma virus.'¢

NK cells may also be involved in
surveillance against primary tumours
as supported by the following find-
ings: (1) A high incidence of lym-
phoproliferative diseases in patients
with Chediak-Higashi syndrome,
who have markedly reduced NK
activity;'” (2) A high incidence of
lymphoma in beige mice with selec-
tive deficit of NK activity; and (3)
Depressed NK activity and high risk
of tumour development among reci-
pients of kidney transplants who
have been treated with immuno-

suppressive drugs.'®

Evidence has been accumulated
that indicates a possible role for
NK cells in virus infections; the
genetic resistance of mice to sevgre
herpes virus type I infections and
Marek diseases has been shown to
be associated with NK activity.'>?

The contention that NK cells
might participate in the body’s de-
fence against malaria was initiated
by the findings of Eugui and Alli-
son?' that shows the apparent asso-
ciation between genetic susceptibi-
lity to P. chabaudi and NK activity.
Thus, strain-A mice with low NK
activity have been shown to be sus-
ceptible while C57B1 and CBA
mice with high NK activity have
been shown to be resistant to P.
chabaudi infection. Strain-A mice
were also found to have another de-
fect, namely, the inononuclear
cells did not increase in number in
the thymus-dependent areas of the
spleen of malaria infected mice as
they did in other mice.?? On the
other hand, Wood and Clark® have
shown that the increased NK activi-
ty of the spleen and peritoneal cavi-
ty of mice infected with Babesia
microti or P. vinckei did not appear
to be associated with the effecti-
veness of the host response against
these parasites, since NK activity
reached maximum level when para-
sitaemia was low and had decreased
by the time the parasites reached
peak densities. In addition, mice
pretreated with ®°Sr beta estradiol
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experienced the same pattern of in-
fection as did control mice, yet the
infection in pretreated mice in-
duced much lower levels of NK
activity. The course of B. microti
infection was unaltered in beige
mice, which are genetically defi-
cient in NK cells. Thus, it was inter-
preted that NK cells were irrelevant
to the resolution of infection by
these organisms.?® Allison and Eu-
gui’® argued that there may be a
subset of NK cells not depleted in
bg/bg mice and that these may
function as effector cells against
erythrocytic forms of plasmodia.
NK activity in beige mice may be
augmented by BCG stimulation.?*
This process is known to confer
non-specific resistance in mice (ex-
cept the A-strain) against P. berghei
infection.?® According to Allison
and Eugui,** a subset of NK cells
unaffected by the bg/bg mutation
and responsive to BCG (but defec-
tive in strain-A mice) could partici-
pate in immunity against malaria.
The role of NK cells in human
malaria is not clearly understood.
Increased NK activity in the peri-
pheral blood cells, assayed against
K562 target cells, has been observ-
ed in children with falciparum ma-
laria.?” This increased NK activity
was shown to be correlated with
the degree of parasitaemia and the
interferon level. The lytic activity
of peripheral blood mononuclear
cells in malaria patients was not en-
hanced by the addition of exo-
genous interferon, indicating that
these cells had been activated
already by interferons produced
during the course of illness.?” Qur
study showed that purified ‘null’
cells with a receptor for the Fc por-
tion of IgG in adult patients with
falciparum malaria had normal lytic
activity against K562 target cells
during the acute phase of the ill-
ness; during convalescence, the lytic
activity markedly decreased.?®
Though NK cells appear to be in-
volved in non-specific immunity
against malaria, it is not known
what mechanisms the NK cells
exert to produce this effect. It is

most likely that NK cells act by
causing intra-erythrocytic death of
malarial parasites. In 1944, Talia-
fero and Taliafero®® observed the
appearance of ‘Crisis forms’ of
P. brasilianum in Cebus capucinus
monkeys at the time when immuni-
ty was becoming established. A si-
milar observation was made about
mice infected with P. chabaudi or
B. microti?® Electron-microscopic
observations have confirmed that
the ‘crisis forms’ of babesia were
actually degenerating intra-erythro-
cytic parasites.®! It is possible that
NK cells could mediate the intra-
erythrocytic killing of the parasites.
The mechanisms whereby the para-
sites are killed are not known. The
working hypothesis forwarded by
Allison and Eugui*® is that a small
amount of the IgG antibody would
react with the antigen present on
the surface of infected red cells
which adhere to the vascular endo-
thelium.3? Upon contact with effec-
tor cells in the peripheral blood,
e.g., NK cells which bear Fc-IgG re-
ceptors, binding occurs between the
malaria antigen on the infected red
blood cells and the antibody, thus,
subsequently triggering the pro-
duction of free oxygen radicals in-
cluding superoxide (O3 ), free perhy-
droxyl radicals (HO; ) or free hy-
droxyl radicals (OH-). These free
oxygen radicals are known to exert
oxidant stress leading to the death
of parasites inside red blood cells.
This concept is supported by recent
findings of  Clark and associa-
tes;***% they showed that the ad-
ministration of free oxygen radical
generators such as alloxan or t-
butyl hydroperoxide into mice in-
fected with P. vinckei caused a
rapid reduction in parasitaemia. In
the presence of iron, these reactive
oxygen intermediates induce chang-
es leading to autoxidation of poly-
unsaturated fatty acids leading to
cell membrane damage and the
death of the malaria parasites. Since
iron is important in the free oxygen
radical mediated killing of these pa-
rasites, chelation of iron could
adversely affect the parasiticidal
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effect of oxidant stress. This proves
to be the case since administration
of desferrioxamine inhibits the in-
hibits the alloxan-mediated killing
of P. vinckei in mice.**

To understand more fully the
role of NK cells in the body’s de-
fence mechanisms against malaria
parasites, it is important to design
experiments showing that an enri-
ched NK cell population can cause
intra-erythrocytic death of P. falci-
parum in vitro and that this effect
is enhanced by interferon in the
presence of IgG antibody against
malaria. The associated respiratory
burst in NK cells should also be de-
monstrated and the NK-cell-mediat-
ed killing is suppressed by the addi-
tion of an iron chelator in theuin
vitro test system.

Savanat Tharavanij, M.D., Ph. D.

Department of Microbiology

and Immunology, Faculty of Tropical
Medicine, Mahidol University,
Bangkok 10400.

REFERENCES

1. Herberman RB. Ortaldo JR, Djeu JY, et
al. Role of interferon in regulation of
cytotoxicity by natural killer cells and
macrophages. Ann NY Acad Sci 1980;
350:63-71.

2. West WH, Cannon GB, Kay HD, Bonnard
GD, Herberman RB. Natural cytotoxic

reactivity of human lymphocytes against a.

myeloid cell line: characterization of
effector cells. J Immunol 1977; 118:355-
61.

3. Dennert G. Cloned lines of natural killer
cells. Nature 1980; 287:47-9.

4. Timonecn T, Ortaldo JR, Bonnard GD,
Herberman RB. In: Proceedings of the
14th International Leukocyte Culture
Conference. Amsterdam: Elsevier, 1981,

5. Herberman RB, Timonen T, Reynolds C,
Ortaldo JR. In: Herberman RB, ed, Na-

tural cell-mediated immunity against
tumour, New York: Academic Press,
1980:89-104.

6. Reynolds CW, Timonen T, Holden HT,
Hansen CT, Herberman RB. Natural killer
activity in the rat. II. Analysis of surface
antigens on LGL by flow cytometry. J Im-
munol 1981;127:2204-8.



http:parasites.31
http:decreased.28
http:illness.27
http:laria.27
http:stimulation.25
http:organisms.23

g

NATURAL KILLER CELLS IN MALARIA

11.

12.

18.

14,

16.

Zarling JM, Kung PC. Monoclonal antibo-
dies which distinguish between human NK
cells and cytotoxic T lymphocytes. Nature
1980; 288:394-6.

Timonen T, Ortaldo JR, Herberman RB.
Characteristics of human large granular
lymphocytes and relationship to natural
killer and K cells. J] Exp Med 1981; 153:
569-82.

Ortaldo JR, Herberman RB. Specificity of
NK cells. In: Serrou B, Rosenfeld C, Her-
berman RB, eds, Natural killer cells.
Human cancer immunology, vol 4. Ams-
terdam: Elsevier, 1982,

Trinchieri G, Santoli D, Dee RR, Knowles
BB. Anti-viral activity induced by cultur-
ing lymphocytes with tumor-derived or
virus-transformed cells. J Exp Med 1978;
147:1299-313.

Newborg MF, North RJ. On the mecha-
nism of T cell independent anti-Listeria re-
sistance in nude mice. J Immunol 1980;
124:571-6.

Cutler JE. Acute systemic candidiasis in
normal and congenitally thymic-depen-
dent (nude) mice. J Reticuloendothel Soc
1976;19:1214.

Cauley LK, Murphy JW. Response of con-
genitally athymic (nude) and phenotypi-
cally normal mice to Cryptococcus neofor-
mans infection. Infect Immun 1979; 23:
644-51.

Talmadge JE, Meyers KM, Prieur DJ, Star-
key JR. Role of NK cells in tumour
growth and metastasis in beige mice. Na-
ture 1980;284:622-3.

Karre K, Klein GO, Kiessling R, Klein G,
Rober JC. Low natural in vivo resistance
to syngeneic leukemias in natural killer
deficient mice. Nature 1980; 284:624-6.
Gerson JM. Systemic and in situ natural
killer activity in tumour bearing mice and
patients with cancer. In: Herberman RB,
ed, Natural cell-mediated immunity

17.

18.

20.

21.

22,

23.

24,

25.

against tumour. New York: Academic
Press, 1980:1047-62.

Dent PB, Fish LA, White JF, Good RA.
Chediak-Higashi syndrome. Observations
on the nature of the associated malignan-
cy. Lab Invest 1966; 15:1634.

Lipinski M, Tursz T, Kreis H, Finale Y,
Amiel JL. Dissociation of natural killer
cell activity and antibody dependent cell-
mediated cytotoxicity in kidney allo-graft
recipients receiving high-dose immunosup-
pressive therapy. Transplantation 1980;
29:214-8.

Lopez C. In: Skamene S, Kongshavn PAL,
Landy M, eds. Genetic control of natural
resistance to infection and malignancy.
New York: Academic Press, 1980:253.
Lam KM, Linna TJ. Transfer of natural re-
sistance to Marek’s disease (JMV) with non-
immune spleen cells. II. Further charac-
terization of protecting cell population. J
Immunol 1980; 125:715-8.

Eugui EM, Allison AC. Malaria infections
in different strains of mice and their corre-
lation with natural killer activity. Bull Wld
Hlth Org 1979; 57 (suppl. 1):231-8.

Eugui EM, Allison AC. Difference in sus-
ceptibility of various mouse strains to
Haemoprotozoan infections: possible cor-
relation with natural killer activity. Parasi-
te Immunol 1980; 2:277-92.

Wood PR, Clark IA. Apparent irrelevance
of NK cells to resolution of infections
with Babesia microti and Plasmodfum vin-
ckei petteri in mice. Parasite Immunol
1982;4:319-27.

Allison AC, Eugui EM. The role of cell-
mediated immune responses in resistance
to malaria, with special reference to oxi-
dant stress. Ann Rev Immunol 1983; 1:
361-92.

Beck BN, Henney CS. An analysis of the
natural killer cell defect in beige mice. Cell
immunol 1981; 61:343-52.

26.

27.

28.

29,

30.

31.

32.

38,

34.

Murphy JR. Host defenses in murine mala-
ria: non-specific resistance to Plasmodium
berghei generated in response to Mycobac-
terium bovis infection or Corynebacterium
parvum stimulation. Infect Immun 1981;
33:199-211.

Ojo-Amaize EA, Salimonu LS, Williams
AlO, et al. Positive correlation between
degree of parasitemia, interferon titers,
and natural killer cell activity in Plasmo-
dium falciparum-infected children. J Im-
munol 1981;127:2296-300.

Chaicumpa W, Atthasishtha N, Looareesu-
wan S, Tharavanij S. Natural killer cells in
peripheral blood of healthy individuals
and patients with malaria. Southeast Asian
J Trop Med Pub Hith 1982;13:61-8.
Taliafero WH, Taliafero LG. The effect of
immunity on the asexual reproduction of
Plasmodium brasilianum. ] Infect Dis
1944;75:1-17,

immunol 1981;61:343-52.

Clark IA, Cox FEG, Allison AC. Protec-
tion of mice against Babesia spp. and Plas-
modium spp. with killed Corynebacterium
parvum. Parasitology 1977; 74:9-18.
Clark IA, Richmond JE, Willis EJ, Allison
AC. Intra-erythrocytic death of the para-
site in mice recovering from infection with
Babesia microti. Parasitology 1977; 75:
189-96.

Udeinya 1J, Schmidt JA, Aikawa M, Miller
LH, Green l. Falciparum malaria-infected
erythrocytes specifically bind to culture
human endothelial cells. Science 1981;
213:555-7.

Clark IA, Hunt NH. Evidence for reactive
oxygen intermediates causing hemolysis
and parasite death in malaria. Infect
Immun 1983;39:1-6.

Clark 1A, Cowden WB, Butcher GA. Free
oxygen generators as anti-malarial drugs.
Lancet 1983;1:234.



