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The dysregulation of the immune response by malaria parasile has been considered as a
possible constraint to the effectiveness of malaria vaccination. In spite of the important role
interleukin-1 (IL-1) plays on the immunoregulation, and its ability to mimic various features of
clinical malana, reports on IL-1 in malaria are lacking. We found that only 2 out of 35 subjects
with acute malaria showed increased levels of serum IL-1 alpha by enzyme immunoassay. To
assess whether IL-1 could interfere with T-lymphocyte responses, blood mononuclear cells from
patients infected with Plasmodium falciparum, P. vivax, or healthy subjects were cultured with
phytohemagglutinin, and lymphocyte proliferation measured 72h later by 3H-thymidine incorpo-
ration. Qur dala showed that T-lymphocyte responses are depressed both in P. falciparum (/0,500
£ 2,900) and P. vivax malaria (13,000 x 3,300), as compared to that of healthy individuals
(27,000 % 3,000). Addition of IL-1 partially reversed depression of malaria lymphocytes, but had
no effect on normal cells. On the other hand, T-lymphocytes from malaria infected-subjects
presented a minimal decrease in proliferation, when cultured in the presence of exogenous
PGE2. These data indicate the occurrence of two defects of immunoregulation in malaria: a

deficiency of IL-1 production by monocytes/macrophages,

and an increased resistance of

lymphocyles to the antiproliferative effect of PGE?2.
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Malaria vaccines have been considered as
the most important potential weapon for ma-
laria control. A considerable progress towards
this aim has been achieved through the charac-
terization of immunogenic sequences, and by
cloning and production of peptides, both by
genetic recombination and chemical synthesis.
However, although some malaria vaccines have
already been submitted to human trials
(Herrington et al.,, 1987; Ballou et al.,, 1987,
Patarroyo et al,, 1988; Sherwood et al., 1991),
it 1S possible to foresee that some crucial ques-
tions have to be answered before vaccination
become a real asset for malaria control. It is
important to know how to overcome the prob-
lem played by the high polymorphism of some
relevant epitopes, to cope with the difficulties
imposed by genetic restriction on the immune
response towards vaccine peptides, and to bet-
ter understand the mechanisms of the
dysregulation of the immune response caused
by malaria parasites and, potentially, by ma-
lania vaccines.

Several manifestations of dysregulation of
the immune reactivity are demonstrated dur-
ing the acute phase of malaria, namely, lym-
phocyte polyclonal activation, autoantibody pro-
duction, and depression of the immune response
(Weidanz, 1982). The mechanisms responsible
for these alterations are not known. It is likely
that the parasite or its products may play a part
by acting on the cells of the immune system.
In fact, the macrophage, a cell in charge of
presenting antigens to lymphocytes and modu-
lating their response, may show different func-
tional alterations during acute malaria, includ-
ing a deficient ability to process (Loose et al.,
1972) and present antigens to lymphocytes
(Warrewn & Weidanz, 1976), and a delayed
capacity of mobilization and activation (Tosta
et al.,, 1983). It is possible that some of these
dysfunctions are due to alterations in the ca-
pacity of macrophages to produce cytokines.
In support to this possibility, it has been shown
that adherent cells from the spleen of
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Infected mice synthesize subnormal amounts
of interleukin-1 (IL-1), starting from the 4th
day of infection, when they also produce some
effectors capable to suppress the immune re-
sponse (Wyler et al., 1979). We now present
evidence suggesting that the decreased prolif-
eration of lymphocytes from humans infected
with either Plasmodium falciparum or Plasmo-
dium vivax is associated with a deficient pro-
duction of IL-1 by monocytes, and also that
lymphocytes from infected individuals show a
diminished sensitivity to the anti-proliferative
effect of prostaglandin E2 (PGE2).

MATERIALS AND METHODS

This basic protocol was followed: fraction-
ated or unfrdctioned mononuclear cells, from
infected or normal subjects, were cultured with
phytohemagglutinin (PHA) in the presence of
added IL-1 or PGE2, and proliferation of lym-
phocytes assessed by isotope incorporation,
while blood IL-1 was measured by an enzyme
IMMmunoassay.

Study groups — Ten patients infected with
P. vivax and 13 with P. falciparum malaria
were studied and compared with 23 normal
controls.

Informed consent was obtained from the
patients. Blood was collected within the first
week of infection, most frequently on the 4th
day after beginning of the symptoms.

Quantitation of [L-1 alpha — This cytokine
was measured in plasma by an enzyme immu-
noassay using a kit donated by Oncomembrane.
Recombinant IL-1 alpha was used as a refer-
ence standard. The protocol followed was es-
sentially that suggested by the manufacturer.

Mononuclear cell separation — The volume
of heparnnized blood was duplicated by addi-
tion of Hanks’ solution and SmL samples ap-
plied onto 3mL cushions of a solution of col-
loidal silica covered by polyvinylpirrolidone
(Percoll), density 1.077. After centrifugation at
1200 xG for 15min at 4°C, the mononuclear
cell layer was collected, washed twice with
Hanks’ solution and quantified by nigrosin
exclusion.

Mononuclear cell fractioration — To evalu-
ate whether individual variations in the pro-
portions of blood monocytes and lymphocytes
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could interfere with the degree of proliferation
of the latter cells, assay were performed with
both unfractionated and fractionated cells. To
get a constant proportion of 1 monocyte per 9
lymphocytes, this protocol was followed: 2 x
10E5 mononuclear cells were suspended in
serum-free RPM1 medium incubated in
flatbottomed 96-well microculture plates
(Costar), in a wet chamber, at 37°C for 1h, to
obtain about 10,000 adherent monocytes/well,
after washing the wells with RPM1 medium to
discard non-adherent cells. A suspension of
lymphocytes with minimal contamination of
monocytes (< 4%) was prepared by passing
mononuclear cells through a column of nylon
wool, according to the method of Greaves et
al. (1976), and 90,000 effluent lymphocytes
were applied to each well containing adherent
monocytes.

Lymphocytes proliferation assay - Samples
of 100,000 fractionated or unfractionated mono-
nuclear cells tn RPM1 640 medium, supple-
mented with 10% fetal calf serum (Cultilab),
20M HEPES, 2mM glutamine, 2mM NaHCO?3
and 4mg/l gentamycin were dispensed into
tripicate wells of a microculture plate, and
cultured with optimal (5 pg/ml) or suboptimal
(2.5 pg/ml) concentrations of PHA (Sigma), in
a wet chamber, with an atmosphere of 5% CO2
in air, at 37°C, for 72h. Sixteen hours before
finishing the cultures, 0.5 pCi of 3H-thymidine
(Amersham, specific activity of 15 Ci/mmol)
was added per well. Lymphocyte proliferation
was assessed by measuring radioactivity by beta
scintilography. To evaluate the effects of dif-
ferent mediators on lymphocyte proliferation,
recombinant human IL-1 alpha (Hoffmann-La
Roche) or PGE2 (Sigma) were added to cul-
tures in the presence of a sub-optimal concen-
tration of PHA, and 1 pg/ml indomethacin, as
an 1nhibitor of PGE2 synthesis.

Statistical analyses — Results were analyzed
either by the Student’s test or by the Wilcoxon
test.

RESULTS

The proliferative response of lymphocytes
from both P. falciparum and P. vivax-infected
individuals was significantly lower than that of
normal controls (P < 0.001), when cultured with
PHA, as assessed by 3H-thymidine (Table I).
A similar pattern was obtained when a prees-
tablished proportion of 9 lymphocytes per
monocyte was kept constant by using fractioned
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TABLE 1

333

Proliferation of lymphocytes from Plasmodium falciparum, P. vivax-infected individuals, and from normal
controls, after 72h incubation with phytohemagglutinin (5 pg/ml), and measure by the incorporation of

3H-thymidine (cpm)

Groups o Mean SEM Range

P. falciparum 13 10,5004 2,900 1,860 - 31,970
P. vivax 10 13,0004 3,300 1,800 - 33,970
Control 23 27,000 3,000 9,500 - 50,000

a. P < 0.001 (Student’s t test) as compared to Control group.

TABLE I

Effect of the inhibition of endogenous PGE2 by indomethacin (1 pg/mi) on the proliferation of lymphocytes
from Plasmodium falciparum or P. vivax-infected individuals, and from normal controls after 72h incubation
with PHA (2.5 pg/mL), measured by the incorporation of 3H-thymidine (cpm)

Without With
Groups n indomethacin tndomethacin P
(SEM) (SEM)
P. falciparum 13 14,100 (3,800) 16,900 (4,400) 0.035
P. vivax 10 16,900 (5,200) 19,600 (5,400) 0.028
Control 23 30,900 (3,300) 34,700 (3,500) 0.004

TABLE ill

Effect of exogenous PGE2 (3x10E-7M) on the proliferation of lymphocytes from Plasmodium falciparum or
P. vivar-infected individuals, and normal controls after 72h incubation with PHA (2.5 pg/ml) and indomethacin
(I up/ml), measured by the incorporation of 3H-thymidine (cpm)

Without With
Groups n PGE2 PGE2 P
(SEM) (SEM)
P. falciparum 13 16,900 (4,400) 11,000 (3,600) 0.659
P. vivax 10 19,600 (5,400) 14,300 (3,500) 0.133
Control 23 34,700 (3,500) 25,000 (3,500) 0.0005

populations of mononuclear cells (data not
Shown).

Addition of 0.9 ng/ml recombinant human
IL-1 alpha to the cultures of lymphocytes from
infected subjects partially corrected their de-
pressed proliferation but had no effect whatso-
ever on normal lymphocytes. Fig. 1 shows that
thyis cytokine caused a significant increment
of proliferation in both P. falciparum (P =
0.005) and P. vivax malana (P = 0.018), but

not of normal lymphocytes (P = 0.3). When a
tenfold increase in the concentration of IL-1
was used, a similar pattern of stimulation of
malaria lymphocytes was observed.

Since IL-1 stimulates the synthesis of PGE2
by monocytes/macrophages, the effect of this
mediator on T-lymphocytes was investigated.
As shown in Table II, inhibition of endogenous
PGE2 by indomethacin caused a significant
increase of lymphocyte proliferation in all 3



334

40+

w
O
1

LYMPHOCYTE PROLIFERATION
{cpm x 10-3)
N
'e)
|
-

iL-) — + - + — +

P. FALCIPARUM P VIVAX CONTROL

Fig. 1: effect of the addition of 0.9 ng/m! recombinant

human [L-1 alpha on the proliferation of lymphocytes

from malana-infected and non-infected subjects, after

72h culture wvith PHA (2.5 pg/ml) and indomethacin (1
pg/ml), and measured by the incorporation of 3H-thy-
midine. Lymphocytes from Plasmodium falciparum (P
= 0.005) and P. vivax-infected individuals (P = 0.0{8),
but not from non-infected subjects (P = 0.289) show
increased proliferation.
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Fig. 2: dose-response effect of exogenous prostaglandin
E2 on the proliferation of lymphocytes cultured for 72h
with PHA (2.5 pug/ml) and indomethacin (1 pg/ml), and
measured by the incorporation of 3H-thymidine. Re-
sults presented as the mean + SEM.

groups. If exogenous PGE2 is added to cul-
tures, lymphocytes from both P. falciparum and
P. vivax-infected individuals showed a de-
creased inhtbition of their antiproliferative re-

sponse to PHA as compared to that of normal
cells (Fig. 2).

However, the degree of inhibition by PGE2
was not significant with either P. falciparum
(P = 0.659) or P. vivax (P = 0.133), differently
with which occurred with nomal lymphocytes
(P = 0.00605) (Table III).
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DISCUSSION

Mitogen-induced T-lymphocytes prolifera-
tion has been widely used for studying the fac-
tors associated to lymphocyte differentiation
and activation, including the interactions of
these cells with monocytes/macrophages. Us-
ing this in vitro system, we presented evidence
that proliferation of lymphocytes from both P,
falciparum and P. vivax-infected individuals
was depressed, when compared to that of
healthy individuals.

Different possibilities could be considered
for explaining this finding. Firstly, depression
could be due to a decreased number of lym-
phocytes tn the total population of blood mono-
nuclear cells used in cultures. This possibility
was ruled out by setting experiments using
preestablished proportions of lymphocytes and
monocytes, after fractionation of these two cell
populations. No difference was found in lym-
phocyte proliferation between fractioned and
unfractionated cultures.

-Another possibility is that the dysfunction
of malaria lymphocytes to an insufficient pro-
duction of some stimulatory cytokine by mono-
cytes/macrophages. Three of such cytokines are
IL-1, IL-6 and tumor necrosis factor alpha
(TNF). The latter two are reported to be
increased in serum during the acute phase of
malaria (Grau et al., 1989; Kem et al., 1989),
probably as a consequence of the activa-
tion of macrophages, their main source of pro-
duction (Ferrante et al., 1990). Surprisingly,
no reference was found on the alterations
of IL-1 in malaria, in spite of its well re-
cognized immunoregulatory effect on T
and B lymphocyte and macrophage differ-
entiation/activation, and its ability to mimic
most of the pathological findings of malaria
infection, characteristics common to IL-6 and
TNF (reviewed by Titus et al., 1991). Interest-
ingly, it has been shown that IL-1 inhibits the
hepatic development of P. falciparum sporo-
zoites (Maheshwari, 1990) and, when given in
low concentrations to mice protect them against
cerebral malaria (Curfs et al., 1990). In the
present work, it was shown that only
rarely serum levels of IL-1 alpha are increased
during acute malaria. In fact, in 33 out
of 35 infected individuals the levels of circu-
lating IL-1 was found below the detection level
of 5 ng/ml. Addition of recombinant human
IL-1 alpha to the cultures of mononuclear cells
significantly increased the proliferation of lym-
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phocytes from malaria-infected subjects but not
of that from healthy people. This ability of IL-
1 to stimulate T-cell proliferation 1s well rec-
ognized (reviewed by Dinarello, 1989), and has
been considered as a hallmark of its
immunoregulatory activity. Thus, a deficient
IL-1 production in malaria is expected to lead
to a dysregulation of the immune response. A
possible explanation for our findings is that
monocytes/macrophages from malaria-infected
individuals produce sub-normal concentrations
of IL-1. Therefore, addition of exogenous
cytokine would restore T lymphocyte activa-
tion and proliferation. The fact that a total
revertion of lymphocyte function was not ob-
served suggests that some other factor is also
involved in the activation of these cells. This
is not surprising since it is recognized that the
mechanisms involved both in lymphocyte acti-
vation, and in IL-1 production and action are
very complex and depend on different and in-
teracting factors. For instante, 1L-6 which acts
synergistically with IL-1 in T-cell activation
(Houssiau et al., 1988), supress IL-1 produc-
tion (Schindler et al., 1990), while IL-1 18 ca-
pable by itself to induce IL-6 synthesis by
monocytes (Tosato & Jones 1990). The rea-
sons for a deficient production of IL-1 by
monocytes/macrophages in malaria are not
established. No relationship was found with the
species of the parasite, parasitemia, or dura-
tion of malaria. However, our preliminary data
suggest that this deficiency recovers afier the
infection is cured, and appears to be under an
adaptative control, since lymphocyte prolifera-
tion is less affected in individuals who have
suffered several episodes of malana.

The relationship of IL-1 with other prod-
ucts of macrophages are also very complex.
PGE2, whose synthesis is stimulated by IL-1,
may both inhibit (Knudsen et al., 19386) or
stimulated IL-1 production (Kassis ct al., 1989).
A possible excess of PGE2 production by
macrophages in malaria could lead to a defl-
cient lymphocyte proliferation both by its di-
rect antiproliferative effect on {ymphocytes, and
also indirectly through the inhibition of IL-1
production. However, our data do not support
this possibility since the increment of lympho-
cyte proliferation, which occurred after block-
ing endogenous PGE2 with indomethacin, was
not different in infected and healthy individu-
als. Our finding that lymphocytes from ma-
laria-infected individuals are somewhat resis-
tant to the antiproliferative effect of PGE2 may
add a new dimension to the understanding of

the mechanisms involved in the genesis of
polyclonal activation of lymphocytes, which
occurs in malaria, and has the
hypergammaglobulinemia as a prominent fea-
ture (Weidanz, 1982), and anemia as a pos-
sible consequence (Daniel-Ribeiro et al., 1986).
It is possible to speculate that if lymphocytes,
during malaria infection, show some degree of
resistance to the antiproliferative control ex-
erted by PGE2, they will more easily prolifera-
tive under the influence of mitogens and anti-
gens of plasmodial origin (Greenwood & Vick
1975).
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