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SUMMARY

We have previously shown that natural killer (NK) cells play a role in protection against leish-
maniasis. Furthermore, we have shown that NK cells in mononuclear cells derived from unexposed
donors are induced to proliferate in vitro in response to leishmanial antigens. Since interleukin (IL)-
12, a strong inducer of NK cells, acts on the early events in NK cells and T-cells, and is considered as
an adjuvant for use in a potential antileishmaniasis antigen, we wished to investigate how this cytokine
influences the in vitro Leishmania induced proliferative and cytokine response in healthy donors. We
demonstrate that in an innate response to Leishmania antigen involving NK cells, a critical level of IL-
12 is required to induce interferon (IFN)-vy secretion below which, IL-10 is released in amounts which
apparently inhibit IFN-vy secretion and cellular proliferation. However, at higher IL-12 levels, there is
simultaneous secretion of IFN-y and IL-10 as well as proliferation of cells. In a similar vein,
exogenous IL-10 in turn inhibited IFN-y secretion as well as proliferation when used at low/medium
concentrations, but at high concentrations this effect was abolished and replaced by the simultaneous
detection of IFN-v, IL-10 and proliferation. The contribution of NK cells in cross regulation of these
two very important immuneregulatory cytokines and the effect of exogenous IL-12 in a Leishmania

driven response are discussed.
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INTRODUCTION

Cytokines are being considered for use in immune-modulation and
therapy against a number of human disorders including infectious
diseases. Studies aimed at elucidating the mechanisms of action of
many of these cytokines have generally used genetically well
defined inbred mouse strains [1-5]. The potential use of inter-
leukin 12 (IL-12) as an adjuvant in a vaccine against leishmaniasis
has been elegantly demonstrated using highly susceptible BALB/c
mice [6—8]. IL-12 given in conjunction with leishmanial antigens
[9] or DNA [10] prevented the generation of TH2 responses in
normally susceptible mice, favouring instead Th1 cell generation.
Thus the macrophage activating cytokine interferon-gamma (IFN-
v) was rapidly generated at high levels when the mice were
subsequently challenged with infectious doses of Leishmania
major. It has also been shown that in some mouse strains, the early
unacquired, innate immune responses to Leishmania infection are
regulated by natural killer (NK) cells [11], a cell type controlled,
amongst others by IL-12 [12]. IL-12 is a pro-inflammatory cytokine
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that induces T-cells and NK cells to secrete IFN-vy. Furthermore,
phagocytic cells activated by IFN-vy are enhanced for production of
cytokines including IL-12. Apart from its antileishmanial activity,
IFN-v has, in turn, an important role in Thl cell development as
well as a feed back effect on IL-12 production by macrophages
[13,14]. However, the effects of IL-12 on the immune response
seem to also depend on the activation state of T-cells, being shown
to be able to exacerbate an established Th2 response [15].
These apparently paradoxical findings illustrate that the immune-
regulatory function of IL-12 is complex. In addition to CD4" T-
cells, IL-12 induces priming for high IFN-vy production in CD8" T-
cells [16]. The down-regulatory cytokine IL-10 is intricately
involved in this regulation through its ability to suppress accessory
cell function including the production of IL-12 [17].

We have previously shown that there exists an innate capacity
of peripheral blood mononuclear cells from Leishmania-
unexposed blood donors to respond by NK cell proliferation and
IFN-vy production when stimulated in vitro with Leishmania anti-
gen [18] and suggested that such capacity for reactivity to the
antigens of a pathogen to which the host has not been exposed
could have consequences for the outcome of subsequent infection.
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We investigate how IL-12 influences this apparently innate
response and show that the response can be influenced by exogen-
ous IL-12 in a dose-dependent manner and that it is sensitive to the
down-regulatory effects of IL-10, a cytokine produced by a number
of cell types including Th2 cells, macrophages [19] and more
recently shown to be produced by NK cells [20]. Most strikingly,
we noted that in this response, involving NK, a critical level of IL-
12 is required to induce IFN-+y secretion. Below this critical IL-12
concentration, IL-10 production is induced in amounts which
apparently inhibit the ability of the cells to secrete IFN-y and to
proliferate. However, at higher IL-12 levels there is simultaneous
secretion of IFN-vy, IL-10 and proliferation of cells. In a similar
vein, exogenous IL-10 inhibited IFN-y secretion as well as pro-
liferation when used at low/medium concentrations, but at high
concentrations this effect was abolished and replaced by the
simultaneous detection of IFN-y, IL-10 and proliferation. The
potential implications for the incorporation of adjuvants such as
IL-12 in vaccines [9,21] for human leishmaniasis are discussed.

MATERIALS AND METHODS

Blood donors

Peripheral blood mononuclear cells (PBMC) were obtained from
defibrinated venous blood or buffy coats from Swedish blood
donors. All blood donors were healthy with no present or past
history of infection with Leishmania.

Preparation of mononuclear cells

Mononuclear cells (MNC) were isolated from venous blood or
buffy coats using Ficoll gradient (Pharmacia, Uppsala, Sweden)
separation as previously described [22]. Cells were resuspended in
complete medium containing 10% heat inactivated normal human
AB serum (Bloodcentralen, Sabbartsbergs Hospital, Stockholm,
Sweden), 2 mM L-glutamine, 100 U penicillin and 100 pg/ml strep-
tomycin (Gibco, Irvine, UK), and were counted and a portion kept
to be used as whole MNC while the rest was depleted of or
enriched for NK cells.

Enrichment and depletion of NK cells from MNC

The remaining MNC were depleted of NK cells using magnetic
beads following treatment of cells with mouse anti-CD56 anti-
bodies (Becton Dickinson Europe, Erembodegem, Belgium) as
previously described [23]. Briefly MNC were resuspended at
40%10° cells/tube, 0-08 ug/1x10° MNC of mouse anti-CD56
monoclonal antibody added and incubated on ice for 15min.
After two washes in RPMI (Gibco) to remove excess antibody,
the cells were resuspended in 2% foetal calf serum in PBS and their
viability assessed. Sheep antimouse IgG-coated immunomagnetic
Dynabeads-M450 (Dynal AS, Oslo, Norway) were added at
7-5x10° Dynabeads/10° viable MNC. After incubation at 4°C,
with gentle rotation, for 30min, CD56" cells (bound to the
magnetic Dynal beads) were removed from the other cells magne-
tically, using the magnetic particle concentrator (Dynal AS). Both
cell preparations were kept, the positively selected containing
CD56™ cells (NK enriched) and the negatively selected population
depleted of CD56™ cells (NK depleted). To separate NK cells from
the magnetic beads to which they were bound, the NK enriched
suspension was incubated overnight at 37°C in 5ml complete
medium. Released magnetic beads were removed as above. The
viability of the cells was rechecked before use and found to be high
in all cases.

Antigens used for cell stimulation assays

Freeze thawed promastigotes of Leishmania aethiopica isolated
from four patients (two with localized cutaneous leishmaniasis,
and two with diffuse cutaneous leishmaniasis) were mixed just
prior to antigen preparation, as previously described [24] and used
at a final concentration of 1-25 x 10° parasites per ml. Phytoheam-
agglutinin (PHA, Murex Diagnostic, Chatillon, France) were used
at a final concentration of 12-5 ug/ml.

Stimulation of cell preparations

Responsiveness of the whole, NK-depleted and NK enriched cells
to L. aethiopica antigen stimulation, were tested in triplicate
cultures as previously described [24]. Cellular responsiveness to
the T cell mitogen PHA were also assessed as controls. Both the
whole MNC and NK-depleted preparations were distributed in 96-
well tissue culture plates at 2x10° cells/well, while the NK
enriched cells were distributed at 1x10° cells/well. Cultures
were incubated in 5% CO, in air at 37°C. Seventy-two hours
after incubation supernatants were removed and stored at — 70°C
for subsequent assessment of cytokine secretion. Cultures for
proliferation assessment were harvested 6 days after stimulation
(for antigen stimulation) or 3 days (for PHA stimulation) following
18h pulse with 1puCi/well of tritiated thymidine (Amersham,
Bucks, UK). Proliferative responses were assessed by measure-
ment of counts per minute (CPM) of the incorporated tritiated
thymidine in a 3-scintillation counter (Betaplate, Wallac, Turku,
Finland). Results are expressed as raw CPM or stimulation indices
(SI=CPM stimulated cultures/CPM unstimulated cultures).

The effect of recombinant IL-10 and IL-12 on the normal response
to L. aethiopica

Recombinant human IL-10 (specific activity of 10’ U/mg) which
was a kind gift from Dynax (Palo Alto, CA, USA). Recombinant
human IL-12 (specific activity of 5-26x 10°U/mg) (AMS Bio-
technologies, Stockholm, Sweden) were individually added to L.
aethiopica stimulated cultures in the presence or absence of IL-2
(25 U/ml) (Genzyme Diagnostics, Cambridge, MA, USA) at the
start of culture.

Measurement of cytokines in supernatants

Commercial enzyme-linked immunosorbent assays (ELISA) were
used to assess the release of IFN-y (MabTech, Stockholm,
Sweden), and IL-10 (AMS Biotechnologies) into supernatants
following stimulation. The ELISAs used have the same sensitivity
for natural and recombinant cytokines.

Statistical analysis
Means were compared by Student’s z-test.

RESULTS

Proliferative responses to L. aethiopica antigen

The proliferative response of unfractionated mononuclear cells
(MNC) from healthy individuals to L. aethiopica has been evalu-
ated over time and strong proliferative responses of up to
50000 CPM have been noted in some individuals. Such high
levels of reactivity are not frequently achieved when cells of
patients with L. aethiopica infection are stimulated [25]. A
whole range of responses are observed in the cells of the blood
donors and it is evident that not all donor cells proliferate markedly
to L. aethiopica stimulation (Fig. 1). Nonetheless, blood donors
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Fig. 1. Proliferative response (counts per minute, CPM) of unfractionated
peripheral blood mononuclear cells (PBMC) from Normal Swedish blood
donors to L. aethiopica promastigote antigens. Each number and each
histogram represents one individual donor.

can be divided into responders and non responders to L. aethiopica
stimulation and in this communication an arbitrary definition of
responder of CPM =5000 or SI=5-0 is used. Reproducible
responses were obtained when the same individuals were retested
on more than one occasion (data not shown).

The effect of NK cell depletion on the in vitro proliferative
responses in healthy Swedish donors

In previous studies, we noted using fluorescence-activated cell
sorter analysis that NK cells were the main proliferating phenotype
when cells from healthy unexposed donors were stimulated with L.
aethiopica antigen. To further evaluate these findings, MNC from
eight of the healthy blood donors were depleted of NK-cells using
the indirect technique of immunomagnetic isolation of CD56™
cells. The resultant purity (i.e. absence of CD3-CD56" cells)
ranged from 97-9% to 99-7%. Cells were recounted and stimulated
as for the MNC. The effect of depletion varied in responders and in
nonresponders. Depletion of NK cells from the cells of responders
resulted in a marked reduction of the proliferative response to L.
aethiopica compared with undepleted cultures in three of four
donors (Fig. 2). There was little effect or sometimes enhanced
proliferation of NK-cell depletion in cells of nonresponding
donors. Mock depletion using antimouse IgG coated beads had
no effect on the proliferative potential in the selected samples
tested this way (data not shown).

Response of purified NK cells to L. aethiopica stimulation

Due to the relatively low level of NK cells obtained, the NK
enriched cultures were tested only at one concentration, 1 X 10%/
well. There was no proliferation to L. aethiopica by purified NK
cells from any of the eight donors (data not shown).

The differential effect of varying doses of exogenous rIL-12 on the
L. aethiopica induced proliferative and cytokine response in
healthy Swedish blood donors

The supernatants of L. aethiopica stimulated cultures were har-
vested 72 h after stimulation and tested for levels of IFN-y and IL-
10 in another set of eight donors (Fig. 3). The mean L. aethiopica
induced stimulation index (= s.d.) was 13-6 £ 85, but contrary to
expectation, supernatants from these cultures contained little [FN-y
(109-5 = 78-0 pg/ml). Addition of 10U of rIL-12 to L. aethiopica
significantly enhanced the secretion of IFN-y into the super-
natants (304 = 57-2pg/ml; P<0-01), but the proliferation was
abrogated. Further increase of rIL-12 to 50U was reflected in
variable but measurable IL-10 (5-1 = 10-2 U/ml), decreased IFN-vy
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0 | |
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Stimulation index

0 | |
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Fig. 2. The effect of depletion of natural killer (NK) cells from MNC on the
L. aethiopica induced proliferation in responder and nonresponder donors.
Each line represents the stimulation indices of cultures from the same
individual before and after NK cell depletion.

(261-0 = 29-0 pg/ml) and no proliferation. This trend continued at
100U of rIL-12, inducing increased IL-10 (31-1 = 19-8 U/ml),
decreased IFN-y (197-0 = 69-1 pg/ml) and no proliferation. Addi-
tion of 500U of rIL-12 resulted in a shift that was expressed as
proliferation to levels as high as cultures stimulated with L.
aethiopica alone (SI=10-3 = 4-5), a significant enhancement of
IFN-vy secretion (11514 = 4368 pg/ml; P<0-01) and no further
increase in IL-10 levels.

The differential effect of varying doses of exogenous rIL-10 on the
L. aethiopica induced proliferative and cytokine response in
healthy Swedish blood donors

PBMC from 10 Swedish blood donors were tested with or without
varying concentrations of added rIL-10. Up to 100 U/ml rIL-10
inhibited the L. aethiopica induced proliferation in a dose depen-
dent manner in all those tested and addition of 10 U of exogenous
rIL-10 was essentially able to abrogate the L. aethiopica induced
response (Fig. 4). In this group of individuals, variable but
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Fig. 3. The effect of addition of various doses of exogenous rIL-12 on L.
aethiopica response in peripheral blood mononuclear cells (PBMC). The
results are expressed as mean * s.d. of eight donors tested.

measurable IL-10 was induced in cultures stimulated with L.
aethiopica antigen alone, 8-1 = 18-0 (mean = s.d.). Addition of
50U of exogenous rIL-10 to the L. aethiopica antigen resulted in a
mean recovery of a similar amount as added (47-5 *23-2). No
enhanced recovery of IL-10 in the supernatant was achieved by the
addition of higher concentrations of rIL-10 (100-500U). As
expected, there was a significant decrease (P <0-05) in IFN-y in
the culture supernatants when rIL-10 of between 10 and 100U
were added together with L. aethiopica. Unexpectedly, however,
500U rIL-10 showed a tendency to an increase in IFN-y levels
although this difference was not statistically significant. At this
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Fig. 4. The effect of addition of various doses of exogenous rIL-10 on L.
aethiopica response in peripheral blood mononuclear cells (PBMC). The
results are expressed as mean * s.d. of 10 donors tested.

high concentration of added IL-10, cell proliferation as measured
by SI which was inhibited at lower rIL-10 concentrations also
showed a tendency towards enhancement, although this difference
was just below the level of significance (100 units versus 500 units;
P=0-0511).

DISCUSSION

Mononuclear cells from normal non-Leishmania exposed donors
may respond to leishmanial antigens with strong IFN-y production
and proliferation in vitro. This response has previously been shown
to include NK cell activation and features of innate immune
responses [18,26], although some T-cell responses were also
noted in these responses. The importance of NK cells in this
infection has recently been illustrated in an endemic situation
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where a potential role of NK cells in protection against human L.
aethiopica induced disease was demonstrated [27]. We confirm
these findings and show that strong in vitro responses to leishman-
ial antigens are reduced when NK cells are depleted from PBMC of
unexposed donors. Purified NK cells, prepared as described,
however, did not proliferate to L. aethiopica at the concentrations
tested. This might suggest that other cell types or the presence of
cytokines such as IL-2, are required for this response to occur. The
specific role of NK cells in the mixed PBMC response is not clear
at this point since NK cells have multiple effector functions,
including the capacity for antigen presentation. In this context,
some populations of NK cells have been shown to present both
conventional antigens and superantigens to T-cells [28]. Mono-
cytes, which are induced by microbial products to secrete the NK
cell stimulating cytokine, IL-12, are probably crucial for the
observed activation. The possible differential capacity of mono-
cytes from responder and nonresponder donors to induce cytokines
in response to Leishmania antigen would need to be tested. IL-12 is
a potent inducer of NK cells to produce IFN-y and to proliferate
[29]. In contrast, IL-10, produced by a number of cells including
monocytes and Th2 cells, is reported to have opposite effects to
IL-12. In particular, IL-10 has been shown to down-regulate
macrophage function [30,31] and induce negative effects on
IFN-vy production by T-cells through direct inhibition of IL-12
production by monocyte-macrophages [17]. The potential sources
of IL-10 in the system studied here are multiple, including T-cells
(CD4% or CD8™) [19], antigen presenting cells [32] and NK cells
themselves [20]. The finding that depletion of NK cells resulted in
reduced proliferation to L. aethiopica, in the responder donors,
coupled with the observation that addition of IL-12 only had an
appreciable effect in the responders (data not shown) suggests a
differential capacity of Leishmania stimulated NK cells to respond
to IL-12.

We are aware that the nature of the Leishmania antigen used
here could suggest that the responses measured are multiple
responses to cross reactive epitopes. However, previous data
showing the induction of NK cells by this antigen preparation
[18], as well as the reduction of the response by NK cell
depletion led us to concentrate on this cell type in the mono-
nuclear cell mixture. This does not exclude some T-cell involve-
ment in the proliferation observed as previously reported [26].
The slight to quite substantial enhanced proliferation after NK
cell depletion in nonresponder cells might suggest that in this
group of donors, NK cells have a suppressive effect on such
T-cell proliferation.

The present study set out to evaluate the in vitro effect of rIL-
12 (a candidate component in an antileishmaniasis vaccine) and
IL-10 to influence the antileishmanial response in unexposed
healthy donors, the individuals to which a potential vaccine will
be given. The data presented here demonstrates that at low to
moderate concentrations, cells responded to IL-12 by, as expected,
measurable IFN-vy secretion but less expectedly, also by inhibited
proliferation. This inhibited proliferation coincided with increased
levels of secreted IL-10 in the supernatant. At high IL-12 levels
(500U) very highly elevated amounts of IFN-y were induced
which was apparently enough to over-ride the IL-10 effect in the
supernatant, allowing for the L. aethiopica driven proliferation to
occur. Exogenous rIL-10 in turn, at concentrations of =100U
were detected in lower amounts than added, even though 500 U
was within the limits of detection of the ELISA assay. Possible
interpretation for this lowered level of detection is difficult.

Control experiments of incubation of varying levels of rIL-10
over a period of time, in medium alone without cells, showed that
the added IL-10 was short lived and not recoverable even after 4 h
incubation at 37°C (data not shown). Thus, what is being measured
in the cultures is not just the added IL-10. One possibile explana-
tion could be that at this high level, IL-10 is utilized or made
unavailable for measurement in the supernatants, thus a plateau of
measurable IL-10 was reached. The high level of 500U of
exogenous IL-10 with lowered level of detection coincided with
a tendency towards enhanced IFN-y induction and proliferation.
Whether high levels of IFN-vy contributed to the reduced levels of
IL-10 in the supernatant and enhanced proliferation is presently
unclear. However, recent data have shown that NK cells express
IL-10 receptor and that IL-10 enhances NK cell production of IFN-
v [33]. Further work would be needed to elucidate whether NK cell
induced IFN-y was responsible for the enhanced IFN-y production
when high concentrations of IL-10 were added to the L. aethiopica
stimulated cultures, an explanation which would be consistent with
our findings.

The results suggest that at a given concentration, which may
differ in different individuals, IL-10 may be a negative regulator of
IL-12, reducing the potential damaging effects of high levels of IL-
12 leading in turn to modulated levels of IFN-y and cellular
proliferation. Very high concentrations of IL-10, in turn, may be
regulated through feed back or by as yet unknown molecule(s). NK
cells may be involved in utilizing the IL-10 to prevent excess
accumulation in the cultures and resulting in cell proliferation and
IFN-vy secretion as described [33]. The ability of IL-12 to induce
IL-10 production has previously been reported when IL-12 was
added during the restimulation of resting memory cells from
allergic patients [34], in human T-cell clones [35], of both
CD4" and CD8™ phenotype [36]. The study here describes IL-12
induced IL-10 in antigen (Leishmania) stimulated mononuclear
cell cultures from donors not previously exposed to leishmanial
antigens. In this mixed cell culture, a contribution to the effects
observed could come from NK cells, memory T-cells responding to
cross-reacting epitopes present in the leishmanial antigen or other
cells types capable of IL-10 secretion. The exact cell types
involved have not been addressed in this study; however, findings
in this mixed culture situation may be relevant if the phenomenon
is present in vivo. This would be important in the context of
giving IL-12 (as a potential adjuvant in an antileishmanial
vaccine) to an individual with an innate high capacity to produce
this cytokine in response to leishmanial antigens. At least two
scenarios are possible. First, administration of IL-12 may not
enhance the capacity of cells from such an individual to produce
stronger IFN-y response (antileishmanial), but rather down-reg-
ulate this potential through the induction of IL-10. Second, the
elevated IL-10 may not inhibit the effects of IL-12 but via NK
cells could enhance the IFN-y secretion capacity of NK cells.
Even if the dose of IL-12 that would be in a potential antileish-
manial vaccine is not high enough to switch on an IL-10 response
through a feedback action, the capacity of IL-12 to induce IL-10
secretion must be appreciated in an appropriate dose for a vaccine
formulation.
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