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SUMMARY

 

Natural killer (NK) cells have been implicated in the natural protection and healing of leishmaniasis by
their ability to secrete the macrophage activating cytokine interferon (IFN)

 

g

 

. Previous studies have
demonstrated that early production of interleukin (IL)-12 triggers IFN

 

g

 

 secretion by NK cells. Here we
report that live 

 

Leishmania

 

 promastigotes (the form that is injected by the vector) can directly induce
human peripheral blood NK cells from healthy donors to IFN

 

g

 

 secretion in the absence of IL-12 and
professional antigen presenting cells. Killing of promastigotes abolishes this property. This novel mech-
anism of activation of the innate immune response may be relevant for establishment of infection and
thus also the design of vaccines against leishmaniasis.
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INTRODUCTION

 

The development of successful vaccines against leishmaniasis
seems to be achievable since recovery from the disease leads to
protection against subsequent disease. The most efficient protec-
tion against cutaneous leishmaniasis is to date obtained by either
natural infection or live vaccination using promastigotes (the
form injected by the sandfly vector) in a procedure termed leish-
manization [1]. Killed promastigotes in combination with BCG
has been used as vaccine, but with less protective effect compared
to live infection [2,3]. In mice, immunity against leishmaniasis is
believed to be essentially through the induction of T-helper 1
(Th1) phenotype CD4

 

+

 

 cells [4]. The infection is controlled if ade-
quate levels of IFN-

 

g

 

 are produced to activate macrophages to kill
the parasite. The precise role of CD8

 

+

 

 cells and CD16

 

+

 

/56

 

+

 

, NK
cells is not clarified, but these cells have been associated with pro-
tection in mice plus cure of cutaneous leishmaniasis in man [5,6].
We have shown repeatedly [6,7] that cells from healthy blood
donors are able to respond to 

 

Leishmania

 

 antigens with the
involvement of NK, CD8

 

+

 

 and CD4

 

+

 

 cells. Such reactivity in the
absence of exposure could be fundamental in the outcome of sub-
sequent infection.

Differential induction of immune responses by live and dead

 

Leishmania

 

 could be part of the explanation why live promastig-
ote vaccination induce better protection than vaccines based on
killed promastigotes. In this context we have shown that live and
dead parasites can differ in their ability to induce cellular
responses in healthy donors as defined by IFN

 

g

 

 production and
cell proliferation [8]. Live promastigotes (live-PROM) induced
significantly more PBMC to secretion of IFN

 

g

 

 compared to heat
killed promastigotes (hk-PROM). Stimulation with live-PROM
had an inhibitory effect on the background IL-10 secretion,
whereas hk-PROM had little or no inhibitory effect on IL-10
secretion. In these initial studies proliferative responses to live
and dead promastigotes were variable. However, in the group of
donors with the highest proliferative responses to 

 

Leishmania

 

,
killed promastigotes induced significantly more proliferative
response than live-PROM [8].

In the present study we dissect the differences in cellular
induction by examining the cell subsets activated by live vs. dead
parasites. Furthermore, we made an attempt to find the struc-
tures/molecules on the parasite responsible for lymphocyte acti-
vation. We have used promastigotes of 

 

Leishmania aethiopica,
Leishmania mexicana and Leishmania donovani

 

 to evaluate this
in PBMC from healthy donors with no history of leishmaniasis.
The data presented demonstrate that live 

 

Leishmania

 

 promastig-
otes have the capacity to directly activate purified NK cells to
IFN

 

g

 

 secretion, while killed promastigotes preferentially activate
CD4

 

+

 

 cells to proliferate. The relevance of these findings is dis-
cussed in the context of vaccine development.
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MATERIALS AND METHODS

 

Cells

 

Blood was obtained from totally 14 healthy lab donors with no
history of leishmaniasis after receiving their informed consent.
Cell from some of these donors have previously been used to
evaluate cell proliferation and cytokine induction [8]. Mononu-
clear cells separated from defibrinated peripheral blood on a ficoll
gradient [9] were washed 3 times and eventually resuspended to
the appropriate concentration in RPMI (Gibco BRL, Paisley,
UK) containing 2 m

 

M

 

 

 

L

 

-glutamine, 100 U penicillin (Gibco),
100 

 

m

 

g/ml streptomycin (Gibco) supplemented with 10% heat
inactivated normal Swedish AB serum (NHS). The NK cell lines
NKL (obtained from Dr M. Robertson, Indiana University
School of Medicine, Indianapolis, IN, USA) and Nishi (generated
from PBMC obtained from an NK-leukaemia patient) were
cultured  in IDMI (Gibco) medium supplemented with 2 m

 

M

L

 

-glutamine, 100 U penicillin (Gibco), 100 

 

m

 

g/ml streptomycin
(Gibco) and 10% heat inactivated normal Swedish AB serum.

Ethical approval (Dnr:00–246) for this study was given by the
local ethical committee (KI forskningskommitté Nord).

 

Parasites and antigens
L. aethiopica

 

 promastigotes were propagated as previously
described [10]. The promastigotes used to stimulate cells were at
early stationary growth phase. Promastigotes were washed 3
times with sterile PBS pH 7·4 followed by centrifugation (2000 g,
10 min, 10

 

∞

 

C). The parasites were resuspended in PBS, live para-
site were then used directly for stimulation (live-PROM) or killed
by boiling for 10 min (hk-PROM). Killing of parasites was also
achieved by repeated freeze thawing (ft-LAg) as previously
described [10]. The ft-LAg is our in-house antigen and was pre-
viously prepared using a mixture of other 

 

L. aethiopica

 

 isolates.
The ft-LAg preparation was diluted in RPMI. If not otherwise
stated the final promastigotes concentration used is 1·25 

 

¥

 

 10

 

6

 

promastigotes/ml in all assays.
In some experiments promastigotes of 

 

Leishmania donovani

 

and 

 

Leishmania mexicana

 

 prepared as above were used. Promas-
tigotes of 

 

L.mexicana

 

 wild-type (WT) strain and derived mutants
lacking proteophosphoglycans (PPGs) and/or lipophosphogly-
cans (LPG) were propagated in M199 medium supplemented
with 5% FCS, 100 U penicillin and 100 

 

m

 

g/ml streptomycin
(Gibco/Life Technologies). The LPG-deficient 

 

L. mexicana

 

 pro-
mastigotes used in this study were the gene deletion mutant

 

D

 

lpg1

 

, which lacks LPG only [11], and the Golgi GDP-Man trans-
porter gene deletion mutant 

 

D

 

lpg2

 

, which is deficient in phospho-
glycan (PG) repeat synthesis resulting in the absence of LPG and
complete lack of PG repeats on PPGs [12].

Recombinant LACK (

 

Leishmania

 

 homologueue of activated
C-kinase), a kind gift from Nicolas Gleichenhaus, was tested for
purity and pretreated with polymyxin B as previously described
[13]. Cells were stimulated with LACK at a final concentration of
12·5 or 25 

 

m

 

g/ml. PHA (Murex, Hartford, UK) and PPD (SBL,
Stockholm, Sweden) were each used at 12·5 

 

m

 

g/ml.

 

Depletion of cell subset from PBMC

 

PBMC were diluted to 10 

 

¥

 

 10

 

6

 

 cells/ml. T cells (CD4 and CD8)
were depleted using antibody coated magnetic beads (Dynal,
Oslo, Norway) according to the manufacture’s instructions. NK
cells were depleted by coating the cells with 15 

 

m

 

g/ml mouse-

 

a

 

-
human CD56 antibodies (Pharmingen) in 2% FCS on ice for

15 min, followed by 2

 

¥

 

 washing with PBS, and finally incubation
with sheep-

 

a

 

-mouse (SAM) coated magnetic beads in 2% FCS.
The antibody coated cells were allowed to bind to the beads under
slow rotation for 30 min, 4

 

∞

 

C. The cells attached to the beads were
removed and the supernatant containing the depleted cells was
collected. As control for the depletion we used an isotype control
antibody (IC) (Pharmingen). Plastic adherent cells (PAC) (i.e.
mainly monocytes) were removed by allowing these cells to bind
to plastic for one hour in RPMI containing 10% NHS at 37

 

∞

 

C 5%
CO

 

2

 

. Whole PBMC were diluted to a concentration of 2 

 

¥

 

 10

 

5

 

cells/well. The depleted cells were used at a concentration that
would corresponded to 2 

 

¥

 

 10

 

5

 

 whole PBMC/well before deple-
tion (i.e. 2 

 

¥

 

 10

 

5

 

 cells minus specific cell subset). The percentage
remaining cells after depletion were as follows PBMC minus IC:
92%, PBMC minus CD56: 90%, PBMC minus CD4: 50%, PBMC
minus CD8: 73% (results from donor D7).

 

Isolation of NK cells

 

NK cells were purified from PBMC either using cell sorting or
negative depletion. To obtain highly purified NK cells and exclude
contamination of other cell subsets, NK cells were isolated by
FACS. Purification of NK cells using negative depletion was used
in subsequent assays due to convenience of preparation of such
cells.

 

Cell sorting

 

PBMC were depleted of plastic adherent cells by 1-h incubation
in polystyrene cell culture flasks. PBMC depleted of plastic
adherent cells were washed, diluted to a concentration of 10 

 

¥

 

 10

 

6

 

cells/ml in 2% FCS-PBS and stained with 

 

a

 

-CD3 (Pharmingen)
and 

 

a

 

-CD14* (DAKO) conjugated with flourescein isothiocyan-
ate (FITC) and 

 

a

 

-CD56 conjugated with phyco-erythrin (PE)
(Pharmingen). 10 

 

m

 

l of each antibody was used per 10

 

6

 

 cells for
30 min on ice. The stained cells were washed with 2% FCS-PBS
and resuspended to 10 

 

¥

 

 10

 

6

 

 cells/ml in 2% FCS-PBS. PBMC
were sorted on a FACS

 

TM

 

 vantage SE (Becton Dickinson,
Mountain View, CA, USA). From the cells gated as lymphocytes
(R1), cells positive for CD56 and negative for CD3 and CD14
(CD56

 

+

 

, CD3-, CD14-*) were collected as NK cells (R2) (Fig. 1).
(* CD14-FITC was only used on cells from one, D18, of two
donors whose cells were sorted)

 

Isolation by negative selection

 

Isolation of NK cells was performed according to the protocol
supplied by the manufacturer (Dynal) [14,15], with slight modifi-
cation. Briefly, PBMC were resuspended in 1–2 ml sterile water
for approximately 20 s after the first washing, to reduce contam-
ination by red blood cell (RBC), thereafter PBS was added and
the cells washed two more times. The isolated PBMC were first
incubated with CD19 coated beads (Dynal), with rotation for
30 min at 

 

+

 

4

 

∞

 

C. Beads were removed with a magnet and the
supernatant containing the depleted cells was collected and fur-
ther incubated 30 min with CD3 coated beads (Dynal) followed
by 40 min incubation with CD14 coated beads (Dynal) as
described above. To remove remaining antigen presenting cells,
supernatants containing the depleted cells were transferred to a
250 ml cell culture flask and 10–15 ml cell culture medium
(described above) was added. The cells were incubated at 37

 

∞

 

C,
5% CO

 

2

 

 in air for 1–2 h. Unbound cells were collected as NK cells.
To assess the efficacy of the depletion, the purified NK cells were
stained with CD4; no cells were found to be CD4 positive. In the
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gate containing viable lymphocytes 90% were CD16/56 positive.
The main contaminants using this assay are RBC, which are
enriched for by this method.

 

Measurement of cytokine producing cells by ELISPOT

 

ELISPOT assays were performed using a commercial ELISPOT
kit (Mabtech, Stockholm, Sweden). Briefly, mixed cellulose bot-
tomed plates (MAHA S45 Millipore, Molsheim, France) were
coated with monoclonal mouse anti human IL-10/IFN

 

g

 

 IgG
(10 

 

m

 

g/ml/well) by overnight incubation at 

 

+

 

4

 

∞

 

C. The plates were
washed 6x (200 

 

m

 

l/well) with filtered, sterile PBS pH 7·4. PBMC
were isolated and prepared as described above. 2 

 

¥

 

 10

 

5

 

 PBMC or

2 

 

¥

 

 10

 

5

 

 PBMC minus a specific cell subset were plated per well
with or without stimulation with live- or hk-PROM. Purified NK
cells were plated at 1 

 

¥

 

 10

 

5

 

 cells/well (For D11 the isolated cells
were tested at two concentrations 10

 

4

 

 and 10

 

5

 

 cells/well both stim-
ulated with 1·25 

 

¥

 

 10

 

6

 

 p/ml. Due to extreme high frequency of
IFN

 

g

 

 secreting cells in background, live- and hk-PROM counting/
estimation was not possible at the higher cell concentration. There
was however, a clear difference that could be detected visually
between live and dead parasites. The T cell mitogen PHA was
used at 12·5 

 

m

 

g/ml as positive control of the assay. Wells contain-
ing only cell culture medium or cell culture medium 

 

+

 

 live pro-
mastigotes, without cells were used as negative controls. The cells
were cultured for 40 or 48 h in 5% CO

 

2

 

 in air at 37

 

∞

 

C. Thereafter
cells were discarded and the ELISPOT assay was further per-
formed according to the manufacture’s instructions. The wells
were finally stained with NBT (4·4 

 

m

 

l/ml) and BCIP (3·3 

 

m

 

l/ml)
(Gibco BRL, Gaithersburg, MD, USA) diluted in Tris-buffer
pH 9·5. Spots were allowed to develop for 10–30 min in the dark
at 20–22

 

∞

 

C. The reaction was terminated by rinsing the wells with
water. The plates were air-dried and spots forming units (SFU)
were counted under a dissection microscope (Leica MZ6, Leica
Microscope systems, Heerbrugg, Switzerland) or using computer-
ized ELISPOT counting system (AID, Strassberg, Germany).
One spot should theoretically correspond to one cytokine-
producing cell.

 

Measurement of proliferation

 

Cells were plated at 2 

 

¥

 

 10

 

5

 

 cells/well or for depleted cells 2 

 

¥

 

 10

 

5

 

cells minus the specific cell subset in 96 well flat bottom tissue cul-
ture plates (Nunclon

 

TM

 

, Denmark). Each stimulation was tested
in triplicate as previously described [7]. Control cultures con-
tained RPMI medium alone or live parasites alone.

 

Phenotype of proliferating cells

 

Mononuclear cells cultured for 6 days were prepared for surface
marker staining as previously described [6]. Phenotype analysis
for CD4

 

+

 

 and CD8

 

+

 

 (T-helper and cytotoxic), CD 3

 

+

 

 and CD16

 

+

 

/
56

 

+

 

 (pan-T and NK cells, respectively) stained with FITC and PE,
respectively, and FITC stained 

 

gd

 

-TCR were carried out. Control
IgG1 and IgG2 double stained with FITC and PE respectively,
was used to determine the negative population. All antibodies
were obtained from Becton Dickinson. Cells were analysed on a
FACScan

 

TM

 

 (Becton Dickinson).
Proliferation was determined by the enrichment of large blast

cells after stimulation, as described previously [6]. Determined by
forward light scatter, smaller cells with the least light scatter as
seen in most unstimulated cultures were gated in region (R) 1,
and the area outside this was gated R2. In response to antigens,
blast cells undergoing activation were scattered forward most
away from the R1 cell population into the R2.

The proportional increase (PI) of specific cell subsets was
calculated using the following formula as previously described
[6]:

[(% large cells (R2) of total 

 

¥

 

 percentage large CD

 

 

 

+

 

 

 

 cells (R2) of 
stimulated culture)  

 

+

 

  1]/[(% large cells (R2) of 
total 

 

¥

 

 percentage large CD

 

 

 

+  cells (R2) of unstimulated 
culture)  +  1].

The correction factor + 1/+1 was necessary since in some instances
the percentage of large cells of a particular phenotype in the
unstimulated cultures was zero.

Fig. 1. Purification of NK cells from PBMC by FACSTM. The plots show
the isolation performed on cells from D18. From the cell population gated
in R1, which mainly contains viable lymphocytes, CD56+/CD3-, CD14-
(NK) cells were collected. Approximately 75% of the plastic adherent cells
(PAC) depleted PBMC were gated in R1 and out of these 9·5% were gated
as CD56+/CD3-, CD14-. From 50 ¥ 106 PAC depleted PBMC sorted,
2·85 ¥ 106 were collected as pure NK cells.
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Non-specific cytotoxicity assay
NK cells purified by depletion from PBMC were stimulated for 24
h with live- or hk-PROM and used as effector cells. Cytotoxicity
against 721·221, a MHC class I negative B lymphoblastoid cell was
measured using a standard 4-h 51Cr-release assay.

RESULTS

Leishmania induced IFNg and IL-10 secreting cells after 
depletion of cell subsets
To determine the cellular source of IFNg and IL-10 secretion after
in vitro  exposure to Leishmania  promastigotes, specific cell sub-
sets were depleted from 2 ¥ 105 PBMC before stimulation.

Depletion of CD56+ cells clearly reduced the number of IFNg
secreting cells in cultures stimulated with live-PROM in all four

donors tested using the ELISPOT assay (Table 1). Depletion of
CD8+ cells also reduced the number of IFNg secreting cells (in 3
out of 4 donors), although to a lesser extent. Depletion of CD4+

cells had no appreciable effect on the number of IFNg secreting
cells. However, the depletion of CD4+ cells revealed that these
cells rather than the plastic adherent cells, consisting mainly of
monocytes/macrophages, were responsible for the background
IL-10 secretion (Table 1).

Leishmania induced IFNg secretion in FACS purified cells
CD56+, CD3- (CD14-) cells were isolated from two donors by
FACSTM. The purified cells were stimulated with either live- or
hk-PROM to assess their ability to induce IFNg secretion. As
control for the assay PBMC (depleted of plastic adherent cells)
were stimulated in the same way as the FACS isolated. Live
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Fig. 2. Leishmania induced IFNg secretion in NK cells purified from human PBMC by FACS (two donors tested D18 and D6). Graphs
show IFNg spot forming units (SFU) in cells (a) D18 cells sorted for CD56+/CD3-, CD14- after 40 h stimulation and (b) D6 cells sorted
for CD56+/CD3– after 48 h stimulation. Bars show mean SFU of three wells counted + SD. Spot frequencies greater than ≥1000 SFU/well
are represented as 1000 SFU. (c) Representative picture of Leishmania aethiopica induced IFNg SFU produced by FACS purified NK cells
(D18), pictures of SFU produced by PBMC are shown as comparison.
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IFNg SFU produced by 1¥105 sorted NK cells (CD56+/CD3-/CD14-) 

RPMI live-PROM hk-PROM PHA 

IFNg SFU produced by 2¥105 PBMC depleted of plastic adherent cells

RPMI live-PROM hk-PROM PHA 

Promastigotes alone

(c)

Fig. 2. Continued

Leishmania  promastigotes could, without involvement of other
cell subsets, directly activate sorted NK cells to IFNg secretion
(Fig. 2a,b,c). The NK cells that are isolated by FACS should be
100% pure, thus we can exclude that other cells are involved in
this activation. This activation was clearly inhibited when the pro-
mastigotes were heat killed. This direct effect of live Leishmania
promastigotes was obtained using L. aethiopica, L. mexicana  or
L. donovani .

Leishmania induced IFNg secretion in negatively selected cells
Knowing that sorted NK cells could be directly activated further
experiments were for convenience performed using PBMC
depleted of CD19+, CD3+, CD14+ and plastic adherent cells. The
results showed the same trend as sorted cells, although the back-
ground was higher in most donors. A marked increase in the fre-
quency of IFNg secreting cells was observed in NK cells from 5
different donors tested when stimulated with Live-PROM
(Fig. 3a), the increase of IFNg secreting cells in response to live
promastigotes was also detectable in the whole PBMC population
prior to depletion (Fig. 3b).

IFNg secretion in cell lines
The high frequency of background IFNg secreting cells observed
in the two cell lines tested, NKL-1 and Nishi, made it impossible
for us to evaluate the effect of the various antigens tested (data
not shown).

Stimulation with LPG deficient promastigotes and purified LPG
It has previously been speculated that carbohydrate struc-
tures may have the ability to activate NK cells [16]. To test if
the LPGs were involved in the activation of NK cells we stim-
ulated PBMC and NK cells isolated by negative depletion
with promastigotes of two different L. mexicana  gene dele-
tion mutants (Dlpg1 and Dlpg2 ) that are deficient in LPG
expression, and compared the response with stimulation with
WT L. mexicana.  The data show that the frequency of IFNg
secreting cells was slightly, but not significantly lower when
LPG deficient promastigotes were used as stimuli compared to
the WT promastigotes, indicating that the LPGs may contrib-
ute to the activation of IFNg secreting cells, but are not
required for the direct activation of human primary NK cells
(Fig. 4). Furthermore purified LPGs did not have the capacity
to activate purified NK cells to IFNg secretion (data not
shown).

Stimulation with LACK
We have previously reported that LACK can activate NK cells to
IFNg production in PBMC cultures prepared from donors with no
previous history of leishmaniasis [13]. Although the frequency of
IFNg secreting cells increased in whole PBMC cultures after
LACK stimulation in the two donors tested in the ELISPOT
assay (RPMI: 122 + 23 SFU/200 000 cells and LACK: 217 + 70
SFU/200 000 cells). Isolated NK cells were not induced to IFNg
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secretion by LACK (RPMI: 170 + 126 SFU/100 000 cells and
LACK: 193 ± 147 SFU/100 000 cells).

Cytotoxicity
We evaluated the effect of the promastigotes on NK cells further,
by testing if stimulation by promastigotes enhanced the nonspe-
cific cytotoxic capacity of NK cells towards susceptible target cells.
Stimulation with neither live- nor hk-PROM affected NK cell
cytotoxicity against NK sensitive target cells (data not shown).

Phenotype of proliferating cells
To evaluate the phenotype of proliferating cells, PBMC from 6
donors were analysed by FACSTM using antibodies to specific cell
surface markers. Stimulation with either live or dead parasites
induced an appreciable proportional increase in large CD3–/
CD16/56+, NK, and CD8+ cells. However, induction of CD4+ blast
cells was mainly a feature of stimulation with killed promastig-
otes. Neither live nor dead promastigotes induced gd-T cells pro-
liferation. One donor (D11) had low responses to all the
Leishmania  preparations as well as to PPD (Table 2). Represen-
tative scattergrams of unstimulated and stimulated cells are
shown in Fig. 5.

Proliferative response after depletion of cell subsets
To further dissect the phenotype of cells proliferating to Leish-
mania  promastigotes we measured the proliferative response
after depletion of specific cell subsets in 4 donors.

In all four donors the presence of CD4+ cells was required
to measure proliferation by 3H-thymidine incorporation. Deple-
tion of CD4+ cells almost completely removed the proliferative
response (Table 3). The effect was most prominent in the cul-
tures stimulated with hk-PROM. Even the low levels of prolif-
eration induced by live-PROM were significantly reduced by
depletion of CD4+ cells in 3 donors. Depletion of neither
CD56+ nor CD8+ cells affected the proliferative response to
promastigotes.

DISCUSSION

Leishmaniasis remains a deadly disease in areas of the World
where visceral leishmaniasis exists, and a socially excluding dis-
ease in areas where the cutaneous form is prevalent. Many can-
didate vaccines have shown efficacy in mouse Leishmania
infection models, however, to date the best protection against
human leishmaniasis has been obtained with live vaccination/
natural infection. Killed promastigote vaccines have been tested
in several endemic areas with variable results [2,3,17]. We spec-
ulated that these differences in the ability to induce immune
responses between live and dead promastigotes may influence
the induction of protection against leishmaniasis. Previously we
have shown that mononuclear cells from healthy individuals
with no history of leishmaniasis differentially respond to live
and dead Leishmania  promastigotes [8,17,18]. Live promastig-
otes had the potential to dramatically induce numerous cells to
IFNg secretion, a property, which the dead promastigotes
lacked. In this study we have further dissected the cellular
responses induced by live and dead promastigotes. The data
shows that live and dead parasites stimulate different cell sub-
sets, with live showing a preference to activate CD56+ and CD8+

cells to IFNg secretion while dead parasites tend to induce
CD4+ cell proliferation. Depleting PBMC of CD56+ cells, i.e.

NK cells, clearly shows that these cells are required for the
observed induction of IFNg. Furthermore we demonstrate a
novel finding, that live Leishmania  promastigotes have the abil-
ity to directly activate primary NK cells to IFNg secretion in the

Table 1. Number of Leishmania induced IFNg spot forming units (SFU)
after depletion of specific cell subsets. Tables show mean of triplicate
culture ± SD for individual donors/2 ¥ 105 PBMC** after 48 h stimulation
with live- or hk-PROM. (a) IFNg (b) IL-10

D6 D7 D10 D15

Background IFNg SFU
Control 20 ± 5 0 21 ± 4 75 ± 14
minus PAC 15 ± 12 3 ± 5 0 210 ± 75
minus IC 12 ± 11 0 8 ± 5 112 ± 49
minus CD56 3 ± 1 0 3 ± 3 32 ± 13
minus CD4 21 ± 17 0 10 ± 5 133 ± 31
minus CD8 34 ± 5 0 1 ± 1 45 ± 10

live-PROM induced
IFNg SFU
Control 341 ± 17 138 ± 6 49 ± 12 250 ± 48
minus PAC 220 ± 52 70 ± 5 33 ± 8 285 ± 114
minus IC 227 ± 58 84 ± 37 59 ± 5 260 ± 112
minus CD56 76 ± 21 36 ± 14 8 ± 4 67 ± 4
minus CD4 308 ± 23 74 ± 31 54 ± 21 120 ± 20
minus CD8 353 ± 39 51 ± 21 25 ± 1 62 ± 7

hk-PROM induced
IFNg SFU
Control 87 ± 25 33 ± 10 10 ± 4 86 ± 13
minus PAC 77 ± 41 6 ± 6 2 ± 4 128 ± 24
minus IC 18 ± 6 3 ± 2 5 ± 3 118 ± 40
minus CD56 16 ± 6 9 ± 4 3 ± 2 26 ± 6
minus CD4 21 ± 3 2 ± 2 5 ± 5 65 ± 23
minus CD8 128 ± 58 3 ± 3 4 ± 2 92 ± 63

background IL-10 SFU
Control 143 ± 31 25 ± 14 274 ± 54 181 ± 5
minus PAC 32 ± 9 37 ± 18 31 ± 11 57 ± 13
minus IC 90 ± 50 17 ± 3 135 ± 25 54 ± 13
minus CD56 112 ± 7 23 ± 4 58 ± 7 106 ± 19
minus CD4 6 ± 3 3 ± 3 11 ± 4 11 ± 4
minus CD8 105 ± 17 27 ± 10 90 ± 25 104 ± 8

live-PROM induced
IL-10 SFU
Control 94 ± 19 8 ± 3 49 ± 12 95 ± 15
minus PAC 79 ± 6 0 29 ± 5 19 ± 7
minus IC 99 ± 3 0 68 ± 18 36 ± 11
minus CD56 98 ± 4 4 ± 2 82 ± 29 36 ± 6
minus CD4 8 ± 1 6 ± 5 11 ± 4 16 ± 8
minus CD8 122 ± 7 11 ± 8 86 ± 18 71 ± 28

hk-PROM induced
IL-10 SFU
Control 144 ± 35 29 ± 9 319 ± 74 231 ± 68
minus PAC 58 ± 2 21 ± 11 58 ± 8 61 ± 11
minus IC 130 ± 44 19 ± 13 130 ± 39 96 ± 9
minus CD56 165 ± 24 23 ± 4 77 ± 19 121 ± 38
minus CD4 16 ± 2 3 ± 3 7 ± 7 6 ± 3
minus CD8 166 ± 36 27 ± 10 121 ± 15 177 ± 17

IC, isotype control; PAC, plastic adherent cells. **the number of
PBMC were 2 ¥ 105 before depletion.
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Fig. 3 Leishmania induced IFNg secretion in (a) 1 ¥ 105 NK cells obtained by depleting PBMC of CD3+, CD14+, CD19+ and plastic adherent
cells (b) 2 ¥ 105 PBMC before depletion of cells; each bar represents one donor. The bars show the mean SFU of triplicate wells + SD after
48 h stimulation. Spot frequencies greater than ≥1000 SFU/well are represented as 1000 SFU. D1 D6 D12 D17D11*(*No of SFU/10 000
cells), nd, not done. � D1,  D6,  D12,  D17, � D11.
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absence of other cell types. The observation was seen in all
donors tested and with three different Leishmania  species
tested. This suggests that Leishmania  promastigotes can acti-
vate NK cells by at least two separate mechanisms. The direct
activation of NK cells mediated by live, but not dead Leishma-
nia,  described here, and the previously described indirect acti-
vation of NK cells requiring the interplay between antigen
presenting cells, T-cells and cytokines [19]. LACK which we
have previously shown to induce IFNg production by NK cells
in a mixed PBMC population, probably through an indirect

mechanism [13] did not activate the purified NK cells to secrete
IFNg.

We have previously discussed the potential role of NK cells
in human leishmaniasis and shown that patients with active cuta-
neous leishmaniasis tend to have reduced NK responses, com-
pared to cured individuals [6]. Furthermore, activated NK cells
are apparently present in unstimulated cultures of endemic con-
trols that resist infection by Leishmania , suggesting a role for
NK cells in protection against cutaneous leishmaniasis [6]. While
the implications of these findings remain unclear, we show in the
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present study that NK cells are central in the early induction of
IFNg in response to live promastigotes. Whether the early activa-
tion of NK cells is beneficial or not is yet to be elucidated. The
downside may be that live parasites by avoiding activation of
CD4+ cells can more easily establish an infection. It is possible
that the NK-responses induced by live-PROM are associated

with NK cell death or anergy, which could explain the low levels
of NK cells detected in leishmaniasis patients with active disease
[6].

How the live promastigotes activate the NK cells to IFNg
secretion is unclear, but it is apparently not molecules secreted by
the live promastigotes [8]. It has been speculated that polysaccha-
rides might have the ability to activate NK cells directly [16] and
NK cells are known to have receptors recognizing carbohydrate
structures [20,21]. LPG is the major cell surface glycoconjugate of
Leishmania  parasites. The abundance, location and the unique
structure of this molecule implies that LPG has one or more
important functions for the parasite. However when tested in our
assay the direct activation of NK cells was found not to be LPG
dependent. Purified promastigotes lacking LPG still had the
capacity to induce NK cells to IFNg secretion. The mutated pro-
mastigotes tended to induce fewer cells to IFNg secretion than
the wild type, suggesting that LPG may contribute to the IFNg
secretion. Direct activation of NK cells to IFNg secretion has pre-
viously been achieved by stimulating cells with bacterial DNA,
CpGs [22]. Eukaryotic DNA has not been described to have this
capacity. The effect of leishmanial CpGs remains to be tested. It is
worth noting that PHA stimulated IFNg secretion in purified NK
cells.

Fig. 5 Representative scattergram (D6) of proliferation determined by enrichment of blast cells after stimulation with live- or hk-PROM.
Dot-blots shown from left to right are: Determination of small cells (R1) and blast cells (R2) by forward scatter following stimulation; cells
gated in R1 expressing the CD4 and the CD8 surface markers; cells gated in R2 expressing the CD4 and CD8 surface marker.
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Fig. 4 IFNg secretion induced by L. mexicana wild type (WT) and L.
mexicana mutants deficient in LPG, Dlpg1 (lpg1) and Dlpg2 (lpg2), after
40 h stimulation. The bars show the mean result of four donors tested + SD.
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Table 2. Phenotype of proliferating cells in response to live- or hk-PROM after six days stimulation.

D1 D6 D9 D10 D11 D12 

PI % PI % PI % PI % PI % PI %

CD56+

RPMI 4·8 1·9 17·9 3·8 2·7 2·9
live-PROM 29·9 16·8 18·4 17·9 0·6 1·3 65·9 17·5 5·7 2·6 38·5 13
hk-PROM 20·9 4·2 138 17·2 15·2 16·9 66·4 11·7 1·9 2·2 23·1 5·3
ft-LAg 37·8 7·4 106 14·8 24·6 25·1 126 21 1·9 1·7 14·4 8·2
PPD nd nd 206 14·7 40·8 24·1 259 19·6 4·1 3·9 46 5

CD8+

RPMI 9·3 5·6 8·7 26·2 6·1 15·2
live-PROM 18·8 26·8 9·5 20·1 11·5 15·4 29·3 32·5 3·6 5·2 9·5 14·7
hk-PROM 10 5·5 3·2 8·6 23·9 12·1 14·3 11·2 1·4 5·5 3·2 3·2
ft-LAg 19·7 10·3 3·7 6·8 46·6 18·5 32·5 21·6 2·3 5·4 3·7 6·8
PPD nd nd 7·1 3·9 69·4 19·1 51·5 15·4 3·9 4·1 7·1 3·9

CD4+

RPMI 49·2 38·9 38·9 14·9 65·7 46·4
live-PROM 5 34·8 5·7 37·1 8·8 45·5 37·1 23·7 4·8 70·4 9·3 42·5
hk-PROM 29·8 72·3 50 60·9 33·9 66·1 136 62·3 1·6 67·2 23·7 70·2
ft-LAg 22 56·4 72·7 59·3 37·8 57·4 121 47 2·6 63·3 9·7 52·3
PPD nd nd 129 70 48·9 51·5 310 54 6·2 65·8 45·5 73·6

gd-T cells
RPMI 11·9 12·5 4·6 4·4 4·3 4·4
live-PROM 3·6 3·8 1·6 2·9 1·7 4·2 12·6 3·4 6 4·6 5·4 4·9
hk-PROM 10·1 3·9 0·8 0·4 2·2 1·8 14·7 2·6 1·9 1 2·8 4·7
ft-LAg 45·6 14·6 2·6 3·6 3·3 2·1 18·3 2·85 2·6 3·6 2·6 3·6
PPD nd nd 3·9 1·9 11 4·3 21·4 1·64 3·9 1·9 9·2 2·3

Data  represents the percentage (%) and proportional increase (PI) of large cells gated in R2 expressing CD4, CD8, CD16/56  or gd-T cell
surface  markers following stimulation, evaluated by FACS. nd, not done

Table 3. Six days proliferative response to live- and hk-PROM after depletion of cell subsets

D6 D7 D10 D15

Background (RPMI) proliferative response
Control 697 ± 160 1030 ± 246 2711 ± 2151 559 ± 27
minus PAC 759 ± 231 nd nd 508 ± 61
minus IC 2705 ± 1313 792 ± 48 1335 ± 475 435 ± 33
minus CD56 636 ± 48 1037 ± 35 1697 ± 1156 441 ± 36
minus CD4 305 ± 6 473 ± 1 806 ± 195 253 ± 29
minus CD8 648 ± 62 1133 ± 123 1311 ± 360 487 ± 69

live-PROM induced proliferative response
Control 3145 ± 1221 1137 ± 125 2102 ± 184 8088 ± 1158
minus PAC 1888 ± 107 nd nd 1745 ± 33
minus IC 2920 ± 260 1015 ± 30 1648 ± 1229 2123 ± 627
minus CD56 2967 ± 904 1025 ± 47 1533 ± 143 1734 ± 185
minus CD4 570 ± 124 824 ± 23 2521 ± 88 308 ± 8
minus CD8 4098 ± 1454 1204 ± 181 1779 ± 96 3646 ± 348

hk-PROM induced proliferative response
Control 23963 ± 2199 1444 ± 82 14300 ± 373 30530 ± 734
minus PAC 23577 ± 2707 nd nd 15544 ± 3501
minus IC 21801 ± 1803 960 ± 93 16827 ± 2408 23022 ± 3762
minus CD56 22614 ± 1699 1018 ± 325 8197 ± 2210 15096 ± 2496
minus CD4 326 ± 52 552 ± 3 669 ± 42 386 ± 137
minus CD8 26049 ± 2208 1204 ± 181 13479 ± 1207 20445 ± 702

The Table shows incorporation of 3H-thymidine as counts per minute (CPM), mean of duplicates or triplicates ± SD for individual donors/200 000
PBMC. nd, not done; minus indicates depletion. IC, isotype control, PAC, plastic adherent cells
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Neither live nor dead promastigotes enhanced the non-
specific cytotoxic capacity of NK cells toward susceptible target
cells. One could speculate that this implies that the mechanism of
IFNg production induced directly by Leishmania  act distinct from
the mechanism that triggers cytotoxicity. However, further studies
need to be preformed using target cells of various sensitivity
before categorically excluding some induction of cytotoxicity by
Leishmania .

The NK receptor KIR2DL4 has the property of induction of
IFNg production but not cytotoxicity in resting NK cells [23]. It
remains to be tested if the Leishmania  promastigotes act through
this receptor.

The mechanisms of induction of proliferation in response to
Leishmania  implicate CD4+ cells as central. FACS analysis of the
phenotype of proliferating cells showed that stimulation with hk-
PROM resulted in a higher percentage of large CD4+ cells over
that induced by live-PROM. The central role of CD4+ cells in the
proliferation to heat killed Leishmania  antigens was confirmed
when depletion of CD4+ cells before stimulation almost com-
pletely inhibited the Leishmania  induced proliferative response.
Removal of plastic adherent cells did not appreciably affect the
Leishmania  induced proliferative response in PBMC. This
could indicate that very few residual antigen presenting cells
(APC) are necessary for the response, or that the APC needed
for this early response are not highly plastic adherent, or that
plastic adherent cells are not necessary for the early cellular
response observed. Our present results do not allow us to predict
which of these possibilities are correct. gd-T cells have been
implicated in innate immune responses. These cells were
not induced to proliferate by either live or killed Leishmania
promastigotes.

CD4+ cells were mainly responsible for the numerous IL-10
secreting cells observed in unstimulated cultures. The significance
of such background cytokines is unknown, but may have a regu-
latory function. Stimulation of cells with live, but not heat-killed
promastigotes tended to have an inhibitory effect on this number
of IL-10 secreting cells, a phenomenon which appears to be a
reflection of the increase in the number of IFNg secreting cells
induced by live promastigotes. The precise role of IL-10 in this
system is still to be elucidated.

In mouse experiments it was shown that subcutaneous vacci-
nation with killed promastigotes without addition of adjuvant
tended to exacerbate the disease rather than induce protection
[24]. However, when administered with adjuvant, such as BCG
[25], Corynebacterium parvum  [26] or IL-12 [27] protection was
induced. This was interpreted as non-antigen specific polyclonal
activation of mononuclear cells being required to direct the
immune system to induce protective type of immune responses
[27–29]. In other words the adjuvant may dictate the induction of
a Th1 phenotype. Our data suggest that the killed promastigotes,
in the absence of a Th1 directing agent, may direct the response
away from a Th1 and thus allow the stimulation of a Th2 type
response a mechanism that does not appear to operate when live
parasites are used. PPD, the purified protein derivate of Myco-
bacterium bovis  has been shown to activate amongst other cell
types NK cells [30] (and own unpublished observations). PPD
however, did not activate NK cells directly.

These finding may have relevance for the clinical outcome of
leishmaniasis. The differential induction of cell subsets by live
and dead promastigotes could be a part of the explanation why
heat killed vaccines do not induce protective responses. The role

of the direct activation may be to prevent the establishment of
infection by rapidly activating macrophages to kill the invading
parasite, or creating a milieu for Th1 cells development. Alterna-
tively, such strong IFNg induction may be involved in the tissue
damage observed during cutaneous leishmaniasis. Whichever
way, such live parasite induced IFNg can affect the subsequent
immune response to a natural infection and must be taken into
consideration in the design of vaccines against leishmaniasis.
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