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ABSTRACT: We previously reported that human pe-
ripheral blood neutrophils express CD28 and interact
with macrophage B7 to generate CD28 signaling through
PI-3 kinase. Here, we demonstrate that crosslinking of
CD28 on neutrophils results in the release of IFN-�,
which restricts amastigote growth and modulates CD4�

T cells cytokine secretion. CD28 crosslinking also induces
a T-cell chemotactic factor (TCF) that induces chemotac-
tic migration of CD4� T cells. Based on our previous and
the current set of data, we propose an operational model

explaining how neutrophils are involved in Leishmania
infection and how the reported effect of neutrophils on the
control of infection is mediated by alteration of T-cell
function. Human Immunology 64, 38–43 (2003). ©
American Society for Histocompatibility and Immunoge-
netics, 2003. Published by Elsevier Science Inc.
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INTRODUCTION
Leishmania is a protozoan parasite that resides and repli-
cates within the cells of monocyte-macrophage lineage of
a mammalian host. The susceptibility or resistance to the
infection is proposed to be mediated by selective expan-
sion of the T-helper (Th) subsets [1–3]. The Th1 subset
secretes IFN-�, which activates macrophages to elimi-
nate the intracellular amastigotes, and thereby amelio-
rates the infection. In contrast, the Th2 subset secretes
IL-4 and IL-10, which deactivate macrophages and pro-
mote parasite growth to exacerbate the infection. On the
other hand, recent studies report that in experimental
Leishmania donovani infection, the anti-leishmanial im-
mune response begins with the release of chemokines [4]
and the elimination of neutrophils increases the parasite
load in hepatic tissue [5]. Another report suggests that in
experimental L. major infection neutrophils may regulate
Th subset cytokine profile [6]. In addition, neutrophils

are revealed to be the very first cells to migrate into the
site of inflammation [7]. Therefore, we investigated
whether or not neutrophils regulate the Th response.
Here, we report that CD28 signaling in neutrophil re-
sults in the production of IFN-� that restricts amastigote
growth, and T-cell chemotactic factor(s) that chemoat-
tracts T cells. The neutrophil secreted IFN-� induces a
skewing towards Th1 subset. Based on our previous
observations [8] and the data presented in this report, we
propose a model demonstrating how neutrophils play an
important role in the afferent limb of the anti-leishma-
nial immune response to set a Th subset bias.

MATERIALS AND METHODS
Isolation of Neutrophils, Macrophages, and T Cells
Following approval from the Institutional Ethics Com-
mittee, venous blood from healthy volunteers was col-
lected in heparin, and cells were isolated from the blood
using polymorphoprep (Nycomed Pharma AS, Oslo,
Norway) as described previously [8]. Peripheral blood
mononuclear cells (PBMCs) were plated at a final con-
centration of 2 � 106 cells/ml in RPMI-1640 supple-
mented with 10% FCS. Nonadherent lymphocytes were
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washed after 12 hours. Monocytes were allowed to dif-
ferentiate to macrophages for 72 hours with washing
every 24 hours to remove the nonadherent cells. The cells
recovered after the end of culture were �99% macro-
phages as judged by morphology, histochemistry, and
fluorescence activated cell sorter (FACS) analysis (data
not shown). Characterization of the neutrophils by mor-
phology and histochemistry revealed that �99.5% of the
isolated cells were neutrophils and that no CD3� T cells
were detectable [8]. Cells were cultured in RPMI 1640
(Life Technologies, Gaithersburg, MD, USA) with 10%
fetal calf serum.

CD4� T cells were isolated from the PBMC fraction
by affinity chromatography [8] using the IsoCell human
T-cell isolation kit (Pierce, Rockford, IL, USA) and the
purity (�99.5%) was confirmed by FACS analysis of the
anti-CD3-FITC stained cells in FACSvantage (Becton
Dickinson, Gaithersburg, MD, USA).

Generation of Neutrophil Culture Supernatant
The 96-well tissue culture plates were coated with anti-
CD28 (10 �g/ml) or isotype control for anti-CD28 an-
tibody (10 �g/ml). The plates were washed with RPMI-
1640 medium and the isolated neutrophils were seeded
at a density of 3 � 105 per well. The cells were cultured
for 12 hours at 37°C in a CO2 incubator. The superna-
tants were harvested at the end of culture.

Leishmanicidal Assay
Human monocyte-derived macrophages were infected
with L. major strains (HOMOM/SU/73/5ASKH) at a 1:5
ratio for 4 hours and were cultured with neutrophil
supernatant generated by isotype or CD28 crosslinking
as described above, for 72 hours at 34°C. In some exper-
iments, neutralizing anti-IFN-� antibody (PharMingen,
San Diego, CA, USA), as indicated, was added to the
culture. The intracellular parasite load was determined
by examination under a light microscope (E600, Nikon,
Tokyo, Japan) as described earlier [8].

T-Cell Chemotaxis Assay
T-cell chemotaxis was assayed using a Boyden chamber
[8] (Neuro Probe, Inc., Franklin Lakes, NJ, USA).
Briefly, freshly isolated T cells were suspended in RPMI-
1640 with 10% FCS. Cell culture supernatants from
normal neutrophils, CD28 crosslinked neutrophils, and
isotype crosslinked neutrophils were added to the lower
wells of Boyden chamber. T cells (1.5 � 105/well) were
put in the upper chamber. The upper and lower wells of
the chamber were separated by 3 �m polycarbonate
filters (Neuro Probe, Inc.). Migration was proceeded in a
CO2 incubator at 37°C for 90 minutes. At the end of
incubation period, cells migrated to the lower wells were
counted.

T-Cell Culture and Quantitation of IFN-� in the
Culture Supernatants by ELISA
CD4� T cells were purified from human volunteers [9]
and were incubated for 12 hours with the neutrophil
supernatants generated by isotype or CD28 crosslinking.
Following the preincubation, the T cells were washed
and cultured with immobilized anti-CD3 (1 �g/ml) and
anti-CD28 (5 �g/ml) antibodies in a CO2 incubator at
37°C. The culture supernatants were assayed for IFN-�
content by enzyme-linked immunoabsorbent assay
(ELISA) using OptEIA Kit (PharMingen) following
manufacturer’s recommendations.

Statistical Significance
The raw scores were analyzed by using Sigma Stat soft-
ware program (Sigma, St. Louis, MO, USA). The data are
presented as mean � standard deviation of triplicates in
one representative of at least three individual experi-
ments.

RESULTS
CD28 Crosslinked Neutrophils Secreted IFN-�
that Induced Leishmanicidal Activity
We found that the culture supernatant of CD28-
crosslinked neutrophils inhibited intracellular L. major
growth in the infected macrophages as compared to the
respective controls (p � 0.001). The restricted parasite
growth was reversed by neutralizing IFN-� in the su-
pernatant with a monoclonal anti-IFN-� antibody. In
contrast, the control supernatants, medium and the iso-
type control for anti-IFN-� antibody, had no effects on
amastigote growth (Figure 1) suggesting that the IFN-�
secreted by CD28-crosslinked neutrophils induced leish-
manicidal activity.

Anti-CD28 Activated Neutrophil Supernatant
Induced Chemotactic Migration of CD4� T Cells
It is known that neutrophils are the very first cells to
migrate to the site of inflammation [7]. Subsequent to
the initial neutrophil reaction, T cells migrate to the site
of infection. Therefore, we tested whether or not the
CD28-activated neutrophil supernatant induced T-cell
chemotaxis. We found that the supernatant generated by
crosslinking CD28 on neutrophils significantly increased
CD4� T-cell transmigration (p � 0.01; Figure 2A). In
contrast, in the control sets, fewer CD4� T cells mi-
grated (Figure 2A). In order to identify the chemokine
responsible for the T-cell chemotaxis, we performed as-
says for the known T-cell chemoattractants, MIP-1� and
MCP-1, in the CD28 activated neutrophil supernatant.
We did not observe any detectable levels of the chemo-
kines (data not shown).
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CD28 Crosslinked Neutrophils Induced IFN-�
Production From CD4� T Cells
The CD4� T cells preincubated with the culture super-
natants of CD28-activated neutrophils secreted more
IFN-� but less IL-4 upon subsequent activation with
anti-CD3�anti-CD28 antibodies (Figure 2B). In con-
trast, in controls, where T cells were preincubated with
the supernatants of unstimulated or isotype crosslinked
neutrophils, such an enhancement of IFN-� secretion
was not observed (Figure 2B). However, the culture
supernatants of CD28-activated neutrophils failed to en-
hance IFN-� secretion by T cells when neutralizing
anti-IFN-� antibody was added to the T-cell culture
during preincubation with the neutrophil supernatant
(Figure 2B). This observation suggests that the CD28-
activated neutrophils secrete IFN-� and that neutrophil
secreted IFN-� enhanced the CD4� T cell’s IFN-� se-
cretion.

DISCUSSION
Leishmania is a dimorphic protozoan parasite. The flag-
ellated promastigotes are introduced into the host during
the blood meal of the sandfly vector. The promastigotes

invade the cells of the monocyte-macrophage lineage of
its mammalian host and is transformed into aflagellate
amastigotes. It is proposed that in a susceptible murine
host, the infection initiated at this point is mediated by
a monoclonal T-cell repertoire of V	4�V�8� T cells,
which produce IL-4 to set the bias towards Th2 cells in
the susceptible host [10–12]. In contrast, earlier propo-
sition was that the initial T-cell activation results in the
production of a wide array of cytokines [13], which
control parasite growth by regulating the macrophage
activation or deactivation [14] or by setting a Th subset
bias [15]. Therefore, the time of involvement of T cells
in the initiation of the anti-leishmanial immune response
is not well defined, raising a possibility of involvement of
non-T cells in the initiation of anti-leishmanial immune
response [4]. Neutrophils, among the non-T cells but not
lymphocytes, are reported to infiltrate the site of infec-
tion as early as 12-hours after subcutaneous introduction
of the parasite in mice (Saha et al., unpublished observa-
tion), and were demonstrated to be present in the lesion
of cutaneous leishmaniasis patients [16]. Therefore, we
tested whether or not neutrophils might play a crucial
role in the initiation of anti-leishmanial immune re-
sponse.

We report that the culture supernatant of CD28-
crosslinked neutrophils inhibited intracellular L. major
growth in the infected macrophages in an IFN-� depen-
dent manner. The CD28-activated neutrophils also se-
creted a factor(s), which chemoattracted CD4� T cells.
At this time, however, the identity of the chemotactic
factor remains unknown because MIP-1� or MCP-1, the
chemokines described to induce T-cell chemotaxis [17,
18], was undetectable in the CD28-activated neutrophil
culture supernatant, and addition of anti-MIP-1� and

FIGURE 1 CD28 crosslinked neutrophils induced leish-
manicidal activity. Human monocyte-derived macrophages
were infected with L. major at a 1:5 ratio for 4 hours and were
cocultured with neutrophil supernatant generated by isotype
or CD28 crosslinking for 12 hours at 37°C. In some experi-
ments, neutralizing anti-IFN-� antibody (Pharmingen) or
control isotype or other treatments, as indicated, was added to
the culture. The intracellular parasite load was determined by
light microscopy. The experiment was carried out three times
and the data from one representative experiments are illus-
trated here.
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anti-MCP-1 antibodies to the CD28-activated neutro-
phil culture supernatant had no effect on the T-cell
chemotaxis against the supernatant (data not shown).
Because IFN-� was present in the CD28-activated neu-
trophil supernatant, we tested whether or not IFN-�
induced the CD4� T-cell chemotaxis. We did not ob-
serve any significant chemotaxis of CD4� T cells in
response to IFN-� (data not shown). Because the cyto-
kine microenvironment is proposed to effect the Th
subset polarization (reviewed in Jankovic et al. [19]), we
investigated whether or not the CD28-activated neutro-
phil supernatant had any effect on CD4� T-cell cytokine
secretion profile. In this study we report that the CD4�

T cells preincubated with the CD28-activated neutrophil
culture supernatant secreted more IFN-� but less IL-4

upon subsequent activation. IFN-� neutralization in the
supernatant inhibited the augmented T-cell IFN-� se-
cretion suggesting that IFN-� secreted by neutrophils
plays an important role in setting a Th subset bias.
Similar observation was reported where natural killer cell
secreted IFN-� sets a Th1 bias [20]. Because IL-12 is
known to induce IFN-�, we tested for IL-12 content in
the neutrophil supernatant. We could not find any de-
tectable level of IL-12 in the CD28-activated neutrophil
supernatant (data not shown). Based on our previous and
present observations, we propose the model illustrated in
Figure 3, which defines the role of neutrophils in the
afferent limb of the anti-leishmanial immune response.

We have previously reported that the inflammatory
reaction against Leishmania infection is initiated with the

FIGURE 2 CD28-activated neutrophil supernatant induces T-cell chemotaxis and modulates CD4� T-cell cytokine profile. (A)
Neutrophil-secreted factor induces T-cell migration. The culture supernatants were generated by culturing neutrophils (Np) in
medium or crosslinked using anti-CD28 antibody or isotype control. The supernatants were tested for their ability to chemoattract
T cells in Boyden chamber as described in materials and methods. (B) Neutrophil derived IFN-� modulates CD4� T-cell cytokine
profile. CD4� T cells from human peripheral blood mononuclear cells were purified and incubated for 12 hours with the
neutrophil supernatants as indicated. T cells were then stimulated with anti-CD3 and anti-CD28 for 48 hours and the culture
supernatants were assayed for IFN-� and IL-4. In some experiments, CD28-activated neutrophil culture supernatants were
neutralized with anti-IFN-� antibody before treatment of CD4� T cells. The results described represent one of three individual
experiments.
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release of chemokines, such as IL-8, by Leishmania-in-
fected macrophages, followed by IL-8-dependent neutro-
phil recruitment to the site of infection [8, 21]. CD28 on
neutrophils engages B7 on macrophages to generate
CD28 signal, which induces IFN-� secretion [8, 22].
Besides restricting the Leishmania growth, neutrophil
secreted IFN-� alters the cytokine microenvironment at
the site of infection, affecting the IL-4 and IFN-� secret-
ing T-cell differentiation as a consequence. Thus, al-
though the current hypothesis for initiation of the disease
Leishmaniasis by setting a Th subset bias relies heavily
on T-cell secreted cytokines, our observations define a
significant role of neutrophils in the afferent limb of the
anti-leishmanial immune response [23], especially that
which precedes T-cell response.
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