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Deboraci Brito Prates,*,† Théo Araújo-Santos,*,† Nı́vea Farias Luz,*,† Bruno B. Andrade,‡

Jaqueline França-Costa,*,† Lilian Afonso,*,† Jorge Clarêncio,* José Carlos Miranda,*
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ABSTRACT
Neutrophils are considered the host’s first line of de-
fense against infections and have been implicated in
the immunopathogenesis of Leishmaniasis. Leishmania
parasites are inoculated alongside vectors’ saliva,
which is a rich source of pharmacologically active sub-
stances that interfere with host immune response. In
the present study, we tested the hypothesis that sali-
vary components from Lutzomyia longipalpis, an impor-
tant vector of visceral Leishmaniasis, enhance neutro-
phil apoptosis. Murine inflammatory peritoneal neutro-
phils cultured in the presence of SGS presented
increased surface expression of FasL and underwent
caspase-dependent and FasL-mediated apoptosis.
This proapoptosis effect of SGS on neutrophils was ab-
rogated by pretreatment with protease as well as pre-
incubation with antisaliva antibodies. Furthermore, in
the presence of Leishmania chagasi, SGS also in-
creased apoptosis on neutrophils and increased PGE2

release and decreased ROS production by neutrophils,
while enhancing parasite viability inside these cells. The
increased parasite burden was abrogated by treatment
with z-VAD, a pan caspase inhibitor, and NS-398, a
COX-2 inhibitor. In the presence of SGS, Leishmania-
infected neutrophils produced higher levels of MCP-1
and attracted a high number of macrophages by che-
motaxis in vitro assays. Both of these events were ab-
rogated by pretreatment of neutrophils with bindarit, an
inhibitor of CCL2/MCP-1 expression. Taken together,
our data support the hypothesis that vector salivary
proteins trigger caspase-dependent and FasL-medi-

ated apoptosis, thereby favoring Leishmania survival
inside neutrophils, which may represent an important
mechanism for the establishment of Leishmania
infection. J. Leukoc. Biol. 90: 575–582; 2011.

Introduction
Neutrophils play complex roles in infection. They provide an
important link between innate and adaptive immunity during
parasitic infections [1, 2] but also undergo apoptosis and are
ingested by macrophages, thereby triggering secretion of anti-
inflammatory mediators [1, 3, 4]. At the onset of Leishmania
infection, neutrophils establish a cross-talk with other cells in
the development of an immune response [5], but the ultimate
outcome is controversial, as protective [6–8] and deleterious
[9–12] effects to the host have been shown.

Leishmania is transmitted by bites from sandflies looking for
a blood meal. Tissue damage caused by sandfly probing [10]
and sandfly saliva [13] is a potent stimulus for neutrophil re-
cruitment, which results in a rapid migration and accumula-
tion of neutrophils at the site of the vector’s bite [10, 12, 14].
Pharmacological properties of the saliva from sandflies are di-
verse [15, 16], and we have shown recently that saliva from
Lutzomyia longipalpis, the main vector of Leishmania chagasi in
Brazil, triggers important events of the innate immune re-
sponse [17]. Despite the recognition of the importance of
phlebotomine saliva and neutrophils in the initial steps of
leishmanial infection, the direct role of saliva on the parasite-
neutrophil interplay has not been addressed.

Recent studies demonstrated the presence of Leishmania-
infected apoptotic neutrophils at the sandfly bite site [10];
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ção Oswaldo Cruz, H2DCFDA�dihydrodichlorofluorescein diacetate,
L�ligand, PS�phosphatidylserine, SGS�salivary gland sonicate

Article

0741-5400/11/0090-575 © Society for Leukocyte Biology Volume 90, September 2011 Journal of Leukocyte Biology 575



however, a possible role of the sandfly saliva in this phenome-
non remains unclear. Herein, we show an important FasL- and
caspase-dependent apoptosis effect of Lu. longipalpis SGS upon
neutrophils. In addition, the SGS-induced apoptosis favors L.
chagasi survival inside neutrophils. These results represent the
first evidence of direct effects of Lu. longipalpis SGS on host
neutrophils and bring implications for the innate immune re-
sponse to Leishmania infection.

MATERIALS AND METHODS

Mice and parasites
Inbred male C57BL/6 mice, aged 6–8 weeks, were obtained from the ani-
mal facility of CPqGM-FIOCRUZ (Bahia, Brazil). This study was carried out
in strict accordance with the recommendations of the International Guid-
ing Principles for Biomedical Research Involving Animals. All experimental
procedures were approved and conducted according to the Brazilian Com-
mittee on the Ethics of Animal Experiments of the FIOCRUZ (Permit
Number: 027/2008). L. chagasi (MCAN/BR/89/BA262) promastigotes were
cultured at 25°C in Schneider’s insect medium, supplemented with 20%
inactive FBS, 2 mM L-glutamine, 100 U/ml penicillin, and 100 �g/ml
streptomycin.

Sandflies and preparation of salivary glands
Adult phlebotomines from a Lu. longipalpis colony from Cavunge (Bahia,
Brazil) were reared at the Laboratório de Imunoparasitologia/CPqGM/
FIOCRUZ, as described previously [16]. Salivary glands were dissected from
5- to 7-day-old Lu. longipalpis females under a stereoscopic microscope
(Stemi 2000; Carl Zeiss, Jena, Germany) and stored in groups of 10 pairs in
10 �l endotoxin-free PBS at –70°C. Immediately before use, glands were
sonicated (Sonifier 450; Brason, Danbury, CT, USA) and centrifuged at
10,000 g for 4 min. Supernatants of SGS were used for experiments. The
level of LPS contamination of SGS preparations was determined using a
commercially available Limulus amoebocyte lysate chromogenic kit (QCL-
1000, Lonza Bioscience, Walkersville, MD, USA); negligible levels of endo-
toxin were found in the salivary gland supernatant. All experimental proce-
dures used SGS in an amount equivalent to 0.5 pair of salivary glands/
group, representing �0.7 �g protein [18].

Reagents
Anti-Gr-1-FITC, anti-mouse CD178L-PE (FasL; CD95L), PE hamster IgG �

isotype control (anti-TNP), CBA mouse inflammation kit, neutralizing anti-
body anti-mouse FasL, and hamster IgG � isotype control were purchased
from BD Biosciences (San Jose, CA, USA). Anti-mouse Ly-6G Alexa Fluor
647 was from BioLegend (San Diego, CA, USA). Annexin-V, PI (apoptosis
detection kit), and z-VAD-FMK were from R&D Systems (Minneapolis, MN,
USA). NS-398 and DMSO were from Cayman Chemical (Ann Arbor, MI,
USA). Proteinase K was from Gibco, Invitrogen (Grand Island, NY, USA).
RPMI-1640 medium and L-glutamine, penicillin, and streptomycin were
from Invitrogen (Carlsbad, CA, USA). Schneider’s insect medium and eto-
poside (VP-16) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Nutridoma-SP was from Roche (Indianapolis, In, USA), and thioglycolate
was from Difco (Detroit, MI, USA). Bindarit was from Angelini Farmaceu-
tici (Santa Palomba-Pomezia, Rome, Italy).

Inflammatory neutrophils
Peritoneal exudate neutrophils were obtained as described previously [19].
Briefly, C57BL/6 mice were i.p.-injected with aged 3% thioglycolate solu-
tion. Seven hours after injection, peritoneal lavage was performed using 10
ml RPMI-1640 medium supplemented with 1% Nutridoma-SP, 2 mM L-glu-
tamine, 100 U/ml penicillin, and 100 �g/ml streptomycin. To remove ad-
herent cells, exudate cells were incubated at 37°C in 5% CO2 for 1 h in

250-ml flasks (Costar, Cambridge, MA, USA); cells on supernatants were
then recovered and quantified in a hemocytometer by microscopy. Cell via-
bility was �95%, as determined by trypan blue exclusion (data not shown).
Nonadherent cells were stained with anti-Gr-1 and Ly-6G to assess purity
and were subsequently analyzed by flow cytometry using CellQuest software
(BD Immunocytometry Systems, San Jose, CA, USA). Gr-1� Ly-6G� cells
were routinely �95% pure.

Neutrophil apoptosis assay
For cell cultures, neutrophils (5�105/well) were cultured in 200 �l RPMI-
1640 medium, supplemented with 1% Nutridoma-SP, 2 mM L-glutamine,
100 U/ml penicillin, and 100 �g/ml streptomycin in 96-well plates (Nunc,
Denmark) in the presence of different doses of Lu. longipalpis SGS (0.5,
1.0, and 2.0 pairs/well). In some experiments, etoposide (20 �M) or LPS
(100 ng/well) was used as a positive control. Three hours and 20 h after
stimuli, neutrophil apoptosis was assessed by PS, exposed in the outer
membrane leaflet through labeling with annexin-V-FITC by FACS analyses
in combination with PI nuclear dye [19]. Annexin-V specificity was tested
using Ca2�-free buffer; binding was not observed in this case. Morphologi-
cal criteria for apoptosis, such as separation of nuclear lobes and darkly
stained pyknotic nuclei, were also applied for quantification purposes using
cytospin preparations stained by Diff-Quick under light microscopy [19].
Neutrophils were graded as apoptotic or nonapoptotic after examination of
at least 200 cells/slide. To FasL-blocked assays, neutrophils were pretreated
with a neutralizing antibody specific for FasL (10 �g/mL) or an IgG iso-
type control (10 �g/mL) for 30 min before use. In some experiments, SGS
was preincubated with sandfly antisaliva serum (0.5 salivary gland pair plus
50 �l serum preincubated for 1 h at 37°C) [20] or with proteinase K (10
mg/ml) at 65°C for 2 h and then for 5 min at 95°C for enzyme inactiva-
tion before use.

Anti-sandfly saliva serum
Hamster-derivated serum was obtained as described previously [20]. Briefly,
hamsters (Mesocricetus auratus) were exposed to bites from 5- to 7-day-old
female Lu. longipalpis. Animals were exposed three times to 50 sandflies
every 15 days. Fifteen days after the last exposure, serum was collected and
tested for IgG antisaliva detection by ELISA.

Human neutrophil assay
Human blood from healthy donors was obtained from Hemocentro do Es-
tado da Bahia (Salvador, Brazil) after donors had given written, informed
consent. This study was approved by the Research Ethics Committee of
FIOCRUZ-Bahia. Human neutrophils were isolated by centrifugation using
PMN medium, according to the manufacturer’s instructions (Robbins Sci-
entific, Sunnyvale, CA, USA). Briefly, blood was centrifuged for 30 min at
300 g at room temperature. Neutrophils were collected and washed three
times at room temperature by centrifugation at 200 g. Cells/well (106) were
cultured in RPMI-1640 medium, supplemented with 10% heat-inactivated
FBS (Hyclone, Ogden, UT, USA), 2 mM/ml L-glutamine, 100 U/ml peni-
cillin, and 100 �g/ml streptomycin (all from Invitrogen) for 3, 6, and 20 h
at 37°C, 5% CO2, in the presence or absence of Lu. longipalpis SGS (0.5
pair/well) or etoposide (20 �M). Cells were then cytocentrifuged and
stained with Diff-Quick, and pyknotic nuclei were analyzed by light micros-
copy.

In vitro neutrophil infection
Peritoneal neutrophils were infected in vitro with L. chagasi promastigotes
stationary-phase at a ratio of 1:2 (neutrophil:parasites) in the presence or
absence of SGS (0.5 pair/well) in RPMI-1640-supplemented medium. In
some experiments, neutrophil infection was performed in the presence of
etoposide (20 �M). For inhibitory assays, neutrophils were pretreated for
30 min with z-VAD-FMK (100 �M) to block caspase activation or preincu-
bated for 1 h with NS-398 (1 �M), a COX-2 inhibitor. DMSO (vehicle)
0.4% was used as control. After 20 h, infected neutrophils were centri-
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fuged, supernatants containing noninternalized promastigotes were col-
lected, and medium was replaced by 250 �l Schneider medium, supple-
mented with 20% inactive FBS, 2 mM L-glutamine, 100 U/ml penicillin,
and 100 �g/ml streptomycin. Infected neutrophils were cultured at 25°C
for an additional 3 days. Intracellular load of L. chagasi was estimated by
production of proliferating extracellular motile promastigotes in Schneider
medium [21].

Quantification of ROS production
Intracellular ROS detection in neutrophils cultured at 5 � 105 cells/well
was performed using H2DCFDA fluorescent probe following analyses by
FACS, according to the manufacturer’s instructions. For investigation of
ROS production, the purified neutrophil population was analyzed by for-
ward- and side-scatter parameters following application of the H2DCFDA-
FITC probe.

Measurement of PGE2 production
Supernatants from neutrophil cultures were collected 20 h after incubation
with L. chagasi or L. chagasi plus SGS and cleared by centrifugation. PGE2

was measured by the EIA kit from Cayman Chemical. All measurements
were performed according to the manufacturer’s instructions.

MCP-1/CCL2 measurement
Supernatants from neutrophil cultures were collected 20 h after incubation
with RPMI medium, SGS, L. chagasi, or L. chagasi plus SGS and cleared by
centrifugation. MCP-1 (CCL2) chemokine was measured using the CBA
mouse inflammation kit (BD Biosciences), according to the manufacturer’s
instructions.

Chemotaxis assays
Neutrophils were pretreated or not with bindarit propanoic acid (Angelini
Farmaceutici; 100 �M) for 30 min before incubation with medium, SGS, L.
chagasi, or L. chagasi plus SGS, and supernatants were harvested. The cul-
ture supernatants were added to the bottom wells of a 96-well chemotaxis
microplate ChemoTx system (Neuro Probe, Gaithersburg, MD, USA). Mac-
rophages were obtained 4 days after i.p. injection of 1 ml 3% thioglycolate
solution on C57BL/6 mice and ressuspended in RPMI-1640 medium be-
fore being added to the top wells (105 cells/well) and incubated for 1.5 h
at 37°C under 5% CO2. Following incubation, cells that migrated to the
bottom wells were counted on a hemocytometer. Macrophage migration
toward RPMI-1640 medium alone (radom chemotaxis) was used as a nega-
tive control and toward LPS as a positive control. The chemotaxis indexes
were calculated as the ratio of the number of migrated cells toward super-
natants taken from L. chagasi-infected or not infected neutrophils cultured
in the presence or absence of SGS to the number of cells that migrated to
RPMI-1640 medium alone.

Statistical analysis
The in vitro systems were performed using at least five mice/group. Each
experiment was repeated at least three times. Data are reported as mean
and se of representative experiments and were analyzed using GraphPad
Prism 5.0 (GraphPad Software, San Diego, CA, USA). Data distribution
from different groups was compared using the Kruskal-Wallis test with
Dunn’s multiple comparisons, and comparisons between two groups were
explored using the Mann-Whitney test. Differences were considered statisti-
cally significant when P � 0.05.

RESULTS

Lu. longipalpis SGS induces neutrophil apoptosis
Different doses of Lu. longipalpis SGS (0.5–2.0 pairs/well) were
capable of inducing apoptosis of neutrophils from C57BL/6

mice (Fig. 1A and C). Such effect was significantly higher than
that observed in untreated controls (Fig. 1A and B). The oc-
currence of apoptosis was similar between the conditions con-
taining diverse doses of SGS (Fig. 1A). We then decided to
keep the lowest dose of SGS with biological effect in our
model (0.5 pair of salivary gland/well) for further experi-
ments.

Neutrophils exhibited markers of apoptosis up to 20 h upon
incubation with SGS, such as PS exposure (Fig. 1D) and the
pyknotic nuclei (Fig. 1E). At 3 h after stimulus with SGS, indi-
cators had levels similar to those observed in unstimulated
cells. Etoposide was used as a positive control to induce neu-
trophil apoptosis, and its effect was evident at 3 h by an-
nexin-V detection (Fig. 1D) and 20 h by pyknotic nuclei analy-
ses (Fig. 1E). These results confirm the proapoptotic effect of
Lu. longipalpis SGS upon murine neutrophils.

Our further interest was to explore whether Lu. longipalpis
SGS displays a proapoptotic effect on human neutrophils. To
address this question, neutrophils obtained from healthy do-
nors were incubated in the presence or absence of SGS or eto-
poside (Fig. 1F). Strikingly, 3 h after incubation, SGS induced
human neutrophil apoptosis (Fig. 1F). At further times (6 and
20 h), this proapoptotic effect was no longer evident by com-
parison with negative control.

Neutrophil apoptosis induced by SGS is
caspase-dependent and mediated by FasL
To evaluate the mechanisms triggered by Lu. longipalpis saliva
to induce neutrophil apoptosis, we incubated C57BL/6 mu-
rine neutrophils with z-VAD, a pan-caspase inhibitor, for 30
min before addition of Lu. longipalpis SGS (Fig. 2A). Treat-
ment of neutrophils with z-VAD prevented apoptosis induced
by SGS, in contrast to treatment with the vehicle (DMSO)
alone (Fig. 2A). Caspase activation can be induced by FasL, a
molecule whose expression relates to susceptibility in Leishma-
nia infection [22]. We then assessed FasL expression in neu-
trophils exposed to Lu. longipalpis SGS, which induced in-
creased expression of FasL in neutrophils concerning
intensity/cell (Fig. 2B) and also the percentage of neutrophils
expressing FasL (Fig. 2C). Moreover, blockade of FasL pre-
vented neutrophil apoptosis induced by Lu. longiplapis SGS
(Fig. 2D). These results indicate that Lu. longipalpis SGS in-
duces neutrophil apoptosis by a mechanism that involves acti-
vation of caspases and expression of FasL.

Lu. longipalpis SGS proteins induce neutrophil
apoptosis
To depict initially the composition of the Lu. longipalpis sali-
vary components responsible for the proapoptosis effect on
neutrophils, we preincubated SGS with proteinase K before in
vitro neutrophil stimulation. We observed a reduction of pro-
apoptotic activity of SGS by incubation with proteinase K
(Fig. 3A). This result suggests that apoptosis of neutrophils
induced by Lu. longipalpis SGS is mediated by one or more
proteic components.

Furthermore, as many evidences point out the immunogenicity
of sandfly salivary proteins [13, 23, 24], we hypothesized that the
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proteic component of the Lu. longipalpis saliva could be targets
for the host’s antibodies. To test this possibility, we preincubated
the SGS with polled sera from hamsters pre-exposed to Lu. longi-
palpis bites. Strikingly, preincubation of SGS with specific antise-
rum completely abrogated induction of neutrophil apoptosis af-
ter 20 h in culture (Fig. 3B), reinforcing that components pres-
ent in Lu. longipalpis saliva with proapoptotic activity are proteins
and can be neutralized by antibodies.

Effect of Lu. longipalpis SGS in apoptosis and
parasite burden of infected neutrophils
After determining the proapoptotic effect of Lu. longipalpis
SGS, we evaluated whether L. chagasi, the parasite transmitted
by this sandfly, can modify this effect in vitro. Analysis of PS
exposure on inflammatory neutrophils demonstrated that L.
chagasi was also able to induce neutrophil apoptosis (Fig. 4A).
Moreover, this effect was exacerbated when neutrophils were
coincubated with parasite and saliva (L. chagasi vs. L. chagasi
plus SGS: 29.19% vs. 46.39%; Fig. 4A).

Neutrophils can act as important host cells for Leishmania [10,
25, 26]. As sandfly saliva exacerbates Leishmania infection [27],
we investigated the infection of inflammatory neutrophils with L.

chagasi in the presence of Lu. longipalpis SGS in vitro. Saliva in-
creased the viability of L. chagasi inside neutrophils (Fig. 4B). In-
fection in the presence of etoposide did not enhance parasite
burden in neutrophils compared with the control cultures in-
fected with L. chagasi alone (Fig. 4B). Apoptotic neutrophils dis-
played a high number of parasites (Fig. 4C). To investigate
whether neutrophil apoptosis induced by Lu. longipalpis saliva
affects this increase of parasite burden in vitro, we pretreated the
cultures with z-VAD (Fig. 4D), which abolished the increase in L.
chagasi replication induced by SGS (Fig. 4D). COX activation is
associated with an increase of Leishmania infection [28]. Herein,
we evaluated the role of COX-2, an inflammatory form of COX,
in the increase of parasite burden triggered by SGS. NS-398, a
COX-2 inhibitor, led to an inhibition of viable parasite number
(Fig. 4D) when added to the neutrophil culture before infection.
Moreover, PGE2, a product of COX-2, favors intracellular patho-
gen growth, a phenomenon that could be reverted by treatment
with COX-2 inhibitors [29, 30]. Indeed, our experiments show
that SGS increased production of PGE2 by Leishmania-infected
neutrophils (Fig. 4E).

As ROS production is a primarily important microbicidal
mechanism from neutrophils, we evaluated the effect of SGS on

Figure 1. Effect of Lu. longipalpis SGS on neutrophil apoptosis. (A–E) Neutrophils from C57BL/6 mice were kept unstimulated (–) or stimulated
with SGS or etoposide (Etop) 20 �M (positive control). (A) Neutrophil apoptosis induced by SGS in different doses was assessed by counting cells
with pyknotic nuclei 20 h after stimulation. (B and C) Representative image of inflammatory neutrophils, unstimulated (B) or stimulated with Lu.
longipalpis SGS (0.5 pair/well; original magnification, �1000; C). Arrows point to neutrophil pyknotic nuclei. (D and E) Kinetic of neutrophil apo-
ptosis in response to Lu. longipalpis SGS. Three hours and 20 h after stimulation, apoptosis was assessed by flow cytometry after annexin-V staining
(D) and by counting cells with pyknotic nuclei (E) on Diff-Quick-stained cytospin preparations. (F) Human neutrophil apoptosis induced by SGS
(0.5 pair/well). Data shown are from a single experiment that is representative of three independent experiments. *P � 0.05; **P � 0.01, com-
pared with the unstimulated cells.
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ROS production by these cells (Fig. 4E). Addition of SGS on the
neutrophil cultures induced a partial reduction on ROS produc-
tion 1 h after infection with L. chagasi (Fig. 4E). In summary,
these results suggest that neutrophil apoptosis induced by Lu.
longipalpis SGS favors L. chagasi infection by COX-2 activation and
PGE2 production, while reducing ROS generation.

CCL2/MCP-1 released by L. chagasi-infected
neutrophils induces macrophage recruitment
We next examined whether supernatans from neutrophils in-
cubated with L. chagasi and SGS are able to induce macro-

phage recruitment in vitro. We found that supernatants ob-
tained from neutrophil cultures in the presence of L. chagasi
could attract macrophages (Fig. 5A) and that Lu. longipalpis
saliva induced a synergistic effect (Fig. 5A). Analyses of the
MCP-1 (CCL2) revealed that neutrophils incubated with L.
chagasi plus SGS produced significantly higher amounts of this
chemokine (Fig. 5B). To investigate whether the macrophage
recruitment was a result of production of CCL2/MCP-1 in-
duced by L. chagasi plus SGS, we previously treated the neutro-
phils with bindarit, an inhibitor of CCL2/MCP-1 synthesis, be-
fore incubation with SGS, L. chagasi, or both. Treatment with
bindarit resulted in total reduction of macrophage chemotaxis
(Fig. 5B).Taken together, these results indicate that SGS syner-
gizes with L. chagasi to enhance neutrophil apoptosis, CCL2/
MCP-1 production, and macrophage recruitment.

DISCUSSION

The present study provides the first evidence that salivary com-
ponents from a Leishmania vector play a relevant and direct
role on neutrophils, which in turn, influence the L. chagasi
parasite burden. We found that Lu. longipalpis salivary compo-
nents induced neutrophil FasL-mediated and caspase-depen-
dent apoptosis, and this event was associated with Leishmania
survival inside these cells.

Neutrophils are now generally considered an initial target of
Leishmania parasites [10, 31]. Significant numbers of neutro-
phils are present at the parasite inoculation site, as well as in
lesions and draining LNs in Leishmania experimentally infected
mice [11, 32–35]. Moreover, Lu. longipalpis SGS induces accu-
mulation of neutrophils on an air-pouch model [20]. These
experimental data are reinforced by the the fact that mas-
sive dermal neutrophilic infiltrates are noted in Lu. longipal-
pis [13] and Phlebotomus duboscqi bite sites [10], suggesting
that accumulation of this cell type may be orchestrated, at
least in part, by sandfly saliva constituents. Besides neutro-
phil recruitment, there are no previous reports about the

Figure 3. Inhibition of neutrophil apoptosis after Lu. longipalpis SGS
treatment with proteinase K and �-saliva serum. Annexin-V staining from
C57BL/6 mice neutrophils incubated for 20 h with SGS pretreated with
proteinase K (PK; A) or with SGS preincubated for 1 h with anti-Lu. longi-
palpis saliva serum (B). Data shown are from a single experiment repre-
sentative of three independent experiments. *P � 0.05.

Figure 2. FasL expression and inhibition of neutrophil apoptosis by z-
VAD and anti-FasL. (A) Neutrophils from C57BL/6 mice were pretreated
with the pan-caspase inhibitor z-VAD (100 �M) or with vehicle (DMSO)
before incubation with SGS. Twenty hours after incubation, apoptosis was
assessed by annexin-V staining. (B and C) FasL expression induced by
SGS on neutrophils was analyzed by flow cytometry 20 h after incubation.
Results are expressed as the mean fluorescence intensity (MFI) (B) and
percentage of FasL-expressing neutrophils on the Gr-1 population (C).
(D) Mouse neutrophils were pretreated with neutralizing antibody spe-
cific for FasL (�-FasL; 10 �g/ml) or with IgGk1 (10 �g/ml). Apoptosis
was assessed by annexin-V staining after 20 h. Data shown are from a sin-
gle experiment representative of three independent experiments. –, Un-
stimulated (Unst) cells. *P � 0.05; **P � 0.01.
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further effects of sandfly saliva on neutrophils. Interestingly,
studies performed with tick saliva reveal that the inhibition
of critical functions of neutrophils favors the initial survival
of spirochetes [36 –38].

Our findings on human neutrophils confirm apoptosis in-
duction by SGS and interestingly, indicate that mice and hu-
man neutrophils have a different kinetic of spontaneous and
saliva-induced apoptosis. Notably, the apoptosis of human neu-
trophils induced by Lu. longipalpis SGS also indicates that this
mechanism may be important for the pathogenesis of human
disease. Indeed, phagocytosis of apoptotic human neutrophils
increases parasite burden in macrophages infected with Leish-
mania amazonensis [28].

It is likely that proteins from SGS trigger neutrophil apopto-
sis, as reincubation of Lu. longipalpis SGS with proteinase K
abrogated its proapoptosis effect. Additionally, antisaliva serum
was able of block neutrophil apoptosis. This is particularly in-
teresting, as it reinforces the idea of a host protection medi-
ated by the immune response against sandfly saliva, allowing
for the development of an immune response against Leishma-
nia. Interestingly, SGS-induced neutrophil apoptosis was associ-
ated with caspases and FasL expression. Previous studies have
implicated FasL in neutrophil apoptosis [39]. Likewise, turn-
over of neutrophils mediated by FasL drives Leishmania major
infection [22]. Further studies are necessary to deeply address
this observation.

Our results demonstrate that SGS increases the neutrophil
leishmanial burden by inducing neutrophil apoptosis, as inhi-
bition of apoptosis by z-VAD reduced the viable parasite num-
bers in vitro. Indeed, treatment with z-VAD blocks lymphocyte

apoptosis and increases in vitro and in vivo resistance to
Trypanosoma cruzi infection [30, 40]. van Zandbergen and col-
leagues [12] have proposed that infected apoptotic neutro-
phils can serve as “Trojan horses” for Leishmania. Alternatively,
uptake of parasites egressing from dying neutrophils in an
anti-inflammatory environment created by the phagocytosis of
these cells, per se, could favor the infection (“Trojan rabbit”
strategy) [41]. Our findings that Lu. longipalpis SGS could fa-
vor neutrophil apoptosis and infection by L. chagasi seem to
give support to either of these two proposed hypotheses.

We found that neutrophil infection in the presence of SGS
induced PGE2 release, but was decreased in the presence of
COX-2 inhibitor NS-398, indicating the participation of COX-2
products in parasite survival. Indeed, PGE2, a major product
from COX-2, facilitates Leishmania infection by deactivating
macrophage microbicidal functions [19, 28–30]. Moreover,
addition of exogenous PGE2 to macrophage cultures induces a
marked enhancement of Leishmania infection [19, 42]. Expo-
sure of neutrophils to SGS caused a marked reduction of ROS
production, which is a primarily important microbicidal mech-
anism of neutrophils. In this regard, Lu. longipalpis salivary
proteins could be contributing to deactivation of the neutro-
phil inflammatory response, favoring the early steps of Leishma-
nia infection. Taken together, our data suggest that the pres-
ence of sandfly SGS drives an anti-inflammatory response in L.
chagasi-infected neutrophils by initially reducing ROS produc-
tion, favoring the parasite survival. Furthermore, SGS could be
triggering neutrophil deactivation through induction of apo-
ptosis, activation of COX-2, and PGE2 production by these
cells. L. major promastigotes drive a selective fusion of azuro-

Figure 4. Effect of Lu. longipalpis SGS on
neutrophil apoptosis and infection.
(A) Inflammatory neutrophils from
C57BL/6 mice were kept unstimulated
(–) or stimulated with SGS (0.5 pair/
well), L. chagasi (L.c.; 2:1) or SGS � L.
chagasi. After 20 h, apoptosis was as-
sessed by annexin-V staining. (B) In
vitro neutrophil infection in the pres-
ence of SGS or etoposide (20 �M), fol-
lowed by cultivation at 26°C and viable
promastigote counts after 1, 2, and 3
days. (C) Representative image of L.
chagasi-infected apoptotic neutrophils
stimulated with Lu. longipalpis SGS (0.5
pair/well; original magnification,
�1000). Arrows point to infected apo-
ptotic neutrophils. (D) Prior treatment
of neutrophils with z-VAD (100 �M)
and NS-398 (1 �M), followed by infec-
tion in the presence or absence of SGS.
Viable promastigote counts were per-
formed after 3 days. (E) PGE2 levels of
supernatants from neutrophils incu-
bated for 20 h with L. chagasi and/or
SGS (left side). ROS production by neu-
trophils cultured with L. chagasi for 1 h
in the presence or absence of SGS
(right side). Neutrophils were incubated with H2DCFDA, and ROS production was evaluated by flow cytometry. Data shown are from a sin-
gle experiment representative of three independent experiments. *P � 0.05; **P � 0.01.
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philic granules into parasite-containing phagosomes in human
neutrophils [43]. It remains to be elucidated whether, in the
present system, SGS modulates neutrophil granule mobiliza-
tion and contributes to early L. chagasi survival.

Macrophages are the preferential host cells for Leishma-
nia, and the recruitment of these cells could provide safe
havens for the parasite [31]. Neutrophils infected by L. ma-
jor produce chemokines such as MIP-1� [12, 44], and sand-
fly SGS leads to increased expression of the macrophage
chemokine MCP-1 at the site of injection [20], leading to
macrophage recruitment. We have shown here that neutro-
phils infected with L. chagasi in the presence of SGS dis-
played higher MCP-1 production, corroborating with macro-
phage recruitment. This result was reinforced with the use
of bindarit, an original indazolic derivative that has been
shown the ability to inhibit CCL2/MCP-1 synthesis [45]. As
a matter of fact, L. chagasi-infected neutrophil supernatants
are able to recruit mouse macrophages, even though they
did not induce significant MCP-1 production, which sug-
gests that other chemotatic factors could be implicated in
this event. A direct chemotatic activity of sandfly saliva has
been described with several experimental models [13, 20,
46]. Herein, we also report an indirect chemotactic effect of
SGS by inducing chemokine production by neutrophils.

In summary, our data demonstrate that Lu. longipalpis sa-
liva orchestrates FasL- and caspase-dependent apoptosis of
neutrophils. At the same time, saliva proapoptosis activity is
of benefit to the parasite and may represent an important
mechanism to facilitate Leishmania infection. These results
contribute to a better understanding of the interactions be-

tween vector saliva and neutrophils in innate immunity to
Leishmania infection.
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17. Araújo-Santos, T., Prates, D. B., Andrade, B. B., Nascimento, D. O., Clar-
encio, J., Entringer, P. F., Carneiro, A. B., Silva-Neto, M. A., Miranda,
J. C., Brodskyn, C. I., Barral, A., Bozza, P. T., Borges, V. M. (2010) Lut-
zomyia longipalpis saliva triggers lipid body formation and prostaglandin E
production in murine macrophages. PLoS Negl. Trop. Dis. 4, e873.

18. Prates, D. B., Santos, L. D., Miranda, J. C., Souza, A. P., Palma, M. S.,
Barral-Netto, M., Barral, A. (2008) Changes in amounts of total salivary
gland proteins of Lutzomyia longipallpis (Diptera: Psychodidae) according
to age and diet. J. Med. Entomol. 45, 409–413.

19. Ribeiro-Gomes, F. L., Otero, A. C., Gomes, N. A., Moniz-De-Souza, M. C.,
Cysne-Finkelstein, L., Arnholdt, A. C., Calich, V. L., Coutinho, S. G.,
Lopes, M. F., DosReis, G. A. (2004) Macrophage interactions with neutro-
phils regulate Leishmania major infection. J. Immunol. 172, 4454–4462.

20. Teixeira, C. R., Teixeira, M. J., Gomes, R. B., Santos, C. S., Andrade,
B. B., Raffaele-Netto, I., Silva, J. S., Guglielmotti, A., Miranda, J. C., Bar-
ral, A., Brodskyn, C., Barral-Netto, M. (2005) Saliva from Lutzomyia longi-
palpis induces CC chemokine ligand 2/monocyte chemoattractant pro-
tein-1 expression and macrophage recruitment. J. Immunol. 175, 8346–
8353.

21. Gomes, N. A., Gattass, C. R., Barreto-De-Souza, V., Wilson, M. E., Dos-
Reis, G. A. (2000) TGF-� mediates CTLA-4 suppression of cellular immu-
nity in murine kalaazar. J. Immunol. 164, 2001–2008.

22. Ribeiro-Gomes, F. L., Moniz-de-Souza, M. C., Borges, V. M., Nunes, M. P.,
Mantuano-Barradas, M., D'Avila, H., Bozza, P. T., Calich, V. L., DosReis,
G. A. (2005) Turnover of neutrophils mediated by Fas ligand drives Leish-
mania major infection. J. Infect. Dis. 192, 1127–1134.

23. Souza, A. P., Andrade, B. B., Aquino, D., Entringer, P., Miranda, J. C.,
Alcantara, R., Ruiz, D., Soto, M., Teixeira, C. R., Valenzuela, J. G., de Ol-
iveira, C. I., Brodskyn, C. I., Barral-Netto, M., Barral, A. (2010) Using re-
combinant proteins from Lutzomyia longipalpis saliva to estimate human
vector exposure in visceral Leishmaniasis endemic areas. PLoS Negl. Trop.
Dis. 4, e649.

24. Teixeira, C., Gomes, R., Collin, N., Reynoso, D., Jochim, R., Oliveira, F.,
Seitz, A., Elnaiem, D. E., Caldas, A., de Souza, A. P., Brodskyn, C. I., de
Oliveira, C. I., Mendonca, I., Costa, C. H., Volf, P., Barral, A., Kamhawi,
S., Valenzuela, J. G. (2010) Discovery of markers of exposure specific to
bites of Lutzomyia longipalpis, the vector of Leishmania infantum chagasi in
Latin America. PLoS Negl. Trop. Dis. 4, e638.

25. Belkaid, Y., Mendez, S., Lira, R., Kadambi, N., Milon, G., Sacks, D. (2000)
A natural model of Leishmania major infection reveals a prolonged “silent”
phase of parasite amplification in the skin before the onset of lesion for-
mation and immunity. J. Immunol. 165, 969–977.

26. Laufs, H., Muller, K., Fleischer, J., Reiling, N., Jahnke, N., Jensenius,
J. C., Solbach, W., Laskay, T. (2002) Intracellular survival of Leishmania
major in neutrophil granulocytes after uptake in the absence of heat-la-
bile serum factors. Infect. Immun. 70, 826–835.

27. Belkaid, Y., Kamhawi, S., Modi, G., Valenzuela, J., Noben-Trauth, N.,
Rowton, E., Ribeiro, J., Sacks, D. L. (1998) Development of a natural
model of cutaneous leishmaniasis: powerful effects of vector saliva and
saliva preexposure on the long-term outcome of Leishmania major infec-
tion in the mouse ear dermis. J. Exp. Med. 188, 1941–1953.

28. Afonso, L., Borges, V. M., Cruz, H., Ribeiro-Gomes, F. L., DosReis, G. A.,
Dutra, A. N., Clarencio, J., de Oliveira, C. I., Barral, A., Barral-Netto, M.,
Brodskyn, C. I. (2008) Interactions with apoptotic but not with necrotic
neutrophils increase parasite burden in human macrophages infected
with Leishmania amazonensis. J. Leukoc. Biol. 84, 389–396.

29. D’Avila, H., Roque, N. R., Cardoso, R. M., Castro-Faria-Neto, H. C., Melo,
R. C., Bozza, P. T. (2008) Neutrophils recruited to the site of Mycobacte-

rium bovis BCG infection undergo apoptosis and modulate lipid body bio-
genesis and prostaglandin E production by macrophages. Cell. Microbiol.
10, 2589–2604.

30. Freire-de-Lima, C. G., Nascimento, D. O., Soares, M. B., Bozza, P. T., Cas-
tro-Faria-Neto, H. C., de Mello, F. G., DosReis, G. A., Lopes, M. F. (2000)
Uptake of apoptotic cells drives the growth of a pathogenic trypanosome
in macrophages. Nature 403, 199–203.

31. Van Zandbergen, G., Solbach, W., Laskay, T. (2007) Apoptosis driven in-
fection. Autoimmunity 40, 349–352.

32. Barral-Netto, M., de Freitas, L. A., Andrade, Z. A. (1987) Histopathologic
changes induced by vaccination in experimental cutaneous leishmaniasis
of BALB/c mice. Am. J. Pathol. 127, 271–278.

33. De Moura, T. R., Novais, F. O., Oliveira, F., Clarencio, J., Noronha, A.,
Barral, A., Brodskyn, C., de Oliveira, C. I. (2005) Toward a novel experi-
mental model of infection to study American cutaneous leishmaniasis
caused by Leishmania braziliensis. Infect. Immun. 73, 5827–5834.

34. Lima, G. M., Vallochi, A. L., Silva, U. R., Bevilacqua, E. M., Kiffer, M. M.,
Abrahamsohn, I. A. (1998) The role of polymorphonuclear leukocytes in
the resistance to cutaneous Leishmaniasis. Immunol. Lett. 64, 145–151.

35. Pompeu, M. L., Freitas, L. A., Santos, M. L., Khouri, M., Barral-Netto, M.
(1991) Granulocytes in the inflammatory process of BALB/c mice in-
fected by Leishmania amazonensis. A quantitative approach. Acta Trop. 48,
185–193.

36. Guo, X., Booth, C. J., Paley, M. A., Wang, X., DePonte, K., Fikrig, E.,
Narasimhan, S., Montgomery, R. R. (2009) Inhibition of neutrophil func-
tion by two tick salivary proteins. Infect. Immun. 77, 2320–2329.

37. Montgomery, R. R., Lusitani, D., De Boisfleury Chevance, A., Malawista,
S. E. (2004) Tick saliva reduces adherence and area of human neutro-
phils. Infect. Immun. 72, 2989–2994.

38. Ribeiro, J. M., Weis, J. J., Telford III, S. R. (1990) Saliva of the tick Ixodes
dammini inhibits neutrophil function. Exp. Parasitol. 70, 382–388.

39. Borges, V. M., Falcao, H., Leite-Junior, J. H., Alvim, L., Teixeira, G. P.,
Russo, M., Nobrega, A. F., Lopes, M. F., Rocco, P. M., Davidson, W. F.,
Linden, R., Yagita, H., Zin, W. A., DosReis, G. A. (2001) Fas ligand trig-
gers pulmonary silicosis. J. Exp. Med. 194, 155–164.

40. Silva, E. M., Guillermo, L. V., Ribeiro-Gomes, F. L., De Meis, J., Nunes,
M. P., Senra, J. F., Soares, M. B., DosReis, G. A., Lopes, M. F. (2007)
Caspase inhibition reduces lymphocyte apoptosis and improves host im-
mune responses to Trypanosoma cruzi infection. Eur. J. Immunol. 37, 738–
746.

41. Ritter, U., Frischknecht, F., van Zandbergen, G. (2009) Are neutrophils
important host cells for Leishmania parasites? Trends Parasitol. 25, 505–
510.

42. Lonardoni, M. V., Barbieri, C. L., Russo, M., Jancar, S. (1994) Modula-
tion of Leishmania (L.) amazonensis growth in cultured mouse macro-
phages by prostaglandins and platelet activating factor. Mediators Inflamm.
3, 137–141.

43. Mollinedo, F., Janssen, H., de la Iglesia-Vicente, J., Villa-Pulgarin, J. A.,
Calafat, J. (2010) Selective fusion of azurophilic granules with Leishmania-
containing phagosomes in human neutrophils. J. Biol. Chem. 285, 34528–
34536.

44. Rupp, J., Pfleiderer, L., Jugert, C., Moeller, S., Klinger, M., Dalhoff, K.,
Solbach, W., Stenger, S., Laskay, T., van Zandbergen, G. (2009) Chla-
mydia pneumoniae hides inside apoptotic neutrophils to silently infect and
propagate in macrophages. PLoS ONE 4, e6020.

45. Mirolo, M., Fabbri, M., Sironi, M., Vecchi, A., Guglielmotti, A., Mangano,
G., Biondi, G., Locati, M., Mantovani, A. (2008) Impact of the anti-in-
flammatory agent bindarit on the chemokinome: selective inhibition of
the monocyte chemotactic proteins. Eur. Cytokine Netw. 19, 119–122.

46. Monteiro, M. C., Lima, H. C., Souza, A. A., Titus, R. G., Romao, P. R.,
Cunha, F. Q. (2007) Effect of Lutzomyia longipalpis salivary gland extracts
on leukocyte migration induced by Leishmania major. Am. J. Trop. Med.
Hyg. 76, 88–94.

KEY WORDS:
Leishmania chagasi � sand fly � cell death � FasL � chemotaxis

582 Journal of Leukocyte Biology Volume 90, September 2011 www.jleukbio.org


