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Abstract

Background: Neutrophil migration to an inflamed site constitutes the first line of the innate immune response
against invading microorganisms. Given the crucial role of endogenous lectins in neutrophil mobilization and
activation, lectins from exogenous sources have often been considered as putative modulators of leukocyte
function. Lectins purified from snake venom have been described as galactoside ligands that induce erythrocyte
agglutination and platelet aggregation. This study evaluated human neutrophil migration and activation by C-type
lectin BJcuL purified from Bothrops jararacussu venom.

Results: Utilizing fluorescence microscopy, we observed that biotinylated-BJcuL was evenly distributed on the
neutrophil surface, selectively inhibited by D-galactose. Lectin was able to induce modification in the neutrophil
morphology in a spherical shape for a polarized observed by optical microscopy and exposure to BJcuL in a
Boyden chamber assay resulted in cell migration. After 30 minutes of incubation with BJcuL we found enhanced
neutrophil functions, such as respiratory burst, zymozan phagocytosis and an increase in lissosomal volume. In
addition, BJcuL delays late apoptosis neutrophils.

Conclusion: These results demonstrate that BJcuL can be implicated in a wide variety of immunological functions
including first-line defense against pathogens, cell trafficking and induction of the innate immune response since
lectin was capable of inducing potent neutrophil activation.

Background
Neutrophils are key players in the innate immune
response and their recruitment from the microvascula-
ture to inflammation sites includes rolling, firm adhe-
sion, and transmigration through the vessel wall [1].
Neutrophil activation leads to directed migration with
changes in cell morphology from rounded cells covered
with microvilli to elongated ruffled cells [2,3]. Neutro-
phils exert their bactericidal activity at the inflammatory
site through recognition and phagocytosis of the infec-
tious agent, generation of toxic oxygen derivatives, and
release of microbicidal molecules from their specialized
lysosomes and granules [4]. This sequential process

relies on neutrophil interaction with chemoattractants,
cytokines and other inflammatory mediators [5].
Viperid and elapid snake venoms contain complex

mixtures of pharmacologically active molecules, includ-
ing enzymes and proteins without enzymatic activity,
such as C-type lectins. Based on their structural and
functional properties snake venom C-type lectins have
been classified as true C-type lectins, which contain a
carbohydrate recognition domain (CRD) and bind to a
specific sugar molecule, and the C-type lectin-like
domain proteins (CTLDs) with CRD-related non-carbo-
hydrate-binding domains that do not bind to a sugar
moiety [6,7], but act as factor IX/X-binding proteins and
those interacting with platelet receptors [8].
Bothrops jararacussu venom lectin (BJcuL) is typically a

C-type lectin with specificity to galactose units [9] and is
unable to promote human platelets aggregation or even
disrupt aggregation induced by ADP or thrombin [10].
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In murine models it is capable of producing edema,
increasing vascular permeability [10] and directly inducing
cellular infiltration in endothelial cells of post capillary
venules, creating an adhesive surface for leukocyte rolling
[11]. All of these reports indicate that BJcuL may be
involved in the inflammatory process and the activation of
immune responses; however, these immunological proper-
ties and biological activities are still unclear. It is currently
recognized that the role of neutrophils and macrophages
is not restricted to phagocytosis and pathogen killing, but
that these cells are essential for immunity and for building
and modulating the innate response. In this study we ana-
lyzed the ability of BJcuL to induce neutrophil activation
observed by cell polarization, migration, and adhesion, as
well as increase in phagocytosis, generation of respiratory
burst, increase of the lysosomes volume, and inhibition of
spontaneous apoptosis.

Results
BJcuL recognizes specific glycoligands on the human
neutrophil surface
In order to localize the BJcuL glycoligands on the
human neutrophil membrane, binding of the biotiny-
lated lectin to the neutrophil was evaluated by fluores-
cence microscopy. Results showed that BJcuL was
evenly bound on the cell surface (Figure. 1B). The inter-
action was completely blocked by previous incubation
with the specific carbohydrate (Gal, Figure. 1C), similar
to that observed in cells incubated only with PBS

(Figure. 1A). Incubation with the non-specific carbohy-
drate (GlcNAc, Figure. 1D) did not prevent lectin bind-
ing on the cell surface.

BJcuL induces polarization of human neutrophils
Since neutrophils are polarized when exposed to che-
moattractants, we analyzed the capacity of BJcuL to
induce polarization of human neutrophils. Lectin
induced 87% of the neutrophil polarization. The che-
moattractant fMLP induced 70% of polarization,
whereas only 18% of cells incubated with RPMI were
polarized (Figure 2). BJcuL activity in inducing neutro-
phil polarization was reduced by 72% with Gal and was
not affected by GlcNAc. These monosaccharides exerted
no effect on the neutrophil polarization induced by
fMLP (not shown).

BJcuL induces neutrophil migration in vitro
The induction of neutrophil migration by BJcuL was
demonstrated in vitro and was dependent on sugar
recognition. The original response to BJcuL (1234 ±
1.23) decreased drastically (19.34 ± 0.55) when lectin
was pre-incubated with the specific carbohydrate (Gal)
and was similar to that found in the absence of the sti-
muli (12.56 ± 0.72). This inhibition was selective since
no blockage (1025 ± 1.34) was observed when BJcuL
was pre-incubated with a non-specific carbohydrate
(GlcNAc) (Figure 3).

BJcuL enhances neutrophil adhesion to fibronectin and
matrigel
We previously determined that BJcuL binds to fibronec-
tin and matrigel (data not shown) and subsequently

Figure 1 BJcuL is evenly distributed on the surface of human
neutrophils. Isolated human neutrophils (106 cells/ml) were
adhered to coverslips coated with Biobond, fixed and then
incubated for 45 min at RT with (A) PBS; (B) Biotinylated BJcuL (10
μg/ml); (C) Biotinylated BJcuL pre-incubated with Gal 2 mM. (D)
Biotinylated BJcuL pre-incubated with GlcNAc 2 mM. Cells were
examined by fluorescence microscopy after reaction with
streptavidin-FITC.

Figure 2 BJcuL induces neutrophil polarization, an effect
inhibited by specific sugars. Isolated human neutrophils (106

cells/ml) were incubated with BJcuL (2.5 ng/ml) for 45 min at 37°C.
In some experiments lectin was previously incubated with Gal (2
mM) or GlcNAc (2 mM). fMLP (10-6 M) was used as positive controls
and the RPMI was used as a negative control. Results are shown as
MFI (mean ± SD from at least three independent experiments) and
p < 0.05, Student’s t-test.
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evaluated whether or not this property was relevant for
neutrophil adhesion. In vitro assay showed that human
neutrophils spontaneously adhere to fibronectin and
matrigel-coated surfaces (Figure 4). A significant
increase in the adhesion was obtained when neutrophils
were previously incubated with BJcuL, and was more
expressive in fibronectin-coated surfaces (Figure 4).

Increase of human neutrophil killing and phagocytosis
induced by BJcuL
Phagocytosis - Neutrophils were incubated with BJcuL (2.5
μg/ml) or with the positive controls PMA (1 μg/ml) and

CXCL-8 (2 μg/ml) in the presence of zimosan associated
with neutral red. Neutrophil phagocytosis was evaluated by
subsequent measurement of absorbance. BJcuL increased
neutrophil phagocytic activity, surpassing the results
observed for CXCL-8 action, which has been described as
a powerful inducer of phagocytosis (Figure 5A).
Uptake of neutral red by human neutrophils - Neutral

red is a vital stain that accumulates in neutrophils and
monocyte lysosomes [12] depending on the level of cell
activation [13]. Results show that stimulated cells present
increased lysosomal volume when compared to non-sti-
mulated cells (incubated with PBS only). BJcuL (2.5 μg/ml)
increased lysosomal content in neutrophils (Figure 5B),
complementing the observed phagocytic activity.
Superoxide production - The superoxide anion pro-

duction was also evaluated in human neutrophils after
incubation with BJcuL and positive controls (as
described above), and negative control (PBS). The
results demonstrated that BJcuL induced superoxide
release as well as its positive controls (Figure 5C).

Anti-apoptotic effect of BJcuL on human neutrophils
Human neutrophils, incubated with BJcuL for 12, 18
and 24 hours, were labelled with Annexin-V/PI. As illu-
strated in Figure 6A, BJcuL was able to inhibit neutro-
phil late apoptosis (represented by labelled cells in the
lower right quadrant) or necrosis (labelled cells in the
upper quadrants), enhancing the number of viable cells
(lower left quadrant). The degree of cells in spontaneous
late apoptosis was 7%, 24% and 40% after 12, 18 and 24
hours, respectively, versus 5%, 9% and 17%, after incuba-
tion with BJcuL (Figure 6B).

Discussion
Neutrophils are key cells in the innate immune system
and can be activated by a variety of endogenous and
exogenous substances. It has been shown that BJcuL
promotes neutrophil recruitment in vivo, as it induces
rolling and adherence of leukocytes acting directly on
endothelial cells of post-capillary venules [11]. We
found that BJcuL interacted with glycoligands on the
neutrophil surface and that D-galactose treatment
strongly abrogated lectin-cell interaction as well as cell
polarization and migration. Protein-carbohydrate inter-
actions occur in a number of processes in leukocytes
[14,15] and are believed to serve as major signals for
the release of pro-inflammatory mediators such as
cytokines, nitric oxide, leukotrienes, and platelet acti-
vator factor [16].
In vivo neutrophil migration in response to an

inflammatory stimulus is a crucial event mediated by
direct or indirect mechanisms. The latter involve cyto-
kines and other chemoattractants released from mast
cells, macrophages and endothelial cells, after antigen

Figure 3 BJcuL was able to induce neutrophil migration .
Neutrophil chemotaxis assays were carried out in 48-well Boyden
microchambers. BJcuL (2.5 ng/ml), pretreated or not Gal or GlcNAc
was placed in the lower chamber wells; RPMI was used as negative
control. The wells of the upper chamber received isolated
neutrophils (1 × 106 cells/well). The number of cells that migrated
through the filter separating the two chambers was scored in each
field. The figure is representative of the results of three different
experiments and expressed as mean ± SD (p < 0.05, Student’s
t-test).

Figure 4 BJcuL induces neutrophil adhesion to Matrigel and
Fibronectin. Neutrophils (1 × 104 cells/ml) were incubated with
BJcuL (2.5 ng/mL) and allowed to adhere to Matrigel or fibronectin
for 4 h at 37°C. The number of adhered neutrophils was determined
as described in Materials and Methods. Data shown represent
means ± SD of 3 experiments performed on neutrophils from
different donors (p < 0.05, Student’s t-test).
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recognition [17-19]. The intraperitoneal injection of
BJcuL caused significant neutrophil recruitment into
the peritoneal cavity of mice (data not shown) and
under in vitro conditions BJcuL induced significant cell
chemotaxis, modulating neutrophil migration by a
direct mechanism that is inhibited by a specific carbo-
hydrate. Neutrophil recruitment requires adherence to
the luminal surface of vascular endothelium and thus
changes the spherical cell morphology to a morpholo-
gically polarized cell that is efficient in vector migra-
tion [3]. Neutrophils stimulated by BJcuL respond
promptly, presenting morphological changes that are
typical of stimulated migrating cells. An intense
increase in adhesion was also observed in wells coated
with ECM proteins, particularly fibronectin, indicating
that activation by lectin may promote the up-regula-
tion of specific adhesion molecules, such as b-1 integ-
rins, a family of membrane receptors devoted to cell
adhesion to the extracellular matrix [20]. Integrins, in
particular, have a central role in the adhesion-depen-
dent activation for adhesion, transmigration and
respiratory burst, in a rapid and reversible manner.
The capacity to stimulate oxidative burst has been pre-

viously described for other lectins that, acting directly or
in concert with other mediators, could trigger or modu-
late neutrophil activation [21,22]. As a typical chemoat-
tractant, BJcuL induced a rapid and expressive alteration
of neutrophil ability in superoxide production and phago-
cytosis. We also observed that BJcuL inhibited late apop-
tosis in activated neutrophils until 24 hrs, but this effect
seemed to be reversible once neutrophil apoptosis was
gradually increased during the 24 hr period. BJcuL
seemed to induce neutrophil activation and increase the
life span of these cells, the time necessary for their biolo-
gical function. Neutrophils undergoing apoptosis lose
function and are subsequently recognized and engulfed
by local macrophages, a process that is central to suc-
cessful resolution of inflammation [23]. A number of
factors, including cytokines, chemical mediators, and
bacterial products, such as LPS, have been shown to
prolong functional lifespan of neutrophils by causing
cellular activation [24,25]. Stimulation of human neu-
trophils with TLR agonists [26] results in CXCL-8 pro-
duction, up-regulation of CD11b, down-regulation of
L-selectin, delayed apoptosis, enhanced phagocytosis
and enhanced FMLP-induced superoxide release
[27,28]. The lectin-glycoligand receptors on the neutro-
phil surface recognized by BJcuL are still unknown, but
it is clear that this interaction induces several biological
responses, thus suggesting that lectin may be a power-
ful pro-inflammatory molecule.

Figure 5 BJcuL stimulation enhances neutrophil functions.
Following 30 min at 37°C of incubation with BJcuL (2.5 μg/ml), PMA
(1 μg/ml), or CXCL-8 (2 μg/ml), neutrophil functions were evaluated.
Control cells were incubated with PBS only. (A) Neutral red-stained
zymozan was used as a target for the phagocytic activity of
stimulated neutrophils. (B) Neutral red uptake was used to assess
the volume of the neutrophil lysosomal system. (C) Superoxide
production was determined by the reduction of NBT. The results are
shown as mean ± SD and expressed as absorbance reading at the
indicated wavelength. The values are representative of three
different experiments. All stimuli provided responses that were
statistically different (p < 0.05, Student’s t-test) from the control.
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Conclusions
In summary, the present study showed that BJcuL can
recognize glycoligands on the neutrophil surface, and
can promote in vitro polarization, migration and adhe-
sion to extracellular matrix proteins. Lectin also induced
neutrophil functional activation observed by phagocytic
uptake, superoxide production, and delay in cell apopto-
sis. The effects observed by BJcuL seem to be mediated
by cell surface D-galactose moieties. Understanding the
intracellular mechanisms that induce neutrophil migra-
tion and activation by BJcuL is crucial for future investi-
gation of therapeutic strategies.

Methods
Lectin Purification and Biotinylation
B. jararacussu lectin (BJcuL) was purified as described
by Elifio-Esposito and col. (2007) [11]. BJcuL biotinyla-
tion with sulfo-NHS-LC-biotin (Pierce) was performed
according to the manufacturer’s recommendations.

Human Neutrophil Isolation
Heparinized human blood from healthy volunteers was
layered on a density gradient using Monopoly resolving
medium (ICN Pharmaceuticals, Costa Mesa, CA, USA)
and centrifuged at 400 × g for 30 min. Resulting pre-
parations were 98% pure, and more than 95% of the
neutrophils were viable as measured by trypan blue.

Localization of the lectin glycoligands on human
neutrophil surface
Neutrophils (106 cells/ml) were placed on coverslips
coated with Biobond (EM Science, Fort Washington,
PA, USA), fixed with 2% formaldehyde at room tem-
perature (RT) for 20 min and incubated with biotiny-
lated BJcuL (10 μg/ml) at 37°C for 1 hr. After washing
in PBS, the cells were incubated with streptavidin-FITC
(GibcoBRL) for 30 min. Cell was mounted in histologi-
cal slides with Fluormount-G. In some experiments, the
lectin was pre-incubated with 2 mM D-galactose (Gal)
or N-acetylglucosamine (GlcNAc).

Polarization assay
Human neutrophils were plated at 106 cells/ml and were
incubated with BJcuL (2.5 μg/ml), fMLP (10-6 M/well) or
RPMI alone for 45 min at 37°C. In some experiments, before
contact with neutrophils, the attractants were incubated for
45 min at RT with Gal or GlcNAc (2 mM). The proportion
of neutrophil polarization was determined by a polarized
and non-polarized cell count in a Neubauer chamber.

Human Neutrophil migration assay
Neutrophil migration was evaluated in a 48-well Boyden
microchamber (Neuroprobe, USA) by which the top and
bottom wells were separated with PVP-free polycarbo-
nate filters (5-μm pore size, Nucleopore, USA). For

Figure 6 BJcuL effects on human neutrophil spontaneous apoptosis. Neutrophils were incubated for 12, 18 and 24 h at 37°C in the
presence of BJcuL (2.5 ng/ml), labeled with Annexin-V/PI and analyzed by flow cytometry (A). Results are shown as means ± SD of the
percentage of Annexin-V+/PI+ cells from three independent experiments (B). p < 0.05, Student’s t-test.
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chemotaxis induction BJcuL (2.5 μg/well), pre-incubated
or not with Gal or GlcNAc (2 mM), or RPMI alone was
added to the bottom wells, whereas the neutrophil sus-
pension (1x106 cells/ml) was placed in the top wells.
Following an incubation time of 40 min, at 37°C and 5%
CO2, the cells were stained with HEMA 3 and the num-
ber of cells migrating through polycarbonate filters was
counted in five fields for each condition, assayed in
triplicate.

Adhesion assay
The adhesion assays were carried out in 96-well micro-
plates. Each well was previously coated with fibronectin or
matrigel (250 ng/ml) diluted in 0.2 M sodium carbonate
pH 9,6 for 16 hrs at 4°C. The isolated neutrophils (1 ×
104/ml) were added in solutions of BJcuL (2.5 μg/ml) or
only RPMI. After a 4 hr incubation at 37°C and 5% CO2,
the non-adherent cells were removed by three successive
washes with PBS. The adhered cell layer was fixed for 10
min with methanol, washed with PBS and then stained
with 0.2% crystal violet for 5 min. After staining, the wells
were repeatedly washed with PBS. The cells were lysed
with sodium citrate 100 mM in ethanol and the absor-
bance was measured at 550 nm (Microplate Reader
Benchmark - Bio-Rad Laboratories, San Francisco, CA,
USA). Unspecific adhesion was evaluated in the absence of
extracellular matrix protein.

Phagocytosis assay
Neutrophil suspension (1 × 104/ml) was added to the
wells of a 96-well microplate and incubated with BJcuL
(2.5 μg/ml), PMA (1 μg/ml) or CXCL8 (2 μg/ml) (Sigma
Chemical Company) diluted in a solution containing
neutral-red dye and zymosan (2.3 × 108 particles/ml) for
30 min at 37°C. After incubation, cells were fixed with
Baker’s formaldehyde-calcium for 30 min and then
washed twice by centrifugation (453 × g for 5 min). The
neutral-red stain incorporated by the cells was solubi-
lized by acidified ethanol in each well. After 30 min, the
absorbance at 550 nm was detected.

Uptake of neutral red by activated neutrophils
The uptake of the cationic dye, neutral red, which con-
centrates in cell lysosomes [13], was used to assess neu-
trophil volume of the lysosomal system. Neutrophil
suspension (1 × 104/ml) was added to the wells in a 96-
well microplate in the presence of BJcuL (2.5 μg/ml),
PMA (1 μg/ml) or CXCL8 (2 μg/ml) and 3% neutral red
in PBS for 30 min at 37°C. Cells were then washed
twice with PBS by centrifugation (453 × g for 5 min).
Neutral red was solubilized by 30 min incubation with
acidified ethanol solution at RT and the absorbance was
read at 550 nm.

Superoxide production
Superoxide production was estimated by nitro-blue tet-
razolium (NBT) reduction assay. Neutrophils (1 × 104

cells/ml) were incubated for 30 min at 37°C in the pre-
sence of BJcuL (2.5 μg/ml), PMA (1 μg/ml) or CXCL8
(2 μg/ml) and 0.1% NBT (Sigma Chemical Company).
The reaction was stopped by the addition of acetic acid.
The mixture was then centrifuged for 30 sec at 2500 × g.
Reduction of NBT results in the formation of blue forma-
zan, which was detected at 560 nm.

Apoptosis assay
Neutrophils (1 × 106/ml) were incubated for 12, 18 and
24 hrs at 37°C with BJcuL (2.5 μg/ml) and stained with
propidium iodide and FITC-labeled Annexin-V, accord-
ing to manufacturer’s instructions.

Statistical methods
All results are reported as means ± Standard Deviation
(SD). Analysis of variance (ANOVA) was used to com-
pare means between treatment and control groups. Stu-
dent’s t-test was used to determine if the control assay
was significantly different when compared to the lectin
assay. P-values of 0.05 or less were regarded as statisti-
cally significance.
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