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Grenoble, France; and §Department of Maternal-Infant Nursing and Public Health, University of São Paulo at Ribeirão Preto
College of Nursing, São Paulo, Brazil

RECEIVED SEPTEMBER 15, 2011; REVISED NOVEMBER 15, 2011; ACCEPTED NOVEMBER 16, 2011. DOI: 10.1189/jlb.0911460

ABSTRACT
M-ficolin specificity for sialylated ligands prompted us to
investigate its interactions with the main membrane sialo-
protein of human neutrophils, CD43. rM-ficolin bound
CD43 and prevented the access of anti-CD43 mAb.
Moreover, rM-ficolin reacted exclusively with CD43 on
Western blots of neutrophil lysate. We confirmed that
M-ficolin is secreted by fMLP-activated neutrophils, and
this endogenous M-ficolin also binds to CD43 and com-
petes with anti-CD43 mAb. Anti-CD43 antibody cross-
linking or fMLP resulted in M-ficolin and CD43 colocaliza-
tion on polarized neutrophils. The binding of rM-ficolin to
resting neutrophils induced cell polarization, adhesion,
and homotypic aggregation as anti-CD43 mAb. The M-
ficolin Y271F mutant, unable to bind sialic acid, neither re-
acted with neutrophils nor modulated their functions. Fi-
nally, rM-ficolin activated the lectin complement pathway
on neutrophils. These results emphasize a new function
of M-ficolin, different from ficolin pathogen recognition,
i.e., a participation to neutrophil adhesion potentially im-
portant in early inflammation, as nanomolar agonist con-
centrations are sufficient to mobilize M-ficolin to the neu-
trophil surface. This multivalent lectin could then endow
the antiadhesive CD43, essentially designed to prevent
leukocyte aggregation in the blood flow, with new adhe-
sive properties and explain, at least in part, dual-adhe-
sive/antiadhesive roles of CD43 in neutrophil recruitment.
J. Leukoc. Biol. 91: 469–474; 2012.

Introduction
Ficolins are pattern-recognition molecules that interact with
micro-organism surfaces and activate complement. A peculiar-
ity of human M-ficolin (Ficolin-1) and rodent Ficolin B is their
ability to bind, via their PAMP recognition domain, to sialy-
lated ligands [1–6]. Although sialic acid is found on some
pathogens, it mainly decorates self-cells, and human M-ficolin
has been shown to bind sialylated ligands on human mono-
cytes and neutrophils [2, 7, 8]. The specificity of M-ficolin for
sialylated ligands is thus puzzling and suggests that its func-
tions are not restricted to antimicrobial defense [9–11].

M-ficolin has been identified in monocytes and in easily mo-
bilizable granules of neutrophils [2, 3, 7, 12]. We here investi-
gated the response of human neutrophils to M-ficolin binding
on their surface and the molecular basis of this binding, with
special emphasis on leukosialin (CD43), a major membrane
sialoglycoprotein related to leukocyte adhesion, aggregation,
and migration. CD43 has been described so far as a ligand of
endothelial E-selectin [13, 14], but the role of E-selectin inter-
actions with CD43 in leukocyte recruitment is still a matter of
controversy [15, 16]. M-ficolin localization in neutrophils and
sugar specificity made it a likely candidate for a new CD43-
binding molecule.

MATERIALS AND METHODS

Neutrophils
Blood was obtained from the French blood transfusion center Etablisse-
ment Franc̨ais du Sang (Paris, France) with agreement for studies on
healthy volunteers. Neutrophils were isolated from EDTA-anticoagulated
blood after platelet depletion by centrifugation on polymorphprep (Axis-
Shield, Oslo, Norway), as described [17]. Isolated neutrophils were resus-
pended in TBS or KRPG-BSA containing 1 mM Ca2�/Mg2�, as mentioned
below.
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M-ficolin
rM-ficolin and Y271F mutant [4] were labeled with EZ-Link Sulfo-NHS-LC-
biotin (ref. 21,327, Thermo Scientific, Rockford, IL, USA), according to
the manufacturer’s instructions. Briefly, 0.1 mg recombinant protein (1.2
mg/ml in Hepes 20 mM, pH 7.5, NaCl 0.15 M, Ca�� 5 mM) was incubated
in a microtube containing 1 mg Sulfo-NHS-LC-biotin. The excess biotin was
then removed using a desalting column (Zeba spin column, ref. 89,882,
Thermo Scientific) equilibrated in TBS. Biotinylated proteins were kept for
up to 1 month in TBS with 0.1% sodium azide at 4°C.

Determination of membrane-bound M-ficolin or
membrane markers by flow cytometry
Neutrophils (106/ml) were incubated in TBS with rM-ficolin for 5 min at
4°C to measure the binding of exogenous M-ficolin or in KRPG-BSA with
10�8 M fMLP for 15 min at 37°C to analyze the endogenous M-ficolin.
Cells were then labeled and analyzed by flow cytometry [18]. Biotinylated
rM-ficolin was revealed with PE-streptavidin (Beckman Coulter, Brea, CA,
USA), whereas endogenous M-ficolin was labeled with a rabbit anti-human
M-ficolin antibody (Hycult Biotech, Plymouth Meeting, PA, USA) and a
secondary goat anti-rabbit IgG labeled with Alexa-555 (Molecular Probes,
Eugene, OR, USA). The level of membrane CD43 was measured similarly
after labeling with G10 anti-CD43 mAb (BD PharMingen, San Diego, CA,
USA) and PE-labeled anti-mouse IgG (Beckman Coulter).

Analysis of M-ficolin or CD43 membrane localization
Neutrophils in KRPG-BSA were incubated without or with biotinyl-rM-fico-
lin or fMLP for 10 min at 37°C or with a specific FITC-labeled anti-CD43
mAb (G10, BD PharMingen) and a F(ab)’2 anti-mouse IgG, to cross-link
CD43 [19]. Cells were fixed with 3.7% PFA and 0.5% glutaraldehyde be-
fore labeling and analysis by fluorescence microscopy after cytocentrifuga-
tion.

Western blot
Neutrophils were lysed in PBS, 1% Nonidet P-40, with protease inhibitors
[aprotinin (0.1 trypsin inhibitor unit/ml), leupeptin (100 �g/ml), chymo-
statin (20 �g/ml), and PMSF (1 mM; Sigma Chemical Co., St. Louis, MO,
USA)]. After a rapid centrifugation at 11,000 g to remove nuclei, each ly-
sate was supplemented with one-half of its volume of 2� Laemmli SDS-re-
ducing sample buffer and analyzed after SDS-PAGE 7.5% by Western blot-
ting. Western blots, saturated overnight with 3% BSA in TBST, were incu-

bated with 1 �g/ml biotin-labeled rM-ficolin for 30 min at 4°C, followed by
HRP-extravidin (E2886, Sigma Chemical Co.). One part of each blot was
saturated separately with 5% nonfat dry milk in TBST and treated over-
night at 4°C with G10 anti-CD43 mAb and then with HRP-anti-mouse IgG
(GE Healthcare, Waukesha, WI, USA). Western blots were revealed by
chemiluminescence (SuperSignal West Pico substrate, Thermo Scientific).

Cell adhesion and homotypic aggregation
Neutrophils in KRPG-BSA buffer, in a 96-well plate coated with 1% gelatin,
were incubated with rM-ficolin for 15 min at 37°C and then, when men-
tioned with TNF-�. Washed adherent cells were fixed for 10 min with 3.7%
PFA, stained with 0.2% crystal violet, and lysed with 2% SDS and the absor-
bance measured at 550 nm. To measure aggregation, neutrophil suspen-
sion (106/ml in KRPG-BSA), without or with rM-ficolin, was aliquoted into
1.5 ml Eppendhorf tubes containing a magnet (6 mm�1 mm) and was
stirred at a low speed in a 37°C water bath for 0–30 min. Cells were then
fixed with 2% glutaraldehyde and applied to poly-l-lysine-coated coverslips
before analysis by optical microscopy.

Complement activation
Neutrophils (106/ml in TBS with 1 mM Ca�� and Mg�� and 1% BSA),
treated or not with rM-ficolin for 15 min at room temperature, were incu-
bated with 1/10 final dilutions of NHS or B- or C2-depleted serum
(Quidel, San Diego, CA, USA) as a source of complement. After a further
incubation for 30 min at 37°C, neutrophils were washed three times with
PBS–1% BSA–0.1% sodium azide and labeled with an anti-C3d mAb
(Quidel) and a secondary PE-labeled goat F(ab�)2 anti-mouse IgG antibody
(Beckman Coulter). The level of cell-bound C3 was measured by flow cy-
tometry.

RESULTS AND DISCUSSION

We first confirmed previously published data showing that ex-
ogenous rM-ficolin binds to sialic acid on neutrophils [8]. In-
deed, the interaction with neutrophils is inhibited by GlcNAc
(Fig. 1A), is calcium-dependent (Fig. 1B), and is not observed
with rM-ficolin containing the Y271F mutation, which abol-
ishes M-ficolin binding to sialic acid [4] (Fig. 1C). In our ex-
perimental setting, M-ficolin was able to bind to neutrophils in

Figure 1. Binding of exogenous rM-ficolin to the neutrophil surface. Neutrophils were incubated for 5 min at 4°C with 5 �g/ml biotinylated rM-
ficolin in the presence or not of 50 mM GlcNAc or lactose (Lac; A) and of 10 mM EGTA with 5 mM Mg or of 5 mM EDTA (B). (C) Neutrophils
were incubated with increasing concentrations of biotinylated rM-ficolin or the Y271F mutant. (A–C) Neutrophils were then treated with PE-la-
beled streptavidin, and the presence of cell-bound rM-ficolin was measured by flow cytometry. Results are expressed as mean fluorescence intensity
(MFI) � sd (n�3 experiments).
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TBS without added calcium, but the complete inhibition of
this binding by EDTA or EGTA-Mg (Fig. 1B) implied that me-
tallic ions, such as Ca, were required. Those are most probably
provided by neutrophils themselves, as membrane-associated
Ca�� [20, 21] and slow calcium efflux [22, 23] have been de-
scribed in resting neutrophils.

Observations from the literature point out CD43 as a lead-
ing candidate for the M-ficolin ligand on neutrophils: 1) spe-
cific radiolabeling of sialic acids identified CD43 as the pre-
dominant membrane sialoprotein of neutrophil [24]; and 2)
M-ficolin binds monocytes, neutrophils, and activated but not
nonactivated T lymphocytes [8]. This is reminiscent of differ-
ences in CD43 O-glycosylation among leukocytes. Indeed, on
resting T-lymphocytes, CD43 contains the tetrasaccharide
NeuAc (�2–3)Gal(�1–3)[NeuAc(�2–6)]GalNAc, whereas on
activated T lymphocytes and neutrophils, it contains the
branched hexasaccharide NeuAc(�2–3)Gal(�1–3)[NeuAc(�2–
3)Gal(�1–4)GlcNAc(�1–6)]GalNAc [25, 26]. Interestingly,
only the latter saccharide was identified as a ligand of M-fico-
lin by glycoarray screening (Supplemental Table 1) [4].

Our observation that rM-ficolin interaction with neutrophils
prevented the anti-CD43 mAb binding (G10 mAb as in Fig. 2A
or L60 mAb; data not shown) supported our hypothesis of
CD43/M-ficolin interactions. It indeed revealed a steric hin-
drance of CD43 epitopes by cell-bound M-ficolin in a specific
way, as no interference was observed with antibodies reacting
with membrane glycoproteins CD66, CD44, P-selectin glyco-
protein ligand 1 (CD162), or CD11b (data not shown). The
anti-CD43 mAb, on the other hand, did not inhibit the bind-
ing of M-ficolin. This is not surprising, as it binds a single
epitope on the CD43 molecule, which presents numerous sialy-
lated ligands along its mucin-like structure.

The final demonstration that CD43 is the major M-ficolin
ligand on neutrophils was given by Western blot analysis of a
total neutrophil lysate. After incubation with biotinylated rM-
ficolin, Western blots revealed a restricted specificity of M-fico-
lin for CD43 (Fig. 2B). The interaction of rM-ficolin with
CD43 was inhibited by GlcNAc (Fig. 2A and B) and did not
occur with the Y271F M-ficolin mutant, devoid of sialic acid-
binding ability (Fig. 2A). rM-ficolin thus reacts with neutrophil
CD43 via its sialic acid-binding site.

We had shown that CD43 cross-linking by mAb induces a
capping of CD43 in the uropod of polarized neutrophils [19,
27]. We used this characteristic to see if neutrophils express
other M-ficolin ligands than CD43. When CD43 capping was
induced by anti-CD43 antibody cross-linking, before the addi-
tion of rM-ficolin, we observed a colocalization of the cell-
bound rM-ficolin with CD43 (Fig. 2C). As reported previously
[7], neutrophil secretory granules contain pools of M-ficolin,
which are secreted upon stimulation and bind to the plasma
membrane. We confirmed that resting neutrophils, isolated
from EDTA-anticoagulated blood, do not express membrane
M-ficolin [7], but stimulation by 10�8 M fMLP, 10 ng/ml TNF,
or 25 ng/ml IL-8 results in the appearance of M-ficolin on the
neutrophil surface (data not shown). The level of cell-bound
endogenous M-ficolin, observed after neutrophil incubation
with 10 nM fMLP, was in the same range as that observed on
resting cells incubated with 3 �g/ml rM-ficolin (Fig. 3A). The
fMLP-induced activation, which releases intracellular M-fico-
lin, resulted in a decrease of anti-CD43 neutrophil labeling,
completely prevented by GlcNAc (Fig. 3B), thus showing
that the endogenous M-ficolin also interacts with membrane
CD43. The CD43 steric hindrance by exogenous rM-ficolin
was not so striking as by exogenous rM-ficolin. This is most

Figure 2. Exogenous rM-ficolin interacts
with CD43. (A) Neutrophils were labeled
with the G10 anti-CD43 mAb after incuba-
tion for 5 min at 4°C with increasing con-
centrations of rM-ficolin, with 5 �g/ml
rM-ficolin in the presence of 50 mM
GlcNAc, or with the 5 �g/ml Y271F mu-
tant. CD43 labeling was analyzed by flow
cytometry and results expressed as
mean � sd (n�3 experiments). *P �
0.05; **P � 0.01, by Student’s t test. (B)
Neutrophil lysate was analyzed by Western
blotting, revealed with the anti-CD43 mAb
(left) or with 1 �g/ml biotinylated rM-
ficolin. (C) Neutrophils were incubated at
4°C for 30 min with an FITC-labeled anti-
CD43 mAb (green) and F(ab�)2 anti-
mouse IgG, then at 37°C to induce CD43
capping, and fixed with PFA/glutaralde-
hyde, as described in Materials and Meth-
ods. They were finally labeled with bioti-
nyl-M-ficolin and Alexa-555 streptavidin
(red) and analyzed by fluorescence
microscopy.
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probably related to the N-terminal localization of anti-CD43
mAb epitopes in a zone emerging from the cell glycocalyx
as a result of the extended structure of the molecule. This
would be more accessible to exogenous M-ficolin than to
the secreted M-ficolin, which coming from inside the cell,
would preferentially bind carbohydrates immediately proxi-
mal to the membrane.

One should point out that the decreased anti-CD43 labeling,
resulting from M-ficolin-covering CD43 epitopes, differs from

the important proteolysis-mediated down-regulation of CD43,
observed with stronger neutrophil activation [28].

M-ficolin membrane distribution also argued for CD43 as
the major ligand of endogenous M-ficolin. Indeed, stimulation
by fMLP is known to result in neutrophil polarization with a
clustering of membrane CD43 in the cell uropod [19, 27]. A
similar, striking redistribution of membrane-bound endoge-
nous M-ficolin was observed in the uropod of fMLP-activated
neutrophils (Fig. 3C).

Figure 3. Endogenous M-ficolin is secreted by stimulated
neutrophils and interacts with membrane CD43. (A) En-
dogenous and rM-ficolin were measured by flow cytometry
using the same rabbit anti-M-ficolin antibody and an Al-
exa-555-labeled secondary antibody. (B) Neutrophils were
labeled with anti-CD43 G10 mAb after a 5-min incubation
at 37°C with 10�8 M fMLP, without or with 50 mM
GlcNAc. *P � 0.05. (C) Neutrophils were incubated at
37°C with fMLP (10�8 M), fixed with PFA/glutaraldehyde,
then labeled with the rabbit anti-M-ficolin antibody and an
Alexa-555-labeled secondary antibody, and analyzed as in
Fig. 2C.

Figure 4. Cell-bound M-ficolin promotes neutrophil polarization, adhesion, and complement activation. (A) Neutrophils were treated for 5 min at
4°C with 5 �g/ml biotinylated rM-ficolin and kept at 4°C (left) or incubated at 37°C for 10 min (middle) and fixed with PFA/glutaraldehyde. Af-
ter labeling with Alexa-555 streptavidin, cells were cytocentrifuged, visualized by fluorescence microscopy with a 60� objective, and the cell mor-
phology analyzed (right table; n�3). (B) In the aggregation assay, neutrophils were incubated with rM-ficolin (5 �g/ml) for 0–30 min at 37°C.
Images were obtained by optical microscopy (40� objective). (C) For the adhesion assay, neutrophils were incubated without or with rM-ficolin or
its Y271F mutant for 15 min at 37°C in a 96-well, gelatin-coated plate (upper panel). Cells incubated with TNF (10 ng/ml) were used as positive
control. In the lower panel, neutrophils were incubated with different concentrations of rM-ficolin for 15 min at 37°C and then with TNF (10 ng/
ml) for 30 min at 37°C. Results are expressed as percent of the crystal violet absorption obtained with TNF alone (mean�sd; n�3 experiments).
*P � 0.05, by Student’s t test.
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CD43 participation to neutrophil adhesion, migration, and
activation has been shown in vitro, using anti-CD43 mAb cross-
linking and assuming that this mimicked the effect of an un-
known, multimeric, CD43-binding molecule [27, 29, 30]. M-
ficolin could fulfill this function, as it is an oligomeric protein
endowed with multivalent binding sites for sialylated ligands. If
M-ficolin is able to cross-link cell-surface CD43 molecules, it
should trigger cell functions described with anti-CD43 mAb.
Indeed, the binding of exogenous rM-ficolin to unactivated
neutrophils resulted by itself, at 37°C in the absence of other
neutrophil-activating stimuli, in the cell polarization and a re-
distribution of rM-ficolin in the uropod (Fig. 4A). This polar-
ization most probably initiates neutrophil locomotion by anal-
ogy with the effect of anti-CD43 cross-linking [27]. Moreover,
exposure to rM-ficolin triggered neutrophil homotypic aggre-
gation (Fig. 4B) and neutrophil adhesion to gelatin and ampli-
fied the adhesion induced by TNF-� (Fig. 4C). None of these
effects were observed with the Y271F mutant of M-ficolin.

Finally, M-ficolin initiates the complement lectin pathway,
via MASP-1 and MASP-2 activation [1, 3]. We here show that
the binding of exogenous rM-ficolin activates complement on
the neutrophil surface, resulting in membrane C3d deposition
(Fig. 5). The rM-ficolin-dependent increase in C3d deposition
occurred presumably via the lectin pathway, as it was inhibited
in C2-depleted but not in factor B-depleted serum. We had
previously reported an activation of the complement alterna-
tive pathway on cytokine- or serum (C5a)-stimulated neutro-
phils [18]. The inhibition of C3 deposition on neutrophils in-
cubated in C2-depleted serum, even in the absence of exoge-
nous rM-ficolin (Fig. 5, light, gray bars), suggests a
participation of the lectin pathway, presumably triggered by

the endogenous M-ficolin, secreted by C5a-stimulated neutro-
phils. We have shown previously that complement activation
on the cell surface amplifies neutrophil proinflammatory re-
sponses [18].

These data bring novel insights into the putative functions
of M-ficolin and CD43. M-ficolin is presented for the first time
as a partner of neutrophil adhesion and migration. On the
other hand, the repulsive CD43 molecule here gains new, ad-
hesive properties by covering its negatively charged sialic acids
with a multivalent lectin able to interact with various acetylated
ligands. This could explain some of the data showing a proad-
hesive role of CD43 in neutrophil recruitment [31, 32].
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