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Abstract

Beta2-glycoprotein | (B2-GPl) is an abundant plasma glycoprotein with unknown physiological
function and is currently recognized as the main target of anti-phospholipid antibodies responsible
for complement activation and vascular thrombosis in patients with anti-phospholipid syndrome
(APS). Here, we provide evidence that Mannose Binding Lectin (MBL) binds to 2-GPI in Ca**
and dose-dependent manner and that this interaction activates complement and promotes
complement-dependent thrombin generation. Surprisingly, a significant binding was observed
between MBL and isolated domains Il and 1V of B2-GPI while the carbohydrates chains, domain |
and domain V were not involved in the interaction documenting a non-canonical binding mode
between MBL and p2-GPI. Importantly, this interaction may occur on endothelial cells since
binding of MBL to p2-GPI was detected on the surface of human umbilical vein endothelial cells
and co-localization of MBL with 32-GPI was observed on the endothelium of a biopsy specimen
of femoral artery from an APS patient. Since p2-GPI-mediated MBL-dependent thrombin
generation was increased after priming the endothelium with TNF-a,, our data suggests that this
mechanism could play an important yet unrecognized role under physiological conditions and may
be upregulated in pathological situations. Moreover, the complement activation and the pro-
coagulant effects of p2-GPI/ MBL complex may contribute to amplify similar activities of anti-p2-
GPI antibodies in APS and possibly act independently of antibodies raising the issue of developing
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appropriate therapies to avoid recurrences and disability in patients at risk for these clinical
conditions.

Introduction

Beta2-glycoprotein | (B2-GPI) is a 50-kDa protein synthesized in the liver that circulates in
the blood at approximately 200 pug/ml.(1) Although the function of this protein is largely
unknown, the finding that individuals and mice with 2-GPI deficiency lead an apparently
healthy life suggests that its role is not critical under physiologic conditions.(2):(3):(4) The
interest in B2-GP1 has greatly increased over the last two decades after the discovery that it
serves as a preferential target for antibodies present in patients with anti-phospholipid
syndrome (APS).(5) Animal models of APS have clearly shown that these antibodies
mediate the onset of thrombosis and adverse pregnancy outcomes that represent the two
main clinical manifestations of the syndrome.(6-8) /n vitro studies have revealed that f2-
GPI binds to several cell types including platelets, monocytes, endothelial cells and
trophoblast interacting with various receptors differently expressed on the cell targets.(9):
(10)(11):(12) However, analysis of the /n vivo distribution of the purified protein have
shown that B2-GPI localizes on decidual endothelial cells and extravillous trophoblast while
its deposition on the endothelium of the other vascular districts required priming with LPS.
(13) p2-GPl is structurally organized into five domains, four of which are composed of 60
aminoacids also found in complement (C) control proteins and the fifth domain
characterized by an extra stretch of positively charged aminoacids that allows binding of the
protein to anionic phospholipids.(14) Clinical and animal studies have provided convincing
evidence that the pathogenic antibodies are directed against the DI domain that is exposed
after the deposition of p2-GPI on the cell surface.(15):(16)

The C system plays a critical role in mediating anti-p2-GPI-induced clot formation and
pregnancy loss as revealed by the failure of these antibodies to cause vascular thrombi and
pregnancy loss in C deficient animals.(8) This conclusion is also supported by the finding
that C activation products are deposited on the vascular endothelium at site of thrombus
formation(17) and in the placentae collected from APS patients and animal models of APS.
(8) Antibody-mediated C activation through the classical pathway in this pathological
condition leads to the release of C5a and the assembly of the terminal C complex involved in
the onset of pregnancy loss and thrombus formation.(6, 7)

In this work, we have investigated the ability of p2-GPI to trigger C activation independently
of antibody and to promote biological effects associated with C activation products. Our
working hypothesis was that the protein may bind Mannose Binding Lectin (MBL) due to
the high carbohydrate content that accounts for approximately 20% w/w of the molecular
mass(18)-(19) and activates the lectin pathway. MBL has long been known to contribute to
host defense, particularly in early childhood, targeting mannose and N-acetylglucosamine
oligosaccharides expressed on infectious agents.(20) In addition, MBL-mediated activation
of the lectin pathway has been implicated in the development of various pathological
conditions including ischemia/reperfusion,(21) autoimmune diseases(22):(23) and IgA
nephropaties.(24) More recently, activation of the lectin pathway has been shown to promote
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coagulation through MASPs-mediated activation of prothrombin and other coagulation
factors.(25-28) Since antibody/B2-GPI interaction activates the C classical pathway, which
in turn stimulates coagulation leading to thrombus formation, we hypothesized that MBL/
B2-GPI complex can have a similar effect. Data will be presented showing that MBL binds
to B2-GPI in Ca*™ dependent manner and triggers the C lectin pathway and prothrombin
cleavage to generate thrombin.

Material and Methods

Sera

Sera were obtained from APS patients containing antibodies either to DI or to DV domains
of B2-GPI after obtaining informed consent and the 1gG was purified by affinity
chromatography using Protein G column (HiTrap Protein G HP, GE Healthcare, Milan,
Italy).(16) Serum from a C1q deficient patient(29) was used to activate the C lectin pathway.

Purification of serum p2-GPI

Human B2-GPI1 was isolated from pooled human sera obtained from blood donors by
perchloric acid treatment, and further purified by affinity chromatography on Heparin
column (Hi-Trap Heparin HP; GE Healthcare) and ion-exchange chromatography
(Resource-S; GE Healthcare). The purity of the preparation was checked by SDS-PAGE.(13,
30) DI, DIl and DIV domains of p2-GPI were generated as previously reported.(31)

Generation of human recombinant MBL

Recombinant human MBL was produced in the Chinese ovary hamster cell line DG44 as
described(32) and purified on mannan coated beads. This procedure results in pure highly
oligomerized MBL assessed by SDS-PAGE followed by Coomassie Blue staining.

Generation of human recombinant p2-GPI

The cDNA of human recombinant p2GP1 was cloned in a pDEST-40 vector. After sequence
verification, the protein was expressed in HEK293 cells as described before.(33) Briefly,
stable cell lines were generated by G418 selection (0.5-1.0 mg/ml). The secreted protein
was purified under native conditions by immunoaffinity using an N-terminal engineered
HPC-4 tag and further cleaned up by step-gradient elution from heparin-sepharose (GE
Healthcare). The N-terminal tag was quantitatively removed by enterokinase before
subjecting the protein to size exclusion chromatography (SEC), the final purification step
before biochemical and structural studies. The purity of each preparation was >98%, as
judged by SDS-PAGE and RP-HPLC. The chemical identify was verified by N-terminal
sequencing and X-ray crystallography(33)

Preparation of deglycosylated B2-GPI

Enzymatic digestion of serum p2-GPI to remove glycosylations was obtained under native
conditions using enzyme mix 11 from New England Biolabs (Ipswich, MA, USA), as
previously described(33). Briefly, a solution of wild-type $2-GPI (0.6 mg/ml, 500 pl) was
incubated with 12 pl of enzyme mix and 50 of buffer 1 for 30 min at RT and then transferred
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to 37C for 48 hours or until completion. The reaction was monitored by taking samples at O,
1, 2, 3, 8, 24 and 48 hours and analyzed by SDS-PAGE. Lack of sugars was verified by
Pierce™ Glycoprotein Staining Kit. The mixture was then purified by SEC to recover the
deglycosylated protein that typically elutes ~1 mL after the glycosylated protein due to the
smaller hydrodynamic radius.

Recombinant deglycosylated human p2-GPI was obtained blocking O- and N-
glycosylations. Residues T130, N143, N164, N174 and N234 were mutated to serine (S) or
glutamine (Q) by site-directed mutagenesis to generate the p2-GPI mutant T130S/N143Q/
N164Q/N174Q/N234Q. After sequence verification, deglycosylated B2GPI was expressed in
HEK?293 cells and purified from the media following the protocol developed for the wild-
type protein. The purity of each preparation was >98%, as judged by SDS-PAGE and RP-
HPLC. Lack of sugars was verified by Pierce™ Glycoprotein Staining Kit (Suppl. Figure 1).

Binding of MBL to p2-GPI

The interaction of MBL with p2-GPI was measured by ELISA using y-irradiated
polystyrene plates (Thermo Fisher Scientific, Milan, Italy) coated overnight with serum
purified or recombinant 2-GPI (10 pg/mL) in 100 mM Na,CO3/NaHCOj3 pH 8.8. After
washing with phosphate-buffered saline (PBS) and blocking the residual binding sites with
PBS containing 2% BSA (Sigma-Aldrich, Milan, Italy), the immobilized p2-GPI was
incubated with either 50% pooled normal human sera (NHS) as source of MBL or
recombinant MBL (1pg/ml) in Veronal-buffered saline (VBS) containing 5mM barbital
buffer (Sigma-Aldrich), 142 mM NaCl, 0.15 mM CaCl,, 0.5 mM MgCl, and 0.05% gelatin
to a final volume of 100 pl for 2 hr at 37°C. Bound MBL was revealed by a monoclonal
antibody anti-human MBL (Bioporto, Copenhagen, Denmark) followed by alkaline
phosphatase (AP)-conjugated secondary antibodies (Sigma-Aldrich). After addition of pNPP
(1 mg/ml) (Sigma-Aldrich) as a substrate, the plates were read at 405 nm using a Titertek
Multiskan ELISA reader (Flow Labs, Milano, Italy).

Binding of MBL to cell surface p2-GPI was also investigated using human umbilical vein
endothelial cells (HUVECS) grown to confluence in 96-well tissue culture plates (GE
Healthcare) in Human Endothelial serum-free medium (GE Healthcare) supplemented with
10% fetal calf serum (GE Healthcare). After overnight culture in serum-free medium (GE
Healthcare), the cells were exposed either to human $2-GPI1 (10 pg/mL) or to 10% NHS for
60 minutes at 37°C followed by MBL (1ug/ml) for 2 hours at 37°C. The bound antibodies
were detected with AP-conjugated goat anti-human IgG (Sigma-Aldrich). In some
experiments the cells were treated overnight with TNF-a (100 ng/ml, GE Healthcare) prior
to addition of B2-GPI. The results are expressed as mean +/— SD of at least two different
experiments performed in triplicate.

Immunofluorescence analysis

The biopsy specimen of popliteal artery obtained from an APS patient undergoing femoral-
popliteal bypass previously reported(17) was examined by immunofluorescence for deposits
of p2-GPI and MBL. The tissue was stained for f2-GPI with biotin-labeled recombinant
antibody CH2-deleted MBB2(17) followed by FITC-labeled streptavidin (Sigma-Aldrich)
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and for MBL with primary rabbit 1gG anti MBL (Sigma-Aldrich) revealed by sheep anti-
rabbit CY3-labeled F(Ab’)2 (Sigma-Aldrich). The sections were examined under a Leica
DM2000 fluorescence microscope (Leica) equipped with a digital camera (DFC 490; Leica).
Images were acquired by using Leica Application Suite Software. Original magnification
200x

Evaluation of C activation

C activation by MBL bound to HUVEC-adsorbed p2-GPI prepared as detailed above was
evaluated by incubating the cells carrying the MBL/B2-GPI complex with 1/50 human C1q
deficient serum for 60 min at 37°C. C4 deposition was detected by sheep anti-C4 1gG (The
Binding Site, UK) followed by incubation with AP-conjugated secondary antibodies
(Sigma-Aldrich).

Prothrombin activation assay

Cleavage of prothrombin by C activated through the lectin pathway was assessed by coating
the plates with 200 pg/ml mannan (Sigma-Aldrich) in 0.1 M bicarbonate buffer pH 8.8
overnight at +4°C. The free binding sites were blocked with PBS containing 2% BSA and
the bound mannan was then incubated with 1/50 C1g-deficient serum in VVBS for 2 hr at
37°C. After washing with VBS, a mixture of 694 nM prothrombin (Haematologic
Technologies, VT, USA) and the substrate S-2238 (Chromogenix) in 0,5 mM Tris buffered
saline pH 8,5 containing 20 mM CaCl, was added and incubated at 37°C. The reaction was
read at 405nm. A similar approach was used to evaluate thrombin generation by C activated
through the lectin pathway by the MBL/B2-GPI complex assembled on HUVEC and
incubated with 1/10 C1g-deficient serum, with or without MBL (1ug/ml). Thrombin
formation was evaluated by adding prothrombin and the S-2238 substrate in Human
Endothelial serum-free medium (GE Healthcare) at pH 7.4.

Statistical analysis

Results

Statistical analysis was performed using GraphPad Prism 6.0 for Windows. The data were
expressed as mean +/- SD and analyzed with the paired Student’s t test. Probabilities of
<0.05 were considered statistically significant.

MBL binds to p2-GPI

Hydrophobic plates currently employed to analyze the sera of APS patients for the presence
of antibodies to p2-GPI were used to investigate MBL/B2-GPI interaction. Binding of MBL
to B2-GPI was dose and calcium-dependent and was already detected at MBL concentration
of 125ng/ml in VBS containing 0.15 mM CaCl, increasing progressively with the addition
of higher amount of the protein (Figure 1A). Interaction of MBL with 2-GPI was negligible
in calcium-free buffer and in VBS containing 0.5 mM MgCls, suggesting that Ca** ions are
required and cannot be replaced by Mg2* ions. Further addition of CaCl, up to 5 mM in the
assay system resulted in a slight increase in MBL binding (Figure 1B). To assess if MBL
also recognizes soluble p2-GPI, the interaction of MBL with solid-phase bound p2-GPI was
evaluated in the presence of serum purified p2-GPI (10 pg/mL). The results presented in Fig
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1C clearly show that soluble B2-GPI failed to exert an inhibitory effect at ten-fold higher
concentration than MBL.

Analysis of sugar recognition by MBL

The finding that calcium was required for MBL/B2-GPI interaction led us to investigate
whether the sugars, that constitute approximately 20% of beta2-GPI, represent a preferential
target of MBL. To this end, the binding of MBL (1ug/mL) was evaluated in the presence of
N-acetylglucosamine and D-mannose. Surprisingly, neither of the two sugars exhibited an
inhibitory effect at the concentration of 100 mM (Figure 2A). The role of sugars as ligands
of MBL was further investigated coating the wells of the microtiter plates with two sugar-
free preparations of p2-GPI (10 pg/mL) obtained either by enzymatic digestion of the
oligosaccharide chains of the glycoprotein purified from serum or by site-directed
mutagenesis of recombinant B2-GPI to generate a mutant protein lacking the
polysaccharides. Both protein variants were recognized by MBL equally well as serum-
derived and glycosylated recombinant $2-GPI (Figure 2B).

Examination of B2-GPI domains reacting with MBL

Two different approaches were employed to identify the domains recognized by MBL. First,
bound-p2-GPI was incubated with saturating dose of 1gG (100 pg/ml) reacting either with
DI or DV domains prior to the addition of MBL. The serum IgG from APS patients were
selected for their ability to activate C-mediated coagulation in the case of anti-DI Abs or,
alternatively, to inhibit 32-GPI binding to endothelial cells for anti-DV Abs.(16) As shown
in Figure 3A, none of these antibodies prevented MBL binding to p2-GPI suggesting that
both DI and DV are unlikely to provide a binding site for MBL. To obtain more direct
information on the domains of 2-GPI recognized by MBL, we tested the binding of MBL
to immobilized p2-GPI domains. Only three domains comprising DI, DIl and DIV were
available for the study. The results presented in Figure 3B show a modest, but significant,
binding of MBL to DIl and DIV domains and a significantly higher value of MBL/B2-GPI
interaction while the binding to DI was undetectable.

Endothelial cells as target of p2-GPI/MBL complex

To ascertain if the interaction between MBL and p2-GPI may also occur on the cell surface,
we analyzed HUVEC as cell target of p2-GPI. The cells were kept overnight in serum-free
medium to favor the release of cell-bound p2-GPI and then incubated with either NHS or the
two purified proteins in succession. As expected, both 2-GPI and MBL were detected on
HUVEC exposed to NHS containing the two proteins (Figure 4A). Purified B2-GPI was also
found to bind to HUVEC and subsequent addition of MBL resulted in MBL deposition that
was undetectable on cells incubated with this protein in the absence of 2-GPI (Figure 4B).

Immunofluorescence analysis of the popliteal artery biopsy obtained from an APS patient
revealed linear deposition of B2-GPI on the endothelial cells as opposed to the uneven
distribution of MBL. Double staining of the arterial wall for the two proteins showed that
MBL was deposited at sites of vascular endothelium where it co-localized with p2-GPI
(Figure 5). No staining was observed using unrelated rabbit 1gG antibodies as negative
control.
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Functional effect of MBL bound to p2-GPI

Since activation of the lectin C pathway is a well-known function of target-bound MBL, we
measured C4 deposition on HUVEC bearing MBL bound to p2-GPI. To focus the analysis
on the lectin pathway-dependent activation of C4, we used a C1g-deficient serum to prevent
a potential activation of the classical pathway. The data presented in Figure 6 show that
incubation of p2-GPI-coated cells with MBL-containing serum resulted in deposition of C4
that increased with further addition of MBL. C4 binding was undetected when the cells were
exposed to C1g-deficient serum in the absence of 2-GPl and MBL. To mimic a pro-
inflammatory scenario, the B2-GPI-mediated binding of MBL to HUVEC was further
studied after TNF-a priming. Under these experimental conditions, C4 deposition on cell
surface was found to be significantly higher than that of untreated cells (Figure 6) thus
indicating that priming of the endothelium promotes binding of B2-GPI and stimulates
MBL-dependent C activation.

Given that C and clotting cascades crosstalk, we next sought to determine if C activated by
B2-GPI/MBL complex may also have a procoagulant effect. To obtain this information, we
used an experimental approach similar to that employed to investigate C4 activation, with
the only difference that prothrombin and the chromogenic thrombin substrate were added
after incubation with the serum. Thrombin generation was first tested in the classical assay
of C activation through the lectin pathway incubating C1qg-deficient serum in mannan-coated
wells. Thrombin was produced under these conditions as assessed by the amount of cleaved
chromogenic substrate (Suppl. Figure 2). C1g-deficient serum incubated with 2-GPI-coated
HUVEC induced thrombin generation which was more evident after addition of MBL,
suggesting that the concentration of this protein in C1q deficient serum was a limiting factor
in the stimulation of substantial thrombin formation (Figure 7). In keeping with our results
in Figure 6, priming of HUVEC with TNF-a. led to enhanced thrombin generation, as
indicated by the increase in the cleavage of the chromogenic substrate (Figure 7).

Discussion

Beta2-GPl/antibody complexes are known to activate the C system and to stimulate blood
coagulation. In this work, we have identified MBL as a novel ligand for p2-GPI and report
data showing that the MBL complexed with surface-bound p2-GPI can elicit effects
analogous to those induced by the anti-p2-GPI /p2-GPI complex. Hence, the MBL/B2-GPI
system may be an important yet unappreciated pathway that contributes to thrombus
formation.

Ca** was required for the binding of MBL to 32-GPI in line with similar results reported on
the interaction of MBL with a variety of infectious and non-infectious targets.(20) We
reckoned that the most likely explanation for this finding was that the carbohydrate chains of
[2-GPI offer binding sites for the carbohydrate-recognition domain (CRD) of MBL.
However, contrary to what was expected, both mannose and GlcNac, two major
carbohydrate components of f2-GPl, failed to inhibit MBL binding. These results were
further supported by the finding that enzymatically deglycosylated B2-GPI and a sugar-free
recombinant molecule were recognized by MBL equally well as fully glycosylated p2-GPlI.
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Taken together, these data suggest that the carbohydrates of p2-GPI are not involved in the
interaction with MBL.

While the molecular mechanisms responsible for the interaction between MBL and p2-GPI
could not be fully elucidated from these studies, it is tempting to speculate that Ca*™ ions
may act as a bridge between MBL and regions of p2-GPI that are rich in negatively charged
amino acids. Consistent with this premise, MBL interacted with domains Il and IV, which
are negatively charged, yet failed to react with domain 1, which is positively charged.(33)
Additional support to this hypothesis came from the experiments with anti-DI and anti-DV
antibodies, which did not prevent MBL binding to p2-GPI. Unfortunately, recombinant
domain 111 was not available and therefore its interaction with MBL could not be
investigated. However, it is unlikely that this domain bears a recognition site for MBL
because it is shielded by the polysaccharides that are mostly localized in this part of the
molecule.(19)(33)

An interesting observation of this study is that soluble 32-GPI did not inhibit binding of
MBL to immobilized p2-GPI suggesting that, similar to other ligands,(33) the preferential
interaction of MBL with bound B2-GPI may arise from the ability of p2-GPI to form
oligomeric structures upon binding to negatively charged phospholipids.

The type of molecular interaction between MBL and p2-GPI does not meet the classical
criteria of Ca* dependent and sugar binding of MBL to infectious and non-infectious
targets(20), suggesting that the CRD is probably not involved in this process. Another
possible candidate for an alternative recognition site for p2-GPI is the collagen domain of
MBL. This portion of the molecule binds MASPs in a Ca** dependent manner(34) and may
interact with p2-GPI in a similar way, as it does with the bone morphogenetic protein-1
(BMP-1)/tolloid-like proteinases (BTPs).(35) BMP-1/ BTPs and p2-GPI share a similar
behavior in their interaction with MBL, which recognizes both proteins only if immobilized
on solid supports in the presence of calcium and not as soluble molecules. One major
difference is that the formation of BMP-1/ BTPs -MBL complex is inhibited by MASP2,
indicating that BMP-1/ BTPs and MASP2 compete for the same binding site on MBL.
Conversely, the p2-GPI/MBL complex is able to activate C through the lectin pathway,
suggesting that the collagen-like domain is still free to bind MASPs after the assembly of the
complex. Larvie and colleagues(36) have identified a binding site for amyloid B peptides in
the cysteine-rich domain at the N-terminus of MBL, but this site does not seem to be
involved in the binding of B2-GPI since the interaction between the amyloid peptides and
MBL, unlike that of p2-GPI and MBL, is calcium-independent. Overall, our data tend to
exclude the binding of p2-GPI to the N-terminal cysteine-rich and collagenous domains of
MBL and rather support the localization of the binding site at the C terminus of the
molecule, though the exact site needs to be identified.

Binding of MBL was not restricted to p2-GPI immobilized on the wells of ELISA plates but
was also extended to the protein deposited on the surface of HUVEC. These endothelial
cells were selected for this study because /n vitro experiments(37) and an in vivo model(13)
have shown that they constitutively bind B2-GPI in the absence of priming factors such as
LPS or pro-inflammatory cytokines required to favor the protein deposition on the
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endothelium of all the other vascular districts.(13) The /in vivo relevance of these
observations was indicated by the finding that MBL and p2-GPI were found to co-localize
on the endothelium of a vessel occluded by a blood clot in an APS patient with recurrent
thrombosis undergoing vascular anastomosis. The linear distribution of $2-GPI and the
irregular deposition of MBL at sites of the endothelial surface, where it co-localized with
2-GPl, reflect the relative amounts of the two proteins circulating in blood with a large
preponderance of p2-GPIl. MBL bound to p2-GPI share with the f2GPl/anti-B2GPI complex
formed in APS patients the ability to induce C activation and to trigger the coagulation
cascade. These two processes are closely linked since the induction of coagulation by anti-
B2GPI antibodies is dependent on C activated through the classical pathway(7, 8) and that
induced by MBL via the lectin pathway as documented by C4 deposition in the presence of
C1q deficient serum. Our finding that thrombin is generated by MBL bound to mannan and
also to B2GPlI is in line with previous reports showing that activation of the lectin C pathway
leads to MASPs-mediated cleavage of prothrombin resulting in thrombin generation and clot
formation.(25-28)

In conclusion, we have presented evidence that MBL binds to solid phase- and cell surface-
bound B2-GPI in a calcium-dependent manner. We have also shown that the CRD of MBL is
not involved in the recognition of B2-GPI and that the B2-GPI/MBL complex assembled on
endothelial cells activates C and in turn induce prothrombin cleavage leading to the
generation of thrombin. This system may be physiologically relevant and could be
upregulated during inflammatory conditions thus contributing to thrombus formation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points
. Mannose-Binding Lectin interacts with bound-Beta2-GPI
. MBL/Beta2-GPI complex activates the lectin pathway of the complement

system

. Complement activated by the MBL/Beta2-GPI complex promotes thrombin
generation
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Figure 1. Binding of MBL to immobilized p2-GPI.
A) B2-GPI (10 pg/mL) immobilized on ELISA plate was incubated with different

concentration of MBL for 2 hours at 37°C. B) p2-GPI (10 pg/mL) immobilized on ELISA
plate was incubated with MBL (1pg/ml) in VBS containing 0.5 mM Mg** and increasing Ca
** concentrations for 2 hours at 37°C. C) B2-GPI (10 pg/mL) immobilized on ELISA plate
was incubated with MBL (1pg/ml) in the presence or in the absence of soluble p2-GPI (10
pg/mL) for 2 hours at 37°C. Bound MBL was revealed using anti-MBL mAb and alkaline
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phosphatase-labeled anti-mouse secondary Ab. The results are expressed as mean +/— SD
and derived from at least 3 independent experiments (3 or 4 replicates per groups).
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Figure 2. Binding of MBL to p2-GPI is sugar independent.
A) B2-GPI (10 pg/mL) was immobilized on ELISA plate and incubated with MBL (1pg/ml)

in the absence or in the presence of GIcNAc or Mannose (100 mM) for 2 hours at 37°C. B)
Serum-derived B2-GPlI, glycosylated recombinant p2-GPI, and recombinant 2-GPI
deglycosylated either by enzymatic treatment or by site-directed mutagenesis (10 pg/mL)
were immobilized on ELISA plate and incubated with MBL (1pg/ml) for 2 hours at 37°C.
Bound MBL was revealed using anti-MBL mAb and alkaline phosphatase-labeled anti-
mouse secondary Ab. The results are expressed as mean +/— SD and derived from at least 3
independent experiments (3 replicates per groups).
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Figure 3. Interaction between B2-GPI domains and MBL.
A) B2-GPI (10 pg/mL) was immobilized on ELISA plate and incubated with MBL (1pg/ml)

in the presence or in the absence of 1gG (100 pg/ml) against domain | or domain V of p2-
GPI for 2 hours at 37°C. B) p2-GPI, and the domains I, 1l or IV of 2-GPI (10 pg/mL) were
immobilized on ELISA plate and incubated with MBL (1ug/ml) for 2 hours at 37°C. Bound
MBL was revealed using anti-MBL mAb and alkaline phosphatase-labeled anti-mouse
secondary Ab. The data are expressed as mean +/- SD and derived from at least 3
independent experiments. * = p<0,05; ** = p<0,001.
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Figure 4. B2-GPI and MBL deposition on endothelial cells.
HUVEC were maintained in serum free medium and then incubated with purified p2-GPI

(10 pg/mL) and MBL (1pg/mL), NHS (1/50) or only MBL as a control. A) Bound p2-GPI
was revealed using MBB2 recombinant Ab and alkaline phosphatase-labeled anti-human
secondary Ab. B) Bound MBL was revealed using anti-MBL mAb and alkaline
phosphatase-labeled anti-mouse secondary Ab. The data are expressed as mean +/- SD and
derived from at least 3 independent experiments (3 or 4 replicates per groups). * = p<0,05;
** = p<0,01; NS: Not Significant
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Figure 5. B2-GPI and MBL deposition on the wall of occluded femoral artery
Immunofluorescence analysis of the wall of the occluded femoral artery for the deposition of

B2-GPl and MBL. The tissue was stained for $2-GPI using the recombinant antibody MBB2
followed by FITC-labeled anti-human IgG. MBL was stained using rabbit 1gG anti MBL
and sheep anti rabbit CY3-labeled F(Ab’)2. Two different sections are shown. Original
magnification x200.
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Figure 6. C4 deposition on endothelial cells.
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HUVECs were maintained in serum free medium in the presence or in the absence of TNF-
a (100 ng/ml) and then incubated with purified p2-GPI (10 pg/mL) and MBL (1pg/mL).

C1q deficient serum (1/50) was used as a source of C (see Materials and Methods for
experimental details). C4 deposition was revealed using anti-C4 antibody and phosphatase-
labeled secondary antibody. The results are expressed as mean +/— SD and derived from at

least 3 independent experiments (3 replicates per groups). * = p<0,05; ** = p<0,01.
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Figure 7. Prothrombin activation on endothelial cells.
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HUVEC were maintained in serum free medium in the absence or in the presence of TNF-a
(100 ng/ml) and then incubated with purified f2-GPI (10 ug/mL) and MBL (1ug/mL). Clq
deficient serum (1/10) was used as a source of C. Prothrombin and the prothrombin substrate
were then added and cleavage of the substrate was followed as detailed in Materials and
Methods. Data were expressed as mean +/— SD and derived from at least 3 independent

experiments (2 or 3 replicates per groups). * = p<0,05.
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