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Abstract 
Background: Factor VII-activating protease (FSAP) is a serine protease that circulates in plasma 

in its inactive single-chain form and can be activated upon contact with dead cells. When 

activated by apoptotic cells, FSAP leads to release of nucleosomes. The serpins C1-inhibitor 

and α2-antiplasmin are reported to be the major inhibitors of FSAP. However, regulation of 

FSAP activity by Kunitz-type inhibitors is not well studied.

Objectives: To compare the inhibition of FSAP activity and FSAP induced nucleosome release 

from apoptotic cells by tissue factor pathway inhibitor (TFPI) to that of C1-inhibitor and α2-

antiplasmin.

Methods: Apoptotic cells were incubated with plasma or FSAP in presence of the inhibitor 

and nucleosome release was analyzed using flow cytometry. Monoclonal antibodies to TFPI 

and altered forms of TFPI were used to investigate which domains of TFPI contribute to FSAP 

inhibition. 

Results and Conclusions: We show that TFPI abrogates FSAP activity and nucleosome 

release from apoptotic cells. TFPI is a much more efficient inhibitor than C1-inhibitor or 

α2-antiplasmin. The active site of the Kunitz-2 domain is required for inhibition of FSAP. A 

direct binding interaction between FSAP and the C-terminal domain of TFPI is also required 

for efficient inhibition. Inhibition of FSAP-induced nucleosome release by recombinant TFPI 

might, in part, explain the anti-inflammatory effects of recombinant TFPI infusion observed 

in animal and human sepsis.
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Introduction
Nucleosomes and DNA-binding proteins are endogenous mediators of inflammation and 

lethality in sepsis (1-4). Levels of circulating nucleosomes correlate with disease severity and 

outcome in sepsis patients (5;6). Histone release contributes to death following inflammatory 

injury or chemical-induced cellular injury in mouse models, mediated in part through Toll-

like receptors (7). Although the cellular source of nucleosomes is unclear, it is likely that 

they are derived from apoptotic cells. Nucleosomes stay associated with the apoptotic cell 

under serum- or plasma-free conditions (8) and are released after contact of apoptotic cells 

with serum or plasma (9). Activation of factor VII-activating protease (FSAP) is essential for 

nucleosome release (10). FSAP, also known as plasma hyaluronic acid binding protein 2 

(HABP2), is a serine protease consisting of three epidermal growth factor (EGF) domains, a 

kringle domain and a serine protease domain at its C-terminus. In plasma, FSAP circulates 

as an inactive single-chain molecule of 78 kDa that can be converted in its active two-chain 

form consisting of a 50 kDa heavy and a 28 kDa light chain connected by a disulfide bond 

(11). In purified systems, several serpins such as C1-inhibitor (C1inh), α2-antiplasmin (AP), 

antithrombin III (AT-III) and plasminogen activator inhibitor-1 (PAI-1) (11-15) have been 

reported to inhibit the amidolytic activity of FSAP. In plasma, C1inh has been reported to 

be the main inhibitor of activated FSAP (12). We demonstrated that when FSAP is activated 

in plasma, complexes with AP and C1inh are formed (16). Incubation of plasma or serum 

with apoptotic cells leads to activation of FSAP, release of nucleosomes, and formation of 

FSAP-C1inh and FSAP-AP complexes. We observed FSAP activation in post-surgery patients, 

patients suffering from severe sepsis, septic shock and meningococcal sepsis and the levels 

of FSAP activation correlated with nucleosome levels, disease severity and mortality in these 

patients (16).

In search for inhibitors of FSAP we found that aprotinin, a synthetic Kunitz-type inhibitor, 

inhibits nucleosome release from apoptotic cells by FSAP in plasma (10). Tissue factor pathway 

inhibitor (TFPI) is a Kunitz-type inhibitor present on endothelium (17), within platelets (18;19) 

and in plasma (20) that has anti-inflammatory properties (21-23). The primary physiological 

function of TFPI is to inhibit coagulation through inhibition of FXa and TF/FVIIa (24). Here we 

report that TFPI is an efficient inhibitor of FSAP.

Materials and Methods
Materials
Mouse monoclonal antibodies to FSAP (anti-FSAP4), to complexed C1-inhibitor (KOK12) 

and to α2-antiplasmin (AAP20) were prepared at our department (all IgG1κ) (10;25). The 

mouse monoclonal antibodies to the various domains of TFPI, plasma purified human C1-

inhibitor (Cetor®), High Performance ELISA buffer (HPE) and Poly-HRP-labeled streptavidin 
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were obtained from Sanquin Reagents (Amsterdam, The Netherlands). Iscove’s modified 

Dulbecco’s medium (IMDM) was obtained from BioWhittaker Europe (Verviers, Belgium). 

Fetal calf serum (FCS) was obtained from Bodinco BV (Alkmaar, The Netherlands). Penicillin 

and streptomycin were obtained from Gibco/Invitrogen (Groningen, The Netherlands). 

Etoposide, ß-mercaptoethanol, RNase, mineral oil and α2-antiplasmin were obtained from 

Sigma (Zwijndrecht, The Netherlands). (3,5,3’,5’)-tetramethylbenzidine (TMB) was obtained 

from Merck (Darmstadt, Germany). Chromogenic substrate S2288 was obtained from 

Chromogenix (Milano, Italy). Recombinant full-length TFPI, TFPI-K1M (Ile 36) and TFPI-K2M 

(Leu 107) expressed in E. coli were a kind gift of A. Creasey, Chiron Corporation (Emeryville, 

USA). In these altered forms of TFPI, the residue at the active-site cleft of the K1 or the K2 

domain has been individually changed leading to a dysfunctional Kunitz domain (24). TFPI-

160 was obtained as described by Warshawsky et al. (26;27). 

Cell culture and induction of apoptosis
Jurkat cells were cultured in culture medium IMDM containing 5% (v/v) FCS, penicillin (100 IU/

ml), streptomycin (100 µg/ml) and 50 µM ß-mercaptoethanol). Before apoptosis induction, 

cells were washed three times with culture medium without FCS by centrifugation at 360 x g 

for 10 minutes and resuspended in culture medium without FCS. Cells (1x106 cells/ml) were 

incubated for 48 hours with etoposide in a final concentration of 200 µM to induce apoptosis.

Recalcified plasma
Serum clotted in the presence of cells contains microparticles which obscure FACS analysis. 

Therefore we used recalcified citrated plasma. It removed nucleosomes from apoptotic 

cells as efficiently as serum and the clotting did not lead to FSAP activation (9). In the text, 

recalcified citrated plasma is denoted as serum.

Blood was obtained from healthy donors in vials containing a final concentration of 10 mM 

sodium citrate and were centrifuged two times at 1300 x g. Citrated plasma was recalcified 

with 20 mM CaCl2 in a glass vial and incubated at 37°C for 30 minutes. Subsequently the 

recalcified plasma was incubated at 4°C for 30 minutes and the formed clot was removed. 

The serum was stored at -20°C until use. All donors were homozygous for the wild-type form 

of FSAP.

Nucleosome releasing factor (NRF) assay
Active two-chain FSAP (tcFSAP) was purified as described earlier (10). Apoptotic Jurkat cells 

were washed in HN-buffer (10 mM Hepes, 140 mM NaCl, pH 7.2) and 1% (w/v) bovine serum 

albumin (BSA) and resuspended in HN-1% BSA to a final concentration of 2x106 cells/ml. Cells 

were incubated with RNAse (40 µg/ml) for 30 minutes at 37°C. After incubation of 100 µl of 
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sample (either plasma or tcFSAP diluted in HN) with 100 µl of cells for 30 minutes at 37°C in a 

glass vial, 150 µl was removed and added to a microtiter plate (96 wells, round bottom). After 

three washes with FACS buffer (10 mM Hepes, 150 mM  NaCl, 5 mM KCl, 2 mM CaCl2, 2 mM 

MgCl2, 0.5% BSA) cells were resuspended in 100 µl FACS buffer and stained with propidium 

iodide (PI) at a final concentration of 4 µg/ml. The median fluorescence intensity (MFI) was 

measured with flow cytometry.

FSAP-C1inhibitor and FSAP-α2-antiplasmin complex ELISA
Complexes of FSAP with C1inh and AP were determined as described previously (16). Briefly, 

the monoclonal antibodies KOK12 against C1inh in complex or AAP20 against AP were used 

for capture of the FSAP-inhibitor complexes. Biotinylated monoclonal antibody anti-FSAP4 

recognizing the light chain of FSAP in combination with poly-HRP-labeled streptavidin was 

used for detection. Results were expressed in AU/ml by reference to a standard which is 

recalcified citrated plasma activated with apoptotic cells (1x106 cells/ml) in presence of 20 

mM EDTA. This standard was arbitrarily set to 50 AU/ml.

FSAP inhibition in chromogenic assay
Increasing concentrations of TFPI, C1inh, AP, TFPI-160, TFPI-K1M or TFPI-K2M were added to 

an excess of chromogenic substrate S2288 (1 mM) (13) in HN-0.1% Tween 20 in a 96 wells 

plate. In additition increasing concentrations of TFPI were pre-incubated with monoclonal 

antibodies against Kunitz domain 1 (K1), Kunitz domain 2 (K2), Kunitz domain 3 (K3) or 

the C-terminus (Cter) of TFPI or an irrelevant antibody (50 µg/ml) and were added to an 

excess of chromogenic substrate S2288 (1 mM) in HN-0.1% Tween 20 in a 96-wells plate.  

Subsequently a fixed concentration of purified tcFSAP (10 nM) was added to the plate. To 

prevent evaporation the samples were covered with a layer of mineral oil. The absorbance 

at 405 nM was recorded for 60 minutes at 37°C using a multiskan spectrum reader (Thermo 

Labsystems; Waltham, MA, USA). The delta absorbance/min (velocity) was calculated. Data 

were plotted as Vi/Vo against the inhibitor concentration, where Vi and Vo are the velocities 

of substrate hydrolysis by 10 nM tcFSAP in presence and absence of inhibitor, respectively. 

The kinetic parameters were calculated from the Michaelis-Mentens regression model. The 

IC50 values for purified tcFSAP inhibition by TFPI, C1inh and AP were determined by plotting 

the Vi/Vo against the inhibitor concentration (Hillslope model). The Ki was calculated using 

the Cheng-Prusoff equation (28).

TFPI binding to FSAP
A 96-wells microtiter plate (maxisorp, Nunc; Roskilde, Denmark) was coated with purified 

tcFSAP (2 µg/ml in PBS) overnight at room temperature (RT). All further incubation steps 
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were performed in PBS, 0.1% (v/v) Tween 20/0.2% (w/v) gelatin (PTG) and after each step 

the wells were washed five times with washing fluid (PBS, 0.02% Tween 20) with a Microplate 

Autowasher 9Bio-tek Instruments, Inc; Winooski, VT, USA). After coating wells were incubated 

with 1% (w/v) BSA overnight to prevent non-specific binding to the plate. Biotinylated TFPI 

was pre-incubated for 60 minutes with anti-K1, anti-K2, anti-K3, anti-Cter or an irrelevant 

antibody of the same isotype (50 µg/ml). Subsequently the TFPI samples were added to 

the plate and incubated for 60 minutes at RT. Finally streptavidin-polymerized horseradish 

peroxidase (poly-HRP) conjugate (dilution 1:10,000 v/v) diluted in PTG was added to each 

well and incubated for 20 minutes. Plates were developed by addition of 100 µg/ml TMB and 

0.003% hydrogen peroxide in 0.11 M sodium acetate buffer pH 5.5. Coloring reaction was 

stopped by adding 100 µl of 2 M H2SO4. The absorbance was measured at 450-540 nm with 

an ELISA plate reader. Results were expressed as percentage binding of TFPI to FSAP where 

binding of TFPI, pre-incubated with an irrelevant antibody, to FSAP was set at 100%.

Results 
Inhibition of FSAP activity by TFPI
To test whether TFPI is able to inhibit the nucleosome releasing activity of FSAP we incubated 

serum (Figure 1A) or purified FSAP (Figure 1B) with TFPI prior to incubation with apoptotic 

cells. C1inh and AP served as controls. Surprisingly, C1inh and AP were significantly less 

efficient in the inhibition of nucleosome release compared to TFPI. Inhibition of purified FSAP 

required lower levels of C1inh and AP, whereas TFPI is equally efficient. To determine whether 

apoptotic cells play a role in the inhibition of FSAP by TFPI we also investigated whether TFPI 

inhibits the amidolytic activity of plasma-derived tcFSAP in the absence of cells. Again, TFPI 

turned out to be a very efficient inhibitor of the amidolytic activity of purified tcFSAP (Figure 

1C). The estimated inhibition constant (Ki) of the inhibition of purified FSAP by recombinant 

TFPI was 0.63 nM. As it is known that physiological concentrations of calcium reduce the 

inhibition of FXa by TFPI, we tested the inhibition of FSAP by TFPI in presence of calcium. 

However, addition of physiological concentrations of calcium TFPI did not alter the inhibition 

of FSAP by TFPI (data not shown).

Inhibition of FSAP-inhibitor complex formation by TFPI
Quantification of FSAP-C1inh and FSAP-AP complexes can be used to monitor both in vitro as 

well as in vivo FSAP activation (16). Upon incubation with apoptotic cells, FSAP is activated 

and FSAP-AP and FSAP-C1inh complexes are formed. To confirm the results of the nucleosome 

releasing assay, FSAP-inhibitor complexes were measured after serum incubation with 

apoptotic cells in the presence of TFPI. TFPI at a concentration of 125 nM was sufficient to 

inhibit complex formation with AP (~0.5 µM in 50% plasma) (Figure 2A). This was also true for 
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Figure 1: Inhibition of FSAP activity by α2-antiplasmin, C1-inhibitor and TFPI
Serum 10% (A) or purified FSAP 10 AU/ml (B) was pre-incubated with increasing concentrations of AP, C1inh or TFPI 

prior to incubation with apoptotic cells for 30 minutes at 37°C. Cells were stained with PI and MFI was measured 

by FACS analysis. NRF activity was expressed in percentage of the decrease in MFI after incubation with 10% serum 

(which contains ~ 18.5 nM FSAP) or 10 AU/ml purified tcFSAP (~ 18.5 nM). Increasing concentrations of TFPI, C1inh 

and AP were added to the chromogenic substrate S2288 (1 mM). Purified tcFSAP (10 nM) was added and the 

absorbance at 405 nm was measured (C). Data were plotted as Vi/Vo against the inhibitor concentration. Vi indicates 

the velocity of substrate hydrolysis by 10 nM tcFSAP in presence of inhibitor and Vo in its absence. The potency to 

inhibit 50% of the reference amidolytic activity (IC50) was determined. Results are given as mean±SEM, (n=3).
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C1inh with an estimated concentration of 1.2 µM (Figure 2B). These results support the data 

obtained in the nucleosome releasing assay and the chromogenic assay indicating TFPI to be 

a more efficient inhibitor as compared to the plasma inhibitors AP and C1inh. 

Kunitz-2, Kunitz-3 and C-terminal domain of TFPI inhibit FSAP activity
Full length TFPI consists of three Kunitz-type domains and a basic C-terminal end. We tested 
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Figure 3: Role of Kunitz domains and C-terminus of TFPI in inhibition of FSAP activity
TFPI was pre-incubated with blocking antibodies against Kunitz domain 1, 2, 3 or the C-terminus of TFPI (50 µg/ml). 

Next serum was incubated with TFPI and antibodies prior to incubation with apoptotic cells for 30 minutes at 37°C. 

Cells were stained with PI and MFI was measured by flow cytometry (A). NRF was expressed in percentage of the 

decrease in MFI after incubation with 10% serum (which contains ~ 18.5 nM FSAP). TFPI was pre-incubated with 

blocking antibodies against Kunitz domain 1, 2, 3 or the C-terminus of TFPI (50 µg/ml) and added to the chromogenic 

substrate S2288 (1 mM). Purified tcFSAP (10 nM) was added and the absorbance at 405 nm was measured (B). Data 

were plotted as Vi/Vo against the inhibitor concentration. Vi indicates the velocity of substrate hydrolysis by 10 nM 

tcFSAP in presence of TFPI and Vo in its absence. Results are given as mean±SEM, (n=3).
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Figure 2: Inhibition of FSAP-AP and FSAP-C1inh complex formation by TFPI
Serum (50%) was pre-incubated with an increasing concentration of TFPI prior to incubation with apoptotic cells 

for 30 minutes at 37°C. FSAP-AP (A) and FSAP-C1inh (B) complexes were measured by ELISA. Results are given as 

mean±SEM, (n=3).
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which domain of TFPI is involved in the inhibition of FSAP activity by using mAbs directed to 

the various domains of TFPI. TFPI was preincubated with antibodies, added to serum and 

incubated with apoptotic cells. Anti-K2 reversed the inhibiting effect of TFPI on the FSAP 

mediated nucleosome release (Figure 3A). Anti-Cter and, to a lesser extent, anti-K3 and 

anti-K1 had a partial effect. Similar results were obtained when FSAP activation was monitored 

via complex formation of FSAP with AP and C1inh (data not shown).  To determine whether 

the involvement of the various domains of TFPI is related to the presence of cells, we tested 

the effect of anti-TFPI antibodies in a chromogenic assay in the absence of cells. Again anti-K2 

was the most efficient inhibitor of TFPI followed by anti-Cter and anti-K3. In contrast to the 

plasma system, anti-K1 has no effect on FSAP inhibition in the chromogenic assay (Figure 3B). 

To confirm the involvement of the various domains of TFPI in FSAP inhibition we analyzed the 

effects of various TFPI mutants. TFPI-160, lacking the K3 and the Cter, was not able to inhibit 

the FSAP activity (Figure 4A), although TFPI-160 was still able to inhibit FXa activity (data not 

shown). TFPI-K1M, with an inactive K1, was still able to inhibit FSAP activity, whereas TFPI-

K2M, with an inactive K2, completely lacked this inhibitory capacity (Figure 4B). 

Binding of TFPI to FSAP
Since the basic Cter tail of TFPI is involved in FSAP inhibition has been reorted to bind to cell 

surfaces and heparin-like structures, we tested whether FSAP binds to TFPI and whether 

the Cter is involved in this binding. Full-length TFPI bound to FSAP dose-dependently. Pre-

incubation with anti-K1, anti-K2 or anti-K3 inhibited the binding to FSAP by ~50%. When 

TFPI was pre-incubated with anti-Cter, the binding of TFPI to FSAP was reduced to 10% of 
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Figure 4: Inhibition of FSAP activity by TFPI, TFPI-160, TFPI-K1M and TFPI-K2M
Increasing concentrations of TFPI, TFPI-160 (A), TFPI-K1M or TFPI-K2M (B) were added to the chromogenic substrate 

S2288 (1 mM). Purified tcFSAP (10 nM) was added and the absorbance at 405 nm was measured. Data were plotted 

as Vi/Vo against the inhibitor concentration. Vi indicates the velocity of substrate hydrolysis by 10 nM tcFSAP in 

presence of inhibitor and Vo in its absence. Results are given as mean±SEM, (n=3).
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Figure 5: Binding of TFPI to FSAP 
To measure binding of TFPI to FSAP, microtiter plates 

were coated with purified tcFSAP. Biotinylated TFPI 

was pre-incubated with anti-K1, anti-K2, anti-K3, 

anti-Cter or an irrelevant antibody (50 µg/ml) before 

addition to the plate. Results were expressed as 

percentage binding of TFPI to FSAP where binding 

of TFPI, pre-incubated with an irrelevant antibody, 

to FSAP was set at 100%. Results are given as 

mean±SEM, (n=4).

Figure 6: Schematic model of FSAP inhibition by TFPI 
TFPI binds directly to FSAP with its C-terminal domain. 

Upon binding of TFPI to FSAP the Kunitz-2 domain of 

TFPI is able to inhibit FSAP activity. Abbreviations: FSAP: 

factor VII-activating protease; hc: heavy chain; lc: light 

chain; TFPI: tissue factor pathway inhibitor; Cter: carboxy-

terminal domain; NH2ter: amino-terminal domain

its original level (Figure 5). This indicates that the Cter is important for TFPI binding to FSAP 

(Figure 6). 

Discussion
We recently described that activated tcFSAP in plasma can release nucleosomes from late 

apoptotic cells (9;10). This nucleosome releasing activity of FSAP can be efficiently inhibited 

by TFPI. Surprisingly, C1inh and AP, serpins described to be efficient inhibitors of FSAP in 

purified systems (13), were significantly less efficient. Inhibition of purified tcFSAP required 

lower levels of C1inh and AP whereas TFPI was equally efficient. Most likely, this is because, 

during preincubation of (partially activated) FSAP with C1inh or AP, complex formation was 

achieved before apoptotic cells were added. The difference might be attributable to the fact 

that TFPI is a Kunitz-type protease inhibitor that has a different inhibitory mechanism than the 

serpins AP and C1inh. The efficacy of TFPI in inhibiting FSAP activity was also demonstrated 

in the absence of apoptotic cells. The amidolytic activity of plasma-derived tcFSAP was 

inhibited more efficiently as compared to C1inh and AP. Why TFPI is much more efficient in 

the inhibition of FSAP as compared to C1inh and AP is not clear. TFPI binds to surfaces and is 

therefore considered to be an efficient surface-bound inhibitor of proteases. However, also 

in a cell-free system, as shown by the results of the chomogenic assay, TFPI was efficient in 

inhibiting FSAP activity. TFPI turned out to be 300 times more efficient than C1inh and AP in 

inhibiting the chromogenic activity of purified FSAP.
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Full length TFPI consists of three Kunitz-type domains and a basic C-terminal end. K1 and K2 

inhibit TF/FVIIa and FXa, respectively, resulting in a quaternary complex TFPI/FXa/TF/FVIIa 

(24). Cter has been reported to bind to cell surfaces and heparin-like structures (29;30). By 

using mAbs against the various domains of TFPI, we demonstrated that inhibition of FSAP 

activity by TFPI was completely abrogated by anti-K2 and attenuated by anti-Cter and anti-K3. 

It is unlikely that the binding of TFPI to the surface of apoptotic cells is important for inhibition 

of FSAP activity, since the effect of the antibodies was also observed in a chromogenic assay 

in the absence of cells. To confirm the role of K2 in FSAP inhibition TFPI-K1M and TFPI-K2M 

mutants were tested as well. In these point mutations of TFPI, the residue at the active-

site cleft of the K1 and the K2 domain has been individually mutated leading to inactive 

Kunitz domains (24).  TFPI-K1M was still able to inhibit FSAP activity, whereas the TFPI-K2M 

completely lacked this inhibitory capacity. This confirms the results obtained with the anti-

TFPI antibodies showing that K2 is indeed essential for the inhibition of FSAP. Anti-K3 and 

anti-Cter partially reversed the inhibition of nulcoeosome releasing factor activity and the 

amidolytic activity of FSAP. When TFPI-160, which contains the first two Kunitz domains, was 

used (26;27), FSAP activity was not inhibited. This suggested that Cter and/or K3 are important 

for FSAP inhibition. Cter has been reported to bind to cell surfaces and heparin-like structures 

(29;30). As Cter is involved in the inhibition of FSAP in the absence of a cell surface, we tested 

whether TFPI directly binds FSAP. By means of ELISA, we showed that, in the absence of 

cells, TFPI did indeed bind directly to FSAP, and that this interaction was partially abrogated 

by addition of anti-Cter. This suggests that FSAP binding to TFPI is a prerequisite for efficient 

inhibition of protease activity by K2 (Fig. 6). Interestingly, this mechanism is similar to FXa 

inhibition by TFPI, where binding of Cter to FXa and direct interaction of FXa with K2 were 

shown to be crucial for FXa inhibition (24;31). As shown by the use of an altered form of TFPI 

lacking K3 but containing the Cter, FXa interacts with the Cter region directly (31). A recent 

paper reported that FSAP increased FXa generation by proteolytic degradation of TFPI (32). 

Proteolytic degradation of TFPI was strongly dependent on FSAP binding to Cter.  This is in 

agreement with our results showing that inhibition was dependent on binding of FSAP to Cter. 

Proteolytic degradation of TFPI, as suggested by Kanse et al., might be a mechanism by which 

FSAP is inhibited by TFPI in our system. TFPI would thereby serve as a substrate for FSAP, and 

hence competing with the chromogenic substrate or target proteases of FSAP. However, the 

inhibition curves of the amidolytic activity after 30 and 60 minutes of incubation are similar 

(data not shown), indicating no substantial loss of TFPI activity, which one would expect after 

proteolytic degradation of TFPI.

TFPI concentrations used in the present study are much higher than the human plasma 

concentration of TFPI which is 1.0-2.5 nM (30;33). Moreover, we used full-length recombinant 
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TFPI for our experiments. In contrast, only a minor fraction of the TFPI measured in plasma 

is considered to be full-length (34). TFPI is mainly produced by and bound to vascular 

endothelial cells (20;35). Therefore, the plasma concentration of TFPI does not reflect the 

local concentration of full-length TFPI on cellular surfaces. Administration of recombinant 

full-length TFPI was demonstrated to attenuate the inflammatory response in animal and 

human sepsis (21-23). The plasma concentrations reached in the human studies after 

therapeutic administration are in a similar range as compared to the concentrations used 

in the present study in vitro (23;36;37). Circulating histones and nucleosomes were shown 

to induce a potential fatal inflammatory response in sepsis (4;5). FSAP was demonstrated 

to induce nucleosome release from apoptotic cells and to be activated in sepsis (10;16). 

We now demonstrate that recombinant TFPI efficiently inhibits FSAP-mediated nucleosome 

release from apoptotic cells. Inhibition of FSAP-induced nucleosome release might therefore 

prevent the organism from the harmful effects of circulating nucleosomes and histones 

during inflammation. Inhibition of FSAP-induced nucleosome release might in part explain 

the anti-inflammatory effects of high-dose administration of recombinant TFPI observed in 

animal and human sepsis (21-23). 
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