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THE ROLE OF THE ENDOTHELIUM, VON WILLEBRAND FACTOR AND 
PLATELETS IN HAEMOSTASIS

 The endothelium is one of the largest organs in the human body with an estimated 
total area of blood-endothelium interface of 350m².1 It envelops the flowing blood in a con-
tinuous layer of cells and performs a myriad of functions in fluid exchange, blood pressure 
control, inflammatory responses and coagulation regulation. Under physiological conditions, 
the endothelial surface is a potent anticoagulant that inhibits platelet adhesion and blood 
clotting.2 These anticoagulant properties of the endothelium are mediated through secretion 
of potent platelet anti-aggregating molecules and the presence of a surface layer of mem-
brane-bound proteoglycans, glycolipids and glycoproteins, also known as glycalix.1, 3 Endo-
thelial cells produce nitric oxide (NO), which is not only a powerful blood pressure regulator, 
but also a potent  inhibitor of platelet aggregation.4 Prostacyclin, another potent inhibitor of 
platelet aggregation is also released from endothelial cells and synergizes with NO to inhibit 
platelet aggregation.5 Antithrombin (AT), a potent inhibitor of activated coagulation factors, 
binds to heparan sulfates of the endothelial glycocalix,3 where its activity is substantially in-
creased.6 Protein C (PC), yet another important anticoagulant molecule binds to endothelial 
protein C receptor, after which it is activated by thrombin bound to thrombomodulin.7 In ad-
dition to AT and PC, plasminogen and both of its activators also bind to specific receptors of 
endothelial cells,8 providing efficient fibrinolysis on the endothelial surface. These are few ex-
amples of a whole arsenal of anticoagulant molecules expressed by endothelial cells.9 Pertur-
bation of the endothelium, by physical or chemical factors, transforms the endothelium and 
significantly reduces its anticoagulant properties. While these changes are intended to stop 
bleeding and prevent organ damage, they may also lead to severe complications in patholog-
ical conditions like acute coronary syndrome,10 systemic inflammatory response syndrome 
and sepsis.11

 Upon direct injury of the endothelium, the exposure of the sub-endothelial matrix 
to the flow of blood is an initial manifestation that eventually leads to platelet plug forma-
tion and arrest of bleeding. A crucial role in this process is played by Von Willebrand Fac-
tor (VWF) released from the Weibel-Palade bodies (WPB) of endothelial cells.12 VWF is a 
large multimeric protein composed of identical subunits with a large molecular weight of 250 
kDa.13 It circulates as series of multimers ranging in size from 500 to 20,000 kDa.14 Though 
the endothelium is almost exclusively responsible for VWF levels in plasma,15 VWF is also 
found in platelet α–granules and the subendothelial connective tissue.16 VWF performs the 
following major functions: 1) it serves as the molecular glue that mediates platelet adhesion 
to the sub-endothelial tissue 2) it mediates platelet aggregation and 3) it serves as the plasma 
carrier of Factor VIII (FVIII).17 Platelet adhesion by VWF is mediated through the unique 
structure within the VWF monomer.18 The mature monomer of VWF has 2050 amino acids 
and is heavily glycosylated. It consist among others, of the following domains: the A1 domain 
that binds to platelet Glycoprotein Ib (GpIb) receptor, the A3 domain that binds to colla-
gen, the C1 domain that binds to platelet receptor Glycoprotein αIIbβ3 (αIIbβ3) and the D’D3 
domain that binds FVIII (Figure 1).13  Dimerization of VWF monomers occurs in the endo-
plasmic reticulum, where disulfide bonds between the CK domains are formed. These dimers 
are transported to the Golgi where the propeptide is cleaved and where additional disulfide 
bonds between the N-terminal tips are formed.13 Interestingly, once released from the WPB 
of the endothelial cells, VWF and its propeptide circulate independently and have different 
half-lives. This peculiar feature can be utilized to distinguish between patients with acute or 
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chronic endothelial perturbation.19

Figure 1. The VWF subunit and platelet adhesion.18 © 2008 by American Society for Clinical Investigation

 In circulation, the multimeric size of VWF is one important determinant of its activ-
ity. Among others, two proteins are primarily responsible for the cleavage and size regulation 
of VWF: a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 
13 (ADAMTS13)20 and thrombospondin-1 (TSP-1).21 The other important determinant of 
VWF activity is its molecular conformation. VWF has two domains for binding to two differ-
ent platelet receptors, GpIb and αIIbβ3. Once bound to collagen via its A3 domain, VWF un-
dergoes a conformational change, exposing its A1 domain. VWF with its A1 domain exposed 
(active VWF) is a powerful thrombogenic molecule that readily binds to platelet GpIb.22 Sub-
sequently, platelet receptor Glycoprotein VI binds its ligand collagen, platelet activation is 
triggered and platelet receptor αIIbβ3 is expressed.23 Depending on the shear stress to which 
platelets are exposed to, either VWF or fibrinogen can serve as the molecular glue which en-
ables platelets to clump together and form an aggregate. This process is mediated by αIIbβ3 in 
both cases.24 With the initial formation of a platelet plug, the process of primary hemostasis is 
complete.

THE ROLE OF TISSUE FACTOR AND FACTOR VII IN HEMOSTASIS

 Tissue Factor and the coagulation cascade

 Once a platelet plug is formed, it needs to be reinforced by the fibrin network in 
order to be able to better resist degradation. Fibrin itself is an insoluble protein, arranged in 
fibrous chains. Its formation is a complex and heavily regulated process of a series of enzymat-
ic reactions in which inactive precursor enzymes are activated (Figure 2).25 Fibrin is formed 
from its precursor fibrinogen, a soluble protein produced by the liver and present in abundant 
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amounts in plasma.26 The enzyme responsible for the conversion of fibrinogen to fibrin is 
thrombin. Thrombin itself circulates in plasma as prothrombin. The cleavage of prothrombin 
to thrombin is mediated by the prothrombinase complex, which consists of Factor Xa (FXa) 
and Factor Va (FVa). In this process, calcium ions and the presence of negatively charged 
phospholipids play a crucial role.27 Factor X (FX) itself circulates in an inactive enzymatic 
conformation and can be activated by two complexes. The intrinsic tenase complex consists 
of activated factor IX (FIX) and its co-factor FVIII and generates FXa during the propagation 
phase. FIX, same as FX and prothrombin, has a gamma-carboxyglutamic acid-rich (GLA) 
domain which binds to a phospholipids surface, a process dependent on calcium ions.28

Figure 2. The coagulation cascade.25 ©2013 by American Physiological Society

 The extrinsic tenase responsible for the activation of FX consists of Factor VIIa (FVI-
Ia) and tissue factor (TF) and generates FXa during the initiation phase.29 TF is a transmem-
brane glycoprotein that is abundant in extravascular tissues, especially so in smooth muscle 
cells and fibroblasts.30 TF is the receptor for FVIIa and it has been hypothesized that its proco-
agulant activity is controlled by specific cellular mechanisms that keep it in an inactive state.25 
Once formed, the TF-FVIIa complex initiates the coagulation by cleaving minute amounts of 
FX into FXa. Importantly, the TF-FVIIa complex is localized to the site of injury, therefore 
coagulation is also localized. An alternative source of TF in intravascular cells such as endo-
thelial cells and monocytes is made available upon specific circumstances, such as infection 
with gram-negative bacteria and sepsis.31 The consequences of this widespread expression 
of TF are dramatic and include extensive activation of coagulation followed by consumptive 
coagulapathy.25 While platelets have been reported as a source of TF,32-33 recent reports sug-
gest otherwise.34 Besides the pivotal role in initiating coagulation, the TF-FVIIa is also recog-
nized as an important player in inflammatory responses.35-36 Several mechanisms have been 
proposed to explain the pro-inflammatory activity of TF, including: release of cytokines,37-38 
activation of protease-activated receptors in vasculature25, 39-40 and intravascular fibrin deposi-
tion.36 Therefore, the TF-FVIIa complex is considered to have a central place in the intricately 
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linked coagulation and inflammation pathways.41

 
 Factor VII

 Factor VII (FVII) is a vitamin K-dependent enzyme of the serine protease class. 
It is synthesized in the liver42-43 and its structure consists of a GLA domain, a catalytic do-
main and two epidermal growth factor (EGF)-like domains.44 A calcium binding site on the 
EGF-domain mediates interaction with TF.45-47 Activation by cleavage of FVII to FVIIa occurs 
at the peptide bond between arginine 152 and isoleucine 153, resulting in a protein with a 
NH2-derived light chain containing the GLA domain and a COOH-derived heavy chain con-
taining the catalytic domain.43 Activation can also occur when FVII forms a complex with TF, 
where a limited amount of FVIIa will initiate autocatalysis of FVII.48 Other proteases, includ-
ing thrombin, FIXa, FXa, Factor XIa and Factor XIIa can also cleave FVII to FVIIa.49 FVIIa is 
the only activated coagulation protease to circulate in minute basal levels.50 In physiological 
conditions, the activity of these basal levels of FVIIa is entirely dependent on TF expression. 
However, in very high, supra-physiological levels, a TF-independent mechanism of action has 
been shown to be partly responsible for its ability to induce thrombin generation.51-53 These 
attributes have led to the widespread use of recombinant FVIIa (rFVIIa) in the management 
of bleedings in hemophilia patients with inhibitors.54   

THE INTERPLAY BETWEEN PLATELETS AND COAGULATION IN HAEMOSTASIS

 While they are often described separately, primary haemostasis involving platelets 
and secondary haemostasis involving fibrin formation, there two processes are intricately 
linked to one another. Platelets provide a crucial component to the coagulation cascade, a 
surface where the enzymatic reaction can take place. Prothrombin, FVII, FIX and FX have 
GLA domains with which they can bind phospholipids exposed on the platelet membrane.55 

Furthermore, in addition to binding to phospholipids, FVIIa has been shown to bind to GpIb 
and it was suggested that this contributes to the TF-independent mechanism of action of 
rFVIIa.56 GpIb and another platelet membrane protein, low-density lipoprotein receptor re-
lated protein 8 (LRP8), were also shown to be platelet receptors for FXI.57-58 Interestingly, 
Factor XI (FXI) is a part of the intrinsic pathway of coagulation and does not poses a GLA 
domain with which it could localize to the platelet membrane.59 Therefore, in arteries where 
high blood shear is present, localization of FXI to the platelet membrane is hypothesized to 
promote thrombus stability.58 If shown to be clinically relevant, the inhibition of this pathway 
might provide a novel therapeutic approach to prevent thrombotic complications.
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OUTLINE OF THIS THESIS

 In this thesis, (activated) coagulation factors are studied in clinically relevant con-
ditions where there is a great need for improvement in diagnosis and treatment. To facilitate 
some of these studies, single domain antibodies were generated and novel quantitative as-
says developed. In chapter 2, a review on nanobody technology and potential applications 
in haematology is given. In chapter 3, three platelet activation markers and three endothelial 
cell activation markers with different half-lives in circulation are studied in acute coronary 
syndrome patients undergoing percutaneous coronary intervention. In chapter 4, it is shown 
that systemic inflammatory response syndrome patients characterized by high levels of ac-
tive VWF are at higher risk of four-week hospital mortality when compared to patients with 
normal or low levels of active VWF. In chapter 5, a novel quantitative assay for FVIIa that 
makes use of a specific nanobody is described. Furthermore, it is shown that the relationship 
between FVIIa and zymogen FVII is of importance in patients with systemic inflammatory 
response syndrome. In chapter 6, possible mechanisms of the clinically observed therapeutic 
effect of recombinant FVIIa and discrepancies with its half-life in the circulation are inves-
tigated. In chapter 7, a novel nanobody that specifically blocks the interaction between the 
platelet receptor LRP8 and coagulation factor XI is described. In chapter 8, the results of this 
thesis are discussed and some future perspectives are given.
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ABSTRACT

 In contrast to conventional antibodies where the variable region consists of a light 
and a heavy chain, heavy-chain antibodies naturally present in llamas and sharks are charac-
terized by a variable region consisting of only a heavy chain. Even though a light chain is ab-
sent, heavy chain antibodies have evolved to have high binding affinity and full functionality. 
These traits are determined by their variable heavy chain fragment (nanobody, VHH). Nano-
bodies are the smallest antigen-binding fragments that retain full antigen-binding capabili-
ties. Due to their small size, they are perfectly suited for recognition of active sites and hidden 
epitopes of proteins.  Other attributes such as small size, low immunogenicity, high solubility 
and ease of production render them promising tools in many diagnostic and therapeutic ap-
plications. This review will focus on the potential diagnostic and therapeutic applications of 
nanobodies in thrombosis and haemostasis research.
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INTRODUCTION

 The introduction of monoclonal antibodies (mAbs) has revolutionized the treat-
ment across the spectrum of human diseases and conditions. Notable examples include the 
antibody against Human Epidermal Growth Factor Receptor 2 trastuzumab1 in breast cancer 
and the antibody against CD20 rituximab2 in hematological malignancies. Structurally, mAbs 
are composed of variable heavy (VH), variable light (VL) a constant light chain (CL) and 
three constant heavy chains (CH-1, CH-2 and CH-3).3-4 In conventional mammalian anti-
bodies, VLs and VHs are randomly associated with each other, which significantly increases 
the diversity of the antibody repertoire.5 Today, it is possible to select fully human mAbs from 
natural or synthetic sources,6 but the cost of producing them in mammalian systems remains 
relatively high. Furthermore, unwanted side effects of mAbs can include Fc-receptor activity 
and complement activation.7 Because of these drawbacks of mAbs, in the last decades, there 
is considerable interest in smaller antibodies which don’t modulate of Fc-associated functions 
and which can be produced in bacterial or yeast systems.8

 Attempts to generate smaller antibodies in size but which bind with high affinity 
towards their respective antigens began in the late eighties.9 First, these antibodies were de-
rived from conventional antibodies from which the VH domain was isolated and they were 
named single domain antibodies (dAbs). However, these dAbs had serious disadvantages. 
Because the original binding paratope was composed of not only VHs but also VLs, they had 
a lower affinity for the antigen in comparison to the conventional antibody.10 Furthermore, 
dAbs from conventional antibodies had poorer solubility and were more likely to aggregate.8 

In 1993, Hamers-Casterman C et al described for the first time, that in camels (camelus drom-
edarius), a considerable proportion of the antibodies are devoid of VLs and CH-1 domains.11 

These antibodies are called heavy chain antibodies (HCAbs) and have full antigen binding 
capabilities. This discovery was a significant leap forward in the efforts to generate dAbs with 
higher affinity towards their respective antigens because the binding paratope of HCAbs is 
composed only from the VH. By isolating the VH from HCAbs, dAbs with high antigen bind-
ing affinity comparable to the affinity of conventional antibodies could be generated. Phage 
display, a method with witch it is possible to express proteins on bacteriophages enables the 
selection of specific camelid variable domain of heavy chain antibodies (VHHs, nanobodies) 
from large libraries generated from the antibody repertoire of the animal.
 In recent years, there has been great interest in VHHs as tools in cancer diagnostics 
and therapeutics8 and molecular imaging.12 Here, potential applications of VHHs in throm-
bosis and haemostasis research will be discussed.

 General properties of VHHs

 Compared to conventional antibodies, VHHs are relatively small molecules with a 
molecular size of 15kDa.13 Analysis of the crystal structure of VHHs in complex with their re-
spective antigens14-16 showed that VHHs adopt common immunoglobulin folding of variable 
domains but their structure of antigen-binding loops is different from conventional antibod-
ies.  The crystal structure of a VHH in complex with RNase A showed that though only two of 
three loops were involved in antigen recognition, antigen binding occurred with nanomolar 
affinity.15 When compared to human VHs, VHHs show a high degree of sequence similari-
ty (~80%).17 Several attributes make VHHs appealing tools in diagnostics and therapeutics. 
Due to their small size, VHHs have rapid tissue penetration and fast clearance. Their single 
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domain nature and hydrophilicity ensures high solubility, high physico-chemical stability, 
good expression and relatively easy genetic manipulation.18 Furthermore, due to the extended 
flexible third complementarity-determining region domain and small size, VHHs are able to 
recognize cryptic antigenic sites and cavities within molecular targets that are not accessible 
to conventional antibodies.19 In addition, VHHs are relatively easy to manipulate genetically 
and their expression in bacteria and yeast can be used to produce as much as 1 gram of pro-
tein for 1$. 

Figure 1. Schematic representation of conventional antibodies, heavy chain antibodies and nanobodies.20  © by 
Elsevier

 Generation of VHHs with phage display

 Phage display is laboratory technique with which it is possible to express a protein 
on a bacteriophage. First described in 1985,21 phage display is a straightforward method to 
generate VHHs. In this respect, the single domain nature of VHHs facilities this process con-
siderably.22 The procedure of phage display begins with the immunization of the animal. Sub-
sequently, mRNA is extracted from the lymphocytes isolated from blood. mRNA is used to 
prepare cDNA, which is cloned into a phagemid vector so the whole VHH repertoire of the 
animal can be amplified and a library obtained.22 These libraries which can contain as few as 
106-107 individual VHH clones, can be screened for the presence of specific VHHs against the 
antigen with which the animal was immunized in the first place. The most common method 
of screening is by panning. With this method, the antigen is immobilized on a surface and 
incubated with the whole repertoire of phages produced from the library. This way, aspecific 
phages can be washed away, while specific phages are retrieved by elution from the bound 
antigen. Subsequently, the eluted phages can be used to infect bacteria and obtain soluble 
specific VHHs.23

 VHHs as diagnostic and therapeutic tools in thrombosis and haemostasis

 The coagulation cascade consists of a series of enzymes which in physiologic condi-
tions circulate as non-active precursors.24 Activation of these zymogens involves cleavage by 
other enzymes and as a consequence molecular conformational change. Specific quantitative 
recognition and/or inhibition of these activated proteins pose a considerable challenge, since 
the antibodies must be highly specific for the activated conformation of the molecule when 
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compared to the non-active zymogen molecule. Due to their characteristics of a small size 
and high affinity for their targets, VHHs are perfectly suited for these purposes. 
 A notable example of the potential applications in hematology, a VHH directed 
against VWF (ALX-0081, caplacizumab) is in phase II clinical study.25 Caplacizumab is a biva-
lent VHH directed towards the A1 domain of Von Willebrand Factor (VWF). In non-clinical 
development phase, caplacizumab was shown to inhibit ristocetin-induced binding of plate-
lets in vitro. In ex-vivo experiments, complete inhibition of platelet adhesion was observed 
with perfusion experiments when caplacizumab was added. In animal experiments, caplaci-
zumab showed a more potent anti-thrombotic effect when compared to aspirin, heparin and 
clopidogrel and a similar anti-thrombotic effect as abciximab. Importantly, caplacizumab was 
associated with less blood loss when compared to abciximab.26 These results are promising, 
since for patients who undergo percutaneous coronary intervention for a considerable time 
period, attempts to reduce coronary thrombosis are accompanied with a significant increase 
of risk of bleeding.27 Promising results with caplacizumab were shown recently also in an an-
imal model of ischemic stroke.28 When compared to tissue plasminogen activator (tPA) and a 
Glycoprotein αIIbβ3 antagonist, caplacizumab was able to both prevent thrombosis and induce 
early re-perfusion, but was not associated with intracerebral bleeding.28 With tPA being cur-
rently the only available treatment, similar results of caplacizumab in human clinical trials 
could revolutionize the management of ischemic stroke.

Generation of nanobodies by phage display.29 © by Wiley Company

 In a study by Buelens et al,30 an approach to inhibit the function of activated throm-
binactivatable fibrinolysis inhibitor (TAFIa) showed that VHHs have the potential to be ap-
plied as profibrinolytic tools.  TAFI inhibits clot lysis by removing carboxy-terminal lysines 
from fibrin that is partially degraded; therefore it is a potential target for the development of 
new fibrinolytic drugs. In the mentioned study, the authors show that they were able generate 
a VHH that inhibits different ways of TAFI activation and results in a strong profibrinolytic 
effect in clot lysis.30

 VHHs could also be applied in diagnostic settings. With regards to this, a VHH 
against the A1 domain of VWF developed by our laboratory31 has been used to show higher 
levels of active VWF in numerous conditions including patients with HELLP syndrome,32 

malaria,33 thrombotic-thrombocytopenic purpura34 and meningococcal disease.35 The advan-
tage of this VHH is that it is specific in recognizing only VWF with its A1 domain exposed 
(active VWF) and not regular VWF. In this manner, only the fraction of VWF that can readily 
bind and localize platelets to the surface can be measured and evaluated for associations with 
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thrombotic complications. The results described in this thesis show that a fraction of active 
VWF is also an independent prognostic marker for 28-day mortality in patients with SIRS 
and sepsis. Since there is a clinical need for better diagnosis and novel therapeutic approaches 
in sepsis, these initial results will hopefully lead to further studies where inhibition of active 
VWF with nanobodies can be evaluated.
 While the association of higher levels of coagulation factors such as Factor XI36 with 
an increased risk of thrombosis is well established, little is known on the diagnostic and prog-
nostic value of activated coagulation factors in conditions with thrombotic complications. 
One of the main reasons for this is the hindrance in measuring activated coagulation factors 
quantitatively. In this respect, there is a great untapped potential in VHHs. However, a sig-
nificant hurdle during the development of VHHs specific for active coagulation factors is 
the high amount of zymogen in the circulation. For example, Factor VIIa (FVIIa), the only 
coagulation protease to circulate in substantial amounts in an active conformation is present 
in plasma in amounts around 3-4 ng/mL.37 Zymogen FVII on the other hand is found in the 
circulation in amounts around 0.5 μg/mL,38 a more than a 100-fold difference when compared 
to the amount of active FVII. Other coagulation factors, like Factor XII (FXII) for example, 
circulate in even higher amounts,39 therefore this gap is expected to be even wider. This re-
quires sine qua non very high specificity of the VHH towards the activated coagulation factor 
against its zymogen. Notwithstanding these obstacles, a successfully generated VHH against 
FXIIa was recently reported by our laboratory.40 Another hurdle in the application of VHHs 
for diagnostic purposes that has to be successfully overcome in this respect is the relatively 
fast clearance of activated coagulation factors once formed in the circulation. In the case of 
FXII, this obstacle was overcome by adding D-phenylalanyl-L-prolyl-L-arginine chlorometh-
yl ketone and therefore protecting FXIIa from inhibitors present in plasma.40

 Besides VHHs directed against FXIIa, a specific VHH against FVIIa developed in 
our laboratory is described in this thesis. As discussed above, FVIIa is the only active protease 
circulating in substantial basal amounts in the circulation. Factor VIIa and the cell surface 
protein Tissue Factor (TF) form the extrinsic tenase, a complex that plays a pivotal role in 
initiating coagulation. In acute conditions where there is a high amount of TF exposed to the 
circulation such as an acute coronary event,  FVIIa levels might prove to have important diag-
nostic or prognostic value. Indeed, high levels of FVIIa were shown to be associated with an 
increased risk of a first major event of ischemic heart disease.41 In 1993, single-stage clotting 
assay which makes use of truncated TF that is unable to support the conversion FVII to FVIIa 
was developed.37 Though a significant improvement when compared to the previous assays, 
this assay remains unsuitable for measurement of large cohorts of thousands of patients due 
to its labor-intensiveness. In addition to this, a concern that in this assay, a fraction of FVII 
is still activated was raised.42 In this respect, high-throughput quantitative measurement of 
FVIIa could considerably facilitate studies attempting to elucidate the role of FVIIa in various 
thrombotic complications. Importantly, this better understanding of FVIIa in thrombosis and 
haemostasis could lead to better care for patients. 
 In summary, there is a significant progress in the field of nanobody technology and 
great untapped potential of VHHs in thrombosis and haemostasis research. There are nu-
merous potential applications of VHHs in development of novel diagnostic assays for active 
coagulation factors. By studying the role of these activated coagulation factors in thrombosis 
and haemostasis complications, the first step in the road of using VHHs as therapeutic tools 
is put forward.
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ABSTRACT

Introduction Platelet activation and endothelium dysfunction are determinants of athero-
thrombosis in acute coronary syndrome (ACS) patients. The aim of this study was to investi-
gate the relationship between platelet and endothelial cell activation markers and mortality in 
patients presenting with ACS.
Materials and Methods Plasma levels of RANTES, Neutrophil Activating Protein-2 (NAP-2), 
Thrombospondin-1 (TSP-1), Von Willebrand Factor (VWF), Von Willebrand Factor Propep-
tide (VWF:pp) and Osteoprotegerin (OPG) were measured in a cohort study of 339 consec-
utive ACS patients who underwent percutaneous coronary interevention (PCI). The primary 
endpoint was 4-year mortality.
Results There were 46 deaths during the follow up. Median values of VWF (12.2 μg/mL ver-
sus 7.86 μg/mL, P = 0.001) and VWF:pp (7.34 nM versus 6.17 nM, P = 0.011) were higher 
in non-survivors compared to survivors. High levels of OPG were found in 37 patients: 27 
of them were survivors (9.2%) and 10 were non-survivors (21.7%, P = 0.011). Kaplan-Meier 
estimates of mortality for VWF were 7.5% in the first quartile (n = 6 deaths), 12.2% in the sec-
ond quartile (n = 10 deaths), 11.2% in the third quartile (n = 9 deaths) and 25% in the fourth 
quartile (n = 21 deaths) of VWF (P = 0.004). There was a 27.8% of probability of mortality 
when high OPG was measured versus 12.4% when low OPG was measured (P = 0.007). No 
relationship between baseline platelet activation markers and mortality was found.
Conclusion In patients with ACS undergoing PCI, increased chronic endothelial cell activa-
tion and dysfunction is associated with an increased risk of long-term mortality.
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INTRODUCTION

 Partial or total occlusion of a coronary artery, primarily by a thrombus formed at 
the site of an atherosclerotic plaque is an atherothrombotic event of considerable clinical im-
portance. To prevent a secondary event in these patients, anti-platelet therapy is given as one 
of the key treatment options.1, 2 Nevertheless, mortality of patients with acute coronary syn-
drome (ACS) remains relatively high.3, 4 Better characterization of ACS patients at high risk 
for having a secondary event may help in the development of individually “tailored” therapies 
and thus improve survival.
 The vascular endothelium is an important regulator of coronary blood flow5 and it 
has been suggested that endothelial perturbation predicts adverse clinical outcomes in pa-
tients with angina pectoris6 and acute myocardial infarction.7-8 Von Willebrand Factor (VWF) 
is a prominent marker of endothelial perturbation and plays an important role in the inter-
play between platelets and the sub-endothelium. Upon rupture of an atherosclerotic plaque, 
VWF is essential for platelet adhesion, the first step in thrombus formation and occlusion of 
a coronary artery.9 Physical evidence for involvement of VWF in platelet thrombus growth is 
provided by the detection of VWF in coronary thrombi.10 Under shear conditions, VWF sup-
ports the adhesion and rolling of platelets on the endothelium.11-12 Subsequently, platelets are 
activated and platelet granule contents are released into the circulation. The most abundant 
proteins released from platelet α-granules have inflammatory and mitogenic properties.13 As 
such, they enable the migration of monocytes to the site of the inflammation, activate endo-
thelial cells and create a pro-coagulant environment.14 Recently, it has been suggested that 
in ACS patients, markers of endothelial perturbation, with VWF in particular, are useful for 
detecting progression and prognosis, while markers of coagulation and platelet activation 
are valuable in aiding the treatment.12, 15 Beneficial effects of therapies improving endothelial 
function in preventing secondary events have also been described.16-19

 In this prospective cohort study, we have investigated the relation of platelet and 
endothelial cell activation markers to mortality in ACS patients. In total, 339 patients with 
confirmed ACS were analyzed for six markers. Three of the markers: RANTES, NAP-2 and 
TSP-1 were markers of platelet activation. The other three: VWF, VWF:pp and OPG were 
markers of endothelial activation.

MATERIALS AND METHODS

 Patients
 The study included 339 consecutive patients with ACS who underwent PCI. Diagno-
sis of ACS was established on the basis of characteristics of anginal status, electrocardiograph-
ical and enzymatic criteria. All patients had angiographically-proven coronary artery disease. 
Angiographic diagnosis of coronary artery disease was based on the presence of coronary ste-
noses with ≥ 75% lumen obstruction in at least 1 of the 3 major coronary arteries. Antithrom-
botic treatment consisted of clopidogrel (600 mg as a loading dose followed by 75 mg/day 
continued from at least 4 weeks up to 1 year) and aspirin (200 mg/day continued indefinitely). 
Congestive heart failure was graded according to the New York Heart Association (NYHA) 
classification. Blood samples were obtained at the time of admission and before angiography 
in all patients and collected into citrate anti-coagulated tubes. Within 30 min, the blood was 
centrifuged at room temperature, and the plasma supernatant was immediately aliquoted and 
stored frozen at − 80 °C until analysis. The study was conducted according to the principles of 



32

3

the Declaration of Helsinki and approved by the institutional ethics committee. All patients 
gave informed consent for plasma collection and evaluation of the biomarkers.

 Antibodies
 Antibodies against RANTES (MAB278, AB278NA), NAP-2 (MAB393, BAF393), 
TSP-1(DY3074, BAF3074) and OPG (MAB8051, BAF805) were purchased from R&D sys-
tems, Abbington, United Kingdom. Antibodies against VWF (A0082, P0226) were purchased 
from DAKO, Denmark. VWF:pp levels were measured using in-house polyclonal rabbit anti-
bodies raised as described earlier.20 Bovine serum albumin (BSA) was purchased from Sigma 
(A7906; Zwijndrecht, the Netherlands). Supersignal ELISA pico chemiluminescent substrate 
was purchased from Thermo Scientific, USA.

 ELISAs
 Levels of RANTES, NAP-2, TSP-1, VWF, VWF:pp and OPG were measured using 
a semi-automated ELISA on a TECAN Freedom EVO robot (Tecan, Switzerland). All of the 
antigens were measured on separate 384 well Nunc maxisorp ELISA plates (Nunc, Denmark) 
in one measurement for each individual marker. Capture antibodies, MAB278 (0.5 μg/mL), 
MAB393 (1 μg/mL), DY3074 (0.5 μg/mL), MAB8051 (1 μg/mL), A0082 (0.0775 μg/mL) and 
the home made antibody against VWF:pp(5 μg/mL) were coated overnight at 4°C. Washing 
with five steps of phosphate-buffered saline (PBS)/0.5%Tween followed. Plasma samples were 
diluted 1/10 for RANTES, 1/80 for NAP-2 1/15 for TSP-1, 1/625 for VWF, 1/20 for VWF:pp 
and 1/8 for OPG. Every plate contained a 7 point calibration curve performed in quadruple. 
Incubations were made in PBS/1%BSA for 2 h and unbound fractions were washed again with 
(PBS)/0.5%Tween five times. Detection antibodies, AB-278-NA(1 μg/mL), BAF393(50 ng/
mL), BAF3074(100 ng/mL), P0226(275 ng/mL), home made antibody against VWF:pp(2.5 
μg/mL) and BAF805(100 ng/mL) were added and washing as described earlier followed. Rel-
ative light units from HRP activity were measured with a chemiluminescent substrate (su-
persignal ELISA pico chemiluminescent substrate, Thermo Scientific, USA) by Spectramax 
reader (MDS Analytical Technologies). The lowest detection limit of the ELISA for OPG was 
0.035 ng/mL. Therefore, high levels of OPG refer to values higher than 0.035 ng/mL.

 End-points and follow-up
 The primary end point was all-cause mortality followed over a period of 4 years. 
Information on deaths was obtained from hospital records, death certificates, or telephone 
contact with relatives of the patient or referring physician. Collection of baseline data and fol-
low-up information was performed by personnel blinded to clinical diagnosis or endothelial 
or platelet marker levels.

 Statistical analysis
 The distribution of the data was analyzed with the Kolmogorov–Smirnov test. Cate-
gorical data were compared with the chi-square test. Continuous data with skewed distribu-
tion were compared with the Kruskal–Wallis rank-sum test. Survival analysis was performed 
by applying the Kaplan-Meier method and differences in survival were compared with the 
log-rank test. A multivariate Cox proportional hazards model was developed with variables 
in Table 1 that were regarded as potential confounders. Correlation between various markers 
was tested by calculating Spearman’s correlation coefficient. All analyses were performed us-
ing S-plus statistical package (S-PLUS, Insightful Corp., Seattle, Washington). All tests were 
two-tailed and P values less than 0.05 were considered to indicate statistical significance.
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RESULTS

 Patient characteristics
 Forty-six patients died during the 4-years of follow-up. There were 34 cardiac deaths 
and 12 non-cardiac deaths of which the causes were the following: cancer (n = 4), infections 
(n = 4), stroke (n = 3) and chronic obstructive pulmonary disease (n = 1). Demographic and 
clinical characteristics of the survivors and non-survivors are shown in Table 1. Angiographic 
characteristics are shown in Table 2. 

Table 1. Demographic and Clinical Characteristics in Survivors and Non-Survivors.

Characteristic Survivors (n = 293) Non-survivors (n = 46)

Age (years) 67.5 [59.5; 73.4] 76.8 [68.9; 83.4]*

Women 76 (25.9) 13 (28.3)

Body mass index (kg/m2) 26.8 [24.5; 29.4] 26.9 [24.7; 29.5]

Diabetes 64 (21.8) 18 (39.1)*

Arterial hypertension 179 (61.1) 29 (63.0)

Current smoker 50 (17.1) 9 (19.6)

Hypercholesterolemia (≥ 240 mg/dl) 207 (70.6) 28 (60.9)

C-reactive protein (mg/L) 3.6 [1.2; 10.3] 8.9 [2.5; 19.0] *

Serum creatinine (mg/dl) 1.0 [0.8; 1.1] 1.1 [1.0; 1.4] *

Systolic blood pressure (mmHg) 150.0 [130.0; 170.0] 150.0 [123.7; 170.5]

Diastolic blood pressure (mmHg) 70.0 [65.0; 80.0] 65.0 [60.0; 71.3]*

Malignancies 16 [5.5] 2 [4.3]

Peripherial artery disease 4 [1.4] 1 [2.2]

Chronic obstructive pulmonary disease 6 [2.0] 4 [8.7]†

NYHA class†

I 173 (59.0) 18 (39.1)

II 102 (34.8) 21 (45.7)

III 13 (4.4) 5 (10.9)

IV 5 (1.8) 2 (4.3)

Therapy at discharge

Aspirin 293 (100.0) 45 (97.8)†

Thienopyridines 291 (99.3) 45 (97.8)

Statins 282 (96.3) 43 (93.5)

Beta-blockers 287 (98.0) 42 (91.3)†

ACE Inhibitors 268 (91.5) 42 (91.3)

Diuretics 105 (35.8) 26 (56.5)†

Calcium antagonists 13 (4.4) 5 (10.9)

Data are medians with 25th–75th percentiles or percentages.

* P < 0.01.

† P < 0.05.
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 There were significant differences between survivors and non-survivors with regard 
to age, diabetes, C-reactive protein (CRP) level, serum creatinine, diastolic blood pressure, 
chronic obstructive pulmonary disease, NYHA class and therapy at discharge with aspirin, 
beta-blockers or diuretics.
 
 Platelet markers and clinical outcome
 Levels of RANTES, NAP-2 and TSP-1 were comparable between the two groups 
and differences were not significant (Table 3). There was no association between the levels of 
platelet markers and mortality (P = 0.74 for association between RANTES level and mortal-
ity; P = 0.91 for TSP-1; P = 0.65 for NAP-2). As expected, platelet markers showed a strong 
correlation with each other (Fig. 1).

Table 2. Angiographic Characteristics in Survivors and Non-Survivors.

Characteristic Survivors (n = 293) Non-survivors (n = 46)

Number of narrowed coronary arteries

1 53 (18.1) 5 (10.9)

2 83 (28.3) 10 (21.7)

3 157 (53.6) 31 (67.4)

Multivessel disease 240 (81.9) 41 (89.1)

Lesion location

Left main coronary artery 20 (6.8) 4 (8.7)

Left anterior descending coronary artery 113 (38.6) 13 (28.3)

Left circumflex coronary artery 71 (24.2) 8 (17.4)

Right coronary artery 65 (22.2) 11 (23.9)

Venous bypass graft 11 (3.8) 6 (13.0)

Vessel size (mm) 2.98 [2.57; 3.40] 2.84 [2.52; 3.31]

Type of intervention

Stenting 266 (90.8) 36(78.3)

Balloon angioplasty 14(4.8) 6 (13.0)

Urgent CABG 7 (2.4) 4 (8.7)

Conservative 6 (2.0) 0

Data are medians with 25th–75th percentiles or percentages.

 Endothelial markers and clinical outcome
 Distribution patterns of endothelial markers were evaluated with the Kolmog-
orov-Smirnov test and none of them showed a normal pattern. VWF correlated with CRP 
(Spearman R = 0.3; P < 0.001) and with VWF:pp (Spearman R = 0.72; P < 0.001; Fig. 2). Me-
dian values of VWF (12.2 μg/mL versus 7.86 μg/mL, P = 0.001) and VWF:pp (7.34 nM versus 
6.17 nM, P = 0.011) were higher in non-survivors compared to survivors. Kaplan-Meier esti-
mates of mortality for VWF were 7.5% in the first quartile (n = 6 deaths), 12.2% in the second 
quartile (n = 10 deaths), 11.2% in the third quartile (n = 9 deaths) and 25% in the fourth 
quartile (n = 21 deaths) of VWF, showing a significant increase in mortality risk for patients 
in the highest quartile of VWF versus the lower three quartiles (P = 0.004; Fig. 3). 
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Fig. 1. Correlation between platelet activation markers; a) correlation between TSP-1 and Rantes; 
b) correlation between TSP-1 and NAP-2; c) correlation between NAP-2 and Rantes; 

The correlation is quantified by the Spearman’s correlation coefficient (r).

  High levels of OPG were measured in 37 patients: 27 of them were survivors (9.2%) 
and 10 were non-survivors (21.7%, P = 0.011; Table 3). High OPG was also associated with 
a higher risk of mortality (P = 0.007; Fig. 4). Although a trend was observed, the association 
of VWF:pp in quartiles to mortality did not reach statistical significance (P = 0.12). A mul-
tivariate Cox proportional hazards model was used to assess whether VWF correlates with 
mortality independently of potential confounders. After adjusting for age, sex, diabetes and 
CRP, VWF correlated to mortality independently of other parameters (adjusted hazard ratio 
[HR] = 2.44, 95% CI 1.31–4.54), for 4th quartile versus the lower 3 quartiles, P = 0.005; Table 
4). In the same model, VWF:pp was close to reaching statistical significance (adjusted HR = 
1.21, 95% CI 0.99–1.48, P = 0.066) while OPG was not a significant correlate of mortality (HR 
= 1.56, 95% CI 0.75–3.24, P = 0.229).
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Fig. 2. Correlation between VWF and VWF:pp. The correlation is 
quantified the Spearman’s correlation coefficient (r).

Table 3. Endothelial and platelet biomarkers in Survivors and Non-Survivors.

Characteristic Survivors (n = 293) Non-survivors (n = 46)

RANTES (ng/mL) 3.09 [1.15; 3.62] 2.74[0.84; 3.62]

NAP-2 (ng/mL) 8.73 [5.79; 13.79] 8.67 [4.83; 14.59]

TSP-1 (ng/mL) 231.2 [151.5; 358.0] 231.6 [162.3; 325.0]

VWF (μg/mL) 7.86 [4.97; 12.39] 12.20 [6.82; 18.76]*

VWF-pp (nM) 6.17 [5.08; 7.68] 7.34 [5.52; 9.34†

High osteoprotegerin 27 (9.2%) 10 (21.7%)†

Data are medians with 25th–75th percentiles or percentages.

* P < 0.01.

† P < 0.05.

Table 4. Multivariate Cox proportional hazards model regarding 4-year all-cause mortality ad-
justed for age, sex, CRP and Diabetes.

Characteristic Hazard Ratio [95% confidence interval]

VWF (quartile 4 vs. the lower three) 2.44 [1.31–4.54]*

VWF-propeptide 1.21 [0.99–1.48]

Osteoprotegerin 1.56 [0.75–3.24]

* P < 0.01.
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Fig. 3. Kaplan-Meier curves of 4-year mortality according 

to VWF quartiles.

Fig. 4. Kaplan-Meier curves of 4-year mortality in patients with high-osteoprotegerin
 versus those with no increase in the osteoprotegerin level.

DISCUSSION

 The most important findings of the present study are: 1) Platelet activation markers 
are not associated with long-term mortality in patients with ACS undergoing PCI and 2) Ele-
vated levels of endothelial markers at the time of the clinical presentation are associated with 
increased risk of long-term mortality in these patients.
 Platelet activation in relation to abnormal thrombogenesis has been studied before 
in atrial fibrillation21 but to our knowledge, the relationship of RANTES, NAP-2 and TSP-1 as 
platelet activation markers to secondary manifestations of ACS has been barely investigated.22 
Once released from activated platelets, RANTES binds the endothelium where it enables the 
migration and arrest of monocytes under flow conditions.23 This is important in atherogenic 
processes such as neointima formation.24 NAP-2 induces chemotaxis of monocytes, neutro-
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phils and neutrophil degranulation and increased levels of this marker have been reported 
in patients with unstable coronary artery disease.25 Increased levels of NAP-2 s precursor 
β-Thromboglobulin during acute myocardial infarction have been reported since the early 
80s,26-28 but its role in secondary manifestations of ACS has not been studied thoroughly. 
TSP-1 is a major constituent of platelet α-granules, plasma levels of which increase 100-fold 
when platelets are activated29 but its role in coronary artery disease has not been convincingly 
demonstrated. While correlating strongly with each other, our study shows that RANTES, 
NAP-2 and TSP-1 are not associated with mortality in patients with ACS. A simple explana-
tion might be that all patients with ACS are on anti-platelet therapy.30, 31, 32 An increased risk of 
mortality due to hyper-reactive platelets could be efficiently neutralized by the use of aspirin 
or clopidogrel. In line with this suggestion, a recent study showed that clopidogrel treatment 
decreases RANTES secretion.33

 In one of the earlier studies in this field, Montalescot et al. showed that raised plasma 
levels of VWF are an independent predictor of adverse clinical outcomes in unstable angina 
patients at 14 and 30 days of follow up.34 Raised levels of VWF in patients with angina were 
shown to be prognostically valuable at an endpoint of 2 years also.6 In both studies, higher 
VWF was thought to reflect endothelial perturbation. The propeptide of VWF plays an im-
portant role on the multimerization of VWF in endothelial cells but once in circulation, it 
circulates separately from VWF and it has a much shorter half-life. Due to the differences 
in half-life, the measurement of VWF and its propeptide can be used to distinguish between 
acute and chronic endothelial activation.35 Accordingly, VWF:pp was reported to be increased 
in acute vascular disorders such as septicemia and thrombotic thrombocytopenic purpura, 
but only mildly elevated in chronic vascular disorders such as diabetes mellitus.36 Although 
the predictive value of VWF levels has been studied in coronary syndromes,6, 7, 34, 37, 38 to our 
knowledge, the relationship of VWF together with VWF:pp in relation to secondary manifes-
tations of ACS has not been investigated before.
 In this study, we found that raised VWF levels are associated with mortality in pa-
tients presenting with an ACS. Furthermore, we show for the first time, that in addition to 
increased VWF levels, high-risk ACS patients have mildly increased levels of its propeptide. 
This indicates that high-risk ACS patients are characterized by a chronic dysfunction of the 
endothelium.
 The endothelium can be described as a dynamic endocrine organ which is involved 
in controlling the vasomotor tone, transport of nutrients and is metabolically very active. Its 
importance in thrombosis and disturbed blood flow is acknowledged for a long time. A recent 
study by Kanaji et al.39 involving knockout models (VWF −/−) in mice expressing VWF only 
in endothelial cells or platelets, showed that VWF synthesized in endothelial cells is sufficient 
to support hemostasis (in VWF −/− mice) and that VWF produced in megakaryocytes/plate-
lets can also contribute to hemostasis in the absence of endothelium-derived VWF. Clinically 
however, the importance of the endothelium in the prevention of secondary events has not 
been established yet unequivocally.15 A relevant question in this context is whether the dis-
ruption of the endothelium is due to the infarct related coronary artery or is a more general-
ized phenomenon. VWF did not correlate with troponin I over the first 48 h of hospitalization 
in a study with unstable angina patients, indicating that the increase of VWF corresponds to 
a mechanism of disease other than myocardial cell damage.40

 The third protein localized in the endothelium that we have measured is OPG. OPG 
is a member of the tumor necrosis factor receptor family and a soluble decoy receptor for the 
osteoclast differentiation factor receptor-activator of nuclear factor κB ligand.41 This path-
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way has been implicated in various inflammatory responses and atherogenesis. Furthermore, 
OPG serum levels were recently shown to predict the incidence of cardiovascular disease in 
the general population42 and mortality in ACS patients.43 Of importance in relation to our 
study, OPG is localized together with VWF and VWF:pp in the Weibel-Palade bodies of the 
endothelium44 and might play a role in vascular injury.45 We observed high levels of OPG in 
37 of the patients included in this study. Interestingly, non-survivors were more likely to have 
higher OPG levels than survivors (Table 3).
 Our study has some limitations. We could not estimate absolute values of OPG on 
the majority of the samples of the study as they were below the detection limit. While the 
patient population of our study is larger than most of the earlier studies on the prognostic 
value of VWF,7, 34, 37-38, 46 it is still underpowered to reach a firm conclusion. Another limitation 
of our study which remains to be resolved in future studies is the role of active VWF in ACS 
patients undergoing PCI. Lastly, in this population, aggregation tests to measure the degree 
of the effectiveness of the anti-platelet therapy were not performed. However, strong points 
of our study include the use of a combination of markers to asses the role of platelets and the 
endothelium, a well-characterized sample of patients with ACS, a long follow up of 4 years 
and mortality as an endpoint.
 In conclusion, our findings show that in ACS patients, chronic endothelial activa-
tion is associated with a poor prognosis. We did not find an association of platelet activation 
markers and mortality, which supports the notion that, markers of platelet activation are more 
valuable in guiding the treatment than to predict prognosis. Pharmacological targeting of the 
endothelium in ACS patients deserves further careful attention.
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ABSTRACT

 Endothelial dysfunction contributes to the pathology of SIRS and sepsis, however, 
biomarkers for endothelial dysfunction are not routinely evaluated. In 275 patients with SIRS, 
plasma levels of VWF, TSP-1, MPO, ADAMTS13 and active VWF were measured and cor-
related to 28-day mortality. With an antibody specific for active VWF, we show that on admis-
sion to the intensive care unit, active VWF levels were higher in non-survivors than survivors 
(0.69 vs 0.47 µg/mL, p= 0.019). Patients in the highest tertile of active VWF levels had a lower 
cumulative survival (86 vs 75%, p=0.017) and two-fold increased hazard ratio. When adjusted 
for the APACHE IV score, this difference remained significant [HR 1.82, 95% CI: 1.03-3.3]. 
On admission, no significant differences were measured for the other proteins. ADAMTS13 
and MPO were significantly lower in non-survivors from day 2 on, TSP-1 levels were signifi-
cantly lower only on day 3. Plasma levels of VWF were never different. These observations 
suggest that the stimulated release of VWF is not predictive for mortality in patient with SIRS, 
but the processing of VWF after release is. In conclusion, active VWF could be used together 
with the APACHE IV score to stratify SIRS patients at high mortality risk.
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INTRODUCTION

 Systemic inflammatory response syndrome (SIRS) occurs frequently in patients pre-
senting to the Intensive Care Unit (ICU).1 If infection in patients with SIRS is proven, the term 
sepsis is used.2 Mortality in patients with SIRS or sepsis is very high3 and there is a clinical 
need for additional biomarkers that could improve the stratification of patients at high risk or 
lead to novel therapeutic approaches. 
 Endothelial activation is a considered a hallmark in the pathophysiology of SIRS and 
sepsis.4 Upon activation and dysfunction, the endothelial surface loses part of its anti-coagu-
lant properties; micro-vascular permeability, leukocyte adhesion and cytokine production are 
increased and this is closely related to organ dysfunction.5 Activated endothelial cells (ECs) 
also release an arsenal of various pro-coagulant and pro-inflammatory molecules likely to 
contribute to pathological processes. A very powerful thrombogenic molecule and one of the 
major constituents released from the Weibel-Palade bodies (WPB) of ECs upon their activa-
tion is Von Willebrand factor (VWF).6 VWF is a multimeric protein that plays a pivotal role 
in primary haemostasis. When bound to collagen exposed to the circulation upon damage of 
the endothelium, VWF is able to capture and localize platelets to the vessel wall by binding to 
Glycoprotein Ib (GpIb), the initial step in platelet adhesion and aggregation.7 Massive aggre-
gation of platelets at the endothelial surface often leads to thrombocytopenia and subsequent 
consumptive coagulopathy,8 which are frequent occurrences in patients with SIRS and sepsis. 
Regarded as a gold marker of endothelial activation,9 VWF levels were reported to be 11 times 
higher in patients with SIRS compared to controls and postulated to reflect a generalized acti-
vation of the endothelium.10 High levels of VWF were also found in patients with severe sepsis 
or septic shock when compared to healthy controls and it was suggested that VWF might be 
considered a predictor of survival.11 Since the endothelium is not only a target organ in SIRS 
and sepsis but also as a source of inflammation and coagulation,4, 12-13 release of VWF from 
activated and damaged endothelium might predict the course of the disease. 
 Nevertheless, the value of VWF in prognosis of SIRS and sepsis patients remains 
controversial.5, 13  A possible explanation could be that VWF in plasma is inactive, in contrast 
to the active conformation upon release from ECs.14 VWF in plasma cannot spontaneously 
interact with platelets; a conformational change which allows recognition by GPIb on the 
platelet surface first is needed. VWF inside the WPB is already in a GpIb binding conforma-
tion (active VWF).15 As a powerful thrombogenic molecule, the regulation of the size and 
activity of VWF is of utmost importance. Upon secretion, active VWF is either rapidly cleared 
from the circulation16 or it is converted to an ‘inactive’ plasma conformation by a disintegrin 
and metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS13). Be-
sides ADAMTS13, Thrombospondin (TSP)17 and granzymes18 derived from neutrophils can 
also cleave VWF. 
 Previously, our laboratory has developed a single domain antibody that recognizes 
VWF in its active conformation.19 This antibody does not recognize the regular, plasma form 
of VWF. By using this antibody, it was shown that active VWF is increased in patients with 
HELLP syndrome,20 malaria,21 thrombotic thrombocytopenic purpura22 and meningococcal 
disease.18 Here, in addition to VWF, ADAMTS13, myeloperoxidase (MPO) and TSP, active 
VWF was measured and its prognostic value was evaluated in a cohort of patients with SIRS.
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METHODS

 Study design and setting
 A cohort study of 1171 consecutive patients conducted over a 6-month period in 
2009 in the intensive care unit (ICU) of the University Medical Center Utrecht (UMCU), in 
the Netherlands. The ICU receives admissions from all specialties except burns.

 Inclusion and exclusion criteria
 The minimum age for inclusion was 18 years. Patients with an anticipated length of 
stay of more than 24 hours were eligible for inclusion whenever they were admitted to the 
ICU while fulfilling at least two SIRS-criteria. The SIRS-criteria are temperature > 38.0 °C or 
< 36.0 °C, leukocyte count (> 12 x 10*9/L or > 4 x 10*9/L), tachypnoea (respiratory rate > 20 
per minute or PaCO2 < 4.3 kPa) and/or tachycardia (heart frequency > 90 beats per minute). 
Patients were followed for a maximum of 60 days or until discharge from the ICU, whichever 
came first. The study was approved by the Institutional Review Board of the UMCU and it 
waived the need for informed consent (UMC Utrecht IRB research protocol 108-188). 

 Procedures and definitions
 Each newly admitted patient on the ICU was evaluated for inclusion based on the 
above mentioned criteria. Blood samples were collected every day for each included patient 
during the first 10 days in ICU.  Blood was collected in heparinized tubes and was immedi-
ately processed to plasma and stored at -80ºC. The measurements did not influence decision 
making. When all data was collected, we adjudicated which patients had a “proven infection” 
or “probable infection”. The Centers of Disease Control (CDC) has published algorithms for 
“proven infection”, “probable infection”, and “no infection” of health care-associated infection 
and criteria for specific types of infections in the acute care setting.23 We adhered to these 
definitions.
 
 VWF, active VWF, ADAMTS-13, MPO and TSP-1  and ELISAs
 Levels of VWF and TSP-1 were measured as described before.24 ADAMTS13, MPO 
and active VWF were measured using a semi-automated Enzyme Linked Imuunosorbent As-
say (ELISA) on a TECAN Freedom EVO robot (Tecan, Switzerland). The single domain anti-
body (VHH) against active VWF (5μg/mL), an antibody against ADAMTS13 (5 μg/mL D053, 
Sanquin, The Netherlands) or an antibody against MPO (2 μg/mL, R&D systems, USA) were 
coated overnight at 4ºC in 384 well Nunc maxisorp ELISA plates (Nunc, Denmark). Wash-
ing with five steps of phosphate-buffered saline (PBS)/0.5% Tween followed. After blocking 
with 2%BSA/PBS for two hours, plasma samples were diluted in PBS/1%BSA (10-times for 
active VWF, 40 times for the ADAMTS13 and 4 times for MPO) and incubated for an extra 
two hours. In the active VWF assay, a calibration curve was obtained by a dilution of recom-
binant VWF type 2B in VWF deficient plasma. Recombinant VWF type 2B (R1306Q) was 
produced as described before.19 The level of active VWF in plasma pooled from 40 healthy 
individuals was measured at 0.1μg/mL. Normal pool plasma was used to obtain the calibra-
tion curve for ADAMTS13, where the concentration was measured to be 1μg/mL. Recom-
binant MPO was used to make a calibration curve for MPO. Each plate contained a 7 point 
calibration curve performed in quadruplicate. Unbound fractions were washed again for 
five times with (PBS)/0.5%Tween. For of active VWF, a polyclonal horseradish peroxidase 
(HRP)-labeled antibody against VWF (Dako, Denmark) was used and washing as described 
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earlier followed. For ADAMTS13, a human ADAMTS13 biotinylated antibody (BAF4245, 
R&D, USA) and Streptavidine-HRP (Dako, Denmark) were used for detection. For MPO, a 
biotinylated goat-anti-human MPO (0.2 μg/mL, R&D systems, USA) and streptavidine-HRP 
(DAKO) were used for detection. Relative light units from HRP activity were measured with 
a chemiluminescent substrate (super signal ELISA pico chemiluminescent substrate, Thermo 
Scientific, USA) by Spectramax reader (MDS Analytical Technologies).

 Statistical analysis
 Data are presented as medians, counts or proportions (%). Body temperature is pre-
sented as mean with standard deviation (SD). The distribution of data was evaluated by per-
forming boxplots and the Kolmogorov-Smirnov test. Continuous data were compared with 
the Mann Whitney U test. Patients were categorized as having high active VWF levels if they 
had values in the third tertile. The APACHE IV score was dichotomized at the median value 
which was 75. Categorical data were compared with the Chi square test. The cumulative sur-
vival was calculated by applying the Kaplan-Meier method and differences in mortality were 
compared with the log-rank test. Univariate and multivariate cox regression proportional 
hazards regression analysis were done to study the effects on outcome. A two-tailed P<0.05 
was considered to indicate statistical significance. All statistical analyses were performed with 
SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

 Patient characteristics
 During a half-year inclusion period, 1171 patients were admitted to the ICU. The 
majority was admitted after elective surgery (n=687) with an anticipated stay of less than 24 
hours; these patients were excluded from further analyses. Of the remaining patients (n=484), 
209 did not fulfill two or more SIRS-criteria upon admission in the ICU. The remaining 275 
patients were included in this study (23.5% of the total admissions). Demographic and clin-
ical characteristics of the survivors and non-survivors are shown in Table 1. From the 275 
patients included, 47 (17%) died during 28 days. There were differences between survivors 
and non-survivors with respect to age, APACHE IV score, proven infection, procalcitonin 
levels (PCT) and proportion of patients with septic shock (Table 1).

 VWF, ADAMTS-13, MPO, TSP and active VWF levels and the relation with hos-
 pital mortality
 VWF levels were five-times increased in comparison to known levels in the healthy 
population but were not different between survivors and non-survivors on admission or the 
following days of measurements (Figure 1a, Table 2). Active VWF was significantly higher in 
non-survivors than in survivors on day one, two and peaked on day three. A trend for higher 
levels of active VWF in non-survivors was also observed on day four but thereafter, the dif-
ferences between the two groups disappeared (Figure 1b, Table 2). On admission, differences 
in ADAMTS13 levels were not significant between survivors and non-survivors, but subse-
quently on day two, three, four and five were (Figures 1c, Table 2). Similar to ADAMTS13, 
MPO levels on admission were not different between the two groups, but subsequently from 
day two to day three and from day seven onwards were (Figure 1d, Table 2). A trend for lower  
TSP levels was observed during the first seven days (Figure 1d, Table 2). An inverse correla-
tion between ADAMTS13 levels and VWF levels was observed during the ten-day period of
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Table 1. Demographic and clinical baseline characteristics in survivors and non-survivors

Characteristic Survivors (n=228) Non-Survivors(n=47)

Age (IQR) 61 (50 - 74) 72 (60 - 76)*

Gender (Male) 144 (63%) 29 (61%)

Referring Specialty

     Cardiology 13 (5%) 11 (23%)

     Internal Medicine 39 (17%) 14 (29%)

     Neurology 23 (10%) 3 (6%)

     Neurosurgery 22 (10%) 5 (10%)

     Cardiopulmonary Surgery 19 (8%) 3 (6%)

     Surgery 78 (34%) 7 (15%)

     Other 34 (15%) 4 (8%)

Inflammation/infection

     Proven Infection 81 (38%) 30 (46%)*

     Sepsis 5 (2%) 0 (0%)

     Severe Sepsis 42 (20%) 9 (14%)

     Septic Shock 34 (16%) 21 (32%)†

     Body Temperature (ºC) (SD) 38.2 (±1.1) 38.1 (±1.5)

     CRP (mg/ml) (IQR) 185 (106-281) 184 (101-306)

     PCT (μg/ml) (IQR) 1.15 (0.35 – 4.42) 4.04 (0.59 – 9.8)*

Severity of illness

     Mechanical Ventilation 146 (64%) 28 (60%)

     APACHE IV Score (IQR) 72 (56 – 92) 117 (96 – 136)†

Hemostasis

     Prothrombin Time (Seconds; IQR) 17.3 (15.5 – 22.6) 14.8 (14.4 – 18)

     Platelet Count (x 109/L; IQR) 178 (115 – 262) 170 (90 – 336)

     D-dimer (μg/mL; IQR) 3.0 (1.8-5.1) 4.6 (2.9-5.6)

Legend to table 1: Data are presented counts and percentages unless stated otherwise. IQR 
means interquartile ranges (between 25th-75th percentiles) and SD means standard deviation. 
Body temperature is presented as mean with standard deviation. SIRS = Systemic Inflammatory 
Response Syndrome, CRP = C - reactive protein, APACHE IV = Acute Physiology and Chronic 
Health Evaluation IV severity of illness model. *P<0.05; †P<0.01

measurements. A significant but weak inverse correlation of ADAMTS13 levels with active 
VWF levels was observed only at day three (R=-0.13, P=0.04).
 Kaplan Meier Curves showed that when dichotomized at the highest tertile, patients 
with high active VWF levels on admission had a lower cumulative survival when compared 
to patients with low active VWF levels (75 vs 86%, P=0.017; Figure 2a) and a 2-fold increased 
hazard ratio [HR= 1.98; CI 1.1-3.5]. When adjusted to the APACHE IV score, this associ-
ation remained significant [HR= 1.82; CI 1.03-3.3]. Furthermore, cox regression analysis 
showed that in comparison to patients with a low APACHE IV Score, patients with both a 
high APACHE IV score and high active VWF had a hazard ratio of 9 (95% CI: 4.0-20.5) Pa-
tients with high active VWF and high APACHE IV score also had a lower cumulative survival
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Figure 1. VWF, active VWF, ADAMTS-13, MPO and TSP levels in survivors and non-survivors 
during the first ten days in the ICU. Data are presented as medians. *P<0.05.

when compared to the rest (Figure 2b). A weak correlation between active VWF and the 
APACHE IV score was observed (R=0.14, P=0.02). On admission, a difference in mortality 
rate in patients with ADAMTS13 levels in the highest tertile compared to those with lower 
ADAMTS13 levels was not observed. On day three however, patients with ADAMTS13 levels 
in the highest tertile showed a four-fold decreased mortality rate compared to patients with 
ADAMTS13 levels in the lowest tertile [HR=0.22; CI 0.07-0.74].
 Total VWF levels were higher in patients who had a proven infection during the 
first 10 days in the hospital (40.3 μg/mL, IQR=29.7-57.8 for patients with no infection versus 
50.8 μg/mL, IQR=35.4-84.0 for patients with infection, P<0.01.) The inverse was observed for 
ADAMTS13 levels, where higher levels were observed in patients without a proven infection  
(0.53 μg/mL, IQR=0.33-0.77 vs. 0.34 μg/mL, IQR=0.21-0.62; P<0.01).
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Figure 2. a) Kaplan Meier estimates of cumulative survival for patients with active VWF plasma levels in 

the highest tertile compared to the lower two; b) Kaplan Meier estimates of cumulative survival 
for patients with both high active VWF and a high APACHE score compared to other patients.

DISCUSSION

 VWF is a pivotal molecule in physiological and pathological platelet adhesion and 
aggregation. The majority of circulating VWF is in an inactive conformation and will only 
become activated at the site of injury. Only a small percentage of VWF circulates in an active 
conformation, therefore high levels of active VWF could have detrimental consequences in 
several pathologies. In previous studies, it was shown that active VWF is an important marker 
for poor prognosis in patients with HELLP syndrome,14 malaria21 and thrombotic thrombo-
cytopenic purpura.22 This study shows for the first time, that SIRS patients with high active 
VWF levels on admission have a two-fold higher mortality rate compared to SIRS patients 
with normal active VWF levels. This relationship was independent from the APACHE IV 
score. 
 In line with a previously published article,10 total VWF levels were five-fold increased 
in the whole patient cohort. However, in contrast to active VWF, total VWF appears not to be 
a biomarker for disease outcome, as it failed to predict mortality. These observations are also 
in agreement with previously published findings.25

 It is suggested that VWF is released from endothelial cells in an active conforma-
tion.14 Under normal circumstances, active VWF released upon endothelial activation will be 
rapidly cleared by Low density lipoprotein receptor-related protein 1.16, 26 While ADAMTS13 
was not shown to be involved in the process of clearance,27 there is evidence that proteolysis 
of high multimeric VWF by ADAMTS13 also leads to the inaccessibility of the A1 domain.14 
In this study, a strong relation between active VWF and ADAMTS13 was not observed and 
adjustment for ADAMTS13 did not change the relationship between active VWF and mor-
tality. Besides ADAMTS13, granulocyte derived proteases such as granzyme B and granzyme 
M have also been shown to be involved in the conversion of active VWF into the plasma 
form of VWF.18 Granulocyte proteases could partly replace ADAMTS13 in modification of 
active VWF at some point during the time course of the disease. To elucidate this further, 
MPO, a granulocyte activation marker28 was measured. Similarly to ADAMTS13, MPO levels 
did not correlate with active VWF levels. Multivariate analysis also showed that MPO lev-
els had no effect on the relationship between active VWF and mortality in SIRS patients. A 
possible explanation for this lack of correlation could be that MPO also mediates oxidation 
of VWF through the production of hypochlorous acid and therefore inhibits its cleavage by 
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ADAMTS13.29 A third factor that has been shown to be involved in the processing of su-
pra high molecular weight VWF is TSP.17 However, while a significant decrease of TSP in 
non-survivors was observed on day three only, TSP did not affect the relationship between 
active VWF and mortality. These results are in agreement with the suggestion that clearance16 
rather than regulation of the activity is primary mechanism responsible for controlling active 
VWF levels.
 Being a comprehensive method for predicting hospital mortality among critically 
ill adults, the APACHE IV score is used for benchmarking performance in ICUs.30 This score 
includes dozens of parameters, some of which include age, hematocrit, creatinine, diabetes, 
temperature, mean blood pressure and respiratory rate.30 As expected, the APACHE IV score 
was the strongest prognostic tool for the prediction of mortality in this study. However, mul-
tivariate regression analysis showed that active VWF was still a significant predictor of mor-
tality after adjustment for the APACHE IV score. Furthermore, subgroup analysis of patients 
with both high VWF and high APACHE IV score showed that there is a strong cumulative ef-
fect of the two measurements in mortality prediction. Patients who had both high active VWF 
and a high APACHE IV score had a nine-fold increase in mortality hazard when compared 
to patients with a low APACHE IV score. Remarkably, there was only a very weak correlation 
between active VWF and the APACHE score. The absence of a relationship between active 
VWF and the APACHE IV score indicates that active VWF is most probably not a marker of 
disease severity but more likely a causal factor in disease pathophysiology. This initial finding 
needs to be confirmed in other studies. If confirmed, active VWF could be evaluated as a 
potential therapeutic target in patients with SIRS.
 There is an ongoing debate on the relevance of VWF plasma levels in disease patho-
physiology. Some suggest that VWF is a biomarker of endothelial cell activation, for exam-
ple during acute-phase reactions,31-32 while others have found a causal role for VWF in the 
development and course of vascular diseases.33 This study offers evidence that both answers 
could be correct and not mutually exclusive. While very high VWF levels could reflect an 
acute reaction of the endothelium that might be helpful to establish a diagnosis, clearance or 
down-regulation of its activity could prevent its direct contribution to pathological processes. 
VWF is released from endothelial cells in its activated from,34-38 and the results from this study 
indicate that clearance mechanisms are pivotal in controlling this powerful thrombogenic 
molecule. 
 Our study has some limitations. The number of patients in our study was large 
enough to draw significant conclusions, but higher numbers would have offered us more 
power to further establish an interaction with other risk factors of mortality outcome. A lim-
itation on the interpretation of the measurements performed during the ten-day course of the 
illness is also the decreasing number of patients with each passing day; therefore decrease of 
statistical power to reach firm conclusions after admission. 
 In summary, this is the first study to investigate the role of active VWF in patients 
with SIRS in combination with VWF, ADAMTS13, MPO and TSP. Patients presenting with 
high levels of active VWF are at higher risk of mortality, independently from the parameters 
of the APACHE IV score. Active VWF and APACHE IV score have a cumulative effect on 
mortality prediction, indicating active involvement of active VWF in the mortality risk.
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ABSTRACT
 
Background The tissue factor (TF)-Factor VIIa (FVIIa) complex has a pivotal role in inflam-
matory and coagulation responses in patients with Systemic Inflammatory Response Syn-
drome (SIRS) and sepsis. Since zymogen FVII (FVII) and FVIIa compete for binding to TF, 
their plasma levels determine if a catalytically active TF-FVIIa complex will be formed. 
Objective To study mortality in SIRS patients as a function of FVIIa and VII levels in plasma.
Methods A cohort study of 275 patients presenting with SIRS, aged 18 or older and an an-
ticipated Intensive Care Unit (ICU)-stay of at least 24 hours. FVIIa was measured using a 
novel, quantitative assay that recognizes FVIIa, but not FVII. All-cause hospital mortality was 
followed over a period of 60 days.
Results The percentage of FVII measured as FVIIa was higher in non-survivors than survi-
vors (2.8%, IQR=1-5.5% vs. 1.5%, IQR=0.6-3.3%; P=0.034). High levels of FVIIa were asso-
ciated with decreased 60-day cumulative survival (62% vs 81%, P=0.030); the opposite was 
observed for FVII (84% vs 76%, P=0.039). Patients with high-FVIIa and low-FVII levels had 
a three-fold increased hazard ratio (HR) compared to the patients that had low-FVIIa and 
high-FVII levels ([HR]=3.24, 95% Confidence Interval [CI]=1.41-7.36). This association per-
sisted after adjusting for the APACHE IV score (adjusted HR=2.75, 95% CI=1.2-6.27). 
Conclusions SIRS patients with high-FVIIa and low-FVII on admission have an increased 
mortality risk, an association that is independent from the parameters included in the 
APACHE IV score.



59

5

INTRODUCTION

 Systemic Inflammatory Response Syndrome (SIRS) accompanies a large number of 
clinical conditions and it frequently results in shock, kidney failure and (multiple) organ dys-
function. SIRS occurs in more than half of all patients of the Intensive Care Unit (ICU)1 and 
often follows an infection in which case it is defined as sepsis, but (auto-immune) inflamma-
tion, burns and even surgery may provoke the same reaction.2

 Regardless of its origin, a hallmark of SIRS and sepsis is an inflammatory and he-
mostatic response, which often leads to organ failure and death.3-5 Exposure of TF to blood is 
believed to play a pivotal role in these processes.6-7 In (patho) physiological conditions, the co-
agulation is initiated with the exposure of TF to the circulation and complex formation with 
FVIIa. The TF-FVIIa complex subsequently activates Factor X and IX, resulting in conversion 
of prothrombin to thrombin.8 In experimental animal models, there is ample evidence that 
inhibition of the TF-FVIIa pathway reduces mortality and decreases the coagulation response 
in sepsis. In baboons, administration of Tissue Factor Pathway Inhibitor (TFPI)9 or active 
site-inhibited FVIIa10 reduced mortality from septic shock induced by Escherichia Coli. In 
mice, TFPI reduced mortality from staphylococcal-induced septic shock.11 Furthermore, 
mice genetically modified to express low levels of human TF and no mouse TF exhibited both 
reduced coagulation and inflammation in a model of endotoxemia.12 Interestingly, while the 
TF-FVIIa complex is pro-coagulant, zymogen FVII can have an inhibitory effect on TF-ini-
tiated thrombin generation by competing with FVIIa for binding to TF. This inhibitory effect 
was suggested to be of importance in the regulation of the hemostatic response.13 Since FVII 
exerts a regulatory effect on the TF-FVIIa pathway, the relationship between FVIIa and FVII 
could provide valuable information on the pro-coagulant and pro-inflammatory capacity of 
the exposed TF and could obtain prognostic value in patients with SIRS. Therefore, the aim of 
this study was to evaluate mortality in SIRS patients as a function of FVIIa and FVII levels in 
plasma.

METHODS

 Study design and setting
 This cohort study was performed over a 6-month period in 2009 and took place 
in the ICU of the University Medical Center Utrecht (UMCU) in the Netherlands. The ICU 
receives admissions from all specialties except burns (n=1171 during the study period).

 Inclusion and exclusion criteria
 The minimum age for inclusion was 18 years. Patients with an anticipated length of 
stay of more than 24 hours were eligible for inclusion whenever they were admitted to the 
ICU while fulfilling at least two SIRS-criteria. The SIRS-criteria are temperature > 38.0 °C or 
< 36.0 °C, leukocyte count (> 12 x 109/L or < 4 x 109/L), tachypnoea (respiratory rate > 20 
per minute or PaCO2 < 4.3 kPa) and/or tachycardia (heart frequency > 90 beats per minute). 
Patients were followed for a maximum of 60 days or until discharge from the ICU, whichever 
came first.
 
 Ethics
 The study was approved by the Institutional Review Board of the UMCU and it 
waived the need for informed consent (UMC Utrecht IRB research protocol 108-188).
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 Procedures and definitions
 Each newly admitted patient on the ICU was evaluated for inclusion based on the 
above mentioned criteria. Blood samples of each included patient were collected in heparin-
ized tubes upon admission. Samples were immediately processed to plasma by centrifugation 
at 2000 relative centrifugal force in room temperature and stored at -80ºC until FVII and 
FVIIa measurements. These values were not made available for attending physicians during 
the study and therefore did not influence decision making. When all data was collected, we 
adjudicated which patients had a “proven infection” or “probable infection”. The Centers of 
Disease Control has published algorithms for “proven infection”, “probable infection”, and “no 
infection” of health care-associated infection and criteria for specific types of infections in the 
acute care setting.14 We adhered to these definitions.

 Development of specific heavy chain variable domains (VHHs) against FVIIa
 Heavy chain antibodies were raised by immunizing llamas with rFVIIa (NovoNor-
disk, Denmark) using standard immunization protocols as described before.15 Phage display16 
was used to select for phages that specifically bind to FVIIa without recognizing FVII as de-
scribed before.17 Incubation of phages to immobilized rFVIIa was performed in the presence 
of FVII in solution. Production and purification of soluble VHHs by E.Coli was performed 
as described previously.17 To further increase the avidity of the αFVIIa-VHH for FVIIa, a 
bivalent VHH was constructed by fusing individual VHHs with a glycine linker as described 
before.18 Specificity towards FVIIa was evaluated by measuring the reactivity of the αFVI-
Ia-VHH towards FVII, free of FVIIa.

 FVIIa and FVII ELISA
 Levels of FVIIa and FVII were measured using a semi-automated ELISA on a TEC-
AN Freedom EVO robot (Tecan, Switzerland). The home made VHH against FVIIa (2μg/mL) 
or a polyclonal antibody against FVII (1μg/mL; SAFVII-IG, Stago, France) were coated over-
night at 4ºC in 384 well Nunc maxisorp ELISA plates (Nunc, Denmark). Washing with five 
steps of phosphate-buffered saline (PBS)/0.5%Tween followed. After blocking with 2%BSA/
PBS for two hours, plasma samples were diluted in PBS/1%BSA (4-times for the FVIIa and 
20-times for the FVII assay) and incubated for an extra two hours. In the FVIIa assay, rFVI-
Ia (NovoNordisk, Denmark) was used to obtain the calibration curve. For the assessment 
of FVII, normal pooled plasma was used to obtain the calibration curve, in which we have 
measured that the concentration of FVII is 0.5µg/mL. Each plate contained a 7 point cali-
bration curve performed in duplicate. Unbound fractions were washed again for five times 
with (PBS)/0.5%Tween. For detection, a chicken-polyclonal antibody against FVIIa (Abcam, 
United Kingdom; dilution 1:5000) or a polyclonal horseradish peroxidase-labeled antibody 
against FVII (FVII-HRP; 1 μg/mL; SAFVII-HRP, Stago, France) were used and washing as 
described earlier followed. For FVIIa measurements, incubation with a donkey anti-chick-
en antibody coupled to horseradish peroxidase (HRP) (Jackson ImmunoResearch, USA; 
dilution 1:5000) and washing as described earlier followed. Relative light units from HRP 
activity were measured with a chemiluminescent substrate (supersignal ELISA pico chemilu-
minescent substrate, Thermo Scientific, USA) by Spectramax reader (MDS Analytical Tech-
nologies). The intra and inter-assay coefficient of variances of the ELISA were: less than 10% 
(n=40) for the FVIIa ELISA and less than 8% for the FVII ELISA (n=40). A further validation 
of the FVIIa ELISA was performed by adding increasing amounts of rFVIIa to FVII depleted 
plasma and measuring FVIIa levels using ELISA and a commercially available FVIIa-specific 
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activity assay (VIIa StaClot). VIIa StaClot was purchased from Diagnostica Stago (Genne-
villiers, France) and was performed according to the manufacturer’s instructions. D-dimer 
levels were measured with Asserachrom D-di ELISA kit (Diagnostica Stago Gennevilliers, 
France) and performed according to the manufacturers instructions.

 Statistical analysis
 Data are presented as median (25th to 75th percentiles) or counts and proportions 
(%). Body temperature is presented as mean with standard deviation (SD). The distribution 
of data was evaluated by the Kolmogorov-Smirnov test. Continuous data were compared with 
the Mann Whitney U test. Patients were categorized as having high FVII or FVIIa levels if 
they had values on the highest tertile.  The Acute Physiologic and Chronic Health Evaluation 
IV score (APACHE IV score) was used to assess the severity of illness and prognosis of ICU 
patients. The median value of 75 was used to dichotomize the APACHE IV score. Categor-
ical data were compared with the Chi-square test. The cumulative survival was calculated 
by applying the Kaplan-Meier method and differences in mortality were compared with the 
log-rank test. Univariate and Multivariate Cox Regression proportional hazards regression 
analysis were done to study the effects of FVII and FVIIa on outcome. A two-tailed P<0.05 
was considered to indicate statistical significance. All statistical analyses were performed with 
SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

 Patient characteristics
 During the half-year inclusion period, 1171 patients were admitted to the ICU of 
which the majority was admitted after elective surgery (n=687) with an anticipated stay of 
less than 24 hours. These patients were excluded from further analyses. Of the remaining 
patients (n=484), 209 did not fulfill two or more SIRS-criteria upon admission in the ICU. 
The remaining 275 patients were included in this study (23.5% of the total admissions). De-
mographic and clinical characteristics of the survivors and non-survivors are shown in Table 
1. From the 275 patients included, 65 (24%) died during the 60 days of follow up. There were 
differences between survivors and non-survivors with respect to age, APACHE IV score, pro-
calcitonin levels (PCT), proven infection, and proportion of patients with septic shock.

 Validation of the FVIIa specific ELISA
 An ELISA in which increasing concentrations of FVII free of FVIIa and FVIIa were 
used showed that the VHH recognizes FVIIa but not its zymogen FVII (Figure 1). We ob-
served no reactivity towards FVIIa – Anti-Thrombin or FVIIa – alpha-2-macroglobulin com-
plexes; however, the VHH was equally reactive towards free FVIIa and FVIIa in complex with 
soluble tissue factor (data not shown). The lowest estimated detection limit for FVIIa was 
1ng/mL. Measurements of FVIIa antigen in healthy individuals (n=30) showed a median val-
ue of 3.5ng/mL (IQR=1.49-6.1). When purified rFVIIa was added to FVII depleted plasma, 
a comparison of values obtained by the ELISA versus those obtained from a commercially 
available activity assay showed a strong correlation (r=0.99, p<0.01). 
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Table 1. Demographic and clinical baseline characteristics in survivors and non-survivors

Characteristic Survivors (n=210) Non-Survivors(n=65)

Age (IQR) 62 (50 - 81) 72 (60 - 82)*

Gender (Male) 131 (62%) 41 (63%)

Referring Specialty

     Cardiology 13 (6.2%) 11(16.9%)

     Internal Medicine 36 (17.1%) 20 (30.8%)

     Neurology 25 (11.9%) 4 (6.15%)

     Neurosurgery 18 (8.6%) 6 (9.2%)

     Cardiopulmonary Surgery 16 (7.6%) 3 (4.6%)

     Surgery 75 (35.7%) 12 (18.5%)

     Other 27 (12.8%) 9 (13.8%)

Inflammation/infection

     Proven Infection 81 (38%) 30 (46%)*

     Sepsis 5 (2%) 0 (0%)

     Severe Sepsis 42 (20%) 9 (14%)

     Septic Shock 34 (16%) 21 (32%)†

     Body Temperature (ºC) (SD) 38.3 (±1.0) 38.0 (±1.6)

     CRP (mg/ml) (IQR) 186 (107 - 286) 176 (105 - 268)

     PCT (μg/ml) (IQR) 1.30 (0.37 - 5.15) 2.94 (0.92 - 9.51)*

Severity of illness

     Mechanical Ventilation 138 (67%) 35 (53%)

     APACHE IV Score (IQR) 69 (49 - 85) 102 (83 -119)†

Hemostasis

     Factor VIIa (ng/mL; IQR) 3.8 (1.6-8.9) 6.4 (2.3-13.6)

     Factor VII   (ng/mL; IQR) 213.3 (132.4-395.9) 170.8 (106.7-306.6)

     Prothrombin Time (Seconds; IQR) 16.3 (15.0 - 19.4) 17.0 (15.1 - 19.2)

     Platelet Count (x 109/L; IQR) 206 (144 - 299) 190 (123 - 281)

     D-dimer (μg/mL; IQR) 2.95 (1.94 – 5.51) 2.98 (1.85 – 5.56)

Legend to table 1: Data are presented counts and percentages unless stated otherwise. IQR 
means interquartile ranges (between 25th-75th percentiles) and SD means standard deviation. 
Body temperature is presented as mean with standard deviation. SIRS = Systemic Inflammatory 
Response Syndrome, CRP = C - reactive protein, APACHE IV = Acute Physiology and Chronic 
Health Evaluation IV severity of illness model. *P<0.05; †P<0.01

 FVIIa and FVII levels and mortality
 The median plasma level of FVIIa in the patient population (with the 25th and the 
75th percentiles) was 4.2 ng/mL (1.7; 9.3). The median of FVII plasma level (with the 25th 
and the 75th percentiles) was 205 ng/mL (133.0; 426.2). No correlation of FVIIa or FVII levels 
with PT or D-dimer levels was observed. Patients who died in the hospital had higher me-
dian levels of FVIIa than the ones who survived although the difference was not statistically 
significant (6.4 versus 3.8 ng/mL, P=0.233, Table 1). FVII levels were lower in non-survivors 
than survivors, but this difference was also not statistically significant (170.8 versus 213.3 
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ng/mL, P=0.147, Table 1). However, the level of FVIIa measured as proportion of FVII was 
significantly higher in non-survivors (2.8%, IQR=1-5.5%) in comparison to survivors (1.5%; 
IQR=0.6-3.3%, P=0.034).
  

Figure 1. The αFVIIa-VHH recognises activated and not zymogen FVII. Different concentrations of rFVIIa or 
FVII were allowed to bind the immobilized αFVIIa-VHH and detection was performed with a polyclonal antibody 
against FVII. Shown is a representative example of at least 3 of these concentration curves. RLU stands for relative 

light units.

   Kaplan Meier curves showed a decreased survival for patients with FVIIa levels in 
the highest tertile in comparison to the patients with FVIIa levels in the lower two tertiles 
(Figure 2a). An increased survival was observed for patients with FVII levels in the highest 
tertile (Figure 2b). In patients with a combination of high levels of FVIIa and low levels of 
FVII, the cumulative survival during the follow-up period was significantly decreased, while 
the opposite was observed for patients with a combination of low FVIIa and high FVII levels 
(Figures 2c). Patients who had high FVIIa and low FVII levels had a three fold increased haz-
ard rate of mortality compared to patients who had low FVIIa and high FVII levels (Table 2). 

Table 2. Cox Regression analysis for mortality for patients with high plasma levels of FVIIa/FVII and 
variables from Table 1 which were different between survivors and non-survivors. FVIIa and FVII val-
ues were dichotomized at the third tertile, whereas procalcitonin and the APACHE IV score were di-
chotomized at the median value. *P<0.01; †P<0.05

Hazard Ratio (HR)
95% CI for HR

Lower Upper

APACHE IV score* 7.9 3.7 16.6

Septic Shock† 1.9 1.1 3.4

High FVIIa† 2.0 1.1 3.9

High FVII† 0.5 0.3 0.9

High FVIIa/Low FVII vs. Low FVIIa/High FVII* 3.2 1.4 7.4

     Adjusted for the APACHE IV score† 2.8 1.2 6.3

     Adjusted for septic shock† 2.8 1.1 7.3

PCT 1.6 0.8 3.2

Proven Infection 1.5 0.9 2.4
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a) b)

c)
Figure 2. a) Kaplan Meier estimates of cumulative survival for patients with FVIIa plasma levels in the highest 

tertile compared to the lower two tertiles; b) Kaplan Meier estimates of cumulative survival for patients with FVII 
plasma levels in the highest tertile compare to the lower two tertiles; c) Kaplan Meier estimates of cumulative sur-

vival for patients with a combination of Low FVIIa-High FVII vs. Low FVIIa-Low FVII and High FVIIa-Low FVII.
FVIIa and FVII were dichotomized at the 67th percentile.

 In this study, the APACHE IV score, septic shock, FVII and VIIa levels were the 
only variables associated with mortality in cox regression analysis. When adjusted for the 
APACHE IV score or septic shock, the association of high FVIIa/low FVII levels with mor-
tality persisted (Table 2). Kaplan Meier curves showed that the addition of FVIIa and FVII 
measurements to the APACHE score improved the stratification of patients with a high mor-
tality risk (Figure 3). Cox regression analysis showed that in comparison to patients with a 
low APACHE IV Score, patients with High APACHE IV score, high FVIIa levels and low FVII 
levels had a 21-fold increased mortality hazard rate [95% CI 4.3-98.4]. 
 Investigation if FVIIa levels are associated with the severity of the disease and infec-
tion showed that although patients with septic shock had higher FVIIa levels as a proportion 
of FVII when compared to the rest, this difference did not reach statistical difference (2.6% for 
patients with septic shock vs. 1.7% for patients without, P=0.076). No difference was observed 
with regards to FVIIa levels and proven infection.
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Figure 3. Kaplan Meier estimates of cumulative survival for patients with a combination 
of High APACHE IV score and Low/High FVIIa/FVII vs patients with a Low APACHE IV score alone. The 

APACHE score was dichotomized at the median, while FVIIa and FVII at the third tertile.

DISCUSSION

 In this study, it is shown for the first time that patients in the ICU who meet the SIRS 
criteria have a higher mortality risk if they have high factor VIIa levels and low FVII levels on 
admission. This study further shows that the association of FVIIa and FVII with mortality is 
independent of the parameters included in the APACHE IV score, including age, hematocrit, 
creatinine, diabetes, temperature, mean blood pressure and respiratory rate.19 
 The two-way relationship between inflammation and coagulation in SIRS and sep-
sis is a well-established process. Activated coagulation is both a promoter and a resultant 
of systemic inflammation.20 The TF-FVIIa complex plays a pivotal role in the initiation of 
these processes21-22 and is involved in sepsis-associated organ injury.23 In experimental sepsis 
models, it has been shown that blocking the TF-FVIIa pathway improves outcome.6, 24 In an 
interesting study by Xu et al., mice expressing low levels of FVII that are sufficient for survival 
presented with reduced inflammatory and coagulation responses after administration of LPS 
when compared to wild-type mice and the transcription factor Egr-1 was shown to play an 
important role.25 Reduction of the release of pro-inflammatory cytokines,9-10 prevention of in-
travascular fibrin deposition6 and a reduced activation of protease-activated receptors within 
the vasculature26 are among other mechanisms proposed to explain the beneficiary effect of 
blocking the TF-FVIIa pathway. However, attempts to translate these promising results from 
experimental animal models to the benefit of human patients in the clinic by administering 
TFPI, so far, have been disappointing in selected patient populations.27-28 In addition to the 
possibility that protein S is needed for TFPI to reach its full effect,29 levels of FVIIa and FVII 
could allow a better selection of patient populations where blocking this complex might be 
beneficial. Further larger clinical trials are needed to explore these possibilities and confirm 
the findings of this study. 
 The association of low FVII levels with a higher probability of death could be ex-
plained by increased FVII consumption due to massive exposure of TF to the circulation 
during which there is a high turnover of FVII to FVIIa by the exposed TF.  High levels of FVIIa 
and low levels of FVII thus could be a reflection of FVII consumption due to FVII conversion 
to FVIIa. In support of this hypothesis, these patients seem to have a general consumptive 
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coagulopathy, as indicated by high d-dimer levels and prolonged PTs. However, the ability of 
FVIIa and FVII levels to predict an increased mortality risk seems to go beyond coagulation, 
as neither PTs nor D-dimer levels were different between survivors and non-survivors and no 
correlation between these two measurements and FVIIa levels was observed. An alternative 
explanation could be that patients who have high FVII levels are protected due to the compe-
tition between FVIIa and FVII for exposed TF in the vasculature. TF-bound FVII is not active 
and needs activation via trace amounts of factor Xa, IXa, or FVIIa.30 Binding of FVII to TF in 
this case would effectively inhibit activation of the inflammatory pathways triggered by the 
TF-FVIIa complex and the coagulation cascade. This explanation is supported by previous 
observations showing that active site-inhibited FVIIa attenuates the inflammatory and hemo-
static responses in an animal model.10 Investigation of the exact mechanisms of generation of 
FVIIa in the circulation is therefore of great interest, as they might elucidate important leads 
to inhibit this pathway and improve treatment.
 Clinically, an important question that merits attention is if FVIIa/FVII levels are an 
independent factor for increased mortality in the overall SIRS population or, their association 
is one way or another linked to infection severity or disease severity. Since no difference in 
FVIIa/FVII levels was observed in patients with a proven infection versus patients without, a 
link to infection is unlikely. However, a close to significant increase in the proportion of FVII 
as FVIIa was observed in patients with septic shock versus patients without. Though this lack 
of significance could be attributed to the relatively small population size, FVIIa/FVII levels re-
mained a significant correlate of mortality after adjustment for septic shock in cox regression 
analysis. 
 While the TF-FVIIa pathway has a pivotal place in the initiation of coagulation and 
inflammatory pathways, so far, to our knowledge, there are no studies that have investigated 
FVII and FVIIa levels in SIRS patients. A significant hurdle in this respect might have been 
the difficulties in distinguishing FVII from FVIIa quantitatively. For this study, heavy chain 
variable domains (VHHs) derived from llama heavy-chain antibodies were raised, which due 
to their small size are perfectly suitable for the subtle distinction between zymogen and acti-
vated FVII. The small size of the VHHs enables them to recognize hidden catalytic sites that 
are not accessible to conventional antibodies. The advantage of the VHH assay compared to 
the currently commonly used functional assay is that high-throughput measurements in co-
horts of thousands of patients are less labor intensive.
 Some limitations of this study need to be mentioned. The lack of correlation of 
FVIIa levels with PTs and d-dimer levels could be explained by TFPI levels, which in this 
study were not measured. Furthermore, information of value might be obtained by measuring 
FVIIa – Anti-Thrombin and FVIIa – alpha-2-macroglobulin complexes, also not measured 
in this study. These remain to be elucidated in further studies. Lastly, there is a need for fur-
ther larger prospective studies in which, the results and observations of this study need to be 
confirmed.
 In conclusion, this is the first study on the relationship between FVIIa and FVII and 
mortality in patients with SIRS. The results from this study show that high levels of FVIIa and 
low levels of FVII are associated with higher mortality risk, independently from the APACHE 
IV score or septic shock. These observations contribute to the understanding of role of FVIIa 
and FVII in the pathophysiology of SIRS and might be of use in clinical settings.
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SUMMARY

 Recombinant factor VIIa (rFVIIa) is registered for treatment of inhibitor-compli-
cated hemophilia and a once-daily prophylactic administration of rFVIIa is successful in re-
ducing the number of bleeding events. This suggests that a single rFVIIa dose has a pro-he-
mostatic effect up to 24 hours, which is difficult to explain given its half-life of 2 hours. In 
this study, six pigs received a 90µg kg-1 rFVIIa bolus. Plasma was collected and platelets were 
isolated at various time points up to 48 hours and analyzed for FVIIa levels and associated he-
mostatic activity. Elevated plasma FVIIa levels were detected up to 24 hours post-administra-
tion (41±24 mU/ml [24 hours] versus 8±16 mU/ml [baseline]). Corresponding prothrombin 
time (PT) values remained shortened compared to baseline until 24 hours post-administra-
tion (9.5±0.4 seconds [24 hours] versus 10.6±0.5 seconds [baseline], p≤0.01). The lag time in 
thrombin generation testing as well as clotting times in plasma-based assays were shortened 
up to 12 or 24 hours post-administration, respectively (lag times 1.9±0.2 minutes [12 hours] 
versus 2.4±0.2 minutes [baseline], p≤0.01 and clotting times 3.6 ± 0.4 minutes [24 hours] ver-
sus 5.1 ± 0.5 minutes [baseline], p≤0.001). Platelet FVIIa levels were elevated up to 48 hours 
(6.7±1.7 ng VIIa/mg actin [48 hours] versus 2.7±0.8 ng VIIa/mg actin [baseline]). In conclu-
sion, elevated and hemostatically active plasma and platelet FVIIa levels are detectable up to 
24-48 hours following rFVIIa administration in pigs. This prolonged pro-hemostatic effect of 
FVIIa may explain the prophylactic efficacy of a once-daily rFVIIa treatment.
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INTRODUCTION

 Recombinant factor VIIa (rFVIIa) has been shown in several clinical trials to be 
safe and effective for treatment of bleeding episodes in inhibitor-complicated hemophilia A 
and B and has been registered for this purpose.1-5 Infusion of rFVIIa results in enhanced 
local thrombin generation by both tissue factor-dependent and independent mechanisms.6 
Enhanced thrombin generation by rFVIIa not only accelerates the formation of fibrin, but 
also results in enhanced platelet activation and inhibition of fibrinolysis.7-8 These combined 
mechanisms may be responsible for the mechanism of action of rFVIIa in hemophilia. It is 
recommended to administer either an intravenous bolus injection of 90µg kg-1 body weight 
rFVIIa repeated every second hour or a single injection of 270 µg kg-1 body weight rFVIIa. 
Both dosing regimens have been proven to be equally effective and safe in several clinical tri-
als.9-10 However, the single-dose regimen may be more convenient and may improve patient 
compliance, in particular in the setting of home therapy.11-12

 Besides the use of rFVIIa in the treatment of bleeding episodes in inhibitor-compli-
cated hemophilia, it has been repeatedly demonstrated that the prophylactic administration 
of rFVIIa is successful in reducing the number of bleeding events (reviewed in (13, 14)). In 
2007, a retrospective survey examined the prophylactic use of rFVIIa in adult and pediatric 
patients with inhibitor-complicated hemophilia from ten European Hemophilia Centres.15 In 
12 of the 13 cases the prophylactic use of rFVIIa reduced the number of bleeding episodes. 
In the same year, Konkle et al. published the first and until now only randomized controlled 
trial of the prophylactic use of rFVIIa.16 In this study, prophylactic administration of 90 or 
270µg kg-1 body weight rFVIIa once daily reduced the number of bleeding events in the pro-
phylaxis period (3 months) compared to the pre-prophylaxis period (3 months) by 45% and 
59%, respectively. This reduction in bleeding events was retained in the post-prophylactic pe-
riod (3 months) compared to the pre-prophylaxis period with a decline in bleeding frequency 
of 27% and 50% for the 90 or 270µg kg-1 body weight rFVIIa dosages, respectively. In 2012, 
Young et al. performed a retrospective observational study which complemented the previ-
ously published prospective clinical trial, as it described the daily practice of clinicians world-
wide when applying prophylaxis with rFVIIa.17 The study confirmed a reduction of bleeding 
episodes of 50% by rFVIIa prophylaxis.
 Taken together, these clinical studies suggest that a single dose of rFVIIa has a 
pro-hemostatic effect up to 24 hours. The efficacy of rFVIIa during this time frame of pro-
phylaxis is difficult to explain given its half-life of 2 hours. The mechanism of action of pro-
phylactically administered rFVIIa is still incompletely understood. The literature suggests two 
possible mechanisms which could explain the prolonged hemostatic effect of rFVIIa. First, 
the prolonged prophylactic effect of rFVIIa may be explained by the distribution of rFVIIa 
into the extravascular space, in which the rFVIIa remains hemostatically active.18 This extra-
vascular rFVIIa, which is according to experimental animal models present in various tissues 
and bone joints,19-21 may be sufficient to raise the local hemostatic potential to such an extent 
that bleeding can be prevented. A second possible mechanism of the prolonged prophylactic 
effectiveness of rFVIIa could be the redistribution of rFVIIa into platelets,22 which may poten-
tially prolong the rFVIIa half-life. To assess potential mechanisms by which rFVIIa may exert 
a prolonged hemostatic effect, we administered a 90µg kg-1 body weight bolus administration 
of rFVIIa to non-bleeding pigs. During the time frame up to 48 hours, plasma was collected 
and platelets were isolated and both analyzed for FVIIa plasma and platelet levels and associ-
ated hemostatic activity.
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MATERIALS AND METHODS

 Study design
 Six adult pigs (80.5±1.9kg [mean ± standard deviation (SD)]) received a 90µg kg-1 
body weight bolus injection of rFVIIa (NovoSeven, Novo Nordisk, Bagsvaerd, Denmark), 
and were followed up for 24 (n=3) or 48 hours (n=3). Blood was drawn into 3.4% sodium 
citrate (9:1, v/v) at baseline and at 5min, 15min, 30min, 1h, 2h, 4h, 6h, 8h, 12h, 16h, 24h, and 
48hours post-administration. All samples were successfully collected and processed, except 
for samples of two pigs at 24hour post-administration. Animal welfare was in accordance with 
institutional guidelines of the University of Groningen, and the experiment was approved by 
the local institutional Animal Care and Use Committee.

 Plasma samples and platelet preparation
 Blood samples were stored at room temperature for a maximum of 1hour after blood 
collection. Blood samples were centrifuged at 200G for 15minutes at room temperature to 
obtain platelet rich plasma (PRP). To prevent platelet activation and aggregation during the 
platelet isolation, 10% v/v of acid citrate dextrose (ACD) and the prostaglandin analogue ilo-
prost (final concentration of 10ng/ml) were added to the PRP. Subsequently, the PRP was cen-
trifuged at 500G for 15minutes at room temperature, and the platelet pellet was resuspended 
in Hepes-Tyrode buffer (10mM HEPES [N-2-hydroxyethylpiperazine-N’-2-ethanesulfon-
ic acid], 145mM NaCl, 5mM KCl, 0.6mM NaH2PO4•H2O, 1.0mM MgSO4•7H2O, 5mM 
D-glucose, 0.1% w/v bovine serum albumin (BSA), pH6). ACD and iloprost were added to 
prevent platelet activation during the following washing step. The platelets were centrifuged 
at 500G for 15minutes at room temperature, and the platelet pellet was resuspended in a small 
volume of Hepes-Tyrode buffer. Platelet lysates were obtained by freeze-thawing the samples 
twice, and the samples were subsequently centrifuged at 20000G for 10minutes at 4°C.  Plate-
let poor plasma (PPP) was obtained by double centrifugation at 2000G and 10.000G both for 
10 minutes at room temperature. The platelet lysates and PPP samples were snap-frozen and 
stored at -80°C until use.

 Plasma FVIIa activity
 Plasma FVIIa levels (FVIIa:C) were measured using a commercially available kit 
according to manufacturer’s instructions (STACLOT VIIa-rTF, Diagnostica Stago, France).  
This assay is based on the use of recombinant soluble tissue factor (rsTF) which can no lon-
ger activate FVII to its activated form, while retaining the ability to serve as cofactor for the 
FVIIa-catalyzed activation of FX. A one-phase exponential decay curve fitting was applied to 
calculate the FVIIa plasma half-life, using the GraphPad Prism software package (Graphpad 
Software, Inc, La Jolla, CA, USA).

 Prothrombin time
 The prothrombin time (PT) was measured on an automated coagulation analyzer 
(Behring Coagulation System, BCS) using the manufacturer’s reagents and protocols (Sie-
mens Healthcare Diagnostics, Marburg, Germany).

 Thrombin generation assay (TGA)
 Plasma hemostatic potential was determined by in vitro thrombin generation us-
ing calibrated automated thrombography and the manufacturer’s reagents and protocols 
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(Thrombinoscope BV, Maastricht, the Netherlands). Specifically, low PPP-reagent containing 
TF (final concentration 1pM) and phospholipids (final concentration 4µM) was used. The 
thrombograms were measured in a 96-well plate fluorometer (Fluoroskan Ascent Microplate 
Fluorometer, Thermo Fisher Scientific Inc, Waltham, MA, USA). 

 Plasma-based microtiter plate clotting assay
 Coagulation was studied by monitoring changes in turbidity during clot formation 
in a 96-well microtitre plate (Immulon 2HB flat bottom microtiter plates, Thermo Fisher 
Scientific Inc, Waltham, MA). A mixture of TF (Innovin [Siemens Healthcare Diagnostics, 
Marburg, Germany], final dilution 105 times), CaCl2 (final concentration of 10mM) and 
phospholipid vesicles (final concentration of 10µM) in a volume of 50µl Hepes buffer (25mM 
HEPES, 137mM NaCl, 3.5mM KCl, pH 7.4) was added to 50µl of citrated plasma in a mi-
crotiter plate, and thoroughly mixed. Clot formation was followed by monitoring changes 
in turbidity at 405nm over time at 37°C in a VersaMax Microplate Reader using SoftMax 
Pro software (Molecular Devices, CA, USA). Clotting time was defined as the midpoint of 
clear-to-maximum-turbid transition.

 Microtiter plate clotting assay to estimate VIIa levels in platelet lysates
 The FVIIa activity in platelet lysates was studied by the microtiter plate clotting assay 
as described in the previous paragraph with a few adaptations. In short, 5µl of platelet ly-
sate sample was added to 50µl FVII deficient plasma (Haematologic Technologies, Inc, Essex 
Junction, VT, USA). Coagulation was initiated by adding 50ul of a mixture of TF, CaCl2, and 
phospholipid vesicles in Hepes buffer to the plasma, and this was mixed thoroughly. Clot 
formation was followed by monitoring changes in turbidity at 405nm over time at 37°C and 
clotting times were determined as the midpoint of clear-to-maximum-turbid transition. A 
calibration curve of rFVIIa was used to convert clotting times to FVIIa concentrations, which 
were normalized for actin levels of corresponding samples. Platelet FVIIa levels in all samples 
were determined at two separate occasions and the mean of these two assays was used.

 Actin levels of platelet lysate samples
 Actin levels were determined as previously described23 with minor adjustments. In 
short, 2µg/ml of a monoclonal antibody to actin (MAB1501R, Millipore, Billerica, MA, USA) 
in phosphate buffered saline (PBS, 10mM Na2HPO4, 3.2mM KH2PO4, 120mM NaCl, pH7.2) 
was coated in a 96-well plate at 4°C overnight. The next day the plate was washed with 0.1% 
v/v Tween/PBS and subsequently blocked for 2hours with 3% w/v BSA/PBS. Samples were 
diluted in 3% w/v BSA/PBS and incubated for 1 hour at 37°C.  The plate was washed before 
addition of 800ng/ml of a biotinylated chicken anti-actin antibody (MAB1501R, Chemicon 
(Millipore), Billerica, MA, USA), biotinylation kit (Pierce, Rockford, IL, USA)) which was 
incubated for 1 hour at 37°C. After washing, 1:200 streptavidin conjugated to HRP (Dako, 
Glostrup, Denmark) was added and incubated for 30min at 37°C. After washing, TMB sub-
strate (Sigma-Aldrich, Zwijndrecht, the Netherlands) was added and the reaction was stopped 
by adding 1M H2SO4. Color intensity was measured using a VersaMax Microplate Reader, and 
translated to actin levels using a calibration curve of known concentrations of actin (APHL-
95, Cytoskeleton, Denver, CO, USA).

 Statistical analysis
 To evaluate differences between measurements at various time points post-adminis-
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tration and the pre-administration (baseline) measurement, a linear mixed effect model was 
used. This model takes the correlation between the repeated measurements within a single 
pig into account. P values ≤ 0.05 were considered statistically significant. All analyses were 
performed using the statistical software package SPSS 20.0 (SPSS Inc., Chicago, IL).

RESULTS

 Plasma FVIIa levels remain elevated up to 24 hours post-administration
 When rFVIIa was administered to non-bleeding pigs, plasma FVIIa levels reached 
a maximum level at 5 minutes post-administration (30446 ± 1022 mU/ml [mean ± SD]) and 
decreased to pre-administration levels over time with a half-life of 2 hours (Fig. 1). Elevated 
plasma FVIIa levels were detected up to 24 hours post-administration (41 ± 24 mU/ml at 24 
hours versus 8 ± 16 mU/ml at baseline), although differences measured beyond 6 hours did 
not reach statistical significance.

Figure 1: FVIIa levels of pig plasma samples at various time-points post-administration of a 90 µg kg -1 body 
weight bolus injection of rFVIIa were measured using the STACLOT VIIa-rTF assay. FVIIa levels are expressed as 
mU/ml, in which 30mU is equivalent to 1ng FVIIa.  Shown are means, and error bars indicate standard deviation.  

***P≤0.001, *P≤0.05 versus baseline measurement. 

 Enhanced plasma hemostatic potential throughout the time frame of rFVIIa 
 prophylaxis
 To assess plasma hemostatic potential, plasma samples were analyzed using a PT, 
in-vitro thrombin generation, and a plasma-based microtiter plate clotting assay. Immedi-
ately after administration of rFVIIa, PT values decreased and remained shortened compared 
to baseline until 24 hours post-administration (9.5 ± 0.4 seconds at 24 hours versus 10.6 ± 
0.5 seconds at baseline, p≤0.01), as shown in Figure 2. However, the clotting times remained 
shortened compared to baseline even at 48 hours post-administration (10.0 ± 0.1 seconds at 
48 hours versus 10.6 ± 0.5 seconds at baseline), although the difference at the 48 hour time 
point did not reach statistical significance.
 In addition, the plasma hemostatic potential was assessed by in vitro thrombin gen-
eration. Lag times derived from the thrombin generation curves are shown in Figure 3. In 
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post-administration plasma samples, lag times were significantly shortened up to 12 hours 
post-administration (1.9 ± 0.2 minutes versus 2.4 ± 0.2 minutes at baseline, p≤0.01), but only 
returned to pre-administration levels at 48 hours.

Figure 2. Prothrombin times of pig plasma samples at various time-points post-administration 
of a 90 µg kg-1 body weight bolus injection of rFVIIa. Shown are means with error bars indicating 

standard deviation. * P<0.01.

Figure 3. Pig plasma samples at various time-points post-administration of a 90 µg kg -1 body weight bolus 
injection of rFVIIa were tested in thrombin generation assays. Shown are means with error bars 

indicating standard deviation. *P<0.01.

 Finally, plasma hemostatic potential was estimated by a plasma-based microtiter 
plate clotting assay, of which the results are shown in Figure 4. Immediately after rFVIIa ad-
ministration the clotting time decreased and remained shortened until 24 hours post-admin-
istration (3.6 ± 0.4 minutes versus 5.1 ± 0.5 minutes at baseline, p≤0.001). However, the clot-
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ting times remained shortened compared to baseline even at 48 hours post-administration 
(4.4 ± 0.5 seconds at 48 hours versus 5.1 ± 0.5 seconds at baseline), although the difference at 
the 48 hour time point did not reach statistical significance.

Figure 4 Pig plasma samples at various time-points post-administration of a 90 µg kg -1 body weight bolus 
injection of rFVIIa were tested in a plasma-based microtiter plate clotting assay. Clotting time was defined as the 
midpoint of clear-to-maximum-turbid transition. Shown are means, and error bars indicate standard deviation. 

*P<0.01.

 Elevated levels of functionally active rFVIIa in platelet lysates throughout the 
 time frame of prophylaxis
 Concentrations of FVIIa in platelet lysates were determined using a microtiter plate 
clotting assay using FVII deficient plasma. Prior to administration of rFVIIa, detectable levels 
of FVIIa were present in pig platelets (2.7 ± 0.8 ng FVIIa/mg actin [mean ± SEM]). Imme-
diately after administration of rFVIIa, levels of FVIIa substantially increased to a maximum 
of 11.5 ± 3.7 ng FVIIa/mg actin as shown in Figure 5. FVIIa levels in the platelet lysates 
remained elevated compared to baseline levels throughout the experiment (up to 48 hours 
post-administration; 6.7 ± 1.7 ng FVIIa/mg actin at 48 hours versus 2.7 ± 0.8 ng VIIa/mg 
actin at baseline), although differences did not reach statistical significance.

Figure 5 FVIIa levels measured in pig platelet lysate samples at various time-points post-administration 
of a 90 µg kg -1 body weight bolus injection of rFVIIa. FVIIa levels were normalized for actin levels to correct 

for enumeration differences between samples. Shown are means and error bars indicate standard error of 
the mean (SEM). *P<0.01, **P<0.05, ***P≤0.05.
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DISCUSSION

 The present study shows elevated levels of FVIIa in plasma and platelet lysates up to 
24 or 48 hours post-administration of a 90µg kg-1 body weight bolus injection of rFVIIa in 
non-bleeding pigs. Small but detectable amounts of FVIIa are present in plasma at the end of 
the time frame of prophylaxis. Importantly, these low levels of FVIIa detected at the end of 
the time frame of prophylaxis are still hemostatically active as shown by three distinct func-
tional tests. In addition, low but detectable levels of FVIIa were found in platelet lysates using 
a functional assay.
 It has been reported previously that small amounts of FVIIa remain detectable in 
plasma for 20 to 24 hours post injection in non-bleeding healthy human subjects. In addition, 
it has been demonstrated that the results of clotting tests such as the PT remain shortened for 
this time frame up to 24 hours after rFVIIa injection in these individuals.24-25 Furthermore, 
FVIIa plasma levels appear elevated compared to baseline in patients with hemophilia at 12 
hours post-injection.26-27 Also in these hemophilia patients who experience bleeding episodes, 
the PT was shortened compared to baseline up to 12 hours after a 70 µg kg-1 infusion of 
rFVIIa.27  However, the authors of these previous studies did not interpret these low levels of 
FVIIa which are still present hours after the infusion as being clinically relevant.
 Lopez-Vilchez et al. showed the in vitro redistribution of rFVIIa into platelets,22 and 
our study is to our knowledge the first study to show an increase in FVIIa levels in platelet 
lysates following rFVIIa administration suggestion in vivo uptake of rFVIIa by platelets. The 
half-life of FVIIa taken up by platelets appears to exceed the plasma half-life, which means 
that the uptake of FVIIa by platelets protects FVIIa against clearance from the circulation. 
Although the platelet FVIIa levels are low, they may be of particular importance when plasma 
FVIIa levels are low at the end of the time frame of prophylaxis. At that point in time, local ac-
tivation of platelets with concomitant release of platelet FVIIa may result in a locally elevated 
FVIIa concentration.
 Taken together, we postulate that both the low levels of FVIIa circulating in the plas-
ma and internalized rFVIIa in platelets hours after a bolus injection of rFVIIa are responsible 
for the prevention of bleeding episodes in inhibitor-complicated hemophilia. We propose 
that much lower plasma levels of rFVIIa are required for prevention of bleeding than is re-
quired for treatment of active bleeds. Although it has been well established that treatment of 
bleeding episodes in patients with hemophilia requires peak plasma levels of at least 8-12 nM 
(20-30 IU/ml),28 the minimal dose of rFVIIa required for prevention of bleeding is unknown. 
However, the clinical efficacy of a once-daily prophylactic regimen suggests that the FVIIa 
concentration required for prevention of bleeding may be orders of magnitude lower. Studies 
to substantiate this hypothesis will be difficult to accomplish in animal models given the lack 
of spontaneous joint and muscle bleeding, but studies in hemophilia patients may be feasible. 
Prophylactic studies in humans using continuous or semi-continuous infusion of a mini dose 
of rFVIIa resulting in low but detectable rFVIIa plasma levels would show whether our hy-
pothesis is correct. Such a study may, for example, be achieved using subcutaneous infusion 
with an insulin pump. Subcutaneous administration of rFVIIa has been demonstrated to be 
feasible in hemophilia patients.29 In case such a continuous or semi-continuous infusion of a 
mini dose of rFVIIa is as effective in preventing bleeding as a once-daily 90 µg kg-1 dosage, 
this may lead to significant cost reductions.
 Although we confirmed and extended previous data on the prolonged presence of 
rFVIIa in plasma and are the first to demonstrate in vivo uptake of rFVIIa by platelets, our 
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approach obviously has limitations. First, we studied effects of human rFVIIa in a pig mod-
el, and although the clearance of plasma rFVIIa in terms of half-life appears very similar in 
pigs compared to humans, effects of species incompatibility on our analyses cannot be fully 
ruled out. Second, we studied hemostatic effects of rFVIIa in hemostatically competent and 
non-bleeding animals. Although we observed clear effects of rFVIIa infusion on thrombin 
generation lag time and clot formation time, rFVIIa did not enhance total thrombin gen-
eration (data not shown), which is likely already optimal in pigs with a fully competent he-
mostatic system. Studies on the hemostatic effects of low plasma concentrations of rFVIIa in 
models of hemophilia are required, and effects in hemophilia models in which spontaneous 
bleeding occurs are desirable. Finally, in this study we did not assess the in literature men-
tioned potential other mechanism which may explain the prophylactic efficacy of a once-daily 
rFVIIa regimen (accumulation of rFVIIa in extravascular compartments), but this possibility 
will be explored and reported elsewhere. 
 In conclusion, we propose that the low, but hemostatically active, FVIIa plasma and 
internalized rFVIIa platelet levels present hours after a 90 µg kg-1 infusion could explain the 
hemostatic efficacy of a once-daily prophylactic regimen in humans. Further study is required 
to elucidate whether the success of a once-daily prophylactic regimen of rFVIIa is due to a 
low plasma maintenance level of FVIIa which is sufficient to prevent bleeding in patients with 
inhibitor-complicated hemophilia, or whether other mechanisms are involved.
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ABSTRACT

Background Coagulation Factor XI (FXI) is a ligand for platelet receptor LRP8 (Low-densi-
ty lipoprotein receptor-related protein 8). However, the consequences of this interaction are 
not understood. The aim of this study was to generate inhibitory single domain antibodies 
(VHHs) that selectively inhibit the binding of FXI to LRP8.
Methods and Results Llamas were immunized with soluble LRP8. After isolation of B lym-
phocytes, mRNA was isolated and used as template for cDNA construction. These cDNA 
fragments were cloned into phagemid vectors and a phagemid library was obtained. Selection 
procedures by panning identified three VHHs that bound to LRP8 with high affinity. Enzyme 
Linked Immuno-Sorbent Assays (ELISAs) and Surface Plasmon Resonance experiments 
showed that these three VHHs bind to LRP8 with nanomolar affinity. Competition ELISAs 
showed that a bihead construct of VHH clone 7 (VHH7) was able to completely inhibit the 
binding of FXI to LRP8. Using the same construct, the presence of LRP8 in platelets, mono-
cytes and lymphocytes was shown with flow cytometry experiments.
Conclusion In this study, VHHs that selectively inhibit the interaction between FXI and 
LRP8 were generated. These VHHs can be useful tools to further characterize the interac-
tion between FXI and LRP8 on the platelet surface and its role on the (patho) physiology of 
thrombus formation.
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INTRODUCTION

 Coagulation Factor XI (FXI) is a part of the intrinsic pathway of coagulation. FXI is 
responsible for the amplification of the coagulation reaction initiated by the relatively small 
amount of thrombin generated upon tissue factor exposure to flowing blood. The role of FXI 
in this process is to activate Factor IX (FIX), which together with Factor VIII (FVIII) forms 
the intrinsic tenase complex.1 FXI is a homodimer and each subunit of FXI consists of four ap-
ple domains and a protease domain.2 Interestingly, while increased levels of FXI were shown 
to be associated with thrombosis,3-4 persons deficient in FXI have only a mild bleeding ten-
dency.5 This has led to the hypothesis that FXI could be a potential anti-thrombotic target not 
associated with bleedings as unwanted side effects.2

 FXI is activated by thrombin generated by the Tissue Factor (TF) - Factor VIIa (FVI-
Ia) complex and amplifies the reaction, which leads to more conversion of prothrombin into 
thrombin. However, activation of FXI by thrombin is an inefficient reaction for to a simple 
reason: both enzymes lack gamma-carboxyglutamic acid-rich (GLA) domains with which 
they could be localized to the platelet surface. Localization to the platelet surface is especially 
important in arteries where due to high shear, coagulation factors are washed away by the 
flowing blood. Since binding to negatively charged phospholipids is not possible, FXI must be 
localized to the platelet surface via platelet membrane proteins. Known platelet receptors for 
FXI are Glycoprotein Ib (GpIb)6 and LRP8.7 While GpIb is one of the most abundant proteins 
on the surface of the platelet and its main ligand is Von Willebrand Factor (VWF), LRP8 is 
a LDL-receptor family member and is known to interact with LDL and β-2 Glycoprotein I 
(β2GpI), among others. Interestingly, a genetic variant of LRP8 was shown to be associated 
with coronary artery disease.8 
 One of the consequences of the LRP8-FXI interaction could be the capture of FXI 
from solution and localization to the platelet surface. In arterial systems where there is high 
shear, LRP8 bound FXI could amplify the coagulation reaction in the growing thrombus.7 

A convenient way to study these processes is by inhibitory antibodies that would selective-
ly block the interaction between LRP8 and FXI. In this respect, single domain antibodies 
(VHHs) are perfectly suited for these purposes due to their small size and high affinity bind-
ing. To facilitate the study of the FXI-LRP8 interaction, selective inhibitory VHHs targeting 
LRP8 were generated.

MATERIALS AND METHODS

 Development of specific heavy chain variable domains (VHHs) against LRP8
 Heavy chain antibodies were raised by immunizing llamas with an LRP8 construct9 

using standard immunization protocols as described before.10 Phage display11 was used to 
select for phages that specifically bind to LRP8 as described before.12 Production and purifica-
tion of soluble VHHs by E. Coli was performed as described previously.12 To further increase 
the avidity of the anti-LRP8-VHH, a bihead VHH7 was constructed by fusing individual 
VHHs with a glycine linker as described before.13

 Sequencing of the anti-LRP8 VHHs
 Purification of plasmids of VHHs against LRP8 was performed with the QIAprep 
Spin Miniprep Kit (Qiagen, The Netherlands). DNA sequencing was performed using the 
m13 reverse using BigDye V3.1 (Applied Biosystems, USA) following the manufacturers in-
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struction.

 Flow cytometry (FACS) analysis
 Platelets were gated on the basis GpIb presence which was detected using an anti-
body against GpIb CD42b-PE-CY5 (BD Biosciences, USA). LRP8 was visualized using the 
anti-LRP8 VHH and an anti-Myc-FITC antibody (Invitrogen, USA). Monocytes and lym-
phocytes were gated by using the forward-scatter and side-scatter properties after the eryth-
rocytes were lyzed. Blood was fixated using a solution of 0.2% formaldehyde. All samples 
were analyzed with a FC500 flow cytometer (Beckman Coulter, USA). As a control, a VHH 
targeted against activated Factor VII was used.

 Surface plasmon resonance analysis
 Surface plasmon resonance (SPR) binding assays were perfomed on a Biacore T100 
system (GE Healthcare Europe, Belgium).  LRP8 was immobilized on a CM5 chip in sodiu-
macetate (pH 4.0) according to the supplier’s instructions. The reference channel was activat-
ed and blocked in the absence of the protein. Signals from this channel were used to correct 
for residual binding to the chip. Binding was assessed in 10 mM Hepes, 157 mM NaCl, 0.01% 
Tween (pH 7.4). Prior to each injection, hydrophobic interactions of the analyte with the sur-
face of the chip were prevented with a bovine serum albumin (BSA) injection, following the 
instructions from the manufacturer. Bound proteins were eluted with a 30 μL injection of 1 
mM NaOH in a 137 mM NaCl solution. Binding kinetics was analyzed with the Biacore T100 
evaluation software, according to the 1:1 Langmuir binding model.
 
 ELISAs
 A Maxisorp plate (Nunc, Roskilde, Denmark) was coated with the construct of 
LRP8 in Hepes buffer (2μg/ml, 100μl/well) O/N at 4°C. Wells were washed three times with 
Hepes buffer and blocked with 3% BSA for 1h at RT and shaking. Incubation with anti-LRP8 
VHHs (0-5μg/ml, 50μl/well) followed for 1h at RT and shaking. After washing three times 
with Hepes buffer with 0.1% Tween-20, the wells were incubated with a horse-radish per-
oxidise (HRP) labeled anti-myc antibody (0.2μg/ml, 100μl/well, Roche diagnostics GmbH, 
Mannheim, Germany) for 1h at RT and shaking and washed again three times. The plate was 
coloured with 3,3’,5,5’-tetramethylbenzidine (TMB) and the reaction was stopped with 1M 
H2SO4 (50μl/well). Absorbance was measured at 450 nm at RT. Graphs were plotted with 
Graphpad Prism Version 5.03 (GraphPad Software Inc., USA).

 Competition ELISA
 A Maxisorp plate (Nunc, Denmark) was coated with the construct of LRP8 in Hepes 
buffer (2μg/ml, 100μl/well) O/N at 4°C. Wells were washed three times with Hepes buffer 
and blocked with 3% BSA for 1h at RT and shaking. Incubation with FXI (50nM) and VHH7 
in a gradient of concentrations starting from 5µg/mL followed for 1h at RT, shaking. After 
washing again, incubation with a mouse monoclonal antibody against FXI followed (made 
in-house). After another step of washing, incubation with HRP-labelled rabbit anti-mouse 
IGG (1µg/mL) followed. The reaction was developed with TMB and stopped with H2SO4. Ab-
sorbance was measured at 450 nm at RT. Graphs were plotted with Graphpad Prism Version 
5.03 (GraphPad Software Inc., USA).
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 Epitope mapping of VHH7 with domain deletion constructs of LRP8
 LRP8 cysteine-rich ligand-binding repeats (LBRs) 1, 2 and a construct of LBRs 1,2-7 
were coated in PBS on a maxisorp plate (Nunc, Denmark) in a concentration of 2µg/mL. The 
plate was washed three times in phosphate buffered saline (PBS) and blocked with 3%BSA in 
PBS. Incubation for 1h at room temperature (RT) with VHH7 in a concentration of 10µg/mL 
followed. After washing three times with 0.01%Tween in PBS, incubation with an anti-myc 
antibody (Invitrogen, USA) for 1h at RT followed. The reaction was developed with TMB for 
10 minutes and stopped with 1 molar solution of H2SO4. Absorbance was measured at 450nm 
at 37°C.

RESULTS

 Via phage display selection, a masterplate with 96 clones of VHHs against LRP8 was 
generated. From this masterplate, eight VHHs binding with high affinity to LRP8 were iden-
tified. In order to have sufficient quantities of these high affinity binding VHHs, a large scale 
production and purification followed. From the purified eight VHHs, four seemed to have the 
highest affinity for LRP8 (Figure 1).

Figure 1: An ELISA where VHHs were allowed to bind to coated LRP8. 
Detection was performed using a HRP labeled anti-myc antibody.

 Subsequent sequence analysis of the high affinity binding VHHs showed that VHH5 
and VHH7 were the same clones as they had the same sequence. Sequence analysis of VHH1 
and VHH2 could not be reliably determined due to probable additional clones of VHHs in 
their cultures. Surface plasmon resonance showed that the affinity of VHHs 4, 7 and 8 for 
LRP8 is on a nano-molar range (Figure 2). Epitope mapping showed that VHH7 binds to 
LBR7 of LRP8 and not to LBRs 1 and 2 (Figure 3). In a separate experiment, VHH8 was 
shown to bind the epidermal growth factor domain of LRP8 as well as tissue plasminogen 
activator, therefore aspecifically (data not shown). Consequently, further experiments were 
continued with VHH7 only. To increase the avidity of VHH7, a bihead was constructed. In 
sufficient concentrations, VHH7 was able to almost completely abolish FXI binding to LRP8 
(Figure 4).
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a)     b) 
 

c)     d) 

Fig. 2: a) Affinity in nanomolar units of VHH4, 7 and 8 towards LRP8 as determined by 
surface plasmon resonance experiments; b) kinetics of VHH4 1:1 binding to LRP8; c) 
kinetics of VHH7 1:1 binding to LRP8 and d) kinetics of VHH8 1:1 binding to LRP8.

Fig. 3: An ELISA where VHH7 was allowed to bind to LRP8 LBRs 1, 2 and 7 coated on a surface of a maxisorp 
plate. Detection was performed using a HRP labeled anti-myc antibody.

Fig. 4: An ELISA where LRP8 was coated and a constant amount of FXI and gradient concentration of VHH7 was 
allowed to compete for binding to the coated LRP8. Measurement of FXI bound to LRP8 showed that in sufficient 
concentrations, VHH7 was able to almost completely abolish its binding to LRP8. Shown here is a representative 

example of two independent experiments.

Re
sp

on
se

Re
sp

on
se

Re
sp

on
se

Time (s)

Time (s)Time (s)



91

7

a) b)

c)
Fig. 5: Expression of LRP8 measured by flow cytometry analysis with anti-LRP8 VHH7 binding to: a) native and 

CRP (collagen related peptide) stimulated platelets; b) monocytes and c) lymphocytes.

DISCUSSION

 In this study, VHHs that inhibit the interaction between LRP8 and FXI were de-
veloped. These VHHs have high binding affinities as shown by surface plasmon resonance 
experiments. A bihead construct of VHH7 was able to completely abolish the binding of FXI 
to LRP8.
 LRP8 is a membrane receptor belonging to the large LDL-receptor family. It is widely 
distributed in tissues and numerous ligands for this receptor are identified. The most import-
ant of these ligands include reelin,14 apolipoprotein E,15 LDL16 and factor XI.7 A very import-
ant receptor on neural cells, signaling via reelin and LRP8 is essential for cortical layering.17-18 
Besides being expressed in neuronal cells, LRP8 is also present in the endothelium, mono-
cytes and platelets.15, 19-20 Interestingly, since its discovery as a receptor present in platelets,15 

LRP8 has been found to play a role in the pathophysiology of the antiphospholipid syndrome 
by being the receptor for β2GpI.21 LRP8 was also identified as the platelet receptor for Low 
Density Lipoprotein22 and FXI.7 Binding of β2GpI as well as LDL to LRP8 were both found 
to induce sensitization of the platelets.21-22 As for the significance of FXI binding to LRP8, a 
number of hypotheses were made.7 A role in mediating the interaction of β2GpI with FXI on 
the activated platelet surface was suggested as well as cleavage of protease activated receptors 
by FXIa. Since FXI is a homodimer and shown to bind both GpIb and LRP8, it was also sug-
gested that one molecule could bind both receptors on the platelet surface. In this case, LRP8 
together with GpIb could localize FXI to the growing platelet plug and therefore promote 
thrombus stability.7

 In order to study these numerous interactions of LRP8 with its ligands, one possible 
approach is to generate inhibitory monoclonal antibodies. However, a distinct disadvantage 
of mAbs is that inhibition with one LRP8-ligand interaction is likely to be associated with an-
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other LRP8-ligand interaction. This comes due to their relatively large size and large surface 
of the antigen binding paratope. For the purpose of selectively inhibiting LRP-FXI interaction 
without inhibiting other LRP8-ligand interactions, VHHs are perfectly suited tools. VHHs 
are small single domain antibodies that retain high affinity binding to the antigen. Further-
more, because they lack the Fc part of the conventional antibodies, side effects such as induc-
tion receptor clustering and subsequent intracellular signaling are avoided.23 In this study, it is 
shown that this approach is feasible and that a high-affinity VHH that inhibits the LRP8-FXI 
interaction is generated. 
 There are numerous potential applications for VHH7 in the studying the interaction 
of FXI with LRP8. The effect of LRP8 on FXIa generation of thrombin and the inhibition of 
by VHH7 in chromogenic and thrombin generation assays is the first possibility. The effect of 
the LRP8-FXI interaction studied under perfusion systems and its inhibition by the VHH is 
another possibility. Lastly, in-vivo experiments where mice would be injected with the inhibi-
tory VHH would allow evaluation of the role that LRP8 plays in thrombus formation, both in 
venous and arterial thrombosis models.
 In summary, in this study, a highly specific inhibitory VHH that inhibits the reaction 
between LRP8 and FXI was generated. This VHH is a potential tool to study this interaction 
and its consequences in-vivo and in-vitro.
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 In the last five decades, the use of antibody technology has played an important role 
in the improvement of the diagnosis and treatment in a wide spectrum of diseases. However, 
shortcomings of conventional antibodies include, among others, a high cost of production, a 
large relatively large molecular size and Fc-receptor activity and complement activation when 
used as treatment agents. Utilization of nanobody technology has the potential to further 
improve diagnosis and treatment, especially in diseases where complications in blood coagu-
lation are poignant. 
 Several attributes make nanobodies superior tools compared to conventional anti-
bodies. First, nanobodies are very small in size compared to conventional antibodies. This 
attribute is advantageous when it comes to tissue penetration and clearance. Their small size 
also enables them to recognize to recognize cryptic antigenic sites and cavities not accessible 
to conventional antibodies. In blood coagulation research, this capability is particularly im-
portant when it comes to the specific recognition of an activated coagulation factor. Further-
more, nanobodies are genetically easy to manipulate and cheap to produce. 
 In this thesis, the endothelium, platelets and coagulation factors as determinants 
in thrombosis and bleedings have been studied in clinical conditions where there are unmet 
needs in diagnosis and treatment. For this purpose, where needed, specific nanobodies have 
been generated and new assays have been developed.

 Endothelial markers in acute coronary and inflammatory response syndromes – 
novel insights into an old debate?

 In chapter 3, it is shown that acute coronary syndrome (ACS) patients undergoing 
percutaneous coronary intervention (PCI) are at increased risk of long-term mortality if they 
are characterized by increased levels of Von Willebrand Factor (VWF) and its propeptide. 
Interestingly, while levels of VWF were markedly increased, levels of its propeptide, though 
significantly, were only slightly elevated. These findings indicate that patients at high risk of 
long-term mortality are characterized by a chronic and not acute dysfunction of the endothe-
lium. No relationship of platelet activation markers with mortality was found.
 How can these findings be used to improve the treatment of ACS undergoing PCI? 
In the last decades, antithrombotic therapy of these patients has led to significant improve-
ment in survival rates.1 Interestingly, this therapy consists exclusively of anti-platelet agents, 
with aspirin and clopidogrel as the standard treatment after PCI.2 However, attempts to fur-
ther improve the care of these patients seem to have hit a ceiling.3  In a considerable number 
of studies, more potent inhibition of platelets, while associated with less thrombotic events, 
was also associated with increased risk of bleeding.4-8 Therefore, recent attempts to reduce 
bleedings in subsets of ACS patients have shifted the focus on anticoagulation therapy, where 
the risk of bleeding was shown to be lower compared to when antiplatelet therapy was used.9-10 
Nevertheless, bleeding still remains a significant correlate of mortality in these patients.11 In 
this respect, it is interesting that the endothelium as one of the three determinants in the triad 
of Virchow12-14 has received little attention as a therapeutic target. While there are a number 
of potential reasons for this, the profound heterogeneity of the endothelium throughout the 
body could be one of the most important ones.15 Remarkably, each vascular bed is not only 
covered by endothelial cells with a distinct structure, but endothelial cells function differently 
depending on the tissues they serve.16 This peculiar characteristic offers numerous challenges 
but also opportunities. To begin with, how is it possible to distinguish tissue specific endothe-
lial dysfunction? Techniques like intracoronary agonist infusion with quantitative coronary 
angiography and brachial artery catheterization with venous occlusive plethysmography have 
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their advantages, but they are invasive, expensive and carry the risk of injury.17 Ultrasound 
and vascular tonometry on the other hand are non-invasive, but they are also characterized by 
variability in measurements and are non-specific.17 A non-invasive, non-expensive, straight-
forward approach is to measure a surrogate marker of endothelial activation, such as VWF for 
example. However, because of the characteristic heterogeneity, plasma VWF levels provide in-
formation on overall status of endothelial cell activity. Information on endothelial activation 
in the heart, for example, will be diluted in samples obtained from venous blood. Therefore, 
it is not surprising that VWF did not correlate with troponin in the first 48 hours of hospital-
ization of unstable angina pectoris patients in a previous study.18 
 Notwithstanding these issues, the observation that increased VWF is associated with 
a poor prognosis is consistent.19-22 This is an important message in itself that indicates that 
besides heart function as the most powerful predictor of mortality,23 generalized and specific 
vascular bed endothelial dysfunction could be an important parameter to measure in patients 
with ACS. Further research into specific vascular bed markers is warranted, as it could lead 
to further insight in the role of the endothelium in coronary syndromes. Importantly, this in-
sight could lead to possible novel therapeutic approaches and improved care of ACS patients 
undergoing PCI.
 In chapter 4, plasma levels of VWF have been studied in a cohort of patients with 
Systemic Inflammatory Response Syndrome (SIRS) and sepsis where generalized endothe-
lial activation24 and thrombocytopenia25 are hallmarks closely related to organ dysfunction. 
Being almost exclusively derived from endothelial cells,21 plasma levels of VWF are a very 
good surrogate biomarker that reflect endothelial perturbation. Intriguingly, VWF has been 
shown to be of little prognostic value in patients with SIRS and patients.24, 26 How can this 
discrepancy be explained? The results described in this thesis show that while VWF levels 
are markedly increased in the whole population cohort, they are not different between survi-
vors and non-survivors. Thus, a straightforward explanation is that acute release of VWF by 
generalized endothelial activation in SIRS is an important diagnostic feature but its value on 
prognosis is limited.
 Nevertheless, VWF is not only a surrogate marker of endothelial activation but also 
a pivotal molecule in haemostasis. Its proinflammatory properties are also being increasingly 
recognized.27-29 Released from endothelial cells in its active conformation,30 VWF levels, size 
and activity thereafter are tightly controlled.31-33 Upon measurement of VWF in plasma, the 
information about the fraction of VWF that circulates in an active conformation is lacking. 
This information could be important because active VWF can spontaneously bind to platelet 
Glycoprotein Ib (GpIb) and induce platelet agglutination. In the work described in chapter 4, 
active VWF was measured in addition to VWF and correlated to 28-day mortality. The results 
obtained show that in contrast to VWF, active VWF were significantly increased in non-sur-
vivors compared to survivors. The observed relationship of active VWF with the APACHE IV 
score, a score used for benchmarking in Intensive Care Units, leaves a possibility that VWF is 
a causative factor in mortality rather than a marker of disease severity. The search for possi-
ble reasons why non-survivors have higher active VWF levels also revealed some interesting 
results. A strong correlation between active VWF and its cleaving proteases, ADAMTS13 and 
Thrombospondin was not observed. This points to the important role of other mechanisms 
that control the levels of active VWF.31 Put together with the results of VWF, these data sug-
gest that processing of VWF after release rather than the release itself from the endothelial 
cells is of prognostic value in patients with SIRS.
 Like in arterial thrombosis, platelet adhesion and aggregation is a major event in 
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the course of SIRS and sepsis. VWF is the molecular glue that enables platelet adhesion and 
aggregation in both diseases. In arterial thrombosis, very high shear stress could be the trig-
ger that activates VWF. In SIRS and sepsis patients at high mortality risk, mechanisms that 
control levels of active VWF seem to fail. Therefore, it is plausible to assume that in these 
patients, inhibiting VWF activity will lead to improvement in survival rates. Currently, there 
are a number of candidate molecules that have been shown to block active VWF in clinical 
settings.34-35 If confirmed in an additional observation study, the results described in chapter 
4 will hopefully lead to studies where inhibition of VWF activity in patients with SIRS and 
sepsis will be evaluated.

 Activated factor VII in inflammatory response syndromes and hemophilia
 
 In chapter 5, a novel enzyme linked immunosorbent assay (ELISA) for measuring 
levels of active Factor VII (FVIIa) is described. In complex with tissue factor (TF), FVIIa is 
responsible for initiating coagulation.36 Interestingly, FVIIa is the only coagulation protease 
circulating in significant amounts in an active conformation and decades ago, FVII activity 
was reported as a risk factor for coronary disease.37 In 1993, a method to determine FVIIa 
using a tissue factor mutant that does not promote FVII activation was described.38 Although 
a significant development in estimating FVIIa levels in plasma, this assay is not suitable for 
high-throughput measurements due to its high cost and labor-intensiveness. Furthermore, a 
concern was raised that this assay might be influenced by FVII zymogen activation.39 There-
fore, quantitative measurement using an immonosorbent assay could facilitate studies on the 
importance of plasma FVIIa levels considerably. 
 Using a newly developed ELISA, FVIIa levels were evaluated in a cohort study of 
patients with SIRS and sepsis. SIRS and sepsis are accompanied by very high mortality rates 
and there is a great clinical need for novel diagnostic markers and therapeutic approaches. 
A hallmark of SIRS is the massive exposure of tissue factor (TF) to the flowing blood, where 
the TF-FVIIa complex has a central place in the inflammatory and coagulation responses. In 
chapter 5, it is shown that patients with high FVIIa and low FVII have a higher 60-day mortal-
ity hazard rate when compared to patients with low FVIIa and high FVII. These associations 
were independent of disease severity scores and provided prognostic information on mortal-
ity risk beyond other common coagulation measurements.
 How can this synergistic effect of high FVIIa levels and low FVII levels on mortal-
ity be explained? It is possible that high levels of FVIIa and low levels of zymogen FVII in 
non-survivors simply reflect conversion of FVII to FVIIa due to a generalized activation of 
coagulation. Intriguingly however, the ability of FVIIa and FVII to predict mortality like-
ly goes beyond coagulation, as neither prothrombin times nor d-dimer levels were different 
between the groups. Is the higher conversion of FVII to FVIIa related to a higher level of TF 
exposure to the circulation? If so, this is clinically relevant information not only because of 
the results of this study, but also because of the pile of experimental evidence showing that 
blocking the TF-FVIIa pathway improves outcome in sepsis.40-44 Therefore, the relationship 
between FVIIa and FVII might be able to better identify patient populations where blocking 
the TF-FVIIa pathway will improve survival. 
 Interestingly, FVII has been shown to inhibit thrombin generation by the TF-FVIIa 
complex through competing with FVIIa for binding to TF.45 Therefore, it is tempting to spec-
ulate that SIRS patients with high FVII might have a lower risk of mortality because FVII 
competes with FVIIa for binding to TF and inhibits the TF-FVIIa complex. These hypotheses 
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expose a couple of important questions regarding FVIIa that remain to be completely an-
swered in further studies. Firstly, what are the exact mechanisms that sustain basal levels of 
FVIIa and how are these influenced by FVII levels? While there is evidence that Factor IXa 
is responsible for generation of FVIIa from FVII in circulation, it is not clear if this process is 
completely independent from TF.46 Second, the structure of free FVIIa remains to be elucidat-
ed. Solving the structure of free FVIIa would allow a comparison to the structure of TF-bound 
FVIIa and understand changes induced by TF binding.47 Subsequently, it might be possible to 
understand better and utilize the possible inhibitory effect of FVII on the TF-FVIIa pathway.
 Some of the possible reasons behind the discrepancy between the therapeutic po-
tency of recombinant FVIIa (rFVIIa) and its pharmacokinetic profile have been investigated 
in Chapter 6. While rFVIIa was first used to treat a inhibitor complicated hemophilia patient 
in the late eighties,48 its clinical use has preceded the complete understanding of its mecha-
nisms of action.49 Given its half-life of around 2-3 hours in circulation,50 one of the remaining 
questions regarding rFVIIa mechanisms of action is its relatively long therapeutic effect when 
used as a prophylactic agent.51 In chapter 6, a study with 6 non-bleeding pigs that were ad-
ministered a therapeutic dose of rFVIIa is described. The results show that despite a half-life 
of approximately 2h, increased plasma levels of rFVIIa are detectable up to 24h after admin-
istration. Furthermore, uptake of rFVIIa by platelets has been shown to occur also in vivo.
 The introduction of rFVIIa was a significant advancement in the treatment of inhib-
itor complicated hemophilia.52 Unfortunately, these patients are only still treated on-demand 
when bleeding occurs and not prophylactically. Since the development of arthropathy cor-
relates to the number of joint bleeds per year,53 prophylactic treatment where bleedings are 
prevented rather that treated is the standard to aim for. In a randomized trial including 38 
hemophilia patients with inhibitors receiving a therapeutic dose of rFVIIa once daily, clinical-
ly relevant reductions in bleeding frequencies were observed in comparison to conventional 
on-demand therapy.54 A number of explanations for this prolonged therapeutic effect have 
been hypothesized.55 Experimental evidence to support some of these hypotheses is available 
from other studies. Association of FVIIa with the endothelium and diffusion of FVIIa into 
extravascular spaces has been shown experimentally.56 In vitro, platelets have also been shown 
to internalize rFVIIa.57 In this study, it is confirmed that platelet uptake occurs in vivo as well 
as in vitro. This observation might have direct implications regarding the half-life of rFVIIa 
as platelets are particularly interesting candidates for serving as a reservoir of rFVIIa in the 
circulation because of their relatively long half-life. Platelets are kept at a resting state in cir-
culation by the intact endothelium but upon endothelial damage, they could release rFVIIa 
locally at the site of damage. 
 An important observation of the study presented in chapter 6 is that up to 24h af-
ter administration of rFVIIa, FVIIa in the circulation is detectable and hemostatically ac-
tive. Therefore, it is possible that while supra-physiological levels of FVIIa are needed to treat 
bleedings, much lower amounts are needed to prevent them. This evidence provides a ratio-
nale for a clinical trial where lower amounts of rFVIIa could be studied for their prophylactic 
effect.

 Inhibition of the LRP8-FXI interaction by inhibitory nanobodies
 
 In chapter 7, a novel nanobody targeting the interaction between Factor XI (FXI) 
and Low-density lipoprotein receptor-related protein 8 (LRP8) is described. As discussed ear-
lier, the search for an anti-thrombotic agent that is not associated with bleedings has become 



100

8

the search for the Holy Grail in thrombosis and haemostasis research.58 FXI in this respect is 
a very interesting candidate.59 While increased levels of FXI are known to be a risk factor for 
both venous and arterial thrombosis,60-61 its deficiency only leads to a mild bleeding pheno-
type.62 A role for FXI can be easily envisaged in venous thrombosis where there are low shear 
stresses and coagulation is a major player in thrombus formation. In arterial systems where 
high shear stresses are present and where platelets are a major player, it is plausible to assume 
that the role of FXI is in one way or another linked with platelets. Localization of FXI to the 
platelet surface however does not occur through binding to phospholipids because FXI lacks 
a GLA (gamma-carboxyglutamic acid-rich) domain. Identification of LRP8 as the platelet 
receptor for FXI63 in this respect has opened new exciting research opportunities on the pos-
sible interplay between platelets and FXI in arterial thrombosis. In the work presented here, 
a first step in developing a proper tool to study this interaction has been made and a novel 
nanobody that selectively inhibits the interaction between FXI and LRP8 has been developed. 
This opens the way for subsequent studies where the significance of this interaction can be 
investigated.
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INLEIDING

 Verstoringen in bloedstolling zijn gerelateerd aan een groot aantal ziekten, waar-
onder hart en vaatziekten, beroerte en trombose. Er bestaat een delicaat evenwicht tussen 
pro-coagulante en anti-coagulante factoren om bloedingen en trombose of bloedingen te 
voorkomen. Bloedstollingsfactoren spelen hierin een cruciale rol. Echter, om hun functie uit 
te voeren, moeten ze eerst worden geactiveerd en hiertoe ondergaan ze een structuursveran-
dering. Te veel activatie kan leiden tot ongewenste verdikking van het bloed, of trombose. Tot 
dusver was het uiterst moeilijk om te meten hoeveel van deze geactiveerde factoren aanwezig 
zijn in de circulatie van personen met een hoog risico op trombose. Het doel van dit promoti-
etraject was om geactiveerde stollingsfactoren te bestuderen door middel van het ontwik-
kellen van  specifieke diagnostische testen. Deze testen maken gebruik van enkel-domein 
antilichamen die worden gegenereerd uit zware-keten (heavy-chain) antilichamen die aan-
wezig zijn in lama’s (nanobodies). Er zijn verschillende voordelen van nanobodies, zoals een 
zeer kleine maat, hoge oplosbaarheid, gemakkelijk genetische manipulatie en gemakkelijke 
productie in bacteriën. Deze testen zullen ons toelaten om allereerst geactiveerde stollingsfac-
toren te meten en vervolgens te bestuderen wat hun relatie met ziekten zoals een hartaanval 
en beroerte is.

BEVINDINGEN

 In hoofdstukken 3 en 4, bestuderen we Von Willebrand Factor (VWF) en het endo-
theel in acuut coronair syndroom (ACS) patiënten en patiënten met het systemisch inflam-
matoir respons syndroom (SIRS). Von Willebrand Factor is een groot multimeer eiwit dat 
wordt gesecreteerd uit endotheelcellen en speelt een belangrijke rol in bloedplaatjes agglu-
tinatie. In hoofdstuk 3 wordt aangetoond dat ACS-patiënten met een hoog VWF een hoger 
risico op sterfte hebben op lange termijn. Een interessante waarneming was dat het niveau 
van VWF-propeptide slechts licht verhoogd was. Het VWF-propeptide wordt  tezamen met 
VWF gesecreteerd door endotheelcellen in een 1:1 ratio, maar de halfwaardetijd van het pro-
peptide in de circulatie is veel korter. Deze eigenschap kan worden gebruikt om te bepalen of 
er acute of chronische activatie van het endotheel is. De resultaten gepresenteerd in dit hoofd-
stuk geven aan dat patiënten met een hoog mortaliteitsrisico worden gekenmerkt door een 
chronisch disfunctie van het endotheel. In hoofdstuk 4 wordt aangetoond dat een hoog actief 
VWF bij patiënten met SIRS is geassocieerd met een verhoogde 28-dagen mortaliteit. SIRS en 
sepsis patiënten worden gekenmerkt door zeer hoge sterfte, daarom is er een grote klinische 
noodzaak voor biomarkers die patiënten kan stratificeren of tot een nieuwe therapeutische 
benaderingen kan leiden. VWF is in dit opzicht een zeer interessante kandidaat. Hoewel het 
een surrogaat marker is van het endotheel, wanneer actief,  is het ook een zeer krachtig trom-
bogeen molecuul. Door gebruik te maken van een speciaal nanobody dat alleen de actieve 
vorm van VWF herkent, wordt in hoofdstuk 4 aangetoond dat patiënten met een hoger risico 
op sterfte hebben ook een beduidend hoger niveau van actieve VWF hebben. Opmerkeli-
jk genoeg, was deze associatie onafhankelijk van de meest gebruikte ziekte-ernst  score; de 
APACHE IV (Acute Physiology and Chronic Health Evaluation IV) score. Het is interessant, 
dat hetzelfde niet werd waargenomen voor de totale VWF niveaus. Hoewel het totale VWF 
niveaus hoog was in de totale patiëntenpopulatie, was er geen verschil tussen de overlevenden 
en niet-overlevenden. Dit geeft aan dat de acute secretie van VWF door endotheelcellen  een 
belangrijk diagnostisch kenmerk zou kunnen zijn, maar de waarde ervan op de prognose is 
beperkt. Omdat VWF wordt gesecreteerd door endotheelcellen in zijn actieve conformatie, 
lijkt het erop dat factoren die het verwerken cruciaal zijn voor de prognose.
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 In hoofdstuk 5 wordt een nieuwe kwantitatieve ELISA (Enzyme Linked Immuno-
sorbent Assay) voor de meting van FVIIa (Factor VIIa) beschreven. FVIIa is een eigenaardige 
stollingsfactor. Samen met Tissue Factor (TF), is het verantwoordelijk voor de initiatie van 
de stolling. Omdat het afhankelijk is van TF om de stolling te initiëren, is FVIIa ook de enige 
stollingsfactorfactor die aanwezig is in kleine hoeveelheden in de circulatie in zijn actieve 
vorm. Tot dusver is de enige manier om FVIIa te meten met een functionele stollingstest die 
het mogelijk maakt om FVIIa niveaus te schatten. Echter, deze test heeft een aantal nadelen 
zoals hoge arbeidsintensiviteit en de hoge kosten. Om het onderzoek op FVIIa en zijn rol 
in trombotische complicaties faciliteren, was er behoefte aan een high-throughput, low-cost 
kwantitatieve assay. Hiertoe waren specifieke antilichamen die geactiveerd FVIIa herkennen, 
maar niet FVII zymegen nodig. In dit opzicht zijn nanobodies uitstekende kandidaten. Van-
wege hun kleine formaat, kunnen zij de subtiele verschillen tussen FVIIa en FVII onder-
scheiden. Bovendien zijn ze gemakkelijk en goedkoop te produceren. Verder in hoofdstuk 5, 
werden FVIIa niveaus geëvalueerd in een cohort studie van SIRS patiënten. De resultaten van 
deze studie toonden aan dat de relatie tussen FVIIa en het zymogeen FVII belangrijk is met 
betrekking tot prognose. Patiënten met een hoge FVIIa en lage factor VII hadden een drie 
keer hoger risico op ziekenhuis mortaliteit in de eerste 60-dagen. Deze resultaten leiden tot 
een aantal vragen over de mogelijke gunstige effecten van hoge FVIIa niveaus in de circulatie. 
Een daarvan is dat hoog FVII concurreert met FVIIa voor binding aan beschikbaar TF en 
daardoor het TF-FVIIa complex blokkeert.
 In hoofdstuk 6 wordt een aantal van de mogelijke redenen voor de verschillen tus-
sen de therapeutische efficiëntie van recombinant FVIIa (rFVIIa) en de halfwaardetijd onder-
zocht. rFVIIa heeft een halfwaardetijd in de circulatie van 2-3 uur. Klinische onderzoeken 
waarbij rFVIIa profylactisch werd toegediend toonde een 24 uur durend beschermend effect 
tegen het optreden van bloedingen in hemophilia patienten. In dit studie, zes varkens een 
bolusdosis van rFVIIa ontvangen en bloed werd genomen tot 48 uur na adnimistratie. Hier 
wordt aangetoond dat kleine, maar voldoende hoeveelheden FVIIa om hemostase te onders-
teunen aanwezig zijn tot 24 uur na administratie van rFVIIa in plasma. Dit is een belangrijk 
resultaat als het biedt een beweegredenen voor een klinische studie in hemophlia patinten 
waarbij kleine hoeveelheden rFVIIa als een profylactisch middel om bloedingen te voor-
komen worden geëvalueerd. Verder biedt deze studie het eerste bewijs voor in-vivo opname 
van rFVIIa door bloedplaatjes.
 In hoofdstuk 7 wordt een nieuwe nanobody die de interactie tussen LRP8 (low 
density lipoprotein receptor-related protein 8) en FXI (Factor XI) remt beschreven. FXI is 
een interessante anti-trombotische kandidaat aangezien het bekend is dat hoge niveaus zijn 
geassocieerd met trombose, maar deficiëntie alleen leidt tot milde bloedingen. In veneuze 
systemen waar coagulatie een belangrijke rol speelt, het is makkelijk om een rol voor FXI 
te voorstellen. In arteriële systemen is er een hoge shear stress en bloedplaatjes spelen een 
belangrijke rol bij trombusvorming. Daarom is het mogelijk te veronderstellen dat hier de 
rol van FXI is gelinkt aan bloedplaatjes. Er zijn twee receptoren voor FXI op bloedplaatjes, 
glycoproteïne Ib en LRP8. Aangezien FXI een GLA (carboxylation/gamma-carboxyglutamic) 
domein mist, lokalisatie van FXI aan de bloedplaatjesoppervlak via deze receptoren kan een 
belangrijke gebeurtenis in trombus opbouw zijn. De handigste manier om deze interactie te 
bestuderen is door remmende antilichamen die specifiek de FXI-LRP8 interactie remmen. In 
hoofdstuk 7, hebben we een remmende nanobody die specifiek de LRP8-FXI interactie remt 
ontwikkeld. Dit nanobody opent tal van mogelijkheden om de relevantie van de LRP8-FXI 
interactie te bestuderen.
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