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Stellingenn behorende bij het proefschrift: 
Thee extrinsic coagulation pathway in coronary artery disease and endotoxemia 

1.. Tissue factor speelt een grote rol tijdens de ontwikkeling van thrombotische 
complicatiess bij patiënten met coronaire atherosclerotische aandoeningen. 
(ditt proefschrift) 

2.. Toevoeging van rNAPc2 aan de behandeling met aspirine, clopidogrel en 
ongefractioneerdee heparine, voorkomt thrombine vorming na een Dotter-procedure, 
(ditt proefschrift) 

3.. Het meten van stollingsmarkers in het bloed draagt niet bij aan de diagnostiek van het 
acuutt coronair syndroom bij patiënten die zich presenteren met cardiale klachten en 
eenn non-diagnostisch elektrocardiogram, (dit proefschrift) 

4.. Activering van de extrinsieke stollingscascade is een effectieve strategie in het herstellen 
vann de hemostatische functie na factor X inhibitie door een pentasaccharide, (dit 
proefschrift) ) 

5.. De antistollingseffecten van rNAPc2 tijdens 'low-grade' sepsis in chimpansees en 
mannelijkee vrijwilligers zijn identiek, (dit proefschrift) 

6.. Vier van de vijf meercellige organismen behoren tot de nematoden. (Dr T. Bongers, 
rondwormm deskundige) 

7.. Het is belangrijk om nodig te zijn, echter belangrijk zijn is niet zo nodig. 

8.. Denk niet in beperkingen maar in mogelijkheden. 

9.. Veel patiënten willen dat er regels zijn voor anderen en uitzonderingen voor henzelf. 

10.. Onderzoek met gezonde vrijwilligers en niet met klinische patiënten is als tennissen 
opp Roland Garros en niet op Wimbledon. 

11.. Voor een bloedend hart is geen medicijn. 

12.. Antistollingsmedicijnen zijn geen bloedverdunners. 

Amsterdam,, 19 juni 2003 Arnoo Moons 
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Generall  introduction and outline of the thesis 





Generall introduction 

Introductio n n 
Coronaryy atherogenesis 

Coronaryy atherosclerotic disease is a major cause of morbidity and mortality 

worldwide.. The pathogenesis of atherosclerosis is complex and many different factors 

aree involved'. The initial event is characterized by the presence of monocytes/ 

macrophagess within the arterial intimal layer (type I lesion according to Stary et al.:, 

Figuree 1). These lesions develop into raised fatty streaks that contain the typical 

foamm cells, i.e. monocyte-derived macrophages enriched with lipids or free cholesterol. 

Ttypfcïlübro^ttroma)) Type Si (complicated kaicn) 

Figuree 1. Drawing of cross-sections showing sequence of atherosclerotic lesion types from Stan 
typee I to Stary type VI (reproduced from Stary et al.:, with permission). 
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Chapterr 1 

Thiss is followed by the development of finely dispersed extracellular lipid (Stary 
typee II and III lesions). In a more advanced stage, this extracellular lipid forms a 
centrall  core with displacement of normal cells and extracellular matrix, the so-called 
atheromaa (Stary type IV lesion) that is surrounded by a fibrous cap (Stary type V 
lesion).. A progressively thinner cap with decreasing collagen content, inflammation 
withinn the cap, and disturbances and changes in flow and shear stress, make the 
fibrouss cape more vulnerable to rupture, in particular at the shoulders of the lesion. 
Thiss may lead to arterial thrombus formation (Stary type VI lesion). Plaque disruption 
withh superimposed thrombosis is the main cause of acute coronary syndromes such 
ass unstable angina, myocardial infarction and sudden cardiac death*. The content of 
thee plaque determines its thrombogenicity and tissue factor (TF), either synthesized 
byy macrophages or from other sources, is thought to play a pivotal role. 

Thee extrinsic coagulation pathway and ischemic coronary artery diseases 
Tissuee factor is a transmembrane glycoprotein that is normally not exposed to the 
circulation.. In the vascular system, tissue factor is predominantly located in the 
adventitiall  At sites of vascular injury, TF fulfil s its hemostatic role by initiating the 
extrinsicc blood coagulation after binding to circulating factor VII . The complex TF/ 
factorr Vil a subsequently activates factor X and, at a slower rate, factor IX. Activated 
factorr IX, in the presence of its co-factor factor VIII , cleaves additional factor X to 
factorr Xa. Factor Xa leads to the generation of thrombin, which catalyzes the formation 
off  fibrin. Polymerization and cross-linking of fibrin contribute to the formation of a 
stablee arterial clot. Tissue factor pathway inhibitor (TFPI) inhibits this process by 
inhibitingg the complex TF/factor Vil a after binding to factor Xa (Figure 2). 
Abundantt TF protein and TFPI have been found in human atherosclerotic plaques4 7. 
Differentt cell types within the plaque express TF including endothelial cells, vascular 
smoothh muscle cells and particularly foam cells around the lipid core4"™, which likely 
representss the most thrombogenic component of the plaquey. The presence of TFPI 
iss associated with reduced TF activity1". In specific human coronary atherectomy 
specimens,, concentrations of TF antigen and activity were found to be higher in 
plaquess taken from patients with acute coronary syndromes compared to patients 
withh stable angina'1-12, and thrombus was detected only in TF-positive plaques6. 
Significantlyy increased TF plasma levels were demonstrated in patients with acute 
myocardiall  infarction and unstable angina compared to stable angina patients and 
healthyy controls' ',4. A recent study showed that circulating TF contains procoagulant 
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Generall introduction 

Figur ee 2. Schematic model 
off  the extrinsic coagulation 
pathway.. VIIa=factor Vila. 
TFPI=tissuee factor pathway 
inhibitor.. Dotted arrow 
indicatess inhibition. 

Clott  formatio n 

activity15.. The source of plasma TF is not known. It is suggested that it is partly 

derivedd from the vessel wall1617, where procoagulant TF containing microparticles 

aree produced in high amounts in human atherosclerotic plaques due to apoptotic cell 

deathh of predominantly macrophages and lymphocytes18. In addition, a substantial 

proportionn of these particles are of endothelial origin which may reflect endothelial 

erosionn at the site of plaque disruption17,19. Plasma levels of total and free TFPI20'22 as 

welll  as of TFPI activity22-23 have also been demonstrated to be increased in patients 

withh acute coronary syndromes compared to stable angina patients and healthy 

subjects.. It is conceivable that these pre-treatment elevated levels of TFPI during the 

acutee phase of an acute coronary syndrome, are important responses that inhibit an 

activatedd coagulation system. 

Thee effects of vascular intervention on TF expression in the vessel wall have been 

investigatedd in animal studies. Different models demonstrated increased TF expression 

byy vascular smooth muscle cells after arterial balloon injury, which was associated 

byy an enhanced TF activity that subsequently resulted in a procoagulant response on 

thee luminal surface2425. The administration of specific inhibitors of TF or the TF/ 

factorr Vil a complex, such as monoclonal antibodies to TF or recombinant TFPI, did 

nott only reduce thrombus formation, but also decreased neointima development at 

thee site of arterial injury in these models2628. Intimal smooth muscle cell expression 

off  TF played an important role during both processes. 

13 3 
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Takenn together, these findings suggest that the TF mediated pathway of coagulation is 
nott only involved during the acute phase of unstable coronary syndromes, but may 
alsoo contribute to prolonged thrombin generation and cellular processes, such as 
coronaryy restenosis after percutaneous coronary intervention. 

Thee extrinsic coagulation pathway and disseminated intravascular 
coagulation n 
Besidess the initiation of local thrombus formation in ACS, the extrinsic coagulation 
pathwayy is also involved in another disorder of widespread arterial coagulation 
activation,, termed disseminated intravascular coagulation (DIC). Disseminated 
intravascularr coagulation is a common disorder in critically ill septic patients.̂ It is 
characterizedd by a widespread activation of coagulation that ultimately results in 
thromboticc occlusions of small and midsize vessels. As a consequence, organ 
perfusionn can be compromised and may contribute to the failure of multiple organs, 
whichh is associated with an increased risk of mortality in patients with the septic 
syndrome1".. Besides impairment of physiological anticoagulant and fibrinolytic 
pathways,, the TF-mediated coagulation appears to play a key role in patients with 
DIC:y.. A significantly increased TF activity by monocytes has been demonstrated in 
endotoxemicc patients11, and the administration of inhibitors of the extrinsic coagulation 
pathwayy were shown to inhibit coagulation activation during experimental bacteremia 
andd endotoxemia in primates and healthy humans3-"* 1. Recombinant TFPI also 
inhibitedd the interleukin-6 response and even prevented mortality in a lethal septic 
shockk model in baboons35. However, the clinical role of these inhibitors in patients 
withh severe septicemia remains to be established. 

Recombinantt nematode anticoagulant protein c2 
AA novel inhibitor of the complex TF/factor Vila, termed recombinant Nematode 
Anticoagulantt Protein c2 (rNAPc2), is an 85 amino-acids containing peptide that 
wass originally isolated from the saliva of the hookworm Ancylostoma caninum36, a 
hematophageouss nematode (Figure 3). There are 15000 known species of nematodes. 
Theyy appear in large numbers. From species that live on the ground, 4,420,000 
nematodess have been counted in 1 nr of a muddy beach at the Dutch coast, and a 
totall  of 90,000 have been found in a rotting apple. Hookworms, however, are 
nematodess that infect a wide range of mammalian hosts, including humans. They 
cann cause anemia in their host by extracting their blood meal from lacerated capillaries 
inn the mucosa of the small intestine over an extended period of time37. They have 
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Generall introduction 

Figuree 3. Ancylostoma caninum 

evolvedd highly effective anticoagulant strategies to facilitate the acquisition of their 
requiredd blood meal and NAPc2 represents a major anticoagulant activity of the 
adultt Ancylostoma caninum. It is made as a recombinant, secreted protein in yeast. 
Itss mode of action is comparable to that of TFPI, however in contrast to TFPI, rNAPc2 
bindss to factor X at a site distinct from its catalytic center, which obviates the need 
forr factor Xa formation. This implies that rNAPc2 can form a complex with circulating 
factorr X and rapidly inhibit the complex TF/factor Vil a following a thrombogenic 
challengee (Figure 4)38. The formation of a complex between rNAPc2 and factor X 

Inhibited d 
enzymaticc complex 

Figuree 4. Mode of action of recombinant Nematode .Anticoagulant Protein c2 (rNAPc2). 
TF=tissuee factor. VIIa=factor Vila. X=factor X. 
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resultss in a biologic half-life of more than 50 hours. In a recent clinical trial, rNAPc2 
hass been shown to be very effective in reducing the incidence of acute deep venous 
thrombosis,, without hemostatic compromise, when administered prophylactically in 
patientss undergoing knee arthroplasty19. As TF/factor Vil a is thought to play an 
importantt role both in coronary thrombosis and disseminated intravascular 
coagulation,, rNAPc2 may be effective to inhibit thrombin generation in patients 
sufferingg from acute coronary syndromes and/or undergoing percutaneous coronary 
interventions,, as well as in patients suffering from septicemia. 

Outlinee of this thesis 
Thee aims of this thesis were to examine the responses of the extrinsic coagulation 
pathwayy during ischemic coronary diseases and to evaluate the effects of inhibition 
off  this pathway by rNAPc2 on safety and on coagulation and/or inflammation during 
electivee percutaneous coronary intervention and experimental endotoxemia. 
Chapterr  2 outlines the current knowledge on the role of TF in atherosclerosis, arterial 
interventionn and potential pharmacological approaches, with a focus on ischemic 
coronaryy syndromes. 
Thee early diagnosis of acute coronary syndromes is a major challenge for physicians 
att the emergency department, especially in patients presenting with a non-diagnostic 
electrocardiogram.. The main cause of these syndromes is atherosclerotic plaque 
disruptionn with superimposed arterial thrombus formation and TF induced thrombin 
generationn appears to play a pivotal role in this process. Therefore, systemic markers 
off  the coagulation and fibrinolytic pathway, including soluble TF and TFPI activity, 
mayy be useful in the triage of patients with chest pain presenting with a normal or 
non-diagnosticc electrocardiogram. This is evaluated in chapter  3. 
Thee importance of TF/factor Vila in coronary thrombosis suggests that rNAPc2 could 
bee effective for the treatment of patients suffering from acute coronary syndromes. In 
currentt practice, an increasing number of these patients undergo percutaneous coronary 
interventions.. As an important first step in the evaluation of TF/factor Vil a inhibition 
byy rNAPc2, a randomized, placebo-controlled, double-blind, multicenter trial with 
escalatingg dosages of rNAPc2 in patients undergoing elective coronary angioplasty 
wass performed to evaluate the safety of the drug and its ability to inhibit thrombin 
generation.. The results of this trial are reported in chapter  4. 
Thromboticc complications after intracoronary stenting are considered to be a primarily 
platelett driven process. However, exposure of TF to the coronary circulation during 
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thee intervention initiates coagulation activation and may contribute to the risk of 
thesee complications. Chapter  5 describes in detail the effects of TF/factor Vil a 
inhibitionn by rNAPc2 on coagulation and inflammation in patients who received 
intracoronaryy stent implantation, which is a subpopulation of the study patients 
describedd in chapter 4. 

AA potential drawback for any antithrombotic agent is the risk of bleeding 
complications.. Activation of the extrinsic coagulation pathway by recombinant factor 
Vil aa has been shown to restore thrombin generation during inhibition of the TF/ 
factorr Vila complex by rNAPc240. Therefore, recombinant factor Vil a may be a 
goodd candidate to overcome the effects of rNAPc2. Another agent that is undergoing 
clinicall  development is the synthetic pentasaccharide fondaparinux41"4-. In contrast 
too other antithrombin-dependent anticoagulants, i.e. unfractionated heparin and low-
molecular-weightt heparin, fondaparinux selectively inactivates factor Xa without 
thrombinn inhibition. Like rNAPc2, fondaparinux has a long biologic half-life of 
approximatelyy 17 hours and a strategy to reverse the anticoagulant state in case of 
life-threateningg bleeding or for acute surgery appears to be desirable also for this 
pentasaccharide.. In chapter  6, activation of the extrinsic coagulation pathway by 
recombinantt factor Vil a has also been used to investigate in human male volunteers, 
whetherr this strategy is able to neutralize the anticoagulant effects induced through 
selectivee factor Xa inhibition by fondaparinux. 

Severall  inhibitors of the extrinsic coagulation pathway have been tested in studies of 
experimentall  endotoxemia and bacteremia. The different mechanism of action of 
rNAPc22 may result in an in vivo anticoagulant profile that is distinguishable from 
TFPII  and other inhibitors of TF/factor Vila. In a model of endotoxin-induced 
activationn of coagulation and inflammation, chapter  7 and chapter  8 describe the 
abilityy of rNAPc2 to affect the enhanced response of these systems in chimpanzees 
andd human volunteers, respectively. Instead of subcutaneous administration as 
performedd in patients that underwent coronary angioplasty (see chapters 4 and 5), 
chapterr 8 also describes the pharmacodynamics of rNAPc2 after intravenous 
administrationn in human volunteers. 

Chapterr  9 summarizes and briefly discusses the main findings derived from the 
studiess described in the previous chapters. 

17 7 



Chapterr 1 

Reference s s 
1.. Badimon JJ, Fuster V, Chesebro JH, et al. Coronary atherosclerosis. A multifactorial disease. 

Circulationn 1993; 87: II3-II16. 
2.. Stary HC, Chandler AB, Dinsmore RE, etal. A definition of advanced types of atherosclerotic 

lesionss and a histological classification of atherosclerosis. A report from the committee on 
vascularr lesions of the council on arteriosclerosis, American Heart Association. Circulation 
1995;; 92: 1355-1374. 

3.. Falk E, Shah PK, Fuster V. Coronary' plaque disruption. Circulation 1995; 92: 657-671. 
4.. Wilcox JN, Smith KM, Schwartz SM, et al. Localization of tissue factor in the normal vessel 

walll  and in the atherosclerotic plaque. Proc Natl Acad Sci USA 1989; 86: 2839-2843. 
5.. Thiruvikraman SV, Guha A, Roboz J, et al. in situ localization of tissue factor in human 

atheroscleroticc plaques by binding of digoxigenin-labeled factors Vil a and X, Lab Invest 1996; 
75:451-461. . 

6.. Marmur JD, Thiruvikraman SV, Fyfe BS, et at. Identification of active tissue factor in human 
coronaryy atheroma. Circulation 1996; 94: 1226-1232. 

7.. Kaikita K, Takeya M, Ogawa H, et al. Co-localization of tissue factor and tissue factor pathway 
inhibitorr in coronary atherosclerose. J Pathol 1999; 188: 180-188. 

8.. Landers SC, Gupta M, Lewis JC. Ultrastructural localization of tissue factor on monocyte-
derivedd macrophages and macrophage foam ceils associated with atherosclerotic lesions. 
Virchowss Arch 1994; 425: 49-54. 

9.. Fernandez-Ortiz A, Badimon JJ, Falk E, et al. Characterization of the relative thrombogenicity 
off  atherosclerotic plaque components: implication for consequences of plaque rupture. J Am 
Colll  Cardiol 1994; 23: 1562-1569. 

10.. Caplice NM, Mueske CS, Kleppe LS, et al. Presence of tissue factor pathway inhibitor in 
humann atherosclerotic plaques is associated with reduced tissue factor activity. Circulation 
1998;; 98: 1051-1057. 

11.. Annex BH, Denning SM, Channon KM, et al. Differential expression of tissue factor protein 
inn directional atherectomy specimens from patients with stable and unstable coronary syndromes. 
Circulationn 1995; 91: 619-622. 

12.. Ardissino D, Merlini PA, Arlens R, et al. Tissue-factor antigen and activity in human coronary 
atheroscleroticc plaque. Lancet 1997; 349: 769-771. 

13.. Suefuji H, Ogawa H, Yasue H, etal. Increased plasma tissue factor levels in acute myocardial 
infarction.. Am Heart J 1997; 134: 153-259. 

14.. Misumi K, Ogawa H, Yasue H, et al. Comparison of plasma tissue factor levels in unstable and 
stablee angina pectoris. Am J Cardiol 1998; 81: 22-26. 

15.. Sambola A, Osende J, Hathcock J, etal. Role of risk factors in the modulation of tissue factor 
activityy and blood thrombogenicity. Circulation 2003; 107: 973-977. 

16.. Giesen PL, Fyfe BS, Fallon JT, et al. Intimal tissue factor activity is released from the arterial 
walll  after injury. Thromb Haemost 2000; 83: 622-628. 

17.. Mallat Z, Tedgui A. Current perspective on the role ofapoptosis in atherothrombotic disease. 
Circc Res 2001; 88: 998-1003. 

11 8. Mallat Z, Hugel B, Ohan J, et al. Shed membrane microparticles with procoagulant potential in 
humann atherosclerotic plaques: a role for apoptosis in plaque thrombogenicity. Circulation 
1999;; 99: 348-353. 

19.. Mutin M, Canavy I, Blann A, et al. Direct evidence of endothelial injury in acute myocardial 
infarctionn and unstable angina by demonstration of circulating endothelial cells. Blood 1999; 
93:: 2951-2958. 

20.. Soejima H, Ogawa H, Yasue H, et al. Heightened tissue factor associated with tissue factor pathway 
inhibitorr and prognosis in patients with unstable angina. Circulation 1999; 99: 2908-2913. 

18 8 



Genera!! introduction 

21.. Falciani M, Gori AM, Fredi S, et al. Elevated tissue factor pathway inhibitor circulating levels 
inn ischemic heart disease patients. Thromb Haemost 1998; 79: 495-499. 

22.. He M, Wen Z, He X, et al. Observation on tissue factor pathway and some other coagulation 
parameterss during the onset of acute cerebrocardiac thrombotic diseases. Thromb Res 2002; 
107:: 223-228. 

23.. Sandset PM, Sirnes PA, Abildgaard U. Factor VII and extrinsic pathway inhibitor in acute 
coronaryy disease. Br J Haematol 1989; 72: 391-396. 

24.. Marmur JD, Rossikhina M, Guha A, et al. Tissue factor is rapidly induced in arterial smooth 
musclee after balloon injury. J Clin Invest 1993; 91: 2253-2259. 

25.. Speidel CM, Eisenberg PR, Ruf W, et al. Tissue factor mediates prolonged procoagulant activity 
onn the luminal surface of balloon-injured aortas in rabbits. Circulation 1995; 92: 3323-3330. 

26.. Pawashe AB, Golino P, Ambrosio G, et al. A monoclonal antibody against rabbit tissue factor 
inhibitss thrombus formation in stenotic injured rabbit arteries. Circ Res 1994; 74: 56-63. 

27.. Asada Y, Hara S, Tsuneyoshi A, et al. Fibrin-rich and platelet-rich thrombus formation on 
neointima:: recombinant tissue factor pathway inhibitor prevents fibrin formation and neointimal 
developmentt following repeated balloon injury of rabbit aorta. Thromb Haemost 1998; 80: 506-511. 

28.. Han X, Girard TJ, Baum P, et al. Structural requirements for TFPI-mediated inhibition of neointimal 
thickeningg after balloon injury in the rat. Arterioscler Thromb Vase Biol 1999; 19: 2563-2567. 

29.. Levi M, ten Cate H. Disseminated intravascular coagulation. N Engl J Med 1999; 341: 586-592. 
30.. Fourrier F, Chopin C, Goudemand J, et al. Septic shock, multiple organ failure, and disseminated 

intravascularr coagulation: compared patterns of antithrombin HI, protein C, and protein S 
deficiencies.. Chest 1992; 101:816-823. 

31.. Osterud B, Flaegstad T. Increased thromboplastin activity in monocytes of patients with 
meningococcall  infections: related to unfavorable prognosis. Thromb Haemost 1983; 49: 5-7. 

32.. Levi M, ten Cate H, Bauer KA, et al. Inhibition of endotoxin-induced activation of coagulation 
andd fibrinolysis by pentoxifylline or by a monoclonal anti-tissue factor antibody in chimpanzees. 
JJ Clin Invest 1994; 93: 114-120. 

33.. Carr C, Bild GS, Chang AC, et al. Recombinant E. coli-derived tissue factor pathway inhibitor 
reducess coagulopathy and lethal effects in the baboon gram-negative model of septic shock, 
Cirr Shock 1994; 44: 126-137. 

34.. de Jonge E, Dekkers PE, Creasey AA, et al. Tissue factor pathway inhibitor dose-dependently 
inhibitss coagulation activation without influencing the fibrinolytic and cytokine response during 
humann endotoxemia. Blood 2000; 95: 1124-1129. 

35.. Creasey AA, Chang AC, Feigen L, et al. Tissue factor pathway inhibitor reduces mortality 
fromm Escerichia Coli septic shock. J Clin Invest 1993; 91: 2850-2860. 

36.. Stassens P, Bergum PW, Gansemans Y, et al. Anticoagulant repertoire of the hookworm 
Ancylostomaa caninum. Proc Natl Acad Sci USA 1996; 93: 2149-2154. 

37.. Yu SH, Shen WX. In: Hookworm disease: current status and new directions (Shad GA and 
Warrenn KS, editors). London: Taylor and Francis, 1990: 44-54. 

38.. Bergum PW, Cruikshank A, Maki SL, et al. Role of zymogen and activated factor X as scaffolds 
forr the inhibition of the blood coagulation factor Vila-tissue factor complex by recombinant 
nematodee anticoagulant protein c2. J Biol Chem 2001; 276: 10063-10071. 

39.. Lee A, Agnelli G, Biiller H, et al. Dose-response study of recombinant factor Vila/tissue factor 
inhibitorr recombinant nematode anticoagulant protein c2 in prevention of postoperative venous 
thromboembolismm in patients undergoing total knee replacement. Circulation 2001; 104: 74-78, 

40.. Friederich PW, Levi M, Bauer KA, et al. Abilit y of recombinant factor VI la to generate thrombin 
duringg inhibition of tissue factor in human subjects. Circulation 2001; 103: 2555-2559. 

41.. Turpie AG, Bauer KA, Eriksson Bl, et a!., for the steering committees of the Pentasaccharide 
Orthopedicc Prophylaxis Studies. Fondaparinux vs enoxaparin for the prevention of venous 
thromboembolismm in major orthopedic surgery. A meta-analysis of 4 randomized double-blind 
studies.. Arch Intern Med 2002; 162: 1833-1840. 

19 9 



Chapterr 1 

42.. Coussement PtC, Bassand JP, Convens C, et al; PENTALYSE investigators. A synthetic factor-
Xaa inhibitor(ORG31540/SR9017A)as an adjunct to fibrinolysis in acute myocardial infarcüon, 
Iti ee PENTAÏ^SË study. Ëur Heart J 2tH>l; 22: 1716-1724 

43.. SmioorsM, for the PEKTUA study g^ 
PENTUAA study. Presented at: Plenary X: Late Breaking Clinical Trials, Scientific Sessions, 
Americann Heart Association, AHA Congress; November 14,2001* Anaheim, CA. 

20 0 



C h a p t e r r 2 2 
Tissuee factor and coronary artery disease 

Arnoo H.M. Moons', Marcel Levi2, Ron J.G. Peters1 

'Departmentt of Cardiology, and internal Medicine, 
Academicc Medical Center, 

Universityy of Amsterdam, The Netherlands 



Plaquee disruption with superimposed thrombosis is the main cause of acute 

coronaryy events such as acute myocardial infarction and unstable angina. Among 

otherr factors, tissue factor seems to play an important role determining plaque 

thrombogenicity.. Tissue factor is a potent initiator of the coagulation cascade 

situatedd within the vessel wall and is highly exposed to the blood after plaque 

rupture.. Several mediators involved in the process of atherosclerotic plaque 

formationn are capable of inducing tissue factor expression in cells such as 

monocytes,, macrophages and endothelial cells, which under normal conditions 

doo not express tissue factor or to a limited extent only. The increased expression 

off  tissue factor is not limited to the plaque but is also found in circulating 

monocytess in patients with acute coronary syndromes. In addition, studies have 

shownn an important contribution of tissue factor in the pathogenesis of thrombosis 

andd restenosis after balloon angioplasty. Recent basic studies focus on the 

therapeuticc inhibition of tissue factor. Specific and non-specific inhibitors of 

tissuee factor or the tissue factor/factor Vil a complex have been developed or 

identified,, and have been tested in experimental studies. Clinical studies are 

currentlyy being initiated. In this review, we present the current knowledge on the 

rolee of tissue factor in atherosclerosis, arterial intervention and potential 

pharmacologicall  approaches, with focus on acute coronary syndromes. 



TFF and coronary artery disease 

Introductio n n 
Plaquee disruption with superimposed thrombosis is the main cause of acute coronary 
syndromess including unstable angina, myocardial infarction and sudden cardiac 
death1'.. The composition and vulnerability of atherosclerotic plaques, rather than 
theirr volume or the severity of a stenosis, seem to be the most important determinants 
off  plaque rupture3. Foam cells and smooth muscle cell infiltration, and connective 
tissuee deposition {type I-II I lesions according to Stary et al.4) mark early lesions. As 
thesee lesions grow into "softer,, plaques with a high extracellular lipid and cholesterol 
esterr content and a progressively thinner fibrous cap (types IV-V, "atheroma"), they 
becomee more vulnerable to disruption' : 4 \ Inflammation may be the trigger for rupture 
off  the lesion, with subsequent thrombosis-1-5"8. Plaque content determines its 
thrombogenicity,, and tissue factor (TF) is thought to play a key role. In this review; 
wee outline the current understanding of the role of TF in atherosclerotic diseases 
withh focus on acute coronary syndromes. 

Physiolog yy of tissu e facto r 
TFF is a 263-residue membrane bound glycoprotein composed of a 219 residue 
extracellularr domain, a single transmembrane sequence and a short cytoplasmic 
domain910.. Thus, TF is a surface-bound, transmembrane glycoprotein that is normally 
nott present in or exposed to the circulation or in contact with it. The location of TF 
onn plasma membranes enables a nidus of coagulation to remain fixed at the site of 
injury,, which may explain why coagulation does not disseminate from its initiation 
site11.. The exposure of cell surfaces expressing TF to plasma proteins leads to the 
bindingg of factor VII to TF, M \ TF and factor VII have a high affinity for each other 
andd neither component alone has procoagulant activity at physiological 
concentrations.. The complex TF-factor VII may be activated into the complex TF-
factorr Vil a by free factor Vil a and/or by already formed TF-factor Vil a complexes. 
Thee complex TF-factor Vil a further activates free factor VII . These mechanisms 
describess the TF-mediated factor VII autoactivation. The TF-factor Vil a complex 
rapidlyy catalyzes the activation of factor X and, at a lower rate, of factor IX. Activated 
factorr IX, in the presence of its co-factor factor VIII , cleaves additional factor X to 
factorr Xa. Eventually, these processes lead to the generation of thrombin, which 
catalyzess the formation of fibrin and its polymerization to form a fibrin clot (see 
figuree 1). 
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Figuree 1. A schematic representation of 
extrinsicc blood coagulation initiated by the 
complexx of tissue factor/factor Vila. See 
textt for explanations. TFPI = tissue factor 
pathwayy inhibitor. 

*.. indicates inhibition 

TFF is present in vascular adventitia, organ capsules, epidermis, and mucosal epithelium14. 
Prominentt expression of TF has been observed in cardiac myocytes, the cerebral cortex, 
renall  glomeruli, and the lung14. TF is thus expressed at tissue barriers between the 
bodyy and the environment, where it fulfil s a hemostatic role in activating coagulation 
whenn the vascular integrity is disrupted. 
Thee endogenous inhibitor of the TF-factor Vil a complex is tissue factor pathway 
inhibitorr (TFPI). TFPI is a Kunitz-type protease inhibitor consisting of three tandem 
Kunitzz domains". TFPI inhibits TF in a two-step mechanism. It binds via its second 
Kunitzz domain to the active site of factor Xa, thus inhibiting the proteolytic capacity 
off  factor Xa. The following step is the inhibition of the catalytic activity of TF-factor 
Vil aa complexes by formation of the quaternary complex TF-factor VIIa/TFPI-factor 
Xa15.. Due to its factor Xa dependency, inhibition by TFPI is slow but it completely 
inhibitss TF/factor Vil a activity16. The function of the third Kunitz domain, that contains 
aa heparin-binding site, is not clear. TFPI is mainly synthesized by vascular endothelial 
cells177 and the majority (50% to 90%) of the intravascular pools of this inhibitor is 
associatedd with these cells1819. Less than 2.5% of total TFPI is located in platelets 
andd the remaining in plasma in a free or lipoprotein-associated form2"21. 

Cellularr expression of tissue factor 
Inn normal vessels, TF is synthesized at the subendothelial level by smooth muscle 
cellss in the tunica media and predominantly by fibroblasts in the adventitia surrounding 
thee vessels222'. Hence, disruption of the endothelial layer exposes TF to circulating 

tissuee factor  + 
factorr  Vil a << i -TFPI 

facto rr  IXa 
-- factor Villa) 

factorr  Xa 
(++ factor Va) 

1 1 
factorr  Ha 
(thrombin) ) 

fibrinogen fibrinogen -  fibri n 
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blood.. Peripheral blood cells and endothelium do not express TF under normal 
conditions,, consistent with the hypothesis that expression of TF is anatomically 
separatedd from blood. However, in response to a variety of stimuli, TF expression is 
inducedd in different cell-types and this has been the subject of many studies. Some 
importantt findings are listed below. 

Monocytess and macrophages 
Inn addition to increasing procoagulant activity with age24 different mechanisms may 
triggerr increased procoagulant activity by mononuclear cells-
Lymphocytess may interact with monocytes and macrophages by two main parallel 
andd independent models of cellular interaction25. One pathway is mediated by specific 
cytokiness like interleukin (IL)-2, tumor necrosis factor-p and interferon-y. These 
cytokines,, produced by Thl cells, induce TF expression in mononuclear cells26. 
Conversely,, inhibition of TF expression is mediated by Th2 cell derived cytokines 
IL-4,1L-133 and IL-10 and may be important in preventing thrombosis26-27. The second 
pathwayy is thought to be due to T cell binding to the CD40 receptor present on the 
membraness of monocytes and macrophages28, which induces active TF expression 
onn human monocytes and macrophages29 30. 

Inn addition to cell-induction, C-reactive protein, of which plasma levels are increased 
inn patients with unstable angina3', stimulates monocyte TF expression32. Furthermore, 
ann isoform of platelet derived growth factor (PDGF), PDGF-BB, is released by 
activatedd platelets and induces TF expression on the surface of both vascular smooth 
musclee cells and human monocytes"34. Another feature of PDGF-BB is the stimulation 
off  vascular smooth muscle cells to produce monocyte chemoattractant protein-l35, 
whichh is produced within the plaque and most likely involved in the recruitment of 
monocytess into the plaque36. It also leads to a dose- and time-dependent induction of 
TFF expression in arterial smooth muscle cells and monocytes34-37. Recently, it has 
beenn demonstrated that human platelets may also express and release TF during 
activation38.. These findings indicate a positive feedback mechanism of additional 
TFF mediated thrombin generation. 

Monocyte-derivedd macrophages that are enriched with lipids or intracellular free 
cholesteroll  (foam cells) produce greater amounts of TF compared to non lipid enriched 
macrophages3940.. Conflicting results however, have been reported on the effect of 
lipoproteinss on the procoagulant activity of monocytes and macrophages. Studies 
havee shown no4142 or even an inhibitory43 effect, whereas others demonstrated an 
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inductionn by native or oxidized low-density lipoprotein of TF expression and activity 
inn mononuclear cells44"15. Experimental exposure of monocytes to very low-density 
lipoproteinn and high densities lipoprotein has resulted either in no effect41 or in 
increasedd TF activity4'44. More uniform are the reports concerning acetylated low-
densityy lipoprotein, which is a potent inducer of TF expression in monocytes and 
macrophages40-4146. . 

Monocytess from patients with unstable angina showed a higher TF like procoagulant 
activityy in vitro than control subjects or patients with stable angina47. This activity 
correlatedd with activation of the coagulation system as assessed by fibrinopeptide A 
plasmaa levels. Conceivably, the exposure of lymphocytes to an (unknown) inducer 
triggerss a series of reactions leading to monocyte activation, increased thrombin 
generationn and instability of coronary artery disease47. A higher monocyte TF-like 
activityy was shown in patients who had recently suffered an acute myocardial 
infarctionn compared to healthy controls4*. This was paralleled by an increase in plasma 
TFPII  activity, which may be of importance for maintenance of the hemostatic balance. 
However,, in these patients, heparin induced increases in plasma TFPI levels may be 
partlyy responsible for this effect. Unstable angina patients exhibit higher levels of 
TFF expression both in unstimulated and endotoxin-stimulated monocytes, compared 
too patients with stable angina and acute myocardial infarction49. Only in the unstable 
anginaa patients monocyte activation was correlated with increased fibrinogen levels49. 
Balloonn angioplasty in stable and unstable angina patients seems to have no significant 
effectt on the level of TF expression in stimulated and unstimulated monocytes within 
thee first 24 hours after the procedure5". Increased monocyte TF expression is seen in 
patientss with an acute coronary syndrome and less pronounced, in patients with 
chronicc stable angina51. 

Ann interesting experiment demonstrated abundant TF staining in thrombi formed in 
humann blood that was exposed to surfaces which either was devoid of TF or did not 
containn stainable TF (see figure 2)52. "Blood-borne" TF from neutrophils and 
monocytess may be thrombogenic and involved in thrombus propagation at the site 
off  vascular injury. Moreover, it may serve as a mechanism of initiating thrombus 
formationn independent of procoagulants in the atherosclerotic plaque. This hypothesis 
iss supported by the demonstration of transfer of TF from monocytes and possibly 
polymorphonuclearr leukocytes to platelets, making the platelets capable of triggering 
andd propagating thrombosis5'. 

Thus,, monocytes and macrophages not only play an important role in the pathogenesis 
off  atherosclerosis54, they also are potent activators of blood coagulation through the 
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Figur ee 2. Panel A: TF staining (brown) with immunopurified rabbit anti-human TF antibody (pAb-
TF)) of a thrombus on pig aortic media. Note the absence of staining of the media and the positive 
stainingg of the thrombus and some of the neutrophils; much of the immunostained (pAb-TF) TF 
appearss to be extracellular and associated with fibrin. Panel B: microthrombi on collagen-coated 
glasss slide stained by using pAb-TF (brown). Note the 1- to 2-im granules, which stain intensely. 
Panell  C: glass slides coated with pAb-TF and perfused with anticoagulated whole blood shows 
depositionn of leukocytes. Both neutrophils and macrophages are positive (pAb-TF stain). Reproduced 
fromm Giesen et al.f i , with permission. Copyright (1999) National Academy of Sciences, U.S.A. 

abilityy to express TF upon activation. This might aggravate or even trigger thrombosis 

inn patients with acute coronary syndromes. 

Vascularr smooth muscle cells 

Platelett derived growth factor-BB, as mentioned previously, and thrombin are capable 
off  inducing TF expression on cultured vascular smooth muscle cells33,55. However, 
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thee induction of surface-bound active TF represents only a small percentage (  20%) 
off  total cellular TFX\ This could represent an adaptive mechanism for limiting the 
procoagulantt potential of the vessel wall. The remainder of TF was present in an 
intracellularr pool and as encrypted surface TF55, which may provide a rich source of 
TFF after with smooth muscle cell damage, such as plaque rupture or balloon injury. 
Nativee low-density lipoprotein also increased surface TF on human arterial smooth 
musclee cells, but surface TF activity remained limited56. Ligation of the CD40 receptor, 
presentt on the membrane of smooth muscle cells, augments the expression of both 
TFF protein and TF activity on the surface of human vascular smooth muscle cells57. 
Becausee TF and CD40 colocalize on lesional smooth muscle cells in human atheroma, 
thiss pathway may contribute to the TF expression during inflammatory responses of 
atherogenesiss and arterial injury. 

Endotheliall cells 
Manyy studies have investigated the induction of TF mediated procoagulant activity 
inn cultured human endothelial cells, and several stimulating factors have been 
identifiedd including interleukins'860, tumor necrosis factor-a58-60"62, endotoxin6364, and 
shearr stress65. In some studies no or only minimal TF activity at the (apical) endothelial 
celll  surface was detected after stimulation with tumor necrosis factor626667. TF 
expressionn was more prominently localized at the subendothelial matrix67, at the 
basolaterall  surface62, or it remained intracellular in the endothelial cell67. This suggests 
aa tightly regulated TF expression in endothelial cells which may only gain access to 
thee blood after disruption of the endothelial monolayer. Some pathways of TF 
expressionn described for monocytes-macrophages and/or vascular smooth muscle 
cells,, have also been identified in endothelial cells. Oxidized low-density lipoprotein 
iss a potent stimulus for TFF expression in cultured human endothelial cells68. Ligation 
off  the CD40 receptor (expression of which might be upregulated after exposure with 
interferon-y)) by T cells or activated platelets increases TF expression on endothelial 
cells6970.. Platelets have also been shown to stimulate TF production in human 
endotheliall  cells71. 

Tissu ee facto r in atheroscleroti c plaque s 
TFF was identified in atherosclerotic plaques from various arterial sites. TF-antigen, 
TF-activityy as well as TF-mRNA have been detected in different cell types within 
thee plaque including endothelial cells, vascular smooth muscle cells, monocytes and 
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Figur ee 3. Immunohistochemical stains o f adjacent sections o f human coronary atherectomy specimen. 

AA macrophage-rich area (panel A ) , stained for TF antigen (panel B); and a smooth muscle cell-r ich 

areaa (panel C), stained for TF antigen (panel D). The acellular area seen in center o f panel C (*) 

correspondss to an area o f extracellular staining for TF in panel D (*). Note that most o f the TF appears 

intracellular,, and compared to macrophages, the intracellular staining o f smooth muscle cells for TF is 

lesss intense. A cholesterol crystal-rich area (panel E (*)), typical o f the core o f an atherosclerotic 

plaquee with diffuse staining for TF antigen in the extracellular debris surrounding the crystals. A n 

organizingg thrombus containing both cellular and extracellular TF antigen (panel F). 

Reproducedd from Marmur JD et al.~", w i th permission. 
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especiallyy in macrophages or foam cells {see figure 3)::-7:"7?, which represent up to 
60%% of the cells in the plaque7*. TF coiocalizes with TFPI in these cells79. The presence 
off  TFPI in human atherosclerotic plaques is associated with reduced TF activity80. 
TFF expression was shown in all stages of atherosclerotic lesions7--74-75. Abundant TF 
proteinn (see figure 3) and TFPI was found in the extracellular matrix of the necrotic 
coree of the plaques22 7V7?777l)Sfls:. TF found in the lipid-core is thought to be largely 
derivedd from the macrophages present in the plaque7Uf1-*2. However, a contribution 
off  vascular smooth muscle cells and endothelial cells cannot been ruled out. 
ExtracellularExtracellular TF in apoptotic areas is derived from shed membrane apoptotic 
microparticless originating from macrophages and lymphocytes"2. This accounts for 
almostt all the TF activity of the plaque extract. 

TFF in atherosclerotic plaques may play a major role in the initiation of thrombus 
formation.. Fibrin deposition in atherosclerotic intima is occasionally located around 
foamyy or non-foamy macrophages and smooth muscle cells, which overexpress TF74. 
Comparedd to fibrous, collagen rich lesions and other arterial components, more in 
vitroo platelet deposition and more intense TF staining are found on lipid-rich 
atheromatouss core material81. 

Inn human coronary atherectomy specimens, concentrations of TF antigen and activity 
weree found to be higher in plaques taken from patients with de novo angina, unstable 
anginaa or myocardial infarction as compared to stable patients or patients with re-
stenosis811 ̂  In addition, thrombus was detected only in TF-positive plaques {see 
figuree 3 )77 and fibrin deposition was mainly observed around the massive infiltration 
off  TF-positive macrophages in patients with unstable anginaSf'. These findings suggest 
aa role of TF in the progression to unstable coronary syndromes. 

Plasm aa level s of solubl e tissu e facto r in acut e coronar y syndrome s 
Significantlyy higher levels of circulating soluble TF are found in patients with acute 
myocardiall  infarction and unstable angina compared to patients with stable angina 
andd control subjects87~9(1. It is not certain however, if soluble TF in blood reflects 
surface-associatedd TF or the potential for TF mediated activation of coagulation. A 
significantt decrease of TF levels was seen after successful treatment of the acute 
coronaryy syndrome, except in patients with acute myocardial infarction with 
prodromall  unstable angina whose TF levels remained high after 2 weeks. Moreover, 
patientss with prodromal unstable angina before the acute myocardial infarction showed 
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higherr TF levels than in patients with sudden onset of the infarction8788. This may 
reflectt repeated episodes of coronary thrombosis. Plasma levels of free TFPl8991-gz, 
ass well as TF PI-activity'" are increased in patients with an acute coronary syndrome, 
comparedd to control subjects or patients with stable angina. 
Thesee results express the hypercoagulable state of these patients, which is inhibited 
byy TFPI. The source of circulating TF is unclear, but enhanced TF expression in 
coronaryy atherosclerotic plaques and circulating monocytes are likely candidates. 

Tissu ee facto r and (coronary ) arter y intervention s 
Balloonn angioplasty results in plaque fracturing and dissection, and the extent of 
vascularr injury appears to be related to the extent of thrombin generation94_yf\ Exposure 
off  circulating clotting factors to procoagulants within the vessel wall, especially 
afterr formation of a neointima, accelerates thrombus formation97-99. This is of particular 
clinicall  importance as patients develop a neointima after angioplasty, and a significant 
proportionn needs re-intervention. In one clinical study, percutaneous intervention in 
patientss with stable or unstable coronary disease, resulted in elevated soluble TF 
levelss measured in the coronary sinus after 4 hours. This was accompanied by 
increasedd levels of thrombin-antithrombin complexes after 24 hours100. However, 
thiss increase was not observed by the study of Marco et al., who did not find significant 
changess in plasma levels of TF and thrombin-antithrombin complexes after 
angioplastyy in patients with stable and unstable angina90. 

TFF induction in vascular smooth muscle cells may importantly contribute to 
thrombosiss associated with arterial intervention. Intimal smooth muscle cell expression 
off  TF plays an important role in the fibrin-rich thrombus formation and subsequent 
neointimall  development following balloon injury to rabbit aortas101. TF overexpressing 
smoothh muscle cells in a rat arterial neointima accelerated reendothelialization and 
increasedd smooth muscle cell migration via an autocrine manner in vivo and in vitro, 
off  which the in vitro response occurred by coagulation dependent and -independent 
pathways.. This contributed to enhanced intimal thickening102. Arterial balloon injury 
inn normal rabbit and rat aortas resulted in a rapid increase (after 1 or 2 hours) in TF-
mRNAA both in the media and adventitia, associated with induced TF activity in the 
media"13"1055 that persisted for 24 hours after injury1041"6. Thrombin generation was 
attenuatedd in injured vessels preincubated with an antibody to rabbit TF106. Moreover, 
TFF expression also persisted during the subsequent weeks in smooth muscle cells, 
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whichh proliferated to form the neointima1"5. Balloon angioplasty in porcine coronary 
arteriess resulted in a bi-phasic increase of TF antigen and activity in the vascular 
smoothh muscle cells of the media, first peaking between 1 and 24 hours with a second 
increasee at 4 weeks after angioplasty'*'7. In a study by Gertz et al., neointimal TF 
expression,, induced by balloon angioplasty in rabbit femoral and porcine coronary 
arteries,, persisted 1 month after intervention1"8. However, Giesen et al. recently found 
prominentt medial TF staining only 24 hours after first balloon injury in normal rat 
aortas99.. In addition, despite abundant TF in the neointima before and after a second 
balloonn inflation 2 weeks following the first injury, this was not accompanied with 
ann increased luminal TF activity and only small platelet-fibrin microthrombi were 
presentt after the double injury. Possible explanations for this phenomenon are that 
activee TF is rapidly complexed with inhibitors such as TFPI, that active TF does not 
appearr to be anchored to the arterial wall and can be readily washed away, or due to 
inductionn of fibrinolytic activity". 

Comparablee to PDGF, TF in complex with factor Vila, induces chemotactic migration 
off  cultured rabbit smooth muscle cells109110. 
Inn summary, these studies suggest that TF not only influences the acute thrombotic 
response,, but also may contribute to atherogenesis, coronary restenosis or prolonged 
thrombinn generation after interventions. 

Therapeuti cc  approache s 
Twoo groups of agents inhibiting TF or TF/factor Vil a complex have been developed 
andd tested. The first group contains specific inhibitors of TF whether or not in complex 
withh factor Vila. The second group includes a variety of drugs with non-specific TF 
inhibitingg properties. 

Specificc inhibitors of tissue factor and tissue factor/factor Vila complex 
ActiveActive site inactivated recombinant factor Vila 
Administrationn of active site inactivated recombinant factor Vil a (factor VIlai) results 
inn a highly stable TF/factor VIlai complex that is unable to initiate coagulation. 
However,, even at high concentrations, this protein does not replace TF bound to 
factorr Vila16. It competes with factor Vila for TF binding and thus a certain amount 
off  active TF/factor Vil a complexes may be formed during administration of factor 
VIlai16.. In animal models, intravenous, topical and intracarotid administration of 
factorr VIlai exerted a pronounced antithrombotic effect, which was not accompanied 
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byy bleeding or a prolonged bleeding time111113. In addition, a 3-day infusion of DEGR-
VMaa (a drug with comparable mechanism and function as factor VIlai) following 
balloonn angioplasty significantly reduced neointimal formation in rabbit 
atheroscleroticc femoral arteries114. Administration of factor VIlai during sequential 
balloonn injury to the rabbit abdominal aorta, reduced both fibrin deposition and loss 
off  lumen. The extrinsic coagulation cascade may therefore contribute to the blood 
vessell  remodeling response, following balloon injury, that is independent of neointimal 
growthh but leads to extensive loss of lumen115. However, in combination with a 
thrombolyticc agent, factor VIlai did not improve the results in a dog model of 
thrombolysis116. . 

MonoclonalMonoclonal antibodies 
Monoclonall  antibodies to TF, markedly reduce plaque thrombogenicity in human 
arteriall  segments117. In rabbits, these antibodies prevented thrombus formation in 
carotidd arteries"8, reduced thrombotic occlusions in everted femoral arteries119, and 
significantlyy shortened lysis time and decreased reocclusion rates following tissue-
plasminogenn activator administration in a model of carotid thrombosis120. Recently, 
itt was suggested that these antibodies reduce myocardial ischemia/reperfusion injury 
byy reducing TF-initiated intravascular thrombosis121 and by inhibiting thrombin 
mediatedd inflammation resulting in decreased chemokine expression and leukocytes 
recruitment'' -. 

SolubleSoluble recombinant human tissue factor 
Kelleyy et al. used a soluble form of human TF, the 219 residue extracellular domain, 
andd converted it into an antagonist of membrane bound TF by alanine substitution of 
lysinee residues 165 and 16612\ This molecule, termed hTFAA, binds factor Vil a and 
greatlyy reduces the catalytic capacity of activated factor X compared to the complex 
TF/factorr Vila. When administered to rabbits undergoing balloon carotid arterial 
injury,, hTFAA showed potent antithrombotic effects while causing smaller increases 
inn bleeding tendency relative to heparin doses of equal antithrombotic potential121. 

RecombinantRecombinant tissue factor pathway inhibitor 
Off  all agents inhibiting the extrinsic coagulation pathway, recombinant TFPI (rTFPI) 
iss the most extensively investigated drug. On human atherosclerotic arterial segments, 
itt reduced significantly both platelet and fibrinogen deposition117. When administrated 
withh recombinant-plasminogen activator in a dogs model of electrically induced 
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arteriall  thrombosis, rTFPI attenuated or even prevented reocclusion and markedly 
inhibitedd cyclic flow variations,:4 -12\ However, in a different study by Lefkovits et 
al.,, rTFPI or DEGR-VIIa compared to tick anticoagulant peptide, administered after 
thrombolyticc treatment with recombinant-plasminogen activator, did not prevent acute 
reocclusionn in a similar model1"1. Differences in methodology and thrombus 
preparationn may be responsible for these discrepancies. Therefore, the value of 
inhibitingg the extrinsic TF-dependent pathway as adjunctive treatment to a 
thrombolyticc agent, remains to be established. Most experimental studies using rTFPI, 
investigatedd the inhibitory properties of this agent on thrombosis and restenosis in 
arteriess undergoing balloon angioplasty or intimectomy. rTFPI markedly inhibited 
fibrinfibrin  formation and accumulation of thrombus at the site of injury101-126. The same 
findingsfindings were reported in a recent study on local gene transfer by a vector encoding 
humann TFPI at the site of balloon injury in porcine carotid arteries127. This even 
preventedd platelet-dependent thrombosis under increased shear stress without 
detectablee hemorrhagic risk. However, it takes at least a few hours before a transferred 
genee becomes expressed as a protein and even longer before the protein reaches a 
concentrationn that is sufficient for a biological effect. rTFPI gene transfer in 
combinationn with rTFPI irrigation in the initial 24 hours after angioplasty may 
overcomee this shortcoming, and has recently been investigated128. Whereas each 
methodd separately led to a significant reduction, the combination of these 2 methods 
achievedd an additional reduction of neointima formation after balloon angioplasty in 
rabbitt aortas. Other studies administered rTFPI via (local) bolus injection or continued 
infusionn varying from 1 to 7 days after angioplasty or intimectomy in different animal 
models,, and histologic examination was performed 3 to 4 weeks after arterial 
intervention1011 •||4-1-*131. All experiments showed a significant reduction in neointima! 
formationn or intimal hyperplasia in rTFPI treated animals compared to controls. As 
rTFPII reduces fibrin and thrombus formation, different mechanisms may contribute to 
thee inhibition of intimal hyperplasia and restenosis. Fibrin and fibrin fragments are 
chemotacticc for smooth muscle cells in vitro1"2. Thrombin has been shown to activate 
plateletss producing PDGF, and both thrombin and PDGF stimulate smooth muscle cell 
proliferation*1".. In addition, the migration of cultured rabbit aortic smooth muscle 
cells,, induced by the complex TF/factor Vila, was markedly inhibited by rTFPI11". It 
hass also been reported that rTFPI alone prevented the proliferation of cultured human 
neonatall aortic smooth muscle cells114. Therefore, rTFPI seems to reduce neointimal 
developmentt through both a direct and indirect action on smooth muscle cells. 
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RecombinantRecombinant nematode anticoagulant protein c2 
AA peptide with a mode of action comparable to TFPI is nematode anticoagulant 
proteinn c2 (NAPc2), isolated from the saliva of the hookworm Ancylostoma 
caninum13\\ In contrast to TFPI, NAPc2 binds to factor X at a site distinct from its 
catalyticc center, therefore obviating the need for formation factor Xa prior to forming 
thee resultant binary complex which inhibits the TF/factor Vila complex. A recombinant 
formm of NAPc2 has been tested in a pig and rat model of acute coronary and carotid 
thrombosis,, and was significantly more potent than low molecular weight heparin136. 
Too prevent deep venous thrombosis, recombinant NAPc2 showed promising results 
inn patients undergoing knee arthroplasty137. At a dose of 3.0 microgram/kilogram 
bodyweight,, administered within one hour after surgery, the rate of deep venous 
thrombosiss in this group of patients was 12.2%, which is half the rate achieved with 
thee current standard treatment with low molecular weight heparin, with no excess in 
majorr bleedings. This drug is currently investigated in different clinical trials on 
preventingg arterial thrombosis, including in patients undergoing elective coronary 
angioplasty. . 

Non-specifi cc  inhibitio n of tissu e facto r and tissu e factor/facto r Vila comple x 

Unfractionated-Unfractionated- and low molecular weight heparin 
Bothh unfractionated and low molecular weight heparin increase plasma TFPI antigen 
andd activity, and thereby provide an additional anticoagulant mechanism18-1,8l3<\ It 
appearss that heparin releases TFPI from vascular endothelium1*'3*14() by displacing 
thee inhibitor from endothelial cell surface glycosaminoglycans with subsequent release 
intoo the circulation and formation of heparin-TFPI complexes14114:. In addition, 
heparinn inhibits monocyte TF expression after binding to activated monocytes143. 
However,, heparin releasable TFPI antigen and activity are depleted during repeated 
orr continued intravenous heparin administration144 and during percutaneous 
transluminall  coronary angioplasty i4\ A rapid decrease in TFPI concentration impairing 
physiologicc vascular thromboresi stance may contribute to a sudden burst of thrombin 
generationn as a rebound phenomenon after abrupt cessation of unfractionated heparin 
administration146. . 

LipidLipid lowering treatment 
Dietaryy lipid lowering reduces TF expression by cells (predominantly macrophages) 
presentt in rabbit atheroma147. 
Dataa regarding the effects of n-3 fatty acids on TF activity are conflicting. Some 
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studiess found that dietary enrichment with fish oil or administration of n-3 fatty 
acidss inhibit stimulated and non-stimulated monocytes to express TF activity in 
healthyy subjects148149, patients with hypertriglyceridemia149 and nonhuman primates15". 
Otherss reported no effect of n-3 fatty acids on resting or endotoxin-stimulated 
mononuclearr cells in healthy volunteers151, and that an increased dietary intake even 
resultedd in a tendency towards a stimulation of monocyte procoagulant activity152. 
Treatmentt with HMG-CoA reductase inhibitors (statins) reduced monocyte TF 
expressionn in hypereholesterolaemic patients153, and attenuated TF antigen, TF activity 
andd TF-mRNA levels in cultured stimulated and unstimulated human macrophages, 
differentiatedd from monocytes1 ̂  The latter results indicate that statins interfere with 
thee TF biosynthesis. Nordoy et al. showed in patients with combined hyperlipidemia 
aa significant reduction of plasma low density lipoprotein levels induced by simvastatin. 
Thiss was paralleled by a reduction of TFPI activity, which was possibly due to a 
decreasee in low density lipoprotein-TFPI complexes155. The free form of plasma 
TFPII  was unchanged by statins alone but decreased modestly by adding n-3 fatty 
acidss to statin treatment. Berrettini et al. also showed a significant correlation between 
TFPII  activity and low density lipoproteins156. However, dietary supplementation of 
n-3n-3 polyunsaturated fatty acids in patients with chronic atherosclerotic disease 
increasedd both TFPI plasma levels and low density lipoprotein-chole sterol, reduced 
plasmaa levels of prothrombin fragment 1+2, while the plasma factor VII clotting 
activityy did not change. Clearly, statins and n-3 fatty acids have complex effects on 
thee clotting cascade and more research is needed. 

OtherOther non-specific tissue factor inhibiting agents 
L-arginine,, the endogenous precursor of nitric oxide, significantly blunted TF 
expressionn in stimulated monocytes after angioplasty of the iliac arteries in a rabbit 
modell  of atherosclerosis157. 
Cyclosporinn A inhibited procoagulant activity in stimulated and unstimulated cultured 
humann monocytes and macrophages158, and in a dose dependent manner reduced 
monocytee TF activity and TF-mRNA expression in cardiac transplant recipients159. 
Recently,, it has been demonstrated that smoking increases TF immunoreactivity in 
atheroscleroticc plaques and treatment with aspirin attenuates this effect160. Dual 
antiplatelett therapy of ticlopidine and aspirin versus aspirin alone for at least 24 
hourss before angioplasty, seems to inhibit release of TF into the coronary circulation 
inn patients with stable and unstable coronary disease90. 
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Specificc thrombin inhibition by hirudin attenuates intimal TF expression induced by 
balloonn angioplasty in animal models108. 
Finally,, ACE inhibitors and angiotensin II receptor antagonists have shown to 
downregulatee TF expression (including TF-mRNA) by endotoxin stimulated human 
monocytes161.. ACE inhibitors also decreased plasma levels of TF antigen and 
monocytee chemoattractant protein-1 in patients with acute myocardial infarction162. 
Thesee latter results suggest that the antithrombotic mechanism of ACE inhibitors 
andd angiotensin II receptor antagonists could be, at least in part, related to their 
abilityy to reduce TF expression and to inhibit the accumulation of monocytes and 
macrophages. . 

Conclusio n n 
Thrombosiss plays a key role in atherosclerotic diseases and causes mortality and 
morbidityy in patients with acute coronary syndromes. It becomes clear that the 
enhancedd expression of TF in patients with (coronary) atherosclerosis and during 
arteriall  interventions may play a significant pathogenic role. Factors that induce TF 
mayy initiate atherothrombotic complications. This hypothesis is confirmed by 
experimentall  studies on inhibiting (directly or indirectly) TF and thus preventing 
acutee thrombosis and/or restenosis after intervention. Studies on new TF inhibiting 
agentss have been performed largely in animals. Future research will investigate the 
impactt of these drugs in patients with coronary or other atherosclerotic diseases, and 
inn patients undergoing catheter based interventions. 
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Abstrac t t 
Background d Thee triage of patients presenting with chest pain to the emergency department 

(ED)) is a challenge for physicians, especially in cases with an initial non-

diagnosticc electrocardiogram (ECG). As thrombus formation after coronary 

plaquee disruption plays a major role in patients with an acute coronary syndrome 

(ACS),, measurement of hemostatic markers could provide an important diagnostic 

tool,, particularly in those ACS cases without evidence of myocardial injury. 

Methodss We measured plasma levels of coagulation and fibrinolytic markers on admission 

inn patients with chest pain presenting with a normal or non-diagnostic ECG to 

thee ED within 6 hours after symptoms onset. Patients were divided in cardiac 

Troponinn T (cTnT) negative (cTnT<0.06 Mg/L, N-33) or positive (cTnT>0.06 

ug/L,, N=65) ACS cases and control subjects (N=62) without a history of ACS 

andd who presented with non-cardiac chest pain. 

Resultss There was no difference in the levels of prothrombin fragment F]+,, thrombin-

antithrombinn (TAT) complexes, soluble tissue factor (TF), and tissue factor 

pathwayy inhibitor (TFPI) activity between cTnT negative or positive ACS cases 

andd controls. Elevated levels of plasminogen activator inhibitor (PAI) were 

observedd in cTnT negative and positive ACS cases versus control subjects (72.3 

andd 57.8 vs 44.2 ng/ml, respectively), which was statistically significant for 

cTnTT negative ACS cases compared to controls (p=0.014). The positive (PPV) 

andd negative (NPV) predictive values to detect ACS cases by these markers 

variedd between 68% and 75% and between 40% and 43%, respectively. To detect 

thee subgroup with cTnT negative ACS, only TFPI and PAI showed diagnostic 

utility ,, however, the PPVs were low at 43% and 55%, respectively. 

Conclusionn The measurement of F^,, TAT complexes, soluble TF, TFPI activity, and PAI in 

plasmaa did not contribute to the triage of patients presenting with chest pain and 

aa normal or non-diagnostic ECG. 

48 8 



Triagee of patients with chest pain and a non-diagnostic ECG using hemostatic markers 

Introductio n n 
Off  the patients presenting with chest pain at the emergency department (ED), the 
earlyy diagnosis of acute coronary syndromes (ACS) is a major challenge for 
physicians.. In addition to medical history and physical examination, the 
electrocardiogramm (ECG) is critical for the initial evaluation of these patients. 
However,, in 50%-80% of the cases, the ECG is normal or non-diagnostic at 
presentation',, which makes the early differentiation from non-cardiac causes of chest 
painn difficult. Currently, biochemical cardiac markers have become an important 
diagnosticc tool for ACS. Moreover, elevations in myocardial injury markers, such as 
cardiacc Troponin T (cTnT) and I, are associated with early and late recurrent adverse 
cardiacc events20. Serial assessment of cardiac markers, including troponins, creatine 
kinase-MBB isoenzyme and myoglobin, results in a high sensitivity to detect myocardial 
damage66 7, but the absence of evidence of myocardial damage does not exclude ACS*. 
Therefore,, novel early markers of ACS are needed. 

Thee main cause of ACS is atherosclerotic plaque disruption with superimposed arterial 
thrombuss formation91', and tissue factor (TF) induced thrombin generation plays a 
pivotall  role in this process12. Significantly higher levels of circulating TF13~16, that 
containss procoagulant activity17, free and total tissue factor pathway inhibitor-antigen 
(TFPI,, the physiologic inhibitor of TF)1516'8, and TFPI-activity'819, were found in 
patientss with ACS compared to patients with stable angina and healthy control 
subjects.. Conflicting results, however, have been reported about thrombin generation 
markerss as prothrombin fragment F]+, and thrombin-antithrombin (TAT) complexes, 
whichh showed to be significantly increased15202', while others observed comparable 
orr even reduced levels2224 in patients with unstable angina or myocardial infarction 
comparedd with stable angina patients or healthy individuals. In all of these studies, 
patientss with ACS presented with characteristic changes on the ECG, whereas the 
diagnosticc value of hemostatic markers may be useful in the triage of patients 
presentingg with a non-diagnostic ECG. 

Thee purpose of this study was to evaluate the diagnostic value of coagulation markers 
(i.e.. markers of thrombin generation (F, and TAT complexes), soluble TF, and TFPI 
activity),, and a fibrinolytic marker (plasminogen activator inhibitor (PAI)) for the 
earlyy identification of ACS in patients presenting to the ED with chest pain and a 
normall  or non-diagnostic ECG 

49 9 



Chapterr 3 

Method s s 
Patients s 
Studyy patients were selected from a consecutive, observational cohort of patients 
whoo were admitted to the ED of one large teaching hospital and two academic 
hospitals.. All patients suffered from typical chest pain suggestive of myocardial 
ischemiaa that started within 6 hours of presentation and without electrocardiographic 
signs,, at presentation, that are typical of acute myocardial infarction25 or ischemia26. 
Exclusionn criteria were severe skeletal muscle damage or trauma, cardiac resuscitation, 
knownn or suspected thromboembolic disease, current use of oral anticoagulation, and 
infectiouss disease or signs of inflammation. All patients were observed at the ED for 
<244 hours before discharge or hospital admission. The study population of the present 
studyy consisted of cases with an ACS and control subjects. The cases were divided into 
twoo groups: group 1, which included cases with recurrent chest pain, a negative cTnT 
(definedd as a peak cTnT< 0.06 ug/L in two serial measurements), and dynamic ST-
segmentt or T-wave changes on the ECG during observation; and group 2, which included 
casess with recurrent chest pain and a positive cTnT (defined as a peak cTnT > 0.06 ug/ 
LL in two serial measurements). The control subjects were patients without a history of 
cardiovascularr disease, who were considered to have chest pain of non-cardiac origin, 
andd who were event free during subsequent 6 months of follow-up. 
Thee study protocol was approved by the institutional review boards, and all patients 
gavee informed consent. 

Bloodd sampling and assays 
Onn admission to the ED, venous blood samples were taken from each subject, and 
collectedd in citrate containing tubes for the measurements of hemostatic markers, 
andd in another tube without additional substrates for the measurement of cTnT. At 
122 hours after the onset of symptoms, an additional blood sample was collected from 
alll  study patients for the second measurement of cTnT. All blood samples were 
centrifugedd for 15 minutes at 1500g immediately after collection. Plasma was stored 
att -70 °C until assayed. 

FF and cTnT levels were assessed using commercial enzyme-linked immunosorbent 
assayss (ELISAs, Dade Behring, Marburg, Gemany and Roche Diagnostics, Almere, 
thee Netherlands, respectively). Plasma levels of TAT complexes and PAI were also 
quantifiedd by ELISA as previously described27. Soluble TF concentrations were 
determinedd by ELISA using specific monoclonal antibodies raised against recombinant 
TFF {Central Laboratory of the Netherlands Red Cross Blood Transfusion, Amsterdam, 
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Thee Netherlands). TFPI activity was measured on a Behring Coagulation System (Dade 
Behring,, Marburg, Germany) according to a method described by Sandset et al.28 

Statisticall  analysis 
Descriptivee statistics included mean values and standard deviation (SD), or median 
valuess and interquartile ranges UQR), for outcomes with or without a normal 
distribution,, respectively. Inter-group comparisons between the control group and 
eachh ACS case group were tested for all study measurements. Comparison of baseline 
characteristicss was by y} analysis for categorical variables and either the unpaired 
Student'ss t test or Mann-Whitney U test for continuous variables where appropriate. 
Thee comparisons of the hemostatic markers were performed by Kruskall-Wallis H 
testss and where there was a statistically significant result, subsequent comparisons 
betweenn the control and both case groups were made using a Mann-Whitney U test. 
Receiverr operator characteristic (ROC) curves were constructed for the sensitivities 
andd specificities of the hemostatic markers for the detection of ACS (i.e. cTnT negative 
orr positive ACS). Additional ROC curves were constructed to specifically detect 
cTnTT positive ACS or cTnT negative ACS. The positive (PPVs) and negative 
predictivee values (NPVs) were calculated from the section of the ROC curve with 
thee optimal balance between sensitivity and specificity. 
Statisticall  significance was defined as p<0.05. 

Result s s 
Baselinee characteristics 
AA total of 160 patients were included in this study: 62 controls and 98 cases divided 
inn two groups (group 1: 33 cases with cTnT negative ACS, and group 2: 65 cases 
withh cTnT positive ACS). Baseline characteristics are summarized in Table 1. 
Comparedd to controls who did not have a history of cardiovascular disease, both 
casee groups had more often a history of myocardial infarction, coronary angioplasty 
andd coronary bypass grafting, which was statistically significant for all three variables 
exceptt for the number of previous coronary bypass grafting in the cTnT positive 
ACSS case group. Both case groups also showed a trend to a higher number of patients 
withh risk factors for coronary atherosclerosis, compared to the control group. However, 
thiss was only statistically significant for a history of hypertension. The median duration 
off  chest pain at presentation to the ED was approximately 2 hours for all three groups. 
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Tablee 1: Baseline characteristics 

Characteristic c 

Controls s 

(N=62) ) 

Cases s 

cTnTT negative ACS cTnT positive ACS 
(cTnT<0.06;; N=33) (cTnT>0.06; N=65) 

Agee (y): mean  SD 
Malee gender: N (%) 
Previouss Ml: N (%) 
Previouss PCI: N (%) 
Previouss CABG: N (%) 
Hypertension:: N (%) 
Hypercholesterolemia:: N (%) 
Diabetes:: N (%) 
Currentt smoking: N (%) 
Familyy history: N (%) 
Totall  cholesterol (mmol/L): mean tt SD 
Durationn of chest pain (min): median (1QR) 

600  10 
45(73) ) 
0(0) ) 
0(0) ) 
0(0) ) 

15(24) ) 
14(23) ) 
5(8) ) 

19(31) ) 
21(34) ) 

5.66  1.1 
123(88-210) ) 

600 9 
25(76) ) 

"(21)+ + 
10(30)f f 
4(12)t t 
155 (46)T 

13(39) ) 
7(21) ) 
9(27) ) 
16(49) ) 

5.22 8 
120(74-180) ) 

633  12 
45(69) ) 
12(19)t t 
6(9)t t 
3(5) ) 

30(46)+ + 
19(29) ) 
11(17) ) 
18(28) ) 
33(51) ) 

5.77  1.1 
1255 (75-240) 

fpp value vs controls <().()5. cTnT=cardiac troponin T (jag/L). ACS=acute coronary syndrome. 
SD=standardd deviation. MI=myocardial infarction. PCl=percutaneous coronary intervention. 
CABG=coronaryy artery bypass grafting. IQR=interquartile range. 

Plasmaa levels of hemostatic markers 

FjFj ,, 2 and TA T complexes 
Plasmaa levels of F, , and TAT complexes were slightly higher in cTnT positive ACS 
casess compared to controls (Figure 1, median (IQR) levels of F^,: 0.9 (0.7-1.3) vs 0.8 
(0.6-1.1)) nmol/L; median (IQR) levels of TAT: 2.3 (1.0-7.6) vs 1.0 (<1.0-4.8) ng/ml). 
Plasmaa levels in the cTnT negative ACS case group were equal to those found in the 
controll  group. 

Fl+2 2 TAT T 
1.44 -I 

1.22

11

OX X 

0.66

0.4 4 

00 7

Controls s cTnTT negative 

ACSS cases 

(c c TnT<0.0 0 6) ) 

cTnTT positive 

ACC S cases 

(c c TnT T >0.0 0 6) ) 

B B 

88 -I 

7 7 

66

55

44

33

2 2 

00

TT -| 

Controlss c l nT negative c'l 

ACSS cases 

(cTnl l '0 .0f t )) (c 

nn 1 positive 

VCSS cases 

TnT T >0.0 0 6) ) 

Figuree 1. Median (+ 75th percentile) plasma levels of prothrombin fragment F (Panel A) and 
thrombin-antithrombinn (TAT) complexes (Panel B) of controls and cTnT negative and positive ACS 
casess at presentation to the emergency department. cTnT=cardiac Troponin T (ug/L). ACS=acute 
coronaryy syndrome. 
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SolubleSoluble TF and TFPI activity 
Theree was no difference in TF plasma levels and TFPI activity between cases and 
controlss (Figure 2). Among the three study groups, median soluble TF range was from 
43.55 to 49.2 pg/ml, whereas TFPI activity range was between 110.5 and 120.0 U/dl. 

I F F 
700 , 

600 • 

40 --

30--

20--

10--

Controls s 

( ( 

nT T 
/\CS S 
cTn n 

ega a 

r<o. . 

ivee c 

36)) ( 

I I 
1 1 

l"nTT posi 
ACSS cas 
TnT>0. . 

ive e 
s s 

)6) ) 

160-, , 

140--

120--

100--

|| 80 -

600 -

400 -

200 -

T T 

Controls s 

TFPII activity 

cTnTT negative 
ACSS cases 
(cTnT<0.06) ) 
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Figuree 2. Median (+ 75th percentile) plasma levels of tissue factor (TF. Panel A) and tissue factor 
pathwayy inhibitor (TFPI) activity (Panel B) of controls and cTnT negative and positive ACS cases at 
presentationn to the emergency department. cTnT=cardiac Troponin T(ug/L). ACS=acute coronary 
syndrome. . 

PAI PAI 
Ass shown in Figure 3, significantly higher PAI plasma levels were observed in the 
cTnTT negative ACS cases compared to controls (median (IQR) levels: 72.3 (44.9-
131.7)) vs 44.2 (30.2-83.1) ng/ml, p=0.014). The cTnT positive ACS cases also showed 
higherr PAI levels compared to controls, however, it did not reach statistical significance 
(mediann (IQR) levels: 57.8 (35.5-107.2) vs 44.2 (30.2-83.1) ng/ml, p=0.1). 

PAI I 
p=0.014 4 
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Figuree 3. Median (- 75th percentile) plasma levels of plasminogen activator inhibitor (PAI) of 
controlss and cTnT negative and positive ACS cases at presentation to the emergency department. 
cTnT=cardiacc Troponin T (ug/L). ACS^acute coronary syndrome. 
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Diagnosticc utilit y of hemostatic markers 
Thee diagnostic utility of the hemostatic markers to detect patients suffering form 
ACSS or to identify a subgroup of cTnT positive ACS cases is shown in Table 2. 
Solublee TF did not have any diagnostic value as the area under the ROC curves was 
beloww 0.5 (area under the curves: 0.435 and 0.452 for detecting ACS at large and the 
subgroupp with cTnT positive ACS, respectively). The cut-off values presented in 
tablee 2 correspond to the points of the ROC curves showing the best balance between 
sensitivityy and specificity. Except for PAI antigen, each marker had the same optimal 
cutpointt for detecting ACS at large or the subgroup with cTnT positive ACS. The 
proportionss of study patients with plasma levels above the optimal cutpoint varied 
betweenn 23% and 27% for the different markers. 

Ass shown in Table 2, the PPVs and NPVs to identify cases with an ACS were 
comparablee for all 4 markers varying between 68% and 75%, and between 40% and 
43%,, respectively. To detect cases with a cTnT positive ACS, F demonstrated a 
betterr accuracy compared to the other markers, however, its PPV and NPV were 
onlyy 62% and 66%, respectively. 

Afterr exclusion of cTnT positive ACS cases, only TFPI and PAI demonstrated 
diagnosticc value to detect cTnT negative ACS (area under the ROC curves (95% 
confidencee interval): 0.57 (0.44-0.70) and 0.65 (0.54-0.77), respectively). At cut-off 
valuess of TFPI>140 U/dl and of PAI>110 ng/ml, the sensitivity, specificity, PPV, 

Tablee 2: Utilit y of the hemostatic markers to identify cases with an ACS or cases specifically evolving 
aa cTnT positive ACS 

Cutpointt hemostatic marker 

Detectingg ACS at large 
F l+2>> 1.1 nmol/L 
TATT complexes > 6.0 ng/ml 
TFPII  activity > 140 U/dl 
PA1>> 110 ng/ml 

Detectingg cTnT positive ACS 
FI+2>> 1.1 nmol/L 
TATT complexes > 6.0 ng'ml 
TFPII  activity > 140 U/dl 
PAII  > 95 ng/ml 

Areaa under the 
ROCC curve 

0,533 (0.44-0.63) 
0.52(0.42-0.61) ) 
0.57(0.48-0.66) ) 
0.611 (0.52-0.70) 

0.62(0.53-0.71} } 
0.59(0.50-0.68) ) 
0.55(0.46-0.64) ) 
0.54(0.45-0.63) ) 

Sens(%) ) 

311 (22-40) 
27(18-36) ) 
29(20-38) ) 
28(19-37) ) 

40(28-52) ) 
29(18-40) ) 
28(17-39) ) 
29(18-40) ) 

Specc (%) 

80(70-90) ) 
80(70-90) ) 
799 (69-89) 
855 (76-94) 

83(75-91) ) 
79(71-87) ) 
76(67-85) ) 
76(67-85) ) 

PPVV (%) 

71(57-85) ) 
68(53-83) ) 
68(54-82) ) 
75(61-89) ) 

622 (47-77) 
50(34-66) ) 
44(29-59) ) 
455 (30-60) 

NPVV (%) 

42(33-51) ) 
40(31-49) ) 
42(33-51) ) 
433 (34-52) 

66(57-75) ) 
61(52-70) ) 
60(51-69) ) 
611 (52-70) 

Dataa presented as percentages (95% confidence interval). ACS-acute coronary syndrome. cTnT=cardiac 
Troponinn T. ROC=receiver operator characteristic. Sens=sensitivity. Spec=specificity. PPV=positive 
predictivee value. NPV=negative predictive value. F ^prothrombin fragment 1-2. TAT=thrombin-
antithrombin.. TFPI=tissue factor pathway inhibitor. PA!=plasminogen activator inhibitor. 
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andd NPV (with respective 95% confidence intervals) to identify cTnT negative ACS 
wass forTFPI: 31% (15%-47%), 79% (69%-89%), 43% (23%-63%), and 69% (58%-
80%),, respectively, and for PAI; 34% (18%-50%), 85% (76%-94%), 55% (33%-
77%),, and 72% (62%-82%), respectively. 
Combiningg the results of markers of thrombin generation, TFPI and PAI, did not 
improvee the diagnostic accuracies. 

Discussion n 
Inn the present study, we measured coagulation markers (thrombin generation markers 
(FF and TAT complexes), soluble TF, and TFPI activity) and a fibrinolytic marker 
(PAI)) in patients admitted to the ED with chest pain and an initially normal or non-
diagnosticc ECG, within 6 hours after symptom onset. Except for PAI antigen, there 
weree no significant differences in the plasma levels of these markers between cases 
withh a cTnT negative or positive ACS and control subjects. 
AA large study of Pope et al. showed that 5.4% of patients with a non-diagnostic ECG 
whoo were discharged from the ED were ultimately found to have an ACS29. Serial 
measurementt of specific markers of myocardial necrosis such as creatine kinase-
MBB isoenzymes and troponins are used as a diagnostic tool. However, an ACS can 
nott be excluded when these markers are not increased8. Although TF mediated 
thrombuss formation after coronary plaque disruption plays a significant role in the 
initiationn of ACS12, systemic measurement of hemostatic markers did not demonstrate 
additionall  diagnostic value to the early triage of our study patients with chest pain. 

Ourr results do not confirm earlier studies showing significantly increased plasma 
concentrationss of TF, TFPI, Fl t , and TAT-complexes on admission, in patients with 
unstablee angina or acute myocardial infarction compared to patients with stable 
angina1-1'15-20-21.. However, in these studies, patients with ACS were included if the 
ECGG demonstrated characteristic changes of the ST-segments or T-waves and were 
likelyy at higher risk. It has been demonstrated that among patients with unstable 
angina,, those with reversible ST-segment changes have significantly higher levels 
off  thrombin activity, as measured by fibrinopeptide A levels, compared to those 
withoutt these changes, and ST changes correlated significantly with the presence of 
angiographicc thrombus1011. However, this could not be confirmed by Becker et al, 
whoo reported no differences in thrombin activity and thrombin generation between 
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patientss with and without ECG changes32. In addition, others failed to show significant 
differencess in plasma levels of F,_, and TAT complexes between patients with acute 
myocardiall  infarction, unstable angina and stable angina, despite the characteristic 
ECGG changes presented by patients with an ACS2™3. Thus, symptomatic myocardial 
ischemiaa may not primarily be related to acute thrombin generation, but is possibly 
thee result of a combination with platelet aggregation, transient increased vasomotor 
tonee and transient increased myocardial oxygen demand33. Alternatively, local 
thrombinn generation in the coronary arteries may be insufficiently reflected by 
systemicc plasma levels. 

Wee observed elevated plasma levels of PAI antigen in both ACS case groups compared 
too controls, but this was only significant in cases with a cTnT negative ACS. An 
importantt source of PAI during atherosclerotic thrombus formation may be the 
secretionn by endothelial cells and activated platelets34. However, increased PAI plasma 
levelss are also associated with common risk factors for coronary artery disease such 
ass hypertension and particularly diabetes34. These two factors were more prevalent 
inn both case groups, in particular in the cTnT negative ACS case group, and this 
contributedd to the enhanced PAI levels in these groups compared to controls. 

Patientss suffering from cTnT positive ACS previously demonstrated a significantly 
increasedd coagulation activation compared to patients with cTnT negative unstable 
angina3-3''.. However, we could not confirm this in our study population. We observed 
noo differences in plasma levels of the hemostatic markers between cases with cTnT 
positivee and negative ACS. Despite evidence of myocardial necrosis, the extent of 
coagulationn activation may be limited in cases with a cTnT positive ACS, and whose 
ECGG does not show characteristic changes of myocardial ischemia. This was reflected 
byy the poor diagnostic performance of the hemostatic markers to identify these cases. 
Prothrombinn fragment F, t, showed the best diagnostic utility, but the PPV and NPV 
weree only 62% and 66%, respectively. Since these patients can be identified after 
seriall  measurement of cardiac serum markers, it remains a difficult task to detect 
patientss suffering from an ACS, without evidence of myocardial damage and 
presentingg with a non-diagnostic ECG. In the present study, after excluding the cTnT 
positivee ACS cases from the analyses, only TFPI and PAI demonstrated diagnostic 
valuee to detect cTnT negative ACS cases, but with low PPVs of 43% and 55%, 
respectively.. Based on these markers, as much as 66%-69% of the patients with 
cTnTT negative ACS would still not have been detected. Thus in our study population 
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off  low risk chest pain patients, the utility of hemostatic markers showed limited 
diagnosticc value to identify patients with either a cTnT positive or negative ACS. 

Studyy limitations 
Ass shown in Figure 1 and 3, the assays measuring TAT complexes and PAI antigen 
demonstratedd marked variability in each group. We could not identify clinical 
characteristicss that appeared to be responsible to these wide ranges, including the 
samplingg times for PAI, since significantly higher PAI levels have been found in the 
morningg than in the evening both in control subjects and patients with ACS37. 
However,, we cannot exclude the possibility that other factors such as platelet activation 
duringg venipuncture have resulted in enhanced PAI levels. In addition, as patients 
withh unstable angina have been shown to develop frequent bursts of coagulation 
activation™,, the short plasma half-life of TAT and PAI of 5 and 8-10 minutes, 
respectively,, compared to that of F, ̂  (90 minutes), may also have contributed to the 
variabilityy in both ACS case groups. 

Conclusions s 
Thee measurement in plasma of thrombin generation markers (Fj,, and TAT 
complexes),, soluble TF, TFPI activity, and PAI antigen, did not contribute to the 
triagee of patients presenting with chest pain and a normal or non-diagnostic ECG in 
thee ED. Although plaque disruption with thrombus formation is the most common 
underlyingg pathogenic mechanism during an ACS, in this patient population in whom 
theree is a need for additional markers of ACS, this does not lead to elevation of 
systemicc plasma levels that are clinically useful for the triage of low risk chest pain 
patients. . 
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Objectivess This study investigated the safety and pharmacodynamics of escalating doses of 

recombinantt Nematode Anticoagulant Protein c2 (rNAPc2) in patients undergoing 

electivee coronary angioplasty. 

Backgroundd Recombinant NAPc2 is a potent inhibitor of the tissue factor/factor VI la complex 

thatt has the potential to reduce the risk of thrombotic complications during acute 

coronaryy syndromes and catheter based interventions. 

Methodss in a randomized, double blind, dose-escalation, multi-center trial, 154 patients 

receivedd placebo or rNAPc2 at doses of 3.5, 5.0, 7.5, and 10.0 p-g/kg as a single 

subcutaneouss administration 2-6 hours before angioplasty. All patients received 

aspirin,, unfractionated heparin {activated clotting time >250 seconds) during 

angioplasty,, and clopidogrel in case of stent implantation. 

Resultss The incidence of minor bleeding for the doses 3.5 to 7.5 pg/kg were comparable 

too placebo (6.7%), while an incidence of 26.9% was observed at the 10.0 pg/kg 

dosee level (p<0.01). Four episodes of major bleeding occurred in the 5.0 ug/kg 

(n=3)) and 7.5 p.g/kg (n= 1) dose groups. The bleeding episodes in the three patients 

inn the 5.0 p-g/kg dose group occurred concurrently with the administration of a 

glycoproteinn (GP) Ilb/III a receptor antagonist. The administration of a GP lib/ 

Ili aa antagonist to one patient, each in the 3.5 and 7.5 pg/kg dose groups, was 

uneventful.. Systemic thrombin generation, as measured by prothrombin fragment 

1+22 (F!(1)i
 was suppressed in all rNAPc2 dose groups to levels below pre-

treatmentt values for at least 36 hours. In the placebo group a distinct increase of 

FF , levels was observed following cessation of heparin. 

Conclusionn Inhibition of the tissue factor/factor Vil a complex with rNAPc2, at doses up to 

7.55 ug/kg, in combination with aspirin, clopidogrel, and unfractionated heparin 

appearss to be a safe and effective strategy to prevent thrombin generation during 

coronaryy angioplasty. This study supports further investigation of the safety and 

efficacyy of rNAPc2 in patients with acute coronary syndromes. 



rNAPc22 during elective PCI 

Introductio n n 
Tissuee factor <TF) is a significant component of atherosclerotic plaques and is thought 
too be the primary trigger of thrombosis following plaque rupture in patients with 
unstablee coronary syndromes1"5. When exposed to blood, TF forms a high-affinity 
complexx with circulating factor Vil a (TF-factor Vila) that initiates the coagulation 
cascadee through the activation of factors IX and X, leading to the formation of 
thrombinn and subsequent thrombosis4. Consequently, inhibitors of TF-factor Vil a 
havee been evaluated for their potential to reduce coronary thrombosis in experimental 
studiess of thrombosis'7. 
Recombinantt Nematode Anticoagulant Protein c2 (rNAPc2) is an 85 amino acid 
proteinn that was isolated from the hematophagic hookworm Ancylostoma caninum*. 
Itt specifically inhibits the complex TF-factor Vil a by a unique mechanism that 
involvess the formation of a high affinity complex with zymogen or activated factor 
XX prior to formation of the quaternary inhibitory complex with TF-factor Vila''. The 
utilizationn of zymogen factor X as an inhibitory scaffold obviates the need of 
generatingg activated factor X to inhibit the TF/factor Vil a complex. Theoretically, 
thiss should result in rapid and efficient inhibition of TF-factor Vil a by rNAPc2 
followingg a thrombogenic challenge. To this point, rNAPc2 has been shown to be 
veryy effective in reducing the incidence of deep venous thrombosis without hemostatic 
compromisee when administered prophylactically in patients undergoing knee 
arthroplasty10.. In addition, the formation of a complex with factor X results in a 
biologicall  half-life of rNAPc2 of >50 hours. 

Thee importance of TF/factor Vil a in coronary thrombosis suggests that rNAPc2 
couldd be effective for the treatment of patients suffering from acute coronary 
syndromes.. As the majority of these patients undergo percutaneous coronary 
interventionss (PCI), we first performed a phase II dose ranging study with 4 escalating 
dosagess of rNAPc2 in patients undergoing elective coronary angioplasty, to evaluate 
thee safety of the drug and its ability to inhibit thrombin generation. 

Method s s 
Patients s 
Fivee centers in the Netherlands enrolled patients between 18 and 80 years, with a 
historyy of stable angina and scheduled for elective PCI of 1 or 2 lesions of >50% 
diameterr stenosis. Exclusion criteria were: total occlusion, unstable angina or myocardial 
infarctionn within 14 days, recent history of surgery, trauma, cardiopulmonary 
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resuscitation,, confirmed peptic ulcer, previous history of abnormal bleeding, 
uncontrolledd hypertension, renal or hepatic insufficiency, and treatment with or 
intendedd use of oral antithrombotic agents other than aspirin and clopidogrel during 
studyy period. Planned use of glycoprotein (GP) Ilb/III a receptor antagonists was 
excludedd since there was no information available regarding the potential interaction 
off  rNAPc2 with these agents. 
Thee study protocol was conducted according to the International Conference on 
Harmonisationn Good Clinical Practice Guidelines" and approved by the institutional 
revieww boards. Written informed consent was obtained from all patients. 

Studyy design 

Thiss study was designed as a randomized, placebo controlled, double-blind, multi-
centerr study, for the evaluation of the safety of rNAPc2 on top of standard treatment 
duringg PCI. Patients were randomized to treatment with rNAPc2 or placebo in a 
ratioo of 4:1, respectively, in each dose group. As a dose group consisted of 
approximatelyy 30 patients, this resulted in 4 patients per group treated with rNAPc2 
andd 6 patients received placebo. All placebo treated patients of each dose group 
weree clustered into one placebo group. Following randomization, patients received 
aa single subcutaneous dose of rNAPc2 or placebo 2-6 hours prior to PCI. The dosing 
off  rNAPc2 was such that maximal levels were reached during PCI. After access to 
thee femoral artery, unfractionated heparin (UFH) was administered as intravenous 
boluss injections to reach an activated clotting time of >250 seconds throughout the 
intervention.. Sheath (5 or 6 French) removal after PCI was performed as soon as an 
activatedd clotting time <180 seconds was reached. Patients were hospitalized for 36 
hourss after dosing, and follow-up consisted of a telephone interview at 48 hours and 
aa clinical assessment at two weeks. The four doses of rNAPc2 tested sequentially 
weree 3.5, 5,0, 7.5, and 10.0 ug/kg bodyweight. Each increase in dose was dependent 
onn review by an independent Data Safety Monitoring Committee (DSMC). All patients 
receivedd aspirin of at least 80 mg per day throughout the study. If stent implantation 
wass performed, a loading dose of 300 mg clopidogrel was administered followed by 
755 mg daily for at least 3 weeks. Patients receiving a stent in the initial 3.5 ug/kg 
rNAPc22 dose group, were given clopidogrel after sheath removal as an additional 
safetyy measure at the start of the trial. Following the successful completion of this 
dosee group, the protocol was amended, allowing clopidogrel administration within 
threee days prior to the intervention to reflect current practice. Subsequently, a second 
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3.55 ug/kg dose group was completed. This led to a total of six treatment groups, one 
placeboo and five on rNAPc2 (3.5, 3.5, 5.0, 7.5, and 10.0 ug/kg). 

Bloo dd collectio n and assays 

Sixx blood samples were taken from each patient during hospitalization, i.e. before 
thee administration of study drug, after access to the femoral artery but before the 
angioplasty,, at 2 and 8 hours after the last bolus administration of UFH, and at 24 
andd 36 hours after study drug administration. Blood was collected in citrated 
vacutainerr tubes and immediately centrifuged at 4 °C. Plasma samples were stored 
att -70 °C until assayed. 
Thrombinn generation was quantified as prothrombin fragment 1+2 (F ) and 
thrombin-antithrombinn (TAT) complexes using enzyme-linked immunosorbent assays 
forr both measurements (ELISA, Behringwerke AG, Marburg, Germany). Normal 
valuess ranged from 0.4 to 1.1 nmol/1 for F and from 1.0 to 4.1 p.g/1 for TAT 
complexes.. For plasma concentrations between 0.4 and 5.0 nmol/1 of F, t1 and between 
2.00 and 60.0 u.g/1 of TAT complexes, the intra-assay coefficient of variations varied 
betweenn 5.0%-7.5% and between 4.0%-6.0%, respectively. The plasma concentrations 
off  rNAPc2 were also analyzed by ELISA (Corvas International, San Diego, 
California). . 

Stud yy outcome s and definition s 

Thee primary safety outcome of the study was the incidence of bleeding complications. 
AA major bleeding episode was defined as a clinically overt bleeding resulting in 
death;; retroperitoneal, intracranial, or critical internal organ bleeding; a hemoglobin 
dropp of >3 g/dL; or the requirement of transfusion of >2 units of blood. A minor 
bleedd was any clinically significant bleeding that did not qualify as major; for example 
epistaxis,, ecchymosis, macroscopic hematuria, puncture site bleedings such as a 
groinn hematoma measuring >100 cm2, or any other located hematoma. Groin 
hematomaa size was determined by estimation of the surface area. 
AA secondary pharmacodynamic outcome was the extent of systemic thrombin generation 
performedd by serial measurements of plasma levels of F and TAT complexes. 
Myocardiall  infarction (MI) was defined as a creatine kinase-MB concentration more 
thann three times the upper limit of normal. 

Wee introduced a new quantitative safety measurement for puncture site (surgical) 
hemostasis,, femoral compression time (FCT), defined as the groin compression time 
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(inn minutes) between sheath removal from the femoral artery and achievement of 
completee hemostasis. This required manual groin compression just proximal of the 
puncturee site by experienced personnel using a standardized method described in the 
protocol.. Continuous manual compression was mandated for the first 10 minutes 
followedd by release, and if hemostasis was complete, FCT was recorded as 10 minutes. 
Iff  not, compression was re-instituted for periods of 3 minutes until complete 
hemostasis,, which was defined as no discernable bleeding externally or internally 
byy careful inspection for at least one minute. 

Statisticall  analysis 
Descriptivee statistics included mean values and standard deviations (SD), or median 
valuess and interquartile ranges (IQR), for outcomes with or without a normal 
distribution,, respectively. Distribution of the variables was analyzed by construction 
off  histograms and by the Shapiro-Wilk W test. A p-value <0.05 was considered 
significant.. Differences between each rNAPc2 dose group and the placebo group 
weree tested for all study outcomes. Comparison of baseline and procedural 
characteristics,, clinical events, and the incidences of minor and major bleedings was 
byy yj analysis for categorical variables and either the unpaired Student's / test or 
Mann-Whitneyy [/test for continuous variables as appropriate. Regarding thrombin 
generationn markers, the treatment groups were compared for each time point separately 
byy means of an one-way analyses of variance (ANOVA) and subsequent pairwise 
comparisonss with placebo, using Bonferroni correction. Spearman correlation was 
computedd between FCT and rNAPc2 plasma levels at the moment of sheath removal, 
andd between plasma levels of rNAPc2 and markers of thrombin generation after 
PCI.. All statistical analyses were performed with SPSS 10.1 (Chicago, Illinois). 

Results s 
Patients s 
AA total of 154 patients were randomized to 1 of 4 rNAPc2 dosages or placebo. Baseline 
characteristicss are shown in Table 1. No significant differences were found between 
eachh rNAPc2 treatment group and the placebo group, except for gender in the second 
3.55 ug/kg dose group. 
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Tablee 1. Baseline characteristics 

Characteristic c 

Age(y):: mean  SD 
Malee gender 
Previouss MI: N (%) 
Previouss PCI: N (%) 
Previouss CABG: N (%) 
1-vessell  disease: N (%) 
2-vessell  disease: N (%) 
3-vessell  disease: N (%) 
Bodyy Mass Index (kg/12): mean  SD 
Hypertension:: N (%) 
Hypercholesterolemia:: N (%) 
Diabetes:: N (%) 

Placebo o 
(N=30) ) 

599 8 
67% % 

9(30) ) 
4(13) ) 
1(3) ) 

17(57) ) 
9(30) ) 
4(13) ) 
288 4 
9(30) ) 
13(43) ) 
5(17) ) 

3.5* * 
(N=23) ) 

633 9 
87% % 

8(35) ) 
7(30) ) 
2(8) ) 

10(43) ) 
7(30) ) 
6(26) ) 
277 3 
3(13) ) 
10(43) ) 

1(4) ) 

rNAPc22 dose, ug/kg 

3.5 5 
(N=24) ) 

588 6 
92%f f 
7(29) ) 
3(12) ) 
1(4) ) 

14(58) ) 
10(42) ) 
0(0) ) 

288 4 
6(25) ) 
9(37) ) 
M4) ) 

5.0 0 
(N=24) ) 

600  13 
79% % 

8(33) ) 
2(8) ) 
3(17) ) 
111 (46) 
12(50) ) 

1(4) ) 
288 3 
7(29) ) 
10(42) ) 
2(8) ) 

7.5 5 
(N=27) ) 

611 8 
70% % 

8(30) ) 
9(33) ) 
3(11) ) 
18(67) ) 
5(19) ) 
4(15) ) 
266 3 
5(19) ) 
10(37) ) 
4(15) ) 

10.0 0 
(N=26) ) 

599 9 
85% % 

8(31) ) 
6(23) ) 
1(4) ) 

15(58) ) 
7(27) ) 
4(15) ) 
266 2 
7(27) ) 
9(35) ) 
4(15) ) 

*Noo clopidogrel administration pre-PCl. fP value vs placebo <0.05, / : analysis for categorical 
variabless and Student's t test for continuous variables. CABG=coronary artery bypass grafting; 
MI=myocardiall  infarction; PCl=percutaneous coronary intervention. 

Procedurall characteristics 
Procedurall  characteristics are presented in Table 2. The mean time between study 
drugg administration and access to the femoral artery was 3.4  1.4 hours. Clopidogrel 
wass administered in 74% of the study population. In 28% of these patients, clopidogrel 
wass started prior to PCI, with no differences between placebo and each rNAPc2 
dosee group. 
Femora]]  compression time was evaluated in 149 (97%) patients. Compression time 
wass not measured in four patients and one patient was excluded because PCI and 
sheathh removal was performed 24 hours after study drug administration. The 
introductionn of the sheath in the femoral artery was uneventful in all patients except 
onee that required multiple punctures. As shown in Figure 1, a trend toward an 
increasingg FCT was shown in the two highest rNAPc2 treatment groups, with a 
statisticallyy significant difference between the highest dose group (i.e. 10.0 (ig/kg) 
andd placebo (median=16 min (IQR: 10-28) and median=10 min (IQR: 10-14), 
respectively,, p<0.001). Spearman correlation showed a significant correlation between 
FCTT and rNAPc2 plasma levels at the moment of sheath removal (r=0.317, p<0.001). 
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Tablee 2. Procedural characteristics 

Characteristic c 

Durationn PCI (min): median (IQR)t 
Numberr of lesions per PCI 
PCII  site: 
-- RCA: N (%) 
-- LAD: N (%) 
-- LCx: N (%) 

Patientss with stent implantation(s): N (%) 
Totall  dose of UFH (IU) during PCI: median (IQR) 
Administrationn of clopidogrel: N (% 
Clopidogrell  administration prior PCI 
Guidingg catheter size: 
-- 5 French: N (%) 
-- 6 French: N (%) 

NN (%) 

Placebo o 
(( N=30) 

14(7-35) ) 
1.6 6 

11(37) ) 
14(47) ) 
9(30) ) 
21(70) ) 

59755 (5000-8560) 
21(70) ) 
6(20) ) 

4(13) ) 
26(87) ) 

3.5* * 
(N=23) ) 

22(15-41)1 1 
1.7 7 

66 (26) 
13(57) ) 
66 (26) 
16(70) ) 

60000 (5500-7000) 
16(70) ) 
0(0)* * 

6(26) ) 
17(74) ) 

3.5 5 
(N=24) ) 

14(6-33) ) 
1.7 7 

9(37) ) 
9(37) ) 
4(17) ) 
12(50) ) 

6250(5000-7000) ) 
14(58) ) 
6(25) ) 

5(21) ) 
19(79) ) 

*Noo clopidogrel administration pre-PCI. tPeriod between first and last balloon inflation. JP value 
vss placebo <0.05, y? analysis for categorical variables and Mann-Whitney U test for continuous 
variables.. IQR=interquartile range; LAD=left anterior descending artery; LCx=left circumflex artery; 
PCI=percutaneouss coronary intervention; RCA=right coronary aileiy; UFH=unfractionated heparin. 

Femorall  Compression Time 

300 -i 

255

33 20 -

11 15 " 
s i o --

55 -

p<0.01 1 

p-0.07 7 

Placebo o 
(N=30) ) 

3.5**  3.5 5.0 7.5 10.0 
(N=23)) (N=23) (N=21) (N=26) (N=26) 

rNAPc22 dose (ug/kg) 

Figuree 1. Femoral compression time (minutes, median  interquartile range) after sheath removal 
fromm the femoral artery. *No clopidogrel administration pre-PCI. The interquartile ranges of the 
3.5**  and the 5.0 rNAPc2 dose groups are from 10 to 10 minutes. Comparison between placebo and 
eachh rNAPc2 dose group by Mann-Whitney L'test. PCI=percutaneous coronary intervention. 

Clinicall events 

Clinicall  event rates were low and not apparently related to the rNAPc2 dose. 
Interventionn related Mi's were observed in 10 patients (6% of total population). Two 
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rNAPc22 dose, |ig/kg 

5.0 0 
(N=24) ) 

22(11-51) ) 
1.5 5 

12(50) ) 
13(54) ) 
6(25) ) 
21(87) ) 

6000(5313-7500) ) 
211 (87) 
9(38) ) 

3(13) ) 
211 (87) 

7.5 5 
(N=27) ) 

11(5-45) ) 
1.5 5 

I7(63)J J 
9(33) ) 
6(22) ) 
233 (85) 

5180(5000-7500) ) 
244 (89) 
7(26) ) 

2(7) ) 
25(93) ) 

10.0 0 
(N=26) ) 

13(6-33) ) 
1.6 6 

10(38) ) 
12(46) ) 
9(35) ) 
17(65) ) 

5600(5000-6300) ) 
18(69) ) 
4(15) ) 

3(12) ) 
233 (88) 

patientss experienced an acute MI after 
hospitall  discharge. Bail-out stent 
implantationn was performed in two 
patients,, with four patients experiencing 
transientt vessel closure during the 
intervention.. Two patients underwent 
coronaryy bypass grafting (CABG), one 
off  which was an emergency procedure 
afterr PCI. There were two deaths, one 
duee to cardiogenic shock six days 
followingg the procedure and the second 
duee to suspected cerebral vascular 
accidentt (CVA) that occurred one day 
followingg angioplasty. The clinical 
diagnosiss of CVA was not confirmed by 

CT-scann or autopsy. The patient had a history of ischemic stroke. There were no 
arteriovenouss fistulae or femoral aneurysms. Differences in event rates between each 
rNAPc22 treatment group and the placebo population were not statistically significant. 

Bleedingg events 

Ass presented in Table 3, there was no difference between the first three rNAPc2 
dosagee levels and placebo with respect to minor bleeding episodes, varying from 1 
too 3 bleedings per patient group. This incidence of minor bleeding increased 
significantlyy to seven events in the highest rNAPc2 dose group (p<0.01). The majority 
(n=4)) of these seven bleeding episodes were late re-bleeds at the site of sheath removal 
occurringg >2 hours after hemostasis. 
Theree were four episodes of major bleedings, of which three occurred in patients 
treatedd with 5.0 ug/kg of rNAPc2 (Table 3). The three incidents were classified as 
excessivee drainage after emergency CABG, sustained oral oozing after tracheal 
intubation,, and suspected CVA. In addition to aspirin, UFH and clopidogrel, each of 
thesee three patients also received a GP Ilb/lII a antagonist. Two received abciximab 
andd one patient was treated with tirofiban. It should be noted that two patients, one 
eachh in the 3.5 and 7.5 p-g/kg dose groups, also received a GP Ilb/III a antagonist 
(bothh treated with eptifibatide) and had an uneventful outcome. The fourth major 
hemorrhagee was an esophageal bleeding in a patient in the 7.5 p-g/kg dose group, 
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Tablee 3. Incidence of bleeding 

rNAPc22 dose, jig/kg 

Placeboo 3.5*  3.5 5.0 7.5 10.0 
Bleeding,, N (%) (N=30) (N=23) (M=24) (N=24) (N=27) (N=26) 

Minorr 2(6.7) 2(8.7) 1(4.2) 1(4.2) 3(11.1) 7 (26.9)t 
Majorr 0(0.0) 0(0.0) 0(0.0) 3(12.5)t 1(3.7) 0(0.0) 

*Noo ctopidogrel administration pre-PCl. tp value vs placebo <0.05, -̂ - analysis. 
PCI=percutaneouss coronary intervention. 

sufferingg from esophagitis {confirmed by endoscopy). This patient received aspirin, 
UFHH and clopidogrel but no GP Ilb/III a antagonist. 

Thrombinn generation 
Sixteenn patients (10.4%) were excluded for the secondary outcome analysis because 
coronaryy angiography was not followed by angioplasty (n=6), PCI was performed 
244 hours after study drug administration (n=l), diagnosis of unstable angina just 
priorr to PCI (n=l), and either GP Ilb/III a antagonist or UFH administration after the 
proceduree (n=8). As shown in Figure 2, F plasma levels were lower in all treatment 
groupss during the procedure coincident with UFH administration. A gradual 1.4 fold 
increasee above pre-procedural levels of F was observed over the 30 hours 
observationn period after the intervention in the placebo group only. There was 
continuedd suppression of thrombin generation in all rNAPc2 dose groups that differed 
significantlyy from the placebo group at 24 hours out to 36 hours following a single 
subcutaneouss administration. The extended duration of the PCI in the first 3,5 fig/kg 
dosee group did not affect these results. 

Thee F,_, results were mirrored by the levels of TAT complexes although this was 
statisticallyy significant only at the two highest doses at 36 hours, which was most 
probablyy due to the wide variation between the subjects (data not shown). 
Theree was a dose-dependent increase in rNAPc2 plasma levels. A weak inverse 
correlationn was shown after PCI, at 12 and at 24 hours between plasma levels of 
rNAPc22 and the thrombin generation markers F and TAT complexes. However, 
thiss became statistically significant for both markers at 36 hours (r = -0.300 and r = 
-0,439,, respectively, p<0.01). Figure 3 presents the inverse relation between rNAPc2 
plasmaa levels and thrombin generation, as measured by F1+2, at 36 hours. 
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Meann Fl+2 plasma levels 

Placebo o 
•• 3.5t ug/kg 
3.55 ug/kg 
5.00 ug/kg 
7.55 ug/kg 
10.00 ug/kg 

66 12 18 24 

AA Time (hr) 

Accesss to femoral artery 

Studyy drug administration 

30 0 36 6 

Figuree 2. Mean values (  SEM) of F^, plasma levels for the placebo and rNAPc2 dose groups. "i"No 
clopidogrell treatment pre-PCI. The following statistical significant differences were found between 
rNAPc22 dose groups and placebo (Bonferroni corrected p-values, including 5 comparisons at each 
timee point): *p<0.05: 3.5t and 3.5 vs placebo, p<0.0l: 7.5 vs placebo: **p<0.05: 5.0 vs placebo, 
p<0.01:: 3.5t vs placebo, pO.001: 3.5, 7.5, and 10.0 vs placebo; ***p<0.05: 3.5t, 3.5 and 5.0 vs 
placebo,, p<0.00l: 7.5. and 10.0 vs placebo. F =prothrombin activation fragment 1+2; 
PCI=percutaneouss coronary intervention; rNAPc2=recombinant Nematode Anticoagulant Protein c2. 

?? 1.0 i 

.66 • 

.4 4 

I I 

1-500 51-100 101-150 >150 

r\APc22 plasma level (nmol/I.) 

Figuree 3. rNAPc2 plasma levels in 
relationn to plasma levels of F,., at 36 
hours.. F. ,=prothrombin activation 
fragmentt 1-2; rNAPc2=recombinant 
Nematodee Anticoagulant Protein c2. 
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Discussio n n 
Inn patients with stable angina undergoing planned coronary stent implantation, the 
compositee of death, MI, urgent target revascularisation and bailout GP Ilb/III a inhibitor 
therapyy has been reported to occur in approximately 7% of cases within 48 hours12. 
Thee composite of death, MI and urgent target revascularisation increases to 9%-13% 
withinn 48 hours after PCI in patients with unstable coronary syndromes1-1,14. Tissue 
factor/factorr Vil a plays a pivotal role in initiating the thrombotic response to vascular 
injury',, which makes this enzymatic complex a target for the development of 
anticoagulantt strategies for patients suffering from coronary thrombosis. Our study 
demonstratess that inhibition of the TF/factor Vil a complex by a single subcutaneous 
dosee of rNAPc2, administered prior to elective coronary angioplasty, is safe in 
combinationn with aspirin, clopidogrel and UFH and produces a prolonged and 
significantt suppression of thrombin generation. 

Bleedingg events 
Overall,, rNAPc2 was well tolerated with respect to the incidence of major and minor 
bleedingg episodes. However, of four major bleedings, three occurred in patients of 
thee 5.0 ug/kg dose group at the time they also received a GP Ilb/III a antagonist. Two 
additionall  patients also received GP Ilb/III a antagonists and did not experience a 
bleeding.. As the number of observations in patients receiving the combination of 
rNAPc22 with GP Ilb/III a antagonists is small, no conclusion can be drawn regarding 
thee safety of this combination. Therefore, additional safety data from future trials, in 
whichh rNAPc2 and GP Ilb/III a antagonists are used concomitantly, will be required 
priorr to defining how these strategies can be optimally used in the treatment of patients. 
Thee effects of rNAPc2 during coronary bypass surgery remain to be evaluated since 
onlyy two study patients underwent this procedure after receiving rNAPc2. As 
expected,, there was a higher incidence of minor bleeding episodes in the two highest 
dosee groups, with a statistically significant difference between the 10.0 ug/kg and 
placeboo group. The majority of the minor bleedings in the 10.0 pg/kg dose group 
weree late re-bleeds at the catheter access site, consistent with the prolonged 
anticoagulantt effect of rNAPc2. While recombinant factor Vil a has been shown to 
transientlyy reverse the anticoagulant effects of rNAPc2 in normal volunteers1", there 
weree no incidents of severe bleeding that required its use. 

Femorall compression time 
Inn patients undergoing cardiac catheterization, bleeding after sheath removal at the 
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arteriall  puncture site is a form of controlled surgical bleeding that may be quantified, 
similarr to the conventional bleeding time according to Mielke16. To this end, we 
standardizedd sheath removal and quantified the time required to complete hemostasis 
usingg a protocol driven procedure. In our study, the FCT was prolonged in the 7.5 
andd 10.0 ug/kg dose groups with a statistically significant difference between the 
latterr and placebo. Although little interindividual variations may persist despite a 
structuredd protocol, these data still suggest a dose-dependent prolongation, and an 
apparentt effect on clinical hemostasis at the two highest doses of rNAPc2. In addition, 
theree was a significant correlation between FCT and rNAPc2 plasma levels at the 
timee of sheath removal. Systemic F and TAT complex plasma levels were maximally 
suppressedd already at the lowest dose of rNAPc2, and there was no correlation between 
thesee plasma markers and FCT. Clearly, hemostasis involves contributions of the 
arteriall  wall, platelets and coagulation, and systemic coagulation marker plasma levels 
mayy not completely reflect this process. Thus, based on our findings, the FCT may 
providee clinical relevant quantitative information that is clinically relevant. Indeed, 
thiss has to be confirmed in future trials. However, this needs to be confirmed in 
futuree trials. 

Thrombinn generation 
Althoughh the patients enrolled in this study were not considered to be high-risk, in 
thee placebo group we observed a marked and sustained elevation of thrombin 
generation,, as measured by plasma levels F , to above pre-procedural levels up to 
att least 30 hours after PCI. In contrast, thrombin generation continued to be suppressed 
inn all of the rNAPc2 treatment groups, which was sustained through the last sampling 
timee point at 36 hours. These data suggest that the ongoing thrombin generation 
observedd in the placebo group following the procedure was effectively suppressed 
byy rNAPc2. Plasma levels TAT complexes, used as another measure of thrombin 
generation,, showed as expected a similar response as found for F . Thus, TF/factor 
Vil aa may play an important role in the process of ongoing thrombosis after PCI, as 
hass been suggested recently in high risk patients with unstable coronary syndromes17, 
andd rNAPc2 appears to effectively suppress this process. 

Unfractionatedd heparin and low-molecular weight heparins are widely used for the 
treatmentt of patients suffering from acute coronary syndromes or undergoing PCI. A 
syntheticc pentasaccharide (fondaparinux), which may serve as an alternative for both 
drugs,, is currently undergoing clinical development in these patient populations18,9. 
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However,, it should be noted that although these agents should theoretically attenuate 
thrombinn generation via the inhibition of factor Xa assembled in the prothrombinase 
complexx (i.e. factor Va, negatively charged membrane surfaces and calcium ions), 
thee dependence on antithrombin-III may limit their effectiveness in situations where 
theree is a high level of prothrombinase activity, such as the site of an atherosclerotic 
plaquee rupture, since it has been shown that antithrombin-III dependent inhibitors, 
includingg heparins of any molecular size, do not effectively inhibit factor Xa assembled 
inn the prothrombinase complex20. Therefore, this may explain the reduced 
antithromboticc potential of these agents in suppressing the thrombogenicity of 
coronaryy lesions leading to clinical events during or shortly after acute therapy21 •-. 
Inn contrast, the inhibition of TF/factor Vila-mediated generation of factor Xa and 
subsequentlyy thrombin by rNAPc2 is enhanced following the assembly of the TF/ 
factorr Vila complex9. Therefore, rNAPc2 has the potential advantage of attenuating 
thee highly amplified formation of thrombin by inhibiting the coagulation cascade at 
aa more proximal site relative to direct inhibitors of factor Xa and thrombin, and thus, 
mayy offer a more effective approach in reducing thrombosis in patients with coronary 
arteryy diseases. 

Optimall rNAPc2 dose 
Ass mentioned, the suppression of plasma levels of F{ _, and TAT complexes by rNAPc2 
wass already maximal at the lowest dose (i.e. 3.5 ug/kg). The significant inverse 
correlationss between plasma levels of rNAPc2 and each of these two markers at 36 
hourss indicates that the two highest doses of rNAPc2 results in a more sustained 
suppressionn of both markers compared to lower doses (see also Figures 2 and 3). 
However,, the usefulness of the systemic markers of thrombin generation in assessing 
thee clinical efficacy of rNAPc2 could not be determined in this study. The effect of 
rNAPc22 on the observed clinical bleeding complications suggests that the optimal 
andd sufficiently safe dose of rNAPc2, when combined with aspirin, clopidogrel and 
unfractionatedd heparin, is likely to be below 10.0 ug/kg. This is consistent with the 
significantt prolongation of the FCT at the highest dose. 

Conclusion n 
Ourr study indicates that inhibition of the TF/factor Vila complex at doses up to 7.5 
Ug/kgg of rNAPc2 in combination with aspirin, clopidogrel and unfractionated heparin, 
appearss to be a safe and effective strategy to prevent thrombin generation in patients 
undergoingg catheter based coronary intervention. These results are supportive of 
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advancingg rNAPc2 into a phase II dose-ranging trial in patients suffering from unstable 
anginaa or non-Q-wave myocardial infarction. 
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Abstrac t t 
Background d Exposuree of tissue factor (TF) to the circulation during coronary stent implantation 

initiatess coagulation activation and may contribute to the risk of thrombotic 

complications.. In this study, we investigated whether inhibition of TF-factor 

Vil aa by recombinant Nematode Anticoagulant Protein c2 (rNAPc2) is able to 

suppresss hemostatic and inflammatory activity in patients undergoing elective 

intracoronaryy stenting. 

Methodss In a randomized, double blind design 102 patients received either placebo or rNAPc2 

(biologicall  half-life >50 hours) at doses of 3.5, 5.0,7.5, and 10.0 ug/kgasasingle 

subcutaneouss administration 2-6 hours before angioplasty. All patients also received 

aspirin,, clopidogrel, and unfractionated heparin (activated clotting time >250 

secondss during angioplasty). Serial blood samples were collected before and after 

thee intervention. 

Resultss At 30 hours after stenting, all rNAPc2 treatment groups but not the placebo group 

demonstratedd a reduction from baseline of prothrombin fragment F and D-dimer 

plasmaa levels (to 23% and 12% below baseline values at the highest dose, 

respectively),, which were significantly lower in three rNAPc2 groups compared 

too placebo (p<0.03). TF plasma levels were initially reduced in all rNAPc2 groups 

andd returned to baseline values 18 hours after stent implantation. In the placebo 

groupp only, these three markers increased to above baseline values. Levels of P-

selectin,, antithrombin III , and interleukin-8 were not or only slightly affected by 

thee intervention or by rNAPc2, whereas a significant 2.8 to 4.1 fold increase of C-

reactivee protein plasma levels was found in all patient groups after the procedure. 

Conclusionn In contrast to the inflammatory response, coagulation activation after elective 

coronaryy stent implantation, that is observed in spite of the use of multiple 

antithromboticc drugs, can be attenuated by inhibition of the TF-factor Vil a complex 

usingg rNAPc2. Inhibition of the TF mediated pathway of coagulation may be an 

importantt target to prevent thrombotic complications after coronary stenting. 
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Introductio n n 
Intracoronaryy stents are thrombogenic, presenting a risk of thrombotic occlusion 
withinn the first weeks after placement1:. Current treatment to prevent stent thrombosis 
consistss of clopidogrel plus aspirin. The addition of glycoprotein (GP) Ilb/III a receptor 
antagonistss further reduces the risk of stent thrombosis34. This suggests that platelet 
aggregationn plays an important role in thrombotic complications after intracoronary 
stenting.. However, increased thrombin generation is also observed after percutaneous 
coronaryy intervention (PCI) with or without stent implantation56. As a significant 
componentt of atherosclerotic plaques7, tissue factor (TF) is thought to be a trigger of 
thrombosiss following plaque rupture, both spontaneously and during PCI8. Inhibition 
off  the extrinsic (TF-dependent) coagulation pathway markedly attenuated fibrin and 
thrombuss formation after arterial balloon injury in animal models9". 
Tissuee factor or the TF-factor Vil a complex have also been shown to stimulate acute 
inflammatoryy responses1113, which may contribute to complications after PCI such 
ass restenosis. 

AA novel specific inhibitor of the extrinsic coagulation pathway is recombinant 
nematodee anticoagulant protein c2 (rNAPc2), an 85 amino acid protein that was 
originallyy isolated from the hematophagous hookworm Ancylostoma caninumXA. 
Recombinantt NAPc2 inhibits the complex TF-factor Vil a by a mechanism of action 
thatt requires initial binding to zymogen or activated factor X before formation of the 
finalfinal quaternary inhibitory complex with TF-factor Vila15. The formation of a complex 
betweenn rNAPc2 and factor X results in a biologic half-life of more than 50 hours. . 
Becausee rNAPc2 binds to factor X at a site distinct from its catalytic center, it does 
nott require activated factor X for its biological effect, which implies that rNAPc2 
cann form a complex with circulating factor X and rapidly inhibit TF-factor Vil a 
followingg a thrombogenic challenge. Recombinant NAPc2 has been shown to be 
veryy effective in reducing the incidence of acute deep venous thrombosis, without 
hemostaticc compromise, when administered prophylactically in patients undergoing 
kneee arthroplasty16. 

Wee previously investigated the safety and pharmacodynamics of escalating doses of 
rNAPc22 in patients undergoing elective PCI withh or without stent implantation. That 
studyy showed in patients receiving rNAPc2, dosed up to 7.5 pg/kg, in combination 
withh aspirin, clopidogrel and unfractionated heparin, significant inhibition of thrombin 
generationn without increasing bleeding complications compared to placebo treated 
patients.. Here, we present in detail the findings on coagulation and inflammation in 
thee subgroup of patients that underwent intracoronary stenting. 

81 1 



Chapterr 5 

Method s s 
Patients s 
Inn 5 centers, 154 patients with a history of stable angina, underwent elective PCI of 
11 or 2 lesions of >50% diameter stenosis, and were randomized to one of four doses 
off  rNAPc2 or placebo. Exclusion criteria were: total occlusion, unstable angina or 
myocardiall  infarction within 14 days, renal or hepatic insufficiency, and treatment 
withh or intended use of antithrombotic or antiplatelet agents other than heparin, aspirin 
andd clopidogrel during study period. In the present analysis, we included only those 
patientss who underwent stent implantation. The study was carried out according to 
thee principles of the Declaration of Helsinki and approved by the institutional review 
boards.. Written informed consent was obtained from all patients. 

Studyy design 
Followingg randomization, patients received a single subcutaneous dose of rNAPc2 
orr placebo 2-6 hours prior to PCI. After access to the femoral artery, unfractionated 
heparinn {UFH) was administered as intravenous bolus injections to reach an activated 
clottingg time of >250 seconds throughout the intervention. Four doses of rNAPc2 
weree used: 3.5,5.0, 7.5, and 10.0 |ug/kg body weight. All patients received aspirin (at 
leastt 80 mg daily) throughout the study. A loading dose of 300 mg clopidogrel was 
administeredd either within 1 day before or immediately after the intervention, followed 
byy 75 mg daily for at least 3 weeks. The follow up period was 2 weeks after PCI. 

Bloodd collection and assays 
Bloodd samples were taken from each patient before the administration of study drug, 
afterr access to the femoral artery but before the angioplasty, at 2 hours after the last 
boluss administration of UFH, and at 24 and at 36 hours after study drug administration. 
Bloodd was collected both in citrated and EDTA containing vacutainer tubes, and 
centrifugedd at 4 °C for 15 minutes at 1600g immediately after collection. Then, 
separatedd plasma was transferred to a clean tube and spun for another 5 minutes at 
thee same temperature and speed. Plasma samples were stored at -70 °C until assayed. 
Enzyme-linkedd immunosorbent assays (ELISA's) were used to quantify the following 
markers:: prothrombin activation fragment F (F , Dade Behring, Marburg, 
Gemany),, fibrin degradation products (D-dimer, Roche Diagnostics, Mannheim, 
Germany),, soluble TF (American Diagnostica, Greenwich, CT, USA), P-selectin 
(R&DD Systems, Minneapolis, MN, USA), and IL-8 (Central Laboratory of the 
Netherlandss Red Cross Blood Transfusion, Amsterdam, The Netherlands). Levels of 
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antithrombinn (AT) III activity were determined by a chromogenic activity assay and 
calibratedd using Standard Human Plasma (Dade Behring, Marburg, Germany). An 
immunoturbidimetricc assay was used to quantify C-reactive protein (CRP) plasma 
levelss (Roche Diagnostics, Mannheim, Germany). All plasma markers were analysed 
untill  the last sampling time point at 36 hours except for soluble TF and P-selectin, 
whichh were analysed until 24 hours after study drug administration due to limited 
plasmaa samples. 

Statisticall analysis 
Descriptivee statistics included mean values and standard deviation (SD)/standard 
errorss of the mean (SEM), or median values and interquartile ranges (IQR), for 
outcomess with or without a normal distribution, respectively. Due to wide inter-
individuall  variations, plasma levels of each biochemical marker were analyzed as a 
percentagee of their baseline value. A p-value <0.05 was considered significant. 
Inter-groupp comparisons between each rNAPc2 dose group and the placebo group 
weree tested for all study measurements. Comparison of baseline and procedural 
characteristicss was by yj analysis for categorical variables and either the unpaired 
Student'ss t test or Mann-Whitney V test for continuous variables with or without a 
normall  distribution, respectively. All biochemical markers were analyzed by repeated 
measurementt analysis. The treatment groups were compared for each time point 
separatelyy by means of one-way analyses of variance (ANOVA) and subsequent 
pairwisee comparisons with placebo, using Dunnett's multiple comparison test. 
Too study the effect of intracoronary stenting on marker plasma levels, intra-group 
comparisonss between the measurements immediately pre-procedure (at femoral 
access)) and either at 24 and at 36 hours were performed by paired Student's r-tests. 

Result s s 
Patients s 
Outt of 154 patients, 110 received a stent. Of these 110 patients, 8 patients were excluded 
becausee PCI was performed 24 hours after study drug administration (n= 1), a diagnosis 
off  unstable angina prior to PCI (n= 1), glycoprotein Ilb/III a receptor inhibitor or UFH 
administrationn after the procedure (n=5), or the first dose of clopidogrel was administered 
11 day after PCI (n=l). Baseline and procedural characteristics of the remaining 102 
patientss are shown in Table 1. The mean time between study drug administration and 
accesss to the femoral artery was 3.4  1.4 hours. 
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Tablee 1. Baseline and Procedural characteristics 

Characteristic c 

Age(y):: D 
Malee gender 
PreviousPrevious MI; N {%) 
PreviousPrevious PCI: N (%) 
PreviousPrevious CABG: N (%) 
1-vessell  disease: N (%) 
2-vessell  disease: N (%) 
3-vessell  disease: "N (%) 
Bodyy Mass Index (kg/l:):: mean  SD 
Hypertension:: N (%) 
Hypercholesterolemia:: N (%) 
Diabetes:: N {%) 
Durationn PCI (min): median (IQR)J 
Numberr of lesions per PCI 
PCII  site: 
-RCA:N(%) ) 
-LAD:N(%) ) 
-- LCx: N (%) 

Startt clop, administration prior studydrug: N (%) 

Placebo o 
(N=20) ) 

599 8 
70% % 

4(20) ) 
22 (10) 
0(0) ) 

12(60) ) 
5(25) ) 
3(15) ) 

4 4 
4(20) ) 
6(30) ) 
2(10) ) 

13(7-44) ) 
1.4 4 

7(35) ) 
12(60) ) 
5(25) ) 
5(25) ) 

3.5 5 
(N=28) ) 

600 9 
93%t t 
8(29) ) 
7(25) ) 
2(7) ) 

15(54) ) 
9(32) ) 
4(14) ) 
288 3 
6(21) ) 
111 (39) 
1(4) ) 

25(13-44) ) 
1.3 3 

10(36) ) 
15(54) ) 
7(25) ) 
3(11) ) 

rNAPc22 dose, ug/kg 

5.0 0 
(N=16) ) 

3 3 
94% % 

4(25) ) 
0(0) ) 
0(0) ) 

4(25)f f 
10(63)t t 
2(12) ) 
288 3 
3(19) ) 
5(31) ) 
0(0) ) 

22(13-39) ) 
1.7 7 

10(63) ) 
9(56) ) 
4(25) ) 
8(50) ) 

7.5 5 
(N=21) ) 

611 8 
67% % 
5(24) ) 
6(29) ) 
3(14) ) 
13(62) ) 
5(24) ) 
3(14) ) 
266 3 
4(19) ) 
7(33) ) 
3(14) ) 

111 (6-57) 
1.5 5 

14(67)1 1 
6(29)f f 
55 (24) 
5(24) ) 

10.0 0 
(N=17> > 

588 0 
82% % 
7(41) ) 
5(29) ) 
0(0) ) 
9(53) ) 
4(24) ) 
4(24) ) 
266 3 
6(35) ) 
7(41) ) 
3(18) ) 

255 (7-40) 
1.6 6 

6(35) ) 
10(59) ) 
6(35) ) 
3(18) ) 

tpp value vs placebo <0.05. JPeriod between first and last balloon inflation. 
MI=myocardiall  infarction. PCl=percutaneous coronary intervention. CABG=coronary artery bypass 
grafting.. RCA=right coronary artery. LAD=left anterior descending artery. LCx=left circumflex 
artery.. Clop.-clopidogrel. 

Hemostaticc markers 

Ass shown in Figure 1, F: ., plasma levels decreased in all rNAPc2 dose groupss starting 
fromm study drug administration and continuing during the intervention. In the placebo 
group,, these levels only decreased during the procedure, coincident with UFH 
administration.. After PCI, there was continued suppression of F]+2 plasma levels in 
alll  rNAPc2 dose groups, that differed significantly from the placebo group at 24 
hours,, and for three dose groups even at 36 hours following a single subcutaneous 
administration. . 

Fjj  , plasma levels remained below pre-treatment levels in all rNAPc2 groups but not 
inn the placebo group. At 24 hours, levels in the 4 rNAPc2 dose groups showed a 
decreasee of 15% to 31 %. The 24% and 23% reduction in the two highest dose groups 
(i.e.. 7.5 and 10.0 pg/kg, respectively) at 36 hours was statistically significant compared 
too their pre-treatment values. 
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F1+2 2 

Placebo o 
3.55 ug/kg 
5.00 ug/kg 
7.55 ug/kg 
10.00 ug/kg 

00 ^ 6 12 

AA A PCI Time(hr) 

Femorall  access 

Studyy drug administration 

Figuree 1. Mean changes  SEM) of prothrombin activation fragment 1-2 (Fl+2) plasma levels for 
thee placebo and rNAPc2 dose groups, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 
Statisticall  significant differences (p<0.05) were found between the following rNAPc2 dose groups 
andd placebo: *3.5 - 10.0 vs placebo; **3.5, 7.5 and 10.0 vs placebo. 

D-dimer r 

-- Placebo 
-D-3.55 ug/kg 
-K-5.00 ug/kg 
-& -- 7.5 ug/kg 
^ ^^ 10.0 ug/kg 

00 6 12 

AA f PCI 
Femorall  access 

Studyy drug administration 

36 6 
Timee (hr) 

Figuree 2. Mean changes (  SEM) of D-dimer plasma levels for the placebo and rNAPc2 dose 
groups,, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 
Statisticall  significant differences (p<0.05) were found between the following rNAPc2 dose groups 
andd placebo: *3.5, 7.5, and 10.0 vs placebo; **3.5, 7.5 and 10.0 vs placebo. 
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D-dimer D-dimer 
D-dimerr plasma levels significantly increased after PCI in the placebo group only, 
whereass both at 24 and at 36 hours, levels were significantly suppressed in three 
rNAPc22 dose groups compared to placebo (Figure 2). The rNAPc2 doses 7.5 and 
10.00 mg/kg, demonstrated a 10% and 12% decrease, respectively, at 36 hours (p<0.05). 

SolubleSoluble TF 
Fromm study drug administration until shortly after the intervention, all four rNAPc2 
dosee levels showed a reduction of soluble TF plasma levels varying between 9% and 
16%,, while these levels remained unchanged in the placebo group (Figure 3). After 
PCII  at 24 hours, soluble TF levels returned to their baseline values in the rNAPc2 
dosee groups, whereas a significant increase was observed in the placebo group. 

Solublee TF 

80--

700 1 1 1 1 

00 ! ,6 12 18 24 

AA A PCI Time(hr) 

|| Femoral access 

Studyy drug administration 

Figuree 3. Mean changes (  SEM) of tissue factor (TF) plasma levels for the placebo and rNAPc2 
dosee groups, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 
Statisticall  significant differences (p<0.05) were found between the following rNAPc2 dose groups 
andd placebo: *5.0 vs placebo; **5.0 and 7.5 vs placebo: ***3. 5 vs placebo. 

ATIU ATIU 
Recombinantt NAPc2 did not affect AT III activity, showing similar changes among 
alll  dose groups as observed in the placebo group (Figure 4). A decrease of  6% was 
foundd during the procedure when all patients also received at least one intravenous 
boluss of UFH, and levels subsequently recovered to baseline values after the 
interventionn at 36 hours. 
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ATT II I 

120-1 1 

110--

100 0 

90 0 

80H H 

70 0 

Placebo o 
3.55 (ig/kg 

5.00 ug/kg 

7.55 jig/kg 
10.00 ug/kg 

00 ^ 6 

AA A PCI 

12 2 188 24 

Timee (hr) 

30 0 36 6 

Femorall  access 

Studyy drug administration 

Figur ee 4. Mean changes (  SEM) of antithrombin (AT) II I  activity for all the placebo and rNAPc2 
dosee groups, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 

P-selectin P-selectin 
Changess in platelet activation, as measured by plasma levels of P-selectin, were 
comparablee between placebo and rNAPc2 dose groups (Figure 5). Except for the 5.0 
ug/kgg dose group, showing a significant decrease after PCI, all other patient groups 
demonstratedd a minor decrease varying between 4% and 9% at 24 hours. 

P-selectin n 

.. 6 12 

PCII  Time (hr ) 

Femorall  access 

Studyy drug administration 

k k 

24 4 

Placebo o 

3.55 ug/kg 

5.00 ug/kg 

7.55 ug/kg 

10.00 ug/kg 

Figur ee 5. Mean changes (  SEM) of P-selectin plasma levels for the placebo and rNAPc2 dose 

groups,, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 
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Inflammatoryy markers 

Thee inflammatory response following PCI was studied by plasma levels of IL-8 and 
CRP.. All measurements of IL-8 plasma levels resulted in low values just above its 
ELISAA detection limit. Levels did not change after PCI in either patient group and 
weree comparable between each rNAPc2 dose group and placebo (data not shown). 
Inn contrast, a significant 2.8 to 4.1 fold increase of CRP plasma levels was observed 
inn all patient groups after the intervention, without significant differences between 
placeboo and each rNAPc2 dose level (Figure 6). 

CRP P 

5000 -1 

400--

300--

200--

100C C 

0-i i 
00 ^ 6 12 18 24 30 36 

PCII  Time (hr) 

Femorall  access 

Studyy drug administration 

Figuree 6. Mean changes (  SEM) of C-reactive protein (CRP) plasma levels for the placebo and 
rNAPc22 dose groups, expressed as % of baseline. 
rNAPc2=recombinantt Nematode Anticoagulant Protein c2. PCI=percutaneous coronary intervention. 

Discussio n n 

Thee TF-factor Vil a complex plays a pivotal role in initiating the thrombotic response 
too vascular injury8, which makes this enzymatic complex an attractive target for an 
antithromboticc strategy. I Iowever, there is little information about specific inhibition 
off  TF in humans with arterial thrombotic diseases. We found in patients undergoing 
electivee coronary stent implantation, that rNAPc2 in addition to aspirin, clopidogrel 
andd UFH, significantly inhibited thrombin generation and reduced plasma levels of 
D-dimerr and TF compared to placebo, without affecting the increased levels of CRP. 

Largee clinical trials have demonstrated the beneficial effects of platelet inhibition by 
GPP Ilb/III a receptor antagonists in combination with aspirin and a thienopyridine 

Placebo o 
3.55 ug/kg 
5.00 ug/kg 
7.55 ug/kg 
10.00 ug/kg 

t t 
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derivativee after urgent and elective coronary stenting3-4. Still, approximately 5% of 
thesee patients experienced a major coronary event (i.e. death or myocardial infarction) 
withh the majority of these events occurring in the first days following stent 
implantation3'4.. Besides platelet activation, the generation of thrombin likely plays 
ann important role, and tissue factor may be a potent initiator of this process. In a 
studyy by Mizuno et al., a significant increase of thrombin generation was shown in 
patientss with stable and unstable coronary disease at 24 hours after stenting, despite 
aa 24 hours treatment with UFH on top of aspirin and ticlopidine6. They also found 
significantlyy elevated plasma levels of TF and fibrinolytic markers such as 
plasminogenn activator inhibitor-1 and tissue plasminogen activator. These results 
correspondd with our observations in the placebo group, that received UFH during 
thee intervention combined with aspirin and clopidogrel. After a temporary decrease 
att the time of PCI, increasing thrombin generation was observed as measured by Ft , 
plasmaa levels, to levels above pre-procedural up to 30 hours after stent implantation. 
Thiss response was accompanied by elevated D-dimer plasma levels and increasing 
levelss of circulating TF to values that also exceeded pre-PCI levels. In contrast, 
thrombinn generation was significantly suppressed in the rNAPc2 treatment groups 
comparedd to placebo, which persisted to the last measurement at 36 hours after drug 
administration.. This was associated with markedly reduced plasma levels of D-dimer. 
Thesee data suggest that the activation of coagulation observed in the placebo group 
followingg the intervention can be effectively attenuated by rNAPc2. 
Wee measured soluble TF in the first 24 hours only. Up to that time point a persistent 
suppressionn of plasma TF in the rNAPc2 treated patient groups was found. The source of 
plasmaa TF is not exactly known. Pathology studies have shown that simple balloon 
frictionn abrades the endothelium and that angioplasty results in plaque fracturing and 
dissection1718.. Subsequently, procoagulant TF containing microparticles present in 
atheroscleroticc lesionsiy may be released into the circulation during the dilation procedure, 
therebyy increasing levels of plasma TF with procoagulant activity, which has recently 
beenn suggested by Giesen et al.20 However, there are no available data about the relation 
betweenn TF-positive microparticles and circulating coagulation markers. Therefore, it 
remainss speculative that the suppression of thrombin generation observed in the rN APc2 
treatmentt groups is partly due to inhibition of plasma TF activity. 
Thee effect of rNAPc2 on F,_„  D-dimer and TF plasma levels did not show a clear 
dose-response.. Possibly, the suppression of these markers was already maximal at 
thee lowest dose (3.5 ug/kg). 
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Antithrombinn III plasma activity decreased slightly during the intervention, 
correspondingg with the use of UFH. A slightly enhanced clearance of AT III from the 
circulation211 and the formation of thrombin-antithrombin complexes during the dilation 
procedures,, both induced after binding of AT III to UFH, may have contributed to 
thee observed decreased activity, and rNAPc2 did not affect this response. 

Platelett activation, as measured by plasma levels of P-selectin in the first 24 hours, 
wass not changed after PCI in the placebo group under concomitant treatment with 
aspirin,, clopidogrel and UFH. Except for the 5.0 ug/kg dose showing a significant 
decrease,, other rNAPc2 dose levels did not affect this marker. The trend to more 
clopidogrell  use prior PCI observed in the 5.0 ug/kg dose group (Table 1), have 
contributedd to the more pronounced suppression of P-selectin levels in this group 
comparedd to the other patient groups. Apparently, the dual antiplatelet treatment of 
aspirinn and clopidogrel or ticlopidine, results in a marked inhibition of systemic 
platelett activation after stenting, which has been observed earlier in patients with 
stablee and unstable angina22. This was also studied by Mizuno et al. who measured 
plasmaa levels of platelet activation markers (i.e. B-thromboglobulin and platelet factor 
4)) in patients undergoing stent implantation and receiving aspirin, ticlopidin and 
UFHH for 24 hours6. They found no significant changes at 24 hours after stenting. 

Interleukin-88 plasma levels were not affected by the intervention or by rNAPc2. 
However,, levels of the acute phase reactant CRP, a sensitive but nonspecific marker 
off  inflammation, significantly increased after PCI in all patient groups. Other studies 
didd also find a significant increase in CRP plasma levels after stent implantation 
bothh in patients with stable and unstable angina2'25. 

Ann association has been found between elevated CRP levels after coronary stenting 
andd late clinical or angiographic restenosis23 25. In addition, increased pre-procedural 
CRPP levels are a prognostic indicator for early complications and for late clinical 
restenosiss after PCI2627. Continuous anticoagulant treatment with UFH or the direct 
thrombinn inhibitor argatroban after coronary angioplasty did not influence the 
interventionn induced inflammatory response2*. We also observed no inhibitory effect 
off  rNAPc2 on this response. This argues against a role of TF in the inflammatory 
responsee following arterial injury. 
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Inn conclusion, we observed that the activation of coagulation after coronary stent 
implantationn can effectively be attenuated through inhibition of the TF-factor Vil a 
complexx by rNAPc2. Thus, the TF mediated pathway of coagulation may contribute 
too thrombotic complications after stenting. We found no apparent influence of rNAPc2 
onn the inflammatory response following PCI. 
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Backgroundd The novel anticoagulant fondaparinux proved to be effective and safe in the 

postoperativee prevention of venous thrombosis. Current phase III trials with this 

syntheticc selective factor Xa inhibitor focus on its use in the treatment of patients 

withh venous and arterial thrombosis. As with any anticoagulant therapy, there is 

aa risk of bleeding complications, hence a strategy to reverse the effects of 

fondaparinuxx is desirable. The aim of this study was to investigate whether 

recombinantt factor Vil a (rFVlla) could neutralize the anticoagulant effects of 

subcutaneouss administered fondaparinux. 

Methodss In a randomized, placebo-controlled design, 16 healthy male subjects received 

eitherr a single s.c. dose of fondaparinux (10 mg) and a single i. v. bolus of rF Vil a 

(900 ug/kg) (n=8), fondaparinux and placebo (n=4), or placebo and rFVlla (n=4). 

Fondaparinuxx (or placebo) was administered 2 hours prior to rFVlla (or placebo). 

Resultss Injection of rFVlla after fondaparinux normalized the prolonged activated partial 

thromboplastinn and prothrombin times and reversed the decrease in prothrombin 

activationn fragments 1+2 (F](.,) as observed with fondaparinux alone. The 

thrombinn generation time and endogenous thrombin potential, which were 

inhibitedd by fondaparinux, normalized up to 6 hours after rFVlla injection. 

Conclusionss Recombinant factor Vil a is capable of normalizing coagulation times and 

thrombinn generation during fondaparinux treatment. The duration of this effect 

rangedd from 2 to 6 hours after recombinant factor Vil a injection. These results 

suggestt that rFVlla may be useful to reverse the anticoagulant effect of 

fondaparinuxx in case of serious bleeding complications or need for acute surgery 

duringg treatment with fondaparinux. 
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Introductio n n 
Novell  anticoagulant agents aim at improved efficacy and safety by a more selective 
inhibitionn of the coagulation cascade, for example targeting thrombin as achieved by 
hirudinn (-analogues)12, or directed at the factor Vila-tissue factor complex by 
recombinantt NAPc2 (nematode anticoagulant protein c2) or recombinant TFPI (tissue 
factorr pathway inhibitor)3 \ Recently, fondaparinux, a novel selective factor Xa 
inhibitorr has been evaluated for the prevention and treatment of venous and arterial 
thrombosis610.. Fondaparinux is a synthetic pentasaccharide, which binds exclusively 
too the activation site of antithrombin, thereby increasing its activity toward factor Xa 
inactivationn 300-fold" i :. Different from the other antithrombin-dependent 
anticoagulants,, i.e. unfractionated heparin and low-molecular-weight heparin 
(LMWH),, fondaparinux selectively inactivates factor Xa without thrombin inhibition, 
Fondaparinuxx was superior to LMWH in the prevention of venous thrombosis after 
electivee major knee surgery, and hip-fracture surgery, reducing the incidence of this 
complicationn by an average of 56%7 s. Currently, phase III trials explore the use of 
fondaparinuxx in the treatment of venous thromboembolism and acute coronary 
syndromes9-10. . 

Thee potential drawback of any anticoagulant agent is the risk of bleeding 
complications.. Fondaparinux has a biological half-life of approximately 17 hours, 
andd a strategy to reverse the anticoagulant state in case of a life-threatening bleeding 
orr in case of acute surgery, seems desirable. 
AA candidate for reversal of the anticoagulant effect of fondaparinux is recombinant 
factorr Vil a (rFVIIa), which has the ability to normalize the prothrombin times in 
subjectss taking warfarin13, or to restore thrombin generation during inhibition of the 
tissuee factor-factor Vil a complex14. 
Thus,, we investigated, in healthy male volunteers, whether rFVIIa is able to neutralize 
thee anticoagulant effect of 10 mg fondaparinux, which is four times the dose in 
prophylacticc treatment of venous thromboembolism. 

Method s s 
Subjectss selection 
Healthyy male subjects (age 18 to 45 years), with a body mass index between 18 and 
300 kg/m2 and a maximum weight of 100 kg, were eligible. Subjects with a personal 
orr family history of thrombosis or bleeding disorders were excluded. All subjects 
gavee written informed consent. The study was approved by the Medical Ethics 
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Committeee of the Academic Medical Center, Amsterdam, the Netherlands. The study 
protocoll  was conducted in accordance with the International Conference on 
Harmonizationn of Good Clinical Practice Guidelines'.̂ 

Stud yy drug s 

Subjectss were randomized to one of three treatment strategies: (a) fondaparinux and 
placeboo (n=4); (b) fondaparinux and rFVIIa (n=8); (c) placebo and rFVIIa (n=4). 
Randomizationn was single blind (for subjects) for fondaparinux and double blind for 
rFVIIa.. Fondaparinux (10 mg) (Arixtra*, Organon/Sanofi-Synthelabo, Oss, The 
Netherlands/Paris,, France), or placebo was administered as a single subcutaneous 
(s.c.)) dose of 0.8 ml. Two hours following study drug administration, recombinant 
factorr Vil a (Novo Seven", Novo Nordisk, Copenhagen, Denmark), 90 jug/kg or an 
equall  amount of placebo was given as an intravenous (i.v.) bolus injection. 

Bloo dd samplin g 

Bloodd samples were collected before fondaparinux or placebo administration (t=0) 
andd 1.5, 2 (just before rFVIIa administration), 2.5, 3, 3.5, 4, 5, 6, 8, and 24 hours 
thereafter.. At each sampling, the first 5 ml blood was discarded, after which 9 ml 
wass collected in tubes containing 1 ml citrate (final concentration 0.32%) and 5 ml 
wass collected in K3 EDTA Vacutainer tubes. Blood was centrifuged at 2200g for 20 
minutess at 18 llC. Plasma was separated, pooled and filled out in cryocups and frozen 
att -80 "C until analysis was performed. These procedures were completed within 
onee hour after blood sampling. 

Assay s s 

Thee thrombin generation time (TGT) was measured spectrophotometrically using 
thee fibrin polymerization method. Thrombin generation was initiated by adding 
calciumm and recombinant tissue factor (5000 x diluted prothrombin time concentration) 
andd results were expressed as T V2 (time to reach the midpoint of clear to maximal 
turbidd density). The endogenous thrombin potential (ETP) was performed as 
previouslyy described16. In short, thrombin potential was determined amidolytically 
att 37 "C in defibrinated plasma containing phospholipids, tissue factor, and calcium. 
Resultss were expressed as a percentage of standard pooled plasma. Plasma 
concentrationn of prothrombin fragment 1+2 (F, ,}  was measured by sandwich-type 
ELISAassayy (Dade-Behring, Marburg, Germany). Activated partial thromboplastin 
timee (aPTT) and prothrombin time (PT) were determined according to standard 
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methods.. Plasma levels of factor VII antigen were determined using the Asserachrom 
VII:A gg assay (Diagnostica Stago, Asnieres-sur-Seine, France). Fondaparinux plasma 
concentrationss were measured by an amidolytic photometric assay method based on 
thee anti-Xa activity of the antithrombin-fondaparinux complex. During the sample 
preparation,, factor Xa and the chromogenic substrate S-2222 were added to the samples 
afterr which the amount of hydrolyzed substrate was measured by a spectrophotometer. 

Statisticall  analysis 
Differencess between treatment groups were compared with an analysis of variance 
withh a covariate (ANCOVA) on the log-transformed area under the curve (AUC) 
measuredd between the time points 2 and 8 hours after fondaparinux (or placebo) 
administration,, with the log-trans formed baseline values as covariate. Additionally, 
pairwisee comparisons using ANOVA and post-hoc Scheffé adjustment were performed 
too identify differences between the groups per time point. To detect differences in 
meann parameter values within a group, paired t-tests were used. A p-value of <0.05 
wass considered statistically significant. Figures present mean values plus standard 
deviationss per group for each parameter. 

Results s 
Thrombinn generation and thrombin activity 
Fondaparinuxx doubled the thrombin generation time, which remained elevated up to 
88 hours after administration (Figure 1). Rapid normalization occurred after 
administrationn of rFVIIa, persisting at least 6 hours after injection. This marked 
reductionn was reflected in the significant lower AUC between time points 2 and 8 in 
thee fondaparinux + rFVIIa group compared to the fondaparinux alone group 
(p<0.001).. Recombinant FVIIa alone resulted in a similar proportional decrease of 
thee thrombin generation time as observed in the fondaparinux + rFVIIa group. 
Thee endogenous thrombin potential decreased by 24% after fondaparinux 
administrationn (p=0.001) (Figure 2). This reduction persisted up to 8 hours after 
administration.. A rapid increase, although not to baseline levels, was obtained by 
rFVIIaa injection. The ETP between time points 2 and 8 hours was 9% higher in the 
fondaparinuxx + rFVIIa group compared with the fondaparinux alone group (p=0.056). 
Injectionn of rFVIIa alone resulted in a temporary increase with a maximum of 10% 
att 0.5 and 1 hour after injection, and returning to baseline values 2 hours post-injection. 
Plasmaa levels of prothrombin activation peptides F (which indicate prothrombin 
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TGT T 
400-, , 

-a—— fondaparinux 
-*—— fondaparinux+rVIIa 
-*—— rVIIa 

88 24 

rVII aa injection 

Figuree 1. Effect of fondaparinux and/or recombinant Vila (rFVIla) administration on thrombin 
generationn time (TGT). S.c. administration of fondaparinux or placebo (at t=0). After 2 hours i.v. 
injectionn of rFVIla or placebo. Significant (Post-hoc Scheffé) differences (p<0.05) per time point 
betweenn fondaparinux + rFVIla vs. fondaparinux alone are marked with *, between fondaparinux -
rFVIlaa vs. rFVIla alone marked with #. 

ETP P 
-a—— fondaparinux 
-A—— fondaparinux+rVIIa 
^^ rV I I a a 

rVII aa injection 

Figuree 2. Effect of fondaparinux and/or recombinant Vil a (rFVIla) administration on endogenous 
thrombinn potential (ETP). S.c. administration of fondaparinux or placebo (at t=0). After 2 hours i.v. 
injectionn of rFVIla or placebo. No significant (Post-hoc Scheffé) differences (p<0.05) per time 
pointt were observed between the groups. 
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—a—— fondaparinux 
—*—— fondaparinux-rVIIa 
^ «—— rVII a 

i i \ \ \ \ \ \ 

-r/A- . . 
88 24 

Figuree 3. Effect of fondaparinux and/or recombinant Vila (rFVIIa) administration on prothrombin 
fragmentt 1 +2 (F, _,). S.c. administration of fondaparinux or placebo (at t=0). After 2 hours i.v. injection 
off  rFVIIa or placebo. Significant (Post-hoc Scheffc) differences (p<0.05) per time point between 
fondaparinuxx - rFVIIa vs. rFVIIa alone are marked with #. 

too thrombin conversion) were reduced after the administration of fondaparinux (from 
0.800 4 nmol/L at baseline to a minimum of 0.54  0.07 nmol/L at 24 hours; 
p=0.045;; Figure 3). Administration of recombinant factor Vil a prevented this decrease 
upp to 3 hours post-injection. Prothrombin activation between time point 2 and 8 was 
increasedd by 34% inn the fondaparinux + rFVIIa group compared to the fondaparinux 
alonee group (p=0.022). 

Clottingg times 

Administrationn of fondaparinux resulted in a mean increase of the aPTT from 33.5
4.11 sec to 38.8  5.3 sec 1.5 hours post-administration (p=0.004). The aPTT remained 
elevatedd at least 8 hours after administration (Figure 4a). Immediately after rFVIIa 
injection,, the aPTT decreased to values similar to baseline, whereas the aPTT remained 
prolongedd after placebo injection. After this initial correction, the aPTT gradually 
increasedd again and 6 hours after injection, the effect of rFVIIa was no longer detectable. 
Thee AUC analysis between time point 2 and 8 hours revealed a significant reduction of 
thee aPTT in the fondaparinux + rFVIIa group compared to the fondaparinux alone 
groupp (p=0.015). Administration of rFVIIa alone produced a similar relative decrease 
andd duration of the aPTT as observed in the fondaparinux + rFVIIa group. 

1-1+2 2 
2.0-1 1 

rVII aa infusion 

101 1 



Chapterr 6 
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Hours s 
rVII aa injection 

B B 

fondaparinux x 
fondaparinux+rVIIa a 
rVII a a 

Hours s 

rVII aa injection 

Figuree 4a and 4b. Effect of fondaparinux and/or recombinant Vil a (rFVIIa) administration on 
activatedd partial thromboplastin time (aPTT) and prothrombin time (PT). S.c. administration of 
fondaparinuxx or placebo (at t=0). After 2 hours i.v. injection of rFVIIa or placebo. Significant (Post-
hocc Scheffe) differences (p<0.05) per time point between fondaparinux - rFVIIa vs. fondaparinux 
alonee are marked with *, between fondaparinux + rFVIIa vs. rFVIIa alone marked with #. 
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Thee PT slightly increased after fondaparinux administration, from 13.2  0.6 sec to 
14.33  0.9 sec at 1.5 hours (Figure 4b). Subsequent administration of rFVIIa resulted 
inn a marked shortening of the PT to 9.2  0.9 sec (pO.0001). Between time points 2 
andd 8 hours, rFVIIa injection resulted in a 26% reduction of the PT after fondaparinux 
comparedd to fondaparinux alone (p<0.001). In the group receiving rFVIIa alone, the 
PTT fell to 8,0  0.3 sec, and remained lower up to 24 hours. 

Factorr VII and fondaparinux plasma levels 
Injectionn of rFVIIa resulted in a sharp increase of factor VII plasma levels, rising 
fromm 64% to 251 % at 30 minutes after injection. Thereafter, factor VII levels decreased 
withh an estimated plasma half-life of 1.25 hour and reached virtually normal levels 
att 24 hours after injection (data not shown). Subjects treated with fondaparinux and 
rFVIIaa had somewhat lower maximal peak factor VII levels (186% at 30 minutes), 
withh a similar plasma half-life as the rFVIIa alone group. 
Injectionn of rFVIIa had no effect on the pharmacokinetic profile of fondaparinux. 
Maximumm plasma levels of fondaparinux were reached at 1.5 to 2.5 hours after 
administrationn 1 mg/L), with a half-life of 16 hours, and plasma levels at 24 
hourss of approximately 0.3 mg/L (data not shown). 

Discussio n n 
Thee central role of factor Xa in coagulation makes this protease a desirable target for 
antithromboticc therapy. Heparin and low-molecular-weight heparins are inhibitors 
off  factor Xa but their lack of specificity (due to simultaneous inhibition of thrombin 
andd other activated coagulation factors) may contribute to a relatively small therapeutic 
windoww and to the risk of bleeding. Pentasaccharides are synthetic agents capable of 
highlyy selective factor Xa inhibition. Fondaparinux 2.5 mg s.c. was shown to 
effectivelyy and safely prevent venous thromboembolism after orthopedic surgery68. 
Fondaparinuxx has a relatively long elimination half-life and higher dosages are now 
beingg evaluated for the treatment of venous and arterial thrombotic disease. For 
patientss who experience bleeding complications or require acute surgical intervention, 
reversall  of the anticoagulant effect of fondaparinux may be desirable. Our results 
demonstratee that administration of recombinant factor Vil a is able to overcome the 
inhibitionn of thrombin generation in healthy subjects treated with 10 mg s.c. 
fondaparinux.. We observed a normalization of the fondaparinux-induced prolongation 
off  aPTT and PT by administration of rFVIIa. Sensitive thrombin generation assays 
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demonstratedd the efficacy of rFVila in restoring impaired thrombin formation after 
fondaparinuxx administration. These in vivo results add to in vitro data, showing that 
rFVIIaa not only reverses the anticoagulant effect of fondaparinux but also the 
profibrinolyticc effects of this agent17, probably through activation of thrombin-
activatablee fibrinolysis inhibitor (TAFI) by rFVIIa18. This effect appears not to be 
specificc for fondaparinux since rFVIIa is able to reverse the effect of other 
anticoagulantss such as the tissue factor inhibitor rNAPC214, indicating that infusion 
off  high levels of factor Vil a activates sufficient amounts of non-fondaparinux-inhibited 
factorr X to achieve normal thrombin generation. 

Fondaparinuxx administration resulted in both an aPTT and PT increase up to 5.6 
secondss and 1.1 seconds, respectively. Although these post-fondaparinux clotting 
timess were significantly higher than baseline, these measurements are difficult to 
usee in a clinical setting on individual patients to determine the anticoagulant effect 
off  fondaparinux, since the effects are relatively small and are not always consistent 
withh changes in anti-Xa levels. 

Whereass the observed normalization of coagulation in vivo strongly suggests clinical 
efficacy,, it is unknown whether these results imply that rFVIIa is effective in the 
treatmentt of clinically significant hemorrhages during fondaparinux therapy, even 
thoughh rFVIIa demonstrated efficacy in other clinical bleeding conditions14*1" : \ 
Thee duration of the effect of a single 90 fig/kg i.v. dose of rFVIIa differed between 
parameterss and varied from 2 to 6 hours. Continued activation up to 6 hours as seen 
withh the prothrombin and thrombin generation assays indicated a sustained effect of 
rFVIIa,, overcoming the inhibitory effect of fondaparinux. These data support earlier 
observationss in which rFVIIa was capable of inducing thrombin generation in the 
absencee of tissue factor14-26-7, possibly due to the high supraphysiological plasma 
levelss of factor Vil a obtained (251%). In patients with active bleeding sites, the 
complexx of exposed tissue factor and factor Vil a has an even greater potential of 
factorr X activation compared to rFVIIa alone, and therefore the effect of rFVIIa is 
likelyy to be more pronounced in these cases. 

Thee safety of recombinant factor Vila administration needs consideration. The number 
off  reports of thrombotic complications following rFVIIa therapy is relatively low2f! 

3U,, while its application is extending rapidly for various indications1""2^1-". However, 
thee risk of thrombotic complications is higher in patients treated with anticoagulant 
therapyy due to recently diagnosed venous or arterial thrombosis, especially in patients 
treatedd for acute coronary syndromes due to increased tissue factor expression at the 
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culpritt coronary lesion. Therefore, until more evidence becomes available, rFVIIa 
shouldd be used prudently and only if conventional treatments fail. The dosage of 
rFVIIaa used in this study did not result in an overshoot of coagulation, with none of 
thee parameters showing possible procoagulant values. 
Currentt data in over 2000 patients receiving the prophylactic 2.5 mg dose of 
fondaparinux6'88 reveal a low incidence of serious bleeding complications with no 
bleedingss in critical organs, and 0.4% bleedings requiring reoperation. 
Higherr dosages (up to 12 mg), used in the arterial thrombosis trials (unstable angina) 
hadd a incidence of major bleeding varying between 0% and 1.8%, without a clear 
dose-responsee relationship10, although the combination with a thrombolytic agent 
(alteplase)) increased the incidence of major bleeding between 4.9% and 7.8% (similar 
too patients receiving alteplase and UFHy. However, clinical experience is limited, 
andd in case of bleeding complications in vital organs (e.g. intracranial) or life-
threateningg bleeding, the use of an antidote may be desirable. 
Wee conclude that recombinant factor Vil a is capable of normalizing thrombin 
generationn after subcutaneous administration of 10 mg fondaparinux in healthy male 
subjects,, and may be a suitable antidote in case of serious bleeding complications in 
patientss treated with fondaparinux. 
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Abstrac t t 
Backgroundd Systemic activation of coagulation leading to disseminated intravascular 

coagulationn (DIC) is an important feature in patients with severe sepsis. Tissue 

factorr has been shown to play a primary role in this pathological response, as 

revealedd by the use of specific inhibitors and antagonists of the tissue factor/ 

factorr Vil a pathway. This class of agents has been demonstrated to attenuate the 

coagulationn response in human volunteers with induced low-grade endotoxemia 

andd to reduce mortality in primate models of Gram-negative sepsis. The efficacy 

off  these agents in attenuating the activation of coagulation and formation of 

microvascularr thrombosis in sepsis may depend on the mechanism of inhibition. 

Heree we demonstrate the efficacy of recombinant nematode anticoagulant protein 

c22 (rNAPc2) that specifically inhibits the tissue factor/factor Vil a complex by a 

novell  mechanism, in a model of endotoxin-induced coagulation activation in 

chimpanzees. . 

Methodss and Results 

Administrationn of a low dose of Gram-negative endotoxin induced marked 

increasess of thrombin generation as measured by plasma levels of prothrombin 

activationn fragment F|+1and thrombin-antithrombin complexes, which were 

completelyy blocked by rNAPc2. In chimpanzees receiving rNAPc2 alone, there 

waswas a significant reduction in the activation of factor X but not factor IX, compared 

too animals receiving placebo. In contrast to the effect of rNAPc2 on thrombin 

generation,, there was no effect of this inhibitor on the well known enhanced 

systemicc fibrinolytic response induced by endotoxin. 

Conclusionn The recombinant peptide rNAPc2 is an effective inhibitor of tissue factor-driven 

thrombinn generation during low grade endotoxemia. These results suggest that 

rNAPc22 may be a promising therapeutic option to inhibit coagulation activation 

inn patients with sepsis. 
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Introductio n n 
Systemicc activation of coagulation, in its most extreme form known as disseminated 
intravascularr coagulation (DIC), is a frequent complication in patients with 
septicaemia.. DIC may contribute to multiple organ failure and is associated with an 
increasedd risk of mortality12. Besides impairment of physiological anticoagulant 
pathwayss and dysfunctional fibrinolysis, tissue factor-dependent generation of 
thrombinn is a predominant feature of this coagulopathy'. 
Tissuee factor (TF) is a 263-residue transmembrane glycoprotein4 that is expressed 
underr normal conditions by smooth muscle cells in the tunica media and 
predominantlyy by fibroblasts in the adventitia surrounding the vessels, consistent 
withh the hypothesis that expression of TF is anatomically separated from blood". 
However,, in response to a variety of stimuli including endotoxin and pro-inflammatory 
cytokiness such as tumor necrosis factor and interleukin-1 and 6, TF expression can 
bee induced by mononuclear6-7 and vascular endothelial cells6-8'10. Indeed, significant 
TFF expression by peripheral blood monocytes from endotoxemic patients has been 
demonstrated11-13. . 
Thee key role of TF-mediated coagulation in patients with DIC has been demonstrated 
inn studies of experimental bacteremia or endotoxemia in primates or healthy humans 
inn which the coagulation response was blocked by monoclonal antibodies against 
TF14-155 and factor VII/VIIa 16, bolus infusions of active site inhibited factor Vila (DEGR 
Vila)Vila) 1717,, and tissue factor pathway inhibitor (TFPI) infusion1821. To date recombinant 
TFP11 (rTFPI) is the only agent in this class of compounds that has been studied 
clinicallyy in patients diagnosed with bacterial sepsis22. In this study, there was a 
trendd toward an improved clinical outcome that appeared to be correlated with 
improvementss in the DIC response in rTFPI treated patients although no dose-response 
effectt was observed. However, a trend toward an increase in hemorrhagic 
complicationss limited the evaluation of only two doses of rTFPI which may have 
precludedd a full appreciation of the effects of this agent in attenuating the DIC 
response.. Therefore, the exact role of TFPI in the pathogenesis of sepsis-related 
coagulationn disorders remains to be established. 

Recently,, a specific inhibitor of the complex TF/factor Vil a has been undergoing 
clinicall  evaluation as a novel injectable anticoagulant. This protein, termed 
recombinantt Nematode Anticoagulant Protein c2 (rNAPc2), was originally isolated 
fromm extracts from the hookworm Ancylostoma caninum and potentially inhibits the 
TF/factorr Vil a complex via a unique mechanism of action2'. In contrast to TFPI, 
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whichh sequentially binds to factor Xa at the catalytic center followed by formation 
off  the quaternary TFPI/factor Xa - TF/factor Vil a complex, rN APc2 binds with high 
affinityy initially to zymogen factor X or factor Xa prior to formation of the quaternary 
inhibitoryy complex with TF/factor Vila24. The utilization of zymogen factor X as an 
inhibitoryy scaffold by rNAPc2 obviates the need for formation of factor Xa before 
thee inhibition of TF/factor Vil a complex, which implies that rNAPc2 can form a 
complexx with circulating factor X and rapidly inhibit TF/factor Vil a following a 
thrombogenicc challenge such as vascular damage or systemic exposure to bacterial 
endotoxin.. This mechanism of action may result in an in vivo anticoagulant profile 
forr rNAPc2 that is distinguishable from TFPI and other inhibitors of TF/factor Vila. 
Thee effectiveness of rNAPc2 in attenuating intravascular thrombosis has been 
confirmedd in several pre-clinical studies as well as a recent phase II clinical study 
wheree there was an impressive reduction in the incidence of acute deep vein 
thrombosiss in patients undergoing total unilateral arthroplasty compared to the best 
currentt prophylactic regimens25. In addition, the potent antithrombotic efficacy of 
rNAPc22 in this study was not associated with an increase in hemorrhagic 
complications. . 

Heree we demonstrate the efficacy of rNAPc2 in a model of endotoxin-induced 
coagulationn activation in chimpanzees as the first step in the evaluation of this agent 
inn the control of coagulopathy observed during endotoxemia and sepsis. 

Method s s 
Chimpanzees s 
Tenn adult chimpanzees (Pan troglodytes) from the TNO-ITRI Primate Center, 
Rijswijk,, The Netherlands, were used. All animals were clinically healthy, exhibited 
noo laboratory evidence of kidney and liver disease, and had normal routine coagulation 
testss (platelet count, activated partial thromboplastin time and prothrombin time). 
Thee study protocols were approved by the animal health and welfare committees of 
thee primate center and were conducted according to the guidelines of the Dutch Law 
forr Animal Experiments. 

Experimentall protocols 
Afterr sedation with ketamine chloride, the chimpanzees were intubated and maintained 
underr general anesthesia with nitrous oxide and halothane throughout the experiment. 
Arteriall  blood pressure and heart rate were continuously recorded with an automated 
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bloodd pressure device and rectal temperature was measured in 15-minutes interval, 
Ann intravenous bolus injection of purified endotoxin (lot EC-5 from Escherichia 
coltcolt 0113, FDA standard preparation) at a dose of 4 ng/kg bodyweight was 
administeredd to 5 chimpanzees. Three animals received only the bolus injection of 
purifiedd endotoxin and in two other chimpanzees, the bolus injection of purified 
endotoxinn was immediately preceded by the administration of rNAPc2 (Corvas 
International,, Inc, San Diego, CA), administered as a subcutaneous bolus injection 
off  10 jug/kg bodyweight. Of the remaining 5 chimpanzees, two received a bolus of 
rNAPc22 alone at a dose of 50 ug/kg bodyweight, and three control animals received 
onlyy a subcutaneous bolus injection of saline. 

Recombinantt NAPc2 was produced as described using the yeast Pichia Pastorie 
andd provided as a sterile solution in phosphate buffered saline with a pH of 7.0 at a 
concentrationn of 11.7 or 3.0 mg/ml. 

Bloo dd collectio n and processin g 

Venouss blood samples were obtained by separated venipunctures with a 21-gauge 
butterflyy needle from the antecubital vein before the injection of study agents and at 
30,, 60, 90, 120, 180, 240, and 300 minutes. 
Bloodd for measurements of prothrombin activation fragment 1+2 (F ), thrombin-
antithrombinn III (TAT) complexes, tissue-type plasminogen activator (tPA) antigen, 
andd plasminogen activator inhibitor type 1 (PAI-1) antigen were collected in plastic 
syringess containing 3.2% sodium citrate; the ratio of anticoagulant to blood was 1:9 
(vol/vol).. For assays of factor X activation peptide (fXp) and factor IX activation 
peptidee (flXp), blood was collected into syringes containing 38 mmol/liter citric acid, 
755 mmol/liter sodium citrate, 136 mmol/liter dextrose, 6 mmol/liter EDTA, 6 mmol/ 
literr adenosine, and 25 U/ml heparin; the ratio of anticoagulant to blood was 1:5. 
Al ll  blood samples were immediately placed in melting ice and centrifuged at 4°C for 
200 minutes at 1,600 g. Plasma samples were stored at -70°C until assayed. 

Assay s s 

Plasmaa concentrations of Ft_„  TAT complexes, tPA and PAI-1 antigen were measured 
byy enzyme-linked immunosorbent assay (F,_., and TAT complexes: Behringwerke 
AG,, Marburg, Germany; tPAand PAI-1: Innogenetics, Nijmegen, The Netherlands). 
flX pp and fXp were determined by double-antibody radioimmunoassay as previously 
described2627. . 
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Statisticall  analysis 
Al ll  values are given as mean  standard deviation (SD). A P-value <0.05 was 
consideredd statistically significant. Repeated measurements analyses were performed. 
Inn the presence of interaction between time and treatment, the treatment groups were 
comparedd for each time point separately. For parameters measured in 4 treatment 
groups,, we subsequently performed one-way analyses of variance followed by 
Scheffe'ss contrast analyses. For parameters measured in two treatment groups we 
subsequentlyy performed unpaired Student's t tests. 

Results s 
Effectt rNAPc2 on thrombin generation after endotoxin exposure 
Ass shown in Figure 1, the bolus infusion of 4 ng/kg endotoxin in chimpanzees resulted 
inn a sharp and significant increase in circulating markers of thrombin generation 
afterr 120 minutes, compared to control animals (P <0.05). Maximal levels were 
observedd after 240 minutes, showing a 4.6 fold and 7.2 fold increase for F, , and TAT 
complexes,, respectively (peak level F1+,: 5.4  0,4 mmol/L, TAT complexes: 46.7
4,55 ng/L). Chimpanzees receiving endotoxin in combination with rNAPc2, thrombin 
generationn was completely abrogated, as evidenced by unchanged levels of F1+, and 
TATT complexes. Administration of rNAPc2 alone resulted in a trend toward lower 
levelss of basal thrombin generation compared to control animals, which reached 
statisticall  significance for TAT complexes after 300 minutes (Figure 1). 

Fl+22 TAT-complexes 

»» 60 

,, , , , , , , 1 , , , , t) ' 1 , , 1 . . — . . — . 

-300 0 30 60 90 120 180 240 300 -30 0 30 60 90 120 ISO 240 300 
Timee (minutes) Time (minutes) 

Figuree 1. Effect of rNAPc2 administration on thrombin generation as measured by Prothrombin 
Fragmentt 1-2 (F, ,; panel A) and Thrombin-Antithrombin III complexes (TAT complexes; panel 
B).. Chimpanzees received a bolus injection of 50 ug/kgrNAPc2 SC (open circle), or 4 ng/kg endotoxin 
IVV (closed circle), or placebo (closed triangle). An additional group of chimpanzees received a bolus 
infusionn of 4 ng/kg endotoxin IV in combination with the administration of 10 u,g.'kg rNAPc2 SC 
(closedd square). Data represent mean - SD. *Significant differences (P <0.05, Scheffe's contrast 
analyses)analyses) between rNAPc2 endotoxin and endotoxin alone; ^between rNAPc2 alone and placebo. 

•• placebo 
-rNAPc22 alone 

•• endotoxin alone 
-endotoxin'' rNAPc2 
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Plasmaa levels of factor X and IX after rNAPc2 administration 

Chimpanzeess receiving rNAPc2 alone showed gradually decreasing plasma levels 

off  factor X activation peptide after 60 minutes, which was sustained to the end of the 

observationn period (Figure 2, panel A) and reaching statistical significance at 180 

minutess after the injection (P <0.05). Plasma levels in the rN APc2 treated chimpanzees 

declinedd from 107.0 1 to 76.0  1.4 pmol/L, a decrease of 29% as compared to 

unchangedd levels in the control group receiving saline. Plasma levels of factor IX 

activationn peptide did not change both in the control and rNAPc2 treated animals 

(Figuree 2, panel B). 
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-rN'AIV-22 alone 
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Figur ee 2. Effect of rNAPc2 administration on the basal activation peptides factor X (panel A) and 
factorr IX (panel B) after the administration of 50 ug/kgrNAPc2 SC(open circle), or placebo (closed 
triangle).. Data represent mean  SD. *Significant differences (P <0.05, unpaired Student's / test). 

Effectt  of rNAPc2 on fibrinolysi s after  endotoxin exposure 

Antigenn plasma levels of the fibrinolytic system are shown in Table 1. Tissue-PA 

antigenn levels sharply increased early after the administration of endotoxin and reached 

itss peak level at 120 minutes after the injection. Tissue-type PA antigen levels increased 

fromm 100.0  6.2 to 345.0  16.5 mg/ml, hereafter, the tPA plasma levels rapidly 

declinedd to baseline values, which was paralleled by a rapid 6.2 fold increase of PAI-

11 antigen levels. At 180 minutes after endotoxin exposure, PA1-1 antigen reached its 

maximall plasma concentrations of 49.3  4.2 mg/ml, which continued at this level to 

thee end of the experiment. Administration of rNAPc2 did not affect these responses. 
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Tablee 1. Antigen plasma levels of tissue-type plasminogen activator and plasminogen activator 
inhibitorr type 1 in chimpanzees receiving endotoxin (4 ng/kg iv) alone or in combination with 
rNAPc2(10ng/kgsc). . 

tPAA (mg/ml> PAI-1 (mg/ml) 

linee (min) 

0 0 
30 0 
60 0 
90 0 

120 0 
180 0 
240 0 
300 0 

Endotoxin n 
(n=3) ) 

100.00 0 
99.00  7.5 
100.00 2 

256.00  24.3 
345.00  16.5 
152.77 0 
103.7  10.4 
94.33  6.7 

Endotoxin+rNAPc2 2 
(n=2) ) 

100.00 0 
106.00 9 
115.55 8 

258.00 7 
353.55 3 
127.00 9 
109.55  10.6 
!! 15.5 * 

Endotoxin n 
(n=3) ) 

7.77  1.8 
7.88  1.8 
7.44  1.0 
8.00  1.2 
13.66 1 
49.33 2 
51.11  3.9 
52.66 3 

Endotoxin+rNN A Pc2 
(n=2) ) 

8.33 8 
8.44 9 
8.33  1.3 
8.33  1.1 
11.99 7 
50.44 3 
51.66 0 
53.66 2 

Valuess are expressed as mean  standard deviation. tPA=tissue-type Plasminogen Activator. 
PAl-l=PIasminogenn Activator Inhibitor type 1. *Significant difference (P<0.05, unpaired Student's 
tt test) between endotoxin+rNAPc2 vs endotoxin. 

Discussion n 
Itt is widely accepted that the initiation of the coagulation system during sepsis and 
endotoxemiaa is mediated via the extrinsic (TF dependent) pathway. Several specific 
inhibitorss of this pathway have been demonstrated to attenuate the coagulopathk 
responsee in different models of both bacteremia and endotoxemia1421. However, only 
TFPII  has been studied in a controlled clinical study in patients with severe bacterial 
sepsiss and this trial indicated that, although this agent may be effective, its use is 
limitedd by the induction of bleeding complications". Recombinant NAPc2, a novel 
inhibitorr of the same pathway, has been shown to be well tolerated and safe in human 
subjectss and patients undergoing total knee replacement or coronary angioplasty25 2f!, 
Ourr present results demonstrate that rNAPc2 functions as a specific potent inhibitor 
off  endotoxin-induced coagulation activation in chimpanzees. Administration of a 
singlee subcutaneous injection of rNAPc2 completely inhibited factor Xa-mediated 
thrombinn generation in our model of low grade endotoxemia. 

Recombinantt NAPc2 is an 85 amino acid containing protein, originally isolated from 
thee hematophagic hookworm Ancylostoma caninum2'. The anticoagulant activity of 
rNAPc22 results primarily from the inhibition of the catalytic complex of TF/factor 
Vil aa by a mechanism that requires the initial binding of rNAPc2 to an inhibitory 
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scaffoldd that can be either factor X or factor Xa prior to the formation of an inhibitory 
complexx with TF/factor Vila24. Unlike TFPI, which binds to the catalytic site on 
activatedd factor X, rNAPc2 binds with high affinity to catalytical inactive zymogen 
factorr X. This obviates the need to form factor Xa prior to binding and may result in 
ann accelerated anticoagulant effect compared to TFPI. Consistent with this mechanism, 
rNAPc22 completely blocked endotoxin-induced activation of coagulation and also 
appearedd to suppress basal thrombin generation. Indeed, basal thrombin generation 
iss thought to be dependent on the TF pathway and it has been shown that factor VII 
deficientt individuals have lower levels of prothrombin fragment F1+,

29. 
Chimpanzeess receiving a bolus injection of rNAPc2 alone showed also reduced basal 
levelss of factor X activation peptide at 60 minutes, which became significant after 
1800 minutes compared to control animals. In the same chimpanzees, no effect of 
rNAPc22 was observed on levels of factor IX activation peptide. These results suggest 
thatt the anticoagulant effect of rNAPc2 in low-grade endotoxemic chimpanzees is 
mainlyy mediated via a direct or indirect (after formation of the inhibitory complex 
TF/factorr Vil a - rN APc2/factor X, J inhibition of factor X activation. Inhibition of 
factorr IX, as part of the intrinsic route in the activation of the coagulation system, 
appearss less important in our model. This is in accordance with studies showing 
substantiall  factor X-mediated generation of thrombin after endotoxin or tumor necrosis 
factorr administration to healthy volunteers, whereas plasma levels of markers for 
intrinsicc pathway activation (i.e. factor XIIa-Cl inhibitor complexes, kalikrein-Cl 
inhibitorr complexes, and factor IX activation peptide) remained within the normal 
range-10J1. . 

Consistentt with earlier studies using the same model in chimpanzees or healthy 
subjects15-16-211 JtU2"" , activation and subsequent inhibition of the fibrinolytic mechanism 
precededd endotoxin-induced activation of the clotting system, demonstrated by a 
rapidd increase of tPA followed by increased levels of PAI-1 antigen. Like other specific 
inhibitorss of the extrinsic pathway as well as hirudin1516'21 ", a direct thrombin inhibitor, 
administrationn of rNAPc2 did not affect this response, which underscores that 
activationn of fibrinolysis occurs independently from thrombin generation during low-
gradee endotoxemia. It has been suggested that tumor necrosis factor primarily initiates 
thiss fibrinolytic response",5'37. Although thrombin has demonstrated to induce the 
releasee of tPA18, we did not observe an increase in tPA antigen levels after thrombin 
generationn in chimpanzees receiving endotoxin alone. Probably this response was 
inhibitedd by sustained elevated levels of PAI-1. 
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Thee clinical applicability of rNAPc2 in other settings where tissue factor expression 
orr exposure to the circulation is important, has been demonstrated in recent dose-
rangingg trials. A rNAPc2 dose of 3.0 ug/kg administered subcutaneously 1 hour 
afterr an elective, unilateral total knee replacement, showed to be very effective in the 
preventionn of deep venous thrombosis and pulmonary embolism, without an increase 
inn bleeding events:\ The drug also appears to be safe and well tolerated when added 
too standard therapy in patients undergoing elective percutaneous coronary 
angioplasty2".. A significant suppression of thrombin generation compared to patients 
receivingg standard therapy alone, continuing for at least 36 hours after one 
subcutaneouss injection administered 2-6 hours before the intervention, was observed 
acrosss 4 doses of rNAPc2 up to 10 fig/kg, which was the dose used in the current 
studyy in conjunction with endotoxin. It should be noted that there were no observable 
overtt bleeding in any of the animals receiving rNAPc2 in the present study. 

Inn conclusion, our study confirms the pivotal role of the TF/factor Vil a pathway in 
endotoxinn induced coagulation activation. Administration of a single subcutaneous 
injectionn of rNAPc2 completely inhibited factor Xa-mediated thrombin generation 
inn our model of low grade endotoxemia in chimpanzees, without affecting the 
fibrinolyticc response and without any bleeding consequences. Hence, rNAPc2 
representt a clinically applicable inhibitor of TF, which may be relevant for TF directed 
treatmentt of patients with sepsis and DIC and support the further investigation of 
rNAPc22 during bacteremia and endotoxemia in humans. 
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Thee tissue factor-factor Vila complex (TF-FVlla) is responsible for the initiation 

off  blood coagulation under both physiologic and pathologic conditions. 

Recombinantt Nematode Anticoagulant Protein c2 (rN APc2) is a potent inhibitor 

off  TF-FVIIa that is mechanistically distinct from tissue factor pathway inhibitor. 

Thee first aim of this study was to elucidate the pharmacokinetics (PK) and 

pharmacodynamicss of a single intravenous (iv) dose of rNAPc2. The second 

aimm was to study the effect of a single ivdose of rNAPc2 on endotoxin-induced 

coagulationn and inflammatory' responses. 

Methodss and results 

Inn the first part of the study, three groups of healthy male volunteers received a 

singlesingle iv dose rNAPc2 of either 3.0, 5.0 or 7.5 p-g/kg. There were no safety or 

tolerabilityy concerns following the administration of rNAPc2. The PK elimination 

profilee was consistent with previous studies in which rNAPc2 was administered 

subcutaneously.. Maximum plasma concentrations of rNAPc2 were 47.2  3.4, 

66.33 6 and 136.7  30 ng/mL for the doses 3.0,5.0 and 7.5 u.g/kg, respectively. 

Thee respective elimination half lives were 56.4  6.4, 56.7  5.1 and 51.5  8.7 

hours.. The iv administration of rNAPc2 resulted in a dose dependent TF-FVIIa 

inhibition,, as reflected in a reduction of the endogenous thrombin potential and 

aa selective prolongation of prothrombin time versus the activated partial 

thromboplastinn time. 

Inn the second part of the study, the effect of rNAPc2 on endotoxin-induced 

coagulationn and inflammation was evaluated. The administration of a single iv 

dosee of 7.5 p-g/kg rNAPc2 completely blocked endotoxin-induced thrombin 

generation,, as measured by plasma prothrombin fragment F^,. rNAPc2 did not 

affectt the endotoxin-induced increase of on fibrinolytic parameters such as 

plasmin-antiplasminn complexes and plasminogen activator inhibitor type 1. The 

endotoxin-inducedd rise in tumor necrosis factor alpha (TNF-cc), interleukin (IL)-

66 and IL-8 was not affected by rNAPc2 iv. However, rNAPc2 attenuated the 

endotoxin-inducedd rise in IL-10. 

Conclusions s 

rNAPc2,, a potent inhibitor of TF-FVIIa, was well tolerated and could safely be 

usedd intravenously up to a dose of 7.5 u.g/kg in this Phase 1 study in healthy male 

volunteers.. A single ivdoserNAPc2 of 7.5 u.g/kg completely blocked endotoxin 

inducedd thrombin generation, without affecting the fibrinolytic response. In 

addition,, rNAPc2 attenuated the endotoxin-induced rise in IL-10 without affecting 

thee rises in TNF-a, IL-6 and IL-8. 

Abstract t 
Background d 
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Introductio n n 
Tissuee factor (TF), a 47 kDa transmembrane glycoprotein, is the major cellular trigger 
off  blood coagulation under physiologic conditions'. The tissue factor-factor Vil a 
catalyticc complex (TF-FVIIa) is able to generate factor Xa via direct activation of 
factorr X, and indirectly through the activation of factor IX, thus initiating thrombin 
generation.. It has been well established that tissue factor also plays an important role 
inn disease processes resulting from the activation of the coagulation pathway. For 
example,, as TF is present in atherosclerotic plaques, acute coronary syndromes are 
believedd to be the consequence of pathological plaque rupture with subsequent 
thrombuss formation initiated by TF-FVIIa-. In addition, TF plasma levels are elevated 
duringg sepsis and this is believed to contribute directly to the pathogenesis of multiple 
organn failure1. A variety of inflammatory stimuli, including bacterial cell products 
andd cytokines, are known to induce the expression of TF on the surface of endothelial 
cellss and monocytes, thereby activating the coagulation pathway3. In view of the 
centrall  role of TF-FVIIa in the activation of coagulation, novel therapeutic strategies 
aimedd at inhibiting this complex and are currently being evaluated in experimental 
andd clinical trials. 
Thee major physiologic inhibitor of TF-FVIIa is the serine protease inhibitor, tissue 
factorr pathway inhibitor (TFPI). TFPI binds to and inhibits factor Xa directly, prior 
too forming a quaternary inhibitory complex with TF-FVIIa, thereby inhibiting 
thrombinn generation. Experimental settings where animals were depleted of TFPI, 
havee demonstrated a sensitivity to TF and endotoxin and a propensity to develop 
intravascularr coagulation1. In a lethal E. coli sepsis model in baboons, treatment 
withh TFPII  attenuated the procoagulant and interleukin (IL)-6 response and prevented 
mortality4.. However, in healthy human volunteers administered endotoxin, blocking 
TF-FVIIaa with TFPI had no impact on inflammatory cytokines, but completely 
preventedd endotoxin-induced activation of coagulation5. A phase II clinical trial of 
recombinantt TFPI (rTFPI) in patients with severe sepsis, demonstrated accelerated 
decreasee of IL-6 plasma levels in the rTFPI group6. However, the recently completed, 
stilll  unpublished phase III trial of rTFPI in severe sepsis, OPTIMIST, failed to show 
aa reduction in the primary end-point of 28-day all cause mortality'. 
Recombinantt Nematode Anticoagulant Protein c2 (rNAPc2) is an 85 amino acid 
proteinn that was originally isolated from the hematophagic hookworm Ancyloatoma 
caninumcaninum11.. It specifically inhibits TF-FVIIa by a unique mechanism of action that 
requiress the initial binding of rNAPc2 to the serine protease factor Xa or its circulating 
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zymogenn factor X prior to formation of the quaternary inhibitory complex with TF-
FVIIa0.. The utilization of zymogen factor X as an inhibitory scaffold obviates the 
needd of generating activated factor X to inhibit TF-FVIIa. In addition, the formation 
off  a complex between rNAPc2 and factor X results in an elimination half-life of 
moree than 50 hours in man9. In a model of endotoxin-induced coagulation activation 
inn chimpanzees, rNAPc2 completely inhibited factor Xa-mediated thrombin 
generation10.. Clinically, rNAPc2 was shown to be effective in the prevention of 
postoperativee venous thromboembolism in patients undergoing total knee 
replacement1'.. In addition, TF-FVIIa inhibition with rNAPc2 was also shown to be a 
safee and potentially effective strategy to prevent thrombin generation in patients 
undergoingg elective coronary interventions12. In all these studies, rNAPc2 was 
administeredd subcutaneously. The current study had two aims: the first aim was to 
studyy the pharmacokinetics of a single intravenous (iv) dose of rNAPc2, the second 
aimm was to study the effect of a single iv dose of rNAPc2 on endotoxin-induced 
coagulationn and inflammatory responses in healthy human volunteers. 

Method s s 
Studyy design 
Thee study protocol was conducted according to the International conference on 
Harmonisationn Good Clinical Practice Guideline and was approved by the institutional 
scientificc and ethics committee. Twenty-eight healthy men (age 18-35 years) 
volunteeredd to participate in the study. Written informed consent was obtained from 
eachh subject before the start of the study. None of the subjects had abnormalities on 
physicall  examination or routine laboratory investigation. The subjects did not take 
anyy medication and did not smoke or use illici t drugs. The study was performed in 
twoo parts. First, the safety and pharmacokinetics (PK) of rNAPc2 were studied in 
threee groups of four healthy male volunteers (group 1 -3). All subjects fasted overnight 
beforee administration of rNAPc2, At 7 AM two intravenous cannulas were inserted, 
onee for the administration of rNAPc2 and the other for blood sample collection. 
Eachh group of volunteers received rNAPc2 (Corvas International, San Diego CA, 
USA)) as a single intravenous (iv) dose of 3.0, 5.0 or 7.5 pg/kg, respectively. Following 
analysiss of the safety and PK data, the dose of 7.5 ug/kg was chosen for the second 
partt of the study, in which sixteen healthyy male volunteers participated. Eight subjects 
weree examined after the administration of endotoxin alone (group 4), and eight 
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subjectss after the administration of endotoxin and a single iv dose of rNAPc2 (group 
5).. All subjects fasted overnight before endotoxin administration. At 7 AM two 
intravenouss cannulas were inserted, one for the administration of endotoxin and 
rNAPc22 and the other for blood sample collection. In group 4, endotoxin {Escherichia 
colicoli lipopolysaccharide, lot G-1, US Pharmacopeia, Rockville, MD) was administered 
att 9 AM as a single iv dose of 4 ng/kg body weight. Group 5 received rNAPc2 as a 
singlee iv dose of 7.5 fig/kg bodyweight, immediately followed by endotoxin as a 
singlee iv dose of 4 ng/kg bodyweight. Oral temperature, blood pressure, heart rate 
andd oxygen saturation were measured at hourly intervals (Dinamap 1846 SX; Criticon, , 
Tampaa FL). Clinical symptoms such as headache, shivering, nausea, vomiting, 
tirednesss and malaise were recorded throughout the study period using a graded 
scalee (CMabsent, l=weak, 2=moderate, 3=severe). 

Bloo dd collectio n 

Bloodd was collected from an intravenous cannula at 10 minutes before, at 5, 15 and 
300 minutes and at 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48 and 72 hours after endotoxin 
administration.. Blood for cytokine assays and leukocyte counts was collected in K3-
EDTA-containingg tubes. All other blood samples were collected in citrated vacutainer 
tubess and were immediately centrifuged at 3000 rpm for 20 minutes at 16°C. Plasma 
wass stored at -20°C until assays were performed. 

Assay s s 

Leukocytee counts and differentials were assessed by a Cell-dyn 4000 analyzer (Abbott 
Laboratories,, Abbott Park IL 60064, USA). The plasma concentration of rNAPc2 
wass analyzed by sandwich ELISA. The assay used affinity-purified polyclonal 
antibodiess that were raised against rNAPc2. The detector antibody was the same 
antibodyy conjugated to horseradish peroxidase. Coagulation assays (prothrombin 
timee (PT) and activated partial thromboplastin time (APTT)) were performed on an 
automatedd coagulation analyzer (Behring Coagulation System, BCS) with reagents 
andd protocols from the manufacturer (Dade Behring, Marburg, Germany). Inhibition 
off  TF-FVIIa activity was measured on the BCS according to a method for the 
determinationn of TFPI activity as described by Sandset et al.u The plasma 
concentrationss of prothrombin fragment F: (F ) and plasmin-antiplasmin complexes 
(PAP)) were measured by ELISA (Dade Behring, Marburg, Germany). The 
endogenouss thrombin potential (ETP, i.e. the time integral of thrombin generated in 
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plasmaa in which coagulation is initiated via TF-FVIIa) was determined as described 
byy Rosing etal.14 Plasminogen activator inhibitor type I (PAI-1) antigen was assayed 
byy ELISA (Innotest PAI-1, Hyphen BioMed, Andrésy, France). Tumor necrosis factor 
alphaa (TNF-a), IL-6, IL-8 and IL-10 were measured using commercial ELISA kits 
(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service, 
Amsterdam,, The Netherlands). 

Statisticall  analysis 
Valuess are given as means  SEM. Differences in results between the rNAPc2 and 
controll  experiments were tested by repeated measurement analysis of variance. 
Changess in time within the same group were analyzed by one-way analysis of 
variance.. A p value of <0.05 was considered significant. 

Result s s 

Safetyy and pharmacokinetics of rNAPc2 

Theree were no safety or tolerability concerns following the iv dosing of rNAPc2 
overr the dose range from 3.0-7.5 fig/kg. No adverse events attributable to rNAPc2 
infusionn were observed, and no episodes of increased bleeding occurred. 
Thee PK elimination profile of rNAPc2 after iv administration is shown in Table 1. 
Maximumm plasma concentrations of rNAPc2 dose dependently increased, and the 
eliminationn half lives were comparable between the three different rNAPc2 doses. 
Plasmaa concentration versus time is shown in Figure 1. 

Tablee 1. Pharmacokinetic parameters after intravenous (iv) administration of rNAPc2 

Parameter r 

TT max (hr>: D 
CC max (ug/L): mean  SD 
Half-lif ee (hr): mean  SD 
TT last (hr): mean  SD 
CC last (ug/L): mean  SD 

3.0 0 
(N=4) ) 

1.44  1.8 
47.22 4 
56.44 4 

722 0 
17.44  1.3 

rNAPc22 dose, ug/kg 

5.0 0 
(N=4) ) 

2.33 8 
72.33 6 
55.88 1 

722 0 
27.11 4 

7.5 5 
(N=4) ) 

0.66  0.9 
136.77 1 
51.33 7 

722 0 
37.22 2 

rNAPc2=recombinantt nematode anticoagulant protein c2. T max=period between iv administration 
andd maximal rNAPc2 plasma concentration. C max=maximum rNAPc2 plasma concentration. 
TT last=period between iv administration and last measurement. C !ast=rNAPc2 plasma concentration 
att last measurement. 
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r.\'APc22 plasma levels 

150-1 1 

0-HÉJJ 1 1 1 i 1 1—i i—i 1 r 

00 2 4 6 8 10 12 24 48 72 

Timee (hr) 

Figuree 1. Plasma levels of recombinant nematode anticoagulant protein c2 (rNAPc2) after 
administrationn of a single intravenous dose of 3.0 u.g/kg, 5.0 M-g/kg, or 7.5 p.g/kg rNAPc2 to healthy 
malee volunteers. Data represent mean  SEM. 

Clinicall features and neutrophil response 

Injectionn of endotoxin induced a febrile response, peaking after 4 hours (peak: 38.3
0.22 °C) together with a tachycardia and transient flu-like symptoms including headache, 
nausea,, malaise and chills. In addition, endotoxin administration elicited activation of 
neutrophilicc granulocytes, as reflected by a biphasic change in neutrophil counts 
involvingg an initial neutropenia (nadir: 2.2 1 x 10'VL), followed by neutrophilia 
(peak:: 15.3  1.3 x 10'VL). None of these changes were affected by rNAPc2. 

Inhibitio nn of TF-FVII a activity 
Ass shown in Figure 2A, there was a dose-dependent inhibition of TF-FVIIa activity 
followingg the administration of rNAPc2 alone. The extent of TF-FVIIa inhibition 
didd not increase after endotoxin administration (Figure 2B). In contrast, TF-FVIIa 
inhibitionn rose significantly after 90 minutes, followed by a gradual decline out to 72 
hourss following the administration of endotoxin and rNAPc2. 
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Figuree 2. Percentage of TF-FVIIa inhibition after administration of a single iv dose of 3.0 ug kg. 
5.00 pg/kg, or 7.5 p,g/kg rNAPc2 (panel A), and after administration of a single iv dose of 4 ng/kg 
endotoxinn or the combination of a single iv dose of 4 ng/kg endotoxin and a single iv dose of 7.5 fig/ 
kgg rNAPc2 (panel B) to healthy male volunteers. Data represent mean  SEM. 
TF-FVIIaa tissue factor-factor Vil a complex. iv=intravenous. rNAPc2=recombinant nematode 
anticoagulantt protein c2. 

Endogenouss thrombin potential 

Too evaluate the residual ability of thrombin generation in plasma after the 
administrationn of rNAPc2, we measured the endogenous thrombin potential (ETP). 
Ass shown in Figure 3A, administration of rNAPc2 alone resulted in a significant, 

TF-FVII aa inhibitio n 

3.00 pg/kf 

5.00 pg/kj 

7.55 pg/kj 

128 8 



Effectss of rNAPc2 on coagulation and inflammation in human endotoxemia 

dosee dependent reduction of ETP. The ETP remained stable after administration of 
endotoxinn alone, whereas the ETP significantly reduced immediately after the 
administrationn of endotoxin and rNAPc2, followed by a gradual rise (Figure 3B). 

loo-. . 
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100i i 
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25--
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Timee (hr) 

ETP P 

p<0.001 1 
endotoxin n 
endotoxinn and rNAPc2 
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Figuree 3. Effect on endogenous thrombin potential (ETP) after administration of a single iv dose of 
3.00 u-g/kg, 5.0 fig/kg, or 7.5 ng/kg rNAPc2 (panel A), and after administration of a single iv dose of 
44 ng/kg endotoxin or the combination of a single iv dose of 4 ng/kg endotoxin and a single iv dose 
off  7.5 u.g/'kg rNAPc2 (panel B) to healthy male volunteers. Data represent mean  SEM. 
iv=intravenous.. rNAPc2=recombinant nematode anticoagulant protein c2. 
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Clottingg times 

Ass shown in Figure 4A, the administration of rNAPc2 alone resulted in a significant, 
dosee dependent prolongation of the prothrombin time (PT). Administration of 
endotoxinn did not result in a change of the PT (Figure 4B). After an initial significant 
rise,, the PT gradually declined to baseline after 24 hours following administration of 
endotoxinn and rNAPc2. 

PT T 
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5.00 ug/kg 

7.55 |ig/kg 

88 10 12 24 48 

Timee (hr) 
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Figuree 4. Effect on prothrombin time (PT) after administration of a single iv dose of 3.0 u,g/kg, 5.0 
u.g/kg.. or 7.5 Hg/kg rNAPc2 (panel A), and after administration of a single iv dose of 4 ng/kg 
endotoxinn or the combination of a single iv dose of 4 ng/kg endotoxin and a single iv dose of 7.5 ug 
kgg rNAPc2 (panel B) to health}, male volunteers. Data represent mean  SEM. 
iv=intravenous.. r\APc2=recombinant nematode antieoagulant protein c2. 

130 0 



Effectss of rNAPc2 on coagulation and inflammation in human endotoxemia 

Administrationn of endotoxin made the activated partial thromboplastin time (APTT) 
declinee from 35.2  1.4 to a nadir of 27.5  1.0 sec after 3 hours, gradually returning 
too baseline after 12 hours. Five minutes after iv administration of endotoxin and 
rNAPc2,, the APTT rose from 38.6-1.2 to 43.4  1.2 sec, declining to a nadir of 31.9 

 1.7 sec after 3 hours and gradually returning to baseline after 12 hours. 

Thrombinn generation 

Ass shown in Figure 5, the administration of endotoxin resulted in an enhanced 
thrombinn generation, as reflected by the significant increase in the levels of 
prothrombinn activation fragment F1+,. The administration of rNAPc2 completely 
attenuatedd the endotoxin-induced rise in F to baseline levels. 

endotoxin n 

endotoxinn + rNAPc2 

00 2 4 6 8 10 12 24 48 72 

Timee (hr) 

Figuree 5. Effect on prothrombin fragment F ., after administration of a single iv dose of 4 ng/kg 
endotoxinn or the combination of a single iv dose of 4 ng/kg endotoxin and a single iv dose of 7.5 u.g/ 
kgg rNAPc2 to healthy male volunteers. Data represent mean  SF.M. iv=intravenous. 
rNAPc2=recombinantt nematode anticoagulant protein c2. 

Activationn of the fibrinolytic system 

Administrationn of endotoxin resulted in activation of the fibrinolytic system, as 
confirmedd by a transient increase in plasma concentrations of PAP, peaking from 
1955  23 to 7116  2173 ug/L after 2 hours. The rise in PAP was followed by a 
transientt increase in PAI-1, peaking from 75.0 9 ug/L to 281.5  54.3 ug/L after 
66 hours. rNAPc2 did not affect the endotoxin-induced release of PAI-1 or PAP. 
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Cytokines s 

Al ll  measured cytokines (TNF-a, IL-6, IL-8 and IL-10) rose in response to endotoxin. 

TNF-aa rose from below the detection limit (1.4 pg/mL) to 1706  356 pg/mL 90 

minutess after endotoxin administration. IL-8 rose from below the detection limit (1 

pg/mL)) to 2562  235 pg/mL 2 hours after endotoxin administration. IL-6 rose from 

beloww the detection limit (0.6 pg/mL) to 4345  991pg/mL 3 hours after endotoxin 

administration.. The administration of rNAPc2 did not affect the rise in TNF-a, IL-6 

andd IL-8. As shown in Figure 6, IL-10 was significantly elevated, peaking at 3 hours 

followingg endotoxin administration. The administration of rNAPc2 with endotoxin 

resultedd in an attenuated IL-10 response, which reached statistical significance 3 

hourss following the challenue. 
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Figuree 6. Effect on interleukin (IL)-10 after administration of a single iv dose of 4 ng/kg endotoxin 
orr the combination of a single iv dose of 4 ng/kg endotoxin and a single iv dose of 7.5 p.g/kg rNAPc2 
too healthy male volunteers. Data represent mean  SEM. 
iv=intravenous.. rNAPc2=recombinant nematode anticoagulant protein c2. 

Discussio n n 
InIn the present clinical study, we examined the pharmacokinetics (PK) and 

pharmacodynamicss (PD) of a single iv administration of rNAPc2, as well as its effect 

onn endotoxin-induced coagulation and inflammatory responses in healthy human 

volunteers.. We demonstrated that the PK and PD of intravenously and subcutaneously 

administeredd single doses of rNAPc2 are comparable. rNAPc2 iv completely 

preventedd endotoxin-induced thrombin generation, without affecting fibrinolysis. In 
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addition,, rNAPc2 iv attenuated the endotoxin-induced IL-10 response, without 
affectingg the endotoxin-induced rise in TNF-a, IL-6 and IL-8. 

Thee administration of rNAPc2 was welll  tolerated and there were no safety concerns 
orr episodes of bleeding. We demonstrated that the elimination profile of a single iv 
dosee of rNAPc2 is comparable to the elimination profile of a single subcutaneous 
dose,, with a half-life of more than 50 hours1516. The administration of a single iv 
dosee of rNAPc2 resulted in a dose dependent inhibition of TF-FVIIa and a reduction 
off  the ETP. It also elicited a dose dependent prolongation of PT, with a maximum 
elevationn of approximately 1.5 fold over the baseline value at a dose of 7,5 u.g/kg. 
Thiss dose dependent, selective prolongation of the PT is consistent with the results 
off  Vlasuk et al., who found a maximum PT elevation of approximately 1.8 fold over 
baselinee values after a single subcutaneous dose of 5.0 ug/kg rNAPc215. 
Wee did not observe an effect on TF-FVIIa inhibition after administration of endotoxin 
alone.. However, a significant increase of TFPI levels was found in patients with 
severee sepsis17. Possibly, the dose of endotoxin used in this study was insufficient to 
elicitt an endogenous TFPI response. 

Followingg the administration of both endotoxin and rNAPc2, the APTT rose to a 
maximumm of 12% above the baseline value, then declined to a nadir approximately 
17%% below the baseline value and gradually returned to baseline within 12 hours. 
Thesee findings are similar to those of de Jonge et al., comparing a single iv dose of 
endotoxinn to the combination of iv endotoxin and rTFPI in healthy human subjects'*. 
Thee decline in APTT after the administration of endotoxin, is believed to be due to 
thee rise in factor VIII , accompanying the acute phase reaction14. 

Thee present results demonstrate that a single iv dose rNAPc2 of 7.5 ug/kg prevents 
endotoxin-inducedd thrombin generation, as reflected by the complete attenuation of 
thee increase of Ft ,. This finding is in accordance with two earlier studies showing 
thatt inhibition of TF-VIIa by rTFPI1*  and active site inactivated recombinant factor 
Vil aa (FVIIai)20 dose dependently inhibited the endotoxin-induced thrombin generation 
inn healthy humans. The ability of rNAPc2 to prevent endotoxin-induced thrombin 
generationn has previously been shown in chimpanzees10. 

Inn accordance with earlier studies1820, the endotoxin-induced thrombin generation 
wass preceded by a short and rapid activation of the fibrinolytic system, as reflected 
byy a rise in PAP levels, followed by a rise in PAI-1 levels. Recombinant NAPc2 did 
nott affect this endotoxin-induced activation of the fibrinolytic system. This finding 
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confirmss that during low-grade endotoxemia in humans, the fibrinolytic response 
occurss independent of thrombin generation. Tumor necrosis factor is considered to 
bee the primary initiator of fibrinolysis activation in endotoxemia21"23. Consistent with 
ourr finding that the endotoxin-induced activation of fibrinolysis was unaltered by 
rNAPc22 is the observation that the increased levels of TNF-a after endotoxin 
administrationn were also unaffected by rNAPc2. 

Ass observed for TNF-a, the rise in IL-6 and IL-8, induced by administration of low-
dosee endotoxin, was not influenced by rNAPc2 in these healthy human volunteers. 
Thiss has also previously been demonstrated for rTFPI18 and FVIIai20, Evidenced by 
thee rises in TNF-a, IL-6 and IL-8, it appears that antagonizing the catalytic activity 
off  TF-FVIIa with three inhibitors with different mechanisms of action does not 
attenuatee these responses. In baboons with sepsis, rTFPI attenuated the IL-6 and IL-
88 responses without affecting the early and transient TNF peaks4. This was also 
observedd in severe septic patients, showing an accelerated reduction of IL-6 levels 
inn rTFPI treated patients6. It is possible that cytokines are produced by different cell 
typess during low-grade endotoxemia and severe sepsis. The prolonged IL-6 and IL-
88 responses that are found during sepsis in primates4 could be produced by endothelial 
cells,, that are known to predominantly produce these two cytokines upon 
stimulation24-25,, whereas the more transient rise in cytokines observed after low dose 
endotoxinn injection could be attributed to monocytes. Hence, as suggested 
previously'*,, the inhibition of TF-FVIIa may predominantly attenuate the cytokine 
responsee by endothelial cells, with a much smaller effect on endotoxin-induced 
cytokinee production by monocytes. In addition, as TF-FVIIa has been shown to 
havee direct pro-inflammatory effects independent of the activation of coagulation in 
man26,, our endotoxin model may not induce enough TF-FVUa formation to contribute 
too inflammatory changes. 

Comparedd to the well acknowledged proinflammatory cytokines such as TNF-a and 
IL-6,, rNAPc2 did attenuate the endotoxin-induced IL-10 response. To our knowledge, 
thiss is the first time IL-10 attenuation by inhibition of TF-FVIIa is demonstrated in 
vivo.. The interplay of TF/FVIIa and IL-10 is largely unknown. Although IL-10 is 
ablee to reduce the TF-activity in vitro"7, no data are available on the effect of TF-
FVIIaa on the IL-10 response during infection. Generally, IL-10 is considered a potent 
anti-inflammatoryy cytokine. Anti-inflammatory cytokines such as IL-10 impair local 
antibacteriall  effector mechanisms28. This explains why treatment with the IL-10 
inhibitorr AS101 significantly increased survival in septic mice after cecal ligation 
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andd puncture.̂ Moreover, IL-10 is a major denominator of the immunosuppressive 
effectt in septic plasma. It has been postulated that persistently high plasma levels of 
ÏL-100 reflect a state of immunoparalysis, caused by deactivation of monocytes28. 
Severall  authors have described significantly higher IL-10 plasma levels in non-
survivorss of febrile illnesses as compared to survivors30'1. In this respect, the 
attenuationn of the IL-10 response by rNAPc2 might reflect a protective effect against 
immunee suppression during endotoxemia. It is conceivable that the attenuation of 
thee IL-10 response by rNAPc2 might play a role in human sepsis. Further studies are 
necessaryy to elucidate the role. 

Inn summary, this study establishes the safety, tolerability and biological activity of 
intravenouss rNAPc2 in healthy human volunteers. A single iv dose rNAPc2 of 7.5 
|ug/kg,, completely blocks endotoxin-induced thrombin generation without affecting 
thee fibrinolytic response. In addition, iv rNAPc2 attenuates the endotoxin-induced 
IL-100 response. The role of IL-10 suppression by rNAPc2 needs further investigation 
inn human endotoxemia and sepsis. 
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Summar y y 
Thiss thesis focuses on the activation and inhibition of the extrinsic coagulation 
pathwayy in ischemic coronary disease, during coronary percutaneous intervention, 
andd in experimental endotoxemia. 

Fromm the overview in chapter  2, it appears that the enhanced expression of TF may 
playy a significant pathogenic role in patients with (coronary) atherosclerosis and in 
thee subgroup that is treated with percutaneous coronary interventions. Increased 
expressionn of TF antigen and activity by circulating monocytes and by different cell-
typess in human atherosclerotic plaques may initiate thrombotic complications. This 
hypothesiss is supported by experimental studies in animals demonstrating reduced 
thrombuss and neointima formation at the site of vascular injury after inhibition of 
thee extrinsic coagulation pathway. 

Thee triage of patients presenting with chest pain to the emergency department (ED) 
iss a challenge for physicians, especially in cases with an initial non-diagnostic 
electrocardiogramm (ECG). As thrombus formation after coronary plaque disruption 
playss a major role in patients with an acute coronary syndrome (ACS), we studied 
thiss in chapter  3 the diagnostic utility of coagulation and fibrinolytic markers, which 
mayy predominantly useful especially in ACS cases without evidence of myocardial 
injury.. Compared to control subjects, plasma levels of thrombin generation markers, 
solublee TF and tissue factor pathway inhibitor (TFPI) activity were not increased in 
casess with (cardiac troponin T (cTnT) positive or negative) ACS, whereas levels of 
plasminogenn activator inhibitor (PAI) were enhanced in the ACS cases, which reached 
statisticall  significance for the subgroup of cases with cTnT negative ACS. The positive 
(PPV)) and negative (NPV) predictive values to detect ACS cases by these markers 
variedd between 68% and 75% and between 40% and 43%, respectively. To detect 
thee subgroup with cTnT negative ACS, only TFPII  and PAI showed diagnostic utility. 
However,, the PPVs were low at 43% and 55%, respectively. Thus, although plaque 
disruptionn with thrombus formation is the most common underlying pathogenic 
mechanismm during an ACS, in this patient population in whom additional markers of 
ACSS are highly needed, this does not lead to diagnostic elevation of systemic plasma 
levelss of coagulation and fibrinolytic markers. 

Chapterr  4 reports the first study of TF/factorVIIa inhibition by rNAPc2 in patients 
withh coronary artery disease who underwent elective percutaneous coronary 
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interventionn (PCI). The main objective of this randomized, placebo-controlled trial 
wass to evaluate the safety of escalating doses of rNAPc2 on top of standard treatment 
duringg PCI. A secondary objective was to investigate the ability of the rNAPc2 dosages 
too inhibit thrombin generation during and after the intervention. Compared to placebo 
treatedd patients, the incidence of minor bleeding episodes did not increase at the 
lowestt three rNAPc2 doses, whereas a significant increase was observed at the highest 
dosee group of 10.0 ug/kg. Three of a total of four patients that experienced a major 
bleedingg had received a glycoprotein Ilb/III a receptor antagonist in addition to rNAPc2 
att the moment of the bleeding. Regarding the secondary objective, all rNAPc2 dose 
groupss demonstrated significant suppression of thrombin generation compared to 
thee placebo group. These results suggest that inhibition of the TF/factor Vil a complex 
withh rNAPc2, at doses up to 7.5 ug/kg, in combination with aspirin, clopidogrel, and 
unfractionatedd heparin appears to be a safe and effective strategy to suppress thrombin 
generationn during coronary angioplasty. Additional research is warranted evaluating 
thee safety of the concomitant use of rNAPc2 and a glycoprotein Ilb/III a receptor 
antagonist.. In chapter  5, we present in detail the findings on coagulation and 
inflammationn in those patients that underwent intracoronary stenting. In contrast to 
thee increased inflammatory response, coagulation activation after coronary stent 
implantationn that is observed in spite of the use of multiple antithrombotic drugs, 
cann be attenuated by inhibition of the extrinsic coagulation pathway using rNAPc2. 
Wee hypothesize that the inhibition of the TF mediated pathway of coagulation 
activationn may be an important target to prevent thrombotic complications after 
coronaryy stenting. Taken together, the results presented in chapter 4 and 5 support 
furtherr investigation of the safety and efficacy of rNAPc2 in patients with acute 
coronaryy syndromes. 

Inn chapter  6 we investigate the ability of recombinant factor Vil a (rFVIIa), an 
activatorr of the extrinsic coagulation pathway, to antagonize the anticoagulant effects 
off  the pentasaccharide fondaparinux in healthy male volunteers. Recombinant FVIIa 
wass previously demonstrated to restore thrombin generation during inhibition of the 
TF/factorr Vil a complex by rNAPc2. The current study showed that rFVIIa also 
reversedd the inhibitory effects of fondaparinux on thrombin generation and on 
coagulationn times, with a duration of 2 to 6 hours. Based on these findings, we 
postulatee that rFVIIa may be a suitable antidote in case of serious bleeding 
complicationss in patients treated with fondaparinux. 
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Inn chapter  7 and chapter  8 we describe the effects of rNAPc2 administration on 
coagulationn and inflammation during experimental endotoxemia in chimpanzees and 
humann volunteers, respectively. Both studies showed that rNAPc2 completely blocked 
thee endotoxin induced thrombin generation, while the activation and subsequent 
inhibitionn of the fibrinolytic mechanism after endotoxin infusion was not affected by 
rNAPc2.. In chimpanzees we also observed a significant reduction of factor X 
activationn peptide plasma levels and no effect on levels of factor IX activation peptide 
afterr rNAPc2 administration. These results suggest that the intrinsic route in the 
activationn of the coagulation system appears less important in this model of 
endotoxemia,, and that the pivotal role of the extrinsic coagulation pathway in 
endotoxinn induced coagulation activation is confirmed by these studies. The 
inflammatoryy response was studied in the human subjects, we found that rNAPc2 
doess not affect this response, except for an attenuation of the endotoxin-induced 
increasee of interleukin (IL) 10 plasma levels. The interplay between the TF/factor 
Vil aa complex and IL-10 is largely unknown. Therefore, the role of IL-10 suppression 
byy rNAPc2 needs to be explored in human endotoxemia and sepsis. Thus, although 
rNAPc22 may be a promising therapeutic option to inhibit coagulation activation in 
patientss with sepsis, its effects on morbidity and mortality remain to be elucidated. 
Inn chapter 8 we also examined in a separate group of male human volunteers the 
pharmacokineticss and pharmacodynamics of escalating rNAPc2 doses after a single 
intravenouss administration, which was performed for the first time in humans. It 
resultedd in a dose-dependent reduction of the endogenous thrombin potential, a 
measuree of the residual ability of thrombin generation in plasma after the 
administrationn of rNAPc2. It also resulted in a biological half-life of more than 50 
hourss and in a dose-dependent prolongation of the prothrombin time, which was 
comparablee to the observations after a single subcutaneous administration of rNAPc2. 
Thiss is important information that may serve as a basis for future studies on the 
effectss of rNAPc2 in patients with acute coronary syndromes, and who will receive 
thiss drug by an intravenous administration. 

Inn summary, new antithrombotic drugs allow specific interventions in the coagulation 
cascadee with great precision. This does not only expend our therapeutic potential, 
thee findings of investigations such as ours also add to the knowledge of the underlying 
biologyy of arterial (atherothrombotic diseases. 
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Inleiding g 
Dee kransslagaderen zijn bloedvaten die het hart van bloed voorzien. Als gevolg van 
aderverkalkingg (atherosclerose) kunnen er één of meerdere vernauwingen ontstaan 
inn deze bloedvaten en dit kan leiden tot complicaties, zoals een hartinfarct. Een 
vernauwingg bestaat uit verschillende componenten zoals onder andere 
ontstekingscellenn en vetten, en wordt aan de oppervlakte begrensd door een 
bindweefsell  laag ('fibreuze kap'). Tijdens situaties waarbij er een scheur (ruptuur) 
optreedtt in de fibreuze kap, komt het materiaal dat hieronder ligt in contact met het 
circulerendee bloed, met als gevolg dat het stollingssysteem geactiveerd wordt. Dit 
kann uiteindelijk resulteren in de vorming van een bloedstolsel (thrombus). Een 
thrombuss kan een kransslagader gedeeltelijk of geheel afsluiten waardoor de 
bloedvoorzieningg in een bepaald gedeelte van de hartspier acuut wordt belemmerd. 
Dee patiënt ondervindt hierbij klachten zoals pijn op de borst met eventueel uitstraling 
naarr de kaken, linkerarm en/of de schouderbladen. Indien beschadiging van de 
hartspierr optreedt, ontstaat een ziektebeeld dat we hartinfarct noemen. Als een 
afsluitingg dreigt maar nog niet is opgetreden duidt men deze situatie als een dreigend 
hartinfarct.. Tezamen noemen we deze ziektebeelden acute coronaire syndromen. 
Eenn component van het stollingssysteem die een belangrijke rol hierbij speelt is 
'tissuee factor'. 

Tissuee factor bevindt zich onder andere in de wand van bloedvaten en staat in normale 
omstandighedenn niet direct in contact met het bloed. Door bepaalde cellen in een 
atherosclerotischee vernauwing van een bloedvat, wordt tissue factor in hoge mate 
tott expressie gebracht en na ruptuur van de fibreuze kap komt het bloed hiermee in 
aanraking.. Vervolgens bindt tissue factor zich aan een stollingsfactor in het 
circulerendee bloed, namelijk factor Vila. Dit leidt tot de vorming van het complex 
tissuee factor/factor Vil a en zorgt voor verdere activering van de stollingscascade. 
Dezee processen kunnen in belangrijke mate bijdragen tot de ontwikkeling van een 
thrombuss in de kransslagaderen en dus tot acute hartklachten. 

Inn dit proefschrift wordt de rol van het tissue factor afhankelijke stollingssysteem 
naderr onderzocht zowel bij patiënten met aandoeningen van de kransslagaderen, als 
bijj  individuen met een ernstige infectie waarbij dit systeem ook wordt geactiveerd. 
Eenn belangrijk onderdeel hierbij vormt het onderzoek naar de veiligheid en het effect 
opp de bloedstolling van toediening van een specifiek antistollingsmedicijn, genaamd: 
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recombinantt Nematode Anticoagulant Protein c2 (rNAPc2). Dit medicijn kent zijn 
herkomstt uit het speeksel van de mijnworm Ancy lostoma caninum. Deze vormt 1 van 
dee tot dusver 15.000 bekende nematoden soorten. Nematoden, oftewel ronde wormen, 
komenn in grote aantallen voor. Van degenen die vrij leven in de grond, zijn er ooit in 
eenn vierkante meter modder uit een stukje Nederlandse kust 4.420.000 nematoden 
geteld.. In een rottende appel zijn er wel eens 90.000 aangetroffen. Mijnwormen 
parasiterenn op dieren en mensen. Zij hechten zich vast aan het slijmvlies van de dunne 
darmm en grazen dit af, waarbij bloedende wondjes ontstaan. Het bloed dat hierbij vrijkomt 
wordtt door deze mijnwormen geconsumeerd. Deze bloedconsumptie wordt bevorderd 
doorr de productie van eiwitten in het speeksel, zoals NAPc2, met stollingsremmende 
eigenschappen.. Het medicijn rNAPc2 remt het tissue factor afhankelijke stollingsysteem 
doorr het complex tissue factor/factor Vil a te remmen. 

Dee studies 
Inn hoofdstuk 2 wordt een literatuuroverzicht gegeven over de rol van tissue factor 
bijj  patiënten met atherosclerose in de kransslagaderen. Niet alleen speelt tissue factor 
eenn belangrijke rol bij de ontwikkeling van een thrombus tijdens een acuut coronair 
syndroom,, maar mogelijk ook tijdens een 'Dotter'-behandeling in de bloedvaten. 
Tijdenss een Dotterprocedure wordt een dunne catheter met een ballon, via een bloedvat 
inn de lies naar de vernauwing in de kransslagader gebracht. Door middel van het 
opblazenn van deze ballon, wordt de vernauwing opgeheven. De meest voorkomende 
complicatiess die hierbij kunnen optreden zijn de acute ontwikkeling van een thrombus 
enn een terugkerende (recidief) vernauwing die na enkele weken of maanden optreedt 
opp dezelfde plaats in het bloedvat als waar de Dotterprocedure oorspronkelijk heeft 
plaatsgevonden.. In dierexperimenteel onderzoek is aangetoond dat het toedienen 
vann specifieke remmers van tissue factor tijdens een Dotterbehandeling, zowel leidt 
tott minder thrombus vorming als tot een kleinere kans op recidiverende vernauwingen. 
Tissuee factor speelt dus waarschijnlijk een belangrijke pathogene rol bij het ontstaan 
vann aandoeningen in de kransslagaderen en bij de complicaties die optreden bij 
Dotterbehandelingen.. Remmers van tissue factor zullen in toekomstig studies bij 
patiëntenn met deze aandoeningen worden onderzocht (zie ook hoofdstukken 4 en 5). 

Naastt de anamnese (de klachten zoals die door de patiënt worden omschreven), is 
hett elektrocardiogram (ECG) een belangrijk diagnostisch hulpmiddel om te 
beoordelenn of patiënten met klachten van pijn op de borst een acuut coronair syndroom 
hebben.. Echter, in veel gevallen is het ECG normaal of non-diagnostisch (niet 
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aftvijkendd genoeg), zodat het moeilijk is vast te stellen of de klachten van de patiënt 
veroorzaaktt worden door een aandoening in de kransslagaderen. Aangezien bij 
patiëntenn met een acuut coronair syndroom de bloedstolling is geactiveerd, wordt in 
hoofdstukk 3 onderzocht of het meten van bepaalde stollingsfactoren in het bloed, 
zoalss tissue factor, tissue factor pathway inhibitor (een remmer van tissue factor die 
hett lichaam zelf produceert) en andere specifieke stollingsfactoren, een bijdrage 
kunnenn leveren aan de diagnostiek van een acuut coronair syndroom. Dit is onderzocht 
bijj  patiënten met klachten van pijn op de borst die zich presenteren met een normaal 
off  non-diagnostisch ECG. Helaas bleken geen van deze factoren van diagnostische 
waardee te zijn bij deze groep van patiënten. Ruptuur van de atherosclerotische 
vernauwingg en activering van het stollingssysteem leidt bij patiënten met een acuut 
coronairr syndroom en een normaal of non-diagnostisch ECG, dus niet tot zodanige 
concentratiess van gerelateerde stollingsfactoren in het bloed dat deze voor diagnostiek 
kunnenn worden gebruikt. 

Hoofdstukk 4 evalueert de veiligheid en het effect van 4 oplopende doseringen van 
hett nieuwe antistollingsmedicijn rNAPc2, bij patiënten die een Dotterprocedure 
ondergingenn in de kransslagaderen. Recombinant NAPc2 remt het complex tissue 
factor-factorr Vila, waardoor tevens het stollingssysteem geremd wordt. In combinatie 
mett standaardmedicatie bestaande uit aspirine, clopidogrel en heparine, resulteerde 
toedieningg van rNAPc2 niet tot een toename van bloedingscomplicaties en werd het 
stollingssysteemm significant beter onderdrukt in vergelijking met patiënten die naast 
dee standaardmedicatie geen rNAPc2 ontvingen. Dit geldt echter alleen voor de laagste 
driee rNAPc2 doseringen die getest werden (3.5, 5.0 en 7.5 ug/kg), aangezien 
toedieningg van de hoogste dosis (10.0 ug/kg) wel leidde tot een significante toename 
vann bloedingscomplicaties. Dit zijn belangrijke resultaten die als basis dienen voor 
eenn vervolgonderzoek met rNAPc2. Een onderzoek waarbij rNAPc2, in combinatie 
mett standaardmedicatie, zal worden toegediend bij patiënten die met een acuut 
coronairr syndroom in het ziekenhuis worden opgenomen. 

Eenn veelvuldig toegepaste behandeling tijdens het dotteren is de implantatie van één of 
meerderee 'stents' in de kransslagaderen. Een stent is een metalen buisje dat qua vorm 
enigszinss te vergelijken is met het veertje van een balpen. Het zorgt voor extra 
ondersteuningg ter plaatse van de vernauwing in het bloedvat, waardoor de kans op een 
reee idief vernauwing na de Dotterprocedure sterk wordt gereduceerd. Echter thrombotische 
complicatiess treden op bij 1 tot 3% van de patiënten die tijdens de procedure een stent 
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ontvangen.. Van de patiënten uit hoofdstuk 4 die tijdens de Dotterbehandeling een 
stentt ontvingen, worden in hoofdstuk 5 zowel het stollings- als het ontstekingssysteem 
meerr gedetailleerd bestudeerd. Een sterker geactiveerd stollingssysteem na de stent-
implantatiee werd waargenomen bij de patiënten die geen rNAPc2 ontvingen, of 
omgekeerd,, dit systeem werd significant onderdrukt bij de patiënten die wel met dit 
medicijnn werden behandeld. Onderdrukking van de stollingscascade door rNAPc2 
kann dus mogelijk bijdragen tot een verlaagd risico op thrombotische complicaties na 
eenn stent-implantatie. De activering van het ontstekingssysteem als gevolg van de 
Dotterproceduree werd niet onderdrukt door rNAPc2. 

Nieuwee antistollingsmedicijnen worden ontwikkeld om de resultaten van de huidige 
medicijnenn te verbeteren. Een belangrijke bijwerking van deze middelen zijn 
bloedingscomplicaties.. Hierbij is het belangrijk dat er hulpmiddelen (medicijnen) 
voorhandenn zijn om deze bloedingen te onderdrukken. Uit eerder onderzoek is 
aangetoondd dat farmacologische activering van de stollingscascade met behulp van 
hett medicijn Recombinant Factor Vila, de stollingsremmende eigenschappen van 
rNAPc22 in belangrijke mate wordt verminderd, zodat rNAPc2 in het bloed minder 
stollingsremmendd werkt. In hoofdstuk 6 wordt bij gezonde mannelijke vrijwilligers 
onderzochtt of Recombinant Factor Vil a ook invloed heeft op de stollingsremmende 
eigenschappenn van een ander nieuw antisollingsmedicijn, genaamd Fondaparinux, 
datt het stollingssysteem remt via een ander werkingsmechanisme dan rNAPc2. Uit 
hett onderzoek van hoofdstuk 6 wordt aangetoond dat de stollingsremmende 
eigenschappenn van Fondaparinux ook door Recombinant Factor Vil a volledig kunnen 
wordenn geblokkeerd. Dus in geval van ernstige of levensbedreigende 
bloedingscomlicatiess tijdens toediening van Fondaparinux, zou activering van het 
stollingsysteemm met behulp van Recombinant Factor Vil a een belangrijk hulpmiddel 
kunnenn zijn om deze bloeding te behandelen. 

Eenn ander ziektebeeld waarbij er sprake is van activering van de stollingscascade, is 
sepsis.. Bij patiënten met sepsis is sprake van een ernstige, meestal bacteriële infectie 
ergenss in het lichaam. Wanneer bacteriële producten in de bloedbaan terechtkomen, 
leidtt dit tot activering van de tissue factor afhankelijke stollingscascade. Dit kan 
resulterenn in de vorming van meerdere stolsels in de slagaderen die de bloedvoor-
zieningg van diverse organen kunnen belemmeren en waardoor deze organen in hun 
functiee worden aangetast. Als gevolg hiervan kan het ziekteproces van de septische 
patiëntt ernstig verslechteren en uitval van vitale organen kan leiden tot overlijden 

150 0 



Samenvatting g 

vann de patiënt. Als remmer van het tissue factor afhankelijke stol lings systeem kan 
rNAPc2,, net als andere specifieke remmers van dit systeem, de activering van de 
stollingscascadee tijdens zo'n infectie beïnvloeden In hoofdstuk 7 worden de effecten 
vann rNAPc2 beschreven in chimpansees, nadat deze werden blootgesteld aan een milde 
vormm van sepsis, endotoxemie genoemd, waarbij een kleine hoeveelheid van een 
bacterieell  product in de bloedbaan werd gebracht. Ditzelfde is daarna tevens onderzocht 
bijj  gezonde mannelijke vrijwilligers (hoofdstuk 8). Bij beide voorkwam rNAPc2 dat 
hett stollingssysteem werd geactiveerd. rNAPc2 is dus mogelijk een therapeutische 
hulpmiddell  om het geactiveerde stollingssysteem bij patiënten met sepsis te remmen. 
Inn plaats van toediening onder de huid (subcutane toediening), zoals toegepast bij de 
patiëntenn die werden gedotterd (zie hoofdstukken 4 en 5), zijn in hoofdstuk 8 bij een 
apartee groep van mannelijke vrijwilligers ook de farmacologische eigenschappen 
vann oplopende doseringen van rNAPc2 onderzocht, nadat dit medicijn voor het eerst 
bijj  mensen direct in de bloedbaan werd toegediend (intraveneuze toediening). Onder 
farmacologischee eigenschappen worden onder andere gerekend de tijdsperiode waarin 
rNN APc2 in de bloedbaan aantoonbaar is, en het effect van rNAPc2 op de bloedstolling 
gemetenn over een bepaalde tijdsperiode. Deze eigenschappen na intraveneuze 
toedieningg bleken overeen te komen met die na subcutane toediening. Dit is 
belangrijkee informatie aangezien rNAPc2 in de studie bij patiënten met een acuut 
coronairr syndroom, intraveneus zal worden toegediend. 

Conclusie s s 
Dee verschillende hoofdstukken uit dit proefschrift beschrijven onder andere de rol 
vann het tissue factor afhankelijke stollingssyteem bij patiënten met een acuut coronair 
syndroomm en bij patiënten die een dotterbehandeling ondergaan. Tissue factor speelt 
waarschijnlijkk een belangrijke rol bij het ontstaan van thrombotische complicaties 
bijj  deze patiënten.. Echter, bij patiënten met een acuut coronair syndroom en die zich 
presenterenn met een normaal of non-diagnostisch ECG, is het meten van de 
concentratiee van tissue factor en andere stollingsfactoren in het bloed van geen 
diagnostischee waarde. Remming van tissue factor met rNAPc2 is een veilige en 
effectievee methode om activering van het stollingssyteem tijdens een Dotterprocedure 
tee voorkomen. Aan de andere kant resulteert activering van het tissue afhankelijke 
stollingssysteemm met behulp van Recombinant Factor Vila, in een complete 
normalisatiee van de stolling nadat gezonde mannelijke vrijwilliger s werden 
'behandeld'' met het nieuwe antistollingsmedicijn Fondaparinux. Bij chimpansees 
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enn mannelijke vrijwilliger s die worden blootgesteld aan een müde vonn van sepsis, 
wordtt  aedvering van het stöïUngssyteem eveneens door  rNAPc2 voorkomen; 
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Dankwoor d d 

Hett is zover. Het onderzoek is afgerond, alle hoofdstukken zijn geschreven, het 
proefschriftt is voltooid! Zoals velen al terecht hebben opgemerkt: het schrijven van 
eenn proefschrift doe je nooit alleen. Gelukkig maar, want promoveren is als het 
bewandelenn van een dichtbegroeid bos dat veel onbekende paden bevat en waarbij 
somss steile heuvels beklommen dienen te worden. Veel mensen hebben zowel direct 
alss indirect, op inhoudelijk, praktisch en sociaal vlak bijgedragen aan de 
totstandkomingg van dit proefschrift en allen wil ik hiervoor hartelijk danken. Een 
aantall  van hen wil ik in het bijzonder noemen: 

Allereerstt mijn co-promotor Dr R.J.G. Peters. Beste Ron, ji j hebt me 4 jaar geleden 
dee mogelijkheid geboden te starten met een 'promotie-onderzoek' waarover ik niet 
langg hoefde na te denken. Je nooit aflatende optimisme en enthousiasme voor de 
wetenschapp hebben me enorm gestimuleerd te geloven in het onderzoek en in de 
voltooiingg van de patiënten inclusie. Ik heb altijd veel waardering gehad voor je 
analytischh vermogen, je heldere blik, je diplomatie en met name je schrijftalent, 
waarvann ik veel heb geleerd. Van de vele onderwerpen die we in de afgelopen jaren 
bespraken,, was er één die bij iedere bespreking meerdere malen op de denkbeeldige 
agendaa stond: de tijdsperiode die hopelijk resteerde voordat het sein weer het bekende 
signaall  zou produceren. Maar ondanks je drukke bestaan was je telkens bereid tot 
overleg,, en of het nu weekend of vakantie was, er was altijd plaats voor een extra 
manuscriptt in je tas dat je dan ter correctie meenam. Ron, bedankt voor deze 
begeleidingg en je bijdrage aan de goede werksfeer op kamer F3-241. 

Mijnn promotor prof. H.R. Büller. Beste Harry, toen ik als paranimf jou voor de eerste 
keerr ontmoette als commissielid tijdens de verdediging van het proefschrift van mijn 
broer,, had ik nooit gedacht dat je jaren later de promotor zou worden van mijn 
proefschrift.. Ik heb het als een voorrecht gevonden mede onder jouw hoede onderzoek 
tee verrichten. Je heldere inzichten, verstand van zaken, en opbouwende en positieve 
kritiekk hebben me altijd enorm gesteund en op weg geholpen. Met jouw humor en 
aimabelee persoonlijkheid weetje als geen ander mensen te motiveren en het vertrouwen 
tee geven op een goede afloop. Een waardevolle kwaliteit met name tijdens de diverse 
telefonischee vergaderingen met 'de onderzoekers in Amerika'. Vergaderingen die nogal 
eenss vooraf werden gegaan door een e-mail met daarin de woorden:' I am concerned 
Hartelijkk dank voor je begeleiding en je inzet in de studies met Corvas. 
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Dee leden van de lezingscommissie prof H. ten Cate, prof S.J.H, van Deventer, prof 
F.. Zijlstra, dr J.J. Kooien en prof RH. Reitsma wil ik bedanken voor hun kritische 
beoordelingg van de manuscripten, en ik hoop op een prettige gedachtenwisseling 
tijdenss de verdediging van mijn proefschrift. 

Proff  M. Levi. Beste Marcel, jou wil bedanken voor de fantastische medewerking die 
jee hebt verleend bij een aantal hoofdstukken in dit proefschrift. Jouw bijdrage was 
onmisbaar.. Je bereidwilligheid, enthousiasme en positieve instelling waren voor mij 
eenn bron van inspiratie, en net als velen met mij heb ook ik me verbaasd over het 
gemakk en de snelheid waarmee ji j tot nieuwe ideeën en inzichten komt. 

Georgee Vlasuk and Bill Rote of Corvas International. Thank you for your great 
supportt and your patience during the past 4 years. Except for your definition of 
'Rebound'' and your opinion to delete 'that ugly worm head' from the abstract 
presentations,, I always admired your scientific view and appreciated your comments. 
Yourr critical reviews of the manuscripts were of great help. It was a pleasure to work 
withh you and I look forward to any cooperation in the future. 

Dee interventiecardiologen van het AMC (Jan Piek, Karel Koch, Rob de Winter, Carl 
Schotborgh,, Matthijs Bax en de inmiddels niet meer in het AMC werkzaam zijnde 
Georgee Sianos) en de hoofdonderzoekers uit de andere centra (Dr van den Brand 
vann het Dijkzigt Ziekenhuis in Rotterdam, Dr Kooien van het Catharina Ziekenhuis 
inn Eindhoven, Dr van Ommen van het Academisch Ziekenhuis in Maastricht, en Dr 
tee Riele van het Ignatius Ziekenhuis in Breda) wil ik allen bedanken voor hun 
voortreffelijkee inzet gedurende de 'rNAPc2-studie'. 

Tevenss wil ik de 'Clinical Trial Unit' bedanken bestaande uit Martin Prins, Ria 
Koolma,, Nadien Fleitour, Truus van Leeuwen, René Breed, Miranda Roskam en 
Yvonnee Graafsma, voor de enorme inspanningen tijdens de constructie van het 'Case 
Recordd Form', de studie 'monitoring', samenstelling van de database en schrijven 
vann het statistisch rapport. I also would like to thank Maureen Stannard for her 
tremendouss work in monitoring the CRF's and database, and I appreciate her 
understandingg about what we Dutch people like to eat during our work. Maureen, I 
hopee you are less concerned during your work in the future. 

Dann ben ik nu aangekomen bij mijn kamergenoten Niek en Matthijs op F3-241. Ik 
hadd geen betere room-mates kunnen treffen. Niek met zijn onuitputtelijke humor, 

156 6 



Dankwoord d 

zijnn anekdotes en zijn juiste instelling over hoe de dagindeling van een arts-
onderzoekerr behoort te zijn. Eindhovenaren De Gekken, ja daar kan ik me wel in 
vinden.. Je hebt een geweldig relativeringsvermogen in tijden van moeilijke 
beslissingen,, en datje nog steeds liefde voor PSV koestert...., ach dat komt ook nog 
well  goed. En Matthijs, onze lopende encyclopedie en zijn onovertroffen inzet, die 
zichh aan het eind van de middag af en toe uitbetaalt in zware momenten achter de PC 
waarbijj  zijn neus bijna het bureaublad raakt. Al met al denk ik dat ik met een gerust 
hartt 'onze' kamer de komende twee jaar kan verlaten, want dat record van 90 staat 
alss een huis. Roeloffina, te allen tijde was je bereid je medewerking voor alles en 
nogg wat te verlenen en dat heb ik altijd erg gewaardeerd. Allen, enorm bedankt voor 
dee gezelligheid en julli e bijdrage aan mijn proefschrift. Ik ga onze gesprekken zeker 
missen. . 

Kameradenn van de 'Stollingsgroep'. Clara, Ivan, Jeroen, Maaike, Marije, Marnix, 
Roell  en Tijmen. De komende periode zal het sein-geluid 's middags exact om 12.00 
uurr vast een andere betekenis hebben dan de afgelopen 4 jaar. Bedankt voor de 
gezelligheidd tijdens die ontelbare lunches en borrels in het o zo gezellige Oude 
Gasthuiss of café Thijssen. De congressen in Washington, Parijs en Houthalen waren 
misschienn niet de grootste maar wel de leukste. 

Mariannaa Veendorp, met name in de laatste fase van mijn promotie heb ik jouw hulp 
inn administratieve zaken zeer op prijs gesteld. 

Inn de loop der afgelopen jaren is de groep van medeonderzoekers enorm gegroeid. 
Sommigenn zijn reeds Dr, de meeste echter hard werkend tot Dr in wording. Ieder 
mett zijn of haar eigen 'ups' en 'downs' in patiënten inclusie, p-waarden en 
'submisions',, waarvoor onderling grote belangstelling is. De wetenschappers van 
dee lipidengroep: Greetje, Kees, Angelique (met wie ik ooit ben gestart op F3-zuid), 
Max,, Raaj, Maud, Jessica, Pernette, Saskia, Rhadjesh, Melchior, Emily en Sanne 
(zoalss ji j bitterballen bakt is er geen ander), zijn inmiddels vaste partners van de 
'stolling'.. Ja, vrijdagmiddag op de STOEH is reeds dé afsluiting van de week. De 
meestee arts-onderzoekers van de Cardiologie zal ik waarschijnlijk in de komende 
jarenn nog regelmatig in de kliniek tegenkomen, alleen zullen de gesprekken veel 
minderr gaan over 'significanties', 'impact factor', of'acceptaties1. Ik heb genoten 
vann de goede werksfeer tussen de collega-onderzoekers van de Cardiologie-afdeling; 
Steven,, Martijn, Michiel, Niels, Bektas, Bart-Jan, Raymond (succes met de opleiding 
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inn het hoge noorden), Joris (jammer dat we niet vaker de gezelligheid opzochten 
zoalss tijdens onze AGNIO-periode), Igor, Gijs, Anouk, Fons (je weet, ik ben altijd 
bereidd tot een subanalyse), Ayten (wie had dat gedacht, eerst de introductiedagen in 
Nijmegen,, nu collega arts-onderzoekers in Amsterdam), Nancy, Nina, Marc (zoals 
wee inmiddels weten, de weg naar resultaat is er een met pieken en dalen, maar één 
dingg blijf t belangrijk, gewoon stug doorgaan), Radha {oude kamergenoot, jou en 
Robb de Winter wil ik bedanken voor het beschikbaar stellen van de DESIRE samples), 
Tanja,, Lea, Saskia en Jacobijn. 

Mijnn proefschrift zou zeker niet van de grond zijn gekomen als al die ' 15,000 samples' 
niett op zo'n professionele wijze geanalyseerd werden op vele stol lings factoren. Onder 
hett toeziend oog van Joost Meijers, voor wie geen sample te veel was, hebben Hans, 
Marianne,, Will , Kamran en Hannie van het Lab op Gl, uitstekend werk verricht. 

Ikk denk nog regelmatig terug aan die momenten wanneer ik met mijn plastic bakje met 
ijs,, spuiten en buisjes door de ziekenhuisgangen holde om bij nacht en ontij 
bloedmonsterss af te nemen en deze dan op verschillende afdelingen moest centrifugeren 
enn uitpipetteren. En hoe vaak moestt nog niet een bloeddruk en hartfrequentie worden 
gemeten,, een drukverband worden aangelegd, of nog een extra buisje worden 
afgenomen.. Gelukkig, stond ik hiervoor niet alleen. Een belangrijk onderdeel van de 
onderzoeksmachinee vormde de medewerking met de verpleegkundigen van de 
hartbewaking,, afdeling F3-zuid en de interventiecardiologie. Jullie medewerking was 
onvoorwaardelijk.. Bedankt voor al julli e hulp en ondersteuning. 

Anne-Cornelie,, een betere samenwerking en taakverdeling had ik niet kunnen wensen, 
ikk die om de 15-30 minuten kwam aanzetten met 4 a 5 citraat- en EDTA-buisjes, en 
ji jj  die temidden van 2 centrifuges, 3 rekken met bloedbuizen en 5 stickervellen alle 
sampless in het juiste cupje kreeg. 

All ee bloedafnames, bepalingen en verrichtingen zouden niet mogelijk zijn geweest 
zonderr deelname van patiënten en gezonde vrijwilligers aan de studies. Bedankt 
voorr deze essentiële bijdrage. Zonder julli e medewerking is er geen vooruitgang in 
dee wetenschap. 

Mijnn hartelijk dank gaat ook uit naar Wilma IJzerman voor het maken van de omslag 
enn Chris Bor voor het verzorgen van de lay out. 
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Mijnn vaste aanspreekpunten van de AMR Medical Research BV, Linda Hoogenhout 
enn Marianne Mooijer, bedankt voor al julli e hulp bij financiële beslommeringen. 

Dee paranimfen, Henri en mijn broer Carl. Henri, ji j bent mijn vriend sinds het begin 
vann de studententijd. Na alle vakanties, feesten, concerten, stapavonden, diners en 
discussiess over met name niet-wetenschappelijke onderwerpen, heb ik je nu juist als 
wetenschappelijkee back-up nodig. Carl, de rollen zijn omgedraaid, en straks sta ji j 
naastt me als paranimf. Maar ik geef toe, ji j bent de beste epidemioloog in de familie. 
Bedanktt dat julli e willen bijdragen aan dit voor mij belangrijke moment. 

All ee vrienden, bedankt voor de nodige ontspanning en momenten waarop ik stoom 
konn afblazen en mezelf kon opladen met nieuwe energie. Jullie hebben ervoor gezorgd 
datt ik regelmatig met andere dingen kon bezig zijn dan met mijn werk. 
Lianne,, Ronald, Lobke, Sarah, Tijmen, Michel, Mariette, Carl, Caroline en onze 
jongstee telg Jasper. Jullie hebben mijn promotie op de voet gevolgd, al was het moeilijk 
tee begrijpen waarover het precies allemaal ging. Maar ondanks dit hiaat is julli e 
steunn meer dan belangrijk geweest voor mij. Ik hoop dat julli e van de promotiedag 
gaann genieten. 

Dann wil ik een paar woorden richten aan mijn vader. Ook al is het zo vaak gezegd, 
wederomm wil ik benadrukken dat je noodgedwongen veel te vroeg van ons bent 
heengegaan.. Hierdoor heb je vele mooie momenten moeten missen. Niet alleen 
prestatiess van mij, maar ook die van je andere kinderen, Lianne, Michel en Carl. Ik 
denkk datje erg trots zou zijn geweest op dit proefschrift en ik hoop datje dit toch op 
dee één of andere manier kunt meemaken. 

Lievee mama, al snel stond je er helemaal alleen voor. Hoe je ons hebt opgevangen is 
mett geen pen te beschrijven, maar ik kan je één ding zeggen, je hebt het fantastisch 
gedaan!!  Altij d sta je voor mij en de anderen klaar en daarvan hoop ik nog lang te 
genieten. . 

Tott slot, mijn liefste Arifa, mijn aanstaande. Als geen ander heb je ervaren dat 
promoverenn voor de één, betekent opofferingen voor de ander. Over jouw onvoor-
waardelijkee en grenzeloze steun, liefde en geduld kan ik heel kort zijn: ik ben 
ontzettendd blij met jou! 
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Arnoo Moons werd geboren op 7 december 1969 te Nijmegen. Na het doorlopen van 
dee HAVO en VWO, startte hij in 1989 met de studie Gezondheidswetenschappen 
aann de Katholieke Universiteit van Nijmegen. In deze periode deed hij 
wetenschappelijkk onderzoek op de afdeling 'Community Health Sciences' van het 
Academischh Ziekenhuis te Malmö (Zweden) en op de afdeling Klinische 
Epidemiologiee en Biostatistiek van het Academisch Medisch Centrum (AMC) in 
Amsterdam.. In 1993 werd deze studie, met als afstudeerrichting Klinische 
Epidemiologie,, voltooid en aansluitend in hetzelfde jaar begon hij eveneens in 
Nijmegenn aan de studie Geneeskunde. Na een verkort doctoraalprogramma van 2 
jaarr volgden de co-assistentschappen met als afsluitend co-schap, een stage van 3 
maandenn op een gezondheidspost in de wijk Camilo Chamorro in Managua, de 
hoofdstadd van Nicaragua. Tijdens de Geneeskunde studie werd zijn interesse voor 
cardiologiee gewekt en na het behalen van zijn artsexamen in december 1997, was hij 
gedurendee 1 jaar werkzaam als arts-assistent op de afdeling Cardiologie van het 
AMC.. Zijn belangstelling voor klinisch wetenschappelijk onderzoek kreeg een nieuwe 
impulss door vanaf 1 februari 1999 als arts-onderzoeker te werken op de hartbewaking 
vann het AMC onder begeleiding van Dr R.J.G. Peters en Prof H.R. Büller. Dit 
proefschriftt is hiervan het blijvende resultaat. Op 1 april 2003 startte Arno de 
vooropleidingg Interne Geneeskunde in het Elisabeth Gasthuis te Haarlem en na 2 
jaarr zal hij de opleiding tot cardioloog voortzetten in het AMC. 
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