
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The extrinsic coagulation pathway in coronary artery disease and endotoxemia

Moons, A.H.M.

Publication date
2003

Link to publication

Citation for published version (APA):
Moons, A. H. M. (2003). The extrinsic coagulation pathway in coronary artery disease and
endotoxemia. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-extrinsic-coagulation-pathway-in-coronary-artery-disease-and-endotoxemia(fd2bdaa8-ec79-4da9-b51e-750c52bc5e95).html


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 

Introduction 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. 

Physiologyy of tissue factor 
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 

factorr 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. 

Tissuee factor in atherosclerotic plaques 
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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Figuree 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. 

Plasmaa levels of soluble tissue factor in acute coronary syndromes 
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 

30 0 



TFF and coronary artery disease 

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. 

Tissuee factor and (coronary) artery interventions 
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. 

Therapeuticc approaches 
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-specificc inhibition of tissue factor and tissue factor/factor Vila complex 

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. . 

Conclusion 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. 

37 7 



Chapterr 2 

References s 
1.. Fuster V, Badimon L, Badimon JJ, et al. The pathogenesis of coronar>' artery disease and the 

acutee coronary syndromes (1). N Engl J Med 1992; 326: 242-250. 
2.. Fuster V, Badimon L, Badimon JJ, et al.. The pathogenesis of coronary artery disease and the 

acutee coronary syndromes (2). N Engl J Med 1992; 326: 310-318. 
3.. Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 1995; 92: 657-671. 
4.. Stary HC, Chandler AB, Dinsmore RE, et al. 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. 

5.. Gutstein DE, Fuster V. Pathophysiology and clinical significance of atherosclerotic plaque 
rupture.. Cardiovasc Res 1999; 41: 323-333. 

6.. Moreno PR, Falk E, Palacios IF, et al. Macrophage infiltration in acute coronary syndromes. 
Implicationss for plaque rupture. Circulation 1994; 90: 775-778. 

7.. van der Wal AC, Becker AE, van der Loos CM, et al. Site of intimal rupture or erosion of 
thrombosedd coronary atherosclerotic plaques is characterized by an inflammatory process 
irrespectivee of the dominant plaque morphology. Circulation 1994; 89: 36-44. 

8.. Shah PK, Falk F, Badimon JJ, et al. Human monocyte-derived macrophages induce collagen 
breakdownn in fibrous caps of atherosclerotic plaques. Potential role of matrix-degrading 
metalloproteinasess and implications for plaque rupture. Circulation 1995; 92: 1565-1569, 

9.. Morrissey JH, Fakhrai H, Edgington TS. Molecular cloning of the cDNA for tissue factor, the 
cellularr receptor for the initiation of the coagulation protease cascade. Cell 1987; 50: 129-135. 

10.. Scarpati EM, Wen D, Broze GJ, et al. Human tissue factor: cDNA sequence and chromosome 
localizationn of the gene. Biochemistry 1987; 26: 5234-5238. 

11.. Nemerson Y. The tissue factor pathway of blood coagulation. Semin Hematol 1992; 29: 170-176. 
12.. Edgington TS, Mackman N, Brand K, et al. The structural biology of expression and function 

off  tissue factor. Thromb Haemost 1991; 66: 67-79. 
13.. Ruf W, Edgington TS. Structural biology of tissue factor, the initiator of thrombogenesis in 

vivo.. FASEB J 1994; 8: 385-390. 
14.. Drake TA, Morrissey JH, Edgington TS. Selective cellular expression of tissue factor in human 

tissues.. Implications for disorders of hemostasis and thrombosis. Am J Pathol 1989; 134: 1087-
1097. . 

15.. Girard TJ, Warren LA, Novotny WF, et al. Functional significance of the Kunitz-type inhibitory 
domainss of lipoprotein-associated coagulation inhibitor. Nature 1989; 338: 518-520. 

16.. Valentin S, Reutlingsperger CP, Nordfang O, et al. Inhibition of factor X activation at 
extracellularr matrix of fibroblasts during flow conditions: a comparison between tissue factor 
pathwayy inhibitor and inactive factor Vila. Thromb Haemost 1995; 74: 1478-1485. 

17.. Bajaj MS, Kuppuswamy MN, Saito H, et al. Cultured normal human hepatocytes do not 
synthesizee lipoprotein-associated coagulation inhibitor: evidence that endothelium is the 
principall  site of its synthesis. Proc Natl Acad Sci USA 1990; 87: 8869-8873. 

18.. Sandset PM, Abildgaard U, Larsen ML. Heparin induces release of extrinsic coagulation 
pathwayy inhibitor {EPI). Thromb Res 1988; 50: 803-813. 

19.. Novotny WF, Brown SG Miletich JP, et al. Plasma antigen levels of the lipoprotein-associated 
coagulationn inhibitor in patient samples. Blood 1991; 78: 387-393. 

20.. Novotny WF, Girard TJ, Miletich JP, et al. Platelets secrete a coagulation inhibitor functionally 
andd antigenically similar to the lipoprotein associated coagulation inhibitor. Blood 1988; 72: 
2020-2025. . 

21.. Kokawa T, Enjyoji K, Kumeda K, et al. Measurement of the free form of TFPI antigen in 
hyperlipidemia.. Relationship between free and endothelial cell-associated forms of TFPI. 
Arterioscterr Thromb Vase Biol 1996; 16: 802-808. 

38 8 



TFF and coronary artery disease 

22.. 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. 

23.. Osterud B, Bajaj MS, Bajaj SR Sites of tissue factor pathway inhibitor (TFP1) and tissue factor 
expressionn under physiologic and pathologic conditions. On behalf of the Subcommittee on 
Tissuee factor Pathway Inhibitor (TFP1) of the Scientific and Standardization Committee of the 
ISTH.. Thromb Haemost 1995; 73: 873-875. 

24.. Calmus Y, Robert A. Increase in monocyte procoagulant activity with age. Thromb Res 1986; 
41:: 133-136. 

25.. Gregory SA, Edgington TS. Tissue factor induction in human monocytes. Two distinct 
mechanismss displayed by different alloantigen-responsive T cell clones. J Clin Invest 1985; 
76:: 2440-2445. 

26.. Del Prete G, De Carli M, Lammei RM, et al. Thl and Th2 T-helper cells exert opposite regulatory 
effectss on procoagulant activity and tissue factor production by human monocytes. Blood 1995; 
86:: 250-257. 

27.. Osnes LT, Westvik AB, Joo GB, et al. Inhibition of IL-1 induced tissue factor (TF) synthesis 
andd procoagulant activity (PCA) in purified human monocytes by 1L-4, IL-10 and IL-13. 
Cytokinee 1996; 8: 822-827. 

28.. Mach F, Schönbeck U, Sukhova GK, et al. Functional CD40 ligand is expressed on human 
vascularr endothelial cells, smooth muscle cells, and macrophages: implications for CD40-CD40 
ligandd signaling in atherosclerosis. Proc Natl Acad Sci USA 1997; 94: 1931-1936. 

29.. Mach F, Schonbeck U, Bonnefoy JY, et al. Activation of monocyte/macrophage functions related 
too acute atheroma complication by ligation of CD40: induction of collagenase, stromelysin, 
andd tissue factor. Circulation 1997; 96: 396-399. 

30.. Pradier O, Willems F, Abramowicz D, et al. CD40 engagement induces monocyte procoagulant 
activityy through an interleukin-10 resistant pathway. Eur J Immunol 1996; 26: 3048-3054. 

31.. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prognostic value of C-reactive protein and 
serumm amyloid a protein in severe unstable angina. N Engl J Med 1994; 331:417-424. 

32.. Cermak J, Key NS, Bach RR, et al. C-reactive protein induces human peripheral blood 
monocytess to synthesize tissue factor. Blood 1993; 82: 513-520. 

33.. Taubman MB, Marmur JD, Rosenfield CL, et al. Agonist-mediated tissue factor expression in 
culturedd vascular smooth muscle cells. Role of Ca2+ mobilization and protein kinase C 
activation.. J Clin Invest 1993; 91: 547-552. 

34.. Ernofsson M, Siegbahn A. Platelet-derived growth factor-BB and monocyte chemotactic protein-1 
inducee human peripheral blood monocytes to express tissue factor. Thromb Res 1996; 83: 307-320. 

35.. Poon M, Hsu WC, Bogadanov VY, et al. Secretion of monocyte chemotactic activity by cultured 
ratt aortic smooth muscle cells in response to PDGF is due predominantly to the induction of 
JE/MCP-1.. Am J Pathol 1996; 149: 307-317. 

36.. Yla-Herttuala S, Lipton BA, Rosenfeld ME, et al. Expression of monocyte chemoattractant 
proteinn 1 in macrophage-rich areas of human and rabbit atherosclerotic lesions. Proc Natl 
Acadd Sci USA 1991; 88: 5252-5256. 

37.. Schecter AD, Fallon JT, Rossikhina M, et al. Monocyte chemoattractant protein 1 (MCP-1) 
inducess tissue factor in human arterial smooth muscle cells (SMC) and monocytes. Blood 
1995;; 86: 286a (abstract). 

38.. Siddiqui FA, Desai H, Amaya A, et al. Activated human platelets express and release tissue factor 
inn vitro. Abstract to be found on the CD-ROM of the XVIIlt h ISTH Meeting, Paris 2001. 

39.. Colli S, Lalli M, Rise P, et al.. Increased thrombogenic potential of human monocyte-derived 
macrophagess spontaneously transformed into foam cells. Thromb Haemost 1999; 81: 576-581. 

40.. Lesnik P, Rouis M, Skarlatos S, et al. Uptake of exogenous free cholesterol induces upregulation 
off  tissue factor expression in human monocyte-derived macrophages. Proc Natl Acad Sci USA 
1992;; 89: 10370-10374. 

39 9 



Chapterr 2 

41.. Schlichting E, Henriksen T, Lyberg T. Lipoproteins do not modulate the tissue factor activity, 
plasminogenn activator or tumor necrosis factor production induced by lipopolysaccharide 
stimulationn of human monocytes. Scand J Clin Lab Invest 1994; 54: 465-473. 

42.. Stragliotto E, Maderna P, Bernini F, et al. Acetyl-LDL but not native and ox-LDL stimulate the 
expressionn of procoagulant activity by monocytes. Thromb Haemost. 1991; 65: 1214 (abstract). 

43.. Schwartz BS, Levy GA, Curtiss LK, et al. Plasma lipoprotein induction and suppression of the 
generationn of cellular procoagulant activity in vitro: two procoagulant activities are produced 
byy peripheral blood mononuclear cells. J Clin Invest 1981; 67: 1650-1658. 

44.. Wada H, Kaneko T, Wakita Y, et al. Effect of lipoproteins on tissue factor activity and PAI-I1 
antigenn in human monocytes and macrophages. Int J Cardiol 1994; 47: S21-S25. 

45.. Lewis JC, Bennett-Cainn AL, DeMars CS, et al. Procoagulant activity after exposure of monocyte-
derivedd macrophages to minimally oxidized low density lipoprotein. Co-localization of tissue 
factorr antigen and nascent fibrin fibers at the cell surface. Am J Pathol 1995; 147: 1029-1040. 

46.. Schuff-Werner P, Claus G, Armstrong VW, et al. Enhanced procoagulatory activity (PCA) of 
humann monocytes/macrophages after in vitro stimulation with chemically modified LDL. 
Atherosclerosiss 1989; 78: 109-112. 

47.. Serneri GG, Abbate R, Gori AM, et al. Transient intermittent lymphocyte activation is responsible 
forr the instability of angina. Circulation 1992; 86: 790-797. 

48.. Freeburn JC, Wallace JM, Strain JJ, et al. Monocyte tissue factor-like activity in post myocardial 
infarctionn patients. Br J Haematol 1998; 102: 605-608. 

49.. Jude B, Agraou B, McFadden EP, et al. Evidence for time-dependent activation of monocytes 
inn the systemic circulation in unstable angina but not in acute myocardial infarction or in stable 
angina.. Circulation 1994; 90: 1662-1668. 

50.. Agraou B, Corseaux D, McFadden EP, et al. Effects of coronary angioplasty on monocyte tissue 
factorr response in patients with stable or unstable angina. Thromb Res 1997; 88: 237-243. 

51.. Leatham EW, BathPM,ToozeJA, etal. Increased monocyte tissue factor expression in coronary 
disease.. Br Heart J 1995; 73: 10-13. 

52.. Giesen PL, Rauch U, Bohrmann B, et al. Blood-borne tissue factor: another view of thrombosis. 
Procc Natl Acad Sci USA 1999; 96: 2311-2315. 

53.. Rauch U, Bonderman D, Bohrmannn B, et al. Transfer of tissue factor from leukocytes to platelets 
iss mediated by CD15 and tissue factor. Blood 2000; 96: 170-175. 

54.. Stary HC. Evolution and progression of atherosclerotic lesions in coronary arteries of children 
andd young adults. Arteriosclerosis 1989; 9: 119-132. 

55.. Schecter AD, Giesen PL, Taby O, et al. Tissue factor expression in human arterial smooth 
musclee cells. TF is present in three cellular pools after growth factor stimulation. J Clin Invest 
1997;; 100: 2276-2285. 

56.. Penn MS, Patel CV, Cui MZ, et al. LDL increases inactive tissue factor on vascular smooth 
musclee cell surfaces: hydrogen peroxide activates latent cell surface tissue factor. Circulation 
1999;; 99: 1753-1759. 

57.. Schonbeck U, Mach F, Sukhova GK, et al. CD40 ligation induces tissue factor expression in 
humann vascular smooth muscle cells. Am J Pathol 2000; 156: 7-14. 

58.. Carlsen E, Flatmark A, Prydz H, Cytokine-induced procoagulant activity in monocytes and 
endotheliall  cells. Further enhancement by cyclosporine. Transplantation 1988; 46: 575-580. 

59.. Bevilacqua MP, Pober JS, Majeau GR, etal. Interleukin 1 (1L-1) induces biosynthesis and cell 
surfacee expression of procoagulant activity in human vascular endothelial cells. J Exp Med 
1984;; 160: 618-623. 

60.. Bevilacqua MP, Pober JS, Majeau GR, et al. Recombinant tumor necrosis factor induces 
procoagulantt activity in cultured human vascular endothelium: characterization and comparison 
withh the actions of interleukin 1. Proc Natl Acad Sci USA 1986; 83: 4533-4537. 

61.. Conway EM, Bach R, Rosenberg RD, et al. Tumor necrosis factor enhances expression of 
tissuee factor mRNA in endothelial cells. Thromb Res 1989; 53: 231-24). 

40 0 



TFF and coronary artery disease 

62.. Mulder AB, Hegge-Paping KS, Magielse CP, et al. Tumor necrosis factor alpha-induced 
endotheliall  tissue factor is located on the cell surface rather than in the subendothelial matrix. 
Bloodd 1994; 84: 1559-1566. 

63.. Colucci M, Balconi G, Lorenzet R, et al. Cultured human endothelial cells generate tissue 
factorr in response to endotoxin. J Clin Invest 1983; 71: 1893-1896. 

64.. Moore KL, Andreoli SP, Esmon NL, et al. Endotoxin enhances tissue factor and suppresses 
thrombomodulinee expression of human vascular endothelium in vitro. J Clin Invest 1987; 79: 
124-130. . 

65.. Lin MC, Almus-Jacobs F, Chen HH, et al. Shear stress induction of the tissue factor gene. J 
Clinn Invest 1997; 99: 737-744. 

66.. Ryan J, Brett J, Tijburg P, et al. Tumor necrosis factor-induced endothelial tissue factor is 
associatedd with subendothelial matrix vesicles but is not expressed on the apical surface. Blood 
1992;; SO: 966-974. 

67.. Camera M, Giesen PL, Fallon J, et al. Cooperation between VEGF and TNF-alpha is necessary 
forr exposure of active tissue factor on the surface of human endothelial cells. Arterioscler 
Thrombb Vase Biol 1999; 19: 531-537. 

68.. Drake TA, Hannani K, Fei HH, et al. Minimally oxidized low-density lipoprotein induces 
tissuee factor expression in cultured human endothelial cells. Am J Pathol 1991; 138: 601-607. 

69.. Stupsky JR, Kalbas M, Willuweit A, et al. Activated platelets induce tissue factor expression 
onn human umbilical vein endothelial cells by ligation of CD40. Thromb Haemost 1998; 80: 
1008-1014. . 

70.. Miller DL, Yaron R, Yellin MJ. CD40L-CD40 interactions regulate endothelial cell surface 
tissuee factor and thrombomoduline expression. J Leukoc Biol 1998; 63: 373-379. 

71.. Brox JH, Osterud B, Bjorklid E, et al. Production and availability of thromboplastin in 
endotheliall  cells: the effects of thrombin, endotoxin and platelets. Br J Haematol 1984; 57: 
239-246. . 

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

73.. 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. . 

74.. Ichikawa K, Nakagawa K, Hirano K, et al. The localization of tissue factor and apolipoprotein(a) 
inn atherosclerotic lesions of the human aorta and their relation to fibrinogen-fibrin transition. 
Patholl  Res Pract 1996; 192: 224-232. 

75.. Hatakeyama K., Asada Y, Marutsuka K, et al. Localization and activity of tissue factor in human 
aorticc atherosclerotic lesions. Atherosclerosis 1997; 133:213-219. 

76.. Muhlfelder TW, Teodorescu V, Rand J, et al. Human atheromatous plaque extracts induce 
tissuee factor activity (TFa) in monocytes and also express constitutive TFa. Thromb Haemost 
1999;; 81: 146-150. 

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

78.. Jonasson L, Holm J, Skalli O, et al. Regional accumulations of T cells, macrophages, and 
smoothh muscle cells in the human atherosclerotic plaque. Arteriosclerosis 1986; 6: 131-138. 

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

80.. 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. 

81.. Toschi V, Gallo R, Lettino M, et al. Tissue factor modulates the thrombogenicity of human 
atheroscleroticc plaques. Circulation 1997; 95: 594-599. 

41 1 



Chapterr 2 

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

83.. 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. 

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

85.. Moreno PR, Bernardi VH, Lopez-Cuellar J, et al. Macrophages, smooth muscle cells, and 
tissuee factor in unstable angina. Implications for cell-mediated thrombogenicity in acute coronary 
syndromes.. Circulation 1996; 94: 3090-3097. 

86.. Kaikita K., Ogawa H, Yasue H, et al. Tissue factor expression on macrophages in coronary 
plaquess in patients with unstable angina. ArteriosclerThromb Vase Biol 1997; 17: 2232-2237. 

87.. Suefuji H, Ogawa H, Yasue H, et al. Increased plasma tissue factor levels in acute myocardial 
infarction.. Am Heart J 1997; 134: 253-259. 

88.. 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. 

89.. 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. 

90.. Marco J, Ariens RAS, Fajadet J, et al. Effect of aspirin and ticlopidine on plasma tissue factor 
levelss in stable and unstable angina pectoris. Am J Cardiol 2000; 85: 527-53 1. 

91.. Falciani M, Gori AM, Fedi S, et al. Elevated tissue factor and tissue factor pathway inhibitor 
circulatingg levels in ischaemic heart disease patients. Thromb Haemost 1998; 79: 495-499. 

92.. Kamikura Y, Wada H, Yatnada A, et al. Increased tissue factor pathway inhibitor in patients 
withh acute myocardial infarction. Am J Hematol 1997; 55: 183-187. 

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

94.. Marmur JD, Merlini PA, Sharma SK, et al. Thrombin generation in human coronary arteries 
afterr percutaneous transluminal balloon angioplasty. J Am Coll Cardiol 1994; 24: 1484-1491. 

95.. Losordo DW, Rosenfield K, Pieczek A, et al. How does angioplasty work? Serial analysis of 
humann iliac arteries using intravascular ultrasound. Circulation 1992; 86: 1845-1858. 

96.. Steele PM, Chesebro JH, Stanson AW, et al. Balloon angioplasty. Natural history of the 
pathophysiologicall  response to injury in a pig model. Circ Res 1985; 57: 105-112, 

97.. Groves HM, Kinlough-Rathbone RL, Richardson M, et al. Thrombin generation and fibrin 
formationn following injury to rabbit neointima. Studies of vessel wall reactivity and platelet 
survival.. Lab Invest 1982; 46: 605-612. 

98.. Richardson M, Kinlough-Rathbone RL, Groves HM, et al. Ultrastructural changes in re-
endotheliaMzedd and non-endothelialized rabbit aortic neo-intima following re-injury with a 
balloonn catheter. Br J Exp Pathol 1984; 65: 597-611. 

99.. 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. 

100.. Mizuno O, Hojo Y, Ikeda U, et al. Assessment of coagulation and platelet activation in coronary 
sinuss blood induced by transcatheter coronary intervention for narrowing of the left anterior 
descendingg coronary artery. Am J Cardiol 2000; 85: 154-160. 

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

102.. Hasenstab D, Lea H, HartCE, et al. Tissue factor overexpression in rat arterial neointima models 
thrombosiss and progression of advanced atherosclerosis. Circulation 2000; 101: 2651-2657. 

103.. Taubman MB. Tissue factor regulation in vascular smooth muscle: a summary of studies 
performedd using in vivo and in vitro models. Am J Cardiol 1993; 72: 55C-60C. 

42 2 



TFF and coronary artery disease 

104.. 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. 

105.. Hatakeyama K., Asada Y, Marutsuka K., et ai. Expression of tissue factor in the rabbit aorta 
afterr balloon injury. Atherosclerosis 1998; 139: 265-271. 

106.. 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. 

107.. Gallo R, Fallon JT, Toschi V, et al. Bi-phasic increase of tissue factor activity after angioplasty 
inn porcine coronary arteries. Circulation 1995;92:1354 (abstract). 

108.. Gertz SD, Fallon JT, Gallo R, et al. Hirudin reduces tissue factor expression in neointima after 
balloonn injury in rabbit femoral and porcine coronary arteries. Circulation 1998; 98: 580-587. 

109.. Sato Y, Asada Y, Marutsuka K, et al. Tissue factor induces migration of cultured aortic smooth 
musclee cells. Thromb Haemost 1996; 75: 389-392. 

110.. Sato Y, Asada Y, Marutsuka K, et al. Tissue factor pathway inhibitor inhibits aortic smooth 
musclee cell migration induced by tissue factor/factor Vila complex. Thromb Haemost 1997; 
78:: 1138-1141. 

111.. Harker LA, Hanson SR, Wilcox IN, et al. Antithrombotic and antilesion benefits without 
hemorrhagicc risks by inhibiting tissue factor pathway. Haemostasis 1996; 26:S76-S82. 

112.. Arnljots B, Ezban M, Hedner U. Prevention of experimental arterial thrombosis by topical 
administrationn of active site-inactivated factor Vila. J Vase Surg 1997; 25: 341-346. 

113.. Golino P, Ragni M, Cirill o P, et al. Antithrombotic effects of recombinant human, active site-
blockedd factor Vila in a rabbit model of recurrent arterial thrombosis. CircRes 1998; 82: 39-46. 

114.. Jang Y, Guzman LA, Lincoff AM, et al. Influence of blockade at specific levels of the coagulation 
cascadee on restenosis in a rabbit atherosclerotic femoral artery injury model. Circulation 1995; 
92:: 3041-3050. 

115.. CourtmanDW, Schwartz SM, HartCE. Sequential injury of the rabbit abdominal aorta induces 
intramurall  coagulation and luminal narrowing independent of intimal mass: extrinsic pathway 
inhibitionn eliminates luminal narrowing. Circ Res 1998; 82: 996-1006. 

116.. Lefkovits J, Malycky JL, Rao JS, et al. Selective inhibition of factor Xa is more efficient than 
factorr Vila-tissue factor complex blockade at facilitating coronary thrombolysis in the canine 
model.. J Am Coll Cardiol 1996; 28: 1858-1865. 

117.. Badimon JJ, Lettino M, Toschi V, et al. Local inhibition of tissue factor reduces the 
thrombogenicityy of disrupted human atherosclerotic plaques: effects of tissue factor pathway 
inhibitorr on plaque thrombogenicity under flow conditions. Circulation 1999; 99: 1780-1787. 

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

119.. Jang IK, Gold HK, Leinbach RC, et al. Antithrombotic effect of a monoclonal antibody against 
tissuee factor in a rabbit model of platelet-mediated arterial thrombosis. Arterioscler Thromb 
1992;; 12:948-954. 

120.. Ragni M, Cirill o P, Pascucci 1, et al. Monoclonal antibody against tissue factor shortens tissue 
plasminogenn activator lysis time and prevents reocciusion in a rabbit model of carotid artery 
thrombosis.. Circulation 1996; 93: 1913-1918. 

121.. Golino P, Ragni M, Cirill o P, et al. Effects of tissue factor induced by oxygen free radicals on 
coronaryy flow during reperfusion. Nat Med. 1996; 2: 35-40. 

122.. Erlich JH, Boyle EM, Labriola J, et al. Inhibition of the tissue factor-thromb in pathway limits 
infarctt size after myocardial ischemia-reperfusion injury by reducing inflammation. Am J Pathol 
2000;; 157: 1849-1862. 

123.. Kelley RF, Refino CJ, O'Connell MP, et al. A soluble tissue factor mutant is a selective 
anticoagulantt and antithrombotic agent. Blood 1997; 89: 3219-3227. 

124.. Abendschein DR, Meng YY, Torr-Brown S, et al. Maintenance of coronary patency after 
fibrinolysisfibrinolysis with tissue factor pathway inhibitor. Circulation J 995; 92: 944-949. 

43 3 



Chapterr 2 

125.. Haskel EJ, Torr SR, Day KC, et al. Prevention of arterial reocclusion after thrombolysis with 
recombinantt lipoprotein-associated coagulation inhibitor. Circulation 1991; 84: 821-827. 

126.. St Pierre J, Yang LY, Tamirisa K, et al. Tissue factor pathway inhibitor attenuates procoagulant 
activityy and upregulation of tissue factor at the site of balloon-induced arterial injury in pigs. 
Arteriosclerr Thromb Vase Biol 1999; 19: 2263-2268. 

127.. Zoldhelyi P, McNatt J, Shelat HS, et a!. Thromboresistance of balloon-injured porcine carotid 
arteriess after local gene transfer of human tissue factor pathway inhibitor. Circulation 2000; 101: 
289-295. . 

128.. Atsuchi N, Nishida T, Marutsuka K, et al. Combination of a brief irrigation with tissue factor 
pathwayy inhibitor (TFPI) and adenovirus-mediated local TFPI gene transfer additively reduces 
neointimaa formation in balloon-injured rabbit carotid arteries. Circulation 2001; 103: 570-575. 

129.. Brown DM, Kania NM, Choi ET, et al. Local irrigation with tissue factor pathway inhibitor 
inhibitss intimal hyperplasia induced by arterial interventions. Arch Surg 1996; 131: 1086-1090. 

130.. Oltrona L, Speidel CM, Recchia D, et al. Inhibition of tissue factor-mediated coagulation 
markedlyy attenuates stenosis after balloon-induced arterial injury inminipigs. Circulation 1997; 
96:: 646-652. 

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

132.. Smith EB, Thompson WD. Fibrin as a factor in atherogenesis. Thromb Res 1994; 73: 1-19, 
133.. TurpieAG, WeitzJI, Hirsh J. Advances in antithrombotic therapy: novel agents. Thromb Haemost 

1995;; 74: 565-571. 
134.. Kamikubo Y, Nakahara Y, Takemoto S, et al. Human recombinant tissue-factor pathway inhibitor 

preventss the proliferation of cultured human neonatal aortic smooth muscle cells. FEBS Lett 
1997;; 407: 116-120. 

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

136.. Rote WE, Oldeschulte GL, Dempsey EM, et al. Evaluation of a novel small protein inhibitor of 
thee blood coagulation factor Vila/Tissue Factor complex in animal models of arterial and venous 
thrombosis.. Circulation 1996; 94: 1695 (abstract). 

137.. Lee A, Agnelli G, Buller 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. 

138.. Novotny WF, Palmier M, Wun TC, et al. Purification and properties of heparin-releasable 
lipoprotein-associatedd coagulation inhibitor. Blood 1991; 78: 394-400. 

139.. Hoppensteadt DA, Walenga JM, Fasanella A, et al. TFPI antigen levels in normal human 
volunteerss after intravenous and subcutaneous administration of unfractionated heparin and a 
loww molecular weight heparin, Thromb Res 1995; 77: 175-185. 

140.. Hinz U, Grulich-Henn J, Preissner KT, et al. Mechanism of extrinsic pathway inhibitor 
stimulationn by heparin in umbilical vein endothelial cells. Thromb Haemost 1991; 65: 952 
(abstract). . 

141.. Valentin S, Nordfang O, Bregengard C, et al. Evidence that the C-terminus of tissue factor 
pathwayy inhibitor (TFPI) is essential for its in vitro and in vivo interaction with lipoproteins. 
Bloodd Coagul Fibrinolysis 1993; 4: 713-720. 

142.. Valentin S, Larnkjer A, Ostergaard P, et al. Characterization of the binding between tissue 
factorr pathway inhibitor and glycosaminoglycans. Thromb Res 1994; 75; 173-183. 

143.. Abbate R, Gori AM, Modesti PA, et al. Heparin, monocytes, and procoagulant activity. 
Haemostasiss 1990; 20: S98-S100. 

144.. Hansen JB, Sandset PM, Huseby KR, et al. Depletion of intravascular pools of tissue factor 
pathwayy inhibitor (TFPI) during repeated or continuous intravenous infusion of heparin in 
man.. Thromb Haemost 1996; 76: 703-709. 

44 4 



TFF and coronary artery disease 

145.. Anderson S, Cohen AT, Melissari E, et al. Loss of heparin-releasable tissue factor pathway 
inhibitorr in patients undergoing PTCA. Thromb Haemost 1995; 73: 328-329 (letter). 

146.. Becker RC, Spencer FA, Li Y, et ai. Thrombin generation after the abrupt cessation of intravenous 
unfractionatedd heparin among patients with acute coronary syndromes: potential mechanisms 
forr heightened prothrombotic potential. J Am Coll Cardiol 1999; 34: 1020-1027. 

147.. Aikawa M, Voglic SJ, SugiyamaS, etal. Dietary lipid lowering reduces tissue factor expression 
inn rabbit atheroma. Circulation 1999; 100: 1215-1222. 

148.. Hansen JB, Olsen JO, Wilsgard L, et al. Effects of dietary supplementation with cod liver oil 
onn monocyte thromboplastin synthesis, coagulation and fibrinolysis. J Intern Med Suppl 1989; 
225:: 133-139. 

149.. Tremoli E, Eligini S, Colli S, et al. n-3 fatty acid ethyl ester administration to healthy subjects 
andd to hypertriglyceridemic patients reduces tissue factor activity in adherent monocytes. 
Arteriosclerr Thromb 1994; 14: 1600-1608. 

150.. Harker LA, Kelly AB, Hanson SR, et al. Interruption of vascular thrombus formation and 
vascularr lesion formation by dietary n-3 fatty acids in fish oil in nonhuman primates. Circulation 
1993;; 87: 1017-1029. 

151.. Pellegrini G, Totani L, Di Santo A, et al. Supplementation-induced changes in polyunsaturated 
fattyy acid membrane and plasma composition do not modify mononuclear cell procoagulant 
activity.. Thromb Res 1993; 71: 95-101. 

33 52. Muller AD, van Houwelingen AC, van Dam-Mieras MC, etal. Effect of a moderate fish intake 
onn haemostatic parameters in healthy males. Thromb Haemost 1989; 61: 468-473. 

153.. Ferro D, Basili S, Alessandri C, et al. Simvastatin reduces monocyte-tissue-factor expression 
typee Ha hypercholesterolaemia. Lancet 1997; 350: 1222 (letter). 

154.. Colli S, Eligini S, Lalli M, etal. Vastatins inhibit tissue factor in cultured human macrophages. 
AA novel mechanism of protection against atherothrombosis. Arterioscler Thromb Vase Biol 
1997;; 17:265-272. 

155.. Nordoy A, Bonaa KH, Sandset PM, et al. Effect of omega-3 fatty acids and simvastatin on 
hemostaticc risk factors and postprandial hyperlipemia in patients with combined hyperlipemia. 
Arteriosclerr Thromb Vase Biol 2000; 20: 259-265. 

156.. Berrettini M, PariseP, RicottaS,etal. Increased plasma levels of tissue factor pathway inhibitor 
(TFP1)) after n-3 polyunsaturated fatty acids supplementation in patients with chronic 
atheroscleroticc disease. Thromb Haemost 1996; 75: 395-400. 

157.. Corseaux D, Le Tourneau T, Six I, et al. Enhanced monocyte tissue factor response after 
experimentall  balloon angioplasty in hypercholesterolemic rabbit: inhibition with dietary L-
arginine.. Circulation 1998; 98: 1776-1782. 

158.. Holschermann H, Durfeld F, Maus U, et at. Cyciosporine a inhibits tissue factor expression in 
monocytes/macrophages.. Blood 1996; 88: 3837-3845. 

159.. Holschermann H, Kohl O, Maus U, et al. Cyclosporin A inhibits monocyte tissue factor activation 
inn cardiac transplant recipients. Circulation 1997; 96: 4232-4238. 

160.. Matetzky S, Tani S, Kangavari S, et al. Smoking increases tissue factor expression in atherosclerotic 
plaques:: implications for plaque thrombogenicity. Circulation 2000; 102: 602-604. 

161.. Napoleone E, Di Santo A, Camera M, et al. Angiotensin-converting enzyme inhibitors 
downregulatee tissue factor synthesis in monocytes. Circ Res 2000; 86: 139-143. 

162.. Soejima H, Ogawa H, Yasue H, et al. Angiotensin-converting enzyme inhibition reduces 
monocytee chemoattractant protein-1 and tissue factor levels in patients with myocardial 
infarction.. J Am Coll Cardiol 1999; 34: 983-988. 

45 5 




