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Abstract

Christersson, C. 2008. Regulation of Tissue Factor and Coagulation Activity;. Translation
Studies with Focus on Platelet-Monocyte Aggregates and Patients with Acute Coronary
Syndrome. Acta Universitatis Upsaliensis. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 341. 87 pp. Uppsala. ISBN 978-91-554-71774.

Myocardial infarction (MI) is often caused by a disruption of an atherosclerotic plaque with
activation of coagulation, platelets and inflammation. The aims were; to investigate whether
the oral direct thrombin inhibitor, ximelagatran affected markers for coagulation, platelet and
inflammation in a patient cohort with recent MI and if the coagulation markers could identify
patients with increased risk of new ischemic events; to evaluate some of the mechanisms
involved in formation of platelet-monocyte aggregates (PMAs).

In a biomarker substudy patients with recent MI were randomized to 24-60 mg of
ximelagatran or placebo for six months. There was a persistent dose-independent reduction of
coagulation markers (F142, D-dimer) by ximelagatran treatment. 60 % reduced their D-dimer
levels after one week and that group had less ischemic events during treatment. There was an
early increase of the platelet activation marker and ximelagatran in higher doses attenuated
these increased levels. Both in vivo and in vitro the direct thrombin inhibitor diminished
procoagulant activity and tissue factor (TF) presenting microparticles. In contrast, the
inflammatory markers increased after six months of ximelagatran treatment. The PMA-levels
were elevated for long-term after MI. In vitro thrombin inhibition diminished formation of
PMAs. Formation of PMAs in stimulated whole blood was P-selectin dependent and induced
TF expression through phosphorylation of the Src-family member Lyn in monocytes.

Addition of an oral direct thrombin inhibitor reduces coagulation and platelet activation
markers for long-term after a MI together with reduced procoagulant activity which may
contribute to the clinical benefit of the drug. Early reduction of D-dimer levels seems to be
suitable to identify patients with reduced risk of new ischemic events independent of
antithrombotic treatment. Circulating PMAs persist after a MI connecting coagulation to
inflammation. Within these aggregates P-selectin induces TF, the main initiator of
coagulation, partly through phosphorylation of Lyn.
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Introduction

Myocardial infarction (MI), due to rupture of an atherosclerotic plaque with
thrombus formation, is the leading cause of death worldwide and cardiovas-
cular deaths is projected to increase in the comming decades [1, 2]. Within
the last 10 years, acute treatment with antithrombotic drugs and percutane-
ous coronary intervention (PCI) followed by secondary prevention have
reduced the risk for death in-hospital and early after discharge. However, the
one-year mortality, for the growing group of patients above 70 years, is still
20%. Several new oral antithrombotic drugs targeting platelets or the “co-
agulation cascade” are emerging with promising results. Concerns are being
raised regarding combinations of these drugs and possible unexpected side-
effects. The knowledge of the effect of drugs, which interfere with biological
substances with multitude functions, given as long-term treatment is limited.
Development of “clinical tools” for monitoring the antithrombotic effect and
side-effects of these drugs has just started.
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Background

Atherosclerosis-Artherothrombosis

Atherosclerosis is a systemic inflammatory disease involving medium and
large arteries. Under normal conditions the endothelium regulates the vascu-
lar tone, and controls platelet aggregation and fibrin production through the
release of prostacyclin, tissue factor pathway inhibitor (TFPI) and plasmino-
gen activator inhibitor, respectively [3]. Among others hypercholesterolemia
with elevated light dense lipoprotein (LDL) levels, smoking with production
of free radicals and diabetes mellitus are risk factors which change the prop-
erties of the endothelium. During the progression of atherosclerosis endothe-
lial cells expose adhesion molecules and release cytokines leading to in-
creased permeability, accumulation of lipids through adherence of LDL and
migration of monocytes into the subendothelium. The activated monocytes
transformed to macrophages produce tissue factor (TF), the main initiator of
coagulation in vivo, and cytokines such as monocyte chemotactic protein
(MCP) -1 and interleukin (IL)-8 resulting in an enhanced inflammatory
process [4]. In addition to the inflammatory process both the amount of lip-
ids within the fibrous cap and the location of the plaque are important in
determining the instability of the plaque. Upon disruption of an atheroscle-
rotic plaque the exposure of TF forming complexes with VIla initiates the
coagulation process and aggregation of activated platelets. This process
promotes a burst of thrombin and fibrin generation resulting in thrombus
formation and occlusion of the coronary artery [5].

Platelets and their receptors

During the last 30 years the knowledge of platelets as important cells, not
only for clot formation, but also for the inflammatory response has emerge.
Platelets are anucleated and formed upon fragmentation of megakaryocytes.
Through a two-step process initiated by a change of the cytoskeleton in
megakaryocytes with formation of tubular structures filled with granules and
organelles pro-platelets are formed. These cells are then divided into plate-
lets. The lifecycle of platelets are 7-10 days.
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Table 1. Some of the important substances located within platelets. Modified from
ref [6, 7].

ALPHA GRANULE
Localized within a granulae
Adhesive glycoprotein; Von Willebrand factor
Fibronectin
Haemostatic factors; Fibrinogen
Factor V, VII, XI, XIII
Protein S
Plasminogen
Protease inhibitors; Tissue factor pathway inhibitor (TFPI)

Plasmin activator inhibitor (PAI)-1
02- antiplasmin

Cellular motigenes; Platelet derived growth factor (PDGF)
Transforming growth factor f (TGF f)
Vascular endothelial growth factor
(VEGF)

Epidemic growth factor (EGF)
Endothelial cell growth factor (ECGF)
Interleukin 1 B (IL1 B)

Proteoglycans specific for platelets; Platelet activating factor 4 (PAF4)
3-tromboglobulin (BTG)

Localized with the o granulae membrane

Antigens and receptors; P-selectin
GplIb/Il1a
Gplb-IX
DENSE GRANULE
Pro-aggregation factors: Adenine nucleotides; ATP, ADP

Guanine nucleotides; GTP, GDP
Serotonin (5 HT), Histamine, Calcium
CYTOPLASMA

CDA40 ligand

Tissue factor

Two thirds of the platelets are circulating in the blood stream and one third is
stored in the spleen. Under resting conditions platelets express several recep-
tors on their surfaces such as Gp Ib-V-IX for von Willebrand factor, Gpla
and VI for collagen, P2Y; and P2Y; for adenosine 5-diphosphate (ADP),
protease-activated receptor (PAR)-1 and -4 for thrombin, and Gpllb and
Gpllla separately for fibrinogen. Within the granules or the cytosol platelets
store several chemotactic factors, coagulation factors, growth factors and
proteins important for cell interactions [6, 8].

Activation of platelets by collagen, ADP or thrombin will transform the
platelets leading to changes in the lipid core with an increased amount of
phosphatedylserine providing a negative charged surface for the coagulation
cascade. Moreover, this Ca’’-dependent change of lipid content promotes
formation of microparticles (MP) [9]. Upon degranulation of platelets, the
granules migrate and fuse with the platelet surface, releasing coagulation
factors, fibrinogen, ADP and calcium. There will be a shift of GplIb/Illa and
the intergrins a2fB1, increasing the affinity to fibrinogen. Thrombin bound to
the PAR-receptors is the most potent platelet activator and increased amount
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of P-selectin and CD40 ligand (CD40L) will be exposed at the platelet sur-
face.

Platelets interaction with endothelium

Platelets interaction with endothelium is initially a loose adhesion: “rolling”
of platelets through P-selectin expressed by endothelial cells interacting with
Gplb-V-IX complexes on platelets, where Gplb is the most important recep-
tor for the interaction [10]. P-selectin glycoprotein-1 (PSGL-1) on platelets,
as a counterreceptor to P-selectin, becomes more important for rolling at
high shear. Upon plaque disruption, exposed von Willebrand factor and col-
lagen stabilize the interaction with activated platelets, generating a firm ad-
hesion of platelets to the endothelium through the intergrins. This interaction
together with exposure of CD40L increases adhesion molecules on endothe-
lial cells, promoting recruitment of lymphocytes and monocytes.

Platelet-platelet aggregates

Circulating fibrinogen can not adhere to the Gpllb and Gpllla receptors on
resting platelets. The shift of Gpllb/Illa upon activation increases the affinity
for fibrinogen and tethering of platelets, through fibrinogen binding to
GplIb/Illa, is initiated. This process is strongly dependent on Ca** concentra-
tions and, after an initial loose interaction, becomes irreversible within sec-
onds and form substrates for the thrombus.

Platelet-monocyte aggregates

The activated platelets will form aggregates with leukocytes initially through
platelet P-selectin binding to its counter receptor PSGL-1 on leukocytes.
This association leads to upregulation of CD11b/CD18 (Mac-1) on leuko-
cytes and a firm adhesion between the cells is formed through interaction
with Gpllb/I1la bridged by fibrinogen and CD40L binding to CD40 on leu-
kocytes [11]. The formation of aggregates is suggested as a more efficient
marker for platelet activation than P-selectin expressed on the platelet sur-
face. The degranulated platelets rapidly lose the surface P-selectin. The ag-
gregates formed are dynamic in vivo and platelets favor monocytes before
neutrophiles [12, 13]. Increased levels of platelet-monocyte aggregates
(PMAs) are found in patients with coronary artery disease both in acute MI
and stable angina [14, 15]. These PMAs form rapidly and are therefore an
early marker for acute MI with the highest levels measured four hours after
start of chest pain [16].
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Figure 1. Platelets interaction with endothelium starts with “rolling” (A). The acti-
vated platelets with GPIIb/I1la form aggregates with other platelets (B). The injured
endothelium with exposed von Willebrand factor (vWF) and collagen further
strengthen the platelet-endothelium formation and recruitment of leukocytes (C).
Platelets with P-selectin and CD40L at their surfaces will also form aggregates with
leukocytes (D).

P-selectin interactions with PSGL-1 and cellular
signalling

P-selectin, is a transmembrane protein localized in platelets’ a-granule and
also in Weibel-Palade bodies in endothelial cells. Upon activation of plate-
lets, P-selectin is incorporated into the platelet membrane through exocytose
[17]. The major counter receptor to P-selectin is PSGL-1 a transmembrane
protein expressed on all leukocytes. Two P-selectin proteins bind to one
PSGL-1 dimer with high affinity [18, 19]. Besides mediating adhesion of
leukocytes to endothelial cells, the interaction between P-selectin and PSGL-
1 also induces cellular signal pathways. P-selectin induces production of TF
both in purified monocytes and in whole blood [20, 21]. P-selectin also initi-
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ates production MCP-1 and IL-8 in neutrophiles and monocytes. Although,
P-selectin ought to be accompanied with other platelet activating agents,
such as platelet activating factor (PAF) or regulated on activation, normal T
cell expressed and secreted (RANTES), to induce production of these cyto-
kines [22-24]. The cellular pathways induced by P-selectin bound to PSGL-1
are not fully understood.

| S A |
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3
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|

Figure 2. Three hypothetic ways of P-selectin-PSGL-1 induced cellular signalling in
human monocytes

PSGL-1 induces tyrosine phosphorylation leading to activation of mito-
gen-activated protein kinase (MAPK) in neutrophiles, and induction of Mac-
1 generating, a firm adhesion of neutrophiles to platelets [25, 26]. Moreover,
it was recently described that Src-protein tyrosine kinases were involved in
P-selectin induced upregulation of Mac-1 [27].

Src-family kinases (SFK), proteins located within the cells, are important
in intracellular signal transduction at inflammatory response. SFK consist of
nine members, with Hck, Fgr and Lyn the most predominant in monocytes
[28]. Upon phosphorylation, SFK can both be positive and negative regula-
tors of cellular signalling. The immunoreceptor tyrosine-based activation
motif (ITAM) is a protein used by classical immunoreceptors and located in
the membrane of all myeloid cells. Receptor ligation to ITAM leads to SFK-
mediated tyrosine phosphorylation and activation of spleen tyrosine kinase
(Syk). Recent data has described a PSGL-1 induced phosphorylation of Syk
[29, 30]. Thus, taken together P-selectin expressed on activated platelets
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binds to PSGL-1 on leukocytes and initiates phosphorylation of Syk and
SFK through an interaction with ITAM. This signal might activate MAPK
directly or through other intracellular proteins. Although, the phosphorylated
SFK could also acts through a pathway independent of MAPK.

CD40 ligand

CDA40L is a transmembrane protein identified in T lymphocytes and mast-
cells. Within platelets, it seems like CD40L is located within the cytoplasma
and not in the a-granule membrane [7]. It is rapidly expressed on platelet
surface upon activation and takes part in the formation of platelet-leukocyte
aggregates [31]. CD40L interacts with CD40 expressed by B lymphocytes,
monocytes and endothelial cells. Moreover, CD40L has recently been found
to bind to Mac-1 independently of CD40 [32]. CD40L induces TF produc-
tion in endothelial cells and in purified monocytes, and TF correlates to
CDA40L in atherosclerotic plaque [33]. Interruption of the CD40L-CD40
induced signalling reduces atherosclerotic plaque formation [34]. However,
inhibition of CD40L in whole blood only generates a small and varying ef-
fect on TF expression on monocytes [21].

IL-8 and MCP-1

Both IL-8 and MCP-1 are chemokines able to induce cellular locomotion.
They are important for the inflammatory response in atherosclerosis, coordi-
nating leukocytes to endothelium [35]. IL-8, released by endothelial cells
and monocytes upon activation with tumor necrotic factor o (TNFa) and IL-
1B, is a potent mediator for neutrophile recruitment and chemotactic for lym-
phocytes. MCP-1 induced among others by IL-6 and IL-8 effectively recruits
monocytes and neutrophiles. Both IL-8 and MCP-1 are therefore involved in
the progression of atherosclerosis and also in the myocyte damage during MI
[36].

Tissue factor

Tissue factor, a 45 kDa glycoprotein with an extracellular domain, a trans-
membrane part and a short intracellular domain, is located in a variety of
cells. In addition to its role as the main initiator of coagulation, TF also par-
ticipates in inflammatory processes, tumor biology and angiogenesis. TF
forms complexes with the clotting factor Vlla, starting the coagulation proc-
ess. The complex also initiates cellular signalling leading to production of
growth factors and cytokines among others IL-8. The TF/VIla complex in-
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teracts with PAR-2 receptors. In the coagulation process the factor Xa
formed binds to the TF/VIla complex and these complexes induce cellular
signalling through interaction with both PAR-1 and PAR-2 [37]. Platelet-
derived growth factor (PDGF) is involved in chemotaxis and TF/VIla com-
plex increases cell migration induced by PDGF [38]. The cytoplasmatic do-
main of TF together with PAR-2 phosphorylation or PAR-2 phosphorylation
alone is both important cellular signalling pathways leading to cell migration
[39, 40]. It has recently been described that TF/VIla induces phosphorylation
of the SFK members Src and Yes. Moreover, TF/VIla has for the first time
been found to transactivate the PDGFB-receptor [41]. These mechanisms are
of importance for angiogenesis, cell migration, cancer and the progression of
the atherosclerotic process [42, 43].

High concentrations of TF have been found in brain, heart, lung and pla-
centa, all of which are sensitive for injury with a demand of rapid haemo-
static response. Within the normal vessel wall, TF is predominantly localized
in the fibroblasts in the adventitia. However, there is a variety within the
vessel tree, whereas the carotid and femoral arteries contain the highest and
lowest TF activity, respectively [44, 45]. In contrast to the normal vessel,
increased concentration of TF protein is found in the atherosclerotic plaque,
predominantly localized within macrophage foam cells and in the extracellu-
lar matrix.

Nor endothelial cells neither monocytes express TF under resting condi-
tion, but cytokines such as TNFa, IL-1p and also CD40L induce TF produc-
tion in endothelial cells [46-48]. Besides endotoxin (lipopolysacharide,
LPS), the most investigated inducer of TF in monocytes, CD40L, C-reactive
protein (CRP), angiotensin II, oxidized LDL PDGF-BB, MCP-1 and P-
selectin stimulate production of TF in purified monocytes, and in whole
blood [20, 21, 49-52]. Platelets and neutrophiles have also been suggested to
produce TF. It has not been described that megacaryocytes produce TF, and
thus the TF within platelets may originate from other cells and be incorpo-
rated upon stimulation [53, 54]. Neutrophiles have phagocyte properties and
this could be an explanation for the TF measured within these cells [55, 56].
So the question remains whether others blood cells, besides monocytes, are
able to produce TF.

There is a reproducible interindividual variation in TF production in
monocytes upon LPS stimulation [52, 57]. When the TF gene contains the
5466 AG genotype monocytes respond with pronounced TF activity to LPS.
In acute coronary syndrome this genotype predicts risk of cardiovascular
death [58].

Blood-borne tissue factor

Added to the traditional way, with TF as an extravascular protein exposed
only at major injury, evidence for blood-borne TF has emerged during the
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last decade [59]. The main source of blood-borne TF is contributed to mi-
croparticles (MP), defined as membrane vesicles rich in phophatedylserine
with TF on their surfaces. This concept with both the initiator of coagulation
and the negative charged surface is suitable for propagation of coagulation
within the blood stream [60]. The cell types that generate MP are not well-
defined. Monocytes contribute to TF-bearing MP found in the atheroscle-
rotic plaque [61]. Platelet-derived MP has also been described as the major
source of blood-borne TF, where TF originates from platelets or is trans-
ferred from leukocytes in a P-selectin/PSGL-1-dependent way [62, 63]. In-
creased levels of procoagulant MP has been recorded in several diseases,
including acute coronary syndrome. Further investigation is needed to un-
derstand the biological mechanisms involved in MP formation, clinical rele-
vance of MP determination, and the standardization of methods [64, 65].

The coagulation process

Except for factor VIII, all coagulation factors are synthesized in the liver and
the production of factor II, VII, IX and X is vitamin K-dependent. Under
resting conditions, small amounts of factor VIla without proteolytic proper-
ties are circulating in the blood. Accumulating data have clearly estimated
that the coagulation process is a cell-regulated reaction divided into three
steps. Upon exposure of TF, for example from a disrupted atherosclerotic
plaque, TF binds to factor VII to form TF/VIla complexes. These complexes
further activate factor IX and X, favoring factor X, and activated factor Xa
promotes generation of 1Xa. When bound to membrane, factor Xa will, to-
gether with factor Va, produce small amounts of thrombin in the initiation
phase of coagulation [66, 67]. In the amplification phase, the small amounts
of thrombin produced activate the platelets through the Gplb-V-IX and this
interaction enhances the effect of thrombin on PAR-1 and PAR-4. Thrombin
also cleaves factor V released from platelets, activates factor XI and cleaves
factor VIII from von Willebrand factor. The activated platelets increase the
amount of phosphatedylserine on their surfaces, generating a surface suitable
for the coagulation process. In the propagation phase, the initial created fac-
tor IXa form complexes with VIlla and the complex enhances factor Xa,
which, together with Va located on the platelet surface, creates a burst of
thrombin. Thrombin cleaves fibrinogen to fibrin and a thrombus is formed.
The coagulation process is regulated by inhibitors to balance the proco-
agulant response to exposed TF. Tissue factor pathway inhibitor (TFPI) re-
leased from endothelial cells neutralizes TF/VIla/Xa complexes in the initial
phase of coagulation. Antithrombin (AT) circulates in higher concentrations
than TFPI and has potential to neutralize all factors not forming complexes,
including thrombin. The third inhibitor to the coagulation process is a dy-
namic system. The thrombin created binds to thrombomodulin and endothe-
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lial cell protein C receptor (EPCR) located on endothelial cells, activating
protein C. Together with protein S, activated protein C (APC) interferes with
factor VIIla and Va, reducing, the propagation of thrombin. All these inhibi-
tors regulate the amount of TF required for clot formation [68-70].

Fibrinogen

A Prothromtin

Initiation Amplification Propagation

Figure 3.The cell-based coagulation process is divided in three steps; initiation,
amplification and propagation.

Thrombin - the central coagulation factor

Thrombin is a serine protease formed upon cleavage of prothrombin. It
consists of one active site, two exosites and a Na'-binding site, all important
for the interactions with its substrates [71, 72]. Due to high/low affinity,
these interactions are concentration-dependent and also regulated through
the requirement of cofactors for some substrates. Thrombin has a low affin-
ity to fibrinogen but, due to high concentrations of fibrinogen, thrombin
cleaves it to fibrin [73]. Together with the thrombin cleavage of factor V and
VIII these three interactions could continue without the need of cofactors.
The fibrin-bound thrombin can dissociate and interact with factor XIII or the
PAR receptors on platelets for further stabilization of the clot. However,
these two interactions rely on supply of fibrin as cofactor.

For participation in the anticoagulant process, thrombin needs cofactors
such as thrombomodulin and heparin sulfate, both with high affinity for
thrombin, leading to dissociation of thrombin from the fibrin within the clot,
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initiating the anticoagulant process [74]. The formed APC downregulates
production of thrombin through cleavage of factor Va and Vllla.

Besides the procoagulant and anticoagulant properties of thrombin, the
protein also participates in inflammatory processes through binding to PAR-
1. New data show that PAR-1 induces several cytokines important in sepsis
[75]. The anti-inflammatory effect of thrombin proceeds through APC. To-
gether with EPCR, APC activates PAR-1 on endothelial cells, leading to
reduced adhesion of leukocytes and production of cytokines [76-78]. More-
over, thrombin-activated fibrinolysis inhibitor (TAFI) is activated by throm-
bin, and TAFI has also been found to reduce inflammatory response in

mouse models [79].
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Figure4. A schematic view of some of the properties of thrombin, as an actor in
coagulantion-, anticoagulation-, inflammatory- and anti-inflammatory-processes in
blood.
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Biomarkers of the coagulation process, the platelet and
the inflammatory activity in clinical settings and
experimental models

Prothrombin fragment 1+2 and D-dimer

When prothrombin is cleaved to thrombin, there is a release of prothrombin
fragment 1+2 (F1+2). The formed thrombin cleaves fibrinogen to fibrin,
which forms a stable clot together with factor XIIla and the platelet-platelet
aggregates. The fibrinolytic system with plasmin reduces the thrombus
formed by cleavage of cross-linked fibrin, leading to D-dimer production. D-
dimer can therefore be used as a measurement of both thrombin generation
and fibrin turnover.

F1+2 is stable over time and can be used for calculation of the thrombin
generation and analyzed by immunoassays. The concentrations of F1+2 is
influenced by exercise [80]. Increased levels have been found in patients
long-term after MI and high levels of F1+2 during acute MI predict risk of
death and reinfarction at one month. However, for long-term, both high and
low concentrations of F1+2 are associated with adverse events [81-84].

As a measurement for fibrin turnover, D-dimer is, as expected signifi-
cantly related to F1+2 both in men and women. Moreover, D-dimer concen-
tration is higher in women than in men and increases with age both in a
healthy population and in patients with coronary artery disease. D-dimer
levels are related to the burden of atherosclerosis and predict risk of future
MI in healthy men [85, 86]. D-dimer is also used in risk stratification of
acute pulmonary artery disease and deep venous thrombus [87]. In contrast,
due to low specificity, no benefit has been found upon addition of D-dimer
in early risk stratification of patients with suspected acute coronary syn-
drome [88]. However, high D-dimer levels during acute MI and also two
months after an acute event predict the risk of mortality and recurrent ische-
mic events for long-term [89, 90]. The concentration of D-dimer is related to
inflammatory markers such as IL-6 and CRP both in patients with or without
previous MI, although it is a better predictor of coronary risk than the in-
flammatory markers [91, 92].

Soluble P-selectin

P-selectin is present both in endothelial cells and platelets and the origin of
soluble P-selectin is debated. Most studies suggest that the soluble form
predominantly originates from platelets and it is related to platelet count and
reflects platelet activity [93, 94]. Increased levels of sP-selectin have been
described in patients with coronary artery disease, both in stable angina and
in MI, and also in peripheral arterial occlusive disease and hypertension [95-
97]. Moreover, in healthy women and in patients with hypertension, sP-
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selectin, analyzed in citrate plasma independently predicts the risk of future
cardiovascular events [98, 99]. In contrast to these results, sP-selectin evalu-
ated in serum could not predict future cardiovascular events [100].

Soluble tissue factor

TF expressed by macrophages within the disruptured plaque and by circulat-
ing MP is essential for initiation of thrombus formation in an acute MI. The
source of the soluble form of TF originates from truncated TF, enzymatically
cleaved from extravascular cells, TF-bearing MP derived from monocytes or
platelets, and also from alternative spliced human TF [101]. The procoagu-
lant properties of these last forms of sSTF and the optimal method for evalua-
tion of procoagulant activity of sTF are currently debated. Increased levels
of sTF have been reported both in patients with stable angina and patients
with acute MI [102, 103]. There are conflicting data presented regarding sTF
levels in patients with recent MI and the risk of new events. In a large trial in
patients with recent acute coronary syndrome, the sTF levels were not re-
lated to risk of death or new MI [58]. In contrast, other studies have found
that in patients with recent MI high sTF predicted risk of death and reinfarc-
tion for long-term [104, 105]. The levels of sTF increase with age and in
patients without previous coronary artery disease risk factors such as smok-
ing, hypercholesterolemia and diabetes mellitus are related to the concentra-
tion of sSTF [106].

IL-18

IL-18, a member of IL-1p family, is expressed in a variety of cells, and the
main source in hematopoietic cells is macrophages. IL-18 is activated
through cleavage by the enzyme caspase-1. Besides promoting T lympho-
cyte differentiation, IL-18 also induces production of IL-6, IL-8 and adhe-
sion molecules [107]. Accumulation of IL-18 has been described in athero-
sclerotic plaques and, in animal studies injection with IL-18 further en-
hanced plaque progression [108, 109]. Furthermore, the concentration of IL-
18 is a strong predictor for cardiovascular death in patients with coronary
artery disease and also in healthy men without influence of age and tradi-
tional risk factors [110, 111].

C-reactive protein

CRP is primarily synthesized by hepotocytes as a response to IL-6. It is an
acute phase inflammatory protein that increases in, among others, inflamma-
tory diseases and infections. When CRP is determined with a high sensitive
CRP (hsCRP) assay for detection of low levels, CRP predicts future risk of
cardiovascular events in healthy men and women [112, 113]. In acute coro-
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nary syndrome, CRP increases in relation to the amount of damaged myo-
cytes. High CRP levels predict risk of recurrent ischemic events for long-
term and, together with Troponin I, it identifies the group of patients with the
highest cardiovascular risk [114-116].

Medical treatment for long-term after myocardial
infarction

Antiplatelet drugs

There are three kinds of antiplatelet drugs, targeting different recep-
tors/functions in platelets, which have been found effective in preventing
new ischemic events in patients with coronary artery disease.

Aspirin

Cyclooxygenas 1 (COX-1) is involved in the metabolism of arachidonic acid
to thromboxane A, (TXA,;), a metabolite that promotes platelet aggregation
and blood vessel constriction. TXA; has a short half-life and is rapidly me-
tabolized to thromboxane B, (TXB,). Aspirin irreversibly inhibits COX-1,
thereby reducing platelet aggregation and vasoconstriction. Aspirin was in-
troduced 20 years ago as long-term treatment after MI and effectively re-
duces the risk of death and new MI by 25% [117, 118]. Today, the efficacy
of aspirin also includes patients with stable angina, ischemic stroke and pe-
ripheral arterial occlusive disease. The high doses of aspirin used in the first
studies have been replaced with lower doses. Recommended doses for long-
term treatment today are 75-100 mg. In addition to reducing platelet aggre-
gation, aspirin also reduces TNFa and MCP-1 in patients with stable coro-
nary artery disease, and treatment with higher doses, i.e., 300 mg decreased
the concentrations of IL-6 and CRP [119, 120]. The anti-inflammatory effect
of aspirin depends among others functions on reduced monocyte adhesion
together with reduced activation of nuclear factor k (NFkf}) in endothelial
cells [121].

Clopidogrel

ADP activates the platelets through binding to the P2Y, and P2Y |, receptors
leading to an increase of calcium, induction of the TXA, pathway and a shift
of Gpllb/Illa receptors and platelet aggregation. Ticlopidine was the first
available oral ADP-inhibitor, but due to its side-effects, which include bone
marrow depression, it has been replaced by clopidogrel. Initially, clopidogrel
was used together with aspirin at PCI. However, today the indication for
long-term treatment with clopidogrel in combination with aspirin includes
both ST- and non ST-elevation MI [122, 123]. In experimental studies and
also in vivo, clopidogrel reduces the P-selectin expression on platelets and
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the formation of platelet-leukocyte aggregates [124]. Moreover, besides its
anti-inflammatory properties similar to aspirin, clopidogrel also reduces
CDA40L and sTF in stable coronary artery disease [7, 125]. However, clopi-
dogrel has no effect on the markers for thrombin generation and fibrin turn-
over [126].

GpllIb/IIIa inhibitors

The change of GPIIb/Illa upon platelet activation increases the affinity to
fibrinogen, leading to formation of platelet-platelet aggregates. Intravenous
drugs with inhibitory effect on the Gpllb/Illa recptors have been found to be
effective in reducing platelet activity and new ischemic events in acute coro-
nary syndrome, mainly in patient undergoing PCI. However, the addition of
oral GPIIb/IIa inhibitors to aspirin showed no beneficial effects in large
phase III trials for long-term treatment [127, 128]. The oral treatment with
GpllIb/I1Ia inhibitors even increased mortality, which led to premature termi-
nation of one trial and no oral GplIb/IIla inhibitor is available for clinical use
today.

Resistance to antiplatelet drugs

The increased risk of new ischemic event and cardiovascular death after MI,
despite the dual antiplatelet therapy, has initiated a debate of resistance to
aspirin and clopidogrel. In this debate, several different methods have been
used to evaluate resistance to aspirin/clopidogrel, without any defined “gold
standard”. However, the recommendation today is to use more specific
methods to evaluate the effect. The TXA, pathway, should be determined by
serum TXB,, and the ADP pathway, through measurement of ADP-induced
phosphorylation of a protein vasodilator-stimulated phosphoprotein (VASP),
in platelets [129]. Aspirin resistance is extremely rare, with an incidence of
only 1-2% [130]. For clopidogrel, there is a wide variability of response.
When the effect was evaluated with more specific methods as many as 30%
of the patients were defined as poor responders [131]. Recent data have de-
scribed that the variation in response to clopidogrel is due to absorption of
the drug rather than heterogeneity of the P2Y, receptor [132]. There is no
recommendation for determination of resistance to antiplatelet drugs in clini-
cal practice today.

Oral anticoagulant treatment

Warfarin

Warfarin interferes with vitamin K and changes the N-terminal region of the
vitamin K-dependent coagulation factor II, VII, IX and X leading to reduced
coagulation activity. Several clinical trials have shown that addition of war-
farin treatment with an INR >2.0 to aspirin reduces the risk of reinfarction
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and death, and it can therefore be recommended for long-term treatment
[133-135]. The frequency of bleedings increases with the combination of
antiplatelet and anticoagulant drugs but it is still low in clinical trials. There
is a large interindividual variation in dose and a small therapeutic window
between efficacy and risk of bleedings. Warfarin treatment thus requires
frequent controls of INR. The addition of warfarin for long-term treatment
after MI in clinical practice is therefore restricted to selected patients. War-
farin treatment effectively reduces the thrombin generation and fibrin turn-
over measured as F14+2 and D-dimer for long-term. In contrast, sTF is in-
creased by warfarin as a result of reduced consumption [136].

Factor Xa inhibitors

Factor Xa inhibitors are pentasaccharides, a heparin derivate, which selec-
tively inhibits Xa through binding to antithrombin without specific inhibition
of thrombin. When administrated subcutaneously during acute coronary
syndrome the Xa inhibitor, fondaparinux, was as effective as low molecular
weight (LMW) heparin in reducing ischemic events but with a reduced fre-
quency of major bleedings [137]. Several new oral Xa inhibitors for long-
term treatment are under clinical development and results of these trials will
be presented in the coming years.

Direct thrombin inhibitors

The first available oral direct thrombin inhibitor, ximelagatran binds directly
and reversible to the active site of circulating and fibrin-bound thrombin
[138]. It is a prodrug, rapidly absorbed and then transformed to the active
compound melagatran, and it is mainly excreted through the kidneys. Com-
pared to warfarin, melagatran has a wider therapeutic window and there is no
need for monitoring [139, 140]. Ximelagatran was investigated in a program
including clinical trials both as prophylactic antithrombotic treatment in
orthopedic surgery and in atrial fibrillation. In these trials, ximelagatran was
as effective as LMW heparin and warfarin respectively [141, 142]. In the
THRIVE trials, ximelagatran was compared to warfarin for treating venous
thromboembolism, and reduced the risk of recurrence of thromboembolic
events for long-term [143, 144]. The problem with ximelagatran was the
association with increased lever enzymes during treatment. Due to the risk of
hepatotoxity the compound was withdrawn from the market in February
2006.

In the ESTEEM trail, ximelagatran was investigated in atherothrombosis.
This was a dose finding phase II study for safety and efficacy of ximelaga-
tran for long-term treatment in combination with aspirin in patients with
recent MI. 1883 patients where randomized within 14 days after an acute MI
to placebo or one of four doses of ximelagatran twice daily in combination
with aspirin for 6 months [145]. Upon addition of ximelagatran to aspirin
there was a 24% relative reduction in death, MI and severe recurrent ische-
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mia without difference between the ximelagatran doses. There was no in-
creased risk of major bleeds in the ximelagatran groups, but the total bleed-
ing risk increased with the dose of ximelagatran. Today, new oral direct
thrombin inhibitors are under progress in clinical trials. Dabigatran etexilate
has recently been approved for prophylactic treatment in orthopedic surgery
and is currently investigated in atrial fibrillation and in coronary artery dis-
ease.

The risk of long-term treatment with thrombin inhibitors has been de-
bated. Concerns have been raised due to the mechanism of thrombin not only
serving as an actor in the coagulation process but also its involvement in
several inflammatory pathways. The effects of long-term treatment with an
oral thrombin inhibitor, regarding thrombin generation, fibrin turnover,
platelet activity and inflammation markers, have not been investigated. We
know from acute myocardial infarction trials that an intravenous direct
thrombin inhibitor was comparable to unfractionated heparin regarding
clinical effect and the effect on coagulation markers, but after cessation there
was an increase in events and a rebound of coagulation activity [146, 147].

Anti-inflammatory drugs

The atherosclerotic process with atherothrombosis involves several inflam-
matory mechanisms and both statins and ACE-inhibitors, recommended
drugs for long-term treatment after a MI, have anti-inflammatory properties.
In experimental atherosclerotic mouse models statins and ACE-inhibitors
both inhibit MCP-1 and TNFa, leading to reduced monocyte recruitment to
endothelium [148, 149]. Moreover, both drugs reduce TF expression in
monocytes interacting with endothelial cells [150].

Traditional anti-inflammatory drugs such as prednisolone, non steroid
anti-inflammatory drugs (NSAID) and COX-2 inhibitors are not related to
reduced inflammatory activity in atherosclerosis. In contrast, several studies
have found a dose related increased risk of MI upon treatment with these
drugs [151, 152].

The anti-inflammatory cytokine IL-10 inhibits monocyte/macrophage ac-
tivation, leading to reduced production of pro-inflammatory cytokines and
reduction of atherosclerotic lesions [153, 154]. IL-10 also decreases TF pro-
duction induced by LPS in whole blood [57]. Treatment with IL-10 has not
been investigated in coronary artery disease. However, in patients with in-
flammatory bowel diseases, IL-10 effectively prevents inflammation in se-
lected patients [155].
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Aims

Atherosclerosis is an inflammatory disease in large and medium arteries with
manifestations in several organs. When affecting the coronary arteries, the
disease gives symptoms in form of angina pectoris. In an acute occlusion of
a coronary artery related to an atherosclerotic plaque, a MI, there is pro-
nounced platelet and coagulation activity. The coagulation activity is impor-
tant for risk of new ischemic events in patients with MI. Long-term treat-
ment with anticoagulant drugs such as warfarin interferes with normal life
style and requires regular monitoring. New drugs with potential effect on
both coagulation and inflammation are under progression and the goal is to
reduce the risk of recurrence of ischemic events with a low risk of side-
effects. There is also a need to identify markers that reflect coagulation ac-
tivity in order to monitor the new drugs and to identify patients at high risk.

The aims of Paper I-III were to evaluate whether the first available oral
direct thrombin inhibitor, ximelagatran, affected coagulation markers and
APTT for long-term in patients with recent MI. We further planned to inves-
tigate whether the levels of coagulation markers and change in these were
related to risk of new ischemic events. Thrombin is a potent platelet agonist
and it is also involved in inflammatory and anti-inflammatory processes.
Therefore, evaluation of markers reflecting platelet and inflammation activ-
ity was planned in the patient cohort with recent MI.

The cross-talk between platelets and leukocytes connects inflammation
and coagulation and with new techniques this interaction could be investi-
gated in more depth. From earlier results, we know that patients with MI
have elevated levels of circulating platelet-leukocyte aggregates and that
these aggregates express TF. The aim in Paper IV and V was to investigate
these aggregates for long-term after MI and to determine whether the oral
direct thrombin inhibitor could affect blood-borne TF. The aim was also to
perform in-depth studies regarding:

e the importance of adhesion proteins i.e., P-selectrin and CD40
ligand, in the formation of platelet-monocyte aggregates and the
induction of TF and pro-inflammatory cytokines.

o further evaluation of the induced P-selectin-PSGL-1 cellular sig-
nalling pathways regulating the expression of TF and pro-
inflammatory cytokines.

e the role of IL-10 in the formation of platelet-monocyte aggre-
gates and regulation of TF and pro-inflammatory cytokines.
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Methods

Clinical studies (paper I-III)

Patient population
In the ESTEEM trial high risk patients were enrolled within 14 days of a MI.

Table 1. Inclusion and exclusion criteria in the ESTEEM trial

INCLUSION CRITERIA:

Raised biochemical markers (troponin I, troponin T, creatine kinase-MB above upper limit or
creatine kinase above upper limit when cardiac specific markers were unavailable)

New ischemic electrocardiogram changes (ST-segment elevation, ST-segment depression of
>0.05 mV or acute T-wave inversion >0.1 mV, or both)

Additional risk factors:

Age > 65 years

Diabetes mellitus

Previous myocardial infarction

Known multivessel coronary disease

Previous ischemic stroke

Peripheral arterial occlusive disease

Symptomatic congestive heart failure or left ventricular ejection fraction of < 40%
New left bundle branch block

ST-segment depression of 0.1 mV or greater associated with index event

History of hypertension

EXCLUSION CRITERIA:

Performed percutanous coronary intervention within the last 4 months or planned with 60 days
Conditions related to increased risk of bleeding

Known liver diseases or high concentrations of liver enzymes (more than twice the upper limit
of normal)

The 1883 patients were randomized in a 1:1:1:1:2 fashion to one of four
doses of ximelagatran (24, 36, 48 or 60 mg) or placebo twice daily in com-
bination with aspirin 160 mg for 6 months. 518 of the patients randomized in
Sweden, Norway and Denmark took part in a biomarker substudy.
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Figure 5. Study design of the biomarker substudy to the ESTEEM trial

Definition of ischemic events and bleedings

New ischemic events in form of death, myocardial infarction, severe recur-
rent ischemia, and ischemic stroke were all pre-specified endpoints in the
ESTEEM study. New myocardial infarction was diagnosed by at least two of
three criteria; raised biochemical markers of myocardial damage defined as
creatine phosphokinase-MB twice the upper limit of normal; symptoms sug-
gestive of myocardial infarction; or development of significant Q wave. Se-
vere recurrent ischemia was defined as severe, prolonged or repetitive angi-
nal pain at rest despite optimal medical treatment and at least one of the fol-
lowing: new ischemic electrocardiographic changes (ST-elevation > 0.05
mV, ST-depression > 0.05 mV, or T wave inversion in at least two adjacent
leads); an increase in creatinine phophokinase-MB not fulfilling the criteria
of myocardial infarction, or raised concentration of troponin I or T; or ad-
mission leading to unplanned coronary angiography or intervention. Stroke
was diagnosed as abrupt onset of focal neurological deficit persisting more
than 24 hours. All stokes were assessed by CT or MRI scan.

Bleeding was classified as major or minor; the former defined as one or
more of the following criteria: fatal bleeding; clinical overt bleeding associ-
ated with a fall in haemoglobin of at least 20 g/L, or leading to transfusion of
two or more units of whole blood or erythrocytes, intracranial, intraspinal,
intraocular, pericardial, or atraumatic intra-auricular bleeding. A major
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bleeding was defined as an endpoint in the study leading to cessation of
study treatment.

Blood sampling and laboratory methods

Venous blood was drawn using a 21/22 gauge needle into vacutainer tubes
containing citrate or ethylene-diamine-tetraacetic acid (EDTA). The blood
was centrifuged within 30 minutes in 2000 g for 20 minutes and stored at
-20°C or -70°C until analysis. The time-points used in the study were: at
randomization (before start of study treatment); and at 1 week - before intake
of morning dose (trough) and after 4 hours (peak); 8 weeks - 2-3 hours post
dose; 26 weeks - trough and peak; and 2 weeks after cessation of the drug -
following 6 months treatment or premature discontinuation (follow up). The
plasma concentration of melagatran was measured at 1 and 26 weeks trough
and peak. The APTT was determined at randomization and at the same time-
points as the plasma concentration of melagatran using a Medical Laboratory
Automation (MLA) Electra 1400C analyser (Beckman Coulter, Fullerton,
CA) with a reagent from Dade-Behring. F1+2 and D-dimer were determined
at all time-points in the study. sP-selectin and IL-18 were analysed at ran-
domization and at 1 and 26 weeks trough. sTF and hsCRP were measured in
the 60 mg ximelagatran group and in the placebo group at the same time-
points as sP-selectin and IL-18. Immunoassays: Enzygnost® (Dade-Behring)
and TintElize®D-dimer (Biopool®) were used for F1+2 and D-dimer re-
spectively. sP-selectin, IL-18, sTF and hsCRP were analyzed with immuno-
assays from R&D Systems, MBL, American Diagnostics and ABBOT, re-
spectively.

There were 297, 269, 493, 492, 490 and 487 samples available for analy-
sis of the concentration of melagatran, APTT, F1+2, D-dimer, sP-selectin
and IL-18 respectively at start. At 26 weeks of treatment, there were samples
from 61% of the patients and follow-up samples from 75% of the patients.

Statistical analysis

For demographic variables proportion or mean values are given. The plasma
concentration, APTT and all markers for coagulation, platelet and inflamma-
tion activity are presented as medians (25"-75" percentiles). Within each
group the changes from randomization (in per cent) were presented as medi-
ans. The parameters were not normally distributed; therefore non parametric
tests were used. Wilcoxon signed-ranks test for within-group comparison
and Kruskal-Wallis and Mann-Whitney U-test (Wilcoxon two-sample test)
for between-group comparisons. Spearman’s rank correlation coefficient was
used to relate plasma concentration of melagatran to APTT and the change
of the different markers. Pearson’s correlation coefficient was used to calcu-
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late the correlation between the change of markers for platelet activation and
inflammation.

Clinical endpoints were described in frequencies and compared between
the different strata of patients based on median levels of coagulation markers
at randomization. The change of the coagulation markers after 1 week was
dichotomized as increased or unchanged/decreased. The change of APTT
within the ximelagatran groups was divided according to APTT ratio; levels
less than two times the level at randomization compared to levels greater or
equal to two times the level at randomization. Kaplan-Meier estimates with
log-rank test were used to illustrate cumulative frequencies over time. Dif-
ferences were evaluated with y” test or Fisher’s exact test when appropriate.
Cox regression with models including interaction term treatment *F1+2 at
randomization, treatment *D-dimer at randomization and also the interaction
between treatment and change of coagulations markers after 1 week were
calculated. P-value <0.05 was considered significant.

Experimental studies (paper IV and V)

Patients and control populations

Twenty patients in the ESTEEM trial randomized at Uppsala University
Hospital participated in a platelet activity substudy. Twelve healthy age
matched men and women without risk factors were used as a control popula-
tion.

Blood was drawn with no stasis into vacutainer tubes containing citrate
(3.8%) and preparation of the blood was performed within 30 minutes. In the
patient population, samples were collected at randomization, after 1 week
and after 6 months. In the control population samples were collected at one
time-point.

Whole blood collection and activation

In paper IV, blood was collected from healthy volunteers as described above.
Preparation of the blood was performed within 30 minutes. PephablocFG®,
a peptide with high affinity to fibrin, were added to the whole blood before
stimulation to avoid clot formation and platelet aggregation [156]. To inves-
tigate the properties of direct thrombin inhibitors, we used two direct throm-
bin inhibitors: melagatran, the active compound of ximelagatran, and dabiga-
tran etexilate in concentrations evaluated in clinical phase II studies [157].
Whole blood with or without the direct thrombin inhibitors was stimulated
with 5SnM thrombin or 20 pM ADP and incubated at 37°C for up to 1 hour,
gently rotated after 30 minutes.

34



In paper V, whole blood was collected as described above and, in these
experiments, we stimulated the blood with thrombin receptor activator pep-
tide (TRAP) 20 uM for up to two hours in 37°C. Recombinant human
(th)IL-10 5 ng/mL, 5 ng/mL neutralizing antibodies to P-selectin (9E1, R&D
systems) or CD40L (clone TRAP1, Beckman Coulter), the inhibitors to
SFK; SU6656 2 uM or PP2 1 uM (Calbiochem®, Merck KGaA) were
added 30 minutes before stimulation in some experiments.

Purification and activation of human monocytes

In paper V, we isolated mononuclear cells from heparinised blood. Platelets
were removed by centrifugation and the platelet poor plasma (PPP) was
brought back to the leukocytes and erythocytes. The blood was incubated
with RosetteSep®, human monocyte enrichment cocktail (StemCell Tech-
nologies) for 20 minutes. Followed by dilution with phosphate buffered sa-
line (PBS), and subjected to density gradient centrifugation using Ficoll-
Paque (GE Healthcare) [158]. The final cell suspension contained > 90%
monocytes. The monocytes were diluted in cellmedium, RPMI1640, and
incubated with or without 150 or 250 ng/mL rhP-selectin for up to 2 hours.

Differentiation and stimulation of U-937

The human monoblastic cell line U-937 was maintained and differentiated
by exposure to 0.1 uM of vitamin D; for 72 hours. The differentiation re-
sulted in growth-arrested, CD14 positive cells with inducible TF expression
[159]. The vitamin Ds-differentiated U-937 was incubated with or without
rhP-selectin for up to 2 hours.

Flow cytometry analysis of cell markers

Flow cytometry is a technique where antigen on cell surfaces is detected by
fluorochrome-conjugated antibodies. The laser beam within the instrument
irradiates each cell passing through the file. The laser light is then scattered
and detectors in the flow cytometer are placed to detect light along the for-
ward axis (forward scatter) and at a 90° angle (side scatter) from the incom-
ing laser beam. Forward scatter reflects the size of the cells and side scatter
internal granules and membranes. Platelets and the different leukocyte popu-
lations are distinguished by forward and side scatter. Four flourochromes
with different wavelength can be used for detection of antigens on cell sur-
faces in the same sample. In paper IV and V, we have used the flouro-
chromes fluorescein isothiocyanate (FITC) and phycoerythrin (PE). The
signals from the detectors are presented in histogram, and the percentage of
positive stained cells in the population is also shown. Moreover, the intensity
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of staining on each cell, mean fluorescence intensity (MFI), is presented and
used as a measurement for the amount of antigen on each cell. The instru-
ment provides a sensitive technique where small sample volumes can be
used for analysis. A disadvantage with the method is the need of fresh sam-
ples.
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Figure 6. Flow cytometric analysis of platelet-monocyte aggregates. Leukocytes
positive for CD45 are gated by A. The CD45-positive cells are discriminated by
their side scatter properties and monocytes are gated by B. CD42a is a platelet
marker (GpIX) and monocytes are analyzed on the basis of their positivity for
CD42a

Whole blood was labelled with fluorescence-conjugated antibodies for de-
tection of surface expression of CD14, CD42a, CD62P, CD154 and CD142
to define single free platelets, platelets-monocyte aggregates (PMAs), plate-
let-granulocyte aggregates (PGAs) and platelet-lymphocyte aggregates
(PLAs) and their expression of P-selectin and CD40L. Annexin V deter-
mined the amount of MP in the population with a size < 1uM. The surface
expression of TF was evaluated in the platelet, leukocyte and microparticle
populations. In paper V, we also used flow cytometry for detection of intra-
cellular phosphorylated Lyn within monocytes after permiabilization and
staining with anti-Lyn (pY396) antibody and FITC-conjugated secondary
antibody.
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Flourogenic analysis of thrombin generation

In paper 1V, PPP was prepared from citrated whole blood in the patient
population or from thrombin and ADP stimulated whole blood. Thrombin
generation assay was performed using the Calibrated Automated Throm-
bogram (Thromboscope) measured in a 96-well plate fluorometer [160]. PPP
was mixed with standardized reagent to a final concentration of 4 uM
phopholipids to determine the activity of endogenous TF. The fluorometric
measurements were performed after automated addition of fluorescent sub-
strate and calcium chloride. Thrombin generation was followed for 60 min-
utes. The lag time reflected the initiation phase of the coagulation process
where the endogenous levels of TF determine the time to start of thrombin
generation.
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Figure 7.This is a schematic representation of thrombin generation. The time-to-start
of thrombin generation (lag time) is 10 minutes in a patient without antithrombotic
treatment (placebo). After treatment with a thrombin inhibitor the lag time is pro-
longed to 40 minutes.

Soluble IL-8 and MCP-1

In paper V, PPP was prepared through centrifugation of unstimulated or
TRAP stimulated whole blood. Soluble IL-8 and MCP-1 were determined
with Quantikine® immunoassays (R&D Systems).

mRNA preparation and quantification

In papers IV and V, The total mRNA from 1-2 ml of stimulated whole blood
was prepared by using Qlamp®RNA Blood Mini Kits (QIAGEN). In paper
V, the total RNA from 0.5 x 10° purified monocytes and 1.0 x 10° vit D;
differentiated U-937 was prepared using Trizol® with Phase Lock Gel
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Heavy. Reverse transcription and real time polymerase chain reaction (PCR)
were carried out with the TagMan real-time PCR assay by an ABI PRISM™
7000 Sequence Detection System (Applied Biosystems). TF was analysed
and related to the endogenous control B2-microglobulin [161]. IL-8 and
MCP-1 were carried out using predesigned “assays on demand” (Applied
Biosystems).

Phosphorylation of Lyn

In TRAP and rhP-selectin stimulated whole blood, leukocytes were perme-
ablized with 90% MetOH and thereafter incubated with anti-Lyn (Y396)
antibody to detect these phosphorylated proteins located within the cells.
After labelling anti-Lyn antibodies with a FITC-conjugated secondary anti-
body, flow cytometry was used to determine the amount of phosphorylated
Lyn(Y396) within the monocytes.

Vitamin Dj; -differentiated U-937 was stimulated with rhP-selectin for up
to 10 minutes. Cells were lysed in SDS-PAGE sample buffer with 40 mM
DTT, homogenized, boiled, and run on a 10% SDS-PAGE gel and electro-
transfered to a nitrocellulose membrane for immunoblotting. Phosphorylated
Lyn was detected by incubation of the membrane with anti-Lyn antibody
followed by incubation with a HRP-linked anti-rabbit IgG. The bands were
detected by enhanced chemiluminiscence (ECL, GE Healthcare). For load-
ing control, unphosphorylated Lyn protein was performed after stripping of
the membrane. The membranes were exposed to autoradiographic films and
the relative extent of phophorylated protein was quantified densitometrically.

Statistical analysis

In paper IV formation of PMAs and the procoagulant activity within the
patient and control population were not normally distributed and therefore
median values (25™-75" percentile) were used for description. Wilcoxon
signed-ranks test and Mann-Whitney U-tests, as appropriate, were used for
within- and between-groups comparisons.

Results from the experiments in whole blood environment, purified
monocytes and vitamin Ds-differentiated U-937 were described by mean or
mean+SEM. Student’s t-test for dependent samples were performed to de-
termine statistical significance between different data sets. P<0.05 was con-
sidered statistically significant.
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Results and Discussion

Coagulation activity after myocardial infarction

Baseline characteristics of patients

Table 2. Baseline characteristics and medical treatment in the ESTEEM biomarker

substudy
XIMELAGATRAN PLACEBO
GROUP GROUP
N=339 N=179
Age (mean) (years) 71 71
Sex:
Male (%) 67 72
Female (%) 33 28
Diagnosis:
ST-elevation MI (%) 58 54
Non ST-elevation MI (%) 42 46
Additional risk factors:
Previous MI (%) 23 25
Angina pectoris (%) 40 42
Diabetes mellitus (%) 15 12
Peripheral occlusive arterial disease (%) 9 6
Hypertension (%) 43 43
Symptomatic heart failure or LVEF* <0.4 14 12
(%) 50 49
Hyperlipidemia (%)
In-hospital treatment:
Thrombolysis (%) 38 34
Heparin or LMW heparin (%) 84 80
Medical treatment at randomization:
Aspirin (%) 99 100
Beta blockers (%) 93 94
Statins (%) 65 57
ACEF¥ inhibitors or AT II blocking agents 54 54
(%) 75 81
Nitrates (%)

*Left ventricular ejection fraction; ¥Angiotensin converting enzyme; *Angiotensin
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There were no significant differences between the placebo group and the
combined ximelagatran group regarding risk factors, medical treatment at
the acute event or medication for secondary prevention

Thrombin generation and fibrin turnover at aspirin treatment
(paper I)

179 patients with recent MI were randomized to placebo treatment for 6
months. Within the placebo group the median F1+2 levels was 0.94 (0.74-
1.19) nmol/L at randomization with an increase to 1.02 nmol/L after 1 week
when continuing with aspirin as antiplatelet treatment (p=0.006). The me-
dian D-dimer levels at randomization was 127 (66-243) ng/mL, and we also
found an increase of the D-dimer levels to 146 ng/mL after 1 week
(p<0.001). In previous studies in acute MI, initial treatment with unfraction-
ated heparin or LMW heparin reduces F1+2, but after 1-2 days a gradual
increase was found despite ongoing treatment [84, 147]. In the present study
the patients were enrolled 6 days (mean) after the acute event when anti-
thrombotic treatment with heparin or LMW heparin had reduced most of the
initial enhancement of coagulation activity. Therefore, both F1+2 and D-
dimer levels were in the upper range of normal at randomization. The eleva-
tion of thrombin generation and fibrin turnover found after one week, which
persisted during the study period, indicates a reactivation phenomenon after
cessation of the acute antithrombotic treatment when continuing with only
aspirin.

The additional effect of an oral direct thrombin inhibitor

There were no significant difference between the levels of F1+2 and D-
dimer when comparing the four doses of ximelagatran during the study pe-
riod. Moreover, there were no differences in F1+2 and D-dimer levels when
comparing trough and peak values. We could therefore pool all results from
the four dose groups of ximelagatran to a combined ximelagatran group. The
F1+2 levels at randomization within the combined ximelagatran group was
0.94 (0.78-1.31) nmol/L with a significant reduction to 0.80 nmol/L found
after 1 week (p<0.001). These reduced levels remained stable during the
study period. After cessation of ximelagatran, the F1+2 returned to the initial
level seen at randomization (Figure 8).
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Figure 8. The relative change from randomization in F1+2 for the placebo (») and
the ximelagatran groups (*24 mg, 036 mg, 048 mg and 60 mg).

Similar results but even more pronounced was found for the change of D-
dimer levels. In the combined ximelagatran group, the D-dimer levels at
randomization was 135 (74-263) ng/mL, not significant different from the
placebo group. After 1 week the D-dimer levels had decreased to 97 ng/mL
(p<0.001) with further deceases at 8 and 26 weeks. At follow-up the D-
dimer concentration had increased but was still reduced compared to ran-
domization (p=0.003) (Figure 9).

The change of F1+2 and D-dimer levels compared to randomization were
not related to the plasma concentration of melagatran. The effect of melaga-
tran on both circulating thrombin and thrombin bound to fibrin might explain
the proportional larger reduction of D-dimer, which reflects the fibrin turn-
over, while F1+2 is a more specific marker for thrombin generation. Xime-
lagatran consistently reduced both F1+2 and D-dimer without any signs of
reactivation. The non-dose-dependent response to ximelagatran, with similar
effect on thrombin generation and fibrin turnover at 24 mg as at 60 mg,
might explain the similarity in clinical outcome in the ESTEEM trial [145].
After the acute MI under more stable conditions small amount of thrombin is
generated during the initiating phase of the coagulation process and, under
such circumstances, low concentrations of melagatran is enough to interfere
with the formed thrombin. Upon plaque disruption, a burst of thrombin is
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generated and under such conditions there is a need for higher concentrations
of melagatran [162].

p<0.001

20

p<0.001 p<0.001 p<0.001
>k

20
40

-80

The relative change of D-dimer (%)

Randomization 1 week 1 week 8 weeks 26 weeks 26 weeks Follow up
trough peak trough peak

Figure 9. The relative change from randomization of D-dimer for the placebo (x) and
the ximelagatran groups (+24 mg, 36 mg, 948 mg and - 60 mg).

Reduced coagulation activity and risk of new ischemic events
(paper II)

In the ESTEEM trial, addition of ximelagatran to aspirin reduced the risk of
new ischemic event from 16.3% to 12.7% [145]. In the biomarker substudy
cohort, there were 64 ischemic events in form of death (n=3), myocardial
infarction (n=32), severe recurrent ischemia (n=25) or ischemic stroke (n=4)
during study treatment.

Elevated levels of F1+2 or D-dimer at the acute MI or 2 months after-
wards have been attributed an elevated risk, both short and long-term, of
new cardiac events [89, 90, 163]. Treatment with ximelagatran significantly
reduced the risk of new ischemic events in patients with above-median F1+2
and/or D-dimer levels at randomization (p=0.03 and p=0.009 respectively).
In contrast, there appeared to be little beneficial effect of the direct thrombin
inhibitor in patients with lower levels of F1+2 and D-dimer.

After 1 week the levels of F1+2 were reduced in 63% of the patients in
the total substudy cohort. In the combined ximelagatran group, 76% had
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decreased F1+2 compared to 39% in the placebo group (p<0.001). Patients
with reduction versus no reduction of F1+2 tended to have a lower fre-
quency, 10% versus 14%, of ischemic events during the period of random-
ized treatment (Figure 10).

60% of the total population had reduced D-dimer levels after 1 week. D-
dimer levels were reduced in 72% of ximelagatran treated patients compared
to 40% in the placebo group (p<0.001). In the group with decreased D-dimer
levels, there were significantly less ischemic events during treatment (9%)
compared to the group with unchanged or increased levels (16%) (Figurel 1).
A reduction in D-dimer levels, regardless whether the reduction occurred
spontaneously or by ximelagatran treatment, predicts improved clinical out-
come and a similar trend was found for reduced F1+2 levels. Increased D-
dimer levels has been identified as a risk marker for future MI among
healthy men, for predicting cardiovascular events in other clinical settings
and for reflecting the severity of atherothrombotic disease [85, 86, 164,
165].The benefit of early reduced D-dimer levels that we found further sup-
ports the concept of D-dimer as a useful marker to estimate the risk of new
thrombotic events in atherothrombotic disease.
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Figure 10. The cumulative incidence of death, MI, severe recurrent ischemia and
ischemic stroke during treatment in relation to reduction (solid line) or no reduction
(dotted line) of F1+2 after 1 week
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Figure 11. The cumulative incidence of death, MI, severe recurrent ischemia and
ischemic stroke during treatment in relation to reduction (solid line) or no reduction
(dotted line) of D-dimer after 1 week

Bleeding events, coagulation activity and APTT

Major and minor bleedings occurred in 31% of the patients in the ximelaga-
tran group compared to 16% in the placebo group (p<0.001). The frequency
of major bleedings was 2% during the study, with no difference between the
ximelagatran and placebo groups.

The frequency of major and minor bleedings during the treatment was not
related to the levels of F1+2 or D-dimer at randomization or the change of
levels after 1 week. Neither was there any significant difference of the fre-
quency of bleeding events when comparing the patients with reduced F1+2
or D-dimer levels with the patients with increased levels of these markers.
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Figure 12. The cumulative frequency of major and minor bleeding events in relation
to the change of APTT value after | week. Placebo group (solid line), ximelagatran
group with APTT < 2x the level at randomization (dotted line) and ximelagatran
group with APTT > 2x the level at randomization (broken line). P-value comparing
the two ximelagatran groups.

Activated partial thromboplastin time, APTT, is an analysis that evaluates
the activity of coagulation factors in vitro. APTT is used for dose-guiding of
treatment with unfractionated heparin. Most of the available anticoagulant
drugs given in acute MI have therefore been evaluated with APTT. For the
ximelagatran groups, there was a significant difference between the APTT
levels both at 1 week and 26 weeks comparing the four dose groups
(p<0.001) and the APTT concentrations at peak were 1.3 fold higher than
trough in all four dose groups (p<0.001). The linear dose-response relation
between the plasma concentration of melagatran and the APTT values
(r=0.70-0.76, p<0.001) was in accordance with previous results [166]. After
1 week, 98% of ximelagatran treated patients showed increased APTT lev-
els, with 24% demonstrating a level of APTT twice or more times higher
than the level at randomization. The optimal therapeutic APTT range during
treatment with direct thrombin inhibitors is poorly defined. Elevation of
APTT indicates a risk of bleeding even at levels below the therapeutic range,
and higher APTT levels during treatment were related to increased risk of
new ischemic events during treatment with inogatran, an intravenous direct
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thrombin inhibitor [167, 168]. In the ximelagatran group, the degree of
APTT elevation after 1 week was significantly related to bleeding events
during treatment (Figure 12). In contrast the frequency of ischemic events in
patients receiving ximelagatran did not differ in the group with an APTT
after 1 week <2 x level at randomization (10%) compared to the group with
APTT after 1 week > 2 x level at randomization (8%) (p=0.8). APTT does
not seem to be a suitable marker for clinical efficacy of ximelagatran and it
does not reflect ximelagatran effects on thrombin generation and fibrin turn-
over.

Platelet and inflammatory activity in patients with
recent myocardial infarction (paper III)

In the biomarker substudy population in ESTEEM, soluble P-selectin sig-
nificantly increased after 1 week and persisted elevated during the study both
in the placebo group and in all ximelagatran groups (p<0.001). The com-
bined ximelagatran group had lower levels of sP-selectin after 1 week com-
pared to the placebo group. The two highest ximelagatran dose groups (48
and 60 mg) showed significantly less increase in sP-selectin levels compared
to the placebo group and the lower-dose ximelagatran groups (Figure 13).
The change of sP-selectin correlated to the change of F1+2 (r=0.23,
p<0.001) and D-dimer (r=0.39, p<0.001) after 1 week in the ximelagatran
group. Aspirin has no effect on markers for platelet activity in patients with
stable angina and, for the period immediately following a MI, the platelets
are even more activated than in a stable cohort [119, 120]. Little is described
of the effect of direct thrombin inhibitors on platelet activity for long-term. It
has recently been reported that the oral direct thrombin inhibitor dabigatran
even increased TXB, in urine [169]. The soluble form of P-selectin origi-
nates mostly from platelets and might be a better marker for platelet activity
than thromboxane in urine. P-selectin is also important for formation of
platelet-leukocyte aggregates, linking coagulation to inflammation. Evalua-
tion of sP-selectin may therefore also reflect the inflammatory activity. The
effect of ximelagatran on platelet activity was more modest and also dose-
dependent compared to its effect on the coagulation markers.

Soluble TF reflects both TF without procoagulant activity represented by
the cleaved extracellular domain of TF, and TF presenting microparticles,
and alternative spliced TF with procoagulant properties [101]. In the placebo
group sTF correlated to both D-dimer (r=0.52, p<0.001) and sP-selectin
(r=0.27, p=0.03) levels for up to 6 months after the MI. After 1 week on
study treatment reduced levels of sTF was found in the 60 mg ximelagatran
group (p=0.008). However, after 6 months the sTF had returned to the levels
found at randomization. At aspirin treatment sTF is related to coagulation
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and platelet activity. In contrast an oral direct thrombin inhibitor interferes
with the balance. P-selectin is important for formation of microparticles, and
the initial reduction of sTF in the ximelagatran group may therefore reflect
its effect on platelet activity [63, 170]. In this small cohort the increase found
after six months needs further investigation although one explanation could
be that sTF also are related to the inflammatory activity.
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Figure 13. The relative change from randomization of soluble P-selectin for the
placebo group, the 24+36 mg ximelagatran groups and the 48+60 mg ximelaga-
tran groups, after 1 week and 6 months.

CRP is an acute phase inflammatory protein, which is an established
marker of acute MI, and initial high CRP levels decrease over time [171].
We found similar results in this population with a CRP reduction of 65% and
85% after 1 week and 6 months compared to randomization in the placebo
group (p<0.001). The CRP levels or change in levels in the ximelagatran
group after 1 week were not significant different compared to the placebo
group. However, after 6 months of ximelagatran treatment, the low CRP
levels was different compared to the levels in the placebo group (p=0.002).

IL-18 is correlated with the severity of atherosclerosis and predict death
in MI [172]. Little is known of IL-18 for long-term after MI. In the patient
population with recent MI, the concentration of IL-18 was 240 (176-342)
pg/mL. These levels persisted stable for up to 6 months after the acute event
in the placebo group.
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The available amount of thrombin is reduced upon treatment with an oral
direct thrombin inhibitor. Therefore, through interaction with thrombo-
modulin and the endothelial EPCR and PAR-1 receptors, the anti-
inflammatory properties of thrombin may be diminished, and the amount of
APC produced is limited [77, 78]. In this paper, we found that after 6 months
of ximelagatran treatment, IL-18 levels increased in all four dose groups
compared to randomization (p=0.01-0.003). There was a significant increase
of the IL-18 levels in the ximelagatran-treated patients compared to the pla-
cebo group (Figure 14). IL-18 promotes T lymphocyte differentiation and
also induces production of IL-6 and IL-8 [107]. The change of IL-18 and
CRP was correlated at both 1 week and 6 months in the ximelagatran group.
These results indicate that there is a change in balance between inflammation
and anti-inflammation by addition of an oral direct thrombin inhibitor. The
effect on inflammatory markers through blockage of thrombin progress more
slowly than the effect on coagulation markers.
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Figure 14. The relative change from randomization of IL-18 in the placebo
group, the 24+36 mg ximelagatran groups and the 48+60 mg ximelagtran
groups, after 1 week and 6 months.
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Studies of formation of platelet- leukocyte aggregates
and cross-talk therein

Formed platelet-monocyte aggregates in patients with recent
myocardial infarction (paper V)

In whole blood from a healthy control population, 3.6% (2.1-5.5%) of the
monocytes form aggregates with platelets under resting conditions. In a
small cohort of patients with recent MI, 89.2% (65.2-98.1%) of the mono-
cytes formed aggregates with platelets early after the MI and these levels
persisted elevated up to 6 months after the acute event. The amount of plate-
lets adhered per monocyte, analyzed as the MFI, was also significantly in-
creased. (Figure 15).

A B
e ke oot 40+
é 1004 ]
g n 2 ok
g 804 5 _ 30
§§ S8
b4
?Sw o 36 204
8 g 404 E ] x
EE ~ 10
% 20 : ]
8 olomm g J|I=
control population patient population control population patient population

randomization 1week 6 months randomization 1week 6 months

Figure 15. The amount of platelet-monocyte aggregates (A) and the mean floure-
sence intensity (MFI) of CD42a on each monocyte (B) in patients with recent MI.
*** 5 <0.001 and *p < 0.05.

PMAs have been described as an early marker in acute MI and correlate to
inflammatory markers and the severity of atherosclerosis [16, 173, 174]. In
this study, we describe a persisted elevation of PMAs for up to 6 months
after an acute MI, indicating ongoing inflammation. In this small cohort of
patients, we could not find any difference in PMAs when comparing ximela-
gatran and placebo treatment. However, as previously described, the sP-
selectin levels were reduced by addition of ximelagatran, and P-selectin is
important for formation of platelet-leukocyte aggregates.
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The influence of thrombin inhibitors on formation of platelet-
leukocyte aggregates and tissue factor production in vitro

We further investigated whether two direct thrombin inhibitors, i.e., melaga-
tran and dabigatran, could modulate the formation of platelet-leukocyte ag-
gregates upon thrombin and ADP stimulation in vitro. In whole blood from
healthy volunteers, thrombin and ADP induced formation of platelet-
leukocyte aggregates with the most pronounced effect obtained by thrombin,
with an increase of PMAs (p=0.002), platelet-granulocyte aggregates
(PGAs) (p=0.001) and platelet-lymphocyte aggregates (PLAs) (p=0.008).
The mean fluorescence intensity for P-selectin was increased 2.4+0.2 and
3.7+0.5 times in the formed PMAs and PGAs, respectively.

Melagatran has previously been described to reduce P-selectin expression
in a dose-dependent manner on stimulated platelets [175]. We could confirm
these results both with melagatran and dabigatran, and they also reduced the
thrombin-induced CD40L on single platelets (p=0.001). The thrombin in-
hibitors significantly diminished the amount of platelets tethered to each
monocyte and granulocyte and the P-selectin expression within these aggre-
gates upon thrombin stimulation. The most pronounced effect was obtained
on PGA formation (Figure 16). The direct thrombin inhibitors also reduced
TF mRNA levels recorded in whole blood after 1 hour of thrombin stimula-
tion (p=0.002 and p=0.04 for melagatran and dabigatran, respectively). For-
mation of PMAs with adhesion of platelets to monocytes induces a cellular
signal important for induction of TF production. Activated platelets induce
an inflammatory response in granulocytes leading to increased levels of in-
flammatory markers in MI [21, 176, 177]. The effect of the direct thrombin
inhibitors on PMA and PGA formation and the signalling events induced by
cellular cross-talk therein may be beneficial during long-term treatment in
patients with increased risk of new atherothrombosis.

In one of the performed studies with prolonged ximelagatran treatment,
concerns have raised of increased risk of MI [178]. In that trial, ximelagatran
was given without a combined antiplatelet therapy after deep venous throm-
bosis. In our in vitro model, when ADP was used as platelet agonist, pre-
incubation with direct thrombin inhibitors did not affect the amount of
PMAs formed, and in fact achieved increased formation of PGAs. Moreover,
the ADP induced TFmRNA production was not affected by the direct
thrombin inhibitors. ADP induced formation of PMAs describes another
mechanism where ADP activates platelets through the P2Y, receptor. Under
these circumstances, the expressed P-selectin involved in PMA formation
and TF production could not be affected by the direct thrombin inhibitors.
Clopidogrel has been found to reduce PMA formation in patients with pe-
ripheral arterial occlusive disease [179, 180]. The lack of effect of the direct
thrombin inhibitors in this study may indicate a need for both antiplatelet

50



and anticoagulant therapy that targets both ADP and thrombin-induced acti-
vation.
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Figure 16. The effect of direct thrombin inhibitors on formation of platelet-
monocyte and platelet-granulocyte aggregates. Formation of platelet-monocyte and
platelet-granulocyte aggregates are described as mean fluorescence intensity (MFI)
of CD42a in the different leukocyte populations in mean+SEM. *** p <0.001 , **p
<0.005 and *p < 0.05.
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Microparticles and early tissue factor expression upon
stimulation of whole blood

MP, platelets and monocytes have all been described as the source of blood-
borne TF and are of importance in a situation with acute activation through a
ruptured atherosclerotic plaque [21, 59, 181]. In unstimulated whole blood
from healthy volunteers, we found that 2.2+0.2% of the free platelets ex-
pressed TF. There were also low concentrations of circulating MP with TF
on their surfaces. Thrombin stimulation increased the amount platelets with
TF expression two-fold compared to unstimulated control (p=0.004). The
amount of TF presenting MP was also increased by thrombin. ADP stimula-
tion had no effect with respect to the platelets TF expression, but signifi-
cantly increased the amount of MP (p=0.001).

Both melagatran and dabigatran reduced the amount of TF presenting MP
by 42+12% and 36+12%, respectively, in thrombin stimulation. Similar re-
sults were found in ADP-stimulated whole blood with a decrease of 21+7%
and 39+6% upon pre-incubation with melagatran and dabigatran, respec-
tively. The amount of TF presenting platelets was also decreased by the
thrombin inhibitors upon thrombin activation. The result was confirmed as a
reduced procoagulant TF activity with prolonged lag time upon pre-
incubation with thrombin inhibitors before stimulation (p=0.02). However,
the TF within the formed PMAs was not affected by thrombin inhibition.

To evaluate whether the direct thrombin inhibitor ximelagatran had any
effect on the procoagulant activity in a patient population post MI, we ana-
lyzed the time-to-start of thrombin generation with the Calibrated Automated
Thrombogram 1 week after start of study medication. Patients treated with
60 mg ximelagatran twice daily together with aspirin were compared with
patients recieving only aspirin. We found a significant increase of the time-
to-start of thrombin generation in the ximelagatran treated patients (<0.001)
(Figure 17). The result in paper III, with reduced sTF in the ximelagatran
treated group was in accordance with the prolongation of time-to-start of
thrombin generation.

The effect of the direct thrombin inhibitors on the blood-borne TF, with
reduced amount of MP and reduced TF expression on single platelets, con-
tributes to a delay in the initiation phase of the coagulation process. Together
with the effect on the TF production for long-term, this effect on the circulat-
ing procoagulant TF might be of importance when discussing the clinical
effect of oral direct thrombin inhibitors.

52



*kk

o
5

(4.
o
1

A

4

L

)
e

L

-
o
1

_I_ RN —

o

thrombin generation lag time
(min)
©w
e

aspirin aspirin +
Ximelagatran

Figure 17. Tissue factor activity in patients with recent myocardial infarction. The
time to thrombin generation (lag time) was analyzed in plasma from ESTEEM trial
patients treated with aspirin or ximelagatran 60 mg and aspirin for 1 week. *** p <
0.001.

The importance of P-selectin for formation of platelet-
monocyte aggregates and the cross-talk therein (paper
V)

In paper V, we focused on the P-selectin-induced cellular signalling upon
formation of PMAs. We used thrombin receptor activator peptide (TRAP), a
PAR-1 agonist, as stimulating agent. In the experimental environment,
TRAP has advantages to thrombin, due to the multitude properties of throm-
bin. Several adhesion molecules are important for formation and stability of
PMAs and we therefore initially investigated the role of both P-selectin and
CD40L in this context. In whole blood, the TRAP-induced formation of
PMAs was significantly and sustainably reduced by 80+2% by a neutralizing
P-selectin antibody (p=0.001) (Figure 18). In contrast, the neutralizing
CDA40L antibody had no effect on the amount of PMAs formed in whole
blood.
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Figure 18. The involvement of P-selectin in formation of platelet-monocyte aggre-
gates in TRAP-stimulated whole blood. The per cent of platelet-monocyte aggre-
gates formed in TRAP-stimulated whole blood with neutralizing anti-CD40L
(striped) or anti-P-selectin (white) antibodies are expressed relative to the per cent
in TRAP-stimulated whole blood (grey) in the same experiment.***p < 0.001.

CDA40L induces TF production in monocytes and endothelial cells and inhi-
bition of CD40L results in a varying effect on surface expression of TF in
purified monocytes [21, 33]. In the whole blood environment, however, the
formation of PMAs was not dependent of CD40L, while P-selectin was of
major importance.

TRAP-induced production of tissue factor and IL-8 is dependent
of P-selectin

TRAP-induced TF mRNA expression in formed PMAs with an increase of
5.441.4 times the levels in unstimulated control blood after 1 hour of stimu-
lation (p=0.03). These increased TF mRNA levels was in accordance with
the increase of the amounts of PMAs expressing TF at their surface after 2
hours of TRAP stimulation, 18.443.3% compared to 9.3+3.0% in unstimu-
lated whole blood (p=0.001). One hour of TRAP stimulation induced the
maximum levels of IL-8 mRNA, with an increase of 2.2+0.2 times compared
to unstimulated control (p=0.008).The plasma levels of soluble IL-8 was also
elevated after 4 hours in stimulated whole blood (p=0.02).

Neutralizing P-selectin antibody reduced the TF and IL-8 mRNA levels
by 41+12% (p=0.04) and 61£11% (p=0.01), respectively, in whole blood
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upon TRAP stimulation. In highly purified human monocytes, P-selectin
stimulation for 1 hour increased both TF (p=0.03) and IL-8 (p=0.02) mRNA.

The maximum MCP-1 mRNA levels was found after 2 hours of TRAP
stimulation together with increased soluble MCP-1 in plasma (p=0.02). The
neutralizing P-selectin antibody had no effect on mRNA for MCP-1 and P-
selectin stimulation did not significantly increase the MCP-1 production in
purified human monocytes.

The importance of Src-family kinases with focus on Lyn for P-
selectin/TRAP-induced cellular signalling in whole blood

SFK are important for intracellular signal transduction and may act as both
positive and negative regulators. Whole blood was pre-incubated with two
SFK-inhibitors: SU6656 with effect on the SFK family members Src, Fyn,
Yes and Lyn, or PP2 with effect on Src, Fyn, Lck and Hck before stimula-
tion with TRAP. Addition of SU6656 reduced TF mRNA levels to 72+8%
and IL-8 mRNA to 76+3% of the levels in stimulated whole blood without
SU6656 (Figure 19).
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Figure 19. TF (A), IL-8 (B) and MCP-1 (C) mRNA levels in whole blood pre-
treated with SU6656 or PP2 before stimulation with TRAP for 60 minutes. Data are
expressed relative to mRNA levels in TRAP-stimulated whole blood. **p < 0.005
and *p<0.05.

No inhibitory effect of SU6656 was recorded on the MCP-1 mRNA levels.
SU6656 did not affect the amount of formed PMAs. In contrast, PP2 had
neither effect on the production of TF nor IL-8 or MCP-1.

The predominant SFK members in monocytes are Hck, Fyn and Lyn, and
based on the results obtained by the SFK-inhibitors we further investigated
the involvement of Lyn. TRAP stimulation of whole blood increased the
amount of monocytes with phosphorylated Lyn. SU6656 and neutralizing P-
selectin antibody reduced these levels. We confirmed the involvement of P-
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selectin for Lyn phophorylation in monocytes in whole blood stimulated
with P-selectin (Figure 20).

The SFK is easily activated upon the purification procedure and we there-
fore decided to verify the obtained results with vitamin D;-differentiated U-
937 cells. Stimulation with P-selectin increased phophorylation of Lyn in
these cells compared to unstimulated cells (p<0.001).
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Figure 20. The amount of monocytes with phosphorylation of Lyn(Y396) in TRAP-
or P-selectin-stimulated whole blood and the effect of pre-incubation with SU6656,
neutralizing anti-P-selectin antibody or recombinant human IL-10. Data are ex-
pressed relative to the monocytes with phosphorylation of Lyn(Y396) in TRAP- or
P-selectin-stimulated blood respectively ***p < 0.001 and *p<0.05.

In experimental models with purified monocytes, activated platelets in-
crease expression of TF and the pro-inflammatory cytokines, although the P-
selectin-PSGL-1 induced cellular signalling pathway leading to upregulation
of TF and these cytokines is less well known [20-23]. In mouse models and
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mononuclear cells a P-selectin-B-integrin interaction with platelet-leukocytes
induces a phophorylation process that is inhibited by PP2, which also re-
duced the number of formed platelet-leukocyte aggregates [27, 182]. We
found no effect of PP2 in stimulated whole blood regarding TF and IL-8
production. In contrast, the SFK inhibitor SU6656 with effect on Yes and
Lyn reduced both TF and IL-8 without affecting the amount of formed
PMAs. We show for the first time that P-selectin-PSGL-1 pathway increases
phosphorylation of Lyn in monocytes. ITAM has recently been described to
be involved in PSGL-1 activation of non-regulatory tyrosine kinases, Syk
[29]. The activation of ITAM by PSGL-1 may involve Src-mediated ITAM
phosphorylation, leading to Syk activation and further downstream signals.

The anti-inflammatory cytokine IL-10 diminishes tissue factor
and IL-8 production through reduced Lyn phosphorylation

Upon stimulation with LPS, IL-10 interferes with several cellular signalling
pathways in myeloid cells, but the effect initiated by IL-10 on P-selectin
induced pathways has not been explored [183, 184].

Pre-incubation of whole blood and highly purified human monocytes with
IL-10 before stimulation with TRAP or P-selectin significantly reduced TF
mRNA (p=0.002 and p=0.03 respectively) and IL-8 mRNA (p=0.009 and
p=0.001 respectively) (Figure 21).
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Figure 21. TF (A), IL-8 (B) and MCP-1 (C) mRNA levels in whole blood pre-
incubated with IL-10 (dark grey) before stimulation with TRAP. Data are expressed
relative to mRNA levels in TRAP-stimulated whole blood (grey) in the same ex-
periment. ***p < 0.001, **p <0.005 and *p<0.05.

No effect of IL-10 was found regarding the amount of formed PMAs, indi-
cating that the inhibitory effect of IL-10 involves P-selectin-PSGL-1-
mediated cellular signalling in monocytes. In contrast to the inhibitory effect
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on TF and IL-8, MCP-1 mRNA was increased by IL-10 in TRAP-stimulated
whole blood.

The induced Lyn phophorylation in monocytes in TRAP-stimulated
whole blood and in P-selectin-stimulated highly purified monocytes was
reduced by IL-10 (Figure 20). This result was confirmed in P-selectin-
stimulated vitamin Dj-differentiated U-937 cells (p=0.002). The reduced
phophorylation of Lyn in P-selectin-stimulated human monocytes in whole
blood could explain part of the inhibitory effect of IL-10 on P-selectin-
induced TF and IL-8 production.
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General Discussion

The present studies, have investigated the change of markers for coagula-
tion-, platelet-, and inflammatory activity for long-term in patients with re-
cent MI, and the effect of the first available oral direct thrombin inhibitor on
these markers. To further understand the mechanisms involved in formation
of platelet-monocyte aggregates that were found in the patient cohort with
recent MI we have applied an in vitro model in whole blood. The focus in
the experimental situation has been to understand part of the cellular signal-
ling induced by formation of platelet-monocyte aggregates leading to pro-
duction of tissue factor and pro-inflammatory cytokines, which all contribute
to the interplay between coagulation and inflammation in the in vivo situa-
tion.

The main result from Paper I is that an oral direct thrombin inhibitor per-
sistently, without signs of reactivation, reduces markers for thrombin genera-
tion and fibrin turnover. The most pronounced effect was found on D-dimer
levels. An other important message in Paper I is that the effect of the direct
thrombin inhibitor is dose-independent. Today when we treat the patients
with several antiplatelet drugs for secondary prevention, there is an increased
risk of bleeding. Therefore, the knowledge that low doses of a direct throm-
bin inhibitor is as effective as higher doses regarding its antithrombotic
properties is important for the oppurtunity of safe and effective treatment of
patients for long-term.

The most important result in Paper II is that an early change of D-dimer
can predict the risk of future thromboembolic events. In clinical practice, we
have few tools to evaluate the efficacy of the antithrombotic treatment given
to the patient for long-term. Monitoring of D-dimer early after a MI could
add information of the patient’s risk of future ischemic events and guide the
intensity of treatment needed.

In Paper III patients with recent MI are shown to increase sP-selectin as a
marker for platelet activity for long-term after the acute event. The direct
thrombin inhibitor could diminish these increased levels but higher doses
were needed and the efficacy was more moderate compared to the results
found for markers of thrombin generation and fibrin turnover. The IL-18
levels as a marker for inflammation are stable after MI. The finding that
long-term treatment with the direct thrombin inhibitor increases the inflam-
matory markers needs to be evaluated in new, longer clinical trials.
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Patients with recent MI have increased levels of circulating platelet-
monocyte aggregates for long-term, which is described for the first time in
Paper IV. In vitro these aggregates can be modulated by direct thrombin
inhibitors, leading to reduced tissue factor production, and this interaction
with the cell-cross talk and cellular signalling can be of importance for the
described clinical beneficial effect of the drug. Another result of interest is
that microparticles together with the procoagulant activity, were reduced by
direct thrombin inhibitors. How important is the effect on the blood-borne
TF in secondary prevention after MI? The direct thrombin inhibitors lack of
effect on ADP-induced activation is another result that generates new ques-
tions.

In Paper V, it is for the first time described that P-selectin-PSGL-1-
induced cellular signalling generating tissue factor and IL-8 production in-
volves phosphorylation of the Src-family member Lyn in monocytes. The
knowledge of the signalling pathway involved in formation of platelet-
monocyte aggregates has just atarted. To delineate and identify actors in the
P-selectin-PSGL-1 pathway is an exploration of new possible targets for
intervention. Another result of interest in Paper V is that IL-10 treatment
interferes with the P-selectin-induced TF and IL-8 production through re-
duced Lyn phosphorylation. Atherosclerosis is an inflammatory disease but
specific anti-inflammatory treatment has not given promising results in clini-
cal trials. New anti-inflammatory drugs may arise in the future with devel-
opment of more specific drugs targeting a specific biological mechanism of
interest.
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Conclusions

Based on this work, the following conclusions can be made

The oral direct thrombin inhibitor, ximelagatran, effectively reduced
markers for thrombin generation and fibrin turnover with no varia-
tion between doses of 24-60 mg b.i.d and no signs of reactivation
during treatment.

Reduction of initially high coagulation activity in patients with re-
cent myocardial infaction, preferably measured by D-dimer levels,
identifies patients with decreased risk of new ischemic events re-
gardless whether the D-dimer reduction occurs spontaneously or is
induced by pharmacological means.

The frequency of bleedings was not related to the markers for
thrombin generation or fibrin turnover or changes in these markers.
There was a linear dose-response relation between plasma concen-
tration of melagatran and APTT levels. No correlation was found be-
tween APTT levels and markers for thrombin generation and fibrin
turnover. The increase of APTT occurred almost exclusively in the
ximelagatran group. The degree of elevation was related to bleeding
events during treatment.

Soluble P-selectin, a marker for platelet activity, increases after a
myocardial infarction. An oral direct thrombin inhibitor at higher
doses diminished the elevation.

The inflammatory marker IL-18 is stable for long-term in serial sam-
ples from patients with recent myocardial infarction. The direct
thrombin inhibitor, ximelagatran, increases these levels when given
for long-term.

Patients with recent myocardial infarction show elevated levels of
platelet-monocyte aggregates for long-term.

Thrombin but not ADP-induced formation of platelet-monocyte ag-
gregates and production of tissue factor is reduced by direct throm-
bin inhibitors.

Direct thrombin inhibitors reduce the formation of tissue factor ex-
pressing microparticles and the procoagulant activity in vitro and in
patients with recent myocardial infarction.

P-selectin bound to P-selectin glycoprotein-1 is important for forma-
tion of platelet-monocyte aggregates. P-selectin induces production
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of tissue factor and IL-8 partly through a cellular signalling pathway
involving phophorylation of the Src-family member Lyn.

In a whole blood environment, IL-10 reduces the P-selectin-induced
production of tissue factor and IL-8 partly through decreased phos-
phorylation of Lyn.



Sammanfattning pa svenska

Akut hjartinfarkt dr den vanligaste dodsorsaken i vérlden. Den akuta behand-
lingen av hjartinfarkt omfattar dels farmakologisk behandling med likeme-
del som paverkar koagulationssystemet och dels en bedomning av kranskér-
lens utseende. Den akuta behandlingen har dramatiskt minskat risken f6r dod
och ny hjartinfarkt i akut skedet. Den uppf6ljande, s.k. sekundédrpreventiva,
behandlingen omfattar livsstilsforédndringar och ldkemedelsrekommendatio-
ner utifrdn en beddmning av patientens riskfaktorer. Trots god sekundérpre-
ventiv behandling kvarstér en 10-20% risk att aterinsjukna i ny hjértinfarkt.

Arterioskleros dr en inflammatorisk sjukdom i kérlviggen. Rokning och
hoga blodfetter fordndrar endotelcellerna, vita blodkroppar, monocyter, re-
kryteras till endotelytan och tillsammans med lipider vandrar de in i kirlvig-
gen och arteriosklerotiska plack bildas. Monocyterna omvandlas till makro-
fager som producerar cytokiner, &mnen som kan dra till sig andra vita blod-
kroppar, och den inflammatoriska processen underhélls. Tissue factor, TF,
bildas i placken och &r ett viktigt protein som initierar koagulationprocessen.
Vid ruptur av ett arteriosklerotiskt plack blottlaggs TF for det cirkulerande
blodet. Koagulationssystemet aktiveras och stora mingder trombin bildas.
Trombinet klyver fibrinogen till fibrin som tillsammans med aktiverade
trombocyter bildar en tromb (blodpropp) i kranskérlet. Denna process ger
upphov till en akut hjartinfarkt. Koagulationen regleras av himmare i blodet
som bryter ned fibrinet och trombtillvixten upphor.

Aktiverade trombocyter fordndrar sin cellyta sa att de himmande protei-
nerna inte kommer at koagulationfaktorerna. En trombocyt innehéller en rad
dmnen sasom koagulationsfaktorer, ADP och kalcium som frisétts vid stimu-
lering med exempelvis trombin eller ADP. Trombocyter som aktiveras kom-
mer att formforéndra fibrinogenreceptorn sé att benégenhet att binda fibrino-
gen okar. Uttrycket av CD40 ligand (CD40L) och P-selectin pa trombocyt-
ytan okar och de kan binda till CD40 respektive P-selectin glycoprotein li-
gand-1 (PSGL-1) pa vita blodkroppar och komplex bildas mellan
trombocyter och vita blodkroppar.

Vid en hjértinfarkt har man en 6kad koagulationsaktivitet som kan métas i
blodet som forhojda nivder av protrombin fragment 1+2 (F1+2) och D-
dimer. Néar protrombin klyvs till trombin frsétts F1+2 och D-dimer 4r ett
matt pa fibrinomséttningen eftersom det frigors da fibrinet bryts ned. Studier
har visat att hoga virden av F1+2 och D-dimer vid det akuta hjartinfarktin-
sjuknandet dr kopplade till en 6kad risk for dod och ny hjartinfarkt. I blodet
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cirkulerar ocksa forhojda koncentrationer av inflammationsmarkdrer sdsom
MCP-1 och IL-8, tva cytokiner som aktiverar monocyter. Koagulation och
inflammation &4r nidra sammankopplade vid arteriosklerossjukdom bl.a ge-
nom cirkulerande trombocyt-monocytkomplex.

Till patienter som haft en hjartinfarkt rekommenderas idag behandling
med acetylsalicylsyra (ASA) och clopidogrel, trombocythdmmande ldkeme-
del, som minskar risken att insjukna i ny tromboembolisk hindelse.

Malet for denna avhandling har dels varit att studera eventuella effekter
av den forsta tillgdngliga orala direkt trombinhdmmaren, ximelagatran, pa
koagulations-, trombocyt- och inflammationsmarkorer i en patient popula-
tion med nyligen genomgéangen hjértinfarkt. Vidare att utvdrdera om en tidig
fordndring av koagulationsmarkdorer kan paverka risken att pé nytt insjukna i
en tromboembolisk hindelse. Vidare sd planerades fordjupade studier av
mekanismer som paverkar bildningen av trombocyt-monocyt komplex och
delar av de celluldra signalvdgar som aktiveras och leder till produktion av
TF och pro-inflammatoriska cytokiner.

ESTEEM studien var en sidkerhets och dosguidande studie dar fyra doser
av den oral direkta trombinhdmmaren ximelagatran gavs i kombination med
ASA och jimfordes med enbart ASA behandling (placebo). I studien fann
man att med tilldgg av ximelagatran sa minskade risken for att aterinsjukna i
en ny tromboembolisk hidndelse. I en biomarkorstudie i ESTEEM omfattade
518 patienter togs blodprover vid randomisering (c:a 6 dagar efter den akuta
infarkten), och efter 1, 8 och 26 veckors behandling. Behandling med studie-
lakemedlet avslutades efter 26 veckor och ytterligare ett blodprov togs efter
2 veckor.

Hos de patienter som behandlades med ASA som antitrombotisk behand-
ling steg F1+2 och D-dimer nivaerna efter en vecka och dessa férhojda niva-
er kvarstod sedan under hela studietiden. Ximelagatran minskade effektivt
bade F1+2 och D-dimer redan efter en vecka och de reducerade nivderna
bibeholls sa linge behandlingen pagick. Effekten pa F1+2 och D-dimer var
oberoende av vilken dos av ximelagatran som patienterna behandlades med.

Under studietiden forekom 64 nya tromboemboliska hidndelser (d6d, ny
hjartinfarkt, allvarlig kdrlkramp eller ischemisk stroke). De grupper av pati-
enter som hade hoga nivéer av F1+2 och/eller D-dimer dvs. 6ver medianviér-
det vid randomisering, hade nytta av ximelagatran behandling for att minska
aterinsjuknandet i ny handelse. I gruppen med lagre F142 och/eller D-dimer
sd fordndrades inte frekvensen av héndelser av tilligg med ximelagatran.
63% av patienterna minskade sin F1+2 koncentration och 60% reducerade
D-dimer nivaerna efter en vecka i hela studiepopulationen. I gruppen med
sdnkt F1+2 forekom 10% nya tromboemboliska héndelser jamfort med 14%
1 gruppen med ofordndrat eller 6kat F1+2 vérde (p=0.3). Den grupp av pati-
enter som sénkte sitt D-dimer vérde efter en vecka hade férre tromboembo-
liska héndelser jamfort med gruppen med oféréndrat eller 6kat D-dimer vér-
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de, 9% respektive 16% (p=0.03). Om reduktionen av D-dimer skedde med
eller utan tilligg av ximelagatran var utan betydelse.

Information om vad som hiander med trombocytmarkoérer sdsom 16sligt
P-selectin efter en genomgéngen hjartinfarkt &r begrénsad. Utvidrdering av
16sligt P-selectin 1 biomarkorstudien visade att i alla patientgrupper, de fyra
ximelagatrangrupperna och placebogruppen sa 6kade nivéerna efter en vecka
och dessa nivéer kvarstod sedan under 6 manader. Behandling med ximela-
gatran i hogre dos (48 och 60 mg) gav en ldgre 6kning jamfort med ximela-
gatran (24 och 36 mg) och ocksa jamfort med placebo gruppen. Effekten av
ximelagatran pa trombocytmarkéren var mindre jamfort med effekten pa
koagulationsmarkoérernama och den var ocksé beroende av en hogre dos.

IL-18 dr en cytokin som finns i hoga koncentrationer i arteriosklerotiska
plack och koncentrationen av IL-18 miitt i blodet 4r relaterad till graden av
arteriosklerotisk sjukdom. I biomarkorstudien visade seriella méitningar av
IL-18 pé oftrédndrade nivaer upp till ett halvar efter hjéartinfarkten i placebo
gruppen. Detta till skillnad fran C-reaktivt protein (CRP) som liksom i ett
flertal tidigare studier sjonk efter den akuta héndelsen. Trombin har férutom
att det dr centralt i koagulationprocessen ocksa inflammatoriska och antiin-
flammatoriska egenskaper. Efter sex ménaders ximelagatranbehandling note-
rades en Okning IL-18 koncentrationerna i samtliga ximelagatrangrupper.
Mekanismerna bakom detta fynd &r oklart och hir behovs ytterligare studier
utforas.

I en midre grupp av patienter med nyligen genomgangen hjartinfarkt ana-
lyserades trombocyt-monocytkomplex bildning med hjélp av flodescytome-
tri. Jamfort med en frisk &ldersmatchad kontrollgrupp hade patienterna for-
hojda cirkulerande nivaer av trombocyt-monocytkomplex upp till 6 manader
efter hjartinfarkten. For att ytterligare studera komplexbildning mellan trom-
bocyter och leukocyter studerades detta i en experimentell modell, in vitro, 1
trombinstimulerat helblod. Trombinstimulering ©kade nivaerna av bade
trombocyt-monocyt och trombocyt-granulocytkomplex tillsammans med en
o6kad TF produktionen. De direkta trombinhdmmarna som tillsattes till hel-
blodet  minskade  bade  trombocyt-monocyt och  trombocyt-
granulocytkomplex antalet och TF produktion. Om didremot ADP anvéndes
for att stimulera trombocyter till komplexbildning s& hade de direkta trom-
binhdmmarna inte ndgon hdmmande effekt.

I blodet finns det cirkulerande mikropartiklar som kommer bade fran
trombocyter och frdn monocyter. Vissa av dessa mikropartiklar uttrycker TF
och kan snabbt initiera trombildning vid exempelvis en skada. I helblodet
minskade de direkta trombinhdmmarna antalet mikropartiklar bade vid
trombin och vid ADPaktivering. I patientpopulationen studerades tiden till
trombinbildning i plasma. Om man tillsitter standardiserade méngder av
koagulationsfaktorer sd dr tiden beroende av miangden TF i plasman. I xime-
lagtrangruppen var tiden till trombinbildning forlingd jamfort med placebo-
gruppen talande for en mindre méngd cirkulerade TF.
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Trombocyt-monocytkomplex bildningen startar en rad signalvdgar i mo-
nocyten som leder till produktion av bl.a TF och IL-8. I en experimentell
miljo 1 helblod studerades betydelsen av P-selectin och CD40L for komplex-
bildning. Om P-selectin blockerades s& minskade bildningen av trombocyt-
monocyt-komplex med 80+£2% i helblod som stimulerades med trombin
receptor aktivator peptid (TRAP). Blockering av CD40L hade ddremot inte
nagon betydelse for komplexbildningen i helblod. Efter en timmes stimule-
ring med TRAP sa 6kade nivaerna av bade TF och IL-8 mitt som mRNA 1
helblodet. Da P-selectin var betydelsefullt for bildning av trombocyt-
monocytkomplex sa studerades detta mer i deltalj. Blockering av P-selectin
minskade TF och IL-8 mRNA nivéerna i helblod och i humana renade mo-
nocyter stimulerade med P-selectin 6kade produktionen av bade TF och IL-
8. Src-familjen bestir av nio medlemmar av proteiner som dr lokaliserade
inuti cellen. Nar de fosforyleras kan de agera bade som positiva och negativa
reglerare av cellulédra signaler som leder till produktion av exempelvis cyto-
kiner. Med hjilp av substanser som hdmmar de olika Src-medlemmarna fann
vi att Src-medlemmen Lyn har betydelse vid cellulédr signalering som initie-
ras av att P-selectin binder till PSGL-1. Lyn fosforyleras i monocyter i hel-
blod bade vid TRAP och vid P-selectinstimulering. Resultaten har aterupp-
repats i vtamin D; differtierade U-937 celler som dr en monocytlik cellinje.

IL-10 &r ett cytokin som har antiinflammatoriska egenskaper och som an-
viands vid behandling av vissa utvalda grupper med inflammatorisk tarm-
sjukdom. Effekten av IL-10 vid P-selectin stimulerad TF produktion &r inte
kidnd men om andra stimuli som exempelvis endotoxin anvéinds har [L-10 en
hdmmande effekt pd TF produktionen. IL-10 minskade bade TF och IL-8
mRNA, i helblod vid TRAPstimulering och vid P-selectinstimulering av
rena human monocyter. En del av den effekt som IL-10 uppvisade berodde
pa en minskad fosforylering av Src-medlemmen Lyn.

Sammanfattningsvis s& har direkta trombinhdmmare en icke dosberoende

reducerade effekt pd den Okade koagulationsaktiviteten som uppmits hos
patienter efter en nyligen genomgangen hjartinfarkt. For att paverka trombo-
cytaktiviteten behovs dock hogre doser av ldkemedelet. Langtidsbehandling
med orala direkta trombinhdmmare okar vissa inflammationsmarkorer dar
mekanismen inte dr kédnd och behdver studeras ytterligare.
En tidig reduktion av D-dimer identifierar de patienter som har en ldgre risk
for att aterinsjukna i ny tromboemolisk héndelse. Trombocyt-monocyt-
komplex nivéerna forblir forhojda under lang tid efter en hjartinfarkt. Direk-
ta trombinhdmmare sinker dessa komplexnivaer, den initierade TF produk-
tionen samt mingden cirkulerande mikropartiklar in vitro. Dessa effekter
kan bidra till de positiva klinska resultat som man funnit vid ximelagatran
behandling. P-selectin har stor betydelse for uppkomsten av trombocyt-
monocytkopmplex i helblod. P-selectin-PSGL-1 inducerar fosforylering av
Lyn, en medlem av Src-familjen och leder till produktion av TF och IL-8.

66



Acknowledgements

I would like to express my sincerely gratitude to all of those, who in one
way or another have contributed to the fulfilment of this thesis, with spe-
cial mention to:

Agneta Siegbahn, my supervisor, for given me the opportunity to learn
so much about biological science, for guiding me with her knowledge in
the “thromboembolic field”, for fruitful discussions and distinct com-
ments when I have been lost in the coagulation factors or signalling
pathways, for encouragement and for just being a fantastic mentor.

Lars Wallentin, my co-supervisor, for given me the opportunity to take
part in the cardiology research group and participate in clinical trails, for
generously sharing his great knowledge in clinical research and for shar-
ing his enthusiasm of the importance of atherothrombosis

Jonas Oldgren, my co-supervisor, for sharing all his knowledge about
coagulation and thrombin inhibitors with me, for being encouraging, and
for all the hours he has spent reading drafts and offering enthusiam and
fruitful comments.

Matilda Johnell, my colleague at the coagulation laboratory, for sharing
and teaching me about the experimental work, for skilful guidance in the
laboratory, for all the collaboration in the experimental manuscripts and
for her friendship.

Anders Bylock, co-author in papers I and I, for productive collabora-
tion.

Gunnar Frostfeldt, Bertil Lindahl, Bo Lagerqvist, Gerhard Wik-
strom, Stefan James, Kai Eggers, Erik Bjorklund, Claes Held, Bertil
Andrén, Christof Varenhorst, Ziad Hijazi, Emil Hagstrom, Axel
Akerblom, Johan Sundstrém, Birgitta Jonelid, my colleagues and
members of the research group on ischemic heart diseases, for encour-
agement and fruitful discussions

Birgitta Fahlstrom, Helena Vretman, Anders Milarstig, Mikael
Aberg, and Teet Velling my colleagues in the coagulation research

67



68

group, for teaching me coagulation basic research and for many interest-
ing discussions.

Gerd Alsjo, research nurse, for collaboration in the ESTEEM trial in re-
cruiting and taking care of “our” patients, and for all her knowledge
about clinical trials.

Sylvia Olofsson, bio-statistician for all her patience in discussing statis-
tical issues and for her work with the statistics in the “clinical papers”.

Nina and Lisa, colleagues and friends, for support and relaxed lunches
with laughs and gossip during all this time.

Albert, Malin, Johanna and Oskar, my family for everything!

This study was supported by grants from the Swedish Heart and Lung
Foundation, Uppsala County Association against Heart and Lung Dis-
eases and Erik, Karin and Gosta Selander Foundation. The ESTEEM
study was supported by AstraZeneca AB, Molndal, Sweden.



References

10.

11.

12.

Lopez, A.D., et al., Global and regional burden of disease and
risk factors, 2001: systematic analysis of population health
data. Lancet, 2006. 367(9524): p. 1747-57.

Tavazzi, L., Clinical epidemiology of acute myocardial infarc-
tion. Am Heart J, 1999. 138(2 Pt 2): p. S48-54.

Corti, R., M.E. Farkouh, and J.J. Badimon, The vulnerable
plaque and acute coronary syndromes. Am J Med, 2002.
113(8): p. 668-80.

Hansson, G.K., Inflammation, atherosclerosis, and coronary
artery disease. N Engl J Med, 2005. 352(16): p. 1685-95.
Rauch, U., et al., Thrombus formation on atherosclerotic
plaques: pathogenesis and clinical consequences. Ann Intern
Med, 2001. 134(3): p. 224-38.

Gawaz, M., Role of platelets in coronary thrombosis and
reperfusion of ischemic myocardium. Cardiovasc Res, 2004.
61(3): p. 498-511.

Hermann, A., et al., Platelet CD40 ligand (CD40L)--
subcellular localization, regulation of expression, and inhibi-
tion by clopidogrel. Platelets, 2001. 12(2): p. 74-82.

Rendu, F. and B. Brohard-Bohn, The platelet release reaction:
granules' constituents, secretion and functions. Platelets, 2001.
12(5): p. 261-73.

Shcherbina, A. and E. Remold-O'Donnell, Role of caspase in a
subset of human platelet activation responses. Blood, 1999.
93(12): p. 4222-31.

Romo, G.M., et al., The glycoprotein Ib-I1X-V complex is a
platelet counterreceptor for P-selectin. J Exp Med, 1999.
190(6): p. 803-14.

Rinder, H.M., et al., Dynamics of leukocyte-platelet adhesion
in whole blood. Blood, 1991. 78(7): p. 1730-7.

Michelson, A.D., et al., In vivo tracking of platelets: circulat-
ing degranulated platelets rapidly lose surface P-selectin but

69



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

70

continue to circulate and function. Proc Natl Acad Sci U S A,
1996. 93(21): p. 11877-82.

Michelson, A.D., et al., Circulating monocyte-platelet aggre-
gates are a more sensitive marker of in vivo platelet activation
than platelet surface P-selectin: studies in baboons, human
coronary intervention, and human acute myocardial infarc-
tion. Circulation, 2001. 104(13): p. 1533-7.

Sarma, J., et al., Increased platelet binding to circulating
monocytes in acute coronary syndromes. Circulation, 2002.
105(18): p. 2166-71.

Lindmark, E., L. Wallentin, and A. Siegbahn, Blood cell acti-
vation, coagulation, and inflammation in men and women with
coronary artery disease. Thromb Res, 2001. 103(3): p. 249-59.
Furman, ML, et al., Circulating monocyte-platelet aggregates
are an early marker of acute myocardial infarction. ] Am Coll
Cardiol, 2001. 38(4): p. 1002-6.

Johnston, G.I., R.G. Cook, and R.P. McEver, Cloning of GMP-
140, a granule membrane protein of platelets and endothe-
lium: sequence similarity to proteins involved in cell adhesion
and inflammation. Cell, 1989. 56(6): p. 1033-44.

Moore, K.L., et al., Identification of a specific glycoprotein
ligand for P-selectin (CD62) on myeloid cells. J Cell Biol,
1992. 118(2): p. 445-56.

Croce, K., et al., Interaction between soluble P-selectin and
soluble P-selectin glycoprotein ligand 1: equilibrium binding
analysis. Biochemistry, 1998. 37(47): p. 16472-80.

Celi, A., et al., P-selectin induces the expression of tissue fac-
tor on monocytes. Proc Natl Acad Sci U S A, 1994. 91(19): p.
8767-71.

Lindmark, E., T. Tenno, and A. Siegbahn, Role of platelet P-
selectin and CD40 ligand in the induction of monocytic tissue
factor expression. Arterioscler Thromb Vasc Biol, 2000.
20(10): p. 2322-8.

Neumann, F.J., et al., Induction of cytokine expression in leu-
kocytes by binding of thrombin-stimulated platelets. Circula-
tion, 1997. 95(10): p. 2387-94.

Weyrich, A.S., et al., Monocyte tethering by P-selectin regu-
lates monocyte chemotactic protein-1 and tumor necrosis fac-
tor-alpha secretion. Signal integration and NF-kappa B trans-
location. J Clin Invest, 1995. 95(5): p. 2297-303.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Weyrich, A.S., et al., Activated platelets signal chemokine syn-
thesis by human monocytes. J Clin Invest, 1996. 97(6): p.
1525-34.

Hidari, K.I., et al., Engagement of P-selectin glycoprotein
ligand-1 enhances tyrosine phosphorylation and activates mi-
togen-activated protein kinases in human neutrophils. J Biol
Chem, 1997. 272(45): p. 28750-6.

Evangelista, V., et al., Platelet/polymorphonuclear leukocyte
interaction: P-selectin triggers protein-tyrosine phosphoryla-
tion-dependent CD11b/CD18 adhesion: role of PSGL-1 as a
signaling molecule. Blood, 1999. 93(3): p. 876-85.

Piccardoni, P., et al., Platelet/polymorphonuclear leukocyte
adhesion: a new role for SRC kinases in Mac-1 adhesive func-
tion triggered by P-selectin. Blood, 2001. 98(1): p. 108-16.
Okutani, D, et al., Src protein tyrosine kinase family and acute
inflammatory responses. Am J Physiol Lung Cell Mol Physiol,
2006. 291(2): p. L129-41.

Abram, C.L. and C.A. Lowell, The expanding role for ITAM-
based signaling pathways in immune cells. Sci STKE, 2007.
2007(377): p. re2.

Ba, X.Q., et al., Engagement of PSGL-1 upregulates CSF-1
transcription via a mechanism that may involve Syk. Cell Im-
munol, 2005. 237(1): p. 1-6.

Henn, V., et al., CD40 ligand on activated platelets triggers an
inflammatory reaction of endothelial cells. Nature, 1998.
391(6667): p. 591-4.

Zirlik, A., et al., CD40 ligand mediates inflammation inde-
pendently of CD40 by interaction with Mac-1. Circulation,
2007. 115(12): p. 1571-80.

Bavendiek, U., et al., Induction of tissue factor expression in
human endothelial cells by CD40 ligand is mediated via acti-
vator protein 1, nuclear factor kappa B, and Egr-1. ] Biol
Chem, 2002. 277(28): p. 25032-9.

Mach, F., et al., Reduction of atherosclerosis in mice by inhibi-
tion of CD40 signalling. Nature, 1998. 394(6689): p. 200-3.
Shin, W.S., A. Szuba, and S.G. Rockson, The role of chemoki-
nes in human cardiovascular pathology: enhanced biological
insights. Atherosclerosis, 2002. 160(1): p. 91-102.

Baggiolini, M., A. Walz, and S.L. Kunkel, Neutrophil-
activating peptide-1/interleukin 8, a novel cytokine that acti-
vates neutrophils. J Clin Invest, 1989. 84(4): p. 1045-9.

71



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

72

Rao, L.V. and U.R. Pendurthi, Tissue factor-factor Vlla sig-
naling. Arterioscler Thromb Vasc Biol, 2005. 25(1): p. 47-56.
Siegbahn, A., et al., Binding of factor Vlla to tissue factor on
human fibroblasts leads to activation of phospholipase C and
enhanced PDGF-BB-stimulated chemotaxis. Blood, 2000.
96(10): p. 3452-8.

Ruf, W., Redundant signaling of tissue factor and thrombin in
cancer progression? ] Thromb Haemost, 2007. 5(8): p. 1584-
7.

Siegbahn, A., et al., Regulation of chemotaxis by the cytoplas-
mic domain of tissue factor. Thromb Haemost, 2005. 93(1): p.
27-34.

Siegbahn, A., et al., TF/FVlIla transactivate PDGFRbeta to
regulate PDGF-BB-induced chemotaxis in different cell types:
involvement of Src and PLC. Arterioscler Thromb Vasc Biol,
2008. 28(1): p. 135-41.

Belting, M., et al., Regulation of angiogenesis by tissue factor
cytoplasmic domain signaling. Nat Med, 2004. 10(5): p. 502-9.
Bromberg, M.E., et al., Role of tissue factor in metastasis:
functions of the cytoplasmic and extracellular domains of the
molecule. Thromb Haemost, 1999. 82(1): p. 88-92.

Wilcox, J.N., et al., Localization of tissue factor in the normal
vessel wall and in the atherosclerotic plaque. Proc Natl Acad
Sci U S A, 1989. 86(8): p. 2839-43.

Osterud, B., et al., Thromboplastin content in the vessel walls
of different arteries and organs of rabbits. Thromb Res, 1986.
42(3): p. 323-9.

Zhou, L., et al., CD40 engagement on endothelial cells pro-
motes tissue factor-dependent procoagulant activity. Thromb
Haemost, 1998. 79(5): p. 1025-8.

Liu, Y., K. Pelekanakis, and M.J. Woolkalis, Thrombin and
tumor necrosis factor alpha synergistically stimulate tissue
factor expression in human endothelial cells: regulation
through c-Fos and c-Jun. J Biol Chem, 2004. 279(34): p.
36142-7.

Napoleone, E., A. Di Santo, and R. Lorenzet, Monocytes
upregulate endothelial cell expression of tissue factor: a role
for cell-cell contact and cross-talk. Blood, 1997. 89(2): p. 541-
9.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Cermak, J., et al., C-reactive protein induces human periph-
eral blood monocytes to synthesize tissue factor. Blood, 1993.
82(2): p. 513-20.

He, M., et al., Angiotensin Il induces the expression of tissue
factor and its mechanism in human monocytes. Thromb Res,
2006. 117(5): p. 579-90.

Wada, H., et al., Effect of lipoproteins on tissue factor activity
and PAI-II antigen in human monocytes and macrophages. Int
J Cardiol, 1994. 47(1 Suppl): p. S21-5.

Ernofsson, M. and A. Siegbahn, Platelet-derived growth fac-
tor-BB and monocyte chemotactic protein-1 induce human pe-
ripheral blood monocytes to express tissue factor. Thromb
Res, 1996. 83(4): p. 307-20.

Panes, O., et al., Human platelets synthesize and express func-
tional tissue factor. Blood, 2007. 109(12): p. 5242-50.
Camera, M., et al., Platelet activation induces cell-surface im-
munoreactive tissue factor expression, which is modulated dif-
ferently by antiplatelet drugs. Arterioscler Thromb Vasc Biol,
2003. 23(9): p. 1690-6.

Maugeri, N., et al., Human polymorphonuclear leukocytes
produce and express functional tissue factor upon stimulation.
J Thromb Haemost, 2006. 4(6): p. 1323-30.

Osterud, B., L.V. Rao, and J.O. Olsen, Induction of tissue fac-
tor expression in whole blood.: lack of evidence for the pres-
ence of tissue factor expression in granulocytes. Thromb
Haemost, 2000. 83(6): p. 861-7.

Lindmark, E., et al., IL-10 inhibits LPS-induced human mono-
cyte tissue factor expression in whole blood. Br J Haematol,
1998. 102(2): p. 597-604.

Malarstig, A., et al., Genetic variations in the tissue factor
gene are associated with clinical outcome in acute coronary
syndrome and expression levels in human monocytes. Arterio-
scler Thromb Vasc Biol, 2005. 25(12): p. 2667-72.

Giesen, P.L., et al., Blood-borne tissue factor: another view of
thrombosis. Proc Natl Acad Sci U S A, 1999. 96(5): p. 2311-5.
Chou, J., et al., Hematopoietic cell-derived microparticle tis-
sue factor contributes to fibrin formation during thrombus
propagation. Blood, 2004. 104(10): p. 3190-7.

Mallat, Z., et al., Shed membrane microparticles with proco-
agulant potential in human atherosclerotic plaques: a role for

73



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

74

apoptosis in plaque thrombogenicity. Circulation, 1999. 99(3):
p. 348-53.

Rauch, U., et al., Transfer of tissue factor from leukocytes to
platelets is mediated by CD15 and tissue factor. Blood, 2000.
96(1): p. 170-5.

Muller, 1., et al., Intravascular tissue factor initiates coagula-
tion via circulating microvesicles and platelets. Faseb J, 2003.
17(3): p. 476-8.

Mallat, Z., et al., Elevated levels of shed membrane micropar-
ticles with procoagulant potential in the peripheral circulating
blood of patients with acute coronary syndromes. Circulation,
2000. 101(8): p. 841-3.

Mackman, N., Role of tissue factor in hemostasis and throm-
bosis. Blood Cells Mol Dis, 2006. 36(2): p. 104-7.

Monroe, D.M., M. Hoffman, and H.R. Roberts, Platelets and
thrombin generation. Arterioscler Thromb Vasc Biol, 2002.
22(9): p. 1381-9.

Mann, K.G., Thrombin formation. Chest, 2003. 124(3 Suppl):
p. 4S-10S.

Esmon, C.T. and K. Fukudome, Cellular regulation of the pro-
tein C pathway. Semin Cell Biol, 1995. 6(5): p. 259-68.
Girard, T.J., et al., Functional significance of the Kunitz-type
inhibitory domains of lipoprotein-associated coagulation in-
hibitor. Nature, 1989. 338(6215): p. 518-20.

Olson, S.T., I. Bjork, and J.D. Shore, Kinetic characterization
of heparin-catalyzed and uncatalyzed inhibition of blood co-
agulation proteinases by antithrombin. Methods Enzymol,
1993. 222: p. 525-59.

Huntington, J.A., Molecular recognition mechanisms of
thrombin. J Thromb Haemost, 2005. 3(8): p. 1861-72.

Page, M.J., R.T. Macgillivray, and E. Di Cera, Determinants of
specificity in coagulation proteases. ] Thromb Haemost, 2005.
3(11): p. 2401-8.

Higgins, D.L., S.D. Lewis, and J.A. Shafer, Steady state ki-
netic parameters for the thrombin-catalyzed conversion of hu-
man fibrinogen to fibrin. J Biol Chem, 1983. 258(15): p. 9276-
82.

Esmon, C.T., Molecular events that control the protein C anti-
coagulant pathway. Thromb Haemost, 1993. 70(1): p. 29-35.
Niessen, F., et al., Dendritic cell PARI-S1P3 signalling cou-
ples coagulation and inflammation. Nature, 2008.



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Yuksel, M., et al., Activated protein C inhibits lipopolysaccha-
ride-induced tumor necrosis factor-alpha production by inhib-
iting activation of both nuclear factor-kappa B and activator
protein-1 in human monocytes. Thromb Haemost, 2002. 88(2):
p. 267-73.

Stephenson, D.A., et al., Modulation of monocyte function by
activated protein C, a natural anticoagulant. J Immunol, 2006.
177(4): p. 2115-22.

Murakami, K., et al., Activated protein C attenuates endotoxin-
induced pulmonary vascular injury by inhibiting activated leu-
kocytes in rats. Blood, 1996. 87(2): p. 642-7.

Nishimura, T., et al., Thrombin-activatable procarboxypepti-
dase B regulates activated complement C5a in vivo. Blood,
2007. 109(5): p. 1992-7.

Li, N., et al., Platelet activity, coagulation, and fibrinolysis
during exercise in healthy males: effects of thrombin inhibition
by argatroban and enoxaparin. Arterioscler Thromb Vasc
Biol, 2007. 27(2): p. 407-13.

Granger, C.B., et al., Thrombin generation, inhibition and
clinical outcomes in patients with acute myocardial infarction
treated with thrombolytic therapy and heparin: results from
the GUSTO-I Trial. GUSTO-I Hemostasis Substudy Group.
Global Utilization of Streptokinase and TPA for Occluded
Coronary Arteries. J] Am Coll Cardiol, 1998. 31(3): p. 497-
505.

Ardissino, D., et al., Coagulation activation and long-term
outcome in acute coronary syndromes. Blood, 2003. 102(8): p.
2731-5.

Reganon, E., et al., Inflammation, fibrinogen and thrombin
generation in patients with previous myocardial infarction.
Haematologica, 2002. 87(7): p. 740-5; discussion 745.
Ernofsson, M., et al., Low-molecular weight heparin reduces
the generation and activity of thrombin in unstable coronary
artery disease. Thromb Haemost, 1998. 79(3): p. 491-4.
Ridker, P.M., et al., Plasma concentration of cross-linked fi-
brin degradation product (D-dimer) and the risk of future
myocardial infarction among apparently healthy men. Circula-
tion, 1994. 90(5): p. 2236-40.

Tataru, M.C., et al., D-dimers in relation to the severity of ar-
teriosclerosis in patients with stable angina pectoris after
myocardial infarction. Eur Heart J, 1999. 20(20): p. 1493-502.

75



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

76

Anderson, D.R., et al., Combined use of clinical assessment
and d-dimer to improve the management of patients presenting
to the emergency department with suspected deep vein throm-
bosis (the EDITED Study). J Thromb Haemost, 2003. 1(4): p.
645-51.

Shitrit, D., et al., Determinants of ELISA D-dimer sensitivity
for unstable angina pectoris as defined by coronary catheteri-
zation. Am J Hematol, 2004. 76(2): p. 121-5.

Moss, A.J., et al., Thrombogenic factors and recurrent coro-
nary events. Circulation, 1999. 99(19): p. 2517-22.

Oldgren, J., et al., Coagulation activity and clinical outcome in
unstable coronary artery disease. Arterioscler Thromb Vasc
Biol, 2001. 21(6): p. 1059-64.

Lowe, G.D., et al., Interleukin-6, fibrin D-dimer, and coagula-
tion factors VII and Xlla in prediction of coronary heart dis-
ease. Arterioscler Thromb Vasc Biol, 2004. 24(8): p. 1529-34.
Harb, T.S., et al., Association between inflammatory markers,
hemostatic, and lipid factors in postinfarction patients. Am J
Cardiol, 2003. 91(9): p. 1120-3.

Blann, A.D., E.B. Faragher, and C.N. McCollum, Increased
soluble P-selectin following myocardial infarction: a new
marker for the progression of atherosclerosis. Blood Coagul
Fibrinolysis, 1997. 8(7): p. 383-90.

Kostelijk, E.H., et al., Soluble P-selectin as parameter for
platelet activation during storage. Thromb Haemost, 1996.
76(6): p. 1086-9.

Ikeda, H., et al., Increased soluble form of P-selectin in pa-
tients with unstable angina. Circulation, 1995. 92(7): p. 1693-
6.

Blann, A.D., et al., von Willebrand factor, soluble P-selectin,
tissue plasminogen activator and plasminogen activator in-
hibitor in atherosclerosis. Thromb Haemost, 1995. 74(2): p.
626-30.

Lip, G.Y., et al., Soluble adhesion molecule P-selectin and
endothelial dysfunction in essential hypertension: implications
for atherogenesis? A preliminary report. J Hypertens, 1995.
13(12 Pt 2): p. 1674-8.

Ridker, P.M., J.E. Buring, and N. Rifai, Soluble P-selectin and
the risk of future cardiovascular events. Circulation, 2001.
103(4): p. 491-5.



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Varughese, G.1., et al., Prognostic value of plasma soluble P-
selectin and von Willebrand factor as indices of platelet acti-
vation and endothelial damage/dysfunction in high-risk pa-
tients with hypertension: a sub-study of the Anglo-
Scandinavian Cardiac Outcomes Trial. J Intern Med, 2007.
261(4): p. 384-91.

Malik, 1., et al., Soluble adhesion molecules and prediction of
coronary heart disease: a prospective study and meta-analysis.
Lancet, 2001. 358(9286): p. 971-6.

Osterud, B. and E. Bjorklid, Sources of tissue factor. Semin
Thromb Hemost, 2006. 32(1): p. 11-23.

Misumi, K., et al., Comparison of plasma tissue factor levels
in unstable and stable angina pectoris. Am J Cardiol, 1998.
81(1): p. 22-6.

Suefuji, H., et al., Increased plasma tissue factor levels in
acute myocardial infarction. Am Heart J, 1997. 134(2 Pt 1): p.
253-9.

Seljeflot, 1., et al., Soluble tissue factor as predictor of future
events in patients with acute myocardial infarction. Thromb
Res, 2003. 111(6): p. 369-72.

Morange, P.E., et al., Prognostic value of plasma tissue factor
and tissue factor pathway inhibitor for cardiovascular death in
patients with coronary artery disease: the AtheroGene study. ]
Thromb Haemost, 2007. 5(3): p. 475-82.

Sambola, A., et al., Role of risk factors in the modulation of
tissue factor activity and blood thrombogenicity. Circulation,
2003. 107(7): p. 973-7.

Gracie, J.A., S.E. Robertson, and I.B. Mclnnes, Interleukin-18.
J Leukoc Biol, 2003. 73(2): p. 213-24.

Mallat, Z., et al., Expression of interleukin-18 in human
atherosclerotic plaques and relation to plaque instability. Cir-
culation, 2001. 104(14): p. 1598-603.

Whitman, S.C., P. Ravisankar, and A. Daugherty, Interleukin-
18 enhances atherosclerosis in apolipoprotein E(-/-) mice
through release of interferon-gamma. Circ Res, 2002. 90(2): p.
E34-8.

Blankenberg, S., et al., Interleukin-18 and the risk of coronary
heart disease in European men: the Prospective Epidemiologi-
cal Study of Myocardial Infarction (PRIME). Circulation,
2003. 108(20): p. 2453-9.

77



I11.

112.

113.

114.

115.

116.

117.

118.

119.

120.

78

Blankenberg, S., et al., Interleukin-18 is a strong predictor of
cardiovascular death in stable and unstable angina. Circula-
tion, 2002. 106(1): p. 24-30.

Ridker, P.M., et al., C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in
women. N Engl ] Med, 2000. 342(12): p. 836-43.

Ridker, P.M., et al., Comparison of C-reactive protein and
low-density lipoprotein cholesterol levels in the prediction of
first cardiovascular events. N Engl J Med, 2002. 347(20): p.
1557-65.

James, S.K., et al., Troponin and C-reactive protein have dif-
ferent relations to subsequent mortality and myocardial infarc-
tion after acute coronary syndrome: a GUSTO-1V substudy. J
Am Coll Cardiol, 2003. 41(6): p. 916-24.

Toss, H., et al., Prognostic influence of increased fibrinogen
and C-reactive protein levels in unstable coronary artery dis-
ease. FRISC Study Group. Fragmin during Instability in
Coronary Artery Disease. Circulation, 1997. 96(12): p. 4204-
10.

Lindahl, B., et al., Markers of myocardial damage and in-
Sflammation in relation to long-term mortality in unstable
coronary artery disease. FRISC Study Group. Fragmin during
Instability in Coronary Artery Disease. N Engl ] Med, 2000.
343(16): p. 1139-47.

Randomised trial of intravenous streptokinase, oral aspirin,
both, or neither among 17,187 cases of suspected acute myo-
cardial infarction: ISIS-2. ISIS-2 (Second International Study
of Infarct Survival) Collaborative Group. Lancet, 1988.
2(8607): p. 349-60.

Wallentin, L.C., Aspirin (75 mg/day) after an episode of un-
stable coronary artery disease: long-term effects on the risk
for myocardial infarction, occurrence of severe angina and the
need for revascularization. Research Group on Instability in
Coronary Artery Disease in Southeast Sweden. ] Am Coll
Cardiol, 1991. 18(7): p. 1587-93.

Ikonomidis, L., et al., Increased proinflammatory cytokines in
patients with chronic stable angina and their reduction by as-
pirin. Circulation, 1999. 100(8): p. 793-8.

Solheim, S., et al., No difference in the effects of clopidogrel
and aspirin on inflammatory markers in patients with coronary
heart disease. Thromb Haemost, 2006. 96(5): p. 660-4.



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Weber, C., et al., Aspirin inhibits nuclear factor-kappa B mo-
bilization and monocyte adhesion in stimulated human endo-
thelial cells. Circulation, 1995. 91(7): p. 1914-7.

Yusuf, S., et al., Effects of clopidogrel in addition to aspirin in
patients with acute coronary syndromes without ST-segment
elevation. N Engl J Med, 2001. 345(7): p. 494-502.

Sabatine, M.S., et al., Addition of clopidogrel to aspirin and
fibrinolytic therapy for myocardial infarction with ST-segment
elevation. N Engl J Med, 2005. 352(12): p. 1179-89.
Evangelista, V., et al., Clopidogrel inhibits platelet-leukocyte
adhesion and platelet-dependent leukocyte activation. Thromb
Haemost, 2005. 94(3): p. 568-77.

Stellbaum, C., et al., Clopidogrel-mediated reduction of circu-
lating tissue factor in patients with stable coronary artery dis-
ease. Eur J Haematol, 2007. 78(4): p. 347-52.

Eikelboom, J.W., et al., Clopidogrel does not suppress blood
markers of coagulation activation in aspirin-treated patients
with non-ST-elevation acute coronary syndromes. Eur Heart J,
2002. 23(22): p. 1771-9.

Cannon, C.P., et al., Oral glycoprotein 1Ib/Il1a inhibition with
orbofiban in patients with unstable coronary syndromes
(OPUS-TIMI 16) trial. Circulation, 2000. 102(2): p. 149-56.
O'Neill, W.W., et al., Long-term treatment with a platelet gly-
coprotein-receptor antagonist after percutaneous coronary re-
vascularization. EXCITE Trial Investigators. Evaluation of
Oral Xemilofiban in Controlling Thrombotic Events. N Engl J
Med, 2000. 342(18): p. 1316-24.

Cattaneo, M., Resistance to antiplatelet drugs: molecular
mechanisms and laboratory detection. ] Thromb Haemost,
2007. 5 Suppl 1: p. 230-7.

Frelinger, A.L., 3rd, et al., Residual arachidonic acid-induced
platelet activation via an adenosine diphosphate-dependent
but cyclooxygenase-1- and cyclooxygenase-2-independent
pathway: a 700-patient study of aspirin resistance. Circula-
tion, 2006. 113(25): p. 2888-96.

Aleil, B., et al., Flow cytometric analysis of intraplatelet VASP
phosphorylation for the detection of clopidogrel resistance in
patients with ischemic cardiovascular diseases. ] Thromb
Haemost, 2005. 3(1): p. 85-92.

Wallentin, L., et al., Prasugrel achieves greater and faster
P2Y12receptor-mediated platelet inhibition than clopidogrel

79



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

80

due to more efficient generation of its active metabolite in as-
pirin-treated patients with coronary artery disease. Eur Heart
J,2008. 29(1): p. 21-30.

Fiore, L.D., et al., Department of Veterans Affairs Cooperative
Studies Program Clinical Trial comparing combined warfarin
and aspirin with aspirin alone in survivors of acute myocar-
dial infarction: primary results of the CHAMP study. Circula-
tion, 2002. 105(5): p. 557-63.

Hurlen, M., et al., Warfarin, aspirin, or both after myocardial
infarction. N Engl J Med, 2002. 347(13): p. 969-74.

van Es, R.F., et al., Aspirin and coumadin after acute coronary
syndromes (the ASPECT-2 study): a randomised controlled
trial. Lancet, 2002. 360(9327): p. 109-13.

Seljeflot, I., M. Hurlen, and H. Arnesen, Increased levels of
soluble tissue factor during long-term treatment with warfarin
in patients after an acute myocardial infarction. J Thromb
Haemost, 2004. 2(5): p. 726-30.

Yusuf, S., et al., Comparison of fondaparinux and enoxaparin
in acute coronary syndromes. N Engl J Med, 2006. 354(14): p.
1464-76.

Bates, S.M. and J.I. Weitz, The mechanism of action of throm-
bin inhibitors. J Invasive Cardiol, 2000. 12 Suppl F: p. 27F-
32.

Elg, M., D. Gustafsson, and S. Carlsson, Antithrombotic effects
and bleeding time of thrombin inhibitors and warfarin in the
rat. Thromb Res, 1999. 94(3): p. 187-97.

Gustafsson, D. and M. Elg, The pharmacodynamics and phar-
macokinetics of the oral direct thrombin inhibitor ximelaga-
tran and its active metabolite melagatran: a mini-review.
Thromb Res, 2003. 109 Suppl 1: p. S9-15.

Eriksson, B.1, et al., The direct thrombin inhibitor melagatran
followed by oral ximelagatran compared with enoxaparin for
the prevention of venous thromboembolism after total hip or
knee replacement: the EXPRESS study. J Thromb Haemost,
2003. 1(12): p. 2490-6.

Olsson, S.B., Stroke prevention with the oral direct thrombin
inhibitor ximelagatran compared with warfarin in patients
with non-valvular atrial fibrillation (SPORTIF I11): random-
ised controlled trial. Lancet, 2003. 362(9397): p. 1691-8.
Eriksson, H., et al., A randomized, controlled, dose-guiding
study of the oral direct thrombin inhibitor ximelagatran com-



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

pared with standard therapy for the treatment of acute deep
vein thrombosis: THRIVE I. ] Thromb Haemost, 2003. 1(1): p.
41-7.

Schulman, S., et al., Secondary prevention of venous throm-
boembolism with the oral direct thrombin inhibitor ximelaga-
tran. N Engl J Med, 2003. 349(18): p. 1713-21.

Wallentin, L., et al., Oral ximelagatran for secondary prophy-
laxis after myocardial infarction: the ESTEEM randomised
controlled trial. Lancet, 2003. 362(9386): p. 789-97.

A low molecular weight, selective thrombin inhibitor, inoga-
tran, vs heparin, in unstable coronary artery disease in 1209
patients. A double-blind, randomized, dose-finding study.
Thrombin inhibition in Myocardial Ischaemia (TRIM) study
group. Eur Heart J, 1997. 18(9): p. 1416-25.

Linder, R., et al., The effect of a low molecular mass thrombin
inhibitor, inogatran, and heparin on thrombin generation and
fibrin turnover in patients with unstable coronary artery dis-
ease. Eur Heart J, 1999. 20(7): p. 506-18.

Bustos, C., et al., HMG-CoA reductase inhibition by atorvas-
tatin reduces neointimal inflammation in a rabbit model of
atherosclerosis. ] Am Coll Cardiol, 1998. 32(7): p. 2057-64.
Hernandez-Presa, M., et al., Angiotensin-converting enzyme
inhibition prevents arterial nuclear factor-kappa B activation,
monocyte chemoattractant protein-1 expression, and macro-
phage infiltration in a rabbit model of early accelerated
atherosclerosis. Circulation, 1997. 95(6): p. 1532-41.
Lindmark, E. and A. Siegbahn, Tissue factor regulation and
cytokine expression in monocyte-endothelial cell co-cultures:
effects of a statin, an ACE-inhibitor and a low-molecular-
weight heparin. Thromb Res, 2002. 108(1): p. 77-84.
McGettigan, P. and D. Henry, Cardiovascular risk and inhibi-
tion of cyclooxygenase: a systematic review of the observa-
tional studies of selective and nonselective inhibitors of
cyclooxygenase 2. Jama, 2006. 296(13): p. 1633-44.
Varas-Lorenzo, C., et al., Use of oral corticosteroids and the
risk of acute myocardial infarction. Atherosclerosis, 2007.
192(2): p. 376-83.

de Waal Malefyt, R., et al., Interleukin 10(IL-10) inhibits cyto-
kine synthesis by human monocytes: an autoregulatory role of
IL-10 produced by monocytes. J Exp Med, 1991. 174(5): p.
1209-20.

81



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

82

Pinderski Oslund, L.J., et al., Interleukin-10 blocks atheroscle-
rotic events in vitro and in vivo. Arterioscler Thromb Vasc
Biol, 1999. 19(12): p. 2847-53.

Li, M.C. and S.H. He, IL-10 and its related cytokines for
treatment of inflammatory bowel disease. World J Gastroen-
terol, 2004. 10(5): p. 620-5.

Michelson, A.D., Platelet activation by thrombin can be di-
rectly measured in whole blood through the use of the peptide
GPRP and flow cytometry: methods and clinical applications.
Blood Coagul Fibrinolysis, 1994. 5(1): p. 121-31.

Stangier, J., et al., Pharmacokinetics and pharmacodynamics
of the direct oral thrombin inhibitor dabigatran in healthy eld-
erly subjects. Clin Pharmacokinet, 2008. 47(1): p. 47-59.
Boyum, A., Isolation of lymphocytes, granulocytes and
macrophages. Scand J Immunol, 1976. Suppl 5: p. 9-15.
Tenno, T., et al., Induction of differentiation in U-937 and NB4
cells is associated with inhibition of tissue factor production.
Eur J Haematol, 1999. 63(2): p. 112-9.

Hemker, H.C., et al., Calibrated automated thrombin genera-
tion measurement in clotting plasma. Pathophysiol Haemost
Thromb, 2003. 33(1): p. 4-15.

Malarstig, A., et al., A quantitative real-time PCR method for
tissue factor mRNA. Thromb Res, 2003. 112(3): p. 175-83.
Sarich, T.C., et al., Effects of ximelagatran, an oral direct
thrombin inhibitor, r-hirudin and enoxaparin on thrombin
generation and platelet activation in healthy male subjects. J
Am Coll Cardiol, 2003. 41(4): p. 557-64.

Fiotti, N., et al., Coagulation indicators in chronic stable effort
angina and unstable angina: relationship with acute phase re-
actants and clinical outcome. Blood Coagul Fibrinolysis,
2002. 13(3): p. 247-55.

Smith, F.B., et al., Haemostatic factors and prediction of is-
chaemic heart disease and stroke in claudicants. Br ] Haema-
tol, 1998. 100(4): p. 758-63.

Haverkate, F., Levels of haemostatic factors, arteriosclerosis
and cardiovascular disease. Vascul Pharmacol, 2002. 39(3): p.
109-12.

Eriksson, U.G., et al., Pharmacokinetics and pharmacodynam-
ics of ximelagatran, a novel oral direct thrombin inhibitor, in
young healthy male subjects. Eur J Clin Pharmacol, 2003.
59(1): p. 35-43.



167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Anand, S.S., et al., Relationship of activated partial throm-
boplastin time to coronary events and bleeding in patients with
acute coronary syndromes who receive heparin. Circulation,
2003. 107(23): p. 2884-8.

Oldgren, J., et al., Activated partial thromboplastin time and
clinical outcome after thrombin inhibition in unstable coro-
nary artery disease. Eur Heart J, 1999. 20(22): p. 1657-66.
Ezekowitz, M.D., et al., Dabigatran With or Without Concomi-
tant Aspirin Compared With Warfarin Alone in Patients With
Nonvalvular Atrial Fibrillation (PETRO Study). Am J Cardiol,
2007. 100(9): p. 1419-26.

Scholz, T., et al., Transfer of tissue factor from platelets to
monocytes: role of platelet-derived microvesicles and CD62P.
Thromb Haemost, 2002. 88(6): p. 1033-8.

Berk, B.C., W.S. Weintraub, and R.W. Alexander, Elevation of
C-reactive protein in "active" coronary artery disease. AmJ
Cardiol, 1990. 65(3): p. 168-72.

Hulthe, J., et al., Plasma interleukin (IL)-18 concentrations is
elevated in patients with previous myocardial infarction and
related to severity of coronary atherosclerosis independently
of C-reactive protein and IL-6. Atherosclerosis, 2006. 188(2):
p. 450-4.

Shoji, T., et al., Platelet-monocyte aggregates are independ-
ently associated with occurrence of carotid plaques in type 2
diabetic patients. J Atheroscler Thromb, 2005. 12(6): p. 344-
52.

Wang, J., et al., Elevated levels of platelet-monocyte aggre-
gates and related circulating biomarkers in patients with acute
coronary syndrome. Int J Cardiol, 2007. 115(3): p. 361-5.
Nylander, S. and C. Mattsson, Thrombin-induced platelet acti-
vation and its inhibition by anticoagulants with different
modes of action. Blood Coagul Fibrinolysis, 2003. 14(2): p.
159-67.

Buffon, A., et al., Widespread coronary inflammation in un-
stable angina. N Engl ] Med, 2002. 347(1): p. 5-12.

Mazzone, A., et al., Increased expression of neutrophil and
monocyte adhesion molecules in unstable coronary artery dis-
ease. Circulation, 1993. 88(2): p. 358-63.

Fiessinger, J.N., et al., Ximelagatran vs low-molecular-weight

heparin and warfarin for the treatment of deep vein thrombo-
sis: a randomized trial. Jama, 2005. 293(6): p. 681-9.

83



179.

180.

181.

182.

183.

184.

84

Dorsam, R.T. and S.P. Kunapuli, Central role of the P2Y12
receptor in platelet activation. J Clin Invest, 2004. 113(3): p.
340-5.

Klinkhardt, U., J. Graff, and S. Harder, Clopidogrel, but not
abciximab, reduces platelet leukocyte conjugates and P-
selectin expression in a human ex vivo in vitro model. Clin
Pharmacol Ther, 2002. 71(3): p. 176-85.

Zillmann, A., et al., Platelet-associated tissue factor contrib-
utes to the collagen-triggered activation of blood coagulation.
Biochem Biophys Res Commun, 2001. 281(2): p. 603-9.
Evangelista, V., et al., Role of P-selectin, beta2-integrins, and
Src tyrosine kinases in mouse neutrophil-platelet adhesion. J
Thromb Haemost, 2003. 1(5): p. 1048-54.

Kamimura, M., et al., Interleukin-10 suppresses tissue factor
expression in lipopolysaccharide-stimulated macrophages via
inhibition of Egr-1 and a serum response element/MEK-
ERK1/2 pathway. Circ Res, 2005. 97(4): p. 305-13.

Williams, L.M., et al., Interleukin-10 suppression of myeloid
cell activation--a continuing puzzle. Immunology, 2004.

113(3): p. 281-92.






Acta Universitatis Upsaliensis

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 341

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-8669

du

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2008



	Abstract

	This thesis is based on the following papers
	Contents
	Abbreviations
	Introduction
	Background
	Atherosclerosis-Artherothrombosis
	Platelets and their receptors
	Platelets interaction with endothelium
	Platelet-platelet aggregates
	Platelet-monocyte aggregates

	P-selectin interactions with PSGL-1 and cellular signalling
	CD40 ligand
	IL-8 and MCP-1
	Tissue factor
	Blood-borne tissue factor

	The coagulation process
	Thrombin - the central coagulation factor
	Biomarkers of the coagulation process, the platelet and the inflammatory activity in clinical settings and experimental models
	Prothrombin fragment 1+2 and D-dimer
	Soluble P-selectin
	Soluble tissue factor
	IL-18
	C-reactive protein

	Medical treatment for long-term after myocardial infarction
	Antiplatelet drugs
	Oral anticoagulant treatment
	Anti-inflammatory drugs


	Aims
	Methods
	Clinical studies (paper I-III)
	Patient population
	Definition of ischemic events and bleedings
	Blood sampling and laboratory methods
	Statistical analysis

	Experimental studies (paper IV and V)
	Patients and control populations
	Whole blood collection and activation
	Purification and activation of human monocytes
	Differentiation and stimulation of U-937
	Flow cytometry analysis of cell markers
	Flourogenic analysis of thrombin generation
	Soluble IL-8 and MCP-1
	mRNA preparation and quantification
	Phosphorylation of Lyn
	Statistical analysis


	Results and Discussion
	Coagulation activity after myocardial infarction
	Baseline characteristics of patients
	Thrombin generation and fibrin turnover at aspirin treatment (paper I)
	The additional effect of an oral direct thrombin inhibitor
	Reduced coagulation activity and risk of new ischemic events (paper II)
	Bleeding events, coagulation activity and APTT

	Platelet and inflammatory activity in patients with recent myocardial infarction (paper III)
	Studies of formation of platelet- leukocyte aggregates and cross-talk therein
	Formed platelet-monocyte aggregates in patients with recent myocardial infarction (paper IV)
	The influence of thrombin inhibitors on formation of platelet-leukocyte aggregates and tissue factor production in vitro

	Microparticles and early tissue factor expression upon stimulation of whole blood
	The importance of P-selectin for formation of platelet-monocyte aggregates and the cross-talk therein (paper V)
	TRAP-induced production of tissue factor and IL-8 is dependent of P-selectin
	The importance of Src-family kinases with focus on Lyn for P-selectin/ TRAP-induced cellular signalling in whole blood
	The anti-inflammatory cytokine IL-10 diminishes tissue factor and IL-8 production through reduced Lyn phosphorylation


	General Discussion
	Conclusions
	Sammanfattning på svenska
	Acknowledgements
	References
	Acta Universitatis Upsaliensis

