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Introduction 
 

 

…if the diagnosis of a suspected carcinoma of an internal organ could not be 
verified, the sudden and spontaneous appearance of thrombophlebitis in a 
large vein afforded necessary proof for diagnosis.  
 
Trousseau A. Phlegmasia alba dolens. Clinique Medicale de l’Hotel-Dieu de Paris. London: The 
New Sydenham Society 1865;3:94–9. 

 
Tissue factor (TF) is the most potent known trigger of the blood clotting 
system and was first interlinked with cancer in 1954 (1). The increased risk 
of thrombosis in malignancy was, however, described earlier by Armand 
Trousseau and today thromboembolism is acknowledged as the second most 
common cause of death in cancer patients. About 15% of all cases of malig-
nancies are estimated to lead to venous thromboembolism (VTE) while pa-
tients with VTE have a substantially increased risk of having an underlying 
carcinoma diagnosed in the immediate future after the presentation of symp-
tomatic VTE (2;3). Some cancers, i.e. pancreas, ovary, liver, and brain, con-
fer a particular high risk in developing VTE while other malignancies, such 
as breast, colon and prostate cancer, have a large number of thromboembolic 
complications due to a large number of patients (4). Today, TF is not only of 
interest due to its role in coagulation but is also recognized as a signaling 
receptor of importance for the progression of cancer (5). This has moved the 
focus from whether or not cancer cells express TF to the underlying mecha-
nisms by which TF contibutes to the progression of malignancy, how these 
mechanisms are separated from TF procoagulant activity, and whether it is 
possible to interfere pharmacologically in this delicate interplay. Potentially, 
the answers to these questions will be of the greatest therapeutical value. 
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Background  

Tissue factor  
Characteristics 
Tissue factor (TF), also known as thromboplastin, CD 142 or FIII, is a 47 
kDa transmembrane glycoprotein and member of the type II cytokine recep-
tor family. Although the extracellular domain of TF has the structural char-
acteristics of a cytokine receptor, TF does not bind any cytokine but func-
tions as a monomeric receptor for coagulation factor VII/VIIa (FVII/FVIIa) 
(6). Bovine TF was purified in 1981 while human TF was refined and 
mapped to chromosome 1 (F3 gene, p22-p21) in 1985 (7-9). The cDNA was 
cloned in 1987, its complete sequence determined in 1989 and the structure 
of the extracellular part was defined in 1994 (10-12). The 263 amino acids 
(aa) of TF are divided into an extracellular domain containing 219 aa, a 
transmembrane domain of 21 aa and finally, a short cytoplasmic tail contain-
ing 23 aa. The extracellular domain has two disulfide bonds and is glycosy-
lated on 3 residues while the cytoplasmic tail is endowed with three serines 
as potential phosphorylation sites. The TF gene spans 13 865 base pairs, 
excluding the promoter and known enhancer elements, spread upon 6 exons 
and 5 introns. It is possible for the transcription factors Sp1, AP-1, EGR-1, 
and NF�B to bind to the promoter region and this, together with the rest of 
the promoter organization, entails a way for both inducible and constitutive 
expression (13). The TF expression in monocytes may also be regulated by 
the 5466 A>G single nucleotide polymorphism in the TF gene (14).  

The expression of tissue factor 
Inducible expression 
Cells inside the vessels do not normally express TF but may be triggered to 
do so upon various stimuli. The main source of TF in circulating blood is 
monocytes on which TF can be up-regulated by interferon-�-producing Th-1 
cells or via direct cell-cell contact with the CD40 receptor-expressing T-cells 
(15;16). TF expression can also be induced by lipopolysaccharide (LPS; 
endotoxin, from Gram-negative bacteria), P-selectin on platelets, and by 
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various agents such as C-reactive protein, complement, platelet-derived 
growth factor-BB (PDGF-BB), monocyte chemoattractant protein-1, and 
vascular endothelial growth factor (VEGF) (16-22). LPS is also the most 
widely studied inducer of TF expression in vitro. In uninduced cells, I�B� 
binds to NF�B c-Rel-p65 heterodimers for retention in the cytosol, whereas 
members of the c-Fos family dimerize with c-Jun to form the AP-1 transcrip-
tion factor which constitutively bind to the two AP-1 sites in the promoter 
region. LPS and cytokine stimulation of the cells dissociates I�B� and per-
mits nuclear translocation of the c-Rel-p65 dimer. Binding of c-Rel-p65 to 
the �B site results in a multiprotein complex with the c-Fos-c-Jun het-
erodimers bound to the adjacent AP-1 sites and subsequently activation of 
the basal transcriptional machinery and transcription of the TF gene (13). 
Inhibition of the NF�B-signaling pathway is thus a possible way to reduce 
the de novo synthesis of TF. 

Constitutive expression  
The haemostatic envelope 
The constitutive expression of TF is detected on cells outside the vascula-
ture. Large amounts of TF are localized to cells in organs such as the brain, 
gut, skin, lung, placenta, and to the connective tissue cells surrounding blood 
vessels and organ capsules (23;24) (Table 1). The expression of TF thus 
provides a haemostatic envelope toward the external environment. The pres-
ervation of a physical barrier between TF activity and blood is of greatest 
importance for the normal regulation of haemostasis. This equilibrium may, 
however, be disturbed in various pathological conditions such as atheroscle-
rosis and cancer (25;26).  

Tissue factor expression on tumor cells 
TF was first connected to blood cancer in 1954 (27) and is today associated 
with most solid malignancies (26). Some neoplastic cells produce TF-up-
regulating cytokines, express TF themselves (28), or express CD40 receptors 
on their cell surface (29) which can activate platelets and result in TF prim-
ing. Clinically, analyses of tumors have revealed TF as a significant and 
independent risk factor for metastases in colorectal cancer and to correlate 
with the histological grade of malignancy in glioma (30;31). TF also serves 
as a prognostic marker for overall survival in breast and pancreatic cancer 
and was found associated with markers of in vivo platelet activation in pros-
tate cancer (32-34). 

In general, cell types which normally express TF continue to do so after 
malignant transformation and vice versa. The carcinogenesis may, however 
also result in alteration of the antigen level. Since the expression of TF  
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Table 1. TF-expression in human tissues (adapted from (23;24)). 
– Skin Epidermis +++ 
– Gut Mucosa +++ 
– Vessels Adventitia ++ 
– Heart Myocardium +++ 
– Lung Bronchial mucosa 

Alveolar septae 
Alveolar epithelial cells 

++ 
+ 

++ 
– Brain Meninges 

Cerebral cortex 
+ 

+++ 
– Kidney Glomeruli +++ 
– Spleen Capsule ++ 
– Liver Hepatocytes + 
– Adrenal glands Medulla + 
– Peripheral nerve  Schwann cells ++ 
– Placenta Perivascular cells +++ 
Weak expression: +     Moderate expression: ++      Strong expression: +++ 

varies in the specimen within a tumor type, even among tumors of the same 
histological category (23), the key factors for TF up- or down-regulation 
may be hard to pin-point. The variability may be due to microenvironmental-
regulation (e.g. by hypoxia) or reflect differences between distinct subsets of 
cancer cells. 

Enlightening experiments have recently been conducted and revealed a 
negative effect of an epidermal growth factor receptor antagonist on the TF 
expression in cancer cells (35). Activation of the K-Ras oncogene and inac-
tivation of the p53 tumor suppressor gene, respectively, increased the TF 
expression, the procoagulant activity (PCA) and proangiogenic activity in 
colorectal cancer cells while loss of the PTEN tumor suppressor gene up-
regulated the TF expression in glioma cells (36;37). Although some mecha-
nisms have been found, these do not fully explain the intratumoral variability 
of the TF expression. The examples above rather signify either coexistence 
of genetically different cancer clones (horizontal diversity) or emerge by 
differentiation of a common progenitor (stem cell) due to epigenetic or regu-
latory events (vertical diversity). A first report suggesting a linkage between 
TF expression in cancer cells and the stem cell phenotype was recently pub-
lished and describes that cancer cells expressing the stem cell marker CD133 
are more procoagulant than cells without CD133 (38).  

Blood borne tissue factor 
Apart from cell-bound TF, TF is present in soluble forms generated either by 
proteolytic cleavage or by alternative splicing (alternatively spliced human 
tissue factor; asHTF) as well as on circulating microparticles (MP) (39;40). 



 15

The shedded TF does not take part in the coagulation since it is no longer 
bound to a phospholipid surface. The asHTF has exon 4 directly spliced onto 
exon 6 and the protein contains most of the extracellular domain of TF but 
lacks the transmembrane part and terminates with an unique C-terminal pep-
tide sequence. asHTF is produced in several cell types such as monocytes, 
endothelial cells, smooth muscle cells and cancer cells (14;41-43) and is 
found circulating in blood and detected in thrombi (39). In mice, asHTF is 
shown to promote tumor growth, tumor cell proliferation and angiogenesis 
but not procoagulant activity (44). The lack of prothrombotic properties of 
asHTF has also been described by others (42) and in a recent study, TF ex-
pressing MPs rather than asHTF were found to be the main source of TF 
activity released by human cancer cells in vitro (43).  

Tissue factor bearing microparticles 
MP are usually referred to as 0.1-1 μm membrane fragments containing 
phosphatidylserine and were first characterized as fragments of platelets 
(45). In 1999, it was demonstrated that normal blood contains circulating TF 
in the form of MP (40). Platelet-derived MP are the most common MP in 
human blood but the origin, constitution, distribution, and significance of 
MP in various pathological conditions are today not fully known. Elevated 
levels of circulating TF have, however, been detected in cancer patients 
(34;46-48).) and are thought to contribute to the procoagulant state in malig-
nancy (49).  

MP are released from cells following activation or during apoptosis. Can-
cer cells themselves may be the source for the MP, also the stromal micro-
environment caused by the tumor triggers other cells such as platelets, endo-
thelial cells and leukocytes to release the MP. Moreover, the treatment of 
cancer may induce increased MP levels due to release of cytokines and cel-
lular apoptosis (50;51). Today some controversies remain regarding the role 
of TF bearing MP in haemostasis, this mainly due to the lack of an accepted 
standard for detection. One special type of microparticles are the prosta-
somes. 

Prostasomes 
Prostasomes are cholesterol-rich secretory granules of about the same size as 
MP (150 nm) and have a plethora of biological functions, mainly regarding 
fertilization (52). The prostasomes are secreted by the prostatic gland epithe-
lial cells but are also produced continuously by prostate cancer cells and by 
prostate cancer cell lines (53;54). Prostasomes express TF and exert proco-
agulant activity in vitro (55;56) and have been detected in metastases (57). 
However, the influence of prostasomal TF on the prothrombotic state in 
prostate cancer is not known. 
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The cell-based modell of blood coagulation 
The coagulation process is a strictly regulated, cell-bound process. Upon 
vascular injury, after stimulation of TF bearing blood cells (i.e. mono-
cytes/macrophages), during arteriosclerotic plaque rupture, sepsis, cancer or 
inflammation, or after shedding of membrane rafts from TF bearing cells, TF 
binds the inert serine protease precursor FVII. FVII is activated by cleavage 
of a single peptide bond which generates the active protease FVIIa. The 
complex TF/FVIIa then activates FIX and FX and thereby initiates coagula-
tion. The initiation phase occurs on a tissue factor bearing surface expressing 
phosphatidylserine and is followed by the amplification phase, in which 
platelets and cofactors are activated for the propagation phase whereupon 
large amounts of thrombin are generated on the platelet surface. Thrombin 
finally cleaves fibrinogen into fibrin resulting in a clot (Fig. 1.) (58). 

 
Figure 1. The cell bound model of coagulation. Blood coagulation begins by bind-
ing of FVIIa to TF. Platelets are recruited and adhere to the site of injury and the 
TF/FVIIa complex further activates the coagulation factors IX to IXa and X to Xa 
and a trace amount of thrombin is generated. The small amount of thrombin leads to 
platelet activation and aggregation and activates factor V, factor VIII and factor XI 
on the platelet surface. Next, activated factor IX binds to factor VIIIa to provide 
FXa. This since factor Xa cannot be transported from the TF-expressing cell due to 
rapid inhibition by the protease inhibitors tissue factor pathway inhibitor and anti-
thrombin. When factor Xa associates with platelet factor Va it is protected from the 
protease inhibitors. Upon this association, a burst of thrombin is generated, which is 
sufficient for the cleavage of fibrinogen and formation of the fibrin meshwork. Fi-
nally, a stable thrombus is formed. Adapted from Hoffman and Monroe (58). ©The 
coagulation research group, Dept. of Medical Sciences, Uppsala University 2008. 

Tissue factor-induced signaling 
Apart from being the initiator of coagulation, TF has also been recognized as 
a true signaling receptor ((59) and references therein). Receptor activation 
initiates intracellular reactions that conducts cellular functions such as pro-
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liferation, differentiation, migration and survival. Among the best studied 
signaling pathways are the mitogen-activated protein kinase (MAPK) and 
PI3-kinase (PI3k)/AKT pathways mainly responsible for the control of cell 
cycle and cell survival, respectively. Fine-tuning of the receptor-activated 
pathways is provided by the co-operation of cytoplasmic enzymes and adap-
ter proteins.  

Pathways activated by the TF/FVIIa-complex 
TF-dependent signaling was first reported in 1995 when addition of FVIIa to 
a number of TF-expressing cells was shown to induce Ca2+ oscillation (60). 
Since then, numerous papers have been published describing the activation 
of various signaling pathways by TF/FVIIa (Fig. 2). Addition of FVIIa to TF 
expressing Baby Hamster Kidney (BHK) resulted in a transient activation of 
p44/42 MAPK (61). Other members of the MAPK family, p38 and C-Jun N-
terminal kinase (JNK), are also reported to be involved in the TF/FVIIa sig-
naling in keratinocytes and coupled to induction of IL-8 and Egr-1, respec-
tively (62;63). The events up-stream of p44/42 MAPK are linked to the Src 
family members c-Src, Lyn, and Yes in fibroblasts (64) and to p21 Ras in 
BHK cells and HaCat keratinocytes (65). The activation of the Src-family 
also induced phosphorylation of AKT via PI3k and activation of members in 
the RhoA-family of small GTPases (64). Besides activation of MAPK path-
ways, STAT5 phosphorylation by FVIIa via Jak2 has been demonstrated in 
BHK cells (66) as well as triggering of phospolipase C (PLC) in human fi-
broblasts (67). 

Signaling by PARs and the TF cytoplasmic domain 

TF cytoplasmic domain is not necessary for formation of the binary complex 
TF/FVIIa and hence not for coagulation. The findings that some Ca2+ oscilla-
tions and p44/42 MAPK activation are dependent on proteolytically active 
FVIIa, but not of the cytoplasmic domain paved the way for the possible 
involvement of another receptor (68;69). The protease activated receptors 
(PARs) are a group of G-protein-coupled receptors (GPCR) with four known 
members of which PAR1, PAR3, and PAR4 are activated by thrombin. 
Since treatment with thrombin inhibitor or desensitation with thrombin were 
unable to inhibit FVIIa induced Ca2+ response (68), PAR2 was left as a like-
ly candidate. This hypothesis was strengthened by showing a FVIIa signal-
ing response in TF/PAR1/PAR2-expressing Xenopus oocytes and in a 
TF/PAR2 transfected fibroblast cell line derived from PAR1 deficient mice 
(70). Direct TF signaling is, however, also suggested to be regulated by 
PAR2 which induces the phosphorylation of TF cytoplasmic domain on the 
serine residues (71;72). 
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Figure 2. Signaling pathways downstream of tissue factor after ligation of FVIIA 
and FVIIa/FXa.  

The phosphorylated tail of TF may serve as a binding site for the actin-
binding protein (ABP)-280 (filamin A), which is recruited to the tail upon 
the binding of FVIIa to the extracellular domain of TF. Molecular interaction 
between TF and ABP-280, that ultimately contributes to reorganization of 
the actin cytoskeleton, could precede the phosphorylation of focal adhesion 
kinase (FAK), a non-receptor tyrosine kinase whose activity is dependent on 
an intact cytoskeleton (73). The TF-mediated cell signaling can thereby oc-
cur by mechanisms that can be either dependent or independent of the intra-
cellular part of TF. 

Activation of all PARs occurs by the same general mechanism: a protease 
(e.g. thrombin, FVIIa, FXa) cleaves the receptor in the N-terminal for the 
revelation of a new N-terminus which in turn acts as a tethered ligand and 
binds intramolecularly to a specific site of the receptor. The signaling in-
duced by the receptors auto-activation may be mimicked by synthetic pep-
tides that bind directly to the active site independently of the receptor cleav-
age. The use of PAR-agonists is therefore a suitable way to separate the 
PAR-dependent signaling by the TF-complexes from the PAR-independent.  
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Switching between coagulation and signaling 
Only a small fraction of the TF found on the cell surface is functionally ac-
tive in coagulation, whereas the majority is nonfunctional (74). This post-
translational suppression of TF PCA on the cell surface is termed TF encryp-
tion and, at present, it is unclear how the decrypted form of TF differs from 
the cryptic form or what mechanisms are involved in its activation. The 
availability of anionic phospholipids on the outer face of the cell membrane 
(75;76), self-association of TF (77), and the association of TF with choles-
terol and lipid rafts have been suggested to contribute to the decryption of 
TF (78;79).  

Protein disulfide isomerase 
A recent study suggest that the cryptic form of TF contains unpaired cysteine 
thiols at Cys186 and Cys209 and that activation of TF involves the forma-
tion of a Cys186-Cys209 disulfide bond (80). The disulfide isomerization of 
TF is suggested to be dependent on the protein disulfide isomerase (PDI) and 
that this enzyme switches the TF activity between coagulation and signaling 
(81). This was interpreted based on data describing that TF with the dis-
rupted disulfide bond is still able to engage in signaling. The involvement of 
PDI on TF PCA is a controversial theory (82) and among its spokesmen it is 
even uncertain whether the possible isomerization reaction increases or de-
creases the decryption of TF (81;83). 

Glucose-regulated protein 78 
GRP78 (glucose-regulated protein of 78 kDa) is a molecular chaperone of 
importance for the folding, maturation, and transport of proteins out of the 
cell and critical for the unfolded protein response (UPR) required to reduce 
stress on the endoplasmatic reticulum (ER), maintain ER function, and pro-
tect cancer cells against death (84).  

GRP78 is also reported to interact physically with TF on the cell surface 
and thereby inhibit the PCA (85). The inhibitory effect by GRP78 on the 
PCA was blocked by treatment with GRP78 antibodies. Activation of 
GRP78 by activated �2-macroglobulin (�2M*) has previously been shown to 
activate the AKT, p38, and p44/42 signaling pathways as well as to induce 
anti-apoptotic signaling due to up-regulation of several anti-apoptotic pro-
teins, among them BCL-2. The treatment with �2M* also triggered the ex-
pression of many UPR components that possibly could serve as a mechanism 
for cancer cells to overcome the ER stress induced by their aggressive 
growth (86). Whether GRP78 is involved in TF-mediated signaling is not 
known. 
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Biological functions of tissue factor-mediated signaling 
in cancer 
TF is today associated with most solid malignancies including glioma, pan-
creatic cancer, colorectal cancer, ovarian cancer, prostate cancer and breast 
cancer (26). There is substantial evidence in the literature for the importance 
of TF in malignancy, either by clotting-dependent mechanisms that involve 
FXa and thrombin signaling through PAR-receptors and cross-linked fibrin 
building, or by clotting-independent mechanisms governed by TF/FVIIa-
mediated intracellular signaling (87).  

Angiogenesis and metastasis 
TF expression has been associated with tumor angiogenesis by up-regulation 
of VEGF and other angiogenesis-related genes and by offering a pro-
angiogenic environment via clot formation (88;89). The influence of TF 
signaling on angiogenesis is proposed to be dependent on regulation of 
PAR2 via TF cytoplasmic domain (90).  

Similarly, the metastatic potential of cancer cells is closely correlated to 
the TF expression and the phosphorylation of its cytoplasmic tail (91;92). An 
indirect proof for the association between TF and the spreading of cancer is 
the finding that the presence of metastases increases the risk for venous 
thromboembolism; in one study the risk increased from 7 to 58-fold as com-
pared to a control group (93). 

There is also evidence for a connection between TF and the up-regulation 
of the urokinase-type plasminogen receptor (uPAR) on cancer cells (94). 
Previous studies have revealed that uPAR and the plasminogen activation 
pathway play a central role in the promotion of tumor cell invasion and me-
tastasis (95).  

Cell migration and platelet derived growth factor 
Cell migration, a directed movement of cells to a specific location, is a cen-
tral process in organisms. Errors during this process may have serious con-
sequences e.g. vascular disease, tumor formation and metastasis. Cells often 
migrate toward external stimuli, a process called chemotaxis. PDGF is a 
family of dimeric molecules with a variety of biological functions that may 
act as a chemotactic substance (96). It consists of disulfide-bonded A, B, C 
and D-polypeptide chains and homodimeric (PDGF-AA, PDGF-BB) as well 
as heterodimeric (PDGF-AB) isoforms which exert their effects on target 
cells by binding with different specificities to two structurally related protein 
receptor tyrosine kinases (RTK), denoted �- and �-receptors. Ligand binding 
induces the homo- (��, ��) or hetero- (��) dimerization of the receptor sub-
units. This leads to intracellular autophosphorylation of tyrosine residues 
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which increases the intrinsic kinase activity and generates docking sites for 
kinases and adapter molecules containing Src homology 2 (SH2) domains 
(97). 

Our group demonstrated, for the first time, that the presence of TF/FVIIa 
causes a 100-fold increase in the sensitivity of fibroblasts and vascular 
smooth muscle cells to PDGF-BB (67). This enhanced migratory response is 
dependent on FVIIa proteolytic activity, PAR2 and PLC but not on PI3k or 
p44/42 MAPK, and is not observed in PAE-cells expressing TF that lacks 
the intracellular domain (67;98). A PAR2-dependent migratory response of 
vascular smooth muscle cells with the TF/FVIIa-complex as chemoattractant 
has also been demonstrated (99). The formation of the ternary complex 
TF/FVIIa/FXa was found to promote p44/42/MAPK-dependent migration in 
a breast cancer cell line, which was not observed upon the exposure of cells 
to the physiological concentrations of FVIIa alone (100). In another breast 
cancer cell line, the migratory response was entirely dependent on TF/FVIIa-
induced PAR2-dependent IL-8 production (101). Taken together, this sup-
ports the existence of parallel mechanisms by which TF regulates cellular 
functions. The exact molecular mechanism of cross-talk between TF and the 
PDGF-receptors is thus not known. 

Anti-apoptotic signaling of the TF/FVIIa complex 
Serum withdrawal represents a potent trigger to induce caspase-dependent 
apoptosis in a series of cell culture models (102). It was recently shown that 
binding of FVIIa to TF gives protection against apoptosis induced by growth 
factor deprivation in BHK cells, transfected with human TF, and in chinese 
hamster ovary cells. These effects are suggested to be mediated through pro-
longed activation of the PI3-k/AKT pathway, and to a lesser extent the 
p44/42 MAPK pathway, and finally caspase-3 inhibition (103;104). In the 
TF-transfected BHK cells, Jak2/STAT5-dependent production of the anti-
apoptotic STAT5 target BCL-XL as well as Jak2-dependent phosphorylation 
of AKT has been presented as a more detailed explanation for the anti-
apoptotic effects (66). In Adr-MCF7 cells, a TF-expressing breast cancer cell 
line, an increase in the level of the anti-apoptotic, caspase-binding protein 
survivin in response to TF/FVIIa/FXa was detected (105). In both latter cas-
es the experiments were conducted with serum starved cells. 

Apoptosis 
Apoptosis is a cellular suicide mechanism that plays an important role in the 
balance between cell proliferation and cell death and closely connected to 
cancer (106). The apoptosis-related pathways are numerous but in general, 
cancer cells have often disrupted pro-apoptotic or over-stimulated anti-
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apoptotic pathways and have thereby impaired the ability of cells to undergo 
normal apoptosis. The intrinsic pathway of apoptosis is activated by signals 
emanating from cellular damage sensors or developmental cues. Certain 
cells have unique sensors on their surface termed death receptors and ligand 
binding to these makes up the extrinsic pathway (Fig. 3).  

Extrinsic apoptosis 
There are several death receptors which may induce caspase-8 dependent 
apoptosis. TNF-related apoptosis inducing ligand (TRAIL) is a ligand to 
death receptors TRAIL-R1 and TRAIL-R2 and expressed in a wide spectrum 
of tissues, including spleen, thymus, prostate, lung, kidney, and intestine 
(107). TRAIL has received interest as a potential candidate for cancer ther-
apy because of its selectivity in inducing apoptosis in cancer but not in nor-
mal cells (108) and initial data from safety trials also suggest that recombi-
nant human TRAIL is suitable for further clinical investigations (109). Apart 
from binding to TRAIL-R1/R2, TRAIL may bind to three antagonistic decoy 
receptors, TRAIL-R3,TRAIL-R4 and osteoprotegerin (110-112). Normal 
tissues that expressed decoy receptors and real death receptors at the same 
time were resistant to TRAIL-induced apoptosis (111).  

Stimulation of TRAIL-R1/R2 leads to receptor trimerization and rapidly 
triggers apoptosis. After the binding of TRAIL, a death-inducing signaling 
complex (DISC) comprised of the receptors intracellular domains, FADD 
(Fas-Associated protein with Death Domain), and procaspase-8 is formed 
(113;114). Within the DISC, caspase-8 is auto-proteolytically cleaved to its 
active form which then activates caspase-3 and thus cell death (115). In or-
der to evade apoptosis, many cancer cells have developed a resistance to 
TRAIL. There is no evidence for a correlation between decoy receptor ex-
pression and TRAIL resistance in malignant cells. Instead, since most of the 
components of the DISC are mandatory for TRAIL-induced cell death, dys-
function of one or more of these proteins could mechanistically explain the 
acquired TRAIL immunity (116).  

Intrinsic apoptosis 
A variety of key events in apoptosis focus, however, on the intrinsic pathway 
and the mitochondria. Developmental cues or severe cell stress, such as 
DNA or cytoskeletal damage stimulate the intrinsic pathway by inducing 
transcription or post-translational activation of BH3-only proapoptotic BCL-
2 family proteins. In healthy cells, anti-apoptotic family members such as 
BCL-2 and BCL-XL, bind to pro-apoptotic members such as BAX and BAK 
to prevent their activation. Upon stimulation, for instance by p53, BH3-only 
proteins sequester the antiapoptotic proteins, allowing BAX and BAK to 
engage the mitochondria. This causes release of several apoptotic factors and 



 23

DNA damage etc

Apoptosome
Apaf-1

Procaspase-9

Cytochrome c
Mitochondrion

Caspase-9

Caspase-3
Procaspase-3

Caspase-8
Procaspase-8

Death receptor

Ligand (FasL, TNF-� , TRAIL )

APOPTOSIS

BAX
Bid

BCL-2

Adaptor

 
Figure 3. Simplified view of the intrinsic and extrinsic pathways of apoptosis. The 
extrinsic pathway is engaged after ligand binding to death receptors on the cell sur-
face. In so called type 1 cells, the activation leads to rapid cleavage of caspase-8 
which in turn activates caspase-3. In so called type 2 cells, the initiation of apoptosis 
is slower and not as effective as in type 1 cells. To amplify the death signal, the 
intrinsic pathway is engaged via caspase 8-dependent cleavage of the BH3-only 
protein Bid to its active form and the subsequent release of apoptosis proteins from 
the mitochondria. Normally, the intrinsic pathway is triggered upon cellular stress 
and similar events and results in the assembly of the apoptosome and then activation 
of caspase-3. 

the assembly of the apoptosome, a multimeric complex formed by Apaf-1, 
cytochrome c, and procaspase-9. Procaspase-9 is cleaved into caspase-9 
which then activates caspase-3. Other hallmarks of intrinsic apoptosis are 
changes in electron transport, loss of mitochondrial transmembrane poten-
tial, and altered cellular oxidation-reduction (117). 

Convergence of extrinsic and intrinsic apoptosis 
The extrinsic and intrinsic pathways converge at the level of the effector 
caspases-3,- 6, and -7, and cross talk can occur between the two pathways. In 
cells with low levels of DISC formation, an amplification loop can recruit 
the intrinsic pathway, and engagement of mitochondria is mediated via cas-
pase 8-dependent cleavage of the BH3-only protein Bid to its active form. 
Activated Bid then triggers mitochondrial release and the formation of the 
apoptosome (118).  
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Receptor transactivation 
The term “transactivation” refers to the situation where the activation of a 
given receptor leads to the activation of a receptor of the same or a different 
class, and where the aspects of signaling of the former receptor will be exe-
cuted through the latter. This term is most frequently used in the context of 
receptor tyrosine kinase (RTK) activation by GPCR agonists. Transactiva-
tion is, in comparison with ligand-activated RTKs, lesser in magnitude and 
other signaling cascades activated by the GPCRs may also modify the sig-
naling outcome in different ways (119). GPCR-induced tyrosine phosphory-
lation was first described for the epidermal growth factor (EGF) (120) but 
transactivation of the PDGF�-receptor (PDGFR�) upon binding of angio-
tensin II (ATII) to the ATII-receptor has also been reported (121). EGF-
receptor transactivation involves different mediators such as Src-family ki-
nases, calcium, Pyk2 or PKC, depending on the cell type, and is described as 
the triple-membrane-passing-signaling model (122;123). The GPCR activa-
tion leads to the activation of a metalloproteinase which cleaves a mem-
brane-spanning latent form of the heparin-binding EGF. The released soluble 
EGF then causes dimerization and mobilization of the EGF receptor that 
subsequently leads to induction of the p44/42/MAPK pathway (119). In con-
trast, the mechanism behind activation of the PDGFR� by angiotensin II is 
unclear. The involvement of reactive oxygen species and the adaptor protein 
Shc in this process has, however, been shown (121). 

Drugs affecting tissue factor expression and function 
There are several compounds which have received attention in the context of 
the regulation of TF expression in both cancer cells and mono-
cytes/macrophages. Examples of these are peroxisomal proliferator-activated 
receptor-�, all-trans retinoic acid (124;125), IL-10 (126), low-molecular-
weight heparin (127), angiotensin-converting enzyme inhibitors, and hy-
droxymethylglutaryl (HMG)-CoA reductase inhibitors (statins) (127).  

Statins 
Cholesterol is essential to mammalian membrane structure, membrane func-
tion, hormone production, lipid digestion, and lipid transport, and it origi-
nates from diet and de novo synthesis. Biosynthesis typically contributes 
with two-thirds of the total cholesterol amount in humans (128). High cho-
lesterol levels are a known risk factor in cardiovascular disease. The most 
common type of drugs to reduce elevated total cholesterol and LDL-
cholesterol levels are statins. Only in Sweden, about 3 million defined daily 
doses were prescribed in 2006 and simvastatin counted for about 75% of 
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these (129). Simvastatin is an inactive pro-drug which is metabolized in the 
liver to its active acid- form, a process which must be mimicked prior in 
vitro studies. Statins specifically and reversibly block the rate limiting en-
zyme HMG-CoA (3-hydroxy-3-metylglutaryl-coenzyme A) reductase in the 
cholesterol synthesis which catalyzes conversion of HMG-CoA to mevalo-
nate (Fig. 4).  

In recent years a substantial quantity of data has accumulated showing 
that statins exert various effects on multiple targets, which are independent 
of their plasma cholesterol lowering properties. Statins seem to have effects 
on endothelial function, anti-oxidant effects, anti-inflammatory effects, pla-
que modifying effects, anti-thrombotic effects, anti-angiogenic effects, and 
cardioprotective effects (130). Moreover, statins have received attention 
regarding unpredictable benefits regarding the development of cancer and 
seem to reduce the overall cancer incidence by 14-28% (131). The plei-
otropic actions of statins may be both dependent and independent of the 
HMG-CoA reductase inhibition. The inhibition of the integrin LFA1 that 
leads to in impaired leukocyte migration and T-cell activation is, for in-
stance, dependent on the direct binding of statins to the protein (132). The 
evidence for an anti-metastatic effect of statin treatment in cancer cells 
seems instead to depend on a total blockage of the mevalonate pathway and 
inhibition of the synthesis of the isoprenoid intermediate geranyl-geranyl 
pyrophosphate (GGPP) (133). GGPP belongs to a class of molecules which 
prenylate/lipid- ate many proteins involved in signal transduction to anchor 
them to cell membranes (134). Among them are the Rho GTPases, which are 
highly involved in several intracellular key processes such as regulation of 
transcription, cell size, apoptosis, proliferation, immune and inflammatory 
responses, and wound healing (135). Furthermore, the RhoA GTPases are 
over-expressed in breast cancer cells and the expression seems to correlate to 
the histological grade and proliferation index in tumor samples (136). Apart 
from the possible involvement of GGPP inhibition, the mechanisms behind 
the anti-cancer effects of statins are largely unknown.  

The inhibitor binding constant (Ki) value of simvastatin is approximately 
1 nM (137) and a dosage regime of 5-80 mg simvastatin/day gives a peak 
plasma concentration (Cmax) of about 10 nM for the active acid form in hu-
man. In many in vitro studies, however, concentrations of statins in doses 
considerably higher than clinically achievable doses in patients have been 
used and the effects of statins beyond lipid-lowering have been questioned 
(130).  



 26 

 
Figure 4. Simplified view of the cholesterol biosynthesis and the mechanism of 
simvastatin. Prior to in vitro experiments, the simvastatin needs to be activated to its 
acid form by alkaline hydrolysis. The drug is then taken up in the cells by both ac-
tive transport and passive diffusion through the cell surface membrane. Inside the 
cell the open lactone ring (by the alkaline hydrolysis) binds into the active site of 
HMG-CoA reductase and thereby inhibits the chatalytic transformation of HMG-
CoA to mevalonate. This results in impaired cholesterol biosynthesis but also in 
reduced production of geranyl-geranyl pyrophosphate (GGPP) and blockage of 
signaling mediated by the Rho-GTPases. Co-treatment with GGPP is thereby a help 
to distinguish the cholesterol-dependent effects by simvastatin from the cholesterol-
independent. 
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Aims 

Cancer confers a prothrombotic state and malignant cells often overexpress 
TF or release cytokines which then affect tumor-associated cell-types, such 
as inflammatory cells and the endothelium, to express TF. In addition to cell-
bound TF, blood-borne TF is often found in the circulation of cancer patients 
and could potentially contribute to the increased risk for thrombosis for this 
group of patients (138). 

Apart from initiating coagulation, TF is involved in a number of non-
haemostatic activities of importance for the progression of cancer and for the 
promotion of metastasis (139). Tumor angiogenesis both in the stroma 
around the primary tumor and at the site of the secondary tumor, production 
of proteins which creates a pro-metastatic environment, and the inhibition of 
apoptosis and anoikis illustrates the broad repertoire of TF within the malig-
nant diseases. The ability of cancer cells to move is elementary for metasta-
sis and for the development of new blood vessels. Likewise, to evade apop-
tosis is a hallmark for cancer development.  

The aim of this thesis was to further study different aspects of TF activity, 
e.g. the importance of procoagulant MP and TF-induced intracellular signal-
ing pathways, with focus on cell migration and apoptosis. The more specific 
aims of this thesis project were: 
 

� Characterize different types of cancer cells regarding TF mRNA 
levels, TF surface expression, MP release, and procoagulant activ-
ity and study the possibility to regulate these features pharmaco-
logically by the use of simvastatin. 
 

� Investigate whether TF/FVIIa-signaling pathways are affected by 
the simvastatin treatment and, if so, correlate to some biological 
functions exerted by different TF-complexes.  
 

� Map signaling pathways that are mediated by simvastatin and are 
interacting with different TF-activities. 
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� Induce apoptosis in cancer cells by other mechanisms than serum 

starvation and in these experimental set-ups investigate; 
 

– TF/FVIIa cell signaling events that promote anti-apoptosis 
 

– the involvement of PAR1 and PAR2 in this signaling  
 

– to some extent, analyze the down-stream targets of TF/FVIIa 
 

� Investigate whether the TF/FVIIa-complex may induce signaling in 
human monocytes and a cross-talk with PDGFR�-signaling. 
 

� Investigate whether TF/FVIIa-signaling may potentiate monocyte 
migration in response to other chemotactic factors than PDGF-BB. 

 
� Delineate molecular mechanisms underlying the TF/FVIIa- and 

PDGFR�-induced cross-talk. 
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Methods 

Cell cultures 
The cell lines used were routinely tested prior to the experiments for the 
expression of TF, PAR1, PAR2, and PDGFR� (only paper 3). The cells sig-
naling abilities were also verified by measuring IL-8 mRNA expression after 
treatment with FVIIa or PAR1/2 agonist. All cells were grown in media sup-
plemented with the appropriate antibiotics and L-glutamine in a humified 
chamber at 37°C in the presence of 5% CO2.  

In paper 1 and 4, the estrogen receptor-negative, p53-mutated breast can-
cer cell line MDA-MB-231 was used. The cells have a very high expression 
of TF and express both PAR1 and PAR2 receptors as well as GRP78 on the 
cell surface. The cells are moreover characterized by a constitutive activation 
of RAS and NF�B and overexpression of RhoA. The MDA-MB-231 cells 
are of epithelial morphology and adherent. 

The p53-mutated human prostate cancer cell line PC3 was used in paper 2 
and 4. This adherent epithelial cell line was originally initiated from a bone 
metastasis of a grade IV prostatic adenocarcinoma and express low to mod-
erate levels of TF as well as PAR1/2 receptors. When cultivated, the PC3 
cells release prothrombotic prostasomes into the growth medium. 

In paper 3, PAE cells stably transfected with human PDGFR� and wild 
type TF (PAE/PDGFR�/TF), human foreskin fibroblasts 1064SK and 1523 
expressing endogenous TF, and LPS-stimulated human monocytes were 
used. This in order to have data from three principally different cell types. 
The monocyte-containing fraction was isolated from whole blood by density 
gradient centrifugation using Ficoll-Paque and were stimulated with LPS for 
three hours to induce the expression of TF. A highly purified monocyte pop-
ulation was obtained using an affinity column designed to capture non-
monocytes, the MACS system, from Miltenyi Biotech Inc.  

Prostasome isolation 
In paper 3, the PC3 cells were seeded into 9 cm Petri dishes and incubated 
with or without simvastatin, or simvastatin plus GGPP. The secreted prosta-
somes were isolated from the conditioned medium by repeated centrifuga-
tions starting with 400 g for 5 minutes and then at 10,000 g for 30 minutes in 
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order to remove cell debris. The prostasomes were then sedimented by ultra-
centrifugation at 100,000 g for 2 hours, washed once in phosphate buffer 
saline (PBS), sedimented again by ultracentrifugation at 100,000 g for 2 
hours and finally resolved in PBS. 

In the prostate cancer cells, the prostasomes are incorporated into storage 
vesicles in the cytoplasm. In order to isolate intracellular prostasomes, the 
PC3 cells were cultivated as above for 96 h, detached and collected from the 
plate and then ultrasonicated on ice at 20 kHz and pulses of 3x20 seconds 
before the first centrifugation step. 

mRNA analyses 
RNA isolation and cDNA synthesis 
Two methods were used for both the isolation of total RNA and the synthesis 
of cDNA. For the PCR and real-time quantitative PCR reactions in paper 1, 
2 and 4, two-phase RNA extraction with the phenol reagent Trizol (Invitro-
gen) was used. cDNA was then obtained using oligoDT and the moloney 
murine leukemia virus enzyme (Invitrogen). For the PCR Array experiments 
in paper 4, total RNA was extracted with the Qiagen RNeasy micro kit and 
cDNA synthesized with the RT2 First Strand Kit from SABiosciences. 

Reverse transcriptase PCR 
mRNA for AKT1, AKT2, AKT3, BAX, BCL-XL, BCL-2 (paper 1), GRP78 
(paper4) and the housekeeping gene �-actin was determined by reverse tran-
scriptase PCR (RT-PCR). Primers and protocols have previously been pub-
lished (140-144). The samples were separated by 2% agarose gel electropho-
resis and the bands were visualized by ethidium bromide and UV using a 
Quantity One Fluor-S Multi-Imager (Bio-Rad). 

Real-time quantitative PCR 
Real-time quantitative PCR (ABI prism 7000 system) was used to detect TF 
(paper 1 and 2), p65 (paper 1), and IL-8 (routine and paper 4) mRNA with 
�2-microglobulin as housekeeping gene. The TF mRNA method has previ-
ously been evaluated and described in detail (145) whereas p65, IL-8, and 
�2-microglobulin (for the non-TF analyses) where obtained as Assay on 
Demand kits with the remaining reagents supplied in the Universal PCR 
master mix (Applied Biosystems). The results were calculated using the 
comparative CT method for separate tubes. The amount of target, normal-
ized to an endogenous reference and relative to a calibrator, is given by      2-

��CT where ��CT is �CTTarget – �CTReference. Targets are in this case the in-
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vestigated genes and Reference is �2-microglobulin. As calibrator, the ROX 
dye was used. In this method the control, i.e. the treatment choosen to com-
pare the other treatments with, always gets the value of one or 100% and the 
other treatments are presented as fold increase/decrease or percentage of the 
control. 

RT2 Profiler™ PCR Array 
In a 96-well plate, the Human Apoptosis RT2 Profiler™ PCR Array (SABio-
sciences) profiles the expression of 84 genes involved in apoptosis together 
with five housekeeping genes. Controls for genomic DNA contamination 
and for the efficiency of the RT PCR and PCR reactions were also included 
on the array. The examined genes are covered in Table 2 and more thor-
oughly in Appendix 1. cDNA from treated and untreated cells were mixed 
with RT2 SYBR Green/ROX PCR Master Mix (SABiosceinces) and added 
to the 96-well plate. The PCR was performed on the ABI prism 7000 system 
and the results were calculated using the comparative CT method for sepa-
rate tubes with GAPDH and RPL13A as housekeeping genes. 

Western blotting (paper 1 and 4) 
In paper 1, the MDA-MB-231 cells were incubated with or without simvas-
tatin, GGPP, and FVIIa and examined with regards to AKT phosphorylation. 
In paper 4, the MDA-MB-231 cells were treated with TRAIL in combination 
with FVIIa or FVIIa/FX for 6 h and analyzed for AKT phosphorylation or 
treated with �2M* or SLIGKV for 20 minutes and analyzed for p44/42 phos-
phorylation. Blocking GRP78 antibodies (polyclonal C- and N-terminal) 
were added 15 minutes prior �2M*. After incubation (1.5x106 cells per well) 
and lysis of the cells, the protein concentration in the samples was assessed 
by the bovine serum albumin standard set from Bio-Rad Laboratories and 
equal protein quantities of each sample were separated by 10% SDS-PAGE 
and transferred to a nitrocellulose membrane. The membranes were in paper 
1 and 4 incubated with a rabbit polyclonal antibody against phosphorylated 
AKT (Ser473) or, in paper 4, a mouse monoclonal antibody against phos-
phorylated p44/42 (Thr202/Tyr 204) (Cell Signaling) followed by a second 
incubation with horse radish peroxidase-conjugated secondary antibodies. 
The reactive bands were detected by chemoluminiscence and exposure of the 
filters to autoradiography films. The membranes were then stripped and re-
probed with a rabbit polyclonal antibody detecting PKB/AKT (Santa Cruz 
Biotech, CA, USA) or a mouse monoclonal p44/42 antibody (Cell Signaling) 
for loading control. 
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Table 2. Genes in the Human Apoptosis PCR Array  

Family Genes 

– TNF Ligand  CD40LG (TNFSF5), FASLG (TNFSF6), LTA, TNF, TNFSF10 (TRAIL), 
CD70, TNFSF8 

– TNF Receptor  CD40 (TNFRSF5), FAS (TNFRSF6), LTBR, TNFRSF10A (TRAILR1), 
TNFRSF10B (TRAILR2), TNFRSF11B, TNFRSF1A, TNFRSF1B, 
TNFRSF21, TNFRSF25, CD27, TNFRSF9. 

– Bcl-2  BAD, BAG1, BAG3, BAG4, BAK1, BAX, BCL2, BCL2A1, BCL2L1 
(BCL-XL), BCL2L10, BCL2L11, BCL2L2, BCLAF1, BID, BIK, BNIP1, 
BNIP2, BNIP3, BNIP3L, HRK, MCL1. 

– Caspase  CASP1, CASP2, CASP3, CASP4, CASP5, CASP6, CASP7, CASP8, 
CASP9, CASP10, CASP14 

– IAP  NAIP, BIRC2, BIRC3, BIRC4, BIRC6, BIRC8 

– TRAF  TRAF2, TRAF3, TRAF4 

– CARD  APAF1, BCL10, BIRC2, BIRC3, NOD1, CARD6, CARD8, CASP1, 
CASP2, CASP4, CASP5, CASP9, CRADD, NOL3, PYCARD, RIPK2 

– Death domain  CRADD, DAPK1, FADD, FAS (TNFRSF6), TNFRSF10A (TRAILR1), 
TNFRSF10B (TRAILR2), TNFRSF11B, TNFRSF1A, TNFRSF21, 
TNFRSF25, TRADD 

– Death effector 
domain  

CASP8, CASP10, CFLAR, FADD 

– CIDE Domain  CIDEA, CIDEB, DFFA 

– p53 and DNA 
damage response 

ABL1, AKT1, APAF1, BAD, BAX, BCL2, BCL2L1, BID, CASP3, CASP6, 
CASP7, CASP9, GADD45A, TP53, TP53BP2, TP73 

– Anti-apoptosis AKT1, BAG1, BAG3, BCL2, BCL2A1, BCL2L1, BCL2L10, BCL2L2, 
BFAR, NAIP, BIRC2, BIRC3, BIRC4, BIRC6, BIRC8, BNIP1, BNIP2, 
BNIP3, BRAF, CASP2, CFLAR, FAS (TNFRSF6), IGF1R, MCL1, TNF, 
CD27 

– Housekeeping 
genes 

B2MG, HPRT1, RPL13A, GAPDH, ACTB 

A gene may be present in several families. For a more detailed overview, please 
refer to Appendix 1. 

Immunoprecipitation and western blotting (paper 3) 
PAE/PDGFR�/TF or PAE/PDGFR� cells were seeded out in 6-well plates 
and starved in serum-free media over night. The cells were then incubated 
with or without FVIIa, SLIGKV, or PDGF-BB (as positive control). The 
Src-family inhibitor SU6656 was also added to a subset of the cells.  
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When analyzing the overall phosphorylation of the PDGFR�, the receptor 
was immunoprecipitated using a PDGFR� antibody (Santa Cruz) and the 
immune complexes were captured by incubation with protein A-sepharose 
(Amersham). After immunoblotting, the tyrosin-phosphorylated PDGFR� 
was detected by a pan-phosphotyrosine antibody. For direct immunoblotting 
with PDGFR� site-specific phosphoantibodies (Cell signaling), the serum 
starved PAE/PDGFR�/TF cells were stimulated with FVIIa or PDGF-BB 
and lyzed in SDS sample buffer containing DTT.  

For the analysis of Src family kinases the plates were pre-coated with 
type I collagen. Phosphorylation of the Src-family active site Y416 was then 
analyzed both in total cell lysates and in c-Src, c-Yes, and c-Fyn immuno-
precipitates from PAE/PDGFR�/TF cells treated as above. PDGFR� or FAK 
antibodies were used for loading control. 

Flow cytometry 
Flow cytometry is a technique for counting, examining, and sorting micro-
scopic particles suspended in a stream of fluid. The flow cytometer (Coulter 
EPICS XL, Beckman Coulter) was used to detect the surface expression of 
proteins such as IgG1, TF, PAR1/2, PDGFR�, and GRP78 on cells and IgG1, 
TF and phosphatidylserine on the prostasomes in paper 2. Prostasomes were 
analyzed with fluorophore-conjugated primary antibodies and counted by 
using Flow-Count beads (Beckman Coulter) and a FITC-labeled mouse mo-
noclonal antibody against seminal prostasomes. In paper 1, propidium iodide 
was used to check the cell viability in relation to the detection of TF. 

Confocal microscopy 
Many cholesterol-independent effects of statins are dependent on the inhibi-
tion of the synthesis of the isoprenoid intermediate GGPP in the mevalonate 
pathway. GGPP activates RhoA, which in this state is membrane-localized. 
In order to study the activation of RhoA in our experimental systems, the 
MDA-MB-231 (paper 1) and the PC3 cells (paper 2) were treated with sim-
vastatin and/or GGPP. The cells were then fixed by a tricloroacetic acid-
fixation methodology, permeabilized with Triton X-100, and labeled with a 
primary antibody against RhoA (Santa Cruz) and a secondary Alexa Fluor 
488-conjugated antibody (Molecular Probes). Active RhoA was finally visu-
alized using a LSM 510 confocal microscope (Carl Zeiss) as glowing edges 
lining the cells whereas the inactive/unlipidated form was found unevenly 
distributed in the cytoplasm. 
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Tissue factor activity 
The TF activity was analyzed using a method based on cleavage of a chro-
mogenic substrate by thrombin. Briefly, coagulation factors II, VII, IX, X, 
and Va, phospholipid, recombinant TF or a sample with unknown TF activ-
ity were mixed. CaCl2 was added for four minutes at 37°C which resulted in 
the production of thrombin reflecting the amount of TF. A chromogenic 
thrombin substrate (Pefachrome) was added for another four minutes at 37°C 
and the reaction was stopped by the addition of acetic acid. Finally, the 
amount of cleaved thrombin substrate was examined at 405 nm in a mi-
croplate reader. Each sample was analyzed in pairs and the TF activity in the 
samples was read off a standard curve based on recombinant TF. 

Chemotaxis 
In paper 3, the migration of LPS-stimulated monocytes, fibroblasts, and 
PAE/PDGFR�/TF cells was assayed in a modified Boyden chamber assay. 
Briefly, the cells migrated in a micropore nitrocellulose/nitroacetate filter. 
Various concentrations of chemotactic agents (MCP-1, f-MLP, CRP, C5a, 
IL-8 and PDGF-BB) were diluted in the assay media and added below the 
filter in the Boyden chamber. The cells, in the assay media, or cells pre-
incubated with FVIIa, active site inhibited FVIIa, or PAR2 agonist with or 
without inhibitors against PAR2, MEK, Src, PLC or G�0/G�i were applied 
above the filter. The chambers were incubated for one (monocytes) and six 
hours at 37°C in a cell culture incubator. The filters were then fixed, stained, 
washed and mounted.  

Migration was measured with the leading front technique, as the distance 
from the top of the filter to the two furthest migrating cells, in a high-power 
field at focus. The migration distance in each filter was calculated as the 
mean of observations of at least three different parts of the filter. Experi-
ments were performed in duplicate for each concentration of the chemoat-
tractants and repeated at least three times. For each set of experiment, the 
random migration of monocytes toward the assay media served as standard 
and was calculated as 100% migration. 

Apoptosis assay 
In paper 1, 2 and 4, apoptosis was induced by simvastatin, TRAIL or serum 
deprivation with or without the presence of coagulation factors. Active cas-
pases were detected using the FITC-labeled caspase-3 and partly caspase-7 
probe FAM-DEVK-FMK or the FITC-labeled caspase-8 probe FAM-LETD-
FMK (Chemicon). Briefly, the caspase probes were added to the cells 1 h 
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prior to the end of the incubation time. The cells were then fixed with for-
maldehyde and Hoechst 33342 was added for staining of the nucleus. The 
cells were analyzed with the ArrayScan™ high content screening system 
(Cellomics Inc). This is a computerized automated fluorescence 
imaging microscope that automatically identifies stained cells and reports the 
intensity and distribution of fluorescence in individual cells. Automatic fo-
cusing, image acquisition and analysis were performed to collect data in a 
total of 800 cells in each well. The arbitrary value from taking the standard 
deviation of the intensity of the pixels under the channel measuring Hoechst 
33342 reflected the content of the fragmented DNA. The caspase-3 and -8 
experiments in paper 4 were performed separately. 

Spatial analysis of NF�B 
In paper 1, the MDA-MB-231 cells were treated with or without simvastatin 
and GGPP. For detection of NF�B, the NF�B Activation HitKit™ was used 
according to the manufacturer’s protocol (Cellomics Inc.). Briefly, the cells 
were fixed with formaldehyde, permeabilized with a permebialization buffer 
from the kit and incubated with an antibody against NF�B. The primary 
antibody was detected with an Alexa Fluor 488-conjugated secondary anti-
body and the nucleus was identified by using Hoechst 33342. The mean 
nucleus-cytoplasm intensity difference was determined using the ArrayScan 
HCS system in combination with the cytoplasm-to-nucleus translocation 
application software. Each treatment was tested in triplicates and repeated 
three times. The experiments were performed in 96-well format and in each 
well 1000 cells were analyzed. 

Statistics 
After development, WB and RT-PCR gels were analyzed in Adobe Photo-
shop CS3 (Adobe Systems Inc) and ImageJ. Statistical analysis of the data 
were performed using Student unpaired t-test in Graph Pad Prism 5.0 
(GraphPad software, Inc). The results are expressed as mean ± SEM, and p-
values (2-tailed) below 0.05 are considered statistically significant. 
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Results and discussion 

Simvastatin – a regulator of tissue factor activity in 
apoptosis and haemostasis  
Lately, increasing knowledge has been gained regarding the effects of one 
of the most common drugs in the treatment of coronary artery disease. 
Statins, inhibitors of intracellular cholesterol production, have received at-
tention for unexpected benefits regarding the development of cancer and 
seem to reduce the overall cancer incidence by 14-28% (131). Statins 
have, moreover, been connected to regulation of TF expression on mono-
cytes (127). The underlying mechanisms for these effects were largely 
unknown and paper 1 and 2 of this thesis were therefore designed to fur-
ther clarify the role of statins in apoptosis and haemostasis. The aim was 
also to analyze the interplay between TF-activities and the effects of sim-
vastatin. 

TF/FVIIa prevents apoptosis induced by serum deprivation 
but not apoptosis induced by simvastatin (paper 1) 
In paper 1, the human breast cancer cell line MDA-MB-231 was treated 
with simvastatin and we analyzed by which mechanisms simvastatin in-
duces apoptosis and the influence of TF/FVIIa and TF/FVIIa/FXa on the 
cellular death (summarized in Fig. 6).  

To demonstrate a direct effect by TF/FVIIa in the MDA-MB-231 cells 
and to confirm previously published data concerning the anti-apoptotic ef-
fect by TF/FVIIa during serum deprivation (103), the MDA-MB-231 cells 
were grown with or without 10% serum. Addition of 100 nM FVIIa sig-
nificantly reduced the levels of caspase-3 in the starved cells as did the 
presence of serum.  

Simvastatin treatment increased the levels of apoptosis markers in the 
MDA-MB-231 cells. Cleaved caspase-3 and fragmentation of DNA were 
detected between 24 and 48 h after addition of simvastatin as compared to 
untreated cells. Neither addition of 10 or 100 nM FVIIa nor the formation  
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Figure 5. Simvastatin activates caspase-3. (A) Simvastatin-induced apoptosis 
was detected at 48 and 72 h. Addition of GGPP completely blocked the pro-
apoptotic effect of simvastatin. (B) MDA-MB-231 cells were incubated with or 
without simvastatin for 48 h. Addition of 100 nM recombinant human FVIIa, 100 
nM recombinant human active site inhibited FVIIa (FVIIai), 5/130 nM human 
FVIIa/FX, or 20 nM human FXa at the same time as simvastatin had no effects 
on the induced apoptosis. The results are shown as percentage of the untreated 
(A) or simvastatin (B) treated cells for each individual experiment and statisti-
cally compared to the value of 100%. The bars indicate SEM. ** = p<0.01 *** = 
p<0.001  

of the ternary complex, TF/FVIIa/FXa, altered simvastatins ability to in-
duce apoptosis (Fig. 5).  

This was the first attempt to show anti-apoptotic signaling by TF when 
the apoptosis was induced by other mechanisms than serum starvation. 
An explanation to the lack of effect was found when we focused on the 
mechanisms by which simvastatin promote apoptosis. 

Simvastatin reduces signaling by NF�B (paper 1) 
As previously shown, signaling by PI3k and phosphorylation of AKT are 
mandatory for the anti-apoptotic effect by simvastatin. Previous work us-
ing both mouse and human cells, have demonstrated the activation of 
NF�B by AKT via phosphorylation of IKK� and IKK� (146;147). On the 
contrary, other reports indicate that the expression and regulation of 
PKB/AKT is controlled by NF�B (148;149). Events necessary for NF�B 
activation occur prior to increase in AKT phosphorylation and addition of 
NF�B inhibitors blocked the AKT activation. Moreover, over-expression 
of the p65 subunit of NF�B lead to increased AKT phosphorylation, whe-
reas a similar over-expression of I�B inhibited the phosphorylation. The 
transcription factor NF�B is, upon activation, translocated from the cyto-
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plasm into the nucleus where it binds to the promoter region of a number 
of genes and initiates transcription.  

The treatment of the MDA-MB-231 cells with simvastatin resulted in 
retention of NF�B to the cytosol and transcriptional reduction of the AKT 
isoform AKT1, TF, and the anti-apoptotic protein BCL-2. Although TF 
was still expressed at the onset of apoptosis and possibly still signaling, 
there were fever binding sites for FVIIa present on the surface. Moreover, 
the propagation of the survival signals further downstream of TF/FVIIa 
was also hampered by the reduction of AKT1. There were thus several 
obstructions of TF/FVIIa-induced signaling present in the simvastatin 
treated cells which could explain the missing anti-apoptotic effect. 

In healthy cells, BCL-2 binding prevents the pro-apoptotic protein 
BAX from engaging the mitochondria and induce the cell death machin-
ery. The reduced levels of BCL-2 after simvastatin treatment presented in 
paper 1 are thereby a potential explanation for the pro-apoptotic proper-
ties of simvastatin.  

The effects of simvastatin are dependent on inactivation of 
RhoA (paper 1) 
The Rho GTPases, and especially RhoA, are often over expressed in can-
cer cells. In a process dependent on the cholesterol synthesis pathway in-
termediate GGPP, RhoA regulates the signaling of many other proteins 
within the cells. Blocking of the GGPP production in MDA-MB-231 cells 
by simvastatin reduced the presence of the active/membrane bound form 
of RhoA already after 4 h of treatment (Fig 10). Co-incubation of the cells 
with both simvastatin and GGPP restored the function of RhoA and the 
effects by simvastatin previously recorded, i.e. NF�B retention, reduction 
of AKT1, TF, and BCL-2, and induction of apoptosis (Fig. 5), were no 
longer present.  

Prostate cancer cells are affected in the same way as breast 
cancer cells by simvastatin treatment (paper 2) 
In paper 2, the impact of simvastatin on different aspects of the procoagu-
lant activity of PC3 prostate cancer cells was investigated. To start with, 
we wanted to verify the results found in the breast cancer cells regarding 
RhoA deactivation, TF expression and apoptosis. As for the MDA-MB-
231 cells, apoptosis, assessed as cleaved caspase-3, was recorded after 48 
h of incubation with simvastatin. Likewise, the transcription and cell sur-
face expression of TF and the RhoA localization to the cell membrane 
(Fig. 9) were reduced in response to the statin treatment. All of these fea-
tures were again blunted by the addition of GGPP. The PC3 cells release 



 39

TF-bearing prostasomes, a kind of microparticles with procoagulant activ-
ity in vitro that are detected in the primary prostate cancer tumor but also 
in metastases. The treatment of PC3 cells with simvastatin and the subse-
quent down-regulation of the TF production was also mirrored on the 
prostasomes whose expression of TF was decreased (Fig. 7). 

 
Figure 6. Effects of simvastatin and FVIIa in MDA-MB-231 cells over time. The 
figure summarizes the experiments from paper 1. MDA-MB-231 breast cancer 
cells were incubated with or without 5 μM simvastatin or 100 nM FVIIa in the 
presence of 10% serum for the indicated times. Co-incubation of simvastatin and 
FVIIa were equivalent to incubation with simvastatin alone. At 4 hours simvas-
tatin treatment delocalizes/deactivates RhoA from the cell membrane. This leads 
to NF�B retention to the cytosol and reduction of NF�B-dependent gene expres-
sion of TF and BCL-2. At 24 h, AKT1 mRNA is reduced as well as the surface 
bound TF. At 48 h, AKT protein levels are decreased and the phosphorylated 
form of the protein (pact) is not detectable by western blot. Caspase-3 and frag-
mentation of the DNA is also evident at this time. When the MDA-MB-231 cells 
are treated with FVIIa alone, PKB/AKT is phosphorylated at 24 and 48 h and 
apoptosis induced by serum deprivation was reduced at 24 h. No experiments re-
garding AKT were performed beyond 48 h.  

Simvastatin-induced apoptosis increases the procoagulant 
activity in a dose-dependent manner in prostate cancer cells 
(paper 2).  
Statins are associated with a lowered risk for prostate cancer in vivo (150-
153). Little is known about what dose of which statin that is appropriate 
to use in order to lower the risk. The simvastatin dose of 5 μM used in 
paper 1 is rather high as compared to the plasma levels achieved after a 
standard dose of simvastatin. We therefore tested different doses of sim-
vastatin and monitored both the TF expression on the prostasomes and the 
TF activity in the conditioned medium of the treated PC3 cells. As seen in 
figure 7, the TF expression on the prostasomes decreased in a dose-
dependent manner, but surprisingly the TF activity was enhanced by in-
creasing concentrations of simvastatin (Fig. 8).  
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Figure 7. Simvastatin down-regulated tissue factor on prostasomes derived from 
PC3 cells. Prostasomes were isolated from the conditioned medium of PC3 cells 
and incubated with or without increasing concentrations of simvastatin and 5 μM 
GGPP for 48 h. The decrease of TF on the prostasomes was dose-dependent both 
regarding the population (%) and the expression on individual prostasomes 
(MFI). Addition of GGPP completely blocked the effects of simvastatin.             
* = p<0.05 ** = p<0.01 

Since the TF expression was decreased at the same time as the TF activity 
was increased, the number or prostasomes in the conditioned medium was 
measured. The prostasome count was found to increase with increasing 
doses of simvastatin. We interpret this finding as though TF is mandatory 
for the initiation phase in the cell based model of coagulation, the reduc-
tion of TF on the prostasome surface is secondary to the increased num-
ber of prostasomes in the conditioned medium released due to apoptosis. 
These data illustrate the problem that treatment of cancer increases the 
risk of VTE significantly. Approximately 11% of the patients treated by 
chemotherapy develop thrombosis due to, among other things, the expres-
sion and activity of TF in response to release of cytokines and tumor cell 
apoptosis (154;155). 

Treatment with a low dose of simvastatin decreases the 
production of procoagulant prostasomes (paper 2) 
The prostasomes possess an unusual lipid composition and the membrane 
has a cholesterol/phospholipid ratio about 2:1. It is therefore a plausible  
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Figure 8. High doses of simvastatin increased the tissue factor activity in the 
conditioned medium of PC3 cells. PC3 cells were incubated with or without in-
creasing doses of simvastatin for 48 h and the prostasomes were purified from 
conditioned medium. The tissue factor (TF) activity from the isolated prosta-
somes was found to increase concurrent with the simvastatin dose. * = p<0.05 
*** = p<0.001 

theory to connect the cholesterol depletion following simvastatin treatment 
with a reduction in prostasome production. Since prostasomes may be stored 
in the cytoplasm of prostate cancer cells, the apoptosis-dependent release of 
previously synthesized vesicles could possibly mask the effect of simvastatin 
on the prostasome production. By lowering the dose of simvastatin to 5 nM 
we were able to grow the PC3 cells for a longer period of time without in-
duction of apoptosis. This treatment did not alter the TF production but re-
sulted in a lowered production of prostasomes, lowered levels of prosta-
somes in the conditioned medium of the PC3 cells (Fig. 9), and finally a 
decreased TF activity.  

Concluding remarks paper 1 and paper 2 
The attempt with paper 1, and also paper 4, was to extend the knowledge 
about TF signaling pathways and apoptosis induced by serum starvation 
and other mechanisms. Based on the known effects of statins in vitro and 
in cancer diseases , simvastatin was chosen for the experiments in paper 
1. Simvastatin, in a micromolar dose, was shown to exert similar effects 
in both breast- and prostate cancer cells starting with the delocalization of 
RhoA from the cell membrane (Fig. 10). The following retention of NF�B 
in the cytosol and the widespread impact on gene transcription this results  
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Figure 9. A low dose of simvastatin decreased the production of prostasomes with-
out affecting the expression of TF. PC3 cells were incubated with or without 5 nM 
simvastatin for 96 h and prostasomes were purified from the supernatant and from 
lyzed cells. A) The number of prostasomes was decreased in the supernatant and 
inside the cells. B) There were no changes in the TF expression on the prostasomes 
whether they were isolated from the supernatant or lyzed cells. ** = p<0.01 

in could possibly explain many of the pleiotropic properties of statins de-
scribed in the literature. RhoA has been implicated in the regulation of NF�B 
in HUVEC, monocytes and vascular smooth muscle cells by IKK�-
dependent degradation of I�B� (156-159). It is thus possible that the effect 
on NF�B observed in the present study was due to a RhoA-dependent inhibi-
tion of IKK�/IKK�.  

Our data also support the previous findings on regulation of AKT by 
NF�B . The retention of NF�B to the cytosol was detected prior to the reduc-
tion of AKT1 mRNA and the reduced AKT phosphorylation. Already in the 
first paper published on the anti-apoptotic signaling by TF/FVIIa in serum 
starved cells, FVIIa-induced cell survival correlated with the activation of 
AKT and was inhibited markedly by the specific PI3k inhibitor, LY294002 
(103). Blocking the activation of p44/42 MAPK impaired only modestly the 
ability of FVIIa to promote cell survival in BHK cells transfected with hu-
man TF. In another human breast cancer line, inhibition of phosphorylation 
of either p44/42 MAPK or AKT abrogated the anti-apoptotic effect mediated 
by TF (105). The phosphorylation of p44/42 and AKT was, moreover, only 
detected after treatment with TF/FVIIa/FXa and not by TF/FVIIa. In our 
experimental setup, the TF/FVIIa/FXa complex was also unable to inhibit 
the simvastatin-induced apoptosis. Although we did not investigate the 
p44/42 MAPK pathway, our results clearly emphasize the importance of 
AKT in TF-signaling (160).  

The fact that statins may, similar to chemotherapeutic agents, cause 
VTE, is an important finding. This implicates that a micromolar dose of 
simvastatin perhaps needs to be balanced by anti-coagulant treatment if 
tested in more advanced biological settings. Although TF was still ex-
pressed at the time for the onset of apoptosis and was most likely still sig-
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naling, the total down-regulation of TF transcription by simvastatin is 
significant. TF is linked to many cancers (30-33) and reduced TF levels 
do not only contribute to increased apoptosis but also to reduced levels of 
thrombin which is generated in response to TF availability. Thrombin in-
duces clot formation, activates platelets, and causes deposition of fibrin 
and mediates a number of other cellular responses, including angiogene-
sis, by cleaving of PARs that are linked to various signaling cascades. 

Recently, a number of large prospective clinical studies associate stat-
ins with a lowered risk for advanced, especially metastatic or fatal, pros-
tate cancer (150-153). However, no answers were given regarding which 
statin to use in what dose or what mechanism(s) that is behind the reduced 
risk. Simvastatin might be a complement to traditional cancer treatment 
both in high and low doses. The nanomolar dose may possibly prevent 
VTE by impaired release of pro-coagulant prostasomes in prostate cancer 
and almost all prostate and breast cancer cells were dead at 96 h after a 
micromlar dose. Accordingly, further work in more advanced biological 
settings, with these results as basis, is needed. 

 

 
Figure 10. RhoA delocalization in MDA-MB 231 breast cancer cells and PC3 
prostate cancer cells in response to treatment with 5 μM simvastatin. Ac-
tive/lipidated/membrane localized RhoA is seen as glowing edges lining the cell 
membrane in the untreated cells (white arrow). 
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Tissue factor as a signaling receptor – its role in cell 
migration and cell survival 
There is a complex interplay between coagulation and disorders such as 
atherosclerosis, sepsis, and tumor spreading. Apart from the clotting-related 
effects of FXa and thrombin, the clotting-independent regulation of cellular 
functions of TF/FVIIa are of importance. The induction of signaling path-
ways by the TF-complexes involves both the proteolytic activation of G-
protein coupled PARs, especially PAR2, and the phosphorylation of the 
cytoplasmic domain of TF (139). The TF-mediated intracellular signaling is 
regulating fundamental cellular functions such as migration and cell survival 
and the influence of TF/FVIIa on these important biological functions were 
further studied in papers 3 and 4 of this thesis.  

TF/FVIIa enhances the migration of human monocytes, 
fibroblasts, and PAE/PDGFR�/TF cells toward PDGF-BB 
(paper 3)  
The role of the TF/FVIIa complex in positively regulating the PDGF-BB-
induced chemotaxis in fibroblasts, vascular smooth muscle cells, and endo-
thelial cells was previously reported by our group (67). The importance of 
serine phosphorylation of the TF cytoplasmic domain for the enhanced che-
motactic response was also recently established (98). Apart from involving 
PAR2 and PLC, the specific molecular mechanism and the signaling path-
ways regulating these processes have, however, not been determined in de-
tail. 

It is well established that monocytes within the circulating blood express 
TF upon stimulation by a variety of agents. However, little is known of TF 
signaling and the resulting biological functions in these cells. Therefore, we 
aimed to investigate whether the TF/FVIIa complex also induces molecular 
signals and potentiates migratory responses toward five different well-
known chemoattractants, MCP-1, f-MLP, CRP, C5a, and IL-8, in freshly 
isolated, human monocytes induced by LPS to express TF. Monocyte migra-
tion toward a concentration gradient of these chemotactic factors was in-
duced in a dose-dependent way as expected, but there was no additive effect 
by TF/FVIIa. 

The experiments were then repeated with PDGF-BB as chemoattractant 
and PDGF-BB-induced migration of the monocytes was found to be strongly 
increased by TF/FVIIa. Similar induction was also recorded in 
PAE/PDGFR�/TF cells and the human foreskin fibroblasts 1064Sk and 
1523 expressing endogenous TF (Fig. 111). This indicates a specific cross-
talk between TF/FVIIa and PDGFR� signaling. 
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TF/FVIIa enhanced migration toward PDGF-BB involves PAR2, 
Src, Yes, and PLC (paper 3) 
The aim of paper 3 was also to further the understanding of the mechanisms 
by which TF/FVIIa potentiates cell migration toward PDGF-BB. The group 
has previously reported the additive effect by TF/FVIIa in 
PAE/PDGFR�/TF cells to be dependent on PAR2 and PLC, but not on FXa, 
the ternary complex TF/FVIIa/FXa, thrombin, PAR1, and p44/42 MAPK. 

In this paper, the involvement of PAR2 was confirmed by the use of the 
PAR2 agonist (Fig. 11) as well as by a PAR2 neutralizing antibody which 
abolished the hyperchemotactic response induced by FVIIa and the PAR2 
agonist in all three cell types. The enhanced cell migration was also blunted 
when the cells were treated with a PLC inhibitor. In contrast, inhibition of 
MEK and thus the involvement or the p44/42 MAPK pathway was again 
crossed out as important for the potentiated chemotaxis. To investigate the 
role of Src-family kinases on signaling by TF/FVIIa, the cells were treated 
with the Src family kinase inhibitor SU6656. SU6656 suppressed the poten-
tiated chemotactic response induced by FVIIa as well as by SLIGKV in all 
three cell types tested. The Src-family consists of many proteins of which c-
Src, c-Yes, and c-Fyn are the common members in the three cell types used. 
A prominent phosphorylation of the active site Y416 of Src-family kinases 
was detected on the addition of FVIIa or SLIGKV. The mentioned Src-
family members were then immunoprecipitated from the PAE/PDGFR�/TF 
cells treated with FVIIa. The following western blot analysis revealed c-Src 
and c-Yes, but not c-Fyn, as activated on the formation of the TF/FVIIa 
complex (Fig. 12). 

 
Figure 11. FVIIa or PAR2 agonist-induced potentiation of the migratory response to 
0.1 ng/mL PDGF-BB in monocytes induced by LPS to express TF, in human fore-
skin fibroblasts 1064SK and 1523 expressing endogenous TF, and in 
PAE/PDGFR�/TF cells stable transfected with PDGFR� and wild type TF. The bars 
indicate SEM. *** = p<0.001 
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Figure 12. Phosphorylation of the Src-family active site Y416 in c-Src, c-Yes, and 
c-Fyn immunoprecipitates in the FVIIa and PAR-2 agonist-stimulated 
PAE/PDGFR�/TF cells assessed by western blot. The bars indicate SEM. * = 
p<0.05 *** = p<0.001. 

Transactivation of PDGFR� by the TF/FVIIA complex involves 
the phosphorylation on a subset of tyrosine residues (paper 3) 
Since TF signaling can be mediated through the activation of the GPCR 
PAR2, and receptor tyrosine kinase activation by GPCR agonists has been 
recognized as one of the means to mediate a variety of cellular responses, we 
wanted to test the hypotesis of a TF/FVIIa/PAR2-induced transactivation of 
the PDGFR�. 

To address this suggestion, the PAE/PDGFR�/TF cells were therefore 
made quiescent and treated with 10 nM FVIIa. A TF/FVIIa-induced transac-
tivation of PDGFR� within the cells were then detected and proven to be 
time, concentration and PAR2 dependent, and sensitive to the Src-inhibitor 
SU6656 (Fig. 13). 

Transactivation is, in comparison with ligand-activated RTKs, lesser in 
magnitude and other signaling cascades activated by the GPCR may also 
modify the signaling outcome in different ways. The activation of PDGFR� 
was weaker as compared to activation by 10 ng/ml PDGF-BB also in our 
study. The intracellular part of the PDGFR� has several phosphorylation 
sites which all become autophosphorylated in response to PDGF-BB. We 
therefore analyzed eight of these sites after treatment with FVIIa and found 4 
of them to be phosphorylated (Table 3). 
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Figure 13. The TF/FVIIa-induced transactivation of PDGF�R in PAE/PDGFR�/TF 
cells is dependent on FVIIa (left) and PAR2 (right) and is sensitive to the Src-
inhibitor SU6656 (B and C). The bars indicate SEM * = p<0.05 ** = p<0.01        
*** = p<0.001. 

 Table 3. TF/FVIIa-induced phosphorylations of the PDGF�R in PAE/PDGFR�/TF 
cells 

PDGFR� tyrosine residue Induction by FVIIa Adapter protein 

Y579 + Src 
Y716 - Grb2 (� Ras) 
Y740 - PI3-kinase 
Y751 - PI3-kinase 
Y771 + Ras GAP 
Y857 - … 

Y1009 + PLC�, SHP-2 
Y1021 + PLC� 

TF/FVIIa reduce the activation of caspase-8 in serum starved 
MDA-MB-231 cells 
Programmed cell death, apoptosis, occurs when a cell is damaged beyond 
repair, infected with a virus, or is undergoing stress conditions such as star-
vation (117). DNA damage from ionizing radiation or toxic chemicals can 
also induce apoptosis. The process of apoptosis is controlled by a diverse 
range of cell signals, which may originate either extracellularly (extrinsic 
inducers) to activate caspase-8 or intracellularly (intrinsic inducers) to en-
gage the mitochondria. Defects in this system are a hallmark of cancer.  

In order to survive and form tumors, neoplastic cells must evade or blunt 
their apoptotic response and we (paper 1) and others have reported 
PI3k/AKT dependent TF-signaling to increase survival of serum starved 
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cancer cells. The apoptosis was monitored by measuring levels of cleaved 
caspase-3, one of the more common effector caspases present within the cell. 
Serum deprived apoptosis is traditionally classified as intrinsic apoptosis 
where the activation of caspase-3 is dependent on the mitochondria with 
caspase-9 as the initiator caspase that cleaves procaspase-3 to its active form. 
There are, however, divided opinions on which caspase that serves as the 
apical caspase in the serum starved cells (161-163). Withdrawal of serum 
from the MDA-MB-231 cells increased the activation of the initiator caspase 
in the extrinsic pathway, caspase-8, as compared to serum treated cells. Ad-
dition of FVIIa decreased the caspase-8 activation at the same magnitude as 
for the previously reported inhibition of caspase-3 (paper 1) and thus de-
noted caspase-8 an important role in serum-deprived induction of cellular 
death as well as in TF/FVIIa anti-apoptotic signaling.  

TF signaling reduces the activation of caspase-8 in TRAIL 
treated breast and prostate cancer cells in a PI3-kinase/AKT 
dependent manner (paper 4) 
 In order to get at more refined experimental setup for pinpointing the extrin-
sic pathway, apoptosis was induced by the death receptor ligand TRAIL. 
Triggering of extrinsic apoptosis by ligation of TRAIL with its receptor is 
rapid and efficient. After 6 h of treatment with TRAIL, the onset of apop-
tosis in the MDA-MB-231 cells was evident and high levels of both acti-
vated casase-8 and caspase-3 were recorded (Fig. 14A). Addition of FVIIa 
and FVIIa/FXa, but not FVIIai, suppressed the activation of caspase-8 and -
3. There were no differences between the binary or ternary TF-complexes 
regarding the inhibition of apoptosis. The PI3k/AKT signaling pathway is 
mandatory for the anti-apoptotic effect of TF/FVIIa (18). Treatment of the 
MDA-MB-231 cells with TRAIL and FVIIa or FVIIa/FXa increased the 
phosphorylation of AKT two-fold as compared to TRAIL or untreated cells. 
Addition of the PI3k inhibitor LY294002 to TRAIL/FVIIa treated cells in-
creased the activation of caspase-8 and caspase-3 respectively (Fig. 14B). 
LY294002 had no pro-apoptotic effect of its own on the MDA-MB-231 
cells. 
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Figure 14. FVIIa reduce the activation of caspase-8 in TRAIL treated MDA-MB-
231 in a PI3k/AKT dependent manner. (A) Activation of caspase-8 by 100 ng/ml 
TRAIL for 6 h was inhibited by 100 nM FVIIa and 5/130 nM FVIIa/FX but not by 
FVIIai. (B) Addition of the PI3k inhibitor LY294002 decreased the anti-apoptotic 
effect by TF/FVIIa. The bars indicate SEM. * = p<0.05 ** = p<0.01 *** = p<0.001 

The results regarding the anti-apoptotic effect by TF/FVIIa in TRAIL-
induced cell death were then verified in the prostate cancer cell line PC3.  

PAR1 and PAR2 are not involved in the anti-apoptotic signaling 
by TF/FVIIa (paper 4) 
The involvement of PAR1 and PAR2 in the pro-survival signaling by the 
TF-complexes has been proposed, but never proven, in previous publica-
tions. To confirm the MDA-MB-231 cells signaling abilities, and to verify 
the eventual participation of PAR1/2 in mediating the responses, the cells 
were first screened for TF, PAR1, and PAR2 surface expression by flow 
cytometry and IL-8 expression after incubation with FVIIa, FVIIai, and 
PAR1/2 agonists. We could show that the cells expressed all the examined 
proteins on the cell surface, that the transcription of IL-8 was initiated by 
both FVIIa and the PAR-agonists and concluded that the cells were suitable 
for the use in this context. As seen in figure 15A, treatment with PAR1 ago-
nist or PAR2 agonist did nonetheless not rescue the MDA-MB-231 cells 
from apoptosis. The use FVIIa together with PAR1 and PAR2 neutralizing 
antibodies, shown to prevent IL-8 mRNA expression, had no impact in the 
pro-survival signaling by TF/FVIIa (Fig. 15B).  
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Figure 15. PAR1 and PAR2 are not involved in the anti-apoptotic signaling by 
TF/FVIIa. (A) Treatment with PAR1- (SFLLRN) or PAR2- (SLIGKV) agonist did 
not prevent TRAIL induced apoptosis in the MDA-MB-231 cells. (B) Addition of 
PAR1 and PAR2 blocking ant-bodies did not alter the anti-apoptotic effect by FVIIa 
in the MDA-MB-231 cells.The bars indicate SEM ** = p<0.01 *** = p<0.001 

GRP78 is not involved in the anti-apoptotic signaling by 
TF/FVIIa (paper 4) 
A protein reported to interact physically with TF on the cell surface and the-
reby inhibit the PCA is the chaperone GRP78. The inhibitory effect by 
GRP78 on the PCA was blocked by treatment with GRP78 antibodies (85). 
In the search for an alternative to the PAR-receptors, the MDA-MB-231 
cells were treated with �2M* and the phosphorylation of p44/42 MAPK was 
analyzed by WB. An increase in phosphorylation was detected indicating a 
functional receptor. The specificity was supported by the fact that antibodies 
against GRP78 reduced the observed phosphorylation. Blocking of GRP78 
with antibodies had, however, no effect on the TF/FVIIa induced anti-
apoptosis and thereby ruled out GRP78 as the transmitter of the cellular sig-
nals. 

TF/FVIIa regulates pro-apoptotic genes within the MDA-MB-
231 cells (paper 4) 
The final aim of paper 4 was to map the downstream targets of the TF-
induced anti-apoptotic pathways. In order to go further downstream of the 
PI3k/AKT and p44/42 MAPK pathways, we profiled the expression of 84 
genes involved in apoptosis after treatment with FVIIa, TRAIL, and 
TRAIL/FVIIa. Out of the 84, 12 genes, e.g. caspase-8, DAPK1, and HRK, 
are seen as novel candidates for more extensive studies (Table 4).  
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Table 4. Genes regulated in the MDA-MB-231 cells by TRAIL and FVIIa as com-
pared to untreated cells. Mean indicates fold increase of three experiments. 

   

Concluding remarks paper 3 and 4 
Addition of FVIIa enhances the chemotaxis of TF-expressing monocytes 
toward a gradient of PDGF-BB, but not toward five other tested chemoat-
tractants. TF/FVIIa signaling in monocyte-derived macrophages has been 
sparsely described and our study is so far the first one to use freshly isolated 
human monocytes in this context. In many publications using different cell-
types, also in our study, TF/FVIIa signaling results in expression of IL-8. 
The migration toward FVIIa of breast cancer cells with constitutive TF-
expression was described as entirely dependent on TF/FVIIa-induced IL-8 
production (101). In our experimental system, the rather weak effect of IL-8 
on chemotaxis of the short-term cultured human monocytes was not altered 
by addition of FVIIa. This rules out the possibility that the FVIIa-dependent 
potentiation of chemotaxis is regulated by IL-8 via an autocrine loop. Fur-
thermore, our results clearly demonstrate a specific cross-talk between 
TF/FVIIa and PDGFR�. The additive effect by TF/FVIIa was also seen in 
fibroblasts with constitutive expression of TF and PAE/PDGFR�/TF cells 
with transfected TF. This indicates that the TF/FVIIa-induced elevated mi-
gratory response to PDGF-BB could be of broader functional importance.  

We also report, for the first time, that TF/FVIIa induces a time- and con-
centration-dependent transactivation of the PDGFR� in PAE/PDGFR�/TF 
cell. The transactivation of the PDGFR� is sensitive to Src inhibition and 
involves PAR-2. In contrast to PDGFR� activation by PDGF-BB, which 
induces phosphorylation of all of the intracellular tyrosines, the TF/FVIIa-
complex mediates a selective phosphorylation of tyrosine residues. The four 
confirmed activated tyrosine-sites have in a number of other reports been 
closely linked to cell migration (96) and the observed potentiation of PDGF-
BB-induced cell migration by TF/FVIIa could thus be regulated by the 
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TF/FVIIa-induced transactivation of PDGFR�.These findings open up a new 
field of research with characterization of the signaling intermediates in-
volved in this process, the activated signaling pathways, and their roles in 
TF/FVIIa- as well as PDGFR�-dependent biological functions. The results 
may in the long run be of clinical importance in treatment of diseases such as 
cancer and atherosclerosis. 

In paper 4, we show for the first time that TF/FVIIa and TF/FVIIa/FXa 
target the TRAIL induced extrinsic apoptosis pathway and reduces the acti-
vation of caspase-8 in breast and prostate cancer cells. Moreover, we identi-
fied caspase-8 as the initiator caspase in the serum starved MDA-MB-231 
cells. The activation of apoptosis by serum withdrawal is traditionally classi-
fied as intrinsic/mitochondria-dependent apoptosis. In previously published 
papers, the anti-apoptotic proteins BCL-XL and survivin have been pointed 
out as responsible for the anti-apoptotic effect of TF/FVIIa. Both of these 
proteins are involved in the regulation of the intrinsic pathway and do not 
interfere with the activation of caspase-8. Given that TF/FVIIa reduced pro-
caspase-8 activation induced by serum starvation, other genes or proteins 
must be the targets for the TF/FVIIa-induced signaling. We therefore con-
cluded a screening of a number of apoptosis-related genes. Several genes, 
not including BCL-XL, were found to be differently regulated depending on 
whether the cells were treated with TRAIL alone or in combination with 
FVIIa. The signficant increase of pro-apoptotic gene transcriptions induced 
by TRAIL was abrogated by the addition of FVIIa which indicates a more 
general suppression of apoptosis by TF/FVIIa.  

Involvement of PAR1 and/or PAR2 has been suggested also in the anti-
apoptotic signaling by TF/FVIIa. In order to address this question, we con-
firmed functional receptors in the MDA-MB-231 cells. Using a number of 
strategies, e.g. PAR1/2 agonists and PAR neutralizing antibodies, either one 
by one or in combinations, we could clearly demonstrate that these protease 
activated receptors are not involved in the anti-apoptotic signaling by the 
TF-complexes in the given experimental setup. We thereby conclude that 
TF/FVIIa-induced anti-apoptotic signaling requires the protease activity of 
FVIIa and probably the involvement of another cell surface component. 

Finally we present data that GRP78, implicated to regulate the procoagu-
lant activity of TF on the cell surface, does not seem to direct the anti-
apoptotic signaling by TF/FVIIa. The mechanisms for increased survival 
previously linked to GRP78 seem therefore to be separated from those of 
TF/FVIIa. 
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Summary 

� Intracellular signaling exerted by the binary and ternary TF complexes 
reduces activation of caspase-8 and prevents cellular death in serum de-
prived and TRAIL treated cancer cells. 

 
� The identification of caspase-8 as the initiator caspase in serum deprived-

induced apoptotis, which traditionally is classified as intrinsic apoptosis 
and thus independent of caspase-8, is of significant importance for the 
further mapping of the anti-apoptotic signaling of TF/FVIIa.  

 
� The inhibitory effect of TF/FVIIa on caspase-8-induced apoptosis is de-

pendent on the PI3k/AKT pathway and the protelytical activity of FVIIa 
but not on the engagement of PAR1, PAR2, or GRP78. This emphasizes 
the role of AKT in TF signaling and implies the conceivable involvement 
of other cell surface components.  

 
� Activation of the TRAIL-receptors significantly up-regulates a number of 

pro-apoptotic genes in the MDA-MB-231 cells previously not studied in 
the context of TF signaling. The increased transcription of these genes 
was abolished by the presence of FVIIa. 

 
� Simvastatin induces apoptosis in a time- and dose-dependent manner and 

by decreasing the transcription of the anti-apoptotic and NF�B-dependent 
gene BCL-2. 

 
� Simvastatin treatment (5μM) provokes a RhoA-dependent cytosolic reten-

tion of NF�B which subsequently inactivates the PI3k/AKT signaling 
pathway due to reduced transcription of AKT1. These results explain that 
neither TF/FVIIa nor TF/FVIIa/FXa could prevent simvastatin-induced 
apoptosis in breast and prostate cancer cells.  

 
� Simvastatin at micromolar doses down-regulates TF mRNA and protein 

expression in cancer cells and in prostasomes released by PC3 cells. With 
regard to the TF procoagulant activity, the decrease of TF on the prosta-
some surface is secondary to the increased number of prostasomes re-
leased into the conditioned medium during apoptosis. 
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� The low simvastatin dose (5nM), high enough to diminish the cholesterol 
biosynthesis but insufficient to cause cell death, reduces the production of 
prostasomes, lowers the levels of prostasomes in the conditioned medium, 
and decreases the TF coagulant activity. In prostate cancer a nanomolar 
dose of simvastatin may therefore have an anti-thrombotic effect due to 
the reduced levels of circulating procoagulant microparticles.  

 
� Statins have been reported to have lipid-independent benefits regarding 

cancer disorders. The data presented in this thesis further the understand-
ing of the underlying mechanisms.  

 
� Intracellular events conducted by the TF/FVIIa complex selectively en-

hances the PDGF-BB induced chemotaxis. The potentiated chemotaxis 
recorded in three principally different cell types indicates a boader func-
tion of TF in regulation of cell migration.  

 
� TF/FVIIa induces a specific time- and concentration-dependent transacti-

vation of the PDGFR�. Tyrosine residues of the PDGFR� previously 
linked to migration were selectively phosphorylated upon the TF/FVIIa 
complex formation.  

 
� The signaling pathways governing the potentiated chemotaxis involve 

activation of PAR2, PLC, and the Src-family members c-Src and c-Yes. 
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Sammanfattning på svenska 

I Sverige diagnosticeras omkring 50 000 personer med cancer varje år. Upp-
skattningsvis 15 % av dessa drabbas av en blodpropp som i många fall 
kommer att vara den direkta dödsorsaken. Proteinet tissue factor (TF) finns 
på celler som omger blodkärl och stora organ och uttrycks normalt inte på 
celler i kontakt med blodet. Då TF exponeras tillblodet vid t.ex. en kärlska-
da, binder koagulationsfaktor VII (FVII) till TF på cellytan och via stegvis 
aktivering av en rad ytterligare proteiner sker en levring av blodet, kallat 
koagulation. Hos friska personer är hela processen strikt reglerad och balan-
serad och hindras från att starta genom att bland annat upprätthålla en fysisk 
barriär, kärlväggen, mellan TF och blodet. Vid cancer kan dock både re-
gleringen av TF uttrycket och den fysiska barriären sättas ur spel. Cancercel-
ler uttrycker ofta höga nivåer av TF på ytan och i vävnaden kring tumören är 
miljön sådan att TF uppregleras på omliggande celler. I blodbanan påträffas 
hos cancerpatienterna även cirkulerande, TF-uttryckande mikropartiklar 
(MP). Det cellulära ursprunget, spridningen, sammansättningen och betydel-
sen av dessa MP vid olika sorters tumörsjukdomar är ännu ej klarlagd.  

När FVIIa binder till TF på t.ex. en tumörcell så påverkas även ämnen in-
uti tumörcellen. Konceptet kallas cell signalering och kan innefatta många 
processer så som bildandet av nya proteiner och förflyttning av dessa till 
cellens yta eller aktivering av mekanismer som får cellen att motstå pro-
grammerad celldöd (apoptos) och en ökad förmåga att förflytta sig (migra-
tion). Både anti-apoptos och migration är viktigt för cancercellens förmåga 
att sprida sig, metastasera. Den signalerande förmågan hos TF är dock rela-
tivt nyupptäckt och även om biologiska funktioner som anti-apoptos och 
migration är knutna till TF, så är regleringen av cellsignalerna ofullständigt 
klarlagda. Förståelsen för bakomliggande mekanismer kan i förlängningen 
leda till bättre behandling och nya läkemedel.  

I denna avhandling har fokus lagts på reglering av TF produktion, TFs be-
tydelse för cellers överlevnad, frisättningen av mikropartiklar och den pro-
koagulanta aktiviteten av TF vid prostatacancer samt möjligheter att farma-
kologiskt interagera med de bakomliggande orsakerna. En partiell kartlägg-
ning av intracellulära molekyler som medierar TF/FVIIa-inducerad migra-
tion och anti-apoptos har även utförts.  

I arbete 1, 2 och 4 användes bröst- och prostatacancer celler som utsattes 
för olika behandlingar som inducerade apoptos och TF/FVIIa komplexets 
förmåga att rädda cellerna från död undersöktes. Som markörer för apoptos 
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använde vi caspaser. Dessa proteiner aktiveras när cellerna får en signal ut-
ifrån via en så kallad dödsreceptor alternativt inifrån när cellens kraftstatio-
ner, mitokondrierna, får funktionsproblem av t.ex. näringsbrist. Stimulering 
av en dödsreceptor ger en aktivering av caspase-8 som i sin tur aktiverar 
caspase-3 och apoptosen inleds. Mitokondrievägen innefattar en annan me-
kanism, skild från caspase-8, för att få funktionellt caspase-3. Det är tidigare 
visat att celler som svultits på serum går in i apoptos och att TF/FVIIa-
signalering minskar antalet döda celler genom att hämma caspase-3 aktive-
ring. I det första delarbetet i avhandlingen bekräftades dessa data i bröstcan-
cerceller och i arbete 4 visar vi att serumsvält, i motsats till vad som tidigare 
visats, engagerar dödsreceptorvägen då caspase-8 aktiveras. Tillsatts av FVI-
Ia förhindrar aktiveringen av caspase-8 och förklarar de minskade nivåerna 
av funktionellt caspase-3. Detta demonstrerades genom att använda en li-
gand till en av dödsreceptorerna, TRAIL. Signalvägen för caspase-8 häm-
ning genom TF/FVIIa, via ett protein benämnt AKT, identifierades vara 
densamma som tidigare beskrivits för caspase-3. Signaleringen är dessutom 
oberoende av ett antal receptorer sedan tidigare förknippade med TV/FVIIa 
aktivitet, (PAR1, PAR2, GRP78). Detta är av stor vikt vid den fortsatta kart-
läggningen av denna del av TF-inducerad signalering. Genom att använda 
TRAIL visar vi också att TF/FVIIa stoppar ett antal pro-apoptotiska gener 
från att uttryckas. Dessa gener var inte tidigare förknippade med TF/FVIIa 
anti-apoptotiska signalering.  

I arbete 1 och 2 inducerades apoptos också med det kolesterolsyntes 
hämmande läkemedlet simvastatin. Detta läkemedel används i vanliga fall 
mot höga blodfetter och kan även minska TF-produktion samt öka överlev-
naden vid cancer via okända mekanismer. TF/FVIIa kunde inte förhindra 
apoptos inducerad av simvastatin. Simvastatinbehandlingen hämmade prote-
inet RhoA som i sin tur bland annat signalerar till det DNA-bindande protei-
net NF�B att förflytta sig till cellens kärna, binda till DNA och starta pro-
duktionen av mRNA. TF mRNA och AKT mRNA minskade av simvastatin-
behandlingen och därmed var den anti-apoptotiska signaleringen via AKT 
proteinet stoppad. Även BCL-2 mRNA nedreglerades och då BCL-2 behövs 
för att cellen ska klara sig från programmerad celldöd var detta förklaringen 
till simvastatins förmåga att döda cancerceller.  

Då TF startar blodkoagulationen och finns på ytan av MP utsöndrade från 
cancerceller undersökte vi om simvastatin påverkar uttrycket av TF även på 
MP. Vi valde att titta på prostasomer, en typ av kolesterolrika MP som fri-
sätts från prostata cancerceller. Det visade sig att den generella nedreglering-
en av TF i cellen återspeglades på prostasomerna vilket inte tidigare visats. 
Dock ökade detta risken för koagulation eftersom denna dos av simvastatin 
gjorde att cellerna dog och släppte ut de prostasomer som ännu ej frisatts. 
Genom att använda olika koncentrationer av simvastatin fann vi slutligen en 
lägsta nivå där TF inte påverkades och cellerna klarade sig från apoptos. Vid 
denna låga nivå hämmades fortfarande produktionen av kolesterol och såle-
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des även produktionen av prostasomerna. Detta medförde en minskad mängd 
av dessa koagulationsaktiva mikropartiklar även utanför cancercellen och en 
minskad risk för aktivering av koagulationen. 

Kemotaxi innebär att en cell förflyttar sig mot eller från en ökande kon-
centration av ett kemiskt ämne. TF uttryckande celler vandrar mot PDGF-
BB, ett protein som binder till och aktiverar PDGF�-receptorn. I delarbete 3 
fann vi att monocyter, fibroblaster och grisceller med human TF och human 
PDGF�-receptor, alltså tre skilda cellslag, vandrade mot PDGF-BB och att 
närvaro av FVIIa gjorde det möjligt att minska PDGF-BB koncentration100 
gånger. Utöver detta fann vi att inbindning av FVIIa till TF ger en fosforyle-
ring, så kallad transaktivering, av PDGF�-receptorn. Vidare studier visade 
sedan att både den potentierade kemotaxin och transaktiveringen av PDGF�-
receptorn var beroende av, förutom TF/FVIIa, receptorn PAR2 och med-
lemmar den intracellulära signalmolekyl-familjen Src. Detta tyder på ett 
samband mellan dessa båda fynd som potentiellt öppnar upp en rad intres-
santa frågeställningar av framtida klinisk betydelse för behandling av cancer 
och åderförfettning. 
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ström & Helena Vretman, Taavo Tenno, Christina Christersson, Anna Wi-
dunder, Charlotta Hofstedt, Anna Nordin. Ni har varit ett bra gäng som jag 
kännt mig hemma i och som underlättat arbetet med avhandlingen på flera 
sätt än det går att räkna upp. 
 
Tänt var det här! Jenny Eriksson, Elin Nilsson, Kristin Blom, Mirja Minde-
mark, Maria Lampinen, (och till och med) Charlotte Woschnagg, kollegor 
och suparkompisar höll jag på att skriva men det vore väl att ta i. Tack för 
trevliga fikastunder, pepparkakshusbyggen, filminspelningar och afterworks. 
Det börjar väl bli dags att fira min halvtidskontroll snart? 

 
Lena Carlsson, kollega och rumskompis. Tack för din hjälp med prostaso-
merna i arbete två, alltid bra att kunna fråga ett proffs.  
 
Övriga kollegor vid Avdelningen för Klinisk kemi och Farmakologi bör 
också tackas för upprätthållandet av en trevlig arbetsmiljö, för att ni överrös-
tat min MP3-spelare vid sökandet av kontakt och med hjälp att hitta saker 
som är borta så som kemikalier och Malin. Tack också till Stefan Brant för 
att jag får möjlighet att stava ditt namn fel i min avhandling.  
 
Tack till administrativ personal vid Institutionen för Medicinska vetenskaper 
och vid Avdelningen för Klinisk kemi och farmakologi för hjälp med ekono-
miska spörsmål och IT-support.  
 
Killar Kan-gänget, ni vet vilka ni är. Har alltid uppskattat de gånger vi träf-
fats i allihop, bara några stycken eller en och en. Det börjar väl bli dags snart 
igen? 
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Familjen Tevell. Carin & Anders, de bästa av de bästa svärföräldrar. Ni har 
betytt mycket för livet utanför Ackis under de här åren genom hjälp med allt 
i från avkoppling och barnpassning till renovering och golf. Tack för det! 
Likaså har utflykterna till Tove, Staffan, Nora & Lina alltid kommit som 
sköna avbrott (och nu med golf!) där tankarna på forskning stannat i Uppsa-
la. 
 
Familjen Åberg och då framförallt min mamma Barbro, min pappa Stig och 
min syster Ulrika. Att jag kom till Uppsala från första början är ju i grunden 
er förtjänst, genom stöd, uppmuntran att plugga och Ulrika som banade väg 
och väckte intresse för staden. Och även om ni kanske inte fattat ett smack 
av vad jag sysslat med i Uppsala de senaste åren med så har ni alltid frågat 
om vad jag gör, hur det går och hur jag mår. Visat intresse betyder så mycket 
och jag hoppas ni förstår det. För att citera Arvid: stor (kr)aaaaaaaaam! 

 
Till sist och delvis minst, Annica och Arvid, min älskade hustru och min 
underbara son. Vad livet vore trist utan er, vad livet vore tomt. Jag är lycklig 
och glad för att ni finns. Och Annica, vilket stöd du varit, visst under hela 
tiden, men särskilt nu på slutet. Jag ska betala tillbaka under våren. Lycka 
till! Älskar er båda. 

 
 

Uppsala, Oktober 2008 
 
Micke, raknäbbad 
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