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Sammanfattning 
Abstract 

In Sweden about 26000 people are affected by myocardial infarction (MI) every year. Coronary 
vascular diseases and cerebrovascular diseases with blood flow disruption caused by thrombi are 
actually the most common cause of death. A contributing mechanism may be if the fibrinolytic 
system is uncapable to dissolve clots and it might in turn be related to the high amount of 
plasminogen activator inhibitor 1 (PAI-1) released from platelets. This study investigated if there 
is any difference between the thrombin activation of the platelet protease activated receptors 
(PAR) PAR1 and PAR4 concerning PAI-1 secretion. An ELISA assay was modified in order to 
measure PAI-1 released from stimulated platelets. Concerning PAI-1 secretion this study 
concluded that PAR1 activation is slightly more sensitive to PAI-1 secretion than PAR4. Both 
thrombin receptors are really potent in this respect, activating only one of PAR1 or PAR4 is 
enough to get a strong response. This study could also confirm that platelet PAR1 undergoes 
desensitization when stimulated with a low dose of agonist. Despite platelets poor protein 
synthesis machinery it seems like they have the ability to synthesize large amounts of PAI-1.     
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ABSTRACT 
 
In Sweden about 26000 people are affected by myocardial infarction (MI) every year. 
Coronary vascular diseases and cerebrovascular diseases with blood flow disruption caused 
by thrombi are actually the most common cause of death. A contributing mechanism may be 
if the fibrinolytic system is uncapable to dissolve clots and it might in turn be related to the 
high amount of plasminogen activator inhibitor 1 (PAI-1) released from platelets. This study 
investigated if there is any difference between the thrombin activation of the platelet protease 
activated receptors (PAR) PAR1 and PAR4 concerning PAI-1 secretion. An ELISA assay was 
modified in order to measure PAI-1 released from stimulated platelets. Concerning PAI-1 
secretion this study concluded that PAR1 activation is slightly more sensitive to PAI-1 
secretion than PAR4. Both thrombin receptors are really potent in this respect, activating only 
one of PAR1 or PAR4 is enough to get a strong response. This study could also confirm that 
platelet PAR1 undergoes desensitization when stimulated with a low dose of agonist. Despite 
platelets poor protein synthesis machinery it seems like they have the ability to synthesize 
large amounts of PAI-1. 
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TXA2 Thromboxane A2
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1. INTRODUCTION 
 
Coronary vascular diseases are the most common cause of death in our country. Every year 
about 26 000 people become ill of acute myocardial infarction. Myocardial infarction (MI) 
and ischemic stroke are diseases that arise when the blood supply to part of the heart is 
interrupted by a thrombus [1]. By early discovery of the disease, new better drugs and the use 
of stents the chance to survive coronary vascular diseases have increased dramatically the last 
15 years [2].  
 
When a vessel wall is damaged it is necessary to stop the bleeding, a process known as 
haemostasis. Platelets are the smallest cells in the blood and they are very important in 
haemostasis [3]. Vessel wall damages expose components that trigger platelets to activate, 
secrete their granules and spread on the damaged surface. Activated platelets recruit even 
more platelets which end up in the formation of an aggregate to form a plug. At the same time 
exposed tissue factor (TF) activates a complex cascade of reactions that is called the 
coagulation cascade. The coagulation cascade leads to the formation of thrombin that converts 
fibrinogen to fibrin and thereby strengthens the thrombus [4]. When the vessel wall damage is 
repaired it is important that the thrombus can be degraded, a process known as fibrinolysis. 
The fibrinolytic system breaks down the fibrin network in the blood clot and thereby opens up 
for good blood supply. Plasmin is the enzyme that is responsible for the break down of fibrin. 
Plasmin is formed when the precursor plasminogen converts to plasmin by tissue-
plasminogen activator (t-PA) that is secreted from the vascular endothelium. The activity of t-
PA is regulated by an enzyme called plasminogen activator inhibitor 1 (PAI-1) [5]. 
   
PAI-1 was discovered in the early 1980s. First the researchers did not know the meaning of 
PAI-1, but now there is a lot of attention on this enzyme. PAI-1 has an important role in 
inhibiting the fibrinolytic system and thereby prevents premature clot dissolution. Coronary 
heart diseases are associated with low fibrinolytic activity. Elevated levels of PAI-1 in the 
blood mean that there could be an increased risk for thrombosis and myocardial infarction [6]. 
It has also been shown that some myocardial infarction patients are not able to dissolve their 
thrombus, even with antithrombotic drugs. This might be related to the high amount of PAI-1 
release from platelets [7].  
 
 
1.1 Aim with the project 
The aim with this project was to study the thrombin receptors PAR1 and PAR4, to investigate 
how they cooperate when activating platelets. Are there any differences in their way of 
activating platelets? Is one of the two types more important than the other, contributing to a 
stronger response? In the activating process platelets secrete their granules, containing PAI-1. 
The amount of secreted PAI-1 was going to be measured by an already commercial ELISA 
method, but because isolated platelets instead of plasma were going to be used in the project 
the method needed to be modified.   
 
Brogren et al [8] proposed 2004 that platelets despite their poor machinery have the ability to 
synthesize large amounts of active PAI-1. This project also investigated if platelets really 
have this ability to synthesize PAI-1. If they do, does thrombin stimulate platelets to 
synthesize and release even more PAI-1?  
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2. BACKGROUND  
 
2.1 Platelets  
Platelets are produced in the bone marrow as a spin-off from the megakaryocytes and the 
smallest cells that circulate in the blood stream. They are 2.0 – 5.0 μm in diameter, 0.5 μm 
thick and have a volume of 6-10 x 10-15 litres. Normally they circulate in the blood for 7 – 10 
days and their major function is to support haemostasis. [3] 
 
The platelet plasma membrane has a rugose structure called the canalicular system, which 
consists of many tiny folds that resembles the surface of the human brain. The canalicular 
system is important when platelets need to expand and spread on a damaged vessel wall. The 
plasma membrane is covered by a thick coat called glycocalyx. The glycocalyx is a dynamic 
structure that contains many types of receptors that sense changes in the environment at the 
site of a vessel injury and thereby facilitate platelet adhesion. [3] 
 
Platelets are anuclear and they only contain a few types of organelles. There are three 
important types of vesicle-like secretory organelles that contain proteins which are important 
for the blood clotting process; α granules, dense bodies and lysosomes. α granules are the 
most numerous and the largest of these organelles, they are depending on the platelet size 
usually 40 – 80 α granules per platelet. α granules and dense bodies contain proteins, 
receptors and other activating molecules that are necessary for the blood clotting process. 
Their contents are released when platelets become activated. The lysosomes are smaller in 
size than α granules and also fewer in numbers. They contain at least 13 hydrolases, but their 
roles in haemostasis are still unknown. Besides from the secretory organelles platelets also 
contain small numbers of simple mitochondria that is necessary for their energy metabolism. 
[3]  
 
Because platelets lack nucleus they also lack nuclear DNA, instead they contain mRNA that 
they have got from the megakaryocytes. Earlier researchers thought that platelets, because of 
their lack of nucleus and poor machinery, were not able to produce any proteins. It has now 
been shown that platelets have the ability to synthesize some proteins from the retained 
mRNA. [9] 
 
 
2.2 Platelet receptors  
The different receptors on the platelet surface are important for the contact between platelets 
and their environment. The receptors help platelets to adapt to different situations and to 
communicate through a wide range of agonists and other adhesive molecules. A lot of 
receptors are stored in platelet granules and they are only expressed via internal signalling 
cascades upon activation by already existing surface receptors. Because the main function of 
platelets is haemostasis, the major parts of the platelet receptors are directly involved in the 
haemostasis process. They function either by directly activating other platelets or as adhesive 
molecules that bind to the damaged vessel wall and thereby forming a thrombus. The most 
abundant platelet receptors are the glycoprotein GPIb-IX-V complex, GPIIb/IIIa (fibrinogen 
receptor), GPIa/IIa (collagen receptor), protease-activated receptor (PAR) thrombin receptors, 
P2 (ADP) receptors, platelet-endothelial cell adhesion molecule 1 (PECAM-1), P-selectin and 
receptors for coagulation factors. [10] 
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2.2.1 Thrombin  
Thrombin (FIIa) is a serine protease that functions as the most potent platelet activator. The 
precursor prothrombin (FII) is synthesized in the liver and has a half-life of 72 hours. The 
conversion of prothrombin to the active form α-thrombin involves a reaction complex that is 
composed of prothrombin, coagulation factor Xa and Va, a cellular surface membrane and the 
presence of calcium ions. The action of thrombin ends up in platelet degranulation and 
aggregation [11]. Thrombin has another important role in the coagulation cascade, to 
strengthen the haemostatic clot. It does so by cleaving fibrinogen to fibrin strands. Fibrin has 
the ability to polymerize and form a strong fibrin network that stabilizes the clot [4]. Platelets 
express a class of cell-surface protease-activated receptors (PARs) that are activated by 
thrombin. PARs belong to the major agonist receptor family seven transmembrane G-protein 
coupled receptors (GPCR). There are four types of PAR that got their names in the order they 
were discovered; PAR1, PAR2, PAR3 and PAR4. These four types share similarities in their 
structures that suggest that they have evolved from a common ancestral gene. [11]  
 
2.2.1.1 Protease-activated receptor 1 and 4 (PAR1 and PAR4) 
Human platelets only express PAR1 and PAR4, not PAR2 and PAR3. PAR1 was the first 
PAR to be discovered in 1991. This is also the most abundant PAR, expressing about 2500 
copies per platelet and is therefore predominant for thrombin mediated platelet activation. 
PAR1 is a highly glycosylated protein that consist of 425 amino acids and has a molecular 
weight of 70 kDa. PAR4 on the other hand, was the latest PAR to be discovered and it 
consists of 397 amino acids [11]. PARs way of being activated distinguishes from other seven 
transmembrane GPCRs. Most GPCRs are activated by small hydrophilic molecules, but PARs 
do activate themselves in a typical way. They carry their own activating peptide in their N-
terminal. This activating peptide is effectively cleaved by thrombin, leaving a tethered ligand 
that is able to activate its own receptor. The PAR1 activating peptide SFLLRN and PAR4 
activating peptide AYPGKF are synthetic peptides with the same sequence as their 
respectively N-terminal after cleavage. They are widely used in research because they 
effectively and specific activate their receptors [12]. PAR1 and PAR4 differ somehow in their 
way of being activated. The N-terminal of PAR1 contains a hirudin-like sequence that 
interacts with thrombin and thereby gets thrombin in the right position for docking to the 
receptor. PAR4 does not contain any hirudin-like sequence that facilitate docking and the 
following cleavage. This make PAR4 more slowly cleaved than PAR1 and higher amounts of 
thrombin is therefore needed for activation [13] [14].  
 
 
2.3 Haemostasis 
Normally platelets have a discoid shape when they circulate in the blood stream. Because of 
their small size and discoid shape they are pushed near the endothelium of the vessel wall and 
this put them in the right position to detect vessel wall damages. When the endothelium is 
damaged platelets have receptors that recognize some of the connective tissue components 
that are exposed. Platelets respond rapidly by attach to the damage, change shape, spread and 
secrete their granule contents which in turn attract and recruit more platelets from the blood. 
This process is known as haemostasis. [15] 
  
2.3.1 Primary haemostasis 
The primary haemostasis is dependent on exposure of von Willebrand factor (vWf) and 
collagen that are localised in the subendothelial matrix. Platelets contain receptors for 
collagen (GPIa-IIa) and vWf (GPIb-IX-V) which activate platelets and anchor them to the 
damaged vessel wall. The vWf functions as a bridge between the exposed collagen and the 
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GPIb-IX-V complex on the platelet surface and thereby strengthened the interaction. Platelets 
adhere better in arteries than in the veins because of the higher shear stress in the arteries. The 
high shear stress unfolds the vWf, which make it easier for the GPIb-IX-V to bind to the 
exposed active site of vWf. When platelets are activated they secrete their granules and 
undergo a conformational change which forms extensive pseudopods that help them anchor to 
the damage. The release of calcium, adenosine diphosphate (ADP), serotonin and 
thromboxane A2 (TXA2) help platelets to recruit and activate even more platelets. During 
activation platelets also expose GPIIb-IIIa receptors that have the ability to bind to fibrinogen, 
vWf, fibrinectin and thrombospondin. These proteins help to build up the platelet plug by 
making stabilisation bridges between platelets. The platelet plug is temporary and needs to be 
strengthened by the help of the coagulation cascade (secondary haemostasis). [16] The 
primary haemostasis is illustrated in figure 1.  
 

 
Figure 1. Primary haemostasis (platelet receptor activation) (Lars Faxälv). 
 
2.3.2 Secondary haemostasis 
Secondary haemostasis is important for the formation of a strong fibrin clot. This occurs 
through a cascade of reactions called the coagulation cascade that is further divided into two 
pathways; the extrinsic and intrinsic pathways. [16] 
 
2.3.2.1 Extrinsic pathway 
Tissue factor (TF) is an integral membrane protein that functions as an initiator of the 
extrinsic pathway. The rest of the proteins (factors) involved in the coagulation cascade are 
soluble plasma proteins. Upon vessel damages the tissue factor is exposed to the blood and 
thereby binds to factor VII/VIIa (FVIIa) with high affinity, initiating activation of FVII [17]. 
When the cascade is activated FVII also activates by thrombin, FIXa, plasmin, FXII and FXa. 
In the presence of calcium the TF-FVIIa complex converts circulating factor IX (FIX) and 
factor X (FX) to their active forms FIXa and FXa. FXa and its cofactor FVa (that is activated 
by FXa itself or by thrombin that is generated in the coagulation cascade) form a 
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prothrombinase complex on the activated platelet surface. In the presence of calcium the 
prothrombinase complex converts prothrombin (FII) to the active form thrombin (FIIa). The 
generated thrombin also activates FVIII (to FVIIIa) that together with its cofactor FIXa form 
a tenase complex that activate FX. The prothrombinase- and tenase complexes are very 
efficient in converting their respectively proteins to their active forms. Thrombin converts 
fibrinogen to the active form fibrin. Fibrin forms a network that strengthens the platelet plug 
and thereby prevents bleeding [16] [18].      
 
2.3.2.2 Intrinsic pathway   
The intrinsic pathway or contact activation as it also calls is an alternative way for activating 
the coagulation cascade. The intrinsic pathway got its name because the blood has the ability 
to clot spontaneously when it becomes outside the body. The blood itself contains the 
components that are necessary for the blood to clot [19]. The intrinsic pathway involves factor 
XII (FXII), high molecular weight kininogen (HMWK), prekallikrein and factor XI (FXI) 
[16]. It starts with the activation of factor XII to FXIIa. FXII activates by negatively charged 
surfaces such as collagen. FXIIa together with its cofactor high molecular weight kininogen 
(HMWK) form a complex that activates factor XI to FXIa [18]. FXIIa also catalyzes the 
conversion of prekallikrein to the active form kallikrein. Kallekrein has a positive feed back 
effect by activating more FXII and thereby inducing a stronger coagulation response. These 
reactions need the presence of HMWK [20]. FXIa is in the presence of calcium able to 
convert factor IX to FIXa. FIXa forms a complex with FVIIIa that is present on membrane 
surfaces, and thereby activate factor X to FXa. FXa forms, as mentioned above, a 
prothrombinase complex with its cofactor FVa. In the presence of calcium the complex 
converts prothrombin to thrombin which in turn results in the generation of fibrin [18].    
  

 
Figure 2. The coagulation cascade (modified from Ramström 2003 [21]). 
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2.4 Fibrinolysis 
When vessel wall damages start to repair the blood clot needs to be resolved. This is done by 
the fibrinolytic system. Fibrinolysis is a complex series of reactions that break down the fibrin 
network into smaller degradation products. It is a local process that takes place on the surface 
of the fibrin clot and starts with the conversion of plasminogen to plasmin. Plasminogen is an 
inactive form of plasmin that is synthesized in the liver and circulates in the plasma. Tissue-
plasminogen activator (t-PA) and urokinase-type plasminogen activator (u-PA) that are 
derived from endothelial cells are the enzymes responsible for the conversion of plasminogen 
to plasmin. Plasmin forms in a complex with fibrin, plasminogen and t-PA. Plasmin is a 
serine protease with high affinity for fibrin that is responsible for the proteolysis of the fibrin 
network. [5]  
 
 

 
Figure 3. The fibrinolytic system (modified from Ramström 2003 [21]) 
 
 
2.4.1 Plasminogen activator inhibitor-1 (PAI-1) 
PAI-1 was first discovered in 1983. It is a glycoprotein with a molecular weight of 48 kDa, 
consisting of 379 amino acids. It belongs to the super family serine protease inhibitors 
(serpins) and its main function is to inhibit plasminogen activators (t-PA and u-PA) [5] [22]. 
PAI-1 inhibits plasminogen activators in a 1:1 stoichiometric way and it is consumed in the 
process. It is produced by several types of cells including the liver, endothelial cells, platelets 
and macrophages [6]. PAI-1 circulates in low concentrations in plasma (~ 20 ng/ml) but 
approximately 90 % of the existing PAI-1 is stored in the α-granules in platelets [23]. When 
platelets are activated, by for example thrombin, PAI-1 is released at the site of the thrombus 
formation [24]. It circulates in two different forms in the plasma, in an active and a latent 
form. It is synthesized as the active form and it is only the active form of PAI-1 that has the 
ability to bind to and inhibit its substrate t-PA [25]. The active form has the tendency to 
spontaneously convert to the latent form. Because of the quite fast conversion to the latent 
form the crystal structure of active PAI-1 was for long not easy to solve. Now the active 
structure is solved and it has been shown that the active and latent form differs in their three-
dimensional structure [26]. The active form exposes the active site on the surface and the 
latent form keeps the active site inside the protein. The physiological function of the latent 
form in vivo is unknown [27]. The latent form can however in vitro be reactivated by 
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treatment with denaturants or negatively charged phospholipids. Whether the latent form has 
the ability in vivo to reactivates is still unknown [27] [28]. The half-life of active PAI-1 is 1-2 
hours at 37°C and pH 7.4. Of the PAI-1 present in platelets, studies have shown that only 5 – 
10 % is in its active form and have the ability to bind to and inhibit tPA [8]. Even if the 
majority of PAI-1 in platelets is inactive, there are sufficient amounts of the active form that is 
released and able to inhibit t-PA and thereby prevent premature clot dissolution [6]. In plasma 
the active form of PAI-1 is stabilized by binding vitronectin, which increases the half life of 
PAI-1 several folds [29].            
 
It has been shown that there is a relationship between the level of PAI-1 expression and 
thrombosis. During the acute phase of myocardial infarction caused by a thrombus the PAI-1 
level rapidly increases several folds.  Studies also show that there is a high variability of PAI-
1 in the blood, higher than any other component in the fibrinolytic system. This indicates that 
PAI-1 could determine the fibrinolytic activity [30].  
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3. MATERIAL AND METHODS 
 
3.1 Chemicals 
Chemicals and the sources were as follows; The Protease-activated receptor 1 activating 
peptide (PAR-1 ap) SFLLRN (final concentrations 3, 10 and 30 µM) and the Protease-
activated receptor 4 activating peptide (PAR-4 ap) AYPGKF (final concentrations 30, 100 
and 300 µM) were synthesized by Biotechnology centre of Oslo, Oslo University, Norway.  
Purified PAI-1 was prepared by Tomas Lindahl at the Department of Clinical Chemistry, 
University of Linköping, Sweden. The FITC-conjugated P-selectin mouse antibody (final 
concentration 0.24 μg/ml) was purchased from Immunotech, Marsielle, France and the 
unspecific IgY (final concentration 1 mg/ml) was provided by Anders Larsson at the 
Department of Clinical Chemistry, University of Uppsala, Sweden. The PAR-1 antagonist 
SCH79797 dihydrochloride (final concentration 5 μM) was obtained from Tocris Cookson 
Ltd., Bristol, UK. The PAR-4 blocking polyclonal chicken antibody (final concentration 10 
µg/ml) came from Biotechnology Centre of Oslo, Oslo, Norway. Cangrelor (final 
concentration 100 nM) was provided by AstraZeneca (Dr. Michael Wayne, Wilmington, DE) 
and the Medicines Co. All chemicals and materials used in the Western blot experiment were 
from BioRad Laboratories, California, USA. The ECL detection kit containing luminol and 
peroxidase was from Millipore, Billerica, USA. The VEGF Ab-7 (VG1) mouse monoclonal 
antibody came from NeoMarks, Fremont, CA, USA. The MAI-12 mouse monoclonal 
antibody came from Biopool, Umeå, Sweden. The microscopy plate came from Ibidi, Munich, 
Germany. The HRP conjugated anti-mouse Sc2005 were from Santa Cruz Biotechnology, 
Santa Cruz, USA. Thrombin (final concentrations 0.05, 0.1 and 0.5 U/ml), Apyrase (final 
concentration 0.2 U/ml), Triton-X100 (final concentration 0.1%), NaCl, MgSO4, HEPES, 
Acetylsalicylic acid (final concentration 100 µM), M199, Hirudin (final concentration 0.5 
U/ml), Prostaglandin I2 (final concentration 0.5 µg/ml), Paraformaldehyde (PFA), Glucose 
and the P2Y1 antagonist MRS2179 were all from Sigma Chemicals Co., St. Louis, MO, USA. 
CaCl2, KCl, Sodium citrate and Citric acid were from MERCK, Darmstadt, Germany.  
 
 
3.2 Preparation of human platelets  
During the project’s first 15 weeks heparinised whole blood was used for the platelet isolation 
step, while citrate-phosphate-dextrose whole blood (CPD-blood) was used during the last 
weeks. The heparinised and CPD whole blood that were used during the project came from 
healthy donors from the blood bank at Linköping University Hospital, Linköping, Sweden. 
The donors were not allowed to take aspirin or other anti-inflammatory drugs during the last 
10 days before they donated the blood. Two separate isolation protocols were used, depending 
on which type of anticoagulantia in the blood bag.  
 
3.2.1 Isolation protocol for heparinised whole blood 
The heparinised whole blood (WB) was prepared in acid-citrate-dextrose (ACD) solution (5 
volumes blood, 1 volume ACD) that contained 85 mM sodium citrate, 71 mM citric acid and 
111 mM glucose. ACD decreases the pH in order to get a stable and favourable environment 
for platelets. Platelet-rich plasma (PRP) was prepared by centrifugation (SIGMA 4K15, 
SIGMA Laboratory centrifuges, Osterode, Germany) at 220 x g for 20 minutes at room 
temperature. The PRP was separated from the red blood cells and further collected in tubes 
both with or without the cyclooxygenase (COX) inhibitor Acetylsalicylic acid (ASA) (final 
concentration 100 µM) and the ADP scavenger Apyrase (final concentration 0.02 U/ml). The 
tubes were then incubated for at least 30 minutes before they were recentrifuged at 480 x g for 
20 minutes at room temperature. Platelets were then isolated, by exchanging the plasma to the 
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physiological buffer HEPES that contained 145 mM NaCl, 5 mM KCl, 1 mM MgSO4 and 10 
mM HEPES. Finally platelets were resuspended and supplemented with apyrase, counted by 
the cellcounter (MICROS 60-CT, ABX Hematologie, Montpellier, France) and adjusted with 
HEPES/apyrase to the final concentration of  2.5 x 108 platelets/ml.  
 
3.2.2 Isolation protocol for Citrate-Phosphate-Dextrose (CPD) whole blood 
The CPD whole blood was prepared in the same ACD solution as mentioned above (9 
volumes blood, 1 volume ACD). The whole blood was centrifuged (SIGMA 4K15, SIGMA 
Laboratory centrifuges, Osterode, Germany) for 15 minutes at 180 x g at room temperature. 
The PRP was transferred to new tubes and incubated for 15 minutes at 37°C. Prostaglandin I2 
(PGI2) (final concentration 0.5 µg/ml) was then added and a second centrifugation for 10 
minutes at 800 x g at room temperature was done. The platelet-poor plasma (PPP) was 
removed and the pellet was resuspended in HEPES supplemented with PGI2 (final 
concentration 0.5 µg/ml) and Hirudin (final concentration 0.5 U/ml). The platelet 
resuspension was then incubated for 15 minutes at 37°C. PGI2 was once again added before a 
third centrifugation (800 x g, room temperature, 8 minutes) that was followed by an 
incubation period (15 minutes, 37°C). The pellet was resuspended in HEPES/PGI2 followed 
by 15 minutes incubation. One last centrifugation (800 x g, room temperature, 8 minutes) and 
resuspension were done in M199 or HEPES containing PGI2 (final concentration 0.5 µg/ml) 
and apyrase (final concentration 0.02 U/ml).  
 
 
3.3 Flowcytometry 
To control the extent of platelet activation after the isolation step flowcytometer 
measurements were performed by measuring the P-selectin expression on platelets. Platelets 
were mixed with a FITC-conjugated mouse antibody directed against P-selectin (CD62P) 
(final concentration 0.24 μg/ml) and incubated for 20 minutes. A control solution of FITC-
conjugated unspecific IgY antibodies (final concentration 1 mg/ml) were used. The reaction 
was stopped by adding 1 ml HEPES. The samples were finally diluted 1:3 with HEPES and 
run in the flowcytometer (Coulter Epics XL•MCL, Beckman Coulter, Miami, FL, USA).  
 
 
3.4 Aggregation of isolated human platelets 
To be sure that isolated platelets respond to the agonists that were used during the project 
platelets were tested for platelet aggregation using light-transmission aggregometry (PAP-4, 
Bio/Data Corporation, Horsham, PA, USA). Isolated platelets were routinely measured in the 
presence of thrombin (0.1 and 0.5 U/ml), PAR1 ap (30 µM) and PAR4 ap (300 µM). 
 
 
3.5 Experimental designs     
 
3.5.1 Thrombin, PAR1 ap and PAR4 ap stimulation  
Initially platelets were stimulated with different concentrations (0.05 U/ml, 0.1 U/ml and 0.5 
U/ml) of the natural agonist thrombin to study the activating response when both PAR1 and 
PAR4 contributed to PAI-1 secretion. Thrombin was going to be used as a physiological 
positive control during the whole project and therefore it was important to know what 
thrombin concentration to use. Measurements were done for 3 minutes and 3 hours of 
stimulation to know about what time platelets were activated and thereby secreted their 
granule contents. To investigate if there were any differences between PAR1 and PAR4, 
according to PAI-1 secretion during platelet activation, platelets were stimulated with 
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different concentrations of the synthetic peptides SFLLRN (PAR1 activating peptide) (3 µM, 
10 µM and 30 µM) and AYPGKF (PAR4 activating peptide) (30 µM, 100 µM and 300 µM).  
 
3.5.2 PAR1 and PAR4 inhibition  
SFLLRN and AYPGKF are synthetic peptides that do not exist in the body. In the 
experiments mentioned above there were no inhibitors used which means that both types of 
receptors were opened to react. Another and more realistic type of approach was performed 
by using PAR1 and PAR4 antagonists and the natural agonist thrombin. This approach made 
it possible to study the PAR1 and PAR4 responses individually. Platelets were incubated for 2 
minutes with 5 µM SCH79797 (PAR1 antagonist), 10 µg/ml PAR4 blocking chicken antibody 
(PAR4 antagonist) and 1 mg/ml unspecific IgY antibody. Different concentrations (0.05 
U/ml, 0.1 U/ml and 0.5 U/ml) of thrombin were then added for 3 minutes. 
 
3.5.3 Long-time stimulation and PAI-1 synthesis 
To investigate if platelets do synthesize any PAI-1 when stimulated with agonists, as Brogren 
et al proposed, a long-time stimulation was done. Platelets were isolated according to the 
protocol with one exception; M199 buffer supplemented with L-glutamine and other essential 
components for protein synthesizes was used instead of HEPES. Platelets were stimulated 
with 0.5 U/ml thrombin, 30 µM PAR1 ap and 300 µM PAR4 ap during 24 hours at 37°C, at 
500-600 rpm. Unstimulated platelets were used as a control.  
 
3.5.4 Long-time stimulation and P2Y12 and P2Y1 inhibition 
To see whether the ADP receptors P2Y12 and P2Y1 affected the PAI-1 synthesize and release 
a long time stimulation experiment was performed. The P2Y12 antagonist Cangrelor (final 
concentration 100 nM) and P2Y1 antagonist MRS2179 (final concentration 20 μM) were 
incubated together with platelets during 4 minutes. Then platelets were stimulated with 
thrombin (0.1 and 0.5 U/ml), PAR1 ap (30 μM) and PAR4 ap (300 μM) during 24 hours, at 
37°C at 500-600 rpm. Unstimulated platelets were used as a control.  
 
3.5.5 Desensitization 
Earlier studies in our lab showed that a prestimulation with a low dose of PAR1 ap could have 
a desensitization effect of a further high dose of PAR1 ap on PAR1 when studying tyrosine 
phosphorylation and light-transmission aggregometry. Now we were interested in to see if this 
desensitization also affected the function in secretions of proteins in α granules. Platelets were 
therefore initially stimulated with a low dose of PAR1 ap (3 µM) for 10 minutes, followed by 
a high dose of PAR1 ap (30 µM) for 3 minutes. To resemble human blood flow all samples 
were incubated in the thermoshaker at 37° C at 500-600 rpm (Grant-bio PHMT, Grant 
instruments, Cambridgeshire, UK). To see if PAR4 still responded to its agonist, even if 
PAR1 had been desensitized, another sample was treated as above, but after the 3 minutes 
stimulation with 30 µM PAR1 ap a high dose of PAR4 ap (300 µM) was further added for 3 
minutes. To investigate if a low dose of PAR4 ap (30 µM) might desensitize the PAR4, 
platelets were stimulated with a low dose of PAR4 ap (30 µM) for 10 minutes, followed by a 
high dose of PAR4 ap (300 µM) for 3 minutes. A high dose of PAR1 ap (30 µM) was also 
added, as above.  
 
All samples were, after the stimulation step, centrifuged at 14000 rpm for 10 minutes at 4° C. 
The supernatants, that contained secreted PAI-1, were transferred to new tubes and the pellets 
were washed, resuspended and lysed in HEPES and 0.1 % Triton-X100.  
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3.6 Detection of PAI-1  
 
3.6.1 Enzyme-linked Immunosorbent Assay (ELISA) 
 
The ELISA principle 
ELISA is an immunological method first described by Engvall E. et al 1971 [31]. It is a 
method for detection and quantification of peptides, proteins, hormones and antibodies. A 96-
well polystyrene ELISA plate covered by a special type of antibody or antigen is used in the 
assay. There are several types of ELISA-assays but the most common is the sandwich 
principle that captures the analyte between two antibodies. The wells are coated by primary 
antibodies that the proteins or antigens of interest can bind to. When the proteins have been 
bound to the wells enzyme conjugated secondary antibodies are added. The secondary 
antibodies are specific for the antigens. A washing step is done to remove unbound species. 
Finally a substrate is added that is converted by the conjugated enzyme to a detectable 
product. [32]   
 
 

 
Figure 4. The principle of sandwich ELISA. (Ag = antigen) 
 
 
Project procedure 
Detection of PAI-1 secretion was studied with Enzyme-linked Immunosorbent Assay 
(ELISA) by using the sensitive tintELIZE® PAI-1 kit (Biopool AB, Umeå, Sweden). The 
tintELIZE PAI-1 kit measures all forms of PAI-1 (active, inactive and in complex with tPA) 
in plasma. In this project the tintELIZE kit was used to study secretion of PAI-1 in isolated 
platelets, not in plasma.   
 
The tintELIZE PAI-1 kit was based on the sandwich principle, similar to the one described by 
Declerck et al [23]. The wells on the ELISA plate were covered by a specific PAI-1 antibody 
(MA-7D4B7). Buffer and the samples were added to the wells and the PAI-1 that was present 
in the samples could bind to the immobilized antibodies. Horseradish peroxidase (HRP) 
conjugated antibodies that binds specifically to PAI-1 were then added. To be sure that 
binding took place the ELISA plate was incubated for two hours at 500-600 rpm on the 
shaker. After the incubation period the wells were washed by an ELISA washer (Wellwash4, 

11 



Denley Instruments, Essex, UK) to remove unbounded species. Ortho-phenylenediamine 
(ODP), a HRP substrate, was added together with H2O2 during 15 minutes on the shaker (500-
600 rpm). HRP converts ODP to a yellow-coloured product that can be measured. A stop-
solution, 3 M HCl, was finally added to stop the reaction. The yellow colour was proportional 
to the amount of PAI-1 that was bound in each well.  
 
3.6.2 Multiskan spectrum 
In order to quantify the amount of PAI-1 on the ELISA-plate the absorbance was measured at 
492 nm with the Multiskan spectrum analyser (Multiskan® Spectrum, Thermo Electron 
Corporation, Helsinki, Finland). By making a standard curve from the absorbance 
measurements an equation was done by Excel. From this equation the amount of PAI-1 could 
be determined.   
 
 
3.6.3 SDS-PAGE and Western blot technique 
 
The Western blot principle 
Western blot is a technique for detecting specific proteins. The first thing to do is to denature 
the proteins, normally by addition of the detergent sodium dodecyl sulphate and heat. SDS 
binds to the protein backbone and denatures it and also makes the protein negatively charged. 
The western blot procedure occurs in two different stages, first an electrophoresis and then the 
blotting. The electrophoresis separates the proteins according to their molecular weights. An 
electrical field is applied and the proteins move towards the positive pole. Depending on the 
protein molecular weight there are different types of gels with different pore sizes that can be 
used. The samples, including the reference markers, are loaded and run on the gel. When the 
gel is ready it is time for the blotting process. During blotting proteins are transferred from the 
gel to a nitrocellulose or PVDF membrane. This is done in a sandwich-like device where the 
membrane is placed next to the gel between pads and filters. An electrical current is applied 
that helps the proteins to transfer to the membrane. When blotting is done the membrane 
needs to be blocked with fat free milk powder in order to prevent non-specific binding. After 
blocking the membrane is washed and incubated with primary antibodies. One more washing 
step is done before enzyme (HRP) conjugated secondary antibodies are added. Finally one 
last washing step is done and a detection kit with a HRP substrate is added. A CCD camera 
detects the chemiluminiscence and analysis with software generates digital images of the 
proteins on the membrane. [33]          
 
 
Project procedure 
Western blot was used as a verifying method for the desensitization experiment. The samples 
were initially freeze-dried by the SpeedVac (Savant SpeedVac Concentrator SVC100H, 
Global Medical Instrumentation Inc., Minnesota, USA) to decrease the sample volume and 
thereby concentrate the samples. The detergent SDS (1x SDS) was added to the samples 
before they were heat up to 95°C. The samples were applied on a polyacrylamide gel and run 
by electrophoresis (PAGE) (BioRad-laboratories, California, USA). The gel was then 
incorporated in a sandwich like clip together with the PVD membrane, pads and filter papers. 
The blotting took place at 240 mA for 90 minutes. The membranes were then washed in TBS 
with tween (TBS-T) and blocked by a blocking solution containing milkpowder and TBS 
buffer. Then one more washing step was done before the primary MAI-12 antibody was 
added. The membranes were then washed again and a secondary HRP conjugated anti-mouse 
Sc2005 antibody was added. Finally a last washing step was done and a chemiluminiscent 
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HRP-substrate (ECL-kit) was added. The product was detected by a CCD camera (LAS-1000 
Imaging Analyzer, Fuji Photo Film, Tokyo, Japan).     
 
3.6.4 Fluorescence microscopy 
To localise PAI-1 in the α-granules fluorescence microscopy was done. Blood was collected 
in citrate vacutainer tubes that were centrifuged at 140 x g for 10 minutes at room temperature 
to retrieve PRP. The wells on the microscopy plate were incubated with PRP for 10 minutes 
and 15 minutes and then removed. PFA (3.7 %) was added and the plate was incubated for 10 
minutes. The PFA was removed and the wells were washed 3x with PBS. The wells were 
incubated with Triton-X100/BSA (1 %) for 2 minutes. A washing step, as mentioned above, 
was then done. A blocking step with PBS/BSA was done during 3 hours on the shaker (200-
300 rpm). The PBS/BSA solution was removed and the antibody solution (containing VEGF 
Ab-7 and MAI-12 PAI-1 antibodies) was added during 30 minutes of incubation. The 
membranes were washed and fixed with PFA (3.7 %) for 10 minutes and one last washing 
step was done. The wells were stored in PBS.  
   
 
3.7 Statistical analysis 
The statistical programme Prism, version 5.0 (GraphPad software) was used to treat all the 
results. The results are expressed as mean ± SD. For statistical analysis One Way Analysis of 
Variance (one-way ANOVA) was used with the post hoc test Bonferroni (P≤0.05). The levels 
of significances are noted as * (0.05), ** (0.01) and *** (0.001). No indications mean that 
there is no statistically significance.  
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4. RESULTS 
 
4.1 Thrombin stimulation  
 
Isolated platelets were initially stimulated with the natural agonist thrombin in a dose 
dependent manner (0.05, 0.1 and 0.5 U/ml). Figure 5 shows an aggregation curve for how 
platelets were expected to respond if the isolation step worked out successfully.   
 

 
Figure 5. Thrombin dose response curves by light-transmission aggregometry. When adding different doses of 
thrombin platelets activate (as can be seen from the top over the baseline) and start to aggregate. Thrombin 
makes platelets to aggregate to > 80 %.   
 
To develop a stable approach for the project platelets were stimulated with thrombin for 3 
minutes and 3 hours as can be seen in figure 6. We wanted to examine the response and 
investigate when platelets secreted their α granules (containing PAI-1). It was important to 
know what stimulation time that was going to be used during the project to get a good 
response. As the figure shows there is almost no difference between the 3 minutes (3’) and 3 
hours (3h) measurements, indicating that PAI-1 seems to be secreted within minutes after 
stimulation.  
 

 
 
 
 
 
 
 
 
 
 
Figure 6. PAI-1 secretion from platelets stimulated 
with thrombin for 3 minutes (3’) and 3 hours (3h). 
Unstimulated platelets were used as a positive control. 
The black bar shows the total amount of PAI-1. All 
data are expressed as mean ± SD, n= 4.  
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Figure 7 represents a dose response when platelets were stimulated with different 
concentrations of thrombin for 3 minutes. There is no obvious difference in PAI-1 secretion 
between the different concentrations of thrombin. Most of the PAI-1 was secreted already by 
0.05 U/ml thrombin. 

 
 
 
 
 
 
 
 
 
 
 
Figure 7. Thrombin dose response, showing PAI-1 
secretion. Platelets were stimulated with different 
concentrations of thrombin during 3 minutes. 
Unstimulated platelets were used as a positive control. 
The black bar shows the total amount of PAI-1. All 
data are expressed as mean ± SD, n= 4.  

 
 
4.2 SFLLRN and AYPGKF stimulation 
 
When the approach worked out well with thrombin and when we knew what stimulation time 
to use we continued to stimulate platelets with PAR1 ap (SFLLRN) and PAR4 ap 
(AYPGKF). We wanted to investigate if there were any differences in PAI-1 secretion 
between the two PARs, if one of them seemed to be more important in activating the secretion 
process. Aggregation studies (figure 8) were performed to assure that platelets responded well 
to SFLLRN and AYPGKF.   
 

 
Figure 8. PAR1 ap and PAR4 ap aggregation curves. Curves 1 and 2 are platelets isolated in HEPES, while those 
in curves 3 and 4 are isolated in M199. Platelets that were isolated in HEPES responded very well to 30 µM 
PAR1 ap (curve 1) and 300 µM PAR4 ap (curve 2), >90 % aggregation. Medium M199 was somehow incapable 
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to form platelet aggregation. However, platelets in M199 were still able to secrete PAI-1 in the very same 
manner as platelets in HEPES buffer. 
 
Platelets secreted PAI-1 in a dose dependent manner when stimulated with PAR1 ap and 
PAR4 ap as can be seen in fig 9 and 10. From these results there is no obvious difference in 
PAI-1 secretion between PAR1 and PAR4. It seems like there is a sensitive point between the 
lowest and the middle concentrations of the agonists. The highest PAR1 ap and PAR4 ap 
concentrations generated almost the same response as thrombin stimulated platelets where 
both PAR1 and PAR4 contributed to PAI-1 secretion.  
 

 
Figure 9. PAI-1secretion from isolated platelets stimulated with the thrombin related PAR1 ap (SFLLRN) in a 
dose interval (3 μM, 10μM and 30μM), unstimulated platelets were used as a control. The black bar represents 
the total amount of PAI-1, both secreted PAI-1 and the amount PAI-1 left in platelets. The left figure represents 
3 minutes measurements, where 0.5 U/ml thrombin were used as a positive control. The right figure represents 
both 3 minutes and 3 hours measurements. All data are expressed as mean ± SD, n= 4.  
 

 
Figure 10. PAI-1secretion from isolated platelets stimulated with the thrombin related PAR4 ap (AYPGKF) in a 
dose interval (30 μM, 100 μM and 300 μM), unstimulated platelets were used as a control. The black bar 
represents the total amount of PAI-1, both secreted PAI-1 and the amount PAI-1 left in platelets. The left figure 
represents 3 minutes measurements, where 0.5 U/ml thrombin were used as a positive control. The right figure 
represents 3 minutes and 3 hours measurements. All data are expressed as mean ± SD, n= 4.  
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4.3 PAR1 and PAR4 inhibition 
 
We used a new strategy in the investigation of whether there is a difference between PAR1 
and PAR4 according to PAI-1 secretion. We pre-treated platelets with the PAR1 antagonist 
SCH79797, PAR4 blocking chicken antibody and an irrelevant antibody. Then the platelets 
were stimulated with different concentrations of the natural agonist thrombin. This made it 
possible to inhibit one of the two types of receptors and study them individually.  
 
At the low concentration of thrombin (0.05 U/ml) (figure 11) PAR1 inhibited platelets 
secreted a lower amount of PAI-1, compared to PAR4 inhibited platelets. This tendency 
indicates that PAI-1 secretion is slightly more sensitive for PAR1 inhibition than for PAR4 
inhibition. According to the one-way ANOVA statistical test there is no significance between 
thrombin stimulated platelets (not inhibited) and PAR1 and PAR4 inhibited platelets. But 
there is a significant increase in PAI-1 release between unstimulated platelets and thrombin 
stimulated platelets, with and without PAR1 and PAR4 inhibitors. At the higher thrombin 
concentration (0.1 U/ml) (figure 12) there is no such difference in PAI-1 secretion between 
PAR1 and PAR4 inhibited platelets.   
 

 
 
 
 
 
 
 
 
Figure 11. PAI-1 secretion from isolated platelets pre-
treated with the PAR1 antagonist SCH79797, PAR4 
chicken antibody and an irrelevant antibody and 
stimulated with 0.05 U/ml thrombin for 3 minutes. 
Unstimulated and thrombin stimulated platelets were 
used as controls. The black bar represents the total 
amount of PAI-1. All data are expressed as mean ± SD, 
n=3.  
 

 
 
 
 
 
 
 
 
 
Figure 12. PAI-1 secretion from isolated platelets that 
were pre-treated with the PAR1 antagonist SCH79797, 
PAR4 chicken antibody and an irrelevant antibody and 
then stimulated with 0.1 U/ml thrombin for 3 minutes. 
Unstimulated and thrombin stimulated platelets were 
used as controls. The black bar represents the total 
amount of PAI-1. All data are expressed as mean ± SD, 
n=3.  
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4.4 Long-time stimulation and PAI-1 synthesis 
 
To elucidate if platelets have the ability to synthesize PAI-1, isolated platelets were incubated 
for 24 hours. If that was the case we also wanted to see if thrombin, PAR1 ap or PAR4 ap 
affected platelets to synthesize even more PAI-1. As can be seen from figure 13 there is an 
increase in the total amount of PAI-1 after 24 hours compared to the initial amount of PAI-1. 
Unstimulated and PAR1 ap stimulated platelets represented the highest increase. Thrombin 
stimulated platelets seems to synthesize lower amount of PAI-1 compared to unstimulated and 
PAR ap activated platelets.   
 

 
 
 
 
 
 
 
 
 
Figure 13. Total amount of PAI-1 after 24 hours of 
incubation. Platelets were stimulated with thrombin, 
PAR1 ap and PAR4 ap. Unstimulated platelets were 
used as control. The black bar shows the initial (t=0) 
amount of PAI-1 from unstimulated platelets. All data 
are expressed as mean ± SD, n=8.  
 

 
We also wanted to study the secreted amount of PAI-1 after 24 hours of incubation. As can be 
seen in figure 14 there is a relatively high PAI-1 secretion from unstimulated platelets. 
Platelets stimulated with thrombin secreted most PAI-1. Platelets stimulated with 30 μM 
PAR1 ap did not secrete as much PAI-1 as the other agonist stimulated platelets did. 
 

 
 
 
 
 
 
 
 
 
Figure 14. The amount of secreted PAI-1 after 24 hours 
of incubation. Platelets were stimulated with thrombin, 
PAR1 ap and PAR4 ap. Unstimulated platelets were 
used as control. The black bar shows the total amount of 
PAI-1 after 24 hours of incubation. All data are 
expressed as mean ± SD, n=8.   
 

 
Figure 15 shows the amount of PAI-1 that was not secreted by platelets during the incubation 
period. Platelets stimulated with PAR1 ap did not secrete as much PAI-1 as thrombin and 
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PAR4 ap stimulated platelets. Figure 14 representing PAI-1 secretion and figure 15 
representing PAI-1 still in platelets correlated well.   
 

 
 
 
 
 
 
 
 
 
Figure 15. The amount of PAI-1 that was not secreted 
from platelets during 24 hours of incubation. Platelets 
were stimulated with thrombin, PAR1 ap and PAR4 
ap, unstimulated platelets were used as control. The 
black bar shows the total amount of PAI-1 after 24 
hours of incubation. All data are expressed as mean ± 
SD, n=8.  
  

 
4.5 Long-time stimulation and P2Y12 and P2Y1 inhibition 
 
To investigate if the signalling pathway activated by the ADP receptors P2Y12 and P2Y1 
affected the PAI-1 synthesis and release platelets were pre-treated with P2Y12 and P2Y1 
antagonists before stimulation. As can be seen in figure 16 there is an increase in the total 
amount of PAI-1, indicating that there is an ongoing PAI-1 synthesize regardless of ADP-
receptor inhibition. The total amount of PAI-1 from P2Y12 and P2Y1 inhibited platelets is 
even higher than from platelets not inhibited with the antagonists (compare figure 13 and 16).      

 
 
 
 
 
 
 
 
 
Figure 16. Total amount of PAI-1 after 24 hours of 
incubation. Platelets pre-treated with the P2Y12 and 
P2Y1 ADP receptor antagonists and further stimulated 
with thrombin, PAR1 ap and PAR4 ap. Unstimulated 
platelets were used as control. The black bar shows 
the initial (t=0) amount of PAI-1 from unstimulated 
platelets. All data are expressed as mean ± SD, n=8.  
 

 
There is very high spontaneous secretion of PAI-1 from P2Y12 and P2Y1 inhibited 
unstimulated platelets, as can be seen in figure 17. The secretions of stimulated platelets were 
slightly higher compared to unstimulated platelets, with the exception of PAR1 ap stimulated 
platelets. In accordance with figure 14 there is a decrease of secreted PAI-1 from PAR1 
stimulated platelets compared to PAR4 stimulated platelets. The agonists, despite the high 
concentrations, were not able to secrete all amount of PAI-1 from platelets.   
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Figure 17. The amount of secreted PAI-1 after 24 
hours of incubation. Platelets were pre-treated with 
the P2Y12 and P2Y1 ADP receptor antagonists and 
further stimulated with thrombin, PAR1 ap and 
PAR4 ap, unstimulated platelets were used as 
control. All data are expressed as mean ± SD, n=8.  
 

 
 
4.6 Desensitization  
 
There were indications in our research group that PAR1 seemed to be desensitized when 
stimulated with a low dose of PAR1 ap when studying tyrosine phosphorylation and 
aggregation. We wanted to investigate if PAR1 and PAR4 desensitization affected platelet 
secretion. We prepared an experimental design, as figure 18 shows, where we tested this 
hypothesis.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18. Secreted PAI-1 and 
PAR1 desensitization. The black 
bar shows the total amount of 
PAI-1. All data are expressed as 
mean ± SD, n=5. 
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The western blot experiment was performed according to; 
 
1. PAR1 ap [3 μM] 10' 
2. PAR1 ap [30 μM] 3' 
3. PAR1 ap [3 μM] 10' + PAR1 ap [30 μM] 3' 
4. PAR1 ap [3 μM] 10' + PAR1 ap [30 μM] 3' + PAR4 ap [300 μM] 3' 
5. PAR4 ap [30 μM] 10' 
6. PAR4 ap [300 μM] 3' 
7. PAR4 ap [30 μM] 10' + PAR4 ap [300 μM] 3' 
8. PAR4 ap [30 μM] 10' + PAR4 ap [300 μM] 3' + PAR1 ap [30 μM] 3' 
9. Unstimulated 16' 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19. PAI-1 secretion. The 48 kDa 
bands correspond to PAI-1 secreted from 
the platelets during desensitization.  

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 20. Remaining PAI-1 in platelets. 
The 48 kDa bands correspond to the PAI-
1 not secreted from platelets during 
desensitization.  
 

 
As can be seen from both the ELISA and western blot experiments PAR1 seemed to be 
desensitized by a low dose of PAR1 ap. When platelets were stimulated with a low dose 
PAR1 ap followed by a high dose PAR1 ap (bar 4, lane 3) platelets were not able to secrete 
PAI-1. When adding a high dose of PAR4 ap (bar 5, lane 4) platelets started to secrete PAI-1. 
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This was not the case for PAR4 when using the same kind of design, PAR4 were not 
desensitized by a low dose of PAR4 ap (bar 8, lane 7). 
 
 
4.7 Localisation of PAI-1 in platelets 
 
We used fluorescence microscopy to localise PAI-1 in platelets. PAI-1 could be detected as 
can be seen in figure 21 C. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21. Fluorescence microscopy 
images of platelets. A) An overview 
without fluorescent light. B) 
Localisation of the proangiogenic 
substance VEGF. C) Localisation of 
PAI-1. D) An overlayer of the 
VEGF- and PAI-1 images. 
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5. DISCUSSION 
 
The research group at Clinical chemistry studies the thrombin receptors PAR1 and PAR4 and 
investigates if there are any differences between the two receptors. This study focused on the 
secretion of PAI-1 and to elucidate how different types of PAR1 and PAR4 stimulations 
affected the PAI-1 secretion. The project started by modification of an already commercial 
ELISA method, to get the method stable for measuring the amount of PAI-1 that had been 
secreted from platelets, but also the amount of PAI-1 that still was in platelets.  
 
Modification of the ELISA assay 
Isolated platelets were used instead of PRP because blood has other cells than platelets that 
contain PAI-1, for example white blood cells. Besides that there are a lot of proteins and other 
molecules in the blood that possibly could have affected the results in a way that would not 
have been able to predict.  Platelets were therefore isolated according to the protocol for 
heparinised whole blood. When this succeeded, platelets were stimulated with the natural 
agonist thrombin. The supernatant (containing secreted PAI-1) and pellet (containing the 
remaining PAI-1 in platelets) was measured with the tintELISE PAI-1 kit from biopool, 
which is a really sensitive kit that can measure PAI-1 levels down to 0.5 ng/ml. The 
advantage of using ELISA was that many samples (up to 48 samples) could be run on the 
ELISA plate compared with, for example, western blot where only 10 samples could be run. 
Furthermore western blot is a very time consuming method compared to ELISA. TintELIZE 
is conformed to measure PAI-1 in plasma where the PAI-1 level is lower than in isolated 
platelets. Because the normal range of PAI-1 in the blood is 150 – 350 x 109/l platelets were 
diluted to the final concentration 2.5 x 108/ml. Too high concentrations of PAI-1 could not be 
measured due to the spectrum analyzer in the multiskan. Double samples were always done in 
order to get good and reliable results. The amount of PAI-1 was calculated per one million 
platelets to be able to compare values from different blood donors. When the method worked 
out successfully the experimental designs were performed. To be able to draw any conclusion 
from results that is based on individuals with natural variations all experiments were repeated 
for at least 3 times.  
 
During the project the heparinised blood bags were changed to CPD blood bags. The 
advantage of using CPD blood bags is that they contain citrate. Citrate binds to calcium in the 
cell and thereby prevents the blood to clot. Calcium is necessary in the coagulation process 
and just by adding some new calcium in the experiments platelets become able to aggregate 
again.   This change of blood bag made the isolation protocol for heparinised blood no longer 
able to use and another isolation protocol were used. Sometimes during the project it 
happened that platelets did not aggregate in the presence of stimuli. To get reliable results 
aggregometry was performed as a routine to be sure that platelets still were active and had not 
been activated or aggregated. It was important that the platelets were not inactivated and had 
not secreted their granule contents because the secretion was going to be studied. To see that 
the isolation protocol and the isolation technique worked out it was of importance to measure 
the expression level of P-selectin in the flowcytometer. P-selectin is a surface protein that is 
expressed when platelets are activated and the level of P-selectin is therefore a measure of the 
degree of activation.  
 
Experimental designs and results 
The project started with time-course experiments for 3 minutes and 3 hours in order to see 
when platelets seemed to respond to stimuli and secrete PAI-1. It was important to know what 
stimulation time to use in the experiments. As can be seen from figure 6, the 3 minute and 3 
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hour measurements were almost the same: the response occurred within minutes after 
stimulation. The fast response was the same for thrombin, PAR1 ap and PAR4 ap stimulated 
platelets as can be seen in figure 6, 9 and 10. From figure 7 conclusions can be taken that at 
these concentrations of thrombin there is no difference in dose response. Even at the lower 
thrombin concentration most of the PAI-1 content seemed to be secreted. The dose response 
experiments with different concentrations of PAR1 ap and PAR4 ap (low, middle and high 
doses) showed that even if platelets were stimulated with PAR1 ap or PAR4 ap the response 
was almost the same: they secreted almost the same amount of PAI-1. This can be seen in the 
similarities of report figures 9 and 10. It seems like there is a sensitive point between the low 
and the middle dose of the two agonists. The low dose did not make platelets increase the 
PAI-1 secretion, but the middle dose seemed to activate platelets to secrete part of their PAI-1 
content. The highest dose of PAR4 ap secreted more PAI-1 than the highest dose of PAR1 ap 
did. Even if the highest dose of the two agonists were used (which should give a strong 
response) there was still some PAI-1 that was not secreted. Interestingly, it seems like 
activating only one of the two receptors is enough to get a strong response – much PAI-1 
secreted.  
 
Another design was performed in order to see if there really was not any difference between 
PAR1 and PAR4. This time platelets were pre-treated with a PAR1 and a PAR4 antagonist 
and then stimulated with different concentrations of thrombin. At the lower concentration of 
thrombin (0.05 U/ml) the PAR1 inhibited platelets did not secrete as much PAI-1 as the PAR4 
inhibited platelets. This could be an indication that PAI-1 secretion is more sensitive for 
PAR1 inhibition than for PAR4 inhibition, but there is still a high standard deviation. The 
higher concentration of thrombin (0.1 U/ml) secreted the same amount of PAI-1. There were 
no difference between PAR1 and PAR4 inhibited platelets. PAI-1 secretion is dependent on 
both PAR1 and PAR4, but they work very well without each other.   
 
As can be concluded from all experiments there are a basal PAI-1 secretion from unstimulated 
platelets. This could be a mechanism by which platelets regulate the fibrinolytic activity. They 
might secrete small amounts of PAI-1 continuously to prevent early dissolution of clots. In the 
early stages of bleeding a platelet plug is formed, but if there is a high t-PA activity the 
fibrinolytic activity is high and will not allow the clot to form. Then the bleeding will not stop 
which could lead to severe injuries. Because platelets are very sensitive according to the 
preparation step there is a probability that they became preactivated during the isolation 
process and as a consequence secreted part of their PAI-1 content. Another observation is that 
even if we used quite high concentrations of the agonists platelets did not secrete the whole 
PAI-1 content!  
  
It was already known in 1967 that platelets contain mRNA as they have retained from the 
megakaryocytes. Brogren et al proposed that platelets provides PAI-1 mRNA and also have 
the ability to synthesize large amount of PAI-1. This is a new discovery. Before researchers 
did not have any proof that platelets could be able to do this because they thought that 
platelets did not contain any machinery for that. It is now known that platelets contain rough 
endoplasmic reticulum and polyribosomes which make it possible to synthesize proteins [8]. 
This study could confirm that the total amount of PAI-1 after 24 hours of incubation 
increased, indicating that platelets synthesized new PAI-1. This experiment was repeated 8 
times and there was an increase of PAI-1 in all experiments. Another interesting point is that 
the unstimulated platelets seemed to synthesize most PAI-1 compared to the agonist 
stimulated ones. Quite high concentrations of thrombin (0.1 and 0.5 U/ml) were used and 
because thrombin is a very potent agoinst that activates both PAR1 and PAR4 part of platelets 

24 



might have become aggregated. Aggregated platelets maybe do not have the ability to 
synthesize PAI-1. This can be seen from figure 14 where thrombin stimulation results in high 
amounts of PAI-1 secretion. Maybe thrombin generates a strong response by activating 
platelets, which leads to PAI-1 secretion and further aggregation which make platelets 
incapable to synthesize any more PAI-1. It would be an idea to use a lower concentration 
thrombin and see what happens during a 24 hour incubation period. It is difficult to create an 
ultimate environment for platelets for long time stimulation. The blood contains proteins, 
other important components and an optimal pH in order to preserve a favourable environment. 
For the long-time experiments M199 were used instead of HEPES in order to improve the 
environment for platelets. There is a high basal PAI-1 secretion from unstimulated platelets 
compared to the initial secreted PAI-1. Platelets may have a role in the fibrinolytic activity by 
continuously secreting PAI-1.  
 
The desensitization experiments show an important difference between PAR1 and PAR4. 
PAR1, when stimulated with a low dose of PAR1 ap, undergoes desensitization. Platelets that 
were exposed to a low dose (a sub-threshold concentration) of PAR1 ap lost their response to 
a further, higher dose of PAR1 ap. When the same type of experiment was performed but a 
third, high concentration of PAR4 ap was added platelets secreted a high amount of PAI-1. 
The same kind of experimental design was done for PAR4, but there was no such 
desensitization effect for PAR4. When the ELISA experiments had been repeated 5 times, the 
results were verified with another method- western blot. Both the ELISA and the western blot 
results corresponded well to each other.    
 
One last thing to comment is the standard deviations. During this project whole blood from 
healthy donors has been used. It is important to comment that there are always variations 
between individuals that can be seen as these standard deviations in the results, and it does not 
depend on a bad approach or failed experiments. It is of interest to see trends and for that 
statistical programmes have been used.    
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6. CONCLUSIONS   
 
This study concluded that PAI-1 secretion is slightly more sensitive to PAR1 inhibition than 
PAR4 inhibition, indicating that PAR1 could be more potent in activating platelets than 
PAR4. Both thrombin receptors are really potent activators, activating only one of PAR1 or 
PAR4 is enough to get a strong response – much PAI-1 secreted. There is always a basal PAI-
1 secretion from unstimulated platelets, which may depend on platelets role in regulating the 
fibrinolytic activity. 
 
Platelets have the ability to synthesize large amounts of PAI-1. This study confirmed an 
increase in total amount of PAI-1 after 24 hours of incubation. Thrombin stimulates platelets 
to secrete higher amounts of PAI-1 than unstimulated platelets, but it does not stimulate 
platelets to synthesize even more amounts of PAI-1 than unstimulated platelets.  
 
This study could finally verify an important mechanism that differs between PAR1 and 
PAR4, the desensitization of PAR1. Platelet exposure to a low dose of PAR1 ap make them to 
lose their response to a second, higher dose of PAR1. When adding a further high dose of 
PAR4 ap platelets respond very well according to PAI-1 secretion. The same kind of 
experimental design for PAR4 showed no lose in responsiveness.  
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7. FUTURE PERSPECTIVES 
 
This is an ongoing project which means that it will continue. The project has now been 
starting up and a good and stable method for PAI-1 measurements has been worked out. It has 
been investigated if there is any difference between the PAR1 and PAR4 according to PAI-1 
secretion. Platelets have been stimulated with PAR1 ap and PAR4 ap in a dose dependent 
manner, but PAR1 and PAR4 have also been inhibited for further stimulation with thrombin 
in order to study the receptors responses according to PAI-1 secretion. Even if one of PAR1 
or PAR4 were inhibited there was still a high PAI-1 secretion when stimulated with thrombin. 
Thrombin is a really potent agonist. It would be a good idea to complement the study by 
blocking both types of receptors and then stimulate with thrombin. The thrombin 
concentrations that were used during the study are of a quite high concentration, maybe the 
same approach with lower thrombin concentrations would be performed. 
 
When activating a receptor a cascade of intracellular signalling pathways activates. Some of 
these intracellular signalling pathways are known, but far from all. It could be interesting to 
see if, and how, the intracellular signalling pathway differs between PAR1 and PAR4 
signalling, but that is a very complex and time consuming study to implement!   
 
We also found that platelets may have the ability to synthesize new amounts of PAI-1. It 
would be interesting to continue to investigate that. 
 
The desensitization of PAR1 is a really interesting discovery. Until now this experimental 
design is based on PAR1 and PAR4 activating peptides. What is the response with the natural 
agonist thrombin? Another approach would be to see what will happen when stimulating 
platelets with a low dose of thrombin followed by a high dose. PAR1 and PAR4 could be 
blocked individually and the secretion of PAI-1 could be detected with ELISA. It would also 
be interesting to study the desensitization mechanism. What happens with PAR1? Does it 
internalize?   
 
There is still much to do in this area of research and it is important to keep research 
progressing to find out new knowledge and ways to obstruct heart diseases! 
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