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Man skall vara - tror jag visst realist,
men i viss mån fatalist
och i grunden optimist
samt för all del först och sist
idealist.

Nils Simonsson

Mechanisms and effects of low PAI-1 activity

ABSTRACT
Bleeding diathesis is a common reason for investigation of the haemostatic system and in about
50% of the cases an abnormality is found. Plasminogen activator inhibitor type 1 (PAI-1) is an
inhibitor of tissue- and urokinase plasminogen activator (tPA/uPA). High PAI-1 levels are associated with arterial and venous thrombotic conditions but are also seen in pregnancy, inflammatory
and infectious diseases, diabetes and overweight. Low levels of PAI-1 have been reported in case
studies as a reason for bleeding tendency. Studies of low PAI-1 activity as a cause for bleeding
in large populations have so far been lacking. The aim of this thesis was to systematically study
the prevalence of low PAI-1 activity in patients with bleeding diathesis, the clinical significance,
evidence for hyperfibrinolysis and regulation. The method for determination of PAI-1 activity had
been improved at our laboratory to more precisely measure lower levels of PAI-1 activity.
We studied prospectively 586 patients with bleeding tendency with analysis of PAI-1 activity in
addition to the routine investigation and compared with two control groups. The bleeding problems were clinically evaluated and compared between those with low PAI-1 and normal/high
PAI-1. The prevalence of low PAI-1 among patients was 23% compared to 13% in blood donors
and 10% in healthy controls. No specific bleeding symptom predicted for low PAI-1 activity. The
4G/5G polymorphism in the PAI-1 gene did not differ between patients and controls (paper I).
From the original 586 patients 424 were further investigated for laboratory evidence of hyperfibrinolysis with plasmin-antiplasmin complex (PAP) and D-dimer. PAP was higher among patients
with low PAI-1 activity compared to normal/high PAI-1, but the coagulation activity measured by
D-dimer did not differ (paper III).
In 181 samples from the same cohort we analysed C-peptide, proinsulin, high sensitivity C-reactive protein and interleukin 6 (IL-6). Body mass index (BMI), exogenous hormones, sex and age
were registered. Low BMI, oral oestrogens, young age and low C-peptide were significantly associated with low PAI-1 activity. After adjustments the effect of C-peptide, IL-6 and young age
disappeared and low BMI remained the strongest predictor of low PAI-1 activity (paper IV).
In 62 patients referred for transurethral resection of prostate (TURP) due to prostatic hyperplasia
samples for PAI-1 were taken before surgery and analysed after hospitalisation. Haemoglobin was
measured before surgery and the day of discharge, per-and postoperative bleeding was registered
as well as bleeding complications, amount of resected prostate and days of hospitalisation. Bleeding complications occurred in 75% of the patients with low PAI-1 activity compared to 28% of
the patients with normal/high PAI-1 activity. This became borderline significant after adjustments
(paper II).
In conclusion, low PAI-1 activity seems to be more prevalent among patients with bleeding tendency than controls, but the bleeding risk in patients with low PAI-1 activity seems to be of minor
clinical significance. Low BMI is the strongest predictor of low PAI-1, which is associated with
higher fibrinolytic activity than in patients with normal/high PAI-1.
Key words: Bleeding, body mass index, epidemiology, plasminogen activator inhibitor, surgery,
prostate, fibrinolysis, C-peptide, CRP, IL-6, proinsulin.
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INTRODUCTION
PAI-1 and bleeding tendency - general background
In patients with mild bleeding disorders, like bruising, menorrhagia or nose bleeding, it is
possible to establish a diagnosis of a haemostatic defect in only half of the cases [1-5]. In
some of the patients with no diagnosis of bleeding tendency the reason could be local factors
like superficial vessels in the nose, gynaecological pathology or vascular fragility [6]. The
most common aetiology today is probably medication with aspirin, which leads to an acquired
platelet dysfunction. About 7% of the general population uses aspirin daily (Socialstyrelsen;
drug statistics 2007). There could also be reasons for bleeding problems that have not yet
been discovered.
Plasminogen activator inhibitor type 1 (PAI-1) is a protease inhibitor circulating in blood
and it protects blood clots from the fibrinolytic process. After trauma the normal coagulation
system should form a blood clot where the tissue damage occurs. In addition to the formation
of haemostatic plugs, the human blood has another balanced system to disrupt and remove
blood clots so that the integrity of the blood vessel and its lumen finally can be restored. This
balanced system is called the fibrinolytic system and PAI-1 is an inhibitor of the fibrinolytic
system. If PAI-1 is absent or is present at a very low concentration there may be too rapid
removal of blood clots before healing has occurred. The patients could therefore continue to
bleed or start re-bleeding after surgery or trauma.
Defects of the fibrinolytic system are sparsely reported [1, 3, 4]. Congenital antiplasmin
deficiency is a rare disorder [7], which leads to bleeding diathesis. High concentrations of
tissue plasminogen activator (tPA), urokinase plasminogen activator (uPA) and plasmin,
which can lead to bleeding complications, are almost always iatrogenic due to thrombolytic
treatment of venous thromboembolism, myocardial infarction or stroke.
Plasmin has earlier been used in studies concerning treatment of myocardial infarction, but
overexposure can lead to degradation of normal components of the haemostatic system and
predispose to bleeding. If the dose of plasmin exceeds the level of antiplasmin in plasma, it
is possible for free plasmin to degrade fibrinogen, which can lead to bleeding complications
[8, 9] Plasmin is able to degrade many proteins, but in the circulation its action is mainly
towards fibrin. Its activity is controlled by complicated regulatory mechanisms, including
the fact that the activation of plasminogen to plasmin occurs mainly on the surface of fibrin
and not generally in the circulation and there is also an selective immediate inactivation of
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free plasmin, that is not linked to fibrin, by its inhibitor antiplasmin [10]. In a recent study
plasmin has been used in a first human phase I trial for local treatment of haemodialysis graft
occlusion. The study showed promising effects with no major bleeding [11].
Since 1989 there have only been a few reports concerning patients with bleeding problems
and low levels of PAI-1 [12-25]. All of these publications have been case- or family studies
but systematic studies are lacking. Two of the authors have found mutations in the PAI-1 gene
[12, 13]. A typical clinical bleeding pattern for these patients is bleeding complications after
surgery or trauma, easy bruising and in females also menorrhagia.
The present work is an attempt to systematically characterise PAI-1 deficiency in a large
population concerning bleeding patterns in general, bleeding complications at surgery,
fibrinolytic parameters and possible regulation of low PAI-1 levels.
PAI-1 and its function in the fibrinolytic system
The purpose of the coagulation system is to form a blood clot to prevent bleeding in case of
a trauma. There is also another balancing system in the blood circulation, which is called the
fibrinolytic system, where plasmin is the end product.
Plasmin is an enzyme, which binds to fibrin in the blood clot and then starts a process of
breaking down the clot. Plasmin degrades fibrinogen and fibrin, but can also degrade other
proteins like factor VIII (FVIII) and factor V. Fibrin split products called fragment X, Y, D and
E are formed. Fibrin D-dimer is exclusively formed from degradation of fibrin that has been
cross-linked by factor XIII. Fibrin degradation products compete with fibrinogen and can
bind to thrombin. High levels of fibrin degradation products may also interfere with platelet
aggregation. Soluble fibrin is fibrinogen where fibrinopeptide A and B have been cleaved by
thrombin, but a fibrin network has not yet been formed. Soluble fibrin is present mainly in
severe illnesses as in disseminated intravascular coagulation [26-29]. Free plasmin, that is not
bound to fibrin, is immediately inhibited by antiplasmin, which is present in plasma in high
concentration [30]. tPA and uPA can activate plasminogen to plasmin. PAI-1 is an inhibitor
of tPA and uPA and through this reaction no plasmin is formed. In case of low concentration
of PAI-1, the fibrinolytic process is enhanced and the patient could start to bleed again after
previous surgery or trauma (figure 1).
tPA is mainly found in plasma whereas uPA essentially is found in the extracellular matrix
and in exocrine glands [31]. The fibrinolytic system can also activate metalloproteinases,
which have the capacity to degrade extracellular matrices in remodelling tissue such as in
wound healing [32]. The system is also important for cell migration [33] and the reproductive
system [34].
Thrombin-activatable fibrinolysis inhibitor (TAFI) is another inhibitor of fibrinolysis. TAFI
is a procarboxypeptidase that cleaves off carboxy-terminal arginine and lysine from fibrin
and limits plasminogen binding as well as plasmin formation [35-37].
The end products of fibrin are degradation products, but D-dimer could reflect activation of
10
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Figure 1. A simplified diagram of the fibrinolytic system (adapted from Wiman, MFR
informerar, 1987).
the coagulation and fibrin formation rather than the fibrinolytic capacity [38]. Usually fibrin
formation results in an increased D-dimer concentration and the analysis is used as a part of
the investigation procedure in the diagnosis of deep venous thrombosis.
There is also evidence that elastase, which is released from neutrophils for instance during
endotoxin shock [39], septicaemia [40] or promyelocytic leukaemia [41], is a potent
proteolytic enzyme that can degrade the fibrin clot and cause other degradation products than
D-dimer [42]. Elastase can also cleave and inactivate PAI-1 [43].
PAI-1 and general characteristics
PAI-1 is a singe-chain glycoprotein with a molecular mass of 52 kD and consists of 379
amino acids. It is a serine protease inhibitor and the gene is located on chromosome 7 and
has 9 exons. PAI-1 is produced by several types of cells, such as vascular endothelial cells,
adipocytes, hepatocytes, platelets, megakaryocytes, macrophages, smooth muscle cells and
placenta [44]. The synthesis and secretion of PAI-1 is stimulated by several factors including
corticosteroids, insulin, thrombin, endotoxin, oxidative stress, cytokines, and complement
component C5a [45-47].
The plasma PAI-1 in healthy, lean individuals is suggested to come from platelets, since
there are no posttranslational glycans in plasma PAI-1 or platelet PAI-1. However, in plasma
PAI-1 from obese subjects there is a glycan composition similar to that of adipose tissue. PAI1 isolated from endothelial cells, macrophages and adipose tissue expresses heterogeneous
glycosylation patterns. The platelet count correlates with plasma PAI-1, which could be
compatible with a constant release from platelets to plasma [48-50]. Another possible source
for plasma PAI-1 could also be the liver.
PAI-1 is secreted as an active molecule and is stabilized by binding to vitronectin in plasma.
Vitronectin is also an extracellular matrix protein [51]. Active PAI-1 that is not bound to
tPA is cleared from the circulation within minutes [52]. In plasma samples from humans the
11
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active PAI-1 is converted to latent PAI-1 with a half-life of 4 hours at body temperature. The
half-life is longer if the temperature is lower. The functionally active PAI-1 is able to inhibit
proteases, but it can be converted to a latent form under physiological conditions [53]. There
is also an inactive form of PAI-1 in the α-granules in platelets [54].
PAI-1 inhibits tPA and uPA by forming a 1:1 stable complex. The active loop in the PAI-1
molecule has a cleavage site for tPA and uPA. By transformation of PAI-1 tPA and uPA are
inactivated and they are “caught” within the inhibitor like in a mousetrap (figure 2).
The total concentration of PAI-1 in plasma is about 10-20 µg/L [55] and about 60% is in
active form. In platelets the concentration of PAI-1 is very high. It is mostly present in an
inactive form (“latent”), but it has also been found that active PAI-1 is continously formed
by platelets [56]. When platelets are activated, such as during formation of serum, a large
pool of PAI-1 is released from α-granules. The concentration of PAI-1 antigen in serum is
approximately 100-300 µg/L [54].
The active form of PAI-1 is measured in U/mL and the normal activity level is below 15
U/mL. Usually no lower limit of the normal range is provided, since the routine analysis is
inaccurate at the low end.
The median value for tPA-PAI-complex is 4.85 µg/L in women and 5.6 µg/L in men in
healthy controls [57].
There is a diurnal variation of PAI-1 with 2-3 times higher activity in the morning than in
the afternoon. This variation is due to so called clock genes. Experiments made in knockout
mice for clock genes showed no circadian variation in PAI-1 antigen or hepatic mRNA level
in contrast to wild type mice [58].
PAI-1 is an acute phase protein and increases with inflammatory response (for more details
see paragraph on PAI-1 and inflammation). There is a common polymorphism in the promoter

tPA

PAI-1

PAI-1

tPA

PAI-1

tPA-PAI-1complex

Figure 2. tPA-PAI-1 complex “ the Mousetrap”.
PAI-1 has an active loop, which is very attractive for tPA. When tPA comes in contact PAI1, the active loop is cleaved and tPA is caught within PAI-1 in a practically irreversible
binding.
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region, in the position -675 of the PAI-1 gene, 4G/5G, where 4G/4G has been associated with
higher PAI-1 levels than 4G/5G and 5G/5G [59]. However, there is no association between
the 4G/5G promoter polymorphism and platelet mRNA or protein expression [60].
PAI-1 is produced by fat tissue and people with overweight have generally higher PAI-1
levels than people with normal weight. Age does not affect PAI-1 levels to a high degree,
but older have slightly higher values than younger [61]. This could be due to increasing
weight with age but the assocation needs to be put into the perspective of the lowering effect
of oestrogens on PAI-1 levels, described in fertile women [62]. Women of fertile age have
lower PAI-1 levels than post-menopausal women [63].
PAI-1 activity at birth and throughout childhood is increased compared with reference values
for adults [64, 65]. A recent study showed that children older than 1 year have no significant
difference in PAI-1 Ag compared to older children or adults but the number of children
studied was relative small [66] although adiposity in children and adolescents is associated
with higher values of PAI-1 Ag [67, 68].
PAI-2
PAI-2 has a different structure from PAI-1 and consists of 415 amino acids. PAI-2 is mainly
produced in placenta [69]. PAI-1 and PAI-2 have a common target for protease specificity,
PAI-1 against tPA and uPA and PAI-2 towards uPA [70].
PAI-1 and animal studies
Mice with a homozygous defect of PAI-1 have a normal development in utero and after
birth. Studies in which surgical procedures were performed on such animals have not shown
more bleeding complications than in wild-type mice. PAI-1 deficient mice were less prone to
develop venous thrombosis after injection of endotoxin compared to wild type [71, 72].
Mice with a combined homozygous PAI-1 deficiency, obesity and diabetes have high mortality
(33%), and high morbidity compared to diabetic mice or PAI-1 deficient mice. Sixty-three
percent of the male mice in the PAI-deficient, obese, diabetes group became runts, which are
small and underdeveloped mice [73].
PAI-1 deficient mice have an attenuated neointima formation in the artery after arterial injury
[74]. In experiments where platelet-rich thrombi were induced in PAI-1 deficient mice and
wild type mice, the resistance to lysis by infusion of tPA was higher in the wild type [75].
In PAI-1 deficient knock-out mice liver injury was induced by acetaminophen. Compared to
wild-type mice, the effects of liver injury was similar the first 12 hours, but then the PAI-1
deficient mice developed increased plasma levels of alanine aminotransferase (ALT) and
liver necrosis with massive intrahepatic haemorrhage. Half of the PAI-1 deficient mice died
compared to none of the wild- type mice. The suggested reason for the poor outcome in the
PAI-1 knock out mice was that there was a premature lysis of fibrin deposits with excess
plasmin formation. It was concluded that PAI-1 limits liver injury after acetaminophen
overdose [76].
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Transgenic mice that express a stable form of PAI-1 suffer from age-dependent coronary
artery thrombosis in the absence of hypercholesterolaemia or multiple genetic mutations
[77]. These mice can also develop venous occlusion [78].
In nutritionally induced obese mice a synthetic PAI-1 inhibitor, tiplaxtinin, significantly
reduced weight compared to non-treated mice. Plasma triglyceride (TG) levels were reduced
and low-density lipoprotein-cholesterol levels were increased. Insulin-tolerance tests revealed
lower glucose levels at the end of the test in the inhibitor treated mice. Fasting glucose and
insulin levels as well as glucose tolerance tests were not significantly affected by the inhibitor
treatment [79].
Another PAI-1 inhibitor, TM5007, has been used in mice, where thrombosis or fibrosis was
chemically induced [80, 81]. The PAI-1 inhibitor reduced the size of the blood clot and
this effect was comparable with the effect of warfarin or ticlopidine and superior to tPA.
In another experiment the growth of thrombi was slower in the PAI-1 inhibitor treatment
group and this effect was similar to the effect of tirofiban. The PAI-1 inhibitor did not affect
bleeding time, prothrombin time (PT) or activated partial thromboplastin time (APTT). The
antifibrotic effect was also tested in chemically induced pulmonary fibrosis, were the PAI-1inhibited mice had histological evidence of reduced fibrosis [82].
PAI-1 and sex hormones
Female sex hormones
Women of fertile age have lower PAI-1 levels than post-menopausal women. There is a
variation in PAI-1 activity during the menstrual cycle but in most individuals it remains within
the normal range and the magnitude of variation differs between women [83, 84]. Combined
oral contraceptives (oestrogens and gestagens) reduce the concentration of PAI-1 [85]. Oral,
but not transdermal, hormone replacement therapy (HRT) has a significant lowering effect
on PAI-1 levels [62]. Exogenous gestagens are not known to exert any substantial influence
on PAI-1 [86].
In pregnancy PAI-1 and PAI-2 are produced by placenta, and thus the PAI-1 activity increases
until delivery about 6-fold to levels above the upper reference limit of 15 U/mL in nonpregnant women [87, 88]. After birth PAI-1 levels decrease within one day to the normal
range for non-pregnant women but PAI-2 levels remain elevated for over 11 days [89, 90].
In severe preeclampsia and HELLP (Hemolysis, Elevated Liver enzymes, Low Platelets)syndrome PAI-1 levels are higher compared to normal third-trimester women, in contrast to
PAI-2 levels that are significantly lower than in normal pregnancy. After birth the levels of
PAI-1 and PAI-2 show similar patterns as in normal postpartum women [91, 92]. In another
study preeclamptic women with foetal growth retardation had significantly lower levels of
both PAI-1 and PAI-2 compared to those without foetal growth retardation [93].
In normotensive pregnant patients with intrauterine foetal growth retardation PAI-1 levels
are similar to those in normal pregnant women, but PAI-2 levels are lower. A significant
correlation between PAI-2 and foetal weight has been observed [91].
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Male sex hormones
Hypogonadism in males does not affect PAI-1 levels compared with controls [94]. Synthetic
androgen hormones like stanozolol and danazol reduce PAI-1 [95].
PAI-1 and inflammation
There is a close relationship between coagulation and inflammation, where the inflammatory
response and the coagulation cascade form a network. The activation of coagulation can affect
the inflammatory response [96]. Thrombin is chemotactic to neutrophils and monocytes and
stimulates the release of interleukin-1 and interleukin-8. Monocytes and neutrophils can
present tissue factor on their surface [97]. The leukocyte derived tissue-factor is important
in the activation of coagulation in sepsis [98] and monocyte tissue factor is increased in
patients with disseminated intravasal coagulation (DIC) [99]. Leukocytes can roll on Pselectin expressed on activated platelets and also adhere to platelet-bound fibrinogen in the
haemostatic plug. The interactions between leukocytes and endothelial cells or platelets are
part of host defense, but can also induce a procoagulant state [100].
High PAI-1 levels are associated with an inflammatory response [101] and with septicaemia
[102, 103] and endotoxin stimulation [104]. At the site of inflammation monocytes and
macrophages are attracted and they produce cytokines, which are hormone-like mediators. The
cytokines send signals to the liver to produce acute-phase reactants like C-reactive protein
(CRP), α1- antitrypsin, orosomucoid, haptoglobin, complement factors, factor VIII (FVIII) and
fibrinogen. Interleukin-6 (IL-6) is the only cytokine that can stimulate the whole spectrum of
acute-phase proteins [105]. IL-6 has been shown to stimulate PAI-1 production [106, 107].
CRP is a sensitive marker of acute inflammation and it rises rapidly as a part of the IL-6
mediated inflammatory response to infection. In healthy people CRP is less than 1 mg/L
and it may increase 1000-fold within 24 hours in acute stress such as inflammation or tissue
injury [108]. Patients with severe cardiovascular disease usually have elevated CRP-levels
to 5-25 mg/L [109, 110].
CRP increases the expression of PAI-1 in human endothelial cells in cell culture experiments [111].
PAI-1 and metabolism
Overweight together with the metabolic syndrome, which is characterized by large waist circumference due to fat distribution in the central
part of the body, high blood pressure, dyslipidaemia with high concentration of TG and low concentration of high density lipoproteins (HDL),
glucose intolerance and hyperinsulinaemia [112],
have a strong association with high PAI-1 levels
[113]. High levels of proinsulin [114], C-peptide
and insulin [115] have also been associated with
high concentration of PAI-1 (figure 3). In diabetes
type 2 there is insulin resistance, which means

C-peptide

proinsulin
insulin
Figure 3. Proinsulin is cleaved by proteases
to insulin and C-peptide in equal amounts.
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that there are high levels of circulating insulin and still the plasma glucose concentration
is high.
Known haemostatic changes associated with the metabolic syndrome and diabetes mellitus
type 2 are platelet hyperactivity [116, 117], elevated levels of circulating tissue factor in
microparticles [118] increased levels of vitamin K-dependent coagulation factors [119]
elevated fibrinogen [120, 121] elevated FVIII [122] but most pronounced of all is the
elevation of PAI-1.
PAI-1 levels are higher if the metabolic syndrome is severe [101]. Weight reduction,
improvement of insulin resistance and treatment with anti-diabetic drugs like metformin
or troglitazone decrease PAI-1 [123, 124]. It has also been reported that simvastatin
significantly reduces PAI-1 after 8 weeks of treatment in patients with the metabolic
syndrome [125]. PAI-1 is considered as an acute phase protein, but during obesity there is
no association with the cytokine IL-6 or CRP [119].
It has been suggested that the increased level of PAI-1 is primarily derived from the
adipocytes in response to cytokines like tumour necrosis factor (TNF), transforming
growth factor beta or insulin [126]. Abdominal visceral fat expresses more PAI-1 than
subcutaneous fat [127]. In obese mice deletion of TNF receptors or antibodies against TNF
decreased plasma PAI-1 levels [128, 129]. Cultured adipocytes from PAI-1 deficient mice
showed increased insulin sensitivity [130].
In cultured adipocytes and human adipose tissue, dexamethasone and cortisol are inducers
of PAI-1 synthesis [131], but generally high cortisol levels have not been demonstrated
in obese patients. Still there could be a local production in the adipose tissue. Proinsulin
[114], insulin [132], free fatty acid [133] or very-low-density lipoproteins [134] increased
the production of PAI-1 in cell culture experiments.
Clock gene mutated mice with no circadian variation of PAI-1 also have metabolic
disturbances in the lipid and glucose metabolism and elevated IL-6 levels, and this could
support the hypothesis that there is an association between PAI-1 and metabolism [135,
136].
It is known that the PAI-1 polymorphism 4G/5G is affecting PAI-1 levels, but studies show
divergent results concerning obesity, PAI-1 levels and this polymorphism in the PAI-1 gene
[137-140], reflecting the fact that the polymorphism probably is not an important regulator
of PAI-1 production in obese patients.
In cultured fibroblasts it was shown that PAI-1 interferes with insulin signalling by
preventing binding of vitronectin to integrin αvβ3 and this can inhibit insulin-induced
protein kinase B phosphorylation [141].
Some studies in PAI-1 deficient mice have demonstrated prevention of fat accumulation
and improvement in insulin resistance [142, 143], whereas some studies have not shown
any effect on weight gain [144, 145].
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Patients with diabetes mellitus type 1 have lower PAI-1 levels than patients with diabetes
type 2 [146, 147]. This could be due to lower body mass index (BMI) in the group with type
1 diabetes [148] or due to stimulation of PAI-1 secretion by high levels of proinsulin as is the
case in diabetes type 2. Infusion of insulin in healthy volunteers [149] resulted in increased
levels of PAI-1 within hours.
There has also been an association reported between glucagon and PAI-1 levels in men with
normal glucose tolerance, when performing a lipid-glucose protein test [150].
PAI-1 and atherosclerosis
It could be argued that atherosclerosis is a chronic inflammatory condition initiated in the
endothelium and maintained by interactions between lipoproteins, macrophages and the
arterial wall [151].
This inflammatory condition in atherosclerosis could be supported by the fact that high
sensitivity CRP (hs-CRP), a marker of inflammation, has been recognized as a risk factor
for cardiovascular disease [152], and that macrophages in the atherosclerotic plaque contain
tissue factor, which may play a role in the initiation of coagulation following rupture of
the plaque [153]. A clinical study, the Women Heath Initiative Observational study, showed
40% higher risk for myocardial infarction and stroke among healthy postmenopausal
women with an elevated leukocyte count (more than 6.7 x 109 white blood cells/L) [154]. In
myeloproliferative diseases there is an increase in leukocyte-platelet aggregates that might
play a role in the pathogenesis of the vascular complications [155].
Insulin resistance is another strong risk factor for cardiovascular disease. Patients with insulin
resistance have an increased risk to develop diabetes and cardiovascular disease and also
have a higher cardiovascular mortality [156]. Fasting insulin level may be an independent
risk factor for coronary heart disease [157].
High PAI-1 levels have been associated with atherosclerosis [158] [159] and increased risk
for recurrence of myocardial infarction [160]. In patients with type 2 diabetes mellitus, PAI-1
is increased in blood vessel walls and the incidence of acute coronary syndromes precipitated
by plaque rupture is high [161]. The pathological background seems to be a paradox, since
proteolysis by plasminogen activators contributes to vascular smooth muscle migration,
neointimal formation, and activation of matrix metalloproteinases that precipitate plaque
rupture [162] and PAI-1 would normally prevent the process. One possible theory is that
PAI-1 could inhibit migration of vascular smooth muscle cells, which leads to formation of
acellular atheroma plaques with lipid-laden cores and thin fibrous caps, and these plaques
could be very fragile and therefore prone to rupture [163].
An association between the 4G allele of the 4G/5G polymorphism and increased plasma PAI1 concentration in patients with cardiovascular disease has been reported [164, 165]. Patients
with high proinsulin levels who were homozygous for the 4G/4G polymorphism in the PAI-1
gene were at increased risk for myocardial infarction, suggesting that PAI-1 genotype may
affect vascular risk in patients with insulin resistance [164]. In the SHEEP study; a study
17
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which compared patients with first myocardial infarction and controls, a synergistic effect
between PAI-1 levels and smoking was seen in men and the 4G allele was weakly associated
with an increased risk of myocardial infarction in women [166]. The risk for recurrence of
myocardial infarction in the same patient material was associated with high levels PAI-1 but
also with other known risk factor like diabetes [57, 167].
The renin-angiotensin system is part of the regulation of blood pressure. Inhibition of
angiotensin-converting enzyme (ACE) reduces plasma PAI-1 in obese subjects [168]. The
suggested mechanisms concerning the effect of ACE-inhibition on the fibrinolytic system
are 1) inhibition of angiotensin II, which stimulates PAI-1 expression, 2) inhibition of
degradation of bradykinin, which is a stimulus for tPA production and 3) improvement of
insulin sensitivity [169].
In stroke, where tPA has been given as therapy to resolve clots, it has been observed that high
PAI-1 levels are associated with clot-lysis resistance and poor outcome [170].
PAI-1 and venous thrombosis
A weak but independent association between the level of PAI-1 and recurrence of venous
thrombosis has earlier been reported. After 10 years of follow-up the predictive value of high
PAI-1 became stronger. In one study tPA was not an independent risk factor for recurrence
whereas in another study low tPA, either due to reduced synthesis or release, seemed to
contribute to the pathogenesis in some of the patients [171-173].
In a prospective case control study with 208 patients who developed deep venous thrombosis
and 640 controls, there was no association between PAI-1 antigen, tPA/PAI-1 complex,
plasmin-antiplasmin complex and the PAI-1 -675 4G/5G polymorphism and venous
thrombosis. The samples were taken before the patients were diagnosed with venous
thrombosis. Therefore it is suggested that these fibrinolytic markers do not identify healthy
subjects at risk for venous thrombosis [174], whereas high PAI-1 may contribute to the longterm risk of recurrent thrombosis.
PAI-1 and cancer
The role of PAI-1 in angiogenesis has been extensively studied but still remains controversial
[32, 175].
The fibrinolytic system is involved in remodeling, wound healing and cell migration and can
activate metalloproteinases (zink-dependent endopeptidases) to degrade extracellular matrix
protein. The latter is a known mechanism when cancer cells invade and spread. Cathepsin D
is a proteolytic enzyme, which can be released from neutrophils and is able to degrade fibrin
[176] and extracellular matrix proteins. High levels of cathepsin D are associated with a poor
prognosis in breast cancer and poor prognosis has also been associated with the urokinase
pathway of plasminogen activation. PAI-1 and cathepsin D have been reported as independent
prognostic indicators for disease free survival when measurements were done from breast
tumor cytosols. The five year relapse rate among patients with low PAI-1 and low cathepsin
D was 13% compared to 40% if both PAI-1 and cathepsin D were above the median [177].
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Patients with high PAI-1 in extracts from solid lung tumours and low levels of uPA-PAI-1
complex had poorer survival than patients with low PAI-1 and high uPA-PAI-1 complex
[178]. When PAI-1 was measured in cytosols from gliomas it was shown that there is a
shorter overall survival in patients with high PAI-1 levels [179]. Endometrial cancer has been
associated with high PAI-2 levels [180]. Increased levels of uPA-antigen in extract of solid
tumours has been associated with poor prognosis [181, 182].
It has even been discussed that PAI-1 could be a therapeutic target in cancer, due to the
evidence that high levels of PAI-1 in extracts of human primary malignant tumours is one of
the most informative biochemical marker of poor prognosis in several cancer types [51].
PAI-1 and related conditions or diseases
The fibrinolytic system seems to be involved in the spermatogenesis, sperm capacitation and
fertilization [183] as well as in ovulation [184].
During the destruction of articular cartilage, fibrinolytic enzymes and matrix metalloproteinases
may contribute to the related pathology. Patients with rheumatic arthritis and osteoarthritis
have higher uPA and PAI-1 in the cartilage than controls [185].
Finally, PAI-1 is overexpressed in fibrosis in the kidney [186], lung [187] and liver [188].
Low PAI-1 and bleeding diathesis
Since 1989 there have been several published case reports of PAI-1 deficiency in association
with bleeding tendency [12-25] (table 1).
Schleef et al reported on the first case with severe bleeding after surgery and trauma, low
level of PAI-1 activity but normal PAI-1 antigen in serum [19].
Two of the reports, described mutations in the PAI-1 gene; one was a frame shift mutation in
exon 4 with production of a dysfunctional PAI-1 protein [21] and the other was a single point
mutation identified in the signal peptide [13]. Their families were also investigated. Fay et
al described one large kindred in the Indiana Amish population in USA where 7 people were
homozygous for a frame shift mutation in the PAI-1 gene and 19 were heterozygous. The
homozygous individuals had abnormal bleeding tendency after surgery or trauma including
intracranial haemorrhage or haemarthrosis after mild trauma, delayed surgical bleeding,
profuse menstrual bleeding and frequent bruising. Their bleeding problems were effectively
prevented or treated by fibrinolysis inhibitors like tranexamic acid or epsilon-aminocaproic
acid. They had no other developmental or other observed abnormality. The individuals who
were heterozygous for PAI-1 deficiency had no bleeding tendency.
In the other family described by Zhang et al [13] the proband had a single point mutation in
exon 2 in the PAI-1 gene with a PAI-1 activity of 10% as compared to normal. The bleeding
history included life-long bleeding problems after surgery or trauma. After the diagnosis of
PAI-1 deficiency was established, the patient received a fibrinolysis inhibitor before surgery
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and bleeding complications were prevented. The father but no other family member of the
proband had the same mutation.
It was also reported that patients with PAI-1 deficiency required higher doses of tranexamic
acid than normal, to prevent oral bleeding when extracting teeth [22].
Table 1. A compilation of published cases or case series with PAI-1 deficiency
Year

Ref Number
of
patients

Number
of
controls

PAI-1
activity
U/mL
(controls)

PAI-1
antigen
ng/mL
(controls)

Mutation
found

Bleeding history

1989

19

1

5

0.36±0.12
(0.87-1.81)

31.8±5.4
No
(19.6-42.2)

Surgery and trauma,
gastro-intestinal
bleeding.

1991

18

1

0

<1

<6, <2

No

Surgery and trauma,
epistaxis

1991

14

1

0

2

-

No

Surgery

1992

21

1

0

<0.1

<2

2 basepair
insertion
in exon 4.

Surgery and trauma

1997

12

7 homoand 19
heterozygous in
1 kindred

1993

17

1

20

1996

23

3

1999

16

2001

See text page 19.

1.9±1.1
(26±14)

No

Surgery, epistaxis,
bruising

8 family 0.5-8.3
members (9.1-20.3)

2.1-8.3
(7.8-21.9)

No

Surgery and trauma

4

30

1.6-13.8
(16.6±8.1)

No

Surgery and trauma,
menorrhagia

25

1

2 family 1.02
members

3.62

No

Haemarthrosis
subcutaneous
haematoma, tooth
extraction.

2004

22

3

0

1.02-3

3.68-4.9

No

Surgery,
haemarthrosis,
subcutaneos bleeding

2004

15

1

0

<5

11.4

No

Menorrhagia

2004

13

2

1 family
member
and 60
controls

0.04-0.21
(0.41)

5.6-33.24
(44)

Heterozygous
missense
mutation
exon 2

Surgery and trauma

2005

24

1

0

0

1.6

No

Eye bleeding

20

0.8±0.8
(6±3.8)

<1-3
(14.2±7.4)
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A case report from 2007 describes a patient with low PAI-1 activity and bleeding tendency
such as mild epistaxis, gingival bleeding and microscopic haematuria, spontaneous bleeding
from the navel and the nipple [189]. Two family members also had low PAI-1 activity, one
had menorrhagia and one had no bleeding tendency. However, when a normal population was
examined the incidence of low PAI-1 activity (defined as below 2 U/L) was 21%.
Relative PAI-1 deficiency has been described in patients with alcohol-induced liver cirrosis,
ascites and portal hypertension, where basal tPA levels are increased and PAI-1 activity
decreased [190].
In patients with severe haemophilia it has been reported that those with a more intense
bleeding pattern have higher levels of tPA, PAI-1, tPA-PAI-complex and TAFI [191].
PAI-1 and surgery
The fibrinolytic activity in patients undergoing elective cholecystectomi or more advanced
abdominal surgery was investigated by Mellbring et al in 1985 [192].
The tPA concentration increased rapidly immediately after starting the surgery. PAI-1 started
to increase at the end of surgery and reached the highest value three hours postoperatively.
The plasmin-antiplasmin complex (PAP), which is a measure of fibrinolytic activity and
plasmin generation, started to rise one day after surgery and continued to increase until day
6 postoperatively, when the study ended. This study shows that the fibrinolytic system is
activated at the time of surgery and the activation process is partly inhibited by PAI-1, but
the plasmin generation continues for several days after surgery. This could be a reason why
families with inherited PAI-1 deficiency suffered from delayed surgical bleeding and it could
also be reason why treatment with antifibrinolytic drugs should start before surgery. The PAI1 increase related to surgery had no relationship with increased levels of cortisone [193].
When surgery was performed on patients with abdominal aortic aneurysm it was shown
that the fibrinolytic system was more intensely activated in patients with ruptured than nonruptured abdominal aortic aneurysms [194].
It has been suggested that activation of the fibrinolytic system could be a reason for excessive
blood loss during surgery of the prostate [195, 196] The constant flow of urine containing
urokinase over the resected prostatic cavity, in the combination with the high concentration
of plasminogen activators in the prostate gland, are possible explanations. There have been
several trials to examine the efficacy of antifibrinolytic drugs in prostatic surgery with
conflicting results [197, 198]. Nielsen et al have suggested that systemic fibrinolysis does not
influence the persistent and delayed haemorrhage after transurethral resection of the prostate
(TURP), but postoperative blood loss could be dependent on in situ fibrinolysis in the urine
of patients undergoing TURP [199].
There are mainly three types of antifibrinolytic drugs that have been used in mostly cardiac
and orthopaedic surgery. Epsilon-amino caproic acid and tranexamic acid block the interaction
of plasminogen and fibrin. Tranexamic acid is the most potent drug of these two. Aprotinin
reduces fibrinolysis by direct inhibition of plasmin.
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In one randomized study of different types of cardiac surgery, where the patient either received
tranexamic acid or saline, it was shown that the release of tPA and enhancement of D-dimer
was effectively inhibited by tranexamic acid. Levels of PAI-1 and PAP were not different in
the two groups of patients. There was a significant reduction in intraoperative and total blood
loss in the tranexamic acid group and no patients suffered from thrombotic complications
[200]. In another randomized trial comparing tranexamic acid with placebo in 300 patients
with aortic valve replacement it was concluded that 24.5% of those treated with tranexamic
acid received blood products versus 45% of control patients [201].
It has been reported that the postoperative bleeding pattern in patients receiving tranexamic
acid or placebo in cardiopulmonary surgery is depending on the PAI-1 polymorphism 4G/5G,
where patients with 5G/5G polymorphism were prone to higher amount of postoperative
bleeding and tranexamic acid more effectively prevented excessive blood loss [202].
Aprotinin has been utilized for several years in cardiac surgery but a recent study was stopped
due to a higher death rate in the aprotinin group [203]. A former study from 1993 by Sundt et
al showed increased risk of postoperative renal dysfunction and failure and death in elderly
patients [204].
Bleeding tendency and coagulation disorders
The most common severe inherited forms of bleeding disorders are haemophilia A (FVIIIdeficiency), haemophilia B (factor IX [FIX]-deficiency) and von Willebrand disease (VWD;
deficiency of von Willebrand factor, VWF) with a prevalence in the severe form of about
12/100,000, 2/100,000 and 1/200,000 respectively. The prevalence of von Willebrands
disease in any form (mild, moderate and severe) is about 2/100. Patients with VWD can also
have FVIII deficiency, since VWF is a carrier protein for FVIII. These coagulation disorders
are often diagnosed in early childhood.
Haemophilia A and B in the severe form, affect mostly boys, since the mutated gene for FVIII
and for FIX is located on the X chromosome and it is a recessive inherited disease. VWD has
autosomal inheritance and affects boys and girls equally. Common symptoms in haemophilia
A and B are muscle and joint bleedings and in VWD also mucosal bleedings. In the moderate
and mild forms of these bleeding disorders the diagnosis is made later in life, for instance
after investigation for prolonged bleeding after tooth extraction, extended traumatic bleeding
after sport activity or profuse menstrual bleeding at menarche. Other causes of bleeding
diathesis could be specific deficiencies or defects in coagulation factors II, V, VII, X, XI, XIII
or fibrinogen.
There are rare inherited disorders of platelet dysfunction like Bernard-Soulier’s disease and
Glanzmann’s thrombastenia, which lead to a life long bleeding tendency with symptoms like
bruises, epistaxis and mucosal bleedings. More common are unspecific, inherited platelet
dysfunction or acquired platelet disorders, secondary to medication, including acetylsalicylic
acid (Aspirin), clopidogrel, non-steroidal anti-inflammatory drugs, selective serotonin
reuptake inhibitors or Omega-3-fatty acids.
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Other medications that can lead to bleeding symptoms are warfarin, heparin or lowmolecular-weight-heparins.Warfarin is a drug that affects the synthesis of all the K-vitamin
dependent coagulation factors (II, VII, IX and X), as well as the natural inhibitors protein
C and S. Warfarin blocks the formation of active forms of these factors and can therefore
cause spontaneous bleeding symptoms. Heparin and low-molecular-weight- heparins mainly
inhibit factor IIa (thrombin) and Xa, at the central point in the coagulation cascade where
thrombin generation and thrombin-induced fibrin formation occur.
The role of defects in the fibrinolytic system as a cause for bleeding symptoms is less clear.
There are a few reported cases of antiplasmin deficiency, which in the heterozygous form
has been associated with bleeding tendency after trauma, surgery and tooth extractions and
in homozygous form with more severe bleeding tendency [205]. There are only iatrogenic
cases with thrombolytic treatment with excess amount of uPA, tPA and plasmin as a cause
of bleeding tendency. There are no reported cases of bleeding due to deficiency of thrombin
activatable fibrinolysis inhibitor (TAFI).
Low PAI-1 levels have, as mentioned above, been reported in case- and family studies
as a cause of bleeding diatheses, especially after surgery and trauma. Systematic studies
concerning fibrinolytic defects as a reason for bleeding tendency are lacking.

23

Anna Ågren

AIMS OF THE STUDY
The aims of the present study were:
•

To investigate if there is an association between low PAI-1 activity and bleeding
symptoms

•

To study if there is an association between low PAI-1 activity and the 4G/5G-polymorphism
or perhaps other defects in the PAI-1 gene

•

To evaluate the regulation of PAI-1 activity in relation to sex, age, BMI, inflammatory
and metabolic parameters and in women the impact of combined oral contraceptives or
hormone replacement therapy.

•

To explore if there is laboratory evidence for enhanced fibrinolytic activity in patients
with low PAI-1 activity
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PATIENTS AND METHODS
The patient- and control populations
A total of 648 patients and 200 controls were investigated. Study I included 586 patients
referred to the Coagulation Unit at Karolinska University Hospital, Solna, due to bleeding
diatheses, and two different control populations with 100 blood-donors and 100 healthy
controls in each. In study II we recruited 62 men planned for transurethral resection of
prostate due to benign prostate hyperplasia.
In study III we evaluated 424 patients, with samples available, from the original 586 patients
(study I) and study IV was based on samples from 181 patients of the original population
(figure 4).
In study I, 586 consecutive patients, referred because of bleeding symptoms during the period
of October 1998-October 2002, were included. Analyses of PAI-1 activity and tPA–PAI-1
complex were added to the routine investigation of bleeding disorders. Bleeding symptoms
were classified as clinically significant or not by two of the investigators, who were blinded
to the laboratory results. Clinically significant bleeding included bleeding complications
after surgery, tooth extraction or child delivery, bleeding in the central nervous system,
gastrointestinal canal, joints or muscles as well as referral for menorrhagia, confirmed as

Study I

Study II

Study III

Study IV

586 patients
Prospective
cohort

424 patients
Retrospective
analysis

181 patients
Retrospective
analysis

62 patients
Prospective
cohort

100
blood
donors

100
healthy
controls

Figure 4. Relation of patient populations in the different studies.
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menstrual bleeding requiring change of pads or tampons at least every 2 h. Not clinically
significant bleeding were for example subcutaneous haematoma, epistaxis, gingival and
subconjunctival bleeding. In some patients also PAI-1 antigen in serum and the 4G/5G
polymorphism in the PAI-1 gene were analysed.
The routine investigation consisted of platelet count, APTT, PT, template bleeding time,
fibrinogen, FVIII activity, VWF activity (ristocetin co-factor) and VWF antigen. In case of
prolonged APTT or PT further factor analyses were done as appropriate. In case of normal
results in the routine investigation, thrombin time, factor XIII and antiplasmin were added.
A control group consisted initially of 100 anonymous blood donors, equally distributed in
age and sex. Height and weight were noted, but no other information was possible to obtain
for the integrity of the donors. As it was found that the distribution of sex was different in
the patient population compared with the blood donors and that it was impossible to get
information on bleeding history from the blood donors since they were anonymous, another
control group was recruited. This control group consisted of 100 friends or non-blood relatives
to the patients or hospital staff without any known haemostatic defect. This control group was
age and sex matched with the patients and they filled out a questionnaire on bleeding history,
height and weight, use of oral oestrogens or combined contraceptive pills. Their bleeding
symptoms were, as in the patients, classified as clinically significant or not. This control
group is called the “healthy controls”.
In study III we analysed plasma samples that were still available from 424 of these patients.
The patients with insufficient plasma material were randomly distributed over this period.
PAP and D-dimer were analysed and compared with PAI-1 levels.
In study IV we included all 63 patients for whom plasma samples were still available and
with PAI-1 activity below 1 U/ml as well as from 118 randomly distributed patients with
PAI-1 levels ≥1 U/ml. Totally 181 plasma samples were therefore analysed for C-peptide,
proinsulin, CRP and IL-6, and they were compared with PAI-1 levels.
In study II, consecutive patients with benign prostatic hyperplasia and planned for TURP
were asked for participation in this study during the period of September 2001 to June 2005.
A total of 62 patients were included in the study. Haemoglobin was measured before surgery
and on the day of discharge. We registered perioperative bleeding amount, haematuria, days
with Foley catheter and irrigation of the bladder postoperatively, days of hospitalisation,
amount of blood products and plasma expanders given during hospitalisation, anaesthesia,
surgeon, operative time, weight of prostatic tissue, blood pressure, medication, height and
weight of the patient. The intention was to have a single surgeon, which was possible in 51 of
62 patients. The sample for PAI-1 was taken before surgery and analysed after discharge.
The primary end point was a bleeding complication, which was defined as 1) reoperation due
to bleeding, 2) more than 40 mL intraoperative bleeding/g resected prostate, 3) postoperative
blood loss corresponding to more than 100 g haemoglobin. Secondary endpoints were number
of days with irrigation and length of hospitalisation.The patients with bleeding complication
were referred to the coagulation unit for elective investigation of haemostatic defects.
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Blood donors and coagulation
The effect on coagulation by plasmapheresis in blood donors has been investigated by Wood
et al and Grgicevic [206, 207]. The coagulation proteins seem to be stable in plasma and
returning to normal within 72 hours after the plasmapheresis.
The blood donors are asked before their first donation if they have a haematological disorder,
a coagulation disorder or if they have had blood transfusions before. If the answer is yes, this
is further discussed with a doctor or nurse. Repeated blood transfusions or bleeding episodes
without a known diagnosis of coagulation- or blood disorder does, however, not exclude the
patient from being a blood or plasma donor (Standard Operating Procedures, Department of
Immunology and Blood Transfusion, Karolinska University Hospital).
Assessment of bleeding and blood loss
Evaluation of bleeding tendency
The clinical diagnosis of mild bleeding disorders is sometimes difficult, since it usually
requires an evaluation of the lifelong bleeding history. In addition, for VWD and platelet
function disorders there are limitations of the laboratory tests [208]. The interpretation of
clinical data is subject to bias. Although bleeding symptoms may be more frequent in certain
haemorrhagic disorders, there is no single symptom that could be considered pathognomonic
for a specific bleeding disease. Therefore it is the “haemorrhagic picture” of the patient rather
than a particular symptom that may be helpful for the diagnosis. Definitions and standardised
questionnaires are nowadays more frequently used, but were not common when we started
the studies. However, even normal subjects report bleeding symptoms [209].
Measurements of blood loss in surgery
Blood loss during transurethral resection of the prostate can be assessed by using the
HemoCue photometer (HemoCue AB, Ängelholm, Sweden). All the blood lost during
transurethral surgery is mixed with the irrigating fluid that can be collected in buckets.
The haemoglobin concentration can then be measured in the irrigating fluid. To prevent
clots in the collection bucket 1000 U of heparin is added. The system has been tested by
using known amounts of bank blood that was run into buckets containing known volumes
and weights of irrigating fluid. The solution was stirred and duplicate samples were drawn
from the periphery and the centre of surface and from the bottom of the buckets. The mean
accuracy of the measurement with the HemoCue was 98.2 % (SD 3.7) at the periphery, 98.1
% (SD 5.1) at the centre and 88.8 % (SD 14.8) at the bottom of the bucket. The coefficient of
variation in serial analyses ranged from 2 % to 3 % . The system has been used in the clinical
routine for several years and provides an opportunity to measure peri-operative blood loss
very precisely [210].
In other types of surgery, when the blood cannot be collected in a single container, there is a
possibility to visually assess the amount of blood in swabs or weigh the swabs. The problems
with these methods are that visual assessment has poor validity and the swabs can absorb
exudates or irrigation fluids or there could be errors due to evaporation or dilution [209].
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Measurement of blood in suction devices during surgery can be inaccurate since the volumes
collected are often small. Dilution by exudates or irrigation fluids and blood remaining in the
tubes could be a problem.
Blood loss in post-operative drainage could be underestimated due to compartments of blood
or large subcutaneous haematomas in the operation area and the blood in the drainage tubes
may also clot.
Another way of measuring blood loss is to use indirect methods by analysing the drop in
haemoglobin. Consideration must then be taken to the initial blood volume of the patient
and changes in blood volume during surgery due to transfusions of fluids or blood. Different
formulas have been suggested for calculation of blood loss [211, 212]. The haemoglobin drop
may not only reflect actual blood loss or dilution of blood but also haemolysis.
Measurements of blood volume
Several formulas have been used to calculate blood volume. The formula of Allen et al [213]
states that blood volume = 0.417 x cube of height (m) + 0.045 x body weight (kg)-0.03.
The formula of Nadler et al [214] states that blood volume (L) for men = body height (m)3
x 0.3669 + body weight(kg) x 0.03219+ 0.6041 and blood volume (L) for women = body
height (m) 3 x 0.3561 + body weight(kg) x 0.03308+ 0.1833.
Accurate formulas are required for blood volume measurement to be useful in a clinical
setting. The primary physiological determinant of normal blood volume is body composition
and formulas have been developed based on weight and body surface area, but these can have
systematic errors arising from variations in the body composition or body size [215].
Calculation of blood loss in the study on TURP surgery
The intraoperative blood loss was measured by analysing haemoglobin in the irrigating fluid
using HemoCue Low Hemoglobin Photometer (HemoCue AB, Ängelholm, Sweden). The total
amount of haemoglobin in a bucket is the product of the measured haemoglobin concentration
and fluid volume [210]. The intraoperative volume of lost blood equals the sum of the
haemoglobin contents in all buckets divided by the preoperative haemoglobin concentration
in blood.
The postoperative blood loss was calculated by estimating the haemoglobin mass, which
is the product of haemoglobin concentration and blood volume. The formula of Nadler et
al [214] was used for calculating the blood volume; blood volume (L) = body height3 (m) x
0.3669 + body weight (kg) x 0.03219 + 0.6041.
The preoperative Hb mass plus transfused Hb mass minus intraoperative blood loss was
compared to the postoperative Hb mass, which was calculated from the haemoglobin
concentration on the day of discharge. The difference should correspond to the postoperative
blood loss.
If the patient had transfusions of red packed cells the Hb mass was calculated based on a
mean volume of 288 ml per transfused unit with a haemoglobin concentration of 198 g/L
corresponding to a Hb mass of 57 g.
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Withdrawal of medication before surgery
When to withdraw aspirin before surgery is a subject of debate in Sweden [216] and in other
countries [217]. A study in healthy volunteers showed that the defect in primary haemostasis
(changes in bleeding time) had largely disappeared 48 h after the last dose [218]. Early
initiation of aspirin after urological surgery did not appear to carry an increased risk of
postoperative bleeding [219]. Discontinuation of aspirin before invasive therapy or surgery
is also related to higher risk of major cardiovascular events in cardiac patient [220]. ACCP
guidelines recommend withdrawal 7 to 10 days before surgery, but for patients at high risk for
cardiac events continuing aspirin up to and beyond the time of surgery is suggested [221].
Other medications that could possible lead to a higher bleeding risk are non-steroidal antiinflammatory drugs (NSAID), selective seronin reuptake inhibitors (SSRI) and medication
from nature like Omega-3-fatty acids from fish-oil, Ginkgo biloba and garlic, which could
affect platelet aggregation and bleeding time [222].
Analysis of fibrinolytic parameters in the study
tPA antigen

Active tPA

tPA/C1inh

tPA/AP

tPA/PAI-1

Latent PAI-1 Active PAI-1

PAI-1 antigen

Figure 5. A schematic picture on what is measured with tPA antigen and PAI-1 antigen
methods. C1inh= C1 inhibitor; AP=antiplasmin. (courtesy of B. Wiman, Klinisk Biokemi i
Norden 2008).
Method of determination of PAI-1 activity
The PAI-1 sample should be taken between 7 and 10 a.m. on a fasting stomach or after a fatfree breakfast and after at least 15 minutes of rest. The timing is necessary to standardise the
activity according to the diurnal variation and the peak activity of PAI-1. Furthermore, it is
crucial to avoid sampling from patients with acute infection or during pregnancy, when PAI-1
activity is increased. Nine volumes of blood are collected in tubes with one volume of 0.129
M trisodium citrate. The tubes are centrifuged within 30 minutes at 2000 g for 15 min after
which plasma is separated, immediately frozen and kept at -70 ºC until analysis.
We chose to use Chromolize™ PAI-1 kit from Biopool, since it was the routine method at
Karolinska University Hospital, used mainly for investigation of thrombosis patients and for
research concerning venous and arterial thrombosis.
Chromolize™ PAI-1 kit from Biopool is an immunoactivity assay. Active tPA is lyophilized
while immobilised on the surface of the microtiter plate well. After reconstitution plasma
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samples containing PAI-1 are added and active PAI-1 reacts with tPA. Simultaneously, a
horseradish-peroxidase (HRP)-conjugated monoclonal antibody to PAI-1 is added. After
incubation, unbound sample and conjugated antibody are washed away and the bound PAI-1
is quantified with an HRP-sensitive substrate. The amount of colour developed is directly
proportional to the concentration of active PAI-1 in the sample.
The manufacturer states that the analysis of PAI-1 activity has a detection range of 2.0–50
U/mL. Our local laboratory has so far provided a reference range of <15 U/mL. In order to
improve the precision at low PAI-1 levels, more measuring points were added to the low end
of the calibration curve, which was read using a point-to-point approach instead of linear
regression. An in-house control with a PAI-1 activity of 0.9 U/mL was also added. The intraassay coefficient of variation (Cv) was 11.5% for the low control (n = 108) and 5.7% for
the high control (PAI-1 19.4 U/mL; n = 106), and the inter-assay Cv was 4.5% and 3.6%,
respectively.
After log-transformation the PAI-1 levels attained a normal distribution. In the PAI-1 analysis,
the values of absorbance at <1 U/mL did not differ significantly from the 0-line, and thus it
was not meaningful to set the lower limit of normal below 1.0 U/mL. PAI-1 activity less than
1 U/mL was considered as low PAI-1 activity.
PAI-1 is labile and at pH 7.3 and 37º C in plasma, conversion to latent PAI-1 will occur with
a half-life of 4 hours. In addition loss of activity will occur at every thawing/freezing cycle.
It is therefore very important that the preanalytical conditions are optimal.
Other PAI-1 activity methods
Zymutest (Aniara©) PAI-1 activity. An ELISA plate is coated with active tPA, which binds
active PAI-1 present in plasma or tested sample. This is then revealed with a specific PAI-1
murine monoclonal antibody and labelled with HRP. Detection threshold is ≤ 0.1 ng/mL.
Spectrolyse® PAI-1 (American Diagnostica Inc.) is a two-stage, indirect assay for measuring
PAI-1 levels. The lower limit of detection has been determined to be 4.6 U/mL.
Method of determination of PAI-1 antigen
TintElize® PAI-1 test from Biopool is based on a double antibody principle with a coat
antibody. One type of the microtest well contains monoclonal antibodies against PAI-1
immobilized on the well surface and soluble antibodies against PAI-1. The other type of well
also contains monoclonal antibodies against PAI-1 immobilized on the well, but with soluble
non-immune antibodies. HRP-conjugated PAI-1 antibodies are added and will also bind to
PAI-1. This forms a sandwich of 1) coat antibody, 2) PAI-1 and 3) HRP-conjugated antibody.
A chromogenic substrate is then added and converted to a yellow coloured product at a rate
proportional to the amount of HRP bound. The difference between the wells is the specific
PAI-1 response.
Normal values of PAI-1 antigen in human platelet-poor plasma have been reported in the
range 4-43 µg/L (18 ± 10 µg/L with a correlation to PAI-1 activity of r = 80) [223]. In serum,
when the platelets have been activated the concentration of PAI-1 is 100-300 µg/L, which
reflects the release of PAI-1 from activated platelets [54].
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For comparison, the immunochemical assays measure active PAI-1, latent PAI-1 and PAI-1
in complex with tPA or uPA (figure 5). The preanalytical conditions have to be very precise
to avoid that latent PAI-1 can leak from the platelets in case of inadequate anticoagulation in
the tube, in which the sample is collected [224].
Method of determination of tPA-PAI-1 complex
TintElize® tPA-PAI-1 from Biopool is an enzyme immunoassay. Polyclonal antibodies
against human tPA are lyophilised while immobilised on the surface of the microtest well
wall. After reconstitution, plasma samples containing tPA-PAI-1 are added and the complex
reacts with the immobilised antibodies. Simultaneously an HRP-conjugated monoclonal
antibody to PAI-1 is added. After incubation, unbound sample and antibody are washed away
and the bound tPA-PAI-complex quantified with an HRP-sensitive substrate. The amount of
colour developed is directly proportional to the concentration of active tPA-PAI-1 complex
in the sample.
The manufacturer states that plasma concentration of tPA-PAI-1 complex in citrate samples
from 40 healthy blood donors was found to be in the range of 0.6-6.7 µg/L (2.5 ± 1.5 µg/L).
Determination of plasmin-antiplasmin complex
Determination of PAP was performed by a classical two-site enzyme-linked immunosorbent
assay. The microtiter wells were coated with a goat antibody raised against PAP and were
suitably adsorbed. The antibodies were reacting towards a neoantigen in the antiplasmin moiety
of the complex and the affinity was about 200 times higher for the complex as compared with the
free antiplasmin [225]. The measuring antibody was an HRP-conjugated goat antiplasminogen
immunoglobulin G. Purified PAP was used as a standard (0–12 mg/L). By diluting the plasma
samples 1/200 in phosphate–EDTA–Tween buffer (0.04 mmol/L sodium phosphate buffer,
pH 7.3, containing 0.1 mol/L sodium chloride, 0.005 mol/l EDTA and 0.05% Tween 20), the
influence on the assay of free antiplasmin present in plasma was negligible. The minimal
detectable concentration using this procedure is about 0.1 mg/L. The accuracy measured
as the recovery of pure PAP added to several different plasma samples was close to 100%.
The coefficient of variation, measured at 1.5 mg/L, was less than 10%. The reference range,
based on a large control sample from another study, is approximately 1–3 mg/L (unpublished
data).
Determination of fibrin D-dimer
Fibrin D-dimer was analysed in all patients using a commercially availably kit (TintElize
D-dimer; Biopool) with a detection range from 0 to 1000 µg/L.
One of the end products of fibrin is the degradation product D-dimer, but this test could
reflect activation of the coagulation and fibrin formation rather than the fibrinolytic capacity
[38]. Usually fibrin formation results in an increased D-dimer level, and the analysis is used
as a part of the investigation procedure in the diagnosis of deep venous thrombosis.
tPA, uPA and tPA-PAI-1 complex
tPA tests immunologically and functionally are very different. Active tPA is only a small
part of the total tPA antigen present in plasma. tPA easily forms complex with inhibitors
31

Anna Ågren

such as PAI-1, antiplasmin and C1-inhibitor [226]. Increased tPA antigen in plasma could
therefore reflect an inhibition of the fibrinolytic activity, rather than an increased fibrinolysis.
The correlation between tPA antigen and PAI-1 activity is quite good and high levels of tPA
antigen can indicate a risk for thrombosis [57]. Assessment of tPA activity requires caution
against possible inactivation when handling the sample, which should be taken in acid buffer
vacuum tubes. tPA activity is inversely correlated to PAI-1 activity. However there is no
correlation between tPA activity and tPA antigen. tPA antigen correlates better to PAI-1
activity [10].
Active tPA has been given intravenously to healthy volunteers, who were recruited according
to their PAI-1 levels. tPA antigen was rapidly cleared from the circulation; in subjects with
low PAI-1 t½ was 3.5±0.7 min and in objects with high PAI-1 t½ was 5.3±0.9 min and the
clearance was faster for active tPA than tPA-PAI-1 complex. In patients with high PAI-1 more
active tPA was converted to tPA-PAI-1 complex and this was slowing the clearance [52].
For detection of uPA in plasma, an ELISA method is typically used. Determination of uPAantigen has mainly been used in extracts of solid tumour and not for detection of uPA in
plasma [181].
Other tests of fibrinolysis
Euglobin clot lysis time, fibrin plate clot lysis and whole blood clot lysis have been used
historically for global evaluation of fibrinolysis, but these tests are laborious and difficult
to automate. The relation between euglobin clot lysis time (ELT) and tPA and PAI-1, has
showed positive correlation and the data suggested that PAI-1 has a strong influence on the
ELT [227, 228].
Global coagulation methods like overall haemostatic potential (OHP) and overall fibrinolytic
potential (OFP) have been developed by He et al [229] and have been used in evaluation of
TAFI generation [230] or for assessing patients with hypercoagulable states [231].
Another global method is thromboelastography (TEG or ROTEM) and it has been used in a
model of systemic activation of fibrinolysis and coagulation in healthy volunteers who were
randomised to endotoxin or saline infusions [232].
The importance of measuring TAFI in clinical studies has been controversial. One recent
study could not find any association between increased TAFI and absolute risk for venous
and arterial thrombosis in thrombophilic families [233].
Analysis of 4G/5G polymorphism
The analyses of 4G/5G polymorphism were done by pyrosequencing technique [249].
Storage of frozen samples
Earlier findings have documented a longitudinal stability in the biochemical properties of
frozen plasma in coagulation, fibrinolytic and inflammatory parameters, when the plasma
had been frozen at -70º C, for 7-59 months [234].
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Statistical analysis
The skewed distribution of PAI-1 activity levels was normalised after log-transformation.
Student´s t-test (two-tailed) for equal variances was used. Adjusted odds ratios were
calculated by logistic function regression.
Binomial or dichotomised data were analysed with chi-squared test with Yate´s correction.
In the TURP-study binomial data were analysed with Fisher´s exact test.
Relations between continuous data were assessed by linear regression analysis or MannWhitney for skewed distribution. Distribution was characterised by standard deviation, if
normal distribution or inter-quartile range (IQR) if appropriate.
A P value less than 0.05 was considered statistically significant.
Confounding
The issue of confounding and independent versus dependent variables was often discussed
during the analysis of the results from our studies, particularly Study IV. In the case of
PAI-1 this dilemma is probably more complex than in many other situations. Although the
reviewers of the submitted manuscripts agreed with our statements and conclusions in this
respect, it is still worth pondering over the relationships.
Confounding can be caused by variables that are associated with both outcome and exposure
and are not on the causal pathway between exposure and outcome [235, 236]. There are
different concepts of relationships of variables in research; confounding, mediation and
effect modification (synonyms: interaction or moderation). While an exposure may cause
disease it is also possible that exposure and disease may be related if both variables are
caused by another factor and this factor is called the confounder. A confounder is a true
cause of a disease, while bias is an artefact. A mediator is also associated with the exposure
and the outcome, but is part of the causal chain. A confounder and a mediator cannot be
distinguished on statistical ground; on the contrary they can only be separated from each
other based on an understanding of the total disease process.
An effect modifier is a variable that moderates or modifies the way in which the exposure
and the disease are related. When an exposure has different effects on the disease at different
values of a variable, that variable is called an effect modifier. That means for instance that
the exposure could have different effects in men and in women.
It has been suggested that PAI-1 represents a possible causal link in the development of
obesity [237] due to the fact that PAI-1 is synthesised by adipose tissue, that plasma levels
are increased in obesity and reduced with weight loss. Administration of tiplaxtinin (PAI039), an orally active synthetic inhibitor of PAI-1, has resulted in weight reduction in a
diet-induced obesity mouse model [79]. Infusion of insulin in healthy volunteers resulted in
increased levels of PAI-1 within hours [149].
If there is a causal link between PAI-1 and obesity, it is also possible that there could be a
causal link between PAI-1 and C-peptide and proinsulin, since these substances are closely
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related to insulin resistance in the metabolic syndrome, which is associated with overweight.
If obesity is a mediator and part of the pathway between PAI-1 and C-peptide, we should not
consider obesity as a confounder, since this could in fact lead to a risk for misinterpretation
of the study results. Therefore it may be argued that BMI is not a confounder and that we
should not adjust for this parameter in our study.
Power calculation for study II
In the initial sample size calculation we considered the prevalence of low PAI-1 activity to
be 5%, based on preliminary data from the epidemiological study (study I). We estimated
the incidence of bleeding complications at 10%, based on literature data ranging from 5%
to 7% for transfusion, readmission or re-operation due to bleeding and additional 5% for
the intra- and postoperative blood loss measured as described above. With an alpha of 0.05
and a power of 80% we would need 150 patients to exclude that low PAI-1 is not a cause
of at least half of the bleeding complications. Assuming a quantitative, inverse relationship
between PAI-1 activity and blood loss, we planned to also use linear regression analysis
for this correlation and to reduce the number of patients needed. A relocation of the TURP
procedure to another hospital and a concomitant change of surgical technique occurred in
2005 and obviated further inclusion of patients to reach the planned number.
Ethical considerations
The studies were approved by the Ethics Committee at Karolinska University Hospital, and
all patients and normal controls gave oral informed consent after having read the consent
form, which was specifically designed for each population group.
All patients had initially provided consent for the investigation of several fibrinolytic
parameters. Study IV with the additional analyses was subsequently approved by the Ethics
Committee of the Karolinska University Hospital.
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RESULTS AND DISCUSSIONS
Evaluation of low PAI- 1 activity as a risk factor for
haemorrhagic diathesis (study I)
Results
The main reasons for referral for investigation of bleeding tendency were perioperative
bleeding complication (25%), multiple bleeding symptoms (21%) and menorrhagia (20%).
Other reasons were subcutaneous haematomas (13%), peripartum bleeding complications
(5%) and bleeding complications after tooth extraction (2.5%) and to a smaller degree (below
1.5% for each) intracranial bleeding, abnormal haemostatic screening test, gingival bleeding,
gastro-intestinal bleeding, haematuria, haemarthrosis, muscle haematoma, abnormal bleeding
during antihaemostatic therapy, liver disease, family investigation, posttraumatic bleeding
complication, bleeding after venipuncture, petechiae, haemoptysis, renal disease, bleeding
into cyst, subconjunctival bleeding, renal haematoma, haematospermia and iron deficiency.
Clinically significant bleeding, fulfilling our criteria, had occurred in 75% of the patients and
in 18% of the healthy controls.
In the routine investigation of bleeding tendency an abnormal result was found in 43% of
the patients and there was a normal investigation in 57%. Among the patients with abnormal
investigation there were 143 patients with a platelet function defect (57 %), 59 patients
with VWD (24%), 14 with capillary fragility (6%), 7 with thrombocytopenia (3%), 7 with
carriership of haemophilia A (3%), 5 with factor VII-deficiency (2%), 4 with factor XIdeficiency (1.6%), 3 with hypofibrinogenaemia (1.2%), 2 with isolated prolonged APTT
(0.8%) and one of each with mild haemophilia A, factor V-deficiency, prothrombin deficiency,
deficiency of all vitamin K-dependent coagulation factors, Ehlers-Danlos syndrome and
Osler-Rendu-Weber’s syndrome.
PAI-1 levels
The PAI-1 levels were skewed and obtained a normal distribution after log-transformation
(figure 6). In the improved PAI-1 analysis for the lower levels, the values of absorbance at
<1 U/mL did not differ significantly from the 0-line and therefore the limit of low PAI-1 was
set to <1 U/mL.
Among the 586 patients 23% had PAI-1 levels below 1 U/mL. In the control group with blood
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Fig 6. PAI-1 activity - distribution in patients.
donors 13% had PAI-1 levels <1 U/mL and among the healthy controls the proportion was 10
%. The odds ratio (OR) for a PAI-1 level of <1 U/mL in the patients compared with the control
group of blood donors was 2.04 (95% confidence interval [CI], 1.11-3.77) and compared with
the healthy controls it was 2.75 (95% CI, 1.39-5.42). After adjustments for sex, age, BMI
and use of oestrogens the OR was 3.23 (95% CI, 1.22-8.56) for a low PAI-1 activity among
patients compared with healthy controls. Due to the above-mentioned lack of information such
adjustments were not possible for the blood donor population (figure 7).

Proportion of individuals (%)

Females had a higher proportion of PAI-1 levels below 1 U/mL than males in all populations.
There was a statistically significant difference in the proportion of females with low PAI-1
between healthy controls (11%; 95% CI, 4.3-17.7) and patients (25%; 95% CI 21.2-28.8)
(P=0.007). The absolute number of males in these groups was small and did not provide the
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Fig 7. Low PAI-1 activity per population.
36

Mechanisms and effects of low PAI-1 activity

power for assessment of difference in the proportion of low PAI-1 levels. In the women who
were on oral contraceptives the PAI-1 levels were lower (median 1.25 U/mL in patients and
1.6 U/mL in healthy controls) than among the women without exogenous oestrogens (median
4 U/mL in patients and 3.35 U/mL in healthy controls). The median PAI-1 level was slightly
higher in all populations over 43 years of age compared to those younger than 43 years of
age. This effect seemed to be related to the effect of oral contraceptives in younger ages but
was only significant in patients (P= 0.002) (figure 8).
There was an association between BMI and PAI-1 levels (in blood donors, coefficient of
determination R2= 0.2, P<0.001). In the 586 patients 14 had BMI over 25 and PAI-1 levels <
1 U/mL but none with BMI >25 in the two control groups had low PAI-1. The BMI did not
affect the differences seen in the females on exogenous oestrogens.
The total number of patients with low PAI-1 activity was 137 (23 %) and out of these 97
(71 %) had a clinically significant bleeding tendency, according to preset criteria. Among
the patients with normal PAI-1 levels, n = 449, 77% had clinically significant bleeding
tendency. Comparison of PAI-1 levels and the proportion of clinically significant bleeding
tendency according to the final diagnosis showed that 73% of those with low PAI-1 and
otherwise normal investigation had clinically significant bleeding versus 80% of those with
PAI-1 ≥1 U/mL and no other diagnosis, 78% in those with platelet function defect, 58% with
platelet function defect and low PAI-1, 80% in VWD, and 79% in VWD and low PAI-1 (not
statistically significant differences).
When listing the bleeding symptoms separately (postoperative bleeding, bleeding after tooth
extraction, peri- or postpartum bleeding, subcutaneous haematoma, menorrhagia, gingival
bleeding, epistaxis, gastro-intestinal bleeding, haematuria, abnormal post-traumatic bleeding,
muscle haematoma and haemarthrosis) the prevalence of most bleeding manifestations was
slightly lower with a low PAI-1 activity alone than combined with a defined haemostatic
defect and there was no significant difference between bleeding manifestations in those with
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Fig 8. PAI-1 activity according to age in 100 blood donors.
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low or normal/high PAI-1 levels and otherwise negative investigation. The only exception
was a higher risk of bleeding complication after delivery in patients with low PAI-1 than
those with normal PAI-1 in otherwise negative investigation (P=0.02).
In the healthy control population 18 (18%) had a history of clinically significant bleeding
and 3 (17%) of these had low PAI-1 compared with 7 (8.5%) of 82 without such history (no
statistically significant differences) (table 2).
Table 2. PAI-1 levels according to demographic characteristics
Characteristic
N
Sex
Males
Females
Body mass index
<25
>25
Age
<43
>43

Blood donors
Healthy controls
100
100
median %<1 U/mL median %<1 U/mL

Referred patients
586
median %<1 U/mL

7.3
3.6

6%
20%

9.0
2.8

6%
11%

4.8
3.6

15%
25%

3.1
8.9

24%
0%

2.4
7.0

14%
0%

3.2
9.0

25%
13%

4.8
6.4

12%
14%

2.7
3.8

13%
7%

3.0
5.0

26%
20%

tPA-PAI-complex
There was a positive correlation between tPA-PAI-1 levels and PAI-1 activity (R2=0.71,
P<0.001). The tPA-PAI-1 antigen levels were similar in patients and blood donors with a
median tPA-PAI-1 level in patients of 2.6 ng/mL (range 0.02-27.8) and 2.6 ng/mL (range 014.3) in blood donors. There was no association between low tPA-PAI-1 levels and increased
bleeding tendency (table 3).

Table 3. tPA•PAI-1 levels in ng/mL according to demographic characteristics
Characteristic
N
Median (range)
Males, median
Females, median
Age <43, median
Age >43, median
BMI <25, median
BMI >25, median
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Blood donors
100
2.6 (0-14.3)
3.4
2.4
2.3
3.6
2.1
4.1

Referred patients
512
2.6 (0.02-27.8)
4.3
2.5
1.9
4.2
1.3
8.4
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PAI-1 antigen
In 52 patients with low PAI-1 activity (<1 U/mL) PAI-1 antigen was analysed in serum.
The concentration was 199±71 ng/mL (range 62-362 ng/mL). In one patient there was no
measurable PAI-1 antigen in serum. This patient also had thrombocytopenia, mild factor V
deficiency and suspected Wiscott-Aldrich syndrome.
4G/5G polymorphism
Analysis of the 4G/5G polymorphism was performed in 133 patients with low PAI-1 and in
48 healthy controls. The results were compared with results from 1614 controls from another
study- the SHEEP study [166]. Homozygous form of 4G was seen in 24.8% of the patients,
27.1 % of the healthy controls and 28.6 % of the SHEEP-controls. Homozygous form of 5G
was found in 21.1 % of the patients, 27.1 % of the healthy controls and 20.4 % of the SHEEPcontrols. There was no statistical difference.
Discussion
In the earlier case studies it had been reported that PAI-1 deficiency is associated with
bleeding tendency especially after surgery and trauma and in two of the studies mutations in
the PAI-1 gene were found. No systematic studies have been performed earlier.
We found that low PAI-1 activity, below 1 U/mL, is more common among 586 patients
with bleeding tendency (23%), than in two control groups of 100 people each (13 and 10%
respectively).
One of the difficulties with defining low PAI-1 activity has been that the commercially
available reagent kit, has been designed primarily for detection of normal or high PAI-1
levels, as part of assessment of thrombotic risk. The lower reference limit in the commercially
available kit (Chromolize™ PAI-1, Biopool, Umeå, Sweden) was set to 2 U/mL, whereas
values below this limit were considered uncertain.
In our study we were able to improve the low detection limit from 2 U/mL to 1 U/ml with
adding more reference points at the lower end of the calibration curve, using a point-to-point
approach instead of linear regression and adding a low in-house control.
Still we could not differ between the patients that may have had a true zero level of PAI-1,
from those with for example 0.5 U/ml. It is possible that patients with low PAI-1 levels,
but above the zero-line, can increase their PAI-1 levels when necessary, for instance in
inflammatory diseases or surgery. To further investigate if there were patients with no PAI-1
production, we performed PAI-1 antigen analyses of serum, where PAI-1 from the platelets is
released. This analysis was made in 52 patients with PAI-1 activity below 1 U/mL. Only one
of these 52 patients had an unmeasurable PAI-1 antigen level, and this patient was found to
have a low platelet count, which made it difficult to draw any conclusion.
It is known that PAI-1 activity can be affected by the 4G/5G polymorphism, but among the
patients with low PAI-1 activity there was no increase in the proportion of 5G/5G, which has
been associated with lower PAI-1 levels in thrombotic studies, compared with our control
populations.
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One possible reason for low PAI-1 activity is that most of PAI-1 could be bound to tPA in
the tPA-PAI-1 complex, but we found a positive correlation between PAI-1 activity and
tPA-PAI-1 complex (R2 = 0.71, P=<0.001) and therefore low PAI-1 activity was instead
associated with low tPA-PAI-1 complex. We could not find any association between the
levels of tPA-PAI-1 complex and bleeding tendency, which could be the case if there were
unbound tPA, which we did not measure.
The bleeding tendency with different bleeding manifestations was carefully examined in the
patients and the healthy controls. We could not find any typical feature of bleeding among the
patients with low PAI-1 activity except that the risk of bleeding complication after delivery
was higher and often was the only abnormality in the investigation (32%), compared to
a completely negative investigation (21%). Due to a large number of comparisons this
may be spurious. In normal pregnancy PAI-1 levels increase above the upper reference
limit (>15 U/mL) and we have also seen the same pattern in ten patients with previously
diagnosed low PAI-1 activity, who were followed during pregnancy (unpublished data). In
normal women after child birth PAI-1 decreases to non-pregnant levels within a day after
delivery, which means that post-partum haemorrhage due to PAI-1 deficiency, could be
expected.
The bleeding tendency for patients with low PAI-1 activity in combination with other
haemostatic defects did not worsen compared to patients with the same haemostatic defect
but without PAI-1 deficiency.
The bleeding pattern was classified as clinically significant or not. We had a control group
with blood donors, but we were not allowed to interview them regarding their bleeding
history, since they were anonymous. Blood donors are not rejected because of a bleeding
propensity as long as their haemoglobin value is within acceptable limits. We decided
then to recruit another control group, with sex and age matched individuals, who filled
out a standard questionnaire on their bleeding history. In this control group 18% fulfilled
the criteria for clinically significant bleeding. In these healthy controls there was a nonsignificant difference in this type of bleeding among those with low PAI-1 activity (17%)
versus those with higher activity (8.5%) (OR 2.1, 95% CI 0.5-9.2).
Some of the patients were young and had not yet experienced tooth extractions, pregnancy
or surgery, why the risk of post-operative haemorrhage could not be fully evaluated.
PAI-1 activity is affected by many factors. There is a diurnal variation with the highest
levels in the morning and our samples were therefore taken in the morning between 7 and
10 am. Infections or inflammation may also affect the levels and in patients or controls with
an infectious disease the sampling was postponed until they had recovered. Exogenous
oestrogens or pregnancy would increase the PAI-1 levels and such medications or condition
were registered. Metabolic syndrome and obesity increase PAI-1 levels and therefore data
on height and weight were collected. We did not measure waist-hip ratio since we were not
aware of the possible influence on PAI-1 levels at this point. The 4G/5G polymorphism was
examined in the study. The healthy controls were matched for age, gender and they had a
similar proportion of females on oestrogen therapy and a similar BMI.
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In our study there was a high proportion of women (83.4 %) why any conclusion for populations
with a higher proportion of males may be uncertain. Subsequent to the publication of Study I
a study on PAI-1 in a Spanish blood donor population was published[189]. They also found
a high prevalence of low PAI-1 activity, since 21% of the 66 donors had <2 IU/mL, but they
questioned any association between low PAI-1 acitvity and bleeding diathesis. The small
sample size and the same inability to obtain a full medical history from the blood donors as
in our study are obvious limitations.
Laboratory evidence of hyperfibrinolysis in association with
low plasminogen activator inhibitor type 1 activity (study III)
Results
The patient population consisted of 350 (83 %) women and 74 (17%) men. The median age
was 41 years (range 18-81 years).
There was a weak negative correlation between the PAI-1 activity and the PAP-level (r= -0.16,
95% CI, -0.25 to -0.06; two tailed P value 0.0011). When the PAI-1 value was dichotomised
as low or normal/high values with the cut-off PAI-1 level at <1 U/mL the effect on PAP was
more pronounced. In patients with low PAI-1 the median PAP-level was 1.73 mg/L with IQR
1.53-2.30 mg/L. In patients with normal or high PAI-1 levels the median PAP-level was 1.54
with IQR 1.37-1.83 mg/L. The difference was highly significant with a P value of < 0.0001.
The best cut-off value for PAI-1 in the correlation with PAP levels was at PAI-1 of 1.2 U/mL,
which is close to our previous definition of low PAI-1 activity below 1.0 U/mL.
There was no statistically significant association between the PAI-1 activity and the D-dimer
level.
No correlation was observed between PAP and age, sex or clinically significant bleeding, but
there was a weak negative correlation between PAP and BMI (R2 = 0.047) when analyses
were made on the whole population (n = 424). In the patients with low PAI-1 activity (n=
95) there was also a weak negative correlation between PAP and BMI (R2 = 0.07) and no
correlation between PAP and age or history of clinically significant bleeding.
Discussion
We found that low PAI-1 activity is associated with higher levels of plasmin formation
measured by PAP, but not with increased formation of fibrin degradation products measured
as D-dimer. This suggests that plasmin activation occurs without fibrin formation. This could
support the concept that patients with low PAI-1 activity have increased bleeding risk, due
to the fact that there is not enough PAI-1 to suppress the tPA activity, which stimulates the
formation of plasmin. However, we could not see any association between PAP-levels and
the severity of bleeding tendency in patients with low PAI-1 activity, but in this group of
424 patients (from originally 586) 26% had not yet experienced haemostatic challenges like
surgery and 31 % of the patients had not undergone tooth extraction. Both surgery and tooth
extraction are the kind of occasions where PAI-1 deficient patients typically have presented
with bleeding complications in earlier case studies [22].
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Patients with normal PAI-1 activity have the ability to induce a higher production of PAI-1 at
surgery, in inflammatory or infectious diseases. In patients with low PAI-1 activity, perhaps
this reaction is not fast enough to prevent excessive fibrinolysis in the post-operative and postpartum period and this could result in a higher risk for bleeding complications. There have
been several studies in hip and knee surgery [238], where the use of the fibrinolytic inhibitor
tranexamic acid has reduced the need for allogenic blood transfusions. In some hospitals it is
a routine to give a single dose of tranexamic acid at hip or knee surgery. Tranexamic acid in a
high single dose is also used before cardiopulmonary surgery. Theoretically the positive effect
of tranexamic acid could be even more pronounced in patients with low PAI-1 activity.
Low PAI-1 activity in relation to inflammatory parameters, insulin
profile and body mass index (study IV)
Results
The patient population consisted of 155 (86 %) women and 26 (14 %) men. The median age
was 42 years (range 18-80 years). In the univariate analysis, patients with low PAI-1 activity
were significantly younger and had a lower BMI and a higher proportion of the females used
oral oestrogens. In the group with low PAI-1 activity (n=63) 21 patients used combined oral
contraceptives and 3 patients had hormone replacement therapy. In the group with normal/
high PAI-1 activity (n=118) 8 patients had oral contraceptives and 7 patients used hormone
replacement therapy.
In linear regression analysis there was an association between PAI-1 activity and C-peptide,
proinsulin (P <0.001 for both) or IL-6 (P= 0.03) but not with hs-CRP. When the PAI-1 values
were dichotomised to low versus normal/high values, there was a significant association with
C-peptide and a trend for association with IL-6.
However, after adjustments for BMI, age and the use of oral oestrogens as possible confounders,
none of the associations remained significant. BMI had the strongest relationship with Cpeptide, proinsulin and hs-CRP. Age was the variable with the strongest relationship with
IL-6, but age had no influence on the PAI-1 activity among patients without oral oestrogens.
Low BMI remained the most important determinant of low PAI-1 activity.
Discussion
This study was designed as an attempt to explain the regulation of low PAI-1 activity. We
have earlier, in study I, analysed the polymorphism 4G/5G without finding any differences
among the patients with low PAI-1 compared to normal population. Since high PAI-1 levels
have been associated with metabolic syndrome, obesity and inflammatory or infectious
diseases, it could be speculated that patients with low PAI-1 activity have a lower level of
inflammatory or metabolic response. Tissue expression of PAI-1 is essentially inducible and
not constitutive. Main inducers seem to be mediators of oxidative stress and inflammation.
Exogenous oestrogens have in contrast to inflammation and metabolic syndrome, a lowering
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influence on PAI-1 levels. Pregnancy increases PAI-1 activity, but patients with known
pregnancy were excluded from the study.
As markers for inflammation we decided to analyse Il-6 and hs-CRP. IL-6 is produced at
the site of inflammation and mediates the acute phase reaction [239]. CRP is produced by
the liver and is part of the acute phase reaction and changes rapidly with inflammatory
state. High-sensitivity CRP is more suitable for detection of levels in the lower range and
this could be of importance since cardiovascular studies have found that hs-CRP levels of
1.0-3.0 mg/L indicate an average risk for cardiovascular events and values above 3 mg/L
a high risk [240]. Since high levels of PAI-1 and CRP are associated with increased risk
for cardiovascular events, it could be expected that low PAI-1 activity and low CRP are
associated with each other.
As markers for the metabolic syndrome we decided to analyse C-peptide and proinsulin.
Insulin is formed from proinsulin, which is secreted by beta-cells in the pancreas.
Proinsulin is cleaved by proteases to insulin and C-peptide in equal amounts [241]. Since
insulin rapidly is cleared from the circulation and C-peptide is eliminated more slowly it
is possible to analyse the amount of C-peptide as a measure of the production of insulin
[241]. C-peptide provides a better estimate of the synthesis of insulin, as insulin but not
C-peptide is rapidly metabolised in the liver [242]. Studies on patients with coronary artery
disease indicate that C–peptide has a stronger correlation than insulin with high PAI-1
[115]. In patients with non-insulin dependent diabetes mellitus elevated PAI-1 is better
correlated with proinsulin than with insulin [243].
Only plasma samples from 63 of initially 137 patients with low PAI-1 activity (<1 U/ml)
were still available, but this was most likely a random selection, since the proportion of
females was identical and the age was quite similar. When the analyses were done, PAI-1
activity appeared, in linear regression, to be associated with C-peptide and proinsulin and
to a minor degree also with IL-6 but not at all with hs-CRP. After further adjustments for
possible confounders as BMI, age and use of oral oestrogens, the associations disappeared.
A low BMI seemed to be the strongest factor influencing low PAI-1 activity and use of oral
oestrogens was an additional explanation for some of the cases. Age had no influence on
the PAI-1 activity among patients without oral oestrogens.
The strong influence of BMI on PAI-1 level is congruent with the results in an earlier study
where the predictive effect of elevated PAI-1 on the occurrence of myocardial infarction
disappeared after adjustment for other components of the metabolic syndrome [244].
Still these results do not exclude that there is an direct influence by fat tissue on PAI-1
levels as well as on the C-peptide. Adipocytes are known to produce PAI-1 [245], the
metabolic syndrome is associated with insulin resistance and high levels of C-peptide [113]
and PAI-1 levels increase in healthy volunteers after insulin infusion [149]. If there is a
direct influence on PAI-1 and on the mechanisms of insulin resistance, it could be a mistake
to consider BMI as a confounder in this aspect.
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Low PAI-1 activity in relation to the risk for perioperative
bleeding complications in transurethral resection of the
prostate (study II)
Results
82 patients were screened for inclusion in the study, but seven of these where not eligible due
to exclusion criteria. Thus 75 patients were included and blood samples were taken for analysis
of PAI-1, but 13 of these 75 patients were not evaluable due to change of surgical procedure,
diagnosed cancer before surgery or they did not have surgery at all.
The evaluable patients were finally 62 and of these 4 had low PAI-1 activity (<1 U/mL).
The baseline characteristics for the patients with low or normal/high PAI-1 activity showed
no statistical differences. The mean tPA-PAI-1 complex was 2.35 µg/L in the patients with
low PAI-1 activity and 6.12 µg/L in patients with normal/high PAI-1 activity (P = 0.05) and
the mean PAI-1 antigen level was 8.4 µg/L and 21.9 µg/L respectively (P=0.01). In linear
regression analysis there was no correlation between intra-or postoperative blood loss and PAI1 activity (R2 = 0.0).
Bleeding complications, fulfilling the predefined criteria, occurred in 19 (31 %) of the patients.
There was a statistical trend to more bleeding complications among the patients with low PAI-1
activity (OR 7.9, 95% CI 0.76-81.2, P = 0.082). After adjustments for resection time, resected
amount of prostate tissue and systolic blood pressure, which are all known variables that
correlate with increased bleeding, the risk for bleeding complications in patients with low PAI1 activity, the difference became borderline significant (OR 11.8, 95% CI 1.00-139; P=0.05).

Table 4. Bleeding complications in the patients with PAI-1 activity <1U/mL, compared to
patients with normal-high PAI-1, in the TURP-study.
Case number

Bleeding
complication
(primary end
point*)

1
2
3
4

Yes
Yes
Yes

Perioperative
bleeding
(ml blood/g
resected
prostatic tissue)
6
9
45

No

Patients with
PAI-1 >1U/mL
(mean values)
n=58

28%

PostReoperation
operative
blood loss
(g Hb)
261
147

Other

Yes

28

65
8

No
No
No

22

51

5%

Haematuria
day 9

*The primary end point was a composite of perioperative bleeding >40 mL/g, postoperative loss
>100 g Hb and reoperation due to bleeding.
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Three of the four patients with low PAI-1 activity had bleeding complications due to the preset
criteria. Two of the three patients with the largest blood loss had low PAI-1 activity and one
patient needed a reoperation due to bleeding (table 4).
One of the patients with low PAI-1 activity did not meet the criteria for bleeding complications,
but he actually contacted the surgeon on day 9 postoperatively due to macroscopic
haematuria.
The proportion of patients with bleeding complications was the same among those with
or without prostate volume reducing drugs, with or without previous treatment with
acetylsalicylic acid, with normal or mildly to moderately elevated creatinine (111-306 µmol/
L), with general or spinal anaesthesia, with or without additional minimal surgical procedure
(urethrotomy, circumcision, cystolithectomi, urinary bladder biopsy) and with the intended
surgeon or another surgeon.
Linear regression analysis showed a statistically significant correlation between intraoperative
but not postoperative blood loss and systolic blood pressure, resected mass and resection
time.
All the patients with bleeding complications were referred to the coagulation unit for
investigation of haemostatic defects and this was done several months after the surgery, but
only 13 of 19 patients were eventually investigated. Six patients declined due to old age and
concomitant diseases. All the three patients with low PAI-1 activity and bleeding complications
had normal results in this screening. Of 10 investigated patients with normal PAI-1 activity,
9 patients had normal results and 1 had prolonged APTT (42 s on two different occasions,
normal range 28-40 s), but with normal factor levels and negative lupus anticoagulant and no
reason was found to the prolonged APTT.
Discussion
The definition as bleeding complication in this study can be discussed. We chose to not
consider transfusions as a criterion for bleeding complication, since giving transfusions is
often a decision based on a number of criteria including patient age and cardiovascular status
and this decision process varies between hospitals, countries and types of surgery [246].
The blood loss in prostate surgery depends on the amount of resected prostatic tissue,
resection time, systolic pressure and type of anesthesia [210], and therefore the absolute
volume of blood loss was not considered to be a criterion for bleeding complication. The limit
for excessive intra-operative blood loss was set at 40 mL blood/g resected prostate, based
on oral communication with R.Hahn, who has published articles on this topic [210]. In the
present study the 90th percentile was indeed 41 g/L. The limit for the postoperative blood loss
during hospitalisation was set to 100 g haemoglobin, which was not based on literature data,
but was the approximate amount of two units of red packed cells (114 g of haemoglobin). In
a post-hoc analysis we set the upper limit for the blood loss at the 90th percentile, 124.4 g/L,
which eliminated 3 bleeding complications in the group with normal PAI-1 activity. The rate
of bleeding complications remaining was then 75% with patients with low PAI-1 activity
compared to 22% in the group with normal/high PAI-1 activity, compared to 75% versus 28%
when 100 g/L was used.
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It is also difficult to select the optimal time point for post-operative haemoglobin. We decided
to use the day of discharge, since it was an objective decision taken by the surgeon, when the
patients was ready for discharge. Sometimes this haemoglobin sample was taken a day before
the patient actually left the hospital, due to the fact that the patient left early in the morning.
This could have lead to false low haemoglobin due to incomplete restoration of the fluid
balance, since the patients during surgery were given crystalloids or colloids as intravenous
infusions.
When the study was planned, we thought that bleeding complications may be related to the
absolute PAI-1 level and that we could reduce the sample size by adding linear regression
analysis, but it seems that only low PAI-1 activity (<1 U/mL) may have any influence on
the risk of bleeding. We were unable to continue this study due to the fact that the referral
pattern for these patients changed to another hospital for TURP. Our intention was to have a
single surgeon, but this was not always possible. However we could not find any difference
in bleeding complications between the surgeons.
Some patients were on medication with platelet inhibitors and this was discontinued several
days before surgery as a routine at the clinic. We could not see any difference in bleeding
complications between the patients with or without previous treatment with antiaggregants.
Eight percent of the patients had general anaesthesia instead of spinal anaesthesia, but there
was no difference in primary endpoints.
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GENERAL DISCUSSION
Since the discovery of plasma PAI-1 in 1983 [247, 248] many attempts have been made to
characterise and understand the pathology behind the increase of PAI-1 that is associated with
so many diseases. Only a few case-reports have focused on the conditions that are connected
with low PAI-1 activity, which mainly results in bleeding problems after surgery or trauma.
We have now performed a large study in which we showed that low PAI-1 activity is not
of major importance for the bleeding diathesis, since low PAI-1 activity is not associated
with any specific bleeding manifestations and the combination of low PAI-1 activity and
other haemostatic disorders does not aggravate the clinical symptoms. Low PAI-1 activity is
also present in a substantial proportion of the normal population. We did, however, find that
low PAI-1 activity is more prevalent among patients with bleeding problems (23 %) than
in control groups (13 % and 10%) and that the fibrinolytic activity measured by PAP was
increased among the patients with low PAI-1 activity.
Since the fibrinolytic activity is higher among patients with low PAI-1 activity; they could
be vulnerable to bleeding complications after surgery. Our TURP-study provided indications
for this possibility, but a larger study would be necessary to confirm these findings. Antifibrinolytics like tranexamic acid are effective medications to prevent bleeding at surgery in
PAI-1 deficient patients [20, 22].
The main problem with the analysis of PAI-1 activity is that the method is not sensitive
enough to differ absolute zero from a very low, but still present, level of PAI-1 activity. In
our studies we have improved the method for detection of a lower activity (from <2 U/mL to
<1 U/mL). We also performed analyses of PAI-1 antigen in serum, tPA-PAI-1 complex and
polymorphisms in the PAI-1 gene, in an attempt to characterise patients with very low PAI-1.
Still it is problematic to discern the pathological PAI-1 deficient patient from the substantial
proportion of individuals with low PAI-activity that probably is harmless.
PAI-1 activity is affected by many conditions, like overweight, use of oral combined
contraceptives, pregnancy, infectious and inflammatory diseases, and these parameters must
always be taken into consideration when evaluating and interpreting studies on PAI-1. We
made all efforts to control and adjust for these variables.
Since high PAI-1 activity is related to many diseases, it is possible that there could be an
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advantage in life to have naturally low PAI-1 activity, with the exception of situations like
trauma or surgery, where the bleeding risk may be enhanced.
Analysis of PAI-1 activity as a screening investigation for bleeding disorders does not seem
to be meaningful, but could be included in selective cases, and then perhaps with additional
analyses of for instance PAI-1 antigen in serum to obtain more information on the nature of
the deficiency.
More research should be done concerning the effects of low PAI-1 activity in a wider
perspective, including possible long-term benefits thereof.
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CONCLUSIONS
•

Low PAI-1 activity is common in patients with a bleeding diathesis, but it is a risk factor
of minor clinical importance and not associated with specific bleeding manifestations

•

Low PAI-1 activity may contribute to the risk of bleeding after transurethral resection of
the prostate.

•

The activation of plasminogen measured as PAP was higher in patients with bleeding
symptoms in combination with PAI-1 activity less than 1.0 U/ml than in those with
PAI-1 activity of at least 1.0 U/ml. The coagulation activity under normal conditions, as
measured with D-dimer, did not differ between the two patient subsets.

•

Patients with bleeding tendency and low PAI-1 activity have inflammatory and insulin
profiles similar to those with normal or high PAI-1, whereas low BMI seems to be the
most important determinant.

49

Anna Ågren

ACKNOWLEDGEMENTS
I wish to express my sincere gratitude to all the patients and volunteers who participated in
these studies. I also wish to express my deepest thanks to:
Professor Sam Schulman, my principal tutor, for sharing with me your great interest and
knowledge in this complicated and challenging area of coagulation. I am so grateful for your
patience, enthusiasm and optimism as well as your world-renowned scientific skills in clinical
studies. I have also appreciated your prompt e-mail answers, from the other side of the world,
to my anxious questions or reflections.
Professor Björn Wiman, my co-tutor, who is the person who actually discovered PAI-1 in
plasma in 1983. You have the most impressing profound knowledge in biological and chemical
processes and the pedagogic skills to explain complicated matters at a molecular level. Thanks
for offering me the time I needed to ask you again and again.
Associate professor Per Lindmarker, my co-tutor, who introduced me to this research field,
initiated my PhD-studies and helped me with statistical analyses. I have always felt some kind
of security to have you standing by my side and giving me support to continue this research.
Professor Per Ljungman and associate professor Viktoria Hjalmar, who supported me in
multiple ways to finish my studies. Thanks for having an encouraging and allowing climate for
research at the Center of Hematology.
Professor Magnus Björkholm, for giving me the opportunity to be a PhD student at the
department and for help with the administrative information and organisation concerning my
thesis.
Professor emerita Margareta Blombäck, our wonderful humanistic and kind “Queen of
Coagulation”, always prepared to observe and support people with an interest in the science
of haemostasis.
Co-authors Viveka Stiller for organising the coordination of sampling from blood donors,
Margareta Sten-Linder for providing resources to develop a new method for measuring low
PAI-1 activity, Margareta Holmström for organising and assessing patient visits and Jakob
Odeberg for help with genetic analyses.
Torgny Kolmert for performing the surgery in the TURP study, Robert G. Hahn and Per-Anders
Flordal for very useful information on blood volume measurements and evaluation of perioperative blood loss.
50

Mechanisms and effects of low PAI-1 activity

Professor emeritus Robin Roberts, McMaster University, for assistance with statistical
analyses.
Sixten Bredbacka, who was the first person who actually could explain coagulation processes
in a comprehensible way, when I still worked as an anaesthesiologist. You raised my interest
in this area.
Anders Carlsson, co-author, and Håkan Wallén for providing opportunities to discuss scientific
and clinical matters as well as structure, organisation and how to perform research.
Anders Kallner, who taught me statistics and computer technology at a basic as well as at
an advanced level.
Anette Dahlin for analysing components of the fibrinolytic system. Your skilled precision,
technique, good judgement and long experience have been a great help.
Research nurse Doris Näslin for assistance with sampling from the blood donors and for
excellent computer help. Thanks also to our former research nurse Anna Södermark.
Birgit Karlman and Tuija Lindblom for your initiative and assistance with the development
of an improved method for measuring low PAI-1 activity. This was the necessary base for
all our studies! Thanks to the other staff members at Coagulation special unit on 4th floor,
Clinical Chemistry, for your viewpoints on laboratory scientific work.
Coordinator Turid Bengtsson, Department of Urology, for help with giving us information
on eligible patients in the TURP study.
Irene Sjöström and Helen Svensson for preparing the DNA and Kristina Holmberg for the
pyrosequencing analysis of the 4G/5G polymorphism in the PAI-1 gene.
Former and present nurses at the Coagulation Unit; Karin Loogna, Ylva Kramer, Petra
Elfvinge, Malin Svennefalk and Elsa Peterson. Thanks for invaluable help with coordinating
and sampling from the healthy controls. Thanks to pediatric nurse Gunilla Klemenz, for
important co-operation and shared interest in coagulation matters.
My competent colleagues Pia Petrini, Maria Bruzelius, Eva Zetterberg, Ammar Majeed,
Maria Magnusson and Hans Johnsson for interesting discussions and constructive
criticism.
Nils Egberg, Shu He, Jan Svensson, Jovan Antovic, Alexandra Antovic and Mattias Karlman,
for interesting discussions concerning laboratory and clinical aspects.
My colleagues at other Coagulation Units in Sweden and colleagues at other departments
and clinics, who share my interest and curiosity in solving coagulation problems.
My deepest gratitude to my family and my friends, for being a joyful and fantastic part of
my life.
Financial support was received from the funds of Karolinska Institutet and from the
Foundation of Coagulation Research at Karolinska Institutet. I am also grateful to Baxter
and Capio for financial support.

51

Anna Ågren

REFERENCES
1
2

3

4
5
6

7

8
9
10
11

12

13

52

Kadir RA, Economides DL, Sabin CA, Owens D, Lee CA. Frequency of inherited
bleeding disorders in women with menorrhagia. Lancet 1998;351:485-9.
Kadir RA, Kingman CE, Chi C, Lee CA, Economides DL. Is primary postpartum
haemorrhage a good predictor of inherited bleeding disorders? Haemophilia.
2007;13:178-81.
Dilley A, Drews C, Miller C, Lally C, Austin H, Ramaswamy D, Lurye D, Evatt
B. von Willebrand disease and other inherited bleeding disorders in women with
diagnosed menorrhagia. Obstet Gynecol 2001;97:630-6.
Chin NS, Koong PL. A study of 31 patients with easy bruising from University
Hospital, Kuala Lumpur. Med J Malaysia 1990;45:325-8.
Parkin JD, Smith IL, O’Neill AI, Ibrahim KM, Butcher LA. Mild bleeding disorders.
A clinical and laboratory study. Med J Aust 1992;156:614-7.
Kim HC, Salva K, Fallot PL, Karp GI, Eisele J, Matts L, Heller I, Saidi P. Patients with
prolonged bleeding time of undefined etiology, and their response to desmopressin.
Thromb Haemost. 1988;59:221-4.
Griffin GC, Mammen EF, Sokol RJ, Perrotta AL, Stoyanovich A, Abildgaard CF.
Alpha 2-antiplasmin deficiency. An overlooked cause of haemorrhage. Am J Pediatr
Hematol Oncol 1993;15:328-30.
Collen D. Fibrin-specific thrombolytic agents. Schweiz Med Wochenschr
1987;117:1791-8.
Chazov EI. [Plasmin and streptokinase in the treatment of myocardial infarction]. Z
Gesamte Inn Med. 1965;20:727-30.
Wiman B. Klinisk Biokemi i Norden, 2008.
Shlansky-Goldberg RD, Matsumoto AH, Baumbach GA, Siegel JB, Raabe RD,
Murphy TP, Deng C, Ray Dawkins J, Marder VJ. A first-in-human phase I trial
of locally delivered human plasmin for haemodialysis graft occlusion. J Thromb
Haemost. 2008;6:944-50. Epub 2008 Apr 2.
Fay WP, Parker AC, Condrey LR, Shapiro AD. Human plasminogen activator
inhibitor-1 (PAI-1) deficiency: characterization of a large kindred with a null
mutation in the PAI-1 gene. Blood 1997;90:204-8.
Zhang ZY, Wang ZY, Dong NZ, Bai X, Zhang W, Ruan CG. A case of deficiency of
plasma plasminogen activator inhibitor-1 related to Ala15Thr mutation in its signal
peptide. Blood Coagul Fibrinolysis 2005;16:79-84.

Mechanisms and effects of low PAI-1 activity

14

15

16

17
18

19

20

21

22

23

24

25

26
27
28

Stankiewicz AJ, Crowley JP, Steiner M. Increased levels of tissue plasminogen
activator with a low plasminogen activator inhibitor-1 in a patient with postoperative
bleeding. Am J Hematol 1991;38:226-9.
Repine T, Osswald M. Menorrhagia due to a qualitative deficiency of plasminogen
activator inhibitor-1: case report and literature review. Clin Appl Thromb Hemost
2004;10:293-6.
Minowa H, Takahashi Y, Tanaka T, Naganuma K, Ida S, Maki I, Yoshioka A. Four
cases of bleeding diathesis in children due to congenital plasminogen activator
inhibitor-1 deficiency. Haemostasis 1999;29:286-91.
Lee MH, Vosburgh E, Anderson K, McDonagh J. Deficiency of plasma plasminogen
activator inhibitor 1 results in hyperfibrinolytic bleeding. Blood 1993;81:2357-62.
Dieval J, Nguyen G, Gross S, Delobel J, Kruithof EK. A lifelong bleeding disorder
associated with a deficiency of plasminogen activator inhibitor type 1. Blood
1991;77:528-32.
Schleef RR, Higgins DL, Pillemer E, Levitt LJ. Bleeding diathesis due to decreased
functional activity of type 1 plasminogen activator inhibitor. J Clin Invest
1989;83:1747-52.
Tanimura LK, Weddell JA, McKown CG, Shapiro AD, Mulherin J. Oral management
of a patient with a plasminogen activator inhibitor (PAI-1) deficiency: case report.
Pediatr Dent 1994;16:133-5.
Fay WP, Shapiro AD, Shih JL, Schleef RR, Ginsburg D. Brief report: complete
deficiency of plasminogen-activator inhibitor type 1 due to a frame-shift mutation.
N Engl J Med 1992;327:1729-33.
Morimoto Y, Yoshioka A, Imai Y, Takahashi Y, Minowa H, Kirita T. Haemostatic
management of intraoral bleeding in patients with congenital deficiency of alpha2plasmin inhibitor or plasminogen activator inhibitor-1. Haemophilia 2004;10:66974.
Takahashi Y, Tanaka T, Minowa H, Ookubo Y, Sugimoto M, Nakajima M, Miyauchi
Y, Yoshioka A. Hereditary partial deficiency of plasminogen activator inhibitor-1
associated with a lifelong bleeding tendency. Int J Hematol 1996;64:61-8.
Kuhli C, Luchtenberg M, Scharrer I, Hattenbach LO. Massive subhyaloidal
haemorrhage associated with severe PAI-1 deficiency. Graefes Arch Clin Exp
Ophthalmol. 2005;243:963-6. Epub 2005 Oct 20.
Matsui H, Takahashi Y, Matsunaga T, Tanaka-Horie T, Minowa H, Sugimoto M,
Tsukino R, Mii Y, Giddings J, Yoshioka A. Successful arthroscopic treatment of
pigmented villonodular synovitis of the knee in a patient with congenital deficiency
of plasminogen activator inhibitor-1 and recurrent haemarthrosis. Haemostasis
2001;31:106-12.
Francis CW, Marder VJ. Concepts of clot lysis. Annu Rev Med 1986;37:187-204.
Marder VJ, Francis CW. Plasmin degradation of cross-linked fibrin. Ann N Y Acad
Sci 1983;408:397-406.
Bredbacka S, Blomback M, Wiman B, Pelzer H. Laboratory methods for detecting
disseminated intravascular coagulation (DIC): new aspects. Acta Anaesthesiol
Scand 1993;37:125-30.
53

Anna Ågren

29
30
31
32
33
34
35
36

37
38
39
40

41

42

43

44
45
46

54

Turgeon M. Clinical Hematology. Fourth edition, 2005.
Wiman B, Collen D. Purification and characterization of human antiplasmin, the
fast-acting plasmin inhibitor in plasma. Eur J Biochem. 1977;78:19-26.
Wiman B. The fibrinolytic enzyme system. Basic principles and links to venous and
arterial thrombosis. Hematol Oncol Clin North Am 2000;14:325-38, vii.
Zorio E, Gilabert-Estelles J, Espana F, Ramon LA, Cosin R, Estelles A. Fibrinolysis:
the key to new pathogenetic mechanisms. Curr Med Chem 2008;15:923-9.
Myohanen H, Vaheri A. Regulation and interactions in the activation of cellassociated plasminogen. Cell Mol Life Sci 2004;61:2840-58.
Liu YX. Regulation of the plasminogen activator system in the ovary. Biol Signals
Recept 1999;8:160-77.
Redlitz A, Plow EF. Receptors for plasminogen and t-PA: an update. Baillieres Clin
Haematol 1995;8:313-27.
Boffa MB, Koschinsky ML. Curiouser and curiouser: recent advances in
measurement of thrombin-activatable fibrinolysis inhibitor (TAFI) and in
understanding its molecular genetics, gene regulation, and biological roles. Clin
Biochem. 2007;40:431-42. Epub 2006 Nov 21.
Sakharov DV, Plow EF, Rijken DC. On the mechanism of the antifibrinolytic activity
of plasma carboxypeptidase B. J Biol Chem. 1997;272:14477-82.
Gaffney PJ. Breakdown products of fibrin and fibrinogen: molecular mechanisms
and clinical implications. J Clin Pathol Suppl (R Coll Pathol). 1980;14:10-7.
Aasen AO, Ohlsson K. Release of granulocyte elastase in lethal canine endotoxin
shock. Hoppe Seylers Z Physiol Chem. 1978;359:683-90.
Duswald KH, Jochum M, Schramm W, Fritz H. Released granulocytic elastase:
an indicator of pathobiochemical alterations in septicemia after abdominal surgery.
Surgery. 1985;98:892-9.
Tornebohm E, Egberg N, Sablica H, Wallin R, Lockner D, Paul C. Elastase activity
in leukaemic cells and plasma in patients with acute leukaemia. Eur J Haematol.
1992;49:98-104.
Matsumoto T, Wada H, Nobori T, Nakatani K, Onishi K, Nishikawa M, Shiku
H, Kazahaya Y, Sawai T, Koike K, Matsuda M. Elevated plasma levels of fibrin
degradation products by granulocyte-derived elastase in patients with disseminated
intravascular coagulation. Clin Appl Thromb Hemost. 2005;11:391-400.
Wu K, Urano T, Ihara H, Takada Y, Fujie M, Shikimori M, Hashimoto K, Takada
A. The cleavage and inactivation of plasminogen activator inhibitor type 1 by
neutrophil elastase: the evaluation of its physiologic relevance in fibrinolysis. Blood
1995;86:1056-61.
Dellas C, Loskutoff DJ. Historical analysis of PAI-1 from its discovery to its
potential role in cell motility and disease. Thromb Haemost. 2005;93:631-40.
Kruithof EK. Plasminogen activator inhibitors--a review. Enzyme 1988;40:113-21.
Kastl SP, Speidl WS, Kaun C, Rega G, Assadian A, Weiss TW, Valent P, Hagmueller
GW, Maurer G, Huber K, Wojta J. The complement component C5a induces the
expression of plasminogen activator inhibitor-1 in human macrophages via NFkappaB activation. J Thromb Haemost. 2006;4:1790-7.

Mechanisms and effects of low PAI-1 activity

47

48

49

50

51
52

53
54
55
56
57

58

59

60

61

Vulin AI, Stanley FM. Oxidative stress activates the plasminogen activator inhibitor
type 1 (PAI-1) promoter through an AP-1 response element and cooperates with
insulin for additive effects on PAI-1 transcription. J Biol Chem 2004;279:25172-8.
Cancelas JA, Garcia-Avello A, Garcia-Frade LJ. High plasma levels of plasminogen
activator inhibitor 1 (PAI-1) in polycythemia vera and essential thrombocythemia
are associated with thrombosis. Thromb Res 1994;75:513-20.
Birdane A, Haznedaroglu IC, Bavbek N, Kosar A, Buyukasik Y, Ozcebe O, Dundar
SV, Kirazli S. The plasma levels of prostanoids and plasminogen activator inhibitor-1
in primary and secondary thrombocytosis. Clin Appl Thromb Hemost. 2005;11:197201.
Brogren H, Sihlbom C, Wallmark K, Lonn M, Deinum J, Karlsson L, Jern S.
Heterogeneous glycosylation patterns of human PAI-1 may reveal its cellular origin.
Thromb Res 2008;122:271-81.
Andreasen PA. PAI-1 - a potential therapeutic target in cancer. Curr Drug Targets.
2007;8:1030-41.
Chandler WL, Alessi MC, Aillaud MF, Henderson P, Vague P, Juhan-Vague I.
Clearance of tissue plasminogen activator (TPA) and TPA/plasminogen activator
inhibitor type 1 (PAI-1) complex: relationship to elevated TPA antigen in patients
with high PAI-1 activity levels. Circulation 1997;96:761-8.
Levin EG, Santell L. Conversion of the active to latent plasminogen activator
inhibitor from human endothelial cells. Blood 1987;70:1090-8.
Booth NA, Simpson AJ, Croll A, Bennett B, MacGregor IR. Plasminogen activator
inhibitor (PAI-1) in plasma and platelets. Br J Haematol 1988;70:327-33.
Urden G, Hamsten A, Wiman B. Comparison of plasminogen activator inhibitor
activity and antigen in plasma samples. Clin Chim Acta 1987;169:189-96.
Brogren H, Karlsson L, Andersson M, Wang L, Erlinge D, Jern S. Platelets synthesize
large amounts of active plasminogen activator inhibitor 1. Blood 2004;104:3943-8.
Wiman B, Andersson T, Hallqvist J, Reuterwall C, Ahlbom A, deFaire U. Plasma
levels of tissue plasminogen activator/plasminogen activator inhibitor-1 complex
and von Willebrand factor are significant risk markers for recurrent myocardial
infarction in the Stockholm Heart Epidemiology Program (SHEEP) study.
Arterioscler Thromb Vasc Biol 2000;20:2019-23.
Ohkura N, Oishi K, Fukushima N, Kasamatsu M, Atsumi GI, Ishida N, Horie S,
Matsuda J. Circadian clock molecules CLOCK and CRYs modulate fibrinolytic
activity by regulating the PAI-1 gene expression. J Thromb Haemost. 2006;4:247885. Epub 006 Sep 13.
Dawson S, Hamsten A, Wiman B, Henney A, Humphries S. Genetic variation at the
plasminogen activator inhibitor-1 locus is associated with altered levels of plasma
plasminogen activator inhibitor-1 activity. Arterioscler Thromb 1991;11:183-90.
Brogren H, Wallmark K, Jern S, Karlsson L. Plasminogen activator inhibitor 1
expression in platelets is not influenced by the 4G/5G promoter polymorphism.
Thromb Res. 2008;121:793-7. Epub 2007 Sep 19.
Mari D, Coppola R, Provenzano R. Hemostasis factors and aging. Exp Gerontol
2008;43:66-73.
55

Anna Ågren

62

63

64
65
66
67

68

69
70
71

72

73

74
75
76

77

56

Fait T, Vrablik M, Zizka Z, Kostirova M. Changes in haemostatic variables induced
by oestrogen replacement therapy: comparison of transdermal and oral administration
in a crossover-designed study. Gynecol Obstet Invest 2008;65:47-51.
Andersson O, Blomback M, Bremme K, Wramsby H. Prediction of changes
in levels of haemostatic variables during natural menstrual cycle and ovarian
hyperstimulation. Thromb Haemost 1997;77:901-4.
Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of the
haemostatic system during childhood. Blood. 1992;80:1998-2005.
Albisetti M. The fibrinolytic system in children. Semin Thromb Hemost 2003;29:339-48.
Sosothikul D, Seksarn P, Lusher JM. Pediatric reference values for molecular
markers in hemostasis. J Pediatr Hematol Oncol. 2007;29:19-22.
Sudi KM, Gallistl S, Weinhandl G, Muntean W, Borkenstein MH. Relationship
between plasminogen activator inhibitor-1 antigen, leptin, and fat mass in obese
children and adolescents. Metabolism 2000;49:890-5.
Nienaber C, Pieters M, Kruger SH, Stonehouse W, Vorster HH. Overfatness,
stunting and physical inactivity are determinants of plasminogen activator inhibitor1activity, fibrinogen and thrombin-antithrombin complex in African adolescents.
Blood Coagul Fibrinolysis. 2008;19:361-8.
Lecander I, Astedt B. Isolation of a new specific plasminogen activator inhibitor
from pregnancy plasma. Br J Haematol 1986;62:221-8.
Kruithof EK, Baker MS, Bunn CL. Biological and clinical aspects of plasminogen
activator inhibitor type 2. Blood 1995;86:4007-24.
Carmeliet P, Kieckens L, Schoonjans L, Ream B, van Nuffelen A, Prendergast G,
Cole M, Bronson R, Collen D, Mulligan RC. Plasminogen activator inhibitor-1 genedeficient mice. I. Generation by homologous recombination and characterization. J
Clin Invest 1993;92:2746-55.
Carmeliet P, Stassen JM, Schoonjans L, Ream B, van den Oord JJ, De Mol M,
Mulligan RC, Collen D. Plasminogen activator inhibitor-1 gene-deficient mice. II.
Effects on hemostasis, thrombosis, and thrombolysis. J Clin Invest 1993;92:275660.
Collins SJ, Alexander SL, Lopez-Guisa JM, Cai X, Maruvada R, Chua SC, Zhang
G, Okamura DM, Matsuo S, Eddy AA. Plasminogen activator inhibitor-1 deficiency
has renal benefits but some adverse systemic consequences in diabetic mice. Nephron
Exp Nephrol. 2006;104:e23-34. Epub 2006 May 1.
Ploplis VA, Castellino FJ. Attenuation of neointima formation following arterial
injury in PAI-1 deficient mice. Ann N Y Acad Sci 2001;936:466-8.
Zhu Y, Carmeliet P, Fay WP. Plasminogen activator inhibitor-1 is a major determinant
of arterial thrombolysis resistance. Circulation 1999;99:3050-5.
Bajt ML, Yan HM, Farhood A, Jaeschke H. Plasminogen activator inhibitor-1 limits
liver injury and facilitates regeneration after acetaminophen overdose. Toxicol Sci.
2008;104:419-27. Epub 2008 May 9.
Eren M, Painter CA, Atkinson JB, Declerck PJ, Vaughan DE. Age-dependent
spontaneous coronary arterial thrombosis in transgenic mice that express a stable
form of human plasminogen activator inhibitor-1. Circulation 2002;106:491-6.

Mechanisms and effects of low PAI-1 activity

78

79
80

81

82

83
84

85

86

87

88

89

90

Erickson LA, Fici GJ, Lund JE, Boyle TP, Polites HG, Marotti KR. Development
of venous occlusions in mice transgenic for the plasminogen activator inhibitor-1
gene. Nature 1990;346:74-6.
Lijnen HR, Alessi MC, Frederix L, Collen D, Juhan-Vague I. Tiplaxtinin impairs
nutritionally induced obesity in mice. Thromb Haemost. 2006;96:731-7.
Izuhara Y, Takahashi S, Nangaku M, Takizawa S, Ishida H, Kurokawa K, van
Ypersele de Strihou C, Hirayama N, Miyata T. Inhibition of plasminogen activator
inhibitor-1: its mechanism and effectiveness on coagulation and fibrosis. Arterioscler
Thromb Vasc Biol 2008;28:672-7.
Suzuki J, Ogawa M, Muto S, Yamaguchi Y, Itai A, Isobe M. The effects of
pharmacological PAI-1 inhibition on thrombus formation and neointima formation
after arterial injury. Expert Opin Ther Targets 2008;12:783-94.
Izuhara Y, Takahashi S, Nangaku M, Takizawa S, Ishida H, Kurokawa K, van
Ypersele de Strihou C, Hirayama N, Miyata T. Inhibition of plasminogen activator
inhibitor-1: its mechanism and effectiveness on coagulation and fibrosis. Arterioscler
Thromb Vasc Biol. 2008;28:672-7. Epub 2008 Jan 31.
Siegbahn A, Odlind V, Hedner U, Venge P. Coagulation and fibrinolysis during the
normal menstrual cycle. Ups J Med Sci 1989;94:137-52.
Giardina EG, Chen HJ, Sciacca RR, Rabbani LE. Dynamic Variability of Haemostatic
and Fibrinolytic Factors in Young Women. J Clin Endocrinol Metab 2004;89:617984.
Meijers JC, Middeldorp S, Tekelenburg W, van den Ende AE, Tans G, Prins MH,
Rosing J, Buller HR, Bouma BN. Increased fibrinolytic activity during use of
oral contraceptives is counteracted by an enhanced factor XI-independent down
regulation of fibrinolysis: a randomized cross-over study of two low-dose oral
contraceptives. Thromb Haemost 2000;84:9-14.
Winkler UH, Howie H, Buhler K, Korver T, Geurts TB, Coelingh Bennink HJ.
A randomized controlled double-blind study of the effects on hemostasis of two
progestogen-only pills containing 75 microgram desogestrel or 30 microgram
levonorgestrel. Contraception 1998;57:385-92.
Mutoh S, Kobayashi M, Hirata J, Itoh N, Maki M, Komatsu Y, Yoshida A, Sasa
H, Kuroda K, Kikuchi Y, et al. Studies on blood coagulation-fibrinolysis system
regarding kallikrein-kinin system in the utero-placental circulation during normal
pregnancy, labor and puerperium. Agents Actions Suppl 1992;38 ( Pt 2):320-9.
Bremme K, Ostlund E, Almqvist I, Heinonen K, Blomback M. Enhanced thrombin
generation and fibrinolytic activity in normal pregnancy and the puerperium. Obstet
Gynecol 1992;80:132-7.
Estelles A, Gilabert J, Aznar J, Loskutoff DJ, Schleef RR. Changes in the plasma
levels of type 1 and type 2 plasminogen activator inhibitors in normal pregnancy
and in patients with severe preeclampsia. Blood 1989;74:1332-8.
Coolman M, de Groot CJ, Steegers EA, Geurts-Moespot A, Thomas CM, SteegersTheunissen RP, Sweep FC. Concentrations of plasminogen activators and their
inhibitors in blood preconceptionally, during and after pregnancy. Eur J Obstet
Gynecol Reprod Biol. 2006;128:22-8. Epub 2006 Apr 11.
57

Anna Ågren

91

92

93

94

95
96
97
98
99

100
101

102

103

104

105
106

58

Estelles A, Gilabert J, Espana F, Aznar J, Galbis M. Fibrinolytic parameters in
normotensive pregnancy with intrauterine fetal growth retardation and in severe
preeclampsia. Am J Obstet Gynecol 1991;165:138-42.
Gilabert J, Estelles A, Ridocci F, Espana F, Aznar J, Galbis M. Clinical and
haemostatic parameters in the HELLP syndrome: relevance of plasminogen activator
inhibitors. Gynecol Obstet Invest 1990;30:81-6.
Schjetlein R, Abdelnoor M, Haugen G, Husby H, Sandset PM, Wisloff F. Haemostatic
variables as independent predictors for fetal growth retardation in preeclampsia.
Acta Obstet Gynecol Scand 1999;78:191-7.
Erem C, Kocak M, Hacihasanoglu A, Yilmaz M. Blood coagulation and fibrinolysis
in male patients with hypogonadotropic hypogonadism: plasma factor V and factor
X activities increase in hypogonadotropic hypogonadism. J Endocrinol Invest
2008;31:537-41.
Winkler UH. Effects of androgens on haemostasis. Maturitas 1996;24:147-55.
Afshar-Kharghan V, Thiagarajan P. Leukocyte adhesion and thrombosis. Curr Opin
Hematol. 2006;13:34-9.
Eilertsen KE, Osterud B. Tissue factor: (patho)physiology and cellular biology.
Blood Coagul Fibrinolysis. 2004;15:521-38.
Osterud B. Tissue factor expression in monocytes: in vitro compared to ex vivo.
Thromb Haemost. 2000;84:521-2.
Nieuwland R, Berckmans RJ, McGregor S, Boing AN, Romijn FP, Westendorp RG,
Hack CE, Sturk A. Cellular origin and procoagulant properties of microparticles in
meningococcal sepsis. Blood. 2000;95:930-5.
Wakefield TW, Strieter RM, Prince MR, Downing LJ, Greenfield LJ. Pathogenesis
of venous thrombosis: a new insight. Cardiovasc Surg 1997;5:6-15.
Juhan-Vague I, Alessi MC, Mavri A, Morange PE. Plasminogen activator inhibitor1, inflammation, obesity, insulin resistance and vascular risk. J Thromb Haemost
2003;1:1575-9.
Kornelisse RF, Hazelzet JA, Savelkoul HF, Hop WC, Suur MH, Borsboom AN, RisseeuwAppel IM, van der Voort E, de Groot R. The relationship between plasminogen activator
inhibitor-1 and proinflammatory and counterinflammatory mediators in children with
meningococcal septic shock. J Infect Dis 1996;173:1148-56.
Madoiwa S, Nunomiya S, Ono T, Shintani Y, Ohmori T, Mimuro J, Sakata Y.
Plasminogen activator inhibitor 1 promotes a poor prognosis in sepsis-induced
disseminated intravascular coagulation. Int J Hematol. 2006;84:398-405.
Colucci M, Paramo JA, Collen D. Generation in plasma of a fast-acting inhibitor
of plasminogen activator in response to endotoxin stimulation. J Clin Invest
1985;75:818-24.
Ganrot P. Laurells klinisk kemi i praktisk medicin, 2006.
Dong J, Fujii S, Imagawa S, Matsumoto S, Matsushita M, Todo S, Tsutsui H, Sobel
BE. IL-1 and IL-6 induce hepatocyte plasminogen activator inhibitor-1 expression
through independent signaling pathways converging on C/EBPdelta. Am J Physiol
Cell Physiol. 2007;292:C209-15.

Mechanisms and effects of low PAI-1 activity

107

108
109

110
111

112
113
114
115

116

117

118

119

120

121

Rega G, Kaun C, Weiss TW, Demyanets S, Zorn G, Kastl SP, Steiner S, Seidinger D,
Kopp CW, Frey M, Roehle R, Maurer G, Huber K, Wojta J. Inflammatory cytokines
interleukin-6 and oncostatin m induce plasminogen activator inhibitor-1 in human
adipose tissue. Circulation. 2005;111:1938-45.
Pepys MB. C-reactive protein fifty years on. Lancet. 1981;1:653-7.
Burke AP, Tracy RP, Kolodgie F, Malcom GT, Zieske A, Kutys R, Pestaner J, Smialek
J, Virmani R. Elevated C-reactive protein values and atherosclerosis in sudden coronary
death: association with different pathologies. Circulation. 2002;105:2019-23.
Blake GJ, Rifai N, Buring JE, Ridker PM. Blood pressure, C-reactive protein, and risk
of future cardiovascular events. Circulation. 2003;108:2993-9. Epub 003 Nov 24.
Chen C, Nan B, Lin P, Yao Q. C-reactive protein increases plasminogen activator
inhibitor-1 expression in human endothelial cells. Thromb Res. 2008;122:125-33.
Epub 2007 Oct 22.
Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet. 2005;365:1415-28.
Alessi MC, Juhan-Vague I. PAI-1 and the metabolic syndrome: links, causes, and
consequences. Arterioscler Thromb Vasc Biol. 2006;26:2200-7.
Schneider DJ, Nordt TK, Sobel BE. Stimulation by proinsulin of expression of
plasminogen activator inhibitor type-I in endothelial cells. Diabetes 1992;41:890-5.
Negri M, Sheiban I, Arigliano PL, Tonni S, Montresor G, Carlini S, Manzato F.
Interrelation between angiographic severity of coronary artery disease and plasma
levels of insulin, C-peptide and plasminogen activator inhibitor-1. Am J Cardiol
1993;72:397-401.
Yngen M, Ostenson CG, Hu H, Li N, Hjemdahl P, Wallen NH. Enhanced P-selectin
expression and increased soluble CD40 Ligand in patients with Type 1 diabetes
mellitus and microangiopathy: evidence for platelet hyperactivity and chronic
inflammation. Diabetologia. 2004;47:537-40. Epub 2004 Feb 13.
Yngen M, Ostenson CG, Li N, Hjemdahl P, Wallen NH. Acute hyperglycemia
increases soluble P-selectin in male patients with mild diabetes mellitus. Blood
Coagul Fibrinolysis. 2001;12:109-16.
Diamant M, Nieuwland R, Pablo RF, Sturk A, Smit JW, Radder JK. Elevated numbers
of tissue-factor exposing microparticles correlate with components of the metabolic
syndrome in uncomplicated type 2 diabetes mellitus. Circulation. 2002;106:2442-7.
Sakkinen PA, Wahl P, Cushman M, Lewis MR, Tracy RP. Clustering of procoagulation,
inflammation, and fibrinolysis variables with metabolic factors in insulin resistance
syndrome. Am J Epidemiol 2000;152:897-907.
Kraja AT, Province MA, Arnett D, Wagenknecht L, Tang W, Hopkins PN, Djousse
L, Borecki IB. Do inflammation and procoagulation biomarkers contribute to the
metabolic syndrome cluster? Nutr Metab (Lond). 2007;4:28.
Danesh J, Lewington S, Thompson SG, Lowe GD, Collins R, Kostis JB, Wilson
AC, Folsom AR, Wu K, Benderly M, Goldbourt U, Willeit J, Kiechl S, Yarnell JW,
Sweetnam PM, Elwood PC, Cushman M, Psaty BM, Tracy RP, Tybjaerg-Hansen A,
Haverkate F, de Maat MP, Fowkes FG, Lee AJ, Smith FB, Salomaa V, Harald K,
Rasi R, Vahtera E, Jousilahti P, Pekkanen J, D’Agostino R, Kannel WB, Wilson PW,
Tofler G, Arocha-Pinango CL, Rodriguez-Larralde A, Nagy E, Mijares M, Espinosa
59

Anna Ågren

122

123

124

125

126

127

128

129

130

131
60

R, Rodriquez-Roa E, Ryder E, Diez-Ewald MP, Campos G, Fernandez V, Torres
E, Marchioli R, Valagussa F, Rosengren A, Wilhelmsen L, Lappas G, Eriksson H,
Cremer P, Nagel D, Curb JD, Rodriguez B, Yano K, Salonen JT, Nyyssonen K,
Tuomainen TP, Hedblad B, Lind P, Loewel H, Koenig W, Meade TW, Cooper JA, De
Stavola B, Knottenbelt C, Miller GJ, Bauer KA, Rosenberg RD, Sato S, Kitamura
A, Naito Y, Palosuo T, Ducimetiere P, Amouyel P, Arveiler D, Evans AE, Ferrieres J,
Juhan-Vague I, Bingham A, Schulte H, Assmann G, Cantin B, Lamarche B, Despres
JP, Dagenais GR, Tunstall-Pedoe H, Woodward M, Ben-Shlomo Y, Davey Smith
G, Palmieri V, Yeh JL, Rudnicka A, Ridker P, Rodeghiero F, Tosetto A, Shepherd J,
Ford I, Robertson M, Brunner E, Shipley M, Feskens EJ, Kromhout D, Dickinson
A, Ireland B, Juzwishin K, Kaptoge S, Memon A, Sarwar N, Walker M, Wheeler
J, White I, Wood A. Plasma fibrinogen level and the risk of major cardiovascular
diseases and nonvascular mortality: an individual participant meta-analysis. Jama.
2005;294:1799-809.
Folsom AR, Conlan MG, Davis CE, Wu KK. Relations between hemostasis
variables and cardiovascular risk factors in middle-aged adults. Atherosclerosis
Risk in Communities (ARIC) Study Investigators. Ann Epidemiol. 1992;2:481-94.
Folsom AR, Qamhieh HT, Wing RR, Jeffery RW, Stinson VL, Kuller LH, Wu KK.
Impact of weight loss on plasminogen activator inhibitor (PAI-1), factor VII, and
other haemostatic factors in moderately overweight adults. Arterioscler Thromb
1993;13:162-9.
Kruszynska YT, Yu JG, Olefsky JM, Sobel BE. Effects of troglitazone on blood
concentrations of plasminogen activator inhibitor 1 in patients with type 2 diabetes
and in lean and obese normal subjects. Diabetes 2000;49:633-9.
Wang L, Rockwood J, Zak D, Devaraj S, Jialal I. Simvastatin reduces circulating
plasminogen activator inhibitor 1 activity in volunteers with the metabolic syndrome.
Metab Syndr Relat Disord. 2008;6:149-52.
Samad F, Yamamoto K, Loskutoff DJ. Distribution and regulation of plasminogen
activator inhibitor-1 in murine adipose tissue in vivo. Induction by tumor necrosis
factor-alpha and lipopolysaccharide. J Clin Invest 1996;97:37-46.
Bastelica D, Morange P, Berthet B, Borghi H, Lacroix O, Grino M, Juhan-Vague I,
Alessi MC. Stromal cells are the main plasminogen activator inhibitor-1-producing
cells in human fat: evidence of differences between visceral and subcutaneous
deposits. Arterioscler Thromb Vasc Biol 2002;22:173-8.
Samad F, Uysal KT, Wiesbrock SM, Pandey M, Hotamisligil GS, Loskutoff DJ.
Tumor necrosis factor alpha is a key component in the obesity-linked elevation of
plasminogen activator inhibitor 1. Proc Natl Acad Sci U S A 1999;96:6902-7.
Pandey M, Tuncman G, Hotamisligil GS, Samad F. Divergent roles for p55 and p75
TNF-alpha receptors in the induction of plasminogen activator inhibitor-1. Am J
Pathol 2003;162:933-41.
Liang X, Kanjanabuch T, Mao SL, Hao CM, Tang YW, Declerck PJ, Hasty AH,
Wasserman DH, Fogo AB, Ma LJ. Plasminogen activator inhibitor-1 modulates
adipocyte differentiation. Am J Physiol Endocrinol Metab. 2006;290:E103-E13.
Epub 2005 Sep 6.
Morange PE, Aubert J, Peiretti F, Lijnen HR, Vague P, Verdier M, Negrel R, Juhan-

Mechanisms and effects of low PAI-1 activity

132

133

134

135

136

137

138

139

140

141

142

143

144

Vague I, Alessi MC. Glucocorticoids and insulin promote plasminogen activator
inhibitor 1 production by human adipose tissue. Diabetes 1999;48:890-5.
Alessi MC, Juhan-Vague I, Kooistra T, Declerck PJ, Collen D. Insulin stimulates the
synthesis of plasminogen activator inhibitor 1 by the human hepatocellular cell line
Hep G2. Thromb Haemost 1988;60:491-4.
Nilsson L, Banfi C, Diczfalusy U, Tremoli E, Hamsten A, Eriksson P. Unsaturated
fatty acids increase plasminogen activator inhibitor-1 expression in endothelial
cells. Arterioscler Thromb Vasc Biol 1998;18:1679-85.
Stiko-Rahm A, Wiman B, Hamsten A, Nilsson J. Secretion of plasminogen activator
inhibitor-1 from cultured human umbilical vein endothelial cells is induced by very
low density lipoprotein. Arteriosclerosis 1990;10:1067-73.
Turek FW, Joshu C, Kohsaka A, Lin E, Ivanova G, McDearmon E, Laposky A,
Losee-Olson S, Easton A, Jensen DR, Eckel RH, Takahashi JS, Bass J. Obesity and
metabolic syndrome in circadian Clock mutant mice. Science. 2005;308:1043-5.
Epub 2005 Apr 21.
Rudic RD, McNamara P, Curtis AM, Boston RC, Panda S, Hogenesch JB, Fitzgerald
GA. BMAL1 and CLOCK, two essential components of the circadian clock, are
involved in glucose homeostasis. PLoS Biol. 2004;2:e377. Epub 2004 Nov 2.
Hoffstedt J, Andersson IL, Persson L, Isaksson B, Arner P. The common -675 4G/5G
polymorphism in the plasminogen activator inhibitor -1 gene is strongly associated
with obesity. Diabetologia 2002;45:584-7.
Lopes C, Dina C, Durand E, Froguel P. PAI-1 polymorphisms modulate phenotypes
associated with the metabolic syndrome in obese and diabetic Caucasian population.
Diabetologia 2003;46:1284-90.
Freeman MS, Mansfield MW. To: J.Hoffstedt et al. (2002) The common -675 4G/5G
polymorphism in the plasminogen activator inhibitor-1 gene is strongly associated
with obesity. Diabetologia 2002;45:1602-3; author reply 4.
Bouchard L, Mauriege P, Vohl MC, Bouchard C, Perusse L. Plasminogen-activator
inhibitor-1 polymorphisms are associated with obesity and fat distribution in the
Quebec Family Study: evidence of interactions with menopause. Menopause.
2005;12:136-43.
Lopez-Alemany R, Redondo JM, Nagamine Y, Munoz-Canoves P. Plasminogen
activator inhibitor type-1 inhibits insulin signaling by competing with alphavbeta3
integrin for vitronectin binding. Eur J Biochem 2003;270:814-21.
Ma LJ, Mao SL, Taylor KL, Kanjanabuch T, Guan Y, Zhang Y, Brown NJ, Swift
LL, McGuinness OP, Wasserman DH, Vaughan DE, Fogo AB. Prevention of obesity
and insulin resistance in mice lacking plasminogen activator inhibitor 1. Diabetes
2004;53:336-46.
Schafer K, Fujisawa K, Konstantinides S, Loskutoff DJ. Disruption of the plasminogen
activator inhibitor 1 gene reduces the adiposity and improves the metabolic profile
of genetically obese and diabetic ob/ob mice. Faseb J 2001;15:1840-2.
Morange PE, Lijnen HR, Alessi MC, Kopp F, Collen D, Juhan-Vague I. Influence
of PAI-1 on adipose tissue growth and metabolic parameters in a murine model of
diet-induced obesity. Arterioscler Thromb Vasc Biol 2000;20:1150-4.
61

Anna Ågren

145
146

147

148

149

150

151
152

153
154

155

156

157

158
159

62

Lijnen HR. Effect of plasminogen activator inhibitor-1 deficiency on nutritionallyinduced obesity in mice. Thromb Haemost. 2005;93:816-9.
Auwerx J, Bouillon R, Collen D, Geboers J. Tissue-type plasminogen activator
antigen and plasminogen activator inhibitor in diabetes mellitus. Arteriosclerosis
1988;8:68-72.
Juhan-Vague I, Roul C, Alessi MC, Ardissone JP, Heim M, Vague P. Increased
plasminogen activator inhibitor activity in non insulin dependent diabetic patients-relationship with plasma insulin. Thromb Haemost 1989;61:370-3.
Kvasnicka J, Skrha J, Perusicova J, Maslowska H, Pochopova L. [Levels of tissuetype plasminogen activator (T-PA), its inhibitor (PAI-1) and fibrinogen in the blood
of patients with type 1 and 2 diabetes mellitus]. Cas Lek Cesk 1996;135:174-7.
Stegenga ME, van der Crabben SN, Levi M, de Vos AF, Tanck MW, Sauerwein HP,
van der Poll T. Hyperglycemia stimulates coagulation, whereas hyperinsulinemia
impairs fibrinolysis in healthy humans. Diabetes. 2006;55:1807-12.
Henkel E, Gallo S, Siegert G, Koehler C, Hanefeld M. Glucagon as a determinant
of fibrinolytic activity in men with different stages of glucose tolerance: impact of
glucagon on fibrinolysis. Blood Coagul Fibrinolysis. 2007;18:327-34.
Boyle PJ. Diabetes mellitus and macrovascular disease: mechanisms and mediators.
Am J Med. 2007;120:S12-7.
Kressel G, Trunz B, Bub A, Hulsmann O, Wolters M, Lichtinghagen R, Stichtenoth
DO, Hahn A. Systemic and vascular markers of inflammation in relation to
metabolic syndrome and insulin resistance in adults with elevated atherosclerosis
risk. Atherosclerosis 2008;20:20.
Niemetz J, Fallon JT, Harrington E, Hathcock J. Rapid generation of thrombin by
atheroma and platelets. J Thromb Haemost. 2004;2:321-6.
Margolis KL, Manson JE, Greenland P, Rodabough RJ, Bray PF, Safford M,
Grimm RH, Jr., Howard BV, Assaf AR, Prentice R. Leukocyte count as a predictor
of cardiovascular events and mortality in postmenopausal women: the Women’s
Health Initiative Observational Study. Arch Intern Med. 2005;165:500-8.
Villmow T, Kemkes-Matthes B, Matzdorff AC. Markers of platelet activation
and platelet-leukocyte interaction in patients with myeloproliferative syndromes.
Thromb Res 2002;108:139-45.
Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M, Taskinen MR, Groop
L. Cardiovascular morbidity and mortality associated with the metabolic syndrome.
Diabetes Care. 2001;24:683-9.
Despres JP, Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S, Lupien
PJ. Hyperinsulinemia as an independent risk factor for ischemic heart disease. N
Engl J Med. 1996;334:952-7.
Kohler HP, Grant PJ. Plasminogen-activator inhibitor type 1 and coronary artery
disease. N Engl J Med 2000;342:1792-801.
Paramo JA, Colucci M, Collen D, van de Werf F. Plasminogen activator inhibitor
in the blood of patients with coronary artery disease. Br Med J (Clin Res Ed)
1985;291:573-4.

Mechanisms and effects of low PAI-1 activity

160

Hamsten A, de Faire U, Walldius G, Dahlen G, Szamosi A, Landou C, Blomback
M, Wiman B. Plasminogen activator inhibitor in plasma: risk factor for recurrent
myocardial infarction. Lancet 1987;2:3-9.

161

Sobel BE, Woodcock-Mitchell J, Schneider DJ, Holt RE, Marutsuka K, Gold H.
Increased plasminogen activator inhibitor type 1 in coronary artery atherectomy
specimens from type 2 diabetic compared with nondiabetic patients: a potential factor
predisposing to thrombosis and its persistence. Circulation 1998;97:2213-21.

162

Schneider DJ, Ricci MA, Taatjes DJ, Baumann PQ, Reese JC, Leavitt BJ, Absher
PM, Sobel BE. Changes in arterial expression of fibrinolytic system proteins in
atherogenesis. Arterioscler Thromb Vasc Biol 1997;17:3294-301.

163

Sobel BE. Increased plasminogen activator inhibitor-1 and vasculopathy. A
reconcilable paradox. Circulation 1999;99:2496-8.

164

Juhan-Vague I, Morange PE, Frere C, Aillaud MF, Alessi MC, Hawe E, Boquist
S, Tornvall P, Yudkin JS, Tremoli E, Margaglione M, Di Minno G, Hamsten A,
Humphries SE. The plasminogen activator inhibitor-1 -675 4G/5G genotype
influences the risk of myocardial infarction associated with elevated plasma
proinsulin and insulin concentrations in men from Europe: the HIFMECH study. J
Thromb Haemost 2003;1:2322-9.

165

Eriksson P, Kallin B, van ‘t Hooft FM, Bavenholm P, Hamsten A. Allele-specific
increase in basal transcription of the plasminogen-activator inhibitor 1 gene is
associated with myocardial infarction. Proc Natl Acad Sci U S A 1995;92:1851-5.

166

Leander K, Wiman B, Hallqvist J, Sten-Linder M, de Faire U. PAI-1 level and the
PAI-1 4G/5G polymorphism in relation to risk of non-fatal myocardial infarction:
results from the Stockholm Heart Epidemiology Program (SHEEP). Thromb
Haemost 2003;89:1064-71.

167

Leander K, Wiman B, Hallqvist J, Andersson T, Ahlbom A, de Faire U. Primary risk
factors influence risk of recurrent myocardial infarction/death from coronary heart
disease: results from the Stockholm Heart Epidemiology Program (SHEEP). Eur J
Cardiovasc Prev Rehabil 2007;14:532-7.

168

Brown NJ, Agirbasli MA, Williams GH, Litchfield WR, Vaughan DE. Effect
of activation and inhibition of the renin-angiotensin system on plasma PAI-1.
Hypertension 1998;32:965-71.

169

Fogari R, Zoppi A. Antihypertensive drugs and fibrinolytic function. Am J Hypertens.
2006;19:1293-9.

170

Montaner J. Stroke biomarkers: Can they help us to guide stroke thrombolysis?
Drug News Perspect. 2006;19:523-32.

171

Schulman S, Wiman B. The significance of hypofibrinolysis for the risk of recurrence
of venous thromboembolism. Duration of Anticoagulation (DURAC) Trial Study
Group. Thromb Haemost 1996;75:607-11.

172

Nilsson IM, Ljungner H, Tengborn L. Two different mechanisms in patients with
venous thrombosis and defective fibrinolysis: low concentration of plasminogen
activator or increased concentration of plasminogen activator inhibitor. Br Med J
(Clin Res Ed) 1985;290:1453-6.

63

Anna Ågren

173

174

175
176
177

178

179

180

181
182

183

184
185

186
187

64

Schulman S, Lindmarker P, Holmstrom M, Lärfars G, Carlsson A, Nicol P, Svensson
E, Ljungberg B, Viering S, Nordlander S, Leijd B, Jahed K, Hjorth M, Linder O,
Beckman M. Post-thrombotic syndrome, recurrence, and death 10 years after the
first episode of venous thromboembolism treated with warfarin for 6 weeks or 6
months. J Thromb Haemost 2006;4:734-42.
Folsom AR, Cushman M, Heckbert SR, Rosamond WD, Aleksic N. Prospective
study of fibrinolytic markers and venous thromboembolism. J Clin Epidemiol
2003;56:598-603.
Castellino FJ, Ploplis VA. Structure and function of the plasminogen/plasmin
system. Thromb Haemost. 2005;93:647-54.
Machovich R, Himer A, Owen WG. Neutrophil proteases in plasminogen activation.
Blood Coagul Fibrinolysis 1990;1:273-7.
Kute TE, Grondahl-Hansen J, Shao SM, Long R, Russell G, Brunner N. Low
cathepsin D and low plasminogen activator type 1 inhibitor in tumor cytosols defines
a group of node negative breast cancer patients with low risk of recurrence. Breast
Cancer Res Treat 1998;47:9-16.
Pappot H, Pedersen AN, Brunner N, Christensen IJ. The complex between urokinase
(uPA) and its type-1 inhibitor (PAI-1) in pulmonary adenocarcinoma: relation to
prognosis. Lung Cancer 2006;51:193-200.
Muracciole X, Romain S, Dufour H, Palmari J, Chinot O, Ouafik L, Grisoli F,
Branger DF, Martin PM. PAI-1 and EGFR expression in adult glioma tumors: toward
a molecular prognostic classification. Int J Radiat Oncol Biol Phys 2002;52:592-8.
Osmak M, Babic D, Abramic M, Milicic D, Vrhovec I, Skrk J. Plasminogen activator
inhibitor type 2: potential prognostic factor for endometrial carcinomas. Neoplasma
2001;48:462-7.
Andreasen PA, Kjoller L, Christensen L, Duffy MJ. The urokinase-type plasminogen
activator system in cancer metastasis: a review. Int J Cancer 1997;72:1-22.
Spyratos F, Bouchet C, Tozlu S, Labroquere M, Vignaud S, Becette V, Lidereau R,
Bieche I. Prognostic value of uPA, PAI-1 and PAI-2 mRNA expression in primary
breast cancer. Anticancer Res 2002;22:2997-3003.
Liu YX. Involvement of plasminogen activator and plasminogen activator inhibitor
type 1 in spermatogenesis, sperm capacitation, and fertilization. Semin Thromb
Hemost. 2007;33:29-40.
Liu YX. Plasminogen activator / plasminogen activator inhibitors in ovarian
physiology. Front Biosci 2004;9:3356-73.
Kikuchi H, Shimada W, Nonaka T, Ueshima S, Tanaka S. Significance of serine
proteinase and matrix metalloproteinase systems in the destruction of human
articular cartilage. Clin Exp Pharmacol Physiol 1996;23:885-9.
Huang Y, Noble NA. PAI-1 as a target in kidney disease. Curr Drug Targets.
2007;8:1007-15.
Chuang-Tsai S, Sisson TH, Hattori N, Tsai CG, Subbotina NM, Hanson KE,
Simon RH. Reduction in fibrotic tissue formation in mice genetically deficient in
plasminogen activator inhibitor-1. Am J Pathol 2003;163:445-52.

Mechanisms and effects of low PAI-1 activity

188

189

190

191

192
193

194

195
196
197
198

199

200

201
202

203

Wang H, Zhang Y, Heuckeroth RO. PAI-1 deficiency reduces liver fibrosis after bile
duct ligation in mice through activation of tPA. FEBS Lett. 2007;581:3098-104.
Epub 2007 May 29.
Santamaria A, Borrell M, Mateo J, Vallve C, Fontcuberta J. What is the clinical
impact of low plasminogen activator inhibitor-1 (PAI-1) activity? A case report
and study of the incidence of low PAI-1 antigen in a healthy population. J Thromb
Haemost 2007;5:1565-6.
Ferguson JW, Helmy A, Ludlam C, Webb DJ, Hayes PC, Newby DC. Hyperfibrinolysis
in alcoholic cirrhosis: relative plasminogen activator inhibitor type 1 deficiency.
Thromb Res. 2008;121:675-80. Epub 2007 Sep 17.
Grunewald M, Siegemund A, Grunewald A, Konegan A, Koksch M, Griesshammer
M. Paradoxical hyperfibrinolysis is associated with a more intensely haemorrhagic
phenotype in severe congenital haemophilia. Haemophilia 2002;8:768-75.
Mellbring G, Dahlgren S, Wiman B. Plasma fibrinolytic activity in patients
undergoing major abdominal surgery. Acta Chir Scand 1985;151:109-14.
Aillaud MF, Juhan-Vague I, Alessi MC, Marecal M, Vinson MF, Arnaud C, Vague P,
Collen D. Increased PA-inhibitor levels in the postoperative period--no cause-effect
relation with increased cortisol. Thromb Haemost 1985;54:466-8.
Skagius E, Siegbahn A, Bergqvist D, Henriksson AE. Fibrinolysis in patients with an
abdominal aortic aneurysm with special emphasis on rupture and shock. J Thromb
Haemost. 2008;6:147-50. Epub 2007 Oct 8.
Kursh ED, Ratnoff OD, Persky L. Current clotting concepts in urology. J Urol.
1976;116:214-7.
Nilsson IM. Local fibrinolysis as a mechanism for haemorrhage. Thromb Diath
Haemorrh. 1975;34:623-33.
Smart CJ, Turnbull AR, Jenkins JD. The use of frusemide and epsilon-aminocaproic-acid in transurethral prostatectomy. Br J Urol. 1974;46:521-5.
Smith RB, Riach P, Kaufman JJ. Epsilon aminocaproic acid and the control of postprostatectomy bleeding: a prospective double-blind study. J Urol. 1984;131:10935.
Nielsen JD, Gram J, Holm-Nielsen A, Fabrin K, Jespersen J. Post-operative blood
loss after transurethral prostatectomy is dependent on in situ fibrinolysis. Br J Urol
1997;80:889-93.
Kojima T, Gando S, Morimoto Y, Mashio H, Goda Y, Kawahigashi H, Kemmotsu
O. Systematic elucidation of effects of tranexamic acid on fibrinolysis and bleeding
during and after cardiopulmonary bypass surgery. Thromb Res 2001;104:301-7.
Armellin G, Casella S, Guzzinati S, Pasini L, Marcassa A, Giron G. Tranexamic
acid in aortic valve replacement. J Cardiothorac Vasc Anesth. 2001;15:331-5.
Iribarren JL, Jimenez JJ, Hernandez D, Brouard M, Riverol D, Lorente L, de La
Llana R, Nassar I, Perez R, Martinez R, Mora ML. Postoperative bleeding in cardiac
surgery: the role of tranexamic acid in patients homozygous for the 5G polymorphism
of the plasminogen activator inhibitor-1 gene. Anesthesiology 2008;108:596-602.
Fergusson DA, Hebert PC, Mazer CD, Fremes S, MacAdams C, Murkin JM, Teoh

65

Anna Ågren

204

205

206

207
208
209
210
211
212
213

214
215
216

217
218

219

66

K, Duke PC, Arellano R, Blajchman MA, Bussieres JS, Cote D, Karski J, Martineau
R, Robblee JA, Rodger M, Wells G, Clinch J, Pretorius R. A comparison of aprotinin
and lysine analogues in high-risk cardiac surgery. N Engl J Med. 2008;358:2319-31.
Epub 008 May 14.
Sundt TM, 3rd, Kouchoukos NT, Saffitz JE, Murphy SF, Wareing TH, Stahl DJ.
Renal dysfunction and intravascular coagulation with aprotinin and hypothermic
circulatory arrest. Ann Thorac Surg. 1993;55:1418-24.
Lind B, Thorsen S. A novel missense mutation in the human plasmin inhibitor
(alpha2-antiplasmin) gene associated with a bleeding tendency. Br J Haematol.
1999;107:317-22.
Wood L, Jacobs P. The effect of serial therapeutic plasmapheresis on platelet count,
coagulation factors, plasma immunoglobulin, and complement levels. J Clin Apher
1986;3:124-8.
Grgicevic D. Influence of long-term plasmapheresis on blood coagulation. Ric Clin
Lab 1983;13:21-31.
Tosetto A, Castaman G, Rodeghiero F. Bleeding scores in inherited bleeding
disorders: clinical or research tools? Haemophilia 2008;14:415-22.
Sramek A, Eikenboom JC, Briet E, Vandenbroucke JP, Rosendaal FR. Usefulness of
patient interview in bleeding disorders. Arch Intern Med. 1995;155:1409-15.
Ekengren J, Hahn RG. Blood loss during transurethral resection of the prostate as
measured by the HemoCue photometer. Scand J Urol Nephrol 1993;27:501-7.
Flordal PA. Measurement of blood loss in clinical studies. Eur J Anaesthesiol
1997;14:35-7.
Hahn RG. Estimating allowable blood loss with correction for variations in blood
volume. Acta Anaesthesiol Scand 1989;33:508-12.
Allen TH, Peng MT, Chen KP, Huang TF, Chang C, Fang HS. Prediction of blood
volume and adiposity in man from body weight and cube of height. Metabolism.
1956;5:328-45.
Nadler RHJBT. Prediction of blood volume in normal adult. Surgery 1962;62:224-32.
Feldschuh J, Katz S. The importance of correct norms in blood volume measurement.
Am J Med Sci. 2007;334:41-6.
Johnsson H, Lagerkranser M., Ljungstrom KG. Handläggning av trombocythämmande läkemedel inför operation. För tidig utsättning kan medföra allvarliga risker
för patienten. Lakartidningen 2008;105:2188-9.
Enver MK, Hoh I, Chinegwundoh FI. The management of aspirin in transurethral
prostatectomy: current practice in the UK. Ann R Coll Surg Engl 2006;88:280-3.
Sonksen JR, Kong KL, Holder R. Magnitude and time course of impaired primary
haemostasis after stopping chronic low and medium dose aspirin in healthy
volunteers. Br J Anaesth 1999;82:360-5.
Ehrlich Y, Yossepowitch O, Margel D, Lask D, Livne PM, Baniel J. Early initiation
of aspirin after prostate and transurethral bladder surgeries is not associated with
increased incidence of postoperative bleeding: a prospective, randomized trial. J
Urol 2007;178:524-8; discussion 8.

Mechanisms and effects of low PAI-1 activity

220

221
222
223

224
225
226
227
228
229

230

231

232

233

Biondi-Zoccai GG, Lotrionte M, Agostoni P, Abbate A, Fusaro M, Burzotta F, Testa
L, Sheiban I, Sangiorgi G. A systematic review and meta-analysis on the hazards of
discontinuing or not adhering to aspirin among 50,279 patients at risk for coronary
artery disease. Eur Heart J 2006;27:2667-74.
Hirsh J, Guyatt G, Albers GW, Harrington R, Schunemann HJ. Executive summary:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines
(8th Edition). Chest. 2008;133:71S-109S.
Asker C. Naturläkemedel/kosttillskott och antikoagulantiabehandling. Läkemedelsnytt 2007;3:3-4.
Declerck PJ, Alessi MC, Verstreken M, Kruithof EK, Juhan-Vague I, Collen
D. Measurement of plasminogen activator inhibitor 1 in biologic fluids with a
murine monoclonal antibody-based enzyme-linked immunosorbent assay. Blood
1988;71:220-5.
Nordenhem A, Wiman B. Plasminogen activator inhibitor-1 (PAI-1) content in
platelets from healthy individuals genotyped for the 4G/5G polymorphism in the
PAI-1 gene. Scand J Clin Lab Invest 1997;57:453-61.
Wiman B, Jacobsson L, Andersson M, Mellbring G. Determination of plasminalpha 2-antiplasmin complex in plasma samples by means of a radioimmunoassay.
Scand J Clin Lab Invest. 1983;43:27-33.
Nordenhem A, Wiman B. Tissue plasminogen activator (tPA) antigen in plasma:
correlation with different tPA/inhibitor complexes. Scand J Clin Lab Invest
1998;58:475-83.
Urano T, Sakakibara K, Rydzewski A, Urano S, Takada Y, Takada A. Relationships
between euglobulin clot lysis time and the plasma levels of tissue plasminogen
activator and plasminogen activator inhibitor 1. Thromb Haemost 1990;63:82-6.
Smith AA, Jacobson LJ, Miller BI, Hathaway WE, Manco-Johnson MJ. A new
euglobulin clot lysis assay for global fibrinolysis. Thromb Res 2003;112:329-37.
He S, Antovic A, Blomback M. A simple and rapid laboratory method for
determination of haemostasis potential in plasma. II. Modifications for use in routine
laboratories and research work. Thromb Res. 2001;103:355-61.
Antovic JP, Antovic A, He S, Tengborn L, Blomback M. Overall haemostatic
potential can be used for estimation of thrombin-activatable fibrinolysis inhibitordependent fibrinolysis in vivo and for possible follow-up of recombinant factor VIIa
treatment in patients with inhibitors to factor VIII. Haemophilia. 2002;8:781-6.
Curnow JL, Morel-Kopp MC, Roddie C, Aboud M, Ward CM. Reduced fibrinolysis
and increased fibrin generation can be detected in hypercoagulable patients using
the overall haemostatic potential assay. J Thromb Haemost. 2007;5:528-34. Epub
2006 Dec 13.
Spiel AO, Mayr FB, Firbas C, Quehenberger P, Jilma B. Validation of rotation
thrombelastography in a model of systemic activation of fibrinolysis and coagulation
in humans. J Thromb Haemost 2006;4:411-6.
Folkeringa N, Coppens M, Veeger NJ, Bom VJ, Middeldorp S, Hamulyak K, Prins
MH, Buller HR, van der Meer J. Absolute risk of venous and arterial thromboembolism
in thrombophilic families is not increased by high thrombin-activatable fibrinolysis
inhibitor (TAFI) levels. Thromb Haemost. 2008;100:38-44.
67

Anna Ågren

234

235
236

237
238

239
240
241
242

243

244

245

246
247
248
249

68

Lewis MR, Callas PW, Jenny NS, Tracy RP. Longitudinal stability of coagulation,
fibrinolysis, and inflammation factors in stored plasma samples. Thromb Haemost
2001;86:1495-500.
Hernan MA, Robins JM. Instruments for causal inference: an epidemiologist’s
dream? Epidemiology. 2006;17:360-72.
Fewell Z, Davey Smith G, Sterne JA. The impact of residual and unmeasured
confounding in epidemiologic studies: a simulation study. Am J Epidemiol.
2007;166:646-55. Epub 2007 Jul 5.
Schalkwijk CG, Stehouwer CD. PAI-1 inhibition in obesity and the metabolic
syndrome: a promising therapeutic strategy. Thromb Haemost. 2006;96:698-9.
Ho KM, Ismail H. Use of intravenous tranexamic acid to reduce allogeneic blood
transfusion in total hip and knee arthroplasty: a meta-analysis. Anaesth Intensive
Care. 2003;31:529-37.
Gabay C. Interleukin-6 and chronic inflammation. Arthritis Res Ther. 2006;8 (Suppl
2):S3.
Jialal I, Devaraj S, Venugopal SK. C-reactive protein: risk marker or mediator in
atherothrombosis? Hypertension 2004;44:6-11.
Hoekstra JB, van Rijn HJ, Erkelens DW, Thijssen JH. C-peptide. Diabetes Care.
1982;5:438-46.
Mizuno A, Arai H, Fukaya M, Sato M, Hisami YO, Takeda E, Doi T. Early-phase
insulin secretion is disturbed in obese subjects with glucose intolerance. Metabolism.
2007;56:856-62.
Nagi DK, Hendra TJ, Ryle AJ, Cooper TM, Temple RC, Clark PM, Schneider
AE, Hales CN, Yudkin JS. The relationships of concentrations of insulin, intact
proinsulin and 32-33 split proinsulin with cardiovascular risk factors in type 2 (noninsulin-dependent) diabetic subjects. Diabetologia 1990;33:532-7.
Juhan-Vague I, Pyke SD, Alessi MC, Jespersen J, Haverkate F, Thompson SG.
Fibrinolytic factors and the risk of myocardial infarction or sudden death in
patients with angina pectoris. ECAT Study Group. European Concerted Action on
Thrombosis and Disabilities. Circulation 1996;94:2057-63.
Halleux CM, Declerck PJ, Tran SL, Detry R, Brichard SM. Hormonal control of
plasminogen activator inhibitor-1 gene expression and production in human adipose
tissue: stimulation by glucocorticoids and inhibition by catecholamines. J Clin
Endocrinol Metab 1999;84:4097-105.
Capraro L, Nuutinen L, Myllyla G. Transfusion thresholds in common elective
surgical procedures in Finland. Vox Sang 2000;78:96-100.
Wiman B. Discovery of PAI-1 in plasma. Thromb Res 2000;100:7-8.
Chmielewska J, Rånby M, Wiman B. Evidence for a rapid inhibitor to tissue
plasminogen activator in plasma. Thromb Res 1983;31:427-36.
Holmberg K, Persson ML, Uhlen M, Odeberg J. Pyrosequencing analysis of
thrombosis-associated risk markers. Clin Chem 2005;51:1549-52.

