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Generall overview 

1.. Introduction 
Thee prevalence of diabetes mellitus has dramatically increased during the past 

decadess and this disease is now affecting about half a mill ion people in the 

Netherlandss (I). The growing number of diabetic people is mainly due to an 

increasee in type 2 diabetes (about 90% of diabetic patients has type 2, the other 

10%% has type 1 diabetes), and has been attributed to an increased prevalence of 

obesity.. Obesity is associated with dysregulations in metabolism that strongly 

increasee the risk for the development of type 2 diabetes (2), as discussed below. 

Thee increasing age of the Dutch population and a better awareness of diabetes 

inn an elderly population has further contributed to the high prevalence of type 2 

diabetess (I). It has been estimated that over 10% of the Dutch population 50 

yearss of age and older have type 2 diabetes or its precursor, impaired glucose 

tolarancee (Figure 1) (3). 
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Figuree '1. Mean prevalence of diabetes mellitus type 1 and 2 in the Netherlands divided in 
menn and women (2003). Prevalence increases with age. 

AA major cl inical p rob lem for patients wi th diabetes is the high risk for cardiovascular 

diseasee (4). For instance, the risk of developing a myocardial infarction is 2 to 3 

timess higher in diabetic patients than in non-diabetic individuals of comparable 

agee (5). In addition, the outcome of cardiovascular complications is worse in patients 

withh diabetes compared to patients without diabetes (6). The high risk for 

cardiovascularr disease and the worse outcome accounts for about 70 % of deaths 

inn these patients (7). 
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Theree has been increased interest in mechanisms that accelerate vascular disease 

inn diabetes the past lOyears (8). The research has clarified that multiple factors are 

involvedd in the development of diabetic cardiovascular disease, but the molecular 

pathogenesiss is still not completely understood. The incomplete understanding of 

thiss complex disease limits the options for prevention of vascular disease in 

diabetics,, which remains a major health care problem in the Netherlands and the 

restt of the Western world. 

Thiss thesis addresses the pathogenesis of cardiovascular disease in patients with 

typee 2 diabetes from the perspective of the coagulation system. As we will make 

clear,, several components from the coagulation system play important roles in the 

pathogenesiss of atherothrombosis and the development of organ damage. In the 

followingg chapters, different aspects of the blood coagulation system, vessel wall 

andd kidney in relation to hyperglycemia and the increased risk for cardiovascular 

diseasee will be explored. 

2.. Diabete s mellitu s typ e 1 and 2 
Twoo main types of diabetes mellitus can be distinguished. Type 1 diabetes, 

occurringg at relatively young age, is an autoimmune disease caused by destruction 

off beta cells in the pancreas and subsequent loss of insulin production. Due to 

lackk of insulin production, glucose is not adequately transported from the blood 

intoo peripheral tissue. This results in high glucose levels in blood and urine and 

too low glucose levels in the muscles and other tissues. The cornerstone of 

treatmentt for type 1 diabetes is insulin administration. Specific life style factors 

thatt increase the risk for type 1 diabetes have not been identified yet, which is in 

contrastt to type 2 diabetes. 

Typee 2 diabetes is strongly associated with a sedentary lifestyle and obesity (2). 

Inn particular central and visceral obesity, characterized by fat deposition in the 

upperr and central part of the body are responsible for the development of the 

so-calledd insulin resistance syndrome (9) which precedes overt type 2 diabetes. 

Insulinn resistance is characterized by relative insensitivity of insulin receptor 

signaling,, leading to a relatively deficiency of insulin to transport glucose 

sufficientlyy into the peripheral tissue. To compensate this relative shortage the 

pancreass enhances the amount of insulin production. The resulting state of 

hyperinsulinemiaa wi th relatively normal glucose levels can last for years. 

10 0 



Generall overview 

Gradually,, however, the beta cells in the pancreas lose their capacity to produce 

largee amounts of insulin and glucose levels start to increase above normal levels. 

AA state of type 2 diabetes has than developed, typically characterized by relatively 

highh insulin as well as high glucose levels in blood. Therefore, and in contrast 

withh type 1 diabetes, therapy for type 2 diabetes is focused on treatment of insulin 

resistance,, by a combination of weight loss and specific medication. When these 

measuress do not result in normoglycemia, combined treatment of oral medication 

andd insulin may be warranted. 

Inn spite of major differences in etiology of type 1 and type 2 diabetes, which is 

reflectedd by the specific treatment of these conditions, there are also two 

importantt common features, hyperglycemia (glucose > 7 mmol/L) and an increased 

riskk for cardiovascular disease. 

3.. Diabete s meilitu s and cardiovascula r diseas e 
Althoughh in essence an endocrine disorder, the main phenotypic characteristic 

off type 2 diabetes is cardiovascular disease. This involves both complications in 

thee smaller vessels, leading to nephropathy, neuropathy and retinopathy, and 

complicationss in the larger vessels, leading to coronary artery disease, stroke 

andd peripheral artery disease. Until recently it was thought that the increased 

riskk for cardiovascular disease in diabetes could be reduced by effective treatment 

off hyperglycemia. Several large clinical studies including The United Kingdom 

Prospectivee Diabetes Study (10), have now demonstrated that treatment of 

hyperglycemiaa indeed significantly reduces small vessel disease. In contrast, it 

appearss that the risk for large vessel disease remains substantially increased 

comparedd to non-diabetics. Such studies suggest that the remaining risk for large 

vessell complications is determined by additional cardiovascular risk factors, 

includingg hypercholesterolemia, obesity, hyperinsulinemia, hypertension, 

increasedd activity of inflammation and coagulation pathways, which comprise 

thee metabolic syndrome in type 2 diabetes (11; 12). The current consensus opinion 

iss that prevention of cardiovascular disease in type 2 diabetic patients requires 

treatmentt of each of these risk factors (11; 13-16). While type 1 diabetes is also 

associatedd with dyslipidemia and changes in the coagulation and inflammation 

systems,, the contribution of these risk factors to cardiovascular events is not as 

clearr as in type 2 diabetes. 

11 1 



4.. Atherosclerosis and atherothrombotic events 
Inn general, atherosclerosis is the underlying pathological process of cardiovascular 

disease,, already starting in young adulthood. An early feature of the atherosclerotic 

processs is dysfunction of vascular endothelium, the inner layer of the vessel wall 

(Figuree 2). Under influence of specific triggers, such as oxidized LDL, endothelial 

Figuree 2. Endothelial 
dysfunctionn is characterized 
byy adhesion of leucocytes to 
ihee endothelium and 
migrationn in to the vessel 
wall. . 

(54)) Copyright" (2004) 
Massachusettss Medical 
Society.. All rights reserved. 

cellss produce proinflammatory cytokines and adhesion molecules that in turn are 

responsiblee for the capture of activated leukocytes from the streaming blood. 

Expressionn of chemotactic cytokines causes migration of the adherent leukocytes 

throughh Ihe endothelial layer into the vessel wall proper. These leucocytes, in 

particularr macrophages, scavenge lipids to form foam cells and the vessel wall 

lesionn becomes a "fatty streak" (Figure 3). Cycles of accumulation of leukocytes, 

Smoothh muscle 
migration n 

Foamm cel! T coll 
formationn aclivatio 

Adherencee and Adherence 
aggregationn o' and entry 

plateletss of leukocytes 

Figur ee 3. Leucocytes pick up 
lipidss and a fatty streak is 
formed. . 
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Generall overview 

migrationn and proliferation of smooth muscle cells and the formation of fibrous 

tissuee lead to enlargement and remodeling of the lesion. This process finally leads 

too a "complicated plaque", characterized by a large lipid core rich in tissue factor 

(TF)) and a high risk to rupture (Figure 4). If a plaque ruptures TF, the initiator of the 

Macrophagee accumulation Formation of Fibrous Cap formation 
necroticc core 

Figur ee 4. An advanced lesion 
consistss of foam cells, 
migratedd smooth muscle cells 
andd extracellular matrix. 

coagulationn cascade, and atherosclerotic debris is exposed to the blood stream 

resultingg in the formation of a thrombus, a blood clot consisting of platelets and 

threadss of fibrin. This thrombus can completely occlude the vessel lumen, leading 

too ischemia in the downstream tissue and this represents a so-called acute 

atherothromboticc event (Figure5). The main acute atherothrombotic complications 

off cardiovascular disease, such as a myocardial infarction result from a thrombus 

formedd on a ruptured plaque or from a thrombus formed on an eroded 

Plaquee rupture Thinningg of fibrous cap Hemorrhage from plaque 
microvcsseis s 

Figur ee 5. Thrombus is formed 
onn a ruptured plaque. 
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atheroscleroticc vessel wall (17; 18). The development of atherothrombotic 

complications,, is considered to be determined by a combination of factors including 

bloodd flow, (altered) blood composition and pre-existing vascular changes, in 

totalityy known as Virchov's triad (19-24). In patients with diabetes mellitus type 2 

twoo of these elements have been identified to be abnormal and are supposed to 

increasee the risk for a thrombotic event: first, an imbalance of hemostatic, 

procoagulantt and fibrinolytic factors in blood and second, changes in vessel wall 

composition. . 

5.. Prothromboti c factor s in bloo d contributin g to 

increase dd ris k fo r atherothromboti c event s 
Sincee coagulation is an essential element in the development of atherothrombotic 

complicationss many investigators believe that a condition of activated coagulation, 

and/orr inhibited fibrinolysis, i.e. the hypercoagulable state, may be involved in 

thee pathogenesis of such complications (25). Indeed, a large body of evidence 

indicatess that patients at risk to develop atherothrombotic complications, such 

ass patients with type 2 diabetes, have increased levels of procoagulant proteins 

andd enzymes in blood as compared to age matched controls (26-28). 

Thee blood coagulation system consists of a primary hemostatic mechanism, 

designedd by nature to arrest bleeding. This system consists of vasoconstriction 

andd blood platelets, which by adhesion to the vessel wall and by aggregation, 

stopp bleeding or cover a wound surface (such as in the case of a ruptured 

atheroscleroticc plaque). The secondary mechanism, that operates simultaneously 

withh the primary system, consists of plasmatic and vessel wall proteins, indicated 

inn Figure 6. This system of linked reactions operates by stepwise enzymatic 

cleavagee of precursor proteins leading to the formation of fibrin, which acts as a 

"glue"" to establish the blood clot (or the thrombus in case of pathological clotting 

likee on ruptured plaques). To limit the extent of clotting, the blood contains a 

systemm that degrades fibrin clots, i.e. fibrinolysis as well as a system that has 

anticoagulantt properties, includingantithrombin, heparin cofactor II, tissue factor 

pathwayy inhibitor, and the protein C anticoagulant pathway. 

Thee activity of coagulation and fibrinolytic systems is determined by the availability 

(concentration,, localization, conformation} of the different proteins (including 
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m mm Intrinsic Pathway Extrinsicc Pathway 

Prett allikrein ' 

 a

Proteinn C 

Commonn Pathway 

Figuree 6. General overview of the coagulation cascade (98). 

T-PAA 4 PAI-1 

Plasminogen n 

Fibrinn Degradation Products 

Fibrinolysis s 

activators,, zymogens, and inhibitors). Elevations of activators such as TF may drive 

fibrinn formation, while elevations in platelet numbers and in adhesive proteins 

(vonn Willebrand factor) may enhance primary hemostasis (platelet "stickiness"). 

Inn plasma from patients with type 2 diabetes higher levels of markers that indicate 

increasedd plasma coagulation activity such as D-dimer (29; 30), prothrombin 

fragmentt 1+2 (F1+2) (25; 31) thrombin anti-thrombin (TAT) complexes (32), 

fibrinogenn (33), factor VII (34) and an increased expression of TF on circulating 

monocytess (35) have been observed. In addition, circulating plasma markers of 

fibrinolysiss including tissue type plasminogen activator (tPA) (30; 36) and the 

inhibitor,, plasminogen activator inhibitor 1 (PAI-1) (28; 36-39) are higher in patients 

withh type 2 diabetes. Von Willebrand factor antigen (vWFAg) and thrombomodulin 

(TM),, which is a component of the protein C anticoagulant system, are also 

is s 



reportedd to be increased in patients with type 2 diabetes (30; 36) (40). A number 

off these proteins, including vWFag, TM, tPA, and PAI-1, are produced by vascular 

endotheliall cells (41). Detection of increased levels in blood is therefore 

consideredd to reflect endothelial activation or damage, as an indication of vascular 

diseasee (41). 

Whetherr there is a causal relation between elevation of these markers of 

coagulationn and fibrinolysis, and endothelial dysfunction on the one hand, and 

existingg or developing cardiovascular complications on the other hand in type 2 

diabeticc patients is not yet established and remains controversial. This uncertainty 

iss mainly due to the lack of clinical studies showing that anticoagulant agents 

reducee the risk of cardiovascular complications in diabetic patients, while pro-

fibrinolyticc agents for long-term treatment are not yet available. 

Similarly,, a number of abnormalities in platelet function, including increased 

levelss of surface adhesion molecules (P-selectin) and the fibrinogen receptor 

glycoproteinn l lbl l la have been reported in platelets from patients with diabetes 

(42).. In addition, platelets from diabetic patients are more sensitive to aggregating 

agentss and display enhanced synthesis of thromboxane, together contributing 

too the platelet hyperreactivity that is observed in patients with type 2 diabetes 

(27).. Such changes in platelet functions are generally believed to be of importance 

inn the risk for atherothrombotic complications in diabetes. The importance of 

plateletss is demonstrated by the apparent efficacy of platelet inhibiting agents 

includingg aspirin and the more selective glycoprotein MblllA inhibitors in reducing 

cardiovascularr morbidity and mortality in patients with type 2 diabetes (43). 

6.. Vascula r factor s contributin g to increase d ris k fo r 

atherothromboti cc  event s 
Thee development of atherothrombotic complications is considered to be primarily 

determinedd by pre-existent vascular changes, culminating in atherosclerosis (22-

24).. Abnormalities in vascular function and structure, which may predispose to 

atherothromboticc complications, have been identified in patients with type 2 

diabetess (Table 1). General changes in the vessel walls of diabetic patients are 

endotheliall dysfunction (44), arterial hypertrophy and distensibility (45). Evidence 

suggestss that these structural and functional alterations already exist before the 
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Tablee 1. Vascular elements predisposing to atherothrombotic complications 

Vulnerabl ee pfc >$M0 0 

Structura ll  and functiona l characterization s 

Stenosis s 
Lipidd content 
Collagen n 

Smoothh muscle cells 
Endothelium m 
Distensibilityy & Stiffness 

Moderate e 
T T 

Reduced d 

n n 
Dysfunction n 

T T 

-69 9 
(49;; 70) 
-71 1 

(49;; 72) 
-74 4 
-51 1 

typeic c Etabefievs, , 
r«m<iiÈbe^c c 
artery/plaque e 

Moderatee -52 
? ? 

Disturbedd -58 

Dysfu u 
TT -73 

ict ionn -44 
TT -75 

Typee H diabeëcvs. 
npt^dtisfoëëc c 
artery/pJaquf i i 

Moderate e 
T T 

Disturbed, , 
Reduced d 

T T 
Dysfunction n 

T T 

-52 2 
-55 5 

(55;; 58) 
-73 3 
-M -M 
A5 A5 

Inflammatio n n 

Macrophages s 

TT lymphocytes 
IL-6 6 
TNF-a a 
E-selectin n 
P-selectin n 
1CAM-1 1 
VCAM-1 1 
MCP-1 1 
MMP P 
ACE E 
RAGE E 

T T 

T T 
T T 

To o 
o o 
T T 

To o 
To o 

T T 
T T 
? ? 
7 7 

{49;; 53; 54; 
70;; 76; 77) 
(53;; 79) 
(80-82) ) 
(83-85) ) 
(79;; 85) 
(79;; 85) 
(80;; 85; 86) 
(79;; 87; 88) 
-89 9 
-90 0 

TT -50 

? ? 

ff -59 
TT -59 
TT -99 
? ? 

oo -100 

T T 

T T 
? ? 

T T 
o o 

t t 

T T 
TT <61),(S9),(99) T 
TT -59 
? ? 

ff  -92 
TT -61 

? ? 

f f T T 
T T 

(50^5;; 78) 

(55;; 78) 

-62 2 
-60 0 

-60 0 
-60 0 

(55;; 91) 
-92 2 
(55;; 78) 

Coagulatio n n 

Antithrombin n 
Fibrinogen n 
TF F 
PA1-1 1 
u-PA A 

i i 
T T 
T T 
T T 
T T 

-93 3 
-94 4 
(79;; 95) 
(96;; 97) 
-96 6 

4-- -64 
TT -64 
TT -61 
? ? 

? ? 

? ? 

? ? 

? ? 

f f i i 
-66 6 
-66 6 

DataData concerning type 1 diabetes are partly based on data from animal models of type 1 
diabetes.. IL-interleukrn, TNF-a=tumor necrosis factor-a, ICAM-1= intercellular adhesion 
molecule-1,, VCAM-1 = vascular cell adhesion molecuie-1, MCP-1= monocyte chemoattractant 
protein-1,, MMP-metalloproteinase, AGE=advanced glycation endproduct, RAGE= receptor 
forr AGE, TF=tissue factor, PAI-1=plasminogen activator inhibitor type 1, u-PA-urokinase-
typee plasminogen activator. 
T-increased,, l-decreased, o=unchanged, ?=unknown 

cl inicall signs of type 2 d iabetes become apparent (46), i.e. d u r i n g the phase of 

insul inn resistance. This also suggests that the enhanced process of atherosclerosis 

iss no t solely dependen t on one of the main b iochemical character ist ics of type 2 

diabetes,, hyperg lycemia. 

Ann impor tant player in t he increased risk for a the ro th rombos is in diabetes is 

oxidat ivee stress induced endothe l ia l dys func t ion . Ox idat ive stress is the result of 
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thee generation of free radicals, such as superoxide (47) and causes vascular 

dysfunctionn by activating signalling pathways in endothelial and other vascular 

cellss leading to reduced nitric oxide (NO) production and increased platelet and 

leukocytee adhesion (48). 

Inn addition, there is evidence that vascular wall associated factors that predispose 

too plaque rupture (49) are of importance in diabetic patients. For instance, 

atheroscleroticc plaques from diabetic type 2 patients are associated with a 

significantt increase in lipid pool content (50; 51) and moderate stenosis (52) which 

increasee the risk for rupture and thrombosis. Activation of inflammation is another 

factorr of importance in the development of atherosclerosis and plaque instability 

(53;; 54), particularly in patients with diabetes. Several studies reported increases 

inn macrophage infiltration in plaques from patients with type 2 diabetes compared 

too non-diabetic patients (50; 55). Macrophages are found in rupture prone plaque 

areass (53; 56), and play a role in degrading plaque stability via their production of 

metalloproteinasess (MMPs), which are able to digest collagen and elastin (57). It 

hass been shown that plaques from type 2 diabetic patients have increased levels 

off MMPs and disturbed content and biosynthesis of collagen (55; 58). 

Theree is evidence, although limited and partly based on animal models of diabetes, 

thatt other features of a proinflammatory state of the vessel wall are also evident 

inn diabetes mellitus (Table 1). T lymphocytes, intercellular adhesion molecule-1 

(ICAM-1)) (60), vascular cell adhesion molecule-1 (VCAM-1) (60; 61), monocyte 

chemoattractantt peptide-1 (MCP-1) (59), tumor necrosis factor-a (TNFa) (62), and 

interleukin-66 (IL-6) (59) are found to be increased in diabetic plaques and arteries, 

andd may predispose to an increased risk for plaque rupture and thrombotic events 

(55;; 59). 

AA view is emerging that advanced glycation endproducts (AGEs) are important in 

inducingg inflammatory responses and oxidative stress in the diabetic vasculature 

(63).. AGEs are the products of nonenzymatic glycation of proteins and lipids that 

accumulatee in plasma and tissue of patients with diabetes. It was shown that 

diabeticc type 2 plaques are characterized by an increased amount of AGEs and 

increasedd expression of RAGE (receptor for AGE) (55). 

Feww studies addressed the presence of pro- and anticoagulant proteins in diabetic 

atherosclerosiss that may influence plaque vulnerability and thrombosis risk (Table 

1).. Based on findings in animal studies, it was shown that diabetic atherosclerotic 
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Generall overview 

plaquess and arteries are characterized by increased TF (61) and fibrinogen (64). 

Inn addit ion, the anticoagulant serine protease inhibi tor ant i thrombin was 

demonstratedd to be decreased in the vessel walll from rabbits with diabetes (64). 

Studiess on atherectomies and arteries from diabetic patients revealed increases 

inn PAI-1 expression, which may lead to increased thrombogenicity {65; 66). 

Remarkably,, one possible local risk factor, urokinase-plasminogen activator (uPA), 

foundd to be increased in advanced atherosclerotic plaques (67), seems to be 

reducedd in diabetic atherosclerotic plaques (66); theoretically, this would suggest 

aa diminished fibrinolytic capacity in diabetic vessel, but it is more likely that uPA 

iss involved in vascular remodelling rather than clot lysis (68). 

6.. Conclusio n 
Typee 2 diabetes is associated with an accelerated process of atherosclerosis and 

ann increased risk for atherothrombotic complications and organ damage. 

Althoughh it has become clearthat multiple factors are involved in the development 

off cardiovascular disease in diabetes mellitus, the molecular pathogenesis is still 

nott completely understood. Mul t ip le abnormali t ies in circulating b lood 

coagulationn parameters and in the vascular expression of genes involved in 

coagulationn activation are observed in both patients with type 2 diabetes and 

animalss with experimental diabetes as compared to controls. However, available 

dataa on the involvement of these abnormal i t ies in the development of 

atherothromboticc complications and organ damage remain in part conflicting 

andd have not yet led to a clear understanding of their potential significance. In 

partt this is due to a lack of proper clinical studies addressing the value of 

anticoagulantt therapy, which could provide a proof of concept. In addition, there 

iss a shortage in studies on mechanisms and agents that change in vivo expression 

off genes involved in coagulation activation and their effect on arterial thrombosis 

andd organ damage in diabetes mellitus. However, with the expanding knowledge 

onn the potential importance of the coagulation system in cardiovascular disease 

neww avenues can be explored. Particularly, the role of coagulation mechanisms in 

modifyingg the increased risk for cardiovascular disease in diabetes becomes an 

importantt area of research. Against this background, the experimental and clinical 

studiess described in this thesis have been designed. 
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7.. Outlin e of th e thesi s 
Thee general objective of this thesis is to gain insight into the pathogenesis of the 

increasedd risk of cardiovascular disease in diabetes mellitus type 2. Emphasis 

wass put on the role of increased coagulation activation in acute arterial thrombosis 

andd organ damage. We used the following observational and intervention studies 

inn humans and mice with diabetes mellitus to accomplish this objective. 

Chapte rr  tw o evaluates the level of different blood coagulation markers in patients 

withh and without cardiovascular disease and type 2 diabetes and determines the 

potentiall importance of soluble tissue factor as a marker of small vessel disease. 

Chapte rr  3 and 4 describe the effect of pravastatin treatment on different 

hemostaticc markers in patients wi th type 2 diabetes, revealing mild anti-

inflammatoryy and anticoagulant effects of this drug that may fit with the concept 

off the importance of pleiotropic actions of statins. Chapte r 5 analyses the difference 

inn atherosclerotic plaque composition between patients with type 2 diabetes and 

controll subjects. This study shows that symptomatic plaques from type 2 diabetic 

patientss have more signs of thrombosis but similar levels of markers of coagulation 

andd inflammation. Chapte r 6 evaluates the expression of TF, the initiator of the 

coagulationn cascade, in kidneys from mice with experimental diabetes. Here, it 

wass shown that expression of TF is increased in tubuli from diabetic mice, probably 

duee to hyperglycemia as suggested by in W/roexperiments showing increases inTF 

levell in tubular epithelial cells after incubation with high glucose levels. 

Thee last part of the thesis addresses studies of several factors that are important 

forr the development of acute arterial thrombosis in experimental diabetes 

mellitus.. In these experiments a model of ferric chloride induced arterial 

thrombosiss was studied in streptozotocin induced diabetic mice. Chapte r 7 

evaluatess the effect of hyperglycemia and treatment with simvastatin on arterial 

thrombosis.. This study reveals that hyperglycemia induces a mild prothrombotic 

phenotype.. Simvastatin did not influence thrombus formation, but had significant 

anti-inflammatoryy effects on vessel wall gene expression. Chapte r 8 evaluates 

thee effect of both endothelial dysfunction and hyperglycemia on arterial 

thrombosis.. To this end mice were studied with endotoxin induced endothelial 

dysfunctionn and experimental diabetes. Chapte r 9 describes the effect of 

hyperglycemiaa on arterial thrombosis in LDLr-/- mice, which are prone to develop 
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atherosclerosiss due to a genet ic defect in the LDL receptor . This study reveals 

thatt e x p e r i m e n t a l d i abe tes a l ters vascular gene exp ress ion a n d increases 

atherosclerosis.. In terest ingly , these changes had no ef fect on arter ial t h r o m b u s 

f o r m a t i o n .. Final ly, chap te r 10 descr ibes m e t h o d s to eva lua te c o a g u l a t i o n 

act ivat ionn in mice. The deve lopmen t of a mouse specif ic assay for the de tec t ion 

off t h r o m b i n - a n t i t h r o m b i n comp lexes is r epo r ted and d i f fe ren t m e t h o ds for 

plasmaa co l lec t ion are evaluated. 
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Abstrac t t 
Objective ::  To determine the relationship between abnormalities in blood 

coagulationn activity and presence or incidence of cardiovascular complications 

inn type 2 diabetes. 

Desig nn and methods : Plasma levels of soluble tissue factor (TF), prothrombin 

fragmentt 1+2 (F1+2), D-dimer, tissue type plasminogen activator (t-PA), 

plasminogenn activator inhibitor 1 (PAI-1), von Willebrand factor antigen (vWFag) 

andd coagulation factor VIII activity (FVIIIa) were studied at baseline and after one 

yearr of follow up in a group of 128 patients with type 2 diabetes. Forty-three non 

diabeticc healthy subjects served as a control group. 

Results ::  Plasma levels of soluble TF, t-PA and PAI-1 were significantly higher in 

thee diabetic patients compared to controls (p<0.05). The highest levels of soluble 

TFF were observed in type 2 diabetes patients with microvascular and neurogenic 

diseasee (p<0.001). Soluble TF was correlated with tPA, vWFag, systolic blood 

pressuree and age. Logistic analysis revealed an independent relationship between 

solublee TF and microvascular disease (per pg/mlTF: OR=1.008; Cl<95%)1.002-1.013) 

andd neurogenic disease (OR= 1.006; Cl(95%)1.001-1.011). Levels of F1+2, D-dimer, 

FVIIIa,, t-PA and vWFag were all similar in patients with either microvascular, 

macrovascularr or neurogenic complications compared to patients without those 

complications.. Forty eight new microvascular, macrovascular and/or neurogenic 

complicationss were diagnosed after one year follow up. Levels of all parameters 

weree similar in patients with or without new complications. 

Conclusions ::  Soluble TF, is associated with existing microvascular and neurogenic 

complicationss in patients with type 2 diabetes. 
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Solublee tissue factor and microvascular disease 

Introductio n n 
Typee 2 diabetes is a chronic metabolic disorder that is accompanied by considerable 

cardiovascularr mortality due to myocardial infarction, heart failure, stroke, or 

"suddenn death". In addition, chronic morbidity is often seen in the form of major 

vascularr complications including peripheral arterial disease and in the form of 

microvascularr complications such as retinopathy and nephropathy. 

Acutee atherothrombot ic complications like myocardial infarct ion are the 

consequencee of advanced atherosclerotic lesions that rupture or erode, thereby 

exposingg procoagulant surfaces that initiate blood coagulation (1). In addition to 

suchh local encounters between blood and damaged vessel wall, systemic 

prothromboticc states may accelerate clot formation, or increase the risk of 

thrombosiss (2-4). Numerous, mostly cross-sectional studies, have addressed the 

questionn whether type 2 diabetes is associated with increased systemic blood 

coagulationn activity (5-25). Indeed, the vast majority of such studies have observed 

evidencee of activated platelets, increased plasmatic coagulation activity and 

inhibitedd fibrinolysis (reviewed by different authors) (15; 26; 27). The observed 

increasedd platelet activity, either due to increased sensitivity to platelet activators 

orr to impaired platelet inhibitors released by the vascular endothelium, fits with 

thee concept that platelets are important players in cardiovascular disease in 

generall and also in diabetes (28; 29). This importance is underlined by the efficacy 

off platelet inhibitors in reducing cardiovascular morbidity and mortality in patients 

withh type 2 diabetes (30). In contrast, evidence that activated coagulation or 

inhibitedd fibrinolysis has clinical implications in patients with diabetes remains 

circumstantiall (31; 32). This seems odd taking in view of the wealth of observational 

dataa that documented a hypercoagulable state in blood as well as an activated 

vascularr endothelial surface in diabetes patients. 

Inn spite of the laboratory data randomized controlled trials with anticoagulant 

agentss have not been carried out in patients with diabetes specifically. However, 

withh more specific novel anticoagulants being clinically introduced (ximelagatran 

(33),, longacting pentasaccharides (34), factor Xa inhibi tors (35)) and with 

proff ibrinolytic drugs being developed (36), additional data regarding the potential 

relevancee of activated coagulation and fibrinolysis in patients with type 2 diabetes 

thatt would provide a more solid basis for such trials is required. 

Inn this report we studied soluble tissue factor (TF) together with other markers of 
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coagulationn and endothelial cell activation in relationship to existing, or 

developingg vascular complications in a group of patients with type 2 diabetes. A 

secondd objective was to determine changes in markers of coagulation and 

endotheliall activation over a period of one year and to relate these changes to 

incidentt acute vascular complications. 

Patient ss and method s 
Patientt population 
Patientss were recruited from the outpatient clinic of the Slotervaart hospital, 

Amsterdam,, The Netherlands. Men and women with a minimum age of 25 years 

withh type 2 diabetes were eligible for the study. Excluded were patients with 

undetectablee C-peptide levels, insulin treatment before puberty, a history of diabetic 

ketoacidosis,, active chronic inflammatory disease or cancer. Forty three non-

diabeticc age matched apparently healthy controls recruited from the outpatient 

eyee clinic and from the hospital staff at the Slotervaart hospital were also evaluated 

inn this study. All patients and controls gave their informed consent and the study 

wass approved by the institutional Ethical Review Board of the Slotervaart Hospital, 

Amsterdam. . 

Studyy design 
Att inclusion and after one year follow-up, patients were interviewed and given a 

physicall examination. Patients were evaluated with respect to microvascular and 

macrovascularr complications (myocardial infarction, angina pectoris, cerebro-

vascularr accident or intermittent claudication (diagnosed by Doppler ultrasound)), 

ret inopathyy (diagnosed by fundoscopic examination), microalbuminur ia 

(microalbuminn > 30 mg/24 h), diabetic neuropathy {diagnosed by electromyo-

graphy).. Further data were obtained about duration of diabetes mellitus, medication 

use,, body mass index (BMI), blood pressure (high blood pressure was defined as 

systolicc pressure > 140 mmHg and/or diastolic pressure > 85 mmHg) and lifestyle 

parameters. . 

Twentyy nine percent of diabetic patients had microvascular complications 

(retinopathyy and/or nephropathy), 40% had macrovascular complications 

(myocardiall infarction, angina pectoris, cerebrovascular event, peripheral artery 

disease),, 23% suffered from neurogenic complications (diabetic neuropathy, 

diabeticc ulcer). Sixty percent of all patients had one ore more types of complications 
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att baseline. The plasma levels of soluble TF, von Willebrand factor antigenn (vWFag), 

prothrombinn fragment 1 +2 (F1+2), D-dimer, factor VI11 activity (FVIIla), plasminogen 

activatorr inhibitor 1 (PAI-1) and tissue type plasminogen activator (tPA), cholesterol, 

homocystein,, HbA1c and glucose were measured at baseline and after one year 

followw up. 

Bloodd sampling and laboratory procedures 

Bloodd samples were obtained by standard venepuncture and collected into 3.2% 

trisodiumm citrate (Beckton Dickinson, San jose, CA, USA). Citrated plasma was 

storedd at C until use. Plasma triglycerides, total cholesterol and high density 

l ipoproteinn (HDL)-cholesterol were measured enzymatically (Synchron LX207 

CX7de!ta®,, Beekman Coulter, Fullerton, California, USA). Low density lipoprotein 

(LDL)-choIesteroll was calculated by the Friedwald formula (37). PAI-1 was 

measuredd using Biological Immuno-Assay Chromolize® PAI-1 from Trinity biotech 

(Bray,, Ireland). In vivo thrombin formation was assessed by determination of 

F1+2,, using a commercial ELISA method (Enzygnost; Dade-Behring, Darmstadt, 

Germany).. Soluble TF antigen was measured by ELISA method (Imubind®, 

Americann diagnostica Inc., Greenwich, Conneticut, USA). VWFag levels were 

determinedd by an immunoturbidimetric assay with the Behring Coagulation 

Systemm (BCS) (vWFAg Dade-Behring). FVllla was measured using a chromogenic 

assayy with the BCS. t-PA antigen levels were determined using an ELISA method 

(Imulyse™,, Biopool, Bray, Ireland) and D-dimer fragments were quantified by an 

immunoturbidimetricc assay utilizing a BCS (D-dimer plus; Dade-Behring). HbA1c 

wass determined in whole blood by high-performance liquid chromatography 

usingg a mono S column (Pharmacia diagnostics, Uppsala, Sweden). Homocystein 

levelss were measured by high-performance liquid chromatography (Jasco, Tokyo, 

Japan).. Al l assays were per formed according to the instruct ions of the 

manufacturerr without any modification. 

Statisticall analysis 

Dataa are presented as medians with 25th -75th % quartiles. Differences between 

groupss (patients with type 2 diabetes vs. controls and patients with type 2 diabetes 

andd cardiovascular complications vs. patients without complications) were 

assessedd using non-paired Student's /-test or Mann-Whitney U test when 

distributionn was not normal. For comparison of data from patients with type 2 
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diabetess at baseline with data after one year follow upa paired /-Test or Wilcoxon 

rankk test was used. Logistic regression analysis was performed for each marker 

associatedd with existing cardiovascular complications on univariate analysis. P 

valuess < 0.05 were considered statistically significant. Statistical analyses were 

performedd using SPSS version 11.5. 

Results s 
Patientss and controls 
Onee hundred and twenty-eight patients with type 2 diabetes (76 men and 52 women, 

BMII 29.6(25.9-32.7) kg/m2) were evaluated in this study. The baseline characteristics 

Tablee 1. Characteristics of subjects with type 2 diabetes 

Baselin ee characteristic s 

Agee (years) 
Sexx (% male) 
Ethnicc background ( Caucasian/ northern Africa / Asia /other) (n) 
Durationn of diabetes until sample date (years) 
Alcoholl  (%) 
Smokingg (%) 
Diett adjusted for diabetes (%) 
Diabetess in family (%) 
Diabetess medication (oral / insulin /oral &insulin) (n) 
Usee of statins (%) 
Usee o f modal im (%) 
Usee of p-blockers (%) 
Usee of angiotensin2- receptor blockers (%) 
Usee of Ca blockers (%) 
Usee of ACE blockers (%) 
Usee of diuretics (%) 
Usee of oral anticoagulants (%) 
Usee of aspirin (%) 
Systolic"" b lood pressure (mmHg) 
Diastolicc blood pressure (mmHg) 
BMII (kg/m2) 
Hbb (mmol/l) 
Leucocytess (109/l) 
Thrombocytess (10'VI) 
Glucosee (mmol/l) 
HbA1c(%) ) 
Creatininee (mmoI/24hr) 
Totall cholesterol (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL cholesterol (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinee (u.mol/1) 
Microalbuminn (mg/24 hr) 

Dataa are s h o w n as med ians w i t h 25th-75th quar t i les 

Diabeti cc  typ e 2 patient s 
n=128 8 

59.11 (30.6- 87.5) 
60% % 
84/20/8/16 6 
7.22 (0.0- 32.2 ) 
35% % 
25% % 
48% % 
70% % 
58// 39 / 31 
38% % 
6% % 
15% % 
6% % 
14% % 
32% % 
13% % 
4% % 
32% % 
142(105-210) ) 
811 (50-110) 
29.66 (25.9-32.7) 
8.88 (6.3 -10.5) 
7.8(3.1-21.5) ) 
2500 (129-399) 
9.66 (2.9-20.9) 
7.55 (5.2-11.8) 

822 (7-139) 
5.122 (2.56-7.80) 
1.211 (0.68-4.90) 
3.133 (1.00-5.71) 
1.733 (0.47-4.66) 
10.99 (3.9-24.8) 
511 (2-826) 
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off the pat ient g roup are summar ized in table 1. Forty-three apparent ly healthy 

subjectss w i thou t type 2 diabetes (27 men , 16 w o m e n ; BMI 26.3 (23.8-28.8) kg/nv), 

w i thh a mean age of 61 years served as a con t ro l g roup in this study. 

Too evaluate abnormal i t ies in coagu la t ion - and endothe l ia l markers in type 2 

d iabetes,, the plasma levels of so lub le TF, Fl+2, D-dimer, PAI-1, tPA, FVIIIa and 

vWFagg were compared be tween pat ients w i t h type 2 diabetes and cont ro ls (see 

Tablee 2). Plasma levels of so lub le TF were signi f icant ly h igher in d iabet ic pat ients 

comparedd to cont ro ls (154 (32-572) vs. 132 (40-270) pg /ml ; P= 0.015). t-PA and PAI-

11 were also elevated in the pat ients w i t h type 2 diabetes (t-PA: 9.8 (2.2-22.5) vs. 7.3 

(2.2-17.6)) nmol /L; P= 0.021 and PAI-1: 6.5 (0.1-55.0) vs. 4,1 (0.1-44.4) U/ml ; P= 0.035). 

Thee median Fl+2 level was 0.71 (0.17-1.36) in the d iabet ic g roup and 0.97 (0.26-

3.16)) in the con t ro l g roup (P<0.001). A t rend towards h igher levels of FVIIIa (P=0.1), 

andd of D-dimer (P=0.3) was observed in the pat ient g roup compared to the con t ro l 

g roup .. VWFag d id not d i f fer be tween the two groups. 

T a b l ee 2. Plasma levels of coagu la t ion and endo the l i a l ac t iva t ion markers 

F1+2(nmol/l) ) 
Factorr VIII activity (%) 
Tissuee factor (pg/ml) 
t-PAA (rig/ml) 
PAI-11 (U/ml) 
vonn Wil lebrand factor (% d.N.) 
D-Dimerr (ug/l) 

Dataa are presented as medians w i th 25th-75thquart i les. ** P<0.001 vs. controls * P<0.01 vs. contro ls 

R e l a t i o n s h i pp b e t w e e n m a r k e r s o f c o a g u l a t i o n a n d e n d o t h e l i a l 

d y s f u n c t i o nn a n d p r e v a l e n t c a r d i o v a s c u l a r c o m p l i c a t i o n s 

Dataa are summarized in table 3. To explore wh ich parameters are related to exist ing 

cardiovascularr compl ica t ions in d iabet ic pat ients, parameters were compared 

be tweenn patients w i th and w i t h o u t cardiovascular compl icat ions. Existence of 

microvascularr disease was associated w i t h signif icantly higher levels of c i rcu lat ing 

so lub lee TF (192 (148-271) vs. 142 (105-185) pg /m l ; P<0.001). In add i t i on , so luble TF 

wass increased in diabet ic pat ients w i t h neurogen ic compl ica t ions compared to 

thosee w i t h o u t these compl ica t ions (182 (154-235) vs. 145 (105-200) pg /m l ; P=0.004). 

So lub lee TF corre lated to tPA (r=0.29; P<0.001), vWFag (r=0.25; P=0.004), systol ic 

b l o o dd pressure (r=0.34; P<0.001) and age (r=0.47; P<0.001). F1+2, D-dimer, FVIIIa, 

t-PAA and vWFag were not s igni f icant ly d i f fe ren t be tween pat ients w i t h e i ther 

Controls s 
NN = 43 

0.977 (0.26-3.16) 
1577 (75-297) 
1322 (40-270) 
7.33 (2.2-17.6) 
4.11 (0.1-41.4) 
1400 (65-268) 
1499 (62-1186) 

Typee 2 diabetes 
N=128 8 

0.711 (0.17-1.36)" 
1677 (53-306) 
1544 (32-572)' 
9.88 (2.2-22.5)* 
6.55 (0.1-55,0)* 
1433 (33-337) 
1622 (50-1614) 
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Tab lee 3. Re la t ionsh ip be tween coagu la t ion and endo the l i a l dys func t i on markers and c l in ica l 

parameterss w i t h preva lent card iovascular comp l i ca t i ons 

Microvascularr  complication Macrovascula rr  complicatio n 

F1+22 (nmol/l) 
Factorr VIM (%) 
Tissuee factor (pg/ml) 
t-PAA (ng/ml) 
PAII (U/ml) 
Vonn Willebrand factor (% d.N.) 
D-Dimerr (ug/l) 

Durationn of diabetes (year) 
Agee (year) 
Bodyy mass index (kg/rrr) 
Systolicc bloodpressure (mm Hg) ) 
Diastolicc bloodpressure (mmHg 
HbA1c(%) ) 
Cholesteroll (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinn (^imol/l) 

No o 
nn  = 91 

0.711 (0.59-0.81) 
1644 (120-219) 
1422 (105-185) 
10.00 (7.0-12.9) 
8.77 (3.5-19.6) 
1399 (108-191) 
1622 (112-226) 

3.11 (1.8-7.4) 
54.55 (48.8-65.9) 
28.22 (25.8-32.7) 
1355 (120-150) 

800 (72-86) 
7.55 (6.6-8.3) 
5.00 (4.3-5.9) 

1.055 (0.94-1.36) 
2.933 (2.44-3.74) 
1.59(1.13-2.22) ) 
9.88 (8.6-11.5) 

Yes s 
nn  = 37 

0.755 (0.58-0.97) 
1822 (120-229) 
192(148-271)" " 
9.44 (7.8-11.7) 
3.77 (1.7-8.9)+ 
1544 (110-199) 
1666 (126-246) 

7.11 (3.1-20.8)+ 
65.4(54.9-73.1)* * 
29.44 (26.2-32.7) 
1500 (130-168)* 

855 (80-90) 
7.00 (6.5-8.0) 
5.33 (4.3-5.9) 

1.27(0.98-1.44)+ + 
3.099 (2.57-3.83) 
1.244 (0.97-1.89) 
10.44 (9.3-12.9) 

No o 
nn  = 75 

0.744 (0.60-0.83) 
1577 (120-215) 
1500 (102-207) 
9.99 (6.5-12.4) 
5.8(1.9-18.1) ) 
1355 (105-185) 
1533 (104-228) 

3.11 (2.1-7.1) 
53.88 (44.3-65.8) 
28.7(26.3-34.1) ) 
1400 (125-151) 

800 (75-90) 
7.33 (6.4-8.3) 
5.44 (4.5-6.1) 

1.099 (0.98-1.42) 
3.300 (2.62-3.84) 
1.544 (1.08-2.25) 
9.66 (8.3-11.5) 

Yes s 
nn  = 53 

0.699 (0.56-0.83) 
1899 (123-225) 
1655 (123-203) 
9.88 (7.8-12.3) 
7.00 (2.4-17.8) 
1544 (112-196) 
1711 (130-229) 

6.0(2.1-17.1)* * 
63.99 (54.5-72.5)+ 
27.8(25.50-31.64) ) 

1400 (121-160) 
800 (70-90) 

7.44 (6.7-8.2) 
4.44 (4.0-5.6)+ 

1.055 (0.94-1.24) 
2.744 (2.23-3.53) 
1.34(1.00-2.02) ) 
10.44 (9.4-13.0) 

T a b l ee 4 . A s s o c i a t i o n o f s o l u b l e TF and o t h e r va r iab les w i t h p reva len t m i c rovascu la r , 
macrovascular ,, and neurogen ic comp l i ca t i ons in a mu l t i va r ia te logist ic regression analysis 

Microvascularr compl icat ions 
Solublee TF 
Diabetess duration 
Age e 

Macrovascularr compl icat ions 
Age e 
Diabetess duration 
Totall  cholesterol 

Neurogen icc compl icat ions 
Age e 
Solublee TF 

Exp(B)/O R R 
1.008 8 
1.115 5 
1.001 1 

1.079 9 
1.080 0 
0.439 9 

1.057 7 
1.006 6 

95%CI I 
1.002-1.014 4 
1.051-1.182 2 
1.000-1.001 1 

1.035-1.124 4 
1.014-1.150 0 
0.277-0.698 8 

1.015-1.100 0 
1.001-1.011 1 

A l ll var iables w i t h a p<0.05 in univar iate analysis are s h o w n . 

microvascular,, macrovascular, or neurogenic complications and patients without 

thosee complications. In contrast to our expectations, patients with microvascular 

complicationss had significantly lower PAI-1 levels than patients without such 

complicationss (3.7 (1.7-8.9) vs. 8.7 (3.5-19.6) U/ml; P=0.03). 

Too test which factors had an independent relationship with the presence of micro-, 

macro-- and neurogenic cardiovascular complications at baseline we performed 
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Neurogeni cc complicatio n Tota l complication s 

No o 
nn  = 99 

0.711 (0.59-0.83) 
163(119-214) ) 
145(105-200) ) 
9.44 (7.0-12.3) 
5.7(1.8-18.3) ) 
140(107-181) ) 
174(122-228) ) 

3.11 (2.0-8.1) 
54.66 (48.6-65.6) 
28.77 (25.8-34.0) 
138(120-150) ) 

800 (75-90) 
7.33 (6.5-8.2) 
5.00 (4.3-5.9) 

1.07(0.96-1.36) ) 
2.999 (2.5-3.78) 
1.52(1.06-2.02) ) 
10.22 (8.6-11.7) 

Yes s 
nn  = 29 

0.744 (0.55-0.89) 
2055 (122-234) 
1822 (154-235)+ 
10.99 (8.7-13.4) 
8.66 (4.0-17.8) 
154(113-198) ) 
1466 (93-238) 

8.11 (2.6-17.1)* 
66.77 (55.9-74.3)+ 
28.44 (26.5-32.3) 
150(131-176)+ + 

800 (70-85) 
7.44 (6.7-8.0) 
5.22 (4.5-5.8) 

1.08(0.94-1.43) ) 
3.122 (2.61-3.77) 
1.46(1.12-2.79) ) 
9.7(9.0-11.6) ) 

No o 
nn  = 77 

0.733 (0.61-0.81) 
1500 (114-212) 
1333 (89-183) 
99 (6.0-12.8) 

8.55 (2.2-20.2) 
129(102-178) ) 
162(112-223) ) 

3.11 (2.1-7.1) 
53.33 (43.8-61.9) 
28.77 (26.1-34.6) 
130(120-150) ) 

800 (76-90) 
7.44 (6.4-8.3) 
5.11 (4.4-6.0) 

1.06(0.94-1.39) ) 
3.133 (2.58-3.75) 
1.577 (1.16-2.25) 
9.99 (8.1-11.6) 

Yes s 
nn  = 51 

0.711 (0.56-0.89) 
1844 (128-2231 
1733 (125-207)* 
10.11 (7.8-12.3) 
6.22 (2.2-17.6) 
1522 (112-195) 
1666 (123-246) 

5.99 (2.1-14.7)* 
62.77 (54.0-72.3)+ 
28.77 (25.8-32.1) 
1400 (130-160)+ 

800 (70-90) 
7.44 (6.6-8.1) 
5.00 (4.2-5.8) 

1.111 (0.95-1.36) 
3.022 (2.46-3.79) 
1.37(0.98-2.09) ) 
11.22 (9.0-11.9)+ 

logisticc regression analysis (see Table 4). In addition to soluble TF, univariate 

analysiss selected age, diabetes duration, homocysteine and systolic blood 

pressuree as variables associated (P<0.05) with microvascular complications. In 

thee multivariate model only soluble TF, age and duration of diabetes had an 

independentt relation with microvascular disease. Univariate analysis selected 

age,, diabetes duration, total cholesterol, LDL-cholesterol as variables associated 

withh macrovascular complications. Those variables, except for LDL-cholesterol, 

hadd also an independent relation with macrovascular disease. In contrast to our 

expectations,, a negative relation between total cholesterol with macrovascular 

complicationss was observed. To test whether lower cholesterol levels in patients 

withh macrovascular complications could be explained by statin treatment in this 

group,, the number of statin users was evaluated in the patients with and without 

macrovascularr complications. Indeed, significantly more patients with macro-

vascularr complications were treated with statins (with complications 65% statin 

user,, without complications 18% statin user; P<0.Ü0Ü1). Neurogenic complications 

weree associated with soluble TF, age, diabetes duration and systolic blood 

pressuree in univariate analysis. Multivariate analysis showed that only soluble TF 

andd age were independent risk factors for neurogenic complications. 
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Tablee 5. Relationship between coagulation and endothelial dysfunction markers and clinical 
parameterss with cardiovascular events 

Microvascula rr  even t Macrovascula r even t 

F1+22 (nmol/l) 
Factorr VIII (%) 
Tissuee factor (pg/ml) 
t-PAA (ng/ml) 
PAII (U/ml) 
Vonn Willebrand factor (% ) 
D-Dimerr (ug/l) 

Durationn of diabetes (year) 
Agee (year) 
Bodyy mass index (kg/m2) 
Systolic:: bloodpressure (mmHg.i 
Diastolicc bloodpressure (mniHgi 
HbA1c(%) ) 
Cholesteroll (mmol/l) 
HDLL cholesterol (mmol/l) 
LDLL (mmol/l) 
Triglyceridess (mmol/l) 
Homocysteinn (umol/l) 

No o 
nn  = 97 

0.744 (0.59-0.83) 
1655 (119-217) 
1500 (110-203) 
9.88 (7.0-12.3) 
5.44 (1.9-14.5) 
1411 (110-193) 
179(119-246) ) 

4.00 (2.1-8.6) 
57.33 (51.9-67.9) 
28.77 (25.8-34.0) 
1400 (130-154) 

800 (75-90) 
7.22 (6.5-8.2) 
5.00 (4.3-5.7) 

1.07(0.93-1.36) ) 
2.89(2.51-3.61) ) 
1.47(1.05-2.21) ) 
10.00 (9.0-12.0) 

Yes s 
nn  = 20 

0.688 (0.57-0.89) 
1700 (119-230) 
1822 (154-238) 
9.33 (6.7-13.5) 
9.77 (4.7-18.3) 
1500 (98-200) 

1455 (113-243) 

9.6(1.6-16.7) ) 
60.11 (52.4-72.0) 
27.22 (26.2-32.2) 
138(120-175) ) 

800 (75-90) 
7.77 (7.0-8.0) 
5.44 (4.4-5.8) 

1.12(0.94-1.44) ) 
3.200 (2.52-3.84) 
1.50(1.01-2.12) ) 
9.44 (8.3-10.9) 

No o 
n=105 5 

0.744 (0.59-0.83) 
158(119-219) ) 
158(110-206) ) 
9.99 (7.0-12.4) 
6.44 (2.4-17.6) 
1411 (108-194) 
1622 (118-228) 

4.0(2.1-9.1) ) 
58.22 (51.5-68.9) 
28.77 (26.1-33.7) 
1400 (125-160) 

800 (76-90) 
7.33 (6.5-8.2) 
5.00 (4.4-5.8) 

1.099 (0.96-1.41) 
3.044 (2.55-3.75) 
1.38(0.99-2.19) ) 
9.88 (8.7-11.5) 

Yes s 
nn  = 12 

0.622 (0.58-0.96) 
200(182-321) ) 
1466 (114-198) 
9.88 (7.8-12.5) 
4.66 (1.5-9.2) 

160(111-217) ) 
1922 (111-432) 

8.11 (2.0-15.5) 
56.99 (54.4-65.5) 
26.88 (24.5-29.5) 
1355 (130-149) 

800 (70-89) 
7.77 (6.9-9.1) 
4.33 (3.8-5.4) 

1.02(0.86-1.07)* * 
2.566 (2.05-3.32) 
1.711 (1.47-2.42) 
10.77 (8.8-16.9) 

Dataa are s h o w n as med ians w i t h 25th- 75th quar t i les . * p<0.01 vs. no event 

Relationshipp between markers of coagulat ion and 
incidencee of cardiovascular compl icat ions 

Afterr one year follow up we obtained clinical data from 117 patients with type 2 

diabetes;; 8 patients were lost to follow up due to moving to another region and 3 

declinedd fol low up assessment. In the remaining 117 patients (91%) 48 new 

cardiovascularr complications were diagnosed in a total of 41 patients: two 

cardiovascularr deaths, 1 myocardial infarction, 4 strokes, 3 angina pectoris, 2 

intermittentt claudication, 8 retinopathy, 13 micro-albuminuria, 13 diabetic 

neuropathyy and 2 diabetic ulcera. Laboratory data after one year follow up were 

obtainedd from 87 patients. New cardiovascular complications diagnosed in these 

patientss were 1 myocardial infarction, 2 strokes, 1 angina pectoris, 2 intermittent 

claudication,, 6 retinopathy, 9 micro-albuminuria, 12 diabetic neuropathy, 1 

diabeticc ulcer. The level of soluble TF, vVVFag, D-dimer, FVIIIa, t-PA and PAI-1 

remainedd all unchanged after one year follow up compared to baseline levels. 

Thee exception was the concentration of F1+2, which was significantly higher after 

11 year as compared to baseline (1.00 (0.77-1.14) vs. 0.72 (0.59-0.83); P<0.0001). 

Too investigate the relationship between the different parameters al baseline and 
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Neurogeni cc even t Tota l event s 

No o 
nn  = 102 

0.733 (0.59-0.83) 
1655 (120-221) 
1533 (111-203) 
9.77 (7.0-12.3) 
6.4(2.3-17.5) ) 
1411 (110-196) 
177(118-243) ) 

4.00 (2.1-9.4) 
57.77 (51.6-68.7) 
28.55 (25.9-32.8) 
1400 (126-160) 

800 (75-90) 
7.4(6.5-8.1) ) 
5.00 (4.3-5.8) 

1.06(0.94-1.36) ) 
3.055 (2.52-3.74) 
1.50(1.06-2.22) ) 
9.88 (8.9-11.6) 

Yes s 
nn  = 15 

0.677 (0.59-0.88) 
169(116-224) ) 
174(124-224) ) 
10.88 (5.7-13.6) 
4.8(1.7-12.5) ) 
153(101-178) ) 
152(112-213) ) 

5.11 (1.6-14.8) 
59.11 (52.4-72.2) 
27.66 (25.9-33.0) 

1400 (120-160) 
800 (70-95) 

7.66 (6.5-8.5) 
4.88 (4.4-5.3) 

1.19(1.05-1.59) ) 
2.800 (2.43-3.58) 
1.411 (0.97-1.73) 
10.22 (8.2-10.4) 

No o 
nn  = 76 

0.755 (0.60-0.83) 
158(118-217) ) 
1488 (105-197) 
9.99 (7.0-12.3) 
5.88 (2.1-15.5) 
140(110-195) ) 
184(118-248) ) 

3.9(2.1-8.1) ) 
56.77 (50.7-68.5) 
28.77 (26.1-34.2) 
140(129-160) ) 

800 (76-90) 
7.33 (6.5-8.2) 
5.0(4.4-5.9) ) 

1.08(0.93-1.39) ) 
3.044 (2.57-3.75) 
1.38(1.05-2.25) ) 
9.8(8.9-11.6) ) 

Yes s 
nn  = 41 

0.677 (0.58-0.86) 
1822 (119-224) 
1811 (121-225) 
9.8(7.0-13.1) ) 
6.7(2.3-17.6) ) 
1511 (100-188) 
1566 (115-206) 

5.11 (1.4-15.4) 
58.66 (53.0-71.6) 
27.11 (25.7-32.2) 
1400 (120-160) 

800 (73-90) 
7.55 (6.8-8.2) 
5.0(4.1-5.7) ) 

1.07(0.94-1.36) ) 
2.822 (2.43-3.64) 
1.58(1.01-2.01) ) 
10.2(8.6-11.2) ) 

incidencee of micro-, macro- and neurogenic cardiovascular complications, the 

parameterss were compared between patients with and without new developed 

complications.. For an overview see table 5. Soluble TF was higher in patients 

withh a new microvascular event although not statistically significant (182 (155-

240)) vs. 150 (109-202) pg/ml; P=0.056). Lower levels of HDL-cholesterol were 

associatedd with the incidence of macrovascular disease (1.02 (0.86-1.07) vs. 1.09 

(0.96-1.41)) mmol/L; P=0.046). Levels of vVVFag, F1+2, D-dimer, FVIIIa, t-PAand PAI-

11 were not statistically different among patients with and without new micro-

vascular,, macrovascular and neurogenic complications after one year follow up. 

Inn addition, diabetes duration, HbA1c, age, total cholesterol, homocysteine and 

bloodd pressure were all similar in the groups with and without new events. 

Discussion n 
Ass the increased risk for cardiovascular disease in type 2 diabetes is only partly 

explainedd by hyperglycemia and classical cardiovascular risk factors, additional 

riskk factors such as a hypercoagulable state are considered to play a role. The 

contributionn of a hypercoagulable state to the increased risk for cardiovascular 
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diseasee is suggested by the high rate of thrombotic complications and the 

observedd high levels of coagulation markers in patients with type 2 diabetes (5-

25).. However, whether there is a causal relationship between the procoagulant 

statee in blood and the existence and development of vascular complications 

remainss unclear. Thus, sofar none of all the investigated plasma markers have 

beenn introduced into clinical practice. 

Consistentt with previous reports, we have confirmed higher levels of soluble TF, 

t-PA,, PAI-1 and trends towards increased D-dimer and FVIIIa in patients with 

diabetess compared to controls (6-25). F1 +2, D-dimer, FVI Ma, t-PA, PAI-1 and vWFag 

weree not related to prevalent or incident micro-, macro- and neurogenic 

cardiovascularr complications in patients with type 2 diabetes. Our observations 

confirmm a prothrombotic state in type 2 diabetes. However, the present data 

providee no evidence that PAI-1, tPA, D-dimer, F1+2 and FVIIIa should be 

consideredd as important markers for cardiovascular complications in patients 

withh type 2 diabetes. More importantly, we observed an independent relationship 

betweenn soluble TF, in addition to age and diabetes duration, and prevalent 

microvascularr and neurogenic complications in patients with type 2 diabetes. 

Thee observed increase in soluble TF in patients with microvascular complications 

andd neurogenic complications and diabetes supports an association of soluble 

TFF with microvascular endothelial dysfunction. In addition, these data provide a 

basiss for further prospective studies towards the usefulness of soluble TF as 

markerr of microvascular disease in such patients. 

Solublee tissue factor and vascular disease 

Typee 2 diabetes is associated with increased TF levels in the circulation. Increased 

TFF expression on circulating monocytes (38; 39), a higher percentage of TF positive 

microparticless (40) and increased levels of circulating TF activity (41) and TF antigen 

(17;; 23) have been observed in patients with type 2 diabetes. Our data also reveal 

higherr levels of circulating TF antigen in patients with type 2 diabetes compared 

too a control group. TF, the main initiator of the coagulation cascade, is localized 

inn extravascular tissue where it induces coagulation activation after vascular injury 

(42).. The circulating form or 'blood-borne' TF has been proposed as a marker of 

vascularr injury (43-45) and as a marker with procoagulant activity, when it is 

exposedd by circulating microparticles (46-49). The method used in the present 

studyy cannot distinguish between membrane bound and free forms of soluble 
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TF.. Our finding that solubleTF was independently related to existing microvascular 

diseasee {microalbuminuria, retinopathy) and neuropathy, suggests that soluble 

TFF reflects endothelial dysfunction. The association of soluble TF with endothelial 

dysfunctionn is also suggested by the significant correlation between soluble TF 

andd vWFag, an established marker of endothelial dysfunction, (r=0.25; P=0.004) 

inn the present study and in previous reports (45). 

Thee observed odds ratio of 1.008 and 1.006 for existing microvascular and neurogenic 

complicationss implies that an increase of 1 pg/ml of soluble TF enhances the risk 

forr existing microvascular and neurogenic complications with 0.8 and 0.6 percent, 

respectively.. Other investigators have also reported a relationship between soluble 

TFF levels and existing microvascular disease in patients with type 2 diabetes (7; 17). 

Howeverr these studies did not show that soluble TF predicted microvascular disease 

independentt from other risk factors. 

Theree is increasing evidence that circulating TF is involved in thrombus formation 

(46;; 48). It has therefore been suggested that higher levels of circulating TF may 

increasee the risk forr thrombotic complications. Indeed, it was shown that soluble 

TFF is associated with large vessel complications in patients with unstable angina 

(50),, myocardial infarction (51) and type 2 diabetes (23; 41). Despite the possible 

procoagulantt properties of soluble TF, we could not confirm a relationship between 

solublee TF and prevalence or incidence of thrombotic macrovascular complications, 

suchh as a myocardial infarction or stroke in patients with type 2 diabetes, which 

mayy be due to a lack of power. 

Prothromboticc state and prevalent cardiovascular disease 

Sincee endothelial and other vascular cells increase the production and secretion 

off t-PA, PAI-1, vWF and TF under stress conditions, it has been proposed that 

increasess in plasma levels of these markers reflect endothelial injury and vascular 

diseasee (52). The increases in these markers observed in patients with type 2 

diabetess compared to controls may therefore be explained by differences in 

vascularr disease. The relationship between these coagulation markers of vascular 

originn and vascular disease is also suggested by cross sectional studies showing 

thatt diabetic patients with microvascular disease have higher levels of vWFag 

(13)) (18) (53-57) and in addition, higher levels of tPA (13) and PAI-1(13; 24). Data 

concerningg coagulation and endothelial markers and larger vessel disease in 
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diabetess is limited, but higher levels of again vWFag (6; 53), tPA (6), PAI-1 (10; 11; 

15),, and also D-dimer (6; 25) and F1+2 (19) are reported in patients with prevalent 

macrovascularr disease compared to patients without those complications. In 

contrastt to these observations, other studies showed similar levels of PAI-1 (9; 

58),, tPA(9; 16; 58), D-dimer (19; 58) (18) (16) and FVIIIa (58) in diabetic patients 

withh either micro- or macrovascular disease. In addition to the latter results, we 

observedd no differences in levels of PAI-1 and tPA in patients with type 2 diabetes 

wi thh and wi thout clinical signs of vascular disease, although levels were 

significantlyy higher compared to controls. We hypothesize that the tested markers 

discriminatee less markedly between different stages and locations of endothelial 

injuryy and vascular disease as they do between presence and absence of vascular 

disease.. Lack of significant differences in PAI-1 and tPA levels between diabetic 

patientss with and without clinical signs of vascular complications observed in 

thee present study and other studies may therefore be explained by continuous 

vascularr disease and endothelial injury in patients with type 2 diabetes as 

comparedd to age matched controls. The presence of continuous endothelial injury 

inn patients with type 2 diabetes is supported by the observation of Leurs et al. 

thatt patients with impaired glucose tolerance already have levels of PAI-1 and 

tPAA comparable with patients with type 2 diabetes, indicating that the endothelial 

damagee is already present in that early stage of the disease (59). Furthermore, in 

thee present study we observed even lower levels of PAI-1 in patients with 

microvascularr disease compared to patients wi thout such complications. 

However,, this is probably of little significance, since the relationship between 

PAI-11 and microvascular complications was not confirmed by multivariate analysis. 

Markerss of coagulation and endothel ia l activation and 
incidencee of vascular disease 

Cohortt studies showed that vWFag, as marker of endothelial dysfunction, and in 

additionn FVIIIa, which levels are related tovWFag (60), appeared to predict acute 

macrovascularr events (8; 14; 61) and all-cause mortality {62) in patients with type 

22 diabetes. Few studies have evaluated the predictive value of other markers of 

coagulationn and endothelial dysfunction for cardiovascular events in patients 

withh type 2 diabetes and the results of these studies are inconclusive. In patients 

withh diabetes undergoing hemodialysis elevated D-dimer levels were associated 

withh a higher risk tor all-cause mortality (22). In contrast, in 93 patients with type 2 
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diabetess F1+2 was not predic t ive for m ic ro- and macrovascular compl ica t ions 

afterr a f o l l ow pe r i od of 2 years (20). A l t h o u g h ou r s tudy is l im i ted by its short 

f o l l oww up pe r i od , w e were able to detect 48 new events in 41 patients. In the 

pat ientss w i t h inc ident microvascular disease a t r end towards h igher so lub le TF 

levelss was observed. This f ind ing supports the concept that markers of endothel ia l 

act ivat ionn pred ic t cardiovascular events in patients w i t h type 2 diabetes. However, 

whe the rr these increases have a causal re la t ionship w i t h ex is t ing or deve lop ing 

card iovascularr comp l i ca t i ons in type 2 d iabetes is u n k n o w n on the basis of 

availablee l i terature data. 

Inn conc lus ion , the present study showed that so lub le TF is independent ly related 

too presence of microvascular disease in pat ients w i t h type 2 diabetes. This f ind ing 

suggestss that so lub le TF is a p rom is i ng marker of microvascu lar disease. In 

add i t i on ,, the present study fur ther con f i rmed the presence of increased levels of 

tPAA and PAI-1, in patients w i th type 2 diabetes. However, no evidence was obtained 

thatt these markers may be associated w i t h ex is t ing and deve lopmen t of c l inical 

signss of cardiovascular disease in pat ients w i t h type 2 d iabetes. 
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Abstrac t t 
Objective ::  Type 2 diabetes is associated with increased plasma concentrations 

off markers of coagulation and inflammation. Different studies show that treatment 

withh HMC-CoA reductase inhibitors ("statins") is associated with anti-thrombotic 

andd anti-inflammatory effects in addition to its cholesterol-lowering effect. Our 

objectivee was to evaluate the effect of pravastatin (40 mg/day) on markers of 

coagulationn and inflammation in patients with type 2 diabetes. 

Researc hh desig n and methods : This was an open, randomized, cross over study, 

designedd with an 8 week intervention period. The study group was comprised of 

500 patients with type 2 diabetes (median HbA k 7.1%) and serum total cholesterol 

off 5-10 mmol/l. We evaluated plasma levels of fibrinogen, F1+2, D-dimer, soluble 

tissuee factor (sTF), von Willebrand Factor antigen (vWFag) and C-reactive protein 

(CRP)) in blood samples drawn after fasting on day 1 and after 8 and 16 weeks. 

Results ::  Significant reductions of total cholesterol (-22%, p<0.001), LDL-

cholesteroll (-32%, p<0.001) and triglycerides (-10%, p<0.05) were achieved after 8 

weekss of treatment with pravastatin. In addition, significant reductions of plasma 

levelss of F1+2 (-4.4%, p<0.05)}, vWFag (-5.3%, p<0.05) and sTF (-3.4%, p<0.05) were 

observedd after treatment with pravastatin. Furthermore, plasma levels of CRP were 

alsoo significantly reduced (-13%, p<0.05). Levels of fibrinogen and D-dimer did 

nott decrease after treatment with pravastatin, 

Conclusion ::  This study indicates that pravastatin reduces levels of markers of 

coagulationn and inflammation in patients with type 2 diabetes. These anti-

thromboticc and anti-inflammatory effects of treatment with statins could play a 

rolee in the reduction of cardiovascular complications in patients with type 2 

diabetes. . 
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Introductio n n 
Typee 2 diabetes is a leading cause of vascular morbidity and death. It is often 

complicatedd by other cardiovascular risk factors such as hypercholesterolemia, 

hypertension,, obesity and increased markers of coagulation (1)and inflammation 

(2).. It has therefore been recommended that therapeutic prevent ion of 

cardiovascularr disease in type 2 diabetes focus not only on optimal regulation of 

hyperglycemiaa but also on treatment of other cardiovascular risk factors {3; 4). 

AA subgroup analysis of several large randomized clinical trials (5; 6) shows that 

thee relative risk for cardiovascular complications in type 2 diabetic patients can 

bee reduced by 25% using aggressive treatment of dyslipidemia with hydroxy-

methyl-glutaryl-CoAA reductase inhibitors, also known as statins. Treatment with 

statinss may be beneficial not only because of these agents' lipid-lowering action, 

butt also because of their effect on inflammation, endothelial function, adhesion 

off leucocytes to endothelium and thrombus formation (7). Although statins have 

provenn to be effective in the prevention of cardiovascular disease in type 2 

diabetes,, little is known about these so-called pleiotropic effects in patients with 

typee 2 diabetes. 

Ourr objective was to determine if treatment with pravastatin has potential anti-

thromboticc and anti-inflammatory effects in patients with well-controlled type 2 

diabetes.. Therefore, we evaluated the effect of pravastatin on coagulation and 

inflammationn markers in patients with type 2 diabetes and serum total cholesterol 

of5-10mmol/l. . 

Researchh desig n and method s 
Inn this crossover trial 50 type 2 diabetic patients were studied to evaluate the 

effectt of pravastatin on plasma coagulation and inflammation markers. A cross 

overr design was chosen to allow treatment comparisons in one subject rather 

thann between subjects and because the sample size needed for detection of 

treatmentt effects is smaller. Patients were recruited from the outpatient clinic of 

thee Slotervaart Hospital (Amsterdam, The Netherlands). Men and women ages 

18-800 years who were diagnosed with type 2 diabetes for at least one year and 

presentedd with serum cholesterol levels of 5.0-10.0 mmol/t were eligible for the 

study.. Patients with acute medical conditions; surgery during the past 3 months; 
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deepp venous thrombosis or pulmonary embolism during the previous 3 months; 

significantt renal, hepatic; metabolic or thyroid diseases; alcohol abuse or known 

familiall hypercholesterolemia were excluded. Included patients were not 

concurrentlyy receiving other lipid lowering, ant i thrombotic, or hormonal 

treatment,, but were allowed to use an acetylsalicylic acid. Patients maintained 

theirr regular diet during the study period. 

Ann open-label, randomized, cross over design was used. One halt of the subjects 

{groupp A) began with pravastatin (Selektine, Bristol Myers Squibb, Woerden, The 

Netherlands,, 40 mg/ day), and the other half (group B) began with no treatment. 

Patientss visited the outpatient clinic on day one, after the first period of 8 weeks, 

att which time pravastatin or no treatment was crossed over for another 8-week 

period,, and after 16 weeks at the end of the study. At each visit blood samples 

weree taken and patients' blood pressure was measured. The active treatment 

andd its possible effects on the measured variables were presupposed to be washed 

outt after 8 weeks. Laboratory outcomes at day 1 and at 8 and 16 weeks were 

compared,, with each patient beinghisorher own control. All patients gave their 

informedd consent, and the study was approved by the institutional Ethical Review 

Boardd of the Slotervaart Hospital, Amsterdam. 

Bloodd sampling and laboratory methods 

Bloodd samples were obtained by standard venepuncture between 9:00 and 11:00 

A.M.. after a 12-h fast. Total, HDL, and LDL-cholesterol, triglycerides and fibrinogen 

weree determined using standard laboratory procedures within 1 h after sampling. 

HDLL cholesterol was determined using a direct assay. Safety parameters included 

creatinine,, alanine amino transferase (ALT), aspartate amino transferase (AST), 

andd creatine phosphokinase (CK) were measured with standard techniques. 

Glycemicc control was monitored by evaluating fasting glucose, measured with 

standardd techniques, and HbA k , determined by high performance l iquid 

chromatography,, as described elsewhere (8). Levels of high-sensitivity C- reactive 

proteinn (hs-CRP) were determined with a near infrared particle immunoassay rate 

methodologyy (Beekman, Brea, CA). Analytical sensitivity, defined as the lowest 

measurablee concentrat ion that can be dist inguished from zero with 95% 

confidence,, is 0.2 mg/ml. Measurements of prothrombin fragment (F1+2) (Dade 

Behring,, Marburg, Germany), the von Wil lebrand factor antigen (vWFag) 
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(antibodiess from Dako, Glostrup, Denmark), and soluble tissue factor (sTF) 

(Americann Diagnostica, Greenwich, CT) were performed by enzyme-linked 

immunosorbentt assay (ELISA). D-dimers were measured with an automated 

quantitativee latex particle immunoassay (BioMerieux, Durham, NC). Interleukin 

(IL)-- 12-p70, IL-1R, IL-6, IL-10 and IL-8 were measured by cytometric bead array 

analysiss (Beckton Dickinson Biosciences, San Diego, CA). Tumor necrosis factor-

aa (TNFa) and IL-6 were measured with a high sensitivity ELISA (Quantikine HS 

humann TNFa and IL-6 ELISA; R&D systems Europe, Abingdon, Oxon, U.K.). 

Statistics s 
Resultss are presented as medians with 25th and 75th percentiles. After testing for 

normality,, Student's paired ( test or Wilcoxon's signed-rank test was used to 

comparee values after a treatment or no-treatment period. The main outcome data 

weree tested for carryover effect by comparing treatment effects between the two 

patientss groups (A group A vs. A group B) (9). No carryover effect was determined. 

Thus,, we pooled data from patients after the treatment period, irrespective 

whetherr they started out or ended with the treatment period, and compared those 

withh pooled data from the no-treatment period. Spearman's rank correlation 

coefficientt analysis was used to examine associations between measured 

parameters.. A two-tailed P < 0.05 was considered to indicate statistical significance. 

Result s s 
AA total of 56 patients were randomized to begin the study with an 8-week period 

off either pravastatin therapy or no treatment. Of those 56, 50 patients completed 

thee study; 4 patients stopped during the treatment period because of side effects 

attributedd to the medication (skin and gastrointestinal complaints), 1 patient 

stoppedd during the treatment period because he had a myocardial infarction, 

andd 1 patient stopped because lung carcinoma was detected. 

Baselinee clinical characteristics of the 50 patients are presented in Table 1. The 

mediann age of the patients was 59 years. Patients were overweight, with a median 

BMII of29kg/m^. 

Patients'' diabetes was well controlled, with the median HbA ]c being 7.1%. In all, 

62%% of the patients were treated with insulin alone or in combination with oral 

antidiabeticc agents, whereas the other 38% were treated with oral medication 
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T a b l ee 1 . Patient character is t ics. 

Agee (years) 
Sexx ratio (M/F) 
Bodyy mass index: BMI (kg/m-
Diabetess duration (years) 
HbA1c(%) ) 
Insulinn treatment, n 
ACE-inhibitor,, n 
A2-antagonist,, n 
Acetyl-salicylic-acid,, n 
Currentt smokers, n 
Plasmaa glucose (mmol/l) 
Totall  cholesterol (mmol/l) 
LDLL cholesterol (mmol/l) 
HDLL cholesterol (mmol/l) 
Triglyceridess (mmol/l) 

Typ ee 2 diabete s patient s (n=50) 

599 (54-64) 
25/25 5 

28.99 (26.8-33.1) 
6.00 (3.0-10.3) 
7.11 (6.4-7,7) 

31 1 
11 1 
5 5 

13 3 
12 2 

9.77 (8.2-12.2) 
6.33 (5.7-6.9) 
4.11 (3.6-4.6) 
1.22 (1.0-1.5) 
1.7(1.4-2.8) ) 

nn indicates n u m b e r of pat ients . Values are med ians w i t h 25-75 range be tween brackets. 

alone.. In addition, 42% of the patients used medication for hypertension and 

26%% used acetyl-salicylic acid. 

S e r u mm l ip ids a n d safety pa rame te r s 

Thee effects of therapy are shown in Table 2. Data are expressed as medians with 

25thh and 75th percentile. Statistically significant reductions of total cholesterol (-

1.44 mmol/l (-1.9 to -1.0)), LDL cholesterol (-1.3 mmol/l (-1.74 to -0.95)) and 

triglyceridess (-0.19 mmol/l (-0.55 to -0.08)) were achieved after treatment by 

pravastatin,, indicating satisfactory compliance with the study medication. HDL 

T a b l ee 2. Effect of pravastat in o n l ip ids and coagu la t ion and i n f l a m m a t i o n markers 

Noo treatmen t Afte r pravastati n p-valu e A 
(afte rr  treatmen t -

afte rr  no-treatment ) 

Totall cholestero 
LDLL cholesterol, 
HDLL cholesterol 
Hs-CRP,, mg/dL 
TNFa,, pg/ml 
ILL 8, pg/mL 
Fibrinogen,, g/L 
D-dimer,, (ig/ml 
F1+2,, nmol/L 
vWFag,, % 
sTF,, pg/mL 

,, mmol/L 
mmol/L L 
mmol/L L 

6.33 (5.6, 7.0) 
4.00 (3.6, 4.6) 
1.2(1.0,1.5) ) 
4.00 (2.0, 6.2) 
(2.66 (2.1, 3.8) 
6.22 (3.0, 11.7) 
3.22 (2.9, 3.9) 

0.266 (0.19, 0.39) 
0.922 (0.67, 1.29) 
1311 (114, 162) 
1199 (87, 158) 

4.99 (4.1, 5.4) 
2.77 (2.4, 3.0) 
1.22 (1.0,1.4) 
3.3(1.3,4.7) ) 
2.77 (2.2, 3.9) 

5.77 (3.0, 10.3) 
3.33 (2.8, 3.8) 

0.277 (0.19, 0.45) 
0.911 (0.63,1.18) 
138(103,175) ) 
104(64,146) ) 

<< 0.001 * 
<< 0.001 -
0.699* * 
0.019t t 
0.967t t 
0.956+ + 
0.231+ + 
0.104+ + 
0.007+ + 
0.027+ + 
0.044' ' 

-1.44 (-1.9,-1.0) 
-1.33 (-1.74, -0.95) 
0.033 (-0.11, 0.11) 

-0.522 (-1.34,0.27) 
+0.00155 (-0.98,1.5) 

00 (-2.7, 3.9) 
00 (-1.0,3.0) 

-0.022 (-0.09, 0.05) 
-0.044 (-0.2, 0.04) 

-77 (-12, 3) 
-44 (-45, 4.5) 

Dataa are expressed as med ians w i t h 25-75% quar t i l e . " N o r m a l d i s t r i b u t ed var iable.+Not-
no rma ll d i s t r i bu ted var iable 
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levelss did not change during drug treatment. Pravastatin did not influence 

glycemicc contro l : HbA |c and glucose levels remained unchanged dur ing 

treatment.. Treatment with pravastatin did not significantly change safety 

parameterss CK, ALT and AST. 

M a r k e r ss o f c o a g u l a t i o n a n d i n f l a m m a t i o n 

Thee effects of therapy on the principal study outcome markers are summarized 

inn Table 2. A statistically significant reduction in plasma levels of hs-CRP (-0.52 

mg/dLL (-1.34 to 0.27)) was achieved by pravastatin treatment. The prothrombin 

activationn marker F1+2 was slightly, but significantly lower (-0.04 nmol/L (-0.2 to 

0.04))) after active treatment. The selected markers of endothelial dysfunction, 

vWFag(-7%% (-12 to 3)) and sTF (-4 pg/mL (-45 to 4.5)) were also significantly reduced 

afterr pravastatin treatment. Despite the overall reduction in vWFag levels, the 

mediann concentration of vWFag was increased after treatment compared with 

beforee treatment (138% (103 to 175) vs. 131% (114 to 162)) because of the extreme 

nonnormall distribution (Fig. 1). 

Treatmentt did not significantly lower the levels of fibrinogen, D-dimer, IL-8 or 

TNFa.. In 20% of patients IL-12-p70, lL-1p\ IL-6and IL-10 levels were detected with 

Vonn Wil lebrand Factor Antigen 

PRAV V 

Figuree 1. The reduction of vWFag was -5.3 % after pravastatin treatment Idotted line) inspite 
off increased median concentration of vWFag (NT: 131% (114, 162) vs. PRAV: 138% (103, 175)) 
whichh is possible due to the extreme non-normal distribution of vWFag. NT: after 8 weeks 
no-- treatment; PRAV: after 8 weeks pravastatin treatment. 
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thee cytometric bead array analysis. In this group of patients, no changes were 

measuredd after treatment with pravastatin (data not shown). We repeated the 

measurementss of IL-6 using a high-sensitivity EL1SA (R&D systems Europe) with a 

detectionn limit at -0.05 pg/ml. f L-6 was still detectable only in 35% of patients. In 

thee patients with detectable I L-6 levels, no changes were observed before and 

afterr pravastatin treatment (2.9 pg/ml (1.8 to 3.2) vs. 2.6 pg/ml (1.9 to 4.5) (P = 0.3). 

Too identify possible mechanisms for the decrease of CRP, F1+2, sTF and vWFag 

afterr pravastatin treatment, correlations with changes in other parameters were 

assessed.. A statistically significant correlation was observed between change in 

F1+22 and degree of change of D-dimer (r= .534; P < 0.0001), a finding that fits the 

notionn that thrombin generation (F1+2) is associated with fibrin formation and 

proteolyticc cleavage (D-dimer). No correlation between change in F1+2 and 

changess in fibrinogen was observed. No correlations were found between 

reductionss of hs-CRP, F1+2, sTF and vWFag and changes in total, LDL or HDL 

cholesteroll or triglycerides. A weak correlation was observed between degree of 

changee of vWFag and the change of hs-CRP (r= .312; P = 0.031). No other 

correlationss were found between the observed reductions in hs-CRP, F1+2, sTF 

andd vWFag. 

Discussio n n 
Statinss comprise a group of agents that are increasingly prescribed to counteract 

atherosclerosiss and related cardiovascular complications. Statins also show 

markedd clinical efficacy in individuals with type 2 diabetes. Several lines of 

evidencee suggest that the beneficial effects of statins are attributable not only to 

theirr lipid-lowering action, but also the "pleiotropic" actions of statins. 

Currentt knowledge of such pleiotropic effects is largely derived from in vitro 

experimentss and studies in patients with hypercholesterolemia. To specifically 

determinee the effects of pravastatin on inflammation, coagulation, and endothelial 

activationn markers in type 2 diabetic patients, we performed the present study. 

Ourr data demonstrated that 2 months of treatment with pravastatin reduced the 

levelss of CRP, F1+2, sTF, and vWFag. These biological alterations may have clinical 

significance,, as type 2 diabetes is associated with increased inflammation and 

coagulationn activity and impaired endothelial function. 
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CRPP is a marker of inflammation; its plasma concentration level correlates with 

thee severity and extent of the atherosclerotic process in the arterial wall and is 

consistentlyy associated with prognosis in ischemic heart disease. Several studies 

havee shown that treatment with statins lowers CRP (10-12) in hypercholesterolemic 

individualss and that patients with higher levels of CRP have greater benefit from 

treatmentt with statins than patients with lower concentrations (13). In our study 

populationn of type 2 diabetic patients, we observed a significant reduction in 

plasmaa levels of CRP after treatment with pravastatin. This observation confirms 

previouss observations (14; 15) and suggests that statins have anti-inflammatory 

propertiess in type 2 diabetic patients also. 

Thee anticoagulant potential of pravastatin was assessed by measuring two relevant 

markers,, F1+2 and D-dimer. The F1+2 peptide fragment is released when 

prothrombinn is converted into thrombin, with concentrations of F1+2 in plasma 

reflectingg the amount of in vivo generated thrombin. Several studies have shown 

thatt statins reduce circulating levels of F1+2 (16);(17) and F1+2 in samples from 

bleedingg time wounds in patients with hypercholesterolemia (18; 19). Aoki et al. 

(20)) showed that increased platelet-dependent th rombin generat ion in 

hypercholesterolemicc patients normalizes after pravastatin treatment, whereas 

Szczeklikk et al. (18) found that simvastatin inhibits thrombin formation in bleeding 

timee blood. Aspirin had no further effect on thrombin formation. Likewise, Dangas 

ett al. (19) showed that pravastatin reduced ex vivo thrombus formation, whereas 

thee reduction was attenuated in patients on aspirin. The reduction in thrombin 

orr thrombus formation in these studies may have been secondary to an antiplatelet 

effectt of statins (21). Our study extends the above findings to patients with type 

22 diabetes, in whom we observed that pravastatin lowered levels of F1+2. A 

possiblee explanation for this reduction of in vivo thrombin formation in these 

diabeticc patients with mild hypercholesterolemia is that like in the previous 

describedd studies wi th hypercholesterolemic patients, platelet-mediated 

thrombinn formation is reduced by statin treatment. In contrast, aspirin, did not 

diminishh thrombin production in these patients. The mechanism by which statins 

mightt influence platelet-mediated thrombin production remains unknown. In 

contrastt to F1+2, we observed no significant reduction of the level D-dimer after 

pravastatinn treatment. On the basis of our study we were not able to unravel the 

pathophysiologicall mechanism behind this observation. 
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Theoretically,, a lowered cellular sTF product ion or exposure may also be 

responsiblee for reduced thrombin production. At this stage, it remains uncertain 

whetherr a reduced level of sTF, as observed in our study, may translate into lower 

thrombinn production, because the role of sTF as a stimulus of coagulation has 

nott been established. The small decrease in sTF should probably be interpreted 

ass diminished proteolytic cleavage from injured endothelial cells, which would 

supportt the concept of stabilization of endothelial cell function by statins (22). 

Thee level of circulating vWFag is another marker that is considered to reflect 

endotheliall injury. VWF is a glycoprotein stored in endothelial cells and secreted 

intoo the circulation. It increases in parallel with the degree of endothelial cell 

damage.. In our patients the basal levels of vWFag were quite high (median 131%), 

aa finding that might reflect the longer term vascular perturbation inflicted by 

typee 2 diabetes (median duration of type 2 diabetes in these patients was 6 years). 

Thee observed decrease of vWFag during treatment, confirming observations on 

statinss in patients with hypercholesterolemia (17; 23; 24), could be explained by 

ann endothelial improving-effect of pravastatin. Data on endothelial cell-improving 

effectss of statins in type 2 diabetic patients are scarce and conflicting. Endothelial 

cell-mediatedd vasoreactivity improves in diabetic rats after treatment with 

pravastatinn orcerivastatin (25; 26). In a study with diabetic patients, vasoreactivity 

improvedd as soon as after 3 days of treatment with cerivastatin. In addition, the 

plasmaa level of soluble vascular adhesion molecule-1, a plasma marker for 

endotheliall dysfunction, was decreased in these patients after 3 months of 

treatmentt (14). However, another study reported the absence of any effect on nitric 

oxide-dependentt vasoreactivity in type 2 diabetic patients after 4 weeks of aggressive 

lipid-loweringg treatment with atorvastatin (27). To our knowledge, our study is the 

firstt to show that pravastatin reduces levels of vWFag and sTF in diabetes patients. 

Fibrinogenn has been claimed as an independent cardiovascular risk factor, and 

increasedd levels of f ibrinogen have been observed in patients with various 

atheroscleroticc diseases. One study in patients with poorly controlled diabetes 

showedd a decrease of fibrinogen after treatment with pravastatin (28). In the 

presentt study no change of fibrinogen was found after two months treatment. 

Thiss finding is in line with the majority of studies in hypercholesterolemic patients, 

wheree no reduction in fibrinogen levels after statin treatment has beenn observed. 

Somee of the effects of pravastatin on thrombin formation and endothelial function 
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maymay be induced by an anti-inflammatory action of this class of agents. Statins are 

ablee to block the synthesis of important isoprenoid intermediates, which serve 

ass lipid attachments for a variety of intracellular signaling molecules. To identify 

aa mechanism for the observed changes in inf lammation, coagulation, and 

endotheliall function after pravastatin treatment, correlations with reduction of 

lipidss were assessed. The fact that no significant correlation was found between 

reductionss in CRP, F1+2, vWFag and sTF and the reduction of lipids, supports the 

conceptt that effects other than lipid-lowering action play a role in these changes. 

Inn addition, the change of vWFag after pravastatin treatment was associated with 

thee degree of change of CRP, suggesting that the endothelial cell-improving effect 

wass attributable to an anti-inflammatory and not a cholesterol-lowering effect of 

pravastatin.. We speculated that the regulation of vWFag and sTF were related, 

bothh being markers of endothelial cell dysfunction. However, we did not find an 

associationn between changes of both parameters. This might be explained by a 

differentt pattern of cleavage, secretion or elimination from the circulation. 

Inn conclusion, our data demonstrate that treatment with pravastatin for 2 months 

inducess anti-inflammatory, anti-thrombotic and endothelial-improving actions in 

patientss with type 2 diabetes and mild hypercholesterolemia. These findings provide 

ann additional biological basis for the presumed importance of pleiotropic effects 

off statin treatment in patients with type 2 diabetes and cardiovascular disease. 
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Abstrac t t 
Objective ::  To evaluate the effect of pravastatin on the number, cellular origin 

andd antigenic composition of microparticles (MP) in patients with type 2 diabetes 

mellitus. . 

Methods ::  48 patients with type 2 diabetes were treated for 8 weeks in a cross-

overr study with pravastatin 40 mg, Before and after treatment, MP were stained 

withh annexin V, with antibodies directed against tissue factor (TF), and with cell-

specificc antibodies including the platelet specific monoclonal antibody CD 61 

(anti-glycoproteinn Ilia) and analyzed by flow cytometry. 

Results ::  Total number of MP was the same before (434 {327; 591) X10*7L and after 

(4466 (315; 595) X10'7L; P=0.9) pravastatin treatment. Also the cellular origin of MP 

wass similar, i.e. the MP were mainly platelet-derived. Platelet derived MP did, 

however,, expose reduced levels of glycoprotein Ilia per MP after pravastatin 

treatmentt (113.2 (98.4; 133.5) vs 106.0 (87.3; 126.0) (mean fluoresence)) (P=0.004), 

Thee number of TF positive MP and the exposure of TF per MP remained unchanged 

duringg pravastatin treatment. 

Conclusion ::  Although the total number of MP was unaffected by pravastatin, 

treatmentt resulted in a reduction of glycoprotein Ili a exposure on platelet derived 

MPP from patients with type 2 diabetes. Reduced glycoprotein Ilia , and thereby 

reducedd exposure of the fibrinogen receptor on MP may be responsible in part 

forr the risk reduction of cardiovascular disease by statin treatment. 
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Introductio n n 
Diabetess mellitus type 2 is characterized by the presence of multiple cardiovascular 

riskk factors including hypercholesterolemia {1), increased inflammation (2) and 

coagulationn activation (3). An increased level of circulating rnicroparticles (MP) 

hass been suggested to be one of the procoagulant determinants in patients with 

typee 2 diabetes that may contribute to the high risk for atherothrombotic events, 

suchh as myocardial infarction (4). MP are small membrane vesicles, released from 

bloodd cells or endothelial cells upon activation or during apoptosis {5; 6). MP may 

promotee coagulation activation and thereby atherothrombosis by providing a 

procoagulantt surface via the presence of phosphatidylserine in the external 

membranee leaflet as well as exposure of tissue factor (TF), the initiator of the 

coagulationn cascade (7; 8) and/or their exposure of various procoagulant receptors 

involvedd in platelet adhesion and aggregation. MP may additionally determine the 

processs of arterial thrombosis by accumulation in complicated atherosclerotic 

plaquess and exposure of TF locally (9). 

Thee majority of MP is derived from platelets. MP levels increase upon platelet 

stimulationn with potent stimuli such as thrombin, collagen and shear stress. The 

highh level of MP observed in patients with type 2 diabetes and with coronary 

syndromess is thought to be related to platelet activation and oxidative stress (10) 

(11).. Accordingly, several studies showed that the number of platelet derived MP is 

reducedd during treatment with anti-oxidative agents such as vitamin C (11) and 

cholesterol-loweringg treatment with eicosapentaenoicacid (12) and bezafibrate (13). 

Thee composition of MP membranes has been shown to vary in various clinical 

situationss and this may have functional implications (10). High levels of TF 

exposingg MP are considered to be associated with procoagulant conditions, such 

ass sepsis (8), and may contribute to an increased thrombotic tendency. One study 

reportedd that the number of TF exposing MP is increased in patients with type 2 

diabetes,, but this was not associated with increased ex-vivo thrombin formation 

(14).. The density of procoagulant receptors such as the glycoprotein Mbllla 

complex,, the main platelet fibrinogen receptor on platelet derived MP of which 

glycoproteinn (GP) Ilia forms one subunit, varies with the stimulus that has induced 

thee MP formation (15). Differences in exposure of GPIlbllla on MP were shown 

too have an effect on fibrinogen binding (15). 
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Treatmentt with HMG-CoA reductase inhibitors (cholesterol lowering drugs known 

ass statins) can reduce the risk for cardiovascular complications by 25% in patients 

withh or without type 2 diabetes (16; 17). There is emerging evidence that the 

beneficiall effects of statins may also involve an effect on oxidative stress, 

inflammation,, and coagulation besides their lipid lowering effect (18). For instance, 

itt was shown that statins can reduce TF expression on monocytes and vascular 

cellss (19; 20). In addition, several studies showed that statins have an effect on 

platelett activation and aggregation (21). However, it is not known whether statins 

influencee the number and properties of MP, and in particular of platelet-derived 

MP,, in patients with type 2 diabetes. The two objectives of the present study 

weree (1) to assess the effect of pravastatin on the level and cellular origin of MP 

andd (2) to evaluate its effect on the composition of MP. 

Material ss  and method s 
Patientss and study design 
AA group of 50 patients with type 2 diabetes was studied in a cross-over trial, 

describedd in detail elsewhere (22). Plasma samples for MP evaluation were 

availablee from 48 patients. Patients were recruited from the outpatient clinic of 

thee Slotervaart Hospital, Amsterdam, The Netherlands. Men and women between 

188 and 80 years of age with diabetes type 2 for at least one year and serum 

cholesteroll levels of 5.0-10.0 mmol/l were eligible for the study. Excluded were 

patientss with acute medical conditions: surgery during the previous 3 months, deep 

venouss thrombosis or pulmonary embolism during the previous 3 months, 

significantt renal, hepatic, metabolic or thyroid diseases, alcohol abuse, or known 

familiall hypercholesterolemia. Patients were not concurrently receiving other lipid 

lowering,, antithrombotic, or hormonal treatment, but the use of acetylsalicylic acid 

wass allowed. Patients kept their regular diet during the study period. 

Ann open-label randomized cross-over design was used. One half of the subjects 

startedd out with pravastatin (Selektine, Bristol Myers Squibb, The Netherlands) 

400 mg per day for 8 weeks, while the other half received no-treatment. Patients 

visitedd the out patient clinic at day one and after the first period of 8 weeks, 

whereuponn pravastatin or no-treatment was crossed over for another 8 week 

period,, and after 16 weeks at the end of the study. At these visits blood samples 

weree taken. The active treatment and its possible effects on the measured variables 
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weree presupposed to be washed out after 8 weeks. Laboratory outcomes at 8 and 

166 weeks were compared, each patient being his/her own control. All patients 

gavee informed consent and the study was approved by the institutional Ethical 

Revieww Board of the Slotervaart Hospital, Amsterdam. 

Controll group 

Tenn subjects without type 2 diabetes were recruited from the outpatient eye clinic 

fromm the Slotervaarthospital and from the personel of the Slotervaarthospital and 

servedd as a control group. 

Reagentss and assays for MP evaluation 

Anti-Glycophorinn A (glyco-A)-PE (clone JC159, IgG, K) was obtained from Dako A/ 

SS (Glostrup, Denmark). IgG^PE (clone X40), IgGV2a-FITC (clone X40/X39), CD8-PE 

(clonee SK1, IgG,), CD14-PE (clone /vVEPg/ lgG2b), CD20-PE (clone L27, IgG,) were 

obtainedd from Becton Dickinson (San Jose, CA, USA). CD62e-PE (clone HAE-lf, 

IgG.,)) was obtained from Ancell (Bayport, MN, USA), CD54-PE (clone 84H10, IgGI), 

CD62p-PEE (clone CLB-Thromb/6, lgG1) and CD66b-FITC (clone 80H3, lgG1 K) from 

Coulter// Immunotech (Marseille, France) and CD144-FITC (rabbit polyclonal) from 

MedSystemss (Vienna, Austria). Annexin V-APC was obtained from Caltag 

Laboratoriess (Burlingame, CA, USA), CD61-PE (clone VI-PL2, lgG1 K) and anti-TF-

FITCC (rabbit polyclonal) from American Diagnostics, Inc. (Greenwich, CT, USA). 

CD4-PEE (clone CLB-T4/2, 6D10, IgG,) and CD66e-PE (clone CLB-gran/10, IH4Fc, 

lgGt)) were obtained from CLB (Amsterdam, The Netherlands). CD106-F1TC (clone 

1.G11B1,, IgG,) was obtained from Calbiochem (Darmstadt, Germany) and lgG2b 

(clonee MCGb) was obtained from IQ Products (Groningen, The Netherlands). 

Bloodd sampling and laboratory methods 

Bloodd samples were obtained by standard venepuncture between 9 and 11 am, 

afterr 12 hours of fasting. For MP isolation blood was collected into 3.2% trisodium 

citratee {Becton Dickinson). Blood cells were removed by centrifugation for 20 

minutess at 2,000 x g and 20 . The plasma samples were snap frozen and then 

storedd at -70 C until use. Total cholesterol, HDL-cholesterol, LDL-cholesterol 

andd triglycerides were determined by using standard laboratory procedures within 

onee hour after sampling. HbA.k was determined by high performance liquid 

chromatographyy as described elsewhere (23). 
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Isolationn of micropart icles 

Afterr removal of cells, 250 JJL of plasma was centrifuged for 30 minutes at 17,570 x 

.. Subsequently, 225 uLof (MP-free) plasma was removed. The remaining 

(MP-enriched)) plasma, 25 uL, was diluted with 225 uL of phosphate-buffered saline 

(PBS;; 154 mmol/L NaCl, 1.4 mmol/L phosphate, pH 7.4), containing 10.9 mmol/L 

trisodiumm citrate to prevent coagulation activation. MP were resuspended and 

centrifugedd for 30 minutes at 17,570 x gat 20 . Again, 225 |JL of the supernatant 

wass removed and MP were resuspended in the remaining 25 uL. For flow 

cytometry,, 25 uL MP suspension was diluted with 85 uL PBS/citrate buffer, of which 

55 pL was used per incubation with MoAb and annexin V. 

Floww cytometr ic analysis 

MPP analysis was performed and MP were identified as described previously (8; 

24).. Briefly, MP (5 uL) were diluted in 35 pL PBS containing 2.5 mmol/L CaCI2 (pH 

7.4).. After incubation for 15 minutes at room temperature, 5 uL TF-FITC, 5 uL 

annexinn V-APC and 5 pL PE-labeled cell-specific MoAbs or isotype-matched 

controll antibody was added. The mixtures were incubated in the dark for 15 

minutess at room temperature. Subsequently, 200 uL PBS/calcium buffer was added 

andd the suspensions centrifuged for 30 minutes at 17,570 x g and 20 . Finally, 

2000 pL of (MP-free) suspension was removed. The MP were resuspended with 

3000 pL PBS/calcium buffer before flow cytometry. All samples were run f o r i minute 

duringg which the flow cytometer analyzed approximately 70 uLof the suspension. 

Too estimate the total number of MP X10f7L, the number of MP (N) identified by 

forwardd scatter (FSC), sideward scatter <SSC) and binding to Annexin V was used 

inn the formula: Number X10f' /L = N x [100/5] x [355/70] x [2501 To estimate the 

markerr positive number of MP X106/L, the number of MP (N) found in the upper 

rightt (marker positive and TF positive)- and lower right (marker positive and TF 

negative)) quadrants of the flow cytometry analysis (FL1 versus FL2, corrected for 

isotypee control and autofluorescence) was used in the same formula. The samples 

weree analyzed in a FACSCalibur flow cytometer with CellQuest-PRO software 

(Becktonn Dickinson, San Jose, CA, USA). FSC and SSC were set at logarithmic 

gain.. To distinguish MP from events due to noise, MP were identified on FSC, 

SSCC and binding of annexin V. To identify annexin V-positive events, a threshold 

wass placed in a MP sample prepared without addition of calcium, which is 

necessaryy for annexin V binding. To identify MP that bound cell-specific MoAbs, 
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MPP were incubated with identical concentrations of isotype-matched control 

antibodiess to set the threshold. FITC-fluorescence was measured in the FL-1 

channel,, PE-fluorescence in the FL-2 channel and APC-fluorescence in the FL-4 

channel. . 

Statisticall analysis 
Continuouss variables are represented as median and 25-75% quartiles. Statistical 

differencess between before and after pravastatin treatment were tested by Wilcoxon 

Rankk test. Statistical differences between type 2 diabetes patients and controls were 

testedd by Mann-Whitney U test. A P-value of <0.05 was taken to indicate statistical 

significantt difference. All computations were performed by using SPSS 11.0. 

Results s 
Subjectt Characteristics and reductions of lipid levels 
afterr pravastatin treatment 
Baselinee clinical characteristics from the 48 patients with type 2 diabetes are 

presentedd in table 1. The median age of the patients was 59 years. Patients were 

overweight,, with a median body mass index (BMl) of 29 kg/m2. 

Tablee 1. Patients' character ist ics 

Typ ee 2 diabete s patients(n=48 ) 

Agee (years) 59 (53-64) 
Sexx ratio (M/F) 24/24 
Bodyy mass index: BMl (kg/m-) 29.1 (26.8-33.1) 
Diabetess duration (years) 6.0 (3.0-10.8) 
HbA lcc (%) 6.9 (6.3-7,8) 
Totall cholesterol (mmol/l) 6.3 (5.6-6.9) 
LDLL  cholesterol (mmol/l) 4.1 (35-4.6) 
HDLL cholesterol (mmol/l) 1.2 (1.0-1.4) 
Triglyceridess (mmol/l) 1.7 (1.3-2.9) 

Dataa are p resen ted as med ians w i t h 25th- 75th percent i les . 

Patientss were well controlled for their diabetes, median HbAlc was 6.9%. Control 

characteristicss are presented in table 2. The median age was similar to that of the 

patientss with type 2 diabetes, 60 years. Total cholesterol, LDL-cholesterol and 

HDL-cholesteroll were all significantly lower in the controls compared to the 

patientss with type 2 diabetes. 

Afterr treatment by pravastatin statistically significant reductions of total 

cholesteroll (-1.4 mmol/l (-1.9, -1.0)), LDL cholesterol (-1.3 mmol/l (-1.74, -0.95)) 
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Tablee 1. C o n t r o l character ist ics 

Agee (years) 
Sexx ratio (M/F) 
Bodyy mass index: BMI (kg/m-l 
Totall cholesterol (mmol/l) 
LDL-cholesteroll (mmol/l) 
HDL-cholesteroll (mmol/l) 
Triglyceridess (mmol/l) 

Cont ro ls(n== 10) 

600 (52.5-63.5) 
6/4 4 

26.33 (24.8-28.2)* 
4.88 (4.0-5.4)' 
2.77 (2.0-2.8)* 
0.8(0.7-1.4)* * 
2.7(1.9-3.6) ) 

Dataa are p resen ted as medians w i t h 25th- 75th percent i les . Patients and con t ro ls d i f f e red 
s ign i f icant lyy (*) in BMI (P=0.02), total cho les te ro l (P=0.002>, LDL-t ho les le ro l (P<0.001) and 
H D I - c h o l e s t e r o ll (P=0.008). 

a n dd t r i g l y c e r i d e s (-0.19 m m o l / l (-0.55, 0.08)) w e r e a c h i e v e d i n t h e p a t i e n t s w i t h 

typee 2 diabetes. HDL levels did not change during treatment. 

N u m b e r ss and Ce l l u la r O r i g i n o f c i r c u l a t i n g M P 

Inn patients with type 2 diabetes (n=48) and in controls (n=10) the total number of 

annexinn positive MP and annexin-TF positive MP were measured (Figure IA and 

IB).. No difference was observed in the total number of MP between controls and 

patientss (523 (377-614)X10'7L vs. 434 (327-591 )X107L; P=0.3). However, the number 

off TF positive MP was significantly lower in controls compared to patients (6 (5-

16)X10'7LL vs. 17 (9-24)X10'7L; P=0.03). MP number between before and after 

pravastatinn treatment remained unchanged (434 (327-591 )X10'7L vs. 446 (315-

595)X10'7L;; P=0.9). Also the number of TF positive MP did not change after 

pravastatinn treatment (17 (8- 24) XIO'VLvs. 16 (10-28) X107L; P=0.6). 

Annexinn V 

500--

2500 -i 

no-treatmentt pravastatin conirols 

" ; • " " 

20--

Tissuee Factor 

no-treatmentt pravastatin controls 

B B 

Figuree 1 . Aj Total mean number of annex in posi t ive MP was similar before and after pravastatin 
t rea tmentt (n=48) and in con t ro l s (n-10) . B) Total mean n u m b e r of TF pos i t ive (and annex in 
pos i t ive)) M P d id no t change after pravastat in t rea tmen t . The mean n u m b e r of TF pos i t ive M P 
wass s ign i f icant ly l ower in con t ro l s c o m p a r e d to pat ients w i t h type 2 d iabetes (*; P=0.03). 
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Figuree 2. A) The mean number ol platelet derived MP remained unchanged during pravastatin 
treatmentt (P=1.0) (n=48). B) Pravastatin treatment had neither a significant effect on the mean 
numberr of MP derived from T helper cells (CD4), T supressor cells (CD8), monocytes (CD 14), 
155 cells (CD20), endothelial cells (CD62e), erythrocytes (glyco-A) and granulocytes (CD66b) 
(P>0.05)) (n=20). 

Thee effect from pravastatin onn the number of MP derived from different celltypes 

wass assessed in a subgroup of 20 patients (Figure 2). MP from platelets (CD6I) 

constitutedd the largest proportion of total MP, 68 (60; 77) %. The numbers of MP 

derivedd from platelets, T-helper (CD4) and T-suppressor (CD8) lymphocytes, 

monocytess (CD'14), B-lymphocytes (CD20), granulocytes (CD66b), erythrocytes 

(glyco-A)) and endothelial cells (CD62e) remained unchanged after pravastatin 

treatmentt in accordance to total MP number. Also the number of CD54, CD62p, 

CD106,, CD144 (endothelial cells) and CD66e (epithelial cells and granulocytes) 

positivee MP was similar before and after pravastatin treatment (data not shown). 

Exposuree o f a n n e x i n pos i t iv i ty , TF and GPII Ia o n p la te le t d e r i v e d M P 

Too assess whether pravastatin has an effect on the membrane composition of 

platelett derived MP the intensity of annexin V', TF and GPIIIa (determined by 

Annexinn V 

55 "> 

Tissuee Factor CDD 61 

controll treatment 

Figuree 3. Antigen level on platelet derived MP was measured in patients with type 2 diabetes 
(n=48)) before (control) and after (treatment) pravastatin treatment. Mean fluorescence of 
CDGII antigen (Ilia) reduced significantly after treatment C P=0.004). Annexin V and TF 
exposuree did not differ between before and after treatment (P=0.7 and P=0.4 respectively) 
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exposuree of CD61 antigen or G PI I la, one part of the GPIIbllla complex) staining 

perr MP was measured (Figure 3). GPIIIa expression significantly decreased after 

pravastatinn (113.2 (98.4-133.5) vs. 106.0 (87.3-126.0) mean fluorescense; P=0.004). 

Annexinn V and TF exposure per platelet derived MP remained unchanged during 

treatmentt with pravastatin (P=0.7 and P=0.4 respectively). 

Associationn of MP with cholesterol levels 
Wee investigated the correlation of total as well as cell-specific MP with cholesterol 

levels.. The total number of annexin V positive MP did not correlate with baseline 

levelss of total cholesterol (P=0.2), LDL-cholesterol (P=0.3), HDL-cholesterol (P=0.5) 

orr triglycerides (P=0.4). From the subgroups of cell specific MP, only the number 

off P-selectin positive MP (CD62p) correlated with total cholesterol levels (r=0.57, 

P=0.009)) The number of MP from B-lymphocytes (CD20) and endothelial cells 

(CD66p)) correlated with LDL-cholesterol levels (r=0.45; P=0.05 and r=0.70; P=0.001 

respectively).. MP derived f rom T suppressor cells (CD8) correlated wi th 

triglyceridee levels (r=0.50; P=0.03). 

Inn addition, to identify possible relationships between exposure of TF and GPMIa 

onn MP and lipid levels correlation studies were assessed. From the TF positive 

MPP only the number of MP from granulocyte origin (CD66b) correlated with LDL-

cholesteroll (r=0.47, P=0.04). No correlation was observed between the other 

subtypess or total number ofTF-positive MP with total cholesterol, LDL-cholesterol, 

HDL-cholesteroll and triglycerides levels. Exposure of GPIIIa and TF on platelet 

derivedd MP did not correlate with baseline cholesterol levels either (P=0.8 and 

P=0.44 respectively). Since both GPIIIa exposure and lipid levels decreased after 

pravastatinn treatment, we also assessed the correlation between the changes (level 

afterr treatment minus level before treatment) of these parameters. However, again 

noo correlation between delta GPIIIa exposure and delta total cholesterol, LDL-

cholesterol,, HDL-cholesterol and triglycerides could be observed. 

Discussion n 
Statinn treatment significantly reduces the risk for cardiovascular events in patients 

withh type 2 diabetes (17). Increasing evidence suggests that this is in part the result 

off other than the lipid lowering effects of these drugs. In the present study we 

investigatedd the effect of pravastatin on the number and composition of MP. The 
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majorr findings areas follows: while pravastin clearly reduced cholesterol levels in 

thee diabetic patients, the total number of MP was not different after 8 weeks of 

treatment.. Also the number of TF positive MP and the level of TF antigen per platelet 

derivedd MP did not change after pravastatin. Pravastatin treatment, however, 

significantlyy reduced GPMIa antigen on MP from platelet origin. Since CPIIIa 

associatess with CPIlb to form the platelet fibrinogen receptor GPIIbllla, reduction 

off GPIIla exposure on MP may be a new aspect of the non-cholesterol-lowering 

effectss of pravastin, speculated to be related to an effect on platelet activation. 

MPP and type 2 diabetes 

Previouss observations that patients at risk for atherothrombotic complications, 

withh acute coronary syndromes (25), hypercholesterolemia (11) and type 2 diabetes 

(4;; 14) have enhanced levels of circulating procoagulant MP, suggest that MP 

playy a role in cardiovascular disease. In the present study, the number of TF 

positivee MP was indeed significantly higher in the diabetic patients compared to 

thee controls (confirming the results of Diamant et al (14) in a group of 16 type 2 

diabeticc patients), although the total number of MP was similar in patients and 

controls.. TF is the main initiator of the coagulation cascade and a higher number 

off TF positive circulating MP may promote coagulation activation and thereby 

increasee the risk for thrombotic events like a myocardial infarction. Paradoxically, 

Diamantt et al. (14) observed no effect of the higher percentage of TF exposing 

MPP in patients with type 2 diabetes on in vitro thrombin formation and it was 

suggestedd that TF on MP may be more involved in angiogenesis or cell signaling 

ratherr than in atherothrombosis. 

Effectt of pravastatin on MP 

MPP composition depends on the cellular origin and the cellular processes 

triggeringg their formation (10). The observed reduction of GPIIla exposure on 

platelett derived MP in the present study is therefore possibly related to the 

activationn state of platelets. The GPIIbllla receptor of which GPIIIaisasubunit, is 

thee main platelet receptor for f ibrinogen and thereby crucial for thrombus 

formation.. Release of this receptor from a storage pool to the cell membrane is 

upregulatedd in activated platelets (26). The density of GPIIbllla on the MP 

membranee can vary depending on the stimulus that induces the formation of 

MP,, which has an effect on fibrinogen binding (15). We speculate that pravastatin 
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treatmentt inhibited platelet activation and thereby reduced the exposure of 

GPIIblllAA on platelet derived MP. Indeed, there are various studies showing that 

statinn treatment has an effect on platelet activation (27; 28) and platelet membrane 

compositionn (29; 30). The exact mechanism is not known but probably involves a 

changee in cholesterol content of platelet intra- and extracellular membranes, 

whichh alters membrane traffic and fluidity, or a reduction in cytosolic calcium 

(29;; 31). In particular, pravastatin has been found to reduce the expression of 

granulee membrane protein 140 (32) and P-selectin (31). There is, as far as we know, 

noo previous evidence that statins have an effect on GPIIblllA expression on 

plateletss or platelet derived MP. Since the reduction of GPIIbl I la is not correlated 

withh reduction of lipid levels the effect seems to be a non-cholesterol-lowering 

effectt of pravastatin. 

Wee did not observe an effect of pravastatin on the total number of MP or on the 

numberr of cell specific MP. It has previously been suggested that the increased 

numberr of MP in patients with coronary syndromes and diabetes is associated 

withh higher cholesterol levels and increased oxidative stress (11). An effect of 

pravastatinn on MP levels was therefore expected since pravastatin not only reduces 

cholesteroll levels in patients with type 2 diabetes (22) but is also associated with 

oxidativee stress reduction in the vessel wall (33). Twoo previous studies indeed 

havee shown that other cholesterol-lowering agents, eicosapentaenoic acid (fish 

oil)) (12) and bezafibrate (13) reduced the number of circulating platelet derived 

MP.. A study on the effect of oxidative stress reduction by vitamin C also showed 

thatt MP levels were reduced after treatment (11). We speculate that the lack of 

effectt of pravastatin on MP numbers, in contrast to the other cholesterol-lowering 

agents,, may be explained by differences in working mechanisms of the various 

drugs.. The observation in our study that cholesterol levels did not correlate with 

thee total number of MP suggests that processes other than lipid metabolism and 

oxidativee stress are involved in MP formation in type 2 diabetes. This is further 

supportedd by the fact that the total number of MP number did not differ between 

thee patients with type 2 diabetes and controls, although l ipid levels were 

significantlyy higher in the patients with type 2 diabetes. 

Thee exposure of TF on MP and the number of TF positive MP were not influenced 

byy pravastatin treatment in the present study. TF exposure on MP is associated 

withh clinical conditions that are associated with hypercoagulability, such as sepsis 
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{8)) and type 2 diabetes (14). A l though statins have been descr ibed to reduce the 

expressionn of TF on vascular cells (19) and c i rcu la t ing monocytes (20) p robab ly 

viaa an ef fect on isopreno ids (34), we cou ld not con f i rm these f ind ings on MP. 

Inn conc lus ion , reduc t ion of I l ia and there fo re GPI Ib l l l a exposure on MP f r o m 

platelett o r ig in may be a novel aspect of the non-cho les te ro l - l ower ing effects of 

pravastinn and is probably related to an effect on platelet act ivat ion. Since GPI Ib l l la 

iss the main platelet receptor for f i b r inogen and crucial fo r t h rombus fo rmat ion , a 

reducedd exposure on MP may con t r ibu te to the lower risk for arterial th rombos is 

du r i ngg t rea tment w i t h statins. 
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Abstrac t t 
Objective ::  One of the possible pathological mechanisms behind the increased 

vascularr injury in diabetes mellitus type 2 (DM2) is the formation of advanced 

glycationn endproducts (AGEs). The aim of this study was to investigate whether 

thee presence of AGEs and specific markers for coagulation and inflammation in 

symptomaticc atherosclerotic plaques from DM2 patients differs from plaques from 

non-diabetics. . 

Method ss and results : Carotid atherectomies were obtained from DM2 patients 

(n=11)) and controls without DM2 matched for age and other cardiovascular risk 

factorss (n=12) who were treated for symptomatic carotid artery stenosis. Plaques 

weree graded according to AHA classification of lesions. More fibrosis and more 

thromboticc complications (p= 0.007) were observed in carotid atherectomies from 

DM22 patients. Percentages of immunostained smooth muscle cells and 

macrophagess in the lesions, quantified planimetrically, did not differ between 

thee two groups. No differences were found in the immunostaining for T cells, 

tissuee factor (TF), endothelial protein C receptor (EPCR), nuclear factor KB and 

thee AGE carboxymethyllysine. 

Conclusions ::  These findings underline that DM2 is associated with increased 

plaquee complications; however a local changed presence of AGEs, TF and EPCR 

seemss not to be involved in this end stage of atherosclerosis. 
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Introductio n n 
Diabetess mellitus type 2 is a risk factor for cardiovascular disease attributable to 

ann accelerated process of atherosclerosis. An increasing body of evidence 

indicatess that the presence of hyperglycaemia is the primary causal factor for 

vascularr complications in diabetic patients (1-3). An important mediator of 

hyperglycaemia-inducedd vascular injury may be the formation of advanced 

glycationn endproducts (AGEs) (4; 5). AGEs are the result of nonenzymatic glycation 

andd glycoxidation during normal aging. Their production is increased during 

hyperglycaemia.. The presence of AGEs and its binding to specific receptors can 

leadd to cellular dysfunction and changed expression of coagulation factors, which 

couldd play a role in diabetic atherosclerosis (6-9). 

Tissuee factor (TF) is a key player in initiating the activation of the coagulation 

cascadee and is thought to be involved in the development of atherosclerosis and 

itss thrombotic complications (10; 11). TF is found on the cell membrane of various 

celll types. Increased expression of TF has been reported in different animal models 

off diabetes mellitus (12; 13). Studies in patients with type 2 diabetes reported 

increasedd expression of TF on microparticles and leucocytes (8; 14). One of the 

possiblee mechanisms of this diabetes-related increase in TF expression could be 

thee binding of AGEs to specific receptors (8; 9; 12). A role for increased TF 

expressionn has been suggested in the greater risk for cardiovascular complications 

inn diabetic patients (15). 

Thee endothelial cell protein C receptor (EPCR) plays a major role in the activation 

off the protein C anticoagulant pathway, which is an important mechanism in 

down-regulatingg thrombus formation. It has been suggested that decreased 

expressionn of EPCR plays a role in the atherosclerotic process (16). Several studies 

off patients with DM2 have reported a possible relation between hyperglycaemia 

andd down-regulation of the protein C system (7; 17-19). However it is not known 

whetherr the expression of EPCR is changed in diabetic vessels. 

Onee of the signal transduction pathways that could play a role in the changed 

expressionn of coagulation factors by AGEs is the NF-KB pathway. NF-KB plays a 

centrall role in immune and inflammatory reactions. The usually transient NF-KB 

dependentt gene expression is exaggerated in pathological situations. NF-KB 

activationn has been observed in atherosclerotic lesions (20). There is evidence 

thatt NF-KB activation is increased during hyperglycaemia (21) (22) which may be 
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involvedd in changed expression of proteins in diabetes mellitus type 2. 

Ourr hypothesis is that expression of TF and EPCR might be changed in diabetic 

atherosclerosiss by an increased presence of ACEs. To test this hypothesis we 

havee immunohistochemically analyzed the presence and tissue localization of 

TF,, EPCR, NF-KB and Ne-(carboxymethyl)lysine (CML), which is reported to be a 

majorr AGE (23), in carotid endarteriectomies from DM2 patients and matched 

controll patients with symptomatic carotid stenosis. 

Patient ss and Method s 
Patientt group 
Forr this study, a database was used that contained paraffin-embedded specimens 

off various arteries and veins from 244 patients who consecutively underwent 

peripherall vascular surgery at the Academic Medical Center (AMC), Amsterdam, 

Thee Netherlands, between 1994 and 1998. To use this database to compare 

specimenss from patients with DM2 and controls, a nested case-control study 

designn was performed. First, a selection was made of all the vascular specimens 

off patients who had undergone carotid atherectomy because of symptomatic 

arteriall stenosis. Second, carotid atherectomy specimens were selected from a 

subpopulationn of patients with known DM2 at the time of intervention, treated 

withh insulin and/or oral anti-diabetics (n=11). In addition, a matched control group 

(n=12)) was selected, matched for coronary risk factors such as age, known 

hypertensionn (treated or known with hypertension (blood pressure > 160/90 

mmHg)),, hypercholesterolemia (treated or known with hypercholesterolemia 

(totall cholesterol > 6 mmol/L)) and smoking. For group characteristics, see Table 

'I.. Informed consent was obtained before to surgery, and the study was approved 

byy the local ethical committee of the AMC. 

Tissuee processing and histomorphology 
Carotidd atherectomies were obtained and immediately fixed in 4% buffered 

formalinn after surgical removal. Tissues were routinely processed for paraffin 

embedding,, and sections were serially cut at 5pm from each specimen. Per 

atherectomyy sample one to three sites were available for testing (total control 

sites,, n= 17; total diabetes sites, n= 13). To evaluate the morphology of 

atheroscleroticc plaques, one section was stained with hematoxylin & eosin and 

onee with elastin van Gieson. The severity of plaque formation was graded 
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Agee (yr) 
Menn (n) 
Glucosee (mg/dL) 
Hypercholesterolemia,, statin treatment (n) 
Hypercholesterolemia,, no treatment (n) 
Hypertension,, treatment (n) 
Hypertension,, no treatment (n) 
Smokingg (n) 
Stoppedd smoking (n) 

Patient s s 
withou tt  DM2 

(n=12) ) 

69.55  2.2 
99 (75%) 

109.44 0 
11 (8%) 

44 (33%) 
88 (67%) 
22 (17%) 
33 (25%) 
44 (33%) 

Patient s s 
wit hh DM2 

(n=11) ) 

69.88  2.7 
77 (647,0 

173.66 3 
22 (18%) 
44 (36%) 
88 (73%) 
11 (9%) 

33 (27%) 
33 (27"/,) 

Pval u u 

0.471 1 
0.554 4 
0.004 4 
0.732 2 
0.732 2 
0.868 8 
0.865 5 
0.951 1 
0.899 9 

accordingg the American Heart Association (AHA) classification: type I lesion, intimal 

thickeningg with an increase in macrophages and formation of scattered macrophage 

foamm cells; type II: fatty streak consisting of layers of macrophage foam cells and 

lipid-ladenn smooth muscle cells; type III: preatheroma, potentially symptom-

producing;; type IV: atheroma with a more disruptive core of extracellular lipid; 

typee Va: fibroatheroma, lipid core containing thick layers of fibrous connective 

tissue;; type Vb: largely calcificated plaque; type Vc: plaque consists mainly of fibrous 

connectivee tissue with little or no accumulated lipid or calcium; type VI lesion: 

complicatedd plaque with fissure, hematoma, and thrombus (24). The presence of 

thrombuss was identified on the basis of the presence of platelet aggregates and 

erythrocytes,, with or without areas or layers of granulocytes, and in continuity 

withh plaque material. Thrombus may also show ingrowth of smooth muscle cells, 

indicatingg thrombus organisation. Adjacent serial sections were mounted for 

immunostaining. . 

I m m u n o h i s t o c h e m i s t r y y 

Sectionss were subjected to immunohistochemistry using cell specific mouse 

monoclonall antibodies against vascular SMCs (anti-a-actin), macrophages (anti-

CDD 68), endothelial cells (anti-vWF), EPCR, TF, CML, NF-KB (recognizing total p65 

protein),, the activated form of NF-KB (selectively recognizing the anti-p65 subunit 

overlappingg the nuclear location signal) and rabbit monoclonal antibodies against 

T-lymphocytess (anti-CD3) (Table 2). Before immunostaining with anti-EPCR, anti-

activatedd NF-KB, anti-CD68, anti-CD3 and anti-cx-actin the sections were pretreated 

withh 10 mmol/l citric buffer (pH 6.0). Before immunostaining with anti-vWF and 

anti-CML,, the sections were pretreated with pepsin. A streptavidin-biotin complex 
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methodd was appl ied and immunoreact iv i ty was visual ized wi th either 

diaminobenzidinee or 3-amino 9-ethyl carbazole solution. Sections stained with 

antibodiess against vWF, a-actin, CD3 and CD68 were counterstained with 

haematoxylin.. Positive controls were according to literature kidney tissue (anti-

TF),, stomach epithelium (anti-NF-KB), larger vessel endothelium (anti-EPCR) and 

atheroscleroticc plaque (anti-CML). Staining wi th murine monoclonal IgCI 

antibodiess (DAKO A/S, Denmark) or mouse serum was used as a negative control. 

Rabbitt IgG was used as a negative control for anti-CD3. 

Tab lee 2. A n t i b o d y Character is t ics 

Antibod yy Monoclona l Specificit y Concentratio nn Sourc e 

Anti-cx-actinn Mouse 
smoothh muscle 
Anti-CD33 Rabbit 

Anti-CD68 8 
Anti-vWF F 

Anti-CML L 

Anti-TF F 

Anti-EPCR R 

(polyclonal) ) 
Mouse e 
Mouse e 

Mouse e 

Mouse e 

Mouse e 

Anti-NFKBB p65 Mouse 

Anti-NFicBB p65 Mouse 

Vascularr smooth 
musclee cells 
T-lymphocytes s 

0355 ug/ml 

2.55 ug/ml 

Macrophagess 3.6 ug/ml 
Vonn Wil lebrand Factor 4.4 ug/ml 
onn endothelial cells 
Ne-(carboxymethyl)) 1.3 ug/ml 
lysinee (AGE product) 

Tissuee factor 10 u.g/ml 

Endotheliall protein 1.5 ug/ml 
CC receptor 

Totall p65, activated and 20 ug/ml 
non-activatedd form 
NF:KB B 

Nuclearr location signal 10 ug/ml 
off p65, activated form 
off NFKB 

Dako,, Glosdrup 
Denmarkk (1D4) 
Dako o 

Dako(PG-MI) ) 
Dakoo (F8/86) 

Dr.. CG schalkwijk. 
Freee University 
Academicc Hospital, 
Thee Netherlands (34) 
Americann Diagnostica, 
Stamford, , 
Connecticutt (4509) 
HEPCRR (1489) 
Dr.. CT Esmon, 
Universityy ol'Oklahoma 
Healthh Sciences Center, 
USAA (35) 
Santaa Cruz 
Biotechnology, , 
Santaa Cruz, California 
(sc-8008) ) 
Chemicon n 
International, , 
Temecula,, CA 
(MAB3026) ) 

M o r p h o m e t r i cc analys is 

Resultss of anti-u-actin and anli-CD68were planimetrically quantified using image 

analysiss software (Image Pro Plus, Media Cybernetics, Inc., Silver Spring, MD, 

USA)) on a personal computer connected with a video-mounted microscope. The 

totall tissue area of each immunostaincd tissue section was outlined manually on 

thee video screen and measured. Tissue area of immunopositive stained areas in 
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Diabeticc atherectomy 

thee section were measured automatically using gray scale detection with a fixed 

threshold.. Subsequently, SMCs and macrophage areas were calculated as 

percentagess of the total tissue area. 

Forr evaluation of CD3, NF-KB, and TF immunostaining, a semiquantitative score 

approachh was chosen using the following criteria: 0: no staining; 1: < 10% plaque 

tissuee positive; 2: 10-50% plaque tissue positive; 3: > 50% plaque tissue positive. 

Anti-CMLL staining was evaluated for immunoreactivity in SMCs, macrophages, 

andd endothelial cells separated, in combination with the cell-specific antibodies 

forr actin, CD68, and vWF, using serial sections. Anti-EPCR staining was evaluated 

inn combination with the anti-vWF stained section only. For each cell type, we 

usedd the following semiquantitative score: 0: no staining; 1: only scarce cells 

positive;; 2: circa 50% of cells positive; 3: most cells in section positive. 

Observerss were blinded to the clinical status of the patients. 

Statisticall analysis 

Resultss are expressed as mean  SEM for continuous variables. Categorical data 

aree expressed as medians with 25-75 quartiles. For comparison between continuous 

variabless of interest, Student's f test was used. The association between categorical 

variabless was assessed using the Mann-Whitney test or the Pearson Chi-square 

whenn appropriate- P values of < 0.05 are considered statistically significant. 

Result s s 
Patientt group 

Forr patient characteristics see Table 1. There were no significant differences between 

diabeticc patients and controls with regard to age, gender, hypercholesterolemia, 

hypertensionn and smoking. The average serum glucose levels of the diabetic 

patientss (173.6  19.3 mg/dL) were significantly higher than those of the control 

patientss (109.4  4.0 mg/dL) (p= 0.004). 

Morpho log ica ll features of atherectomies 

Thee occurrence of different lesion types was compared between control and 

diabeticc atherectomies. To make comparison possible between the relatively low 

frequenciess per lesion type, lesion types were grouped as either type Ml, IV and 

Vaa lesions or type Vc and VI lesion. Carotid atherectomies from DM2 patients 

showedd significantly more fibrotic lesions (type Vc lesions) and more thrombotic 
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Figuree 1 . Example of a therosc lerot ic 
p laquee w i t h t h r o m b u s (type VI 
lesion)) f r o m pat ient w i t h DM2 . 
Tissuee is stained w i t h haematoxy l in 
&& eosin (magni f ica t ion 40 X). 

complicationss (type VI lesions) (for typical example, see Figure 1) compared to 

controll lesions (85% vs. 31%) (p= 0.007), (Figure 2). No differences were observed 

inn the amount of SMCs, macrophages and T cells between atherectomies from 

DM22 patients and controls (Table 3 and 4). 

I m m u n o h i s t o c h e m i s t r yy o f TF, EPCR, N F - K B a n d C M L 

Noo differences were observed in the presence of TF, EPCR, NF-KB and CML 

stainingg in lesions from DM2 patients and controls (Table 4). Staining for CML 

variedd widely from nearly absent to strong throughout the different plaques. 

However,, no differences were found between DM2 patients and controls. CML 

wass located in SMCs, macrophages and in the extracellular matrix (Figure 3C and 

Plaquee Classification 
50--

8 ~ ~ 

l D l l 

II control 

IDM2 2 

F iguree 2. H is to log ica l g rad ing of 
p laquee m o r p h o l o g y acco rd i ng to 
thee AHA c lass i f icat ion in d iabe t i c 
andd c o n t r o l pat ients . S ign i f icant 
m o r ee type Vc and VI les ions we re 
obse rvedd in d iabet ic pat ients as 
c o m p a r e dd to con t ro l s (p=0.007) 
(Pearsonn Ch i -square test) . 

== = jo m 

Tabl ee 3. M o r p h o m e t r i c analysis of SMC and macrophage i m m u n o s t a i n i n g in d iabet ic pat ients 
andd c o n t r o l p a t i e n t s Data are p resen ted as means  SEM. 

Immunostainin gg Control s Diabeti c patient s P valu e 

Smoothh muscle cells 
Macrophages s 

0.088 (  0.019) 
0.033 (  0.003) 

0.055 ) 
0.022 (  0.005) 

0.21 1 
0.22 2 

82 2 



Diabeticc atherectomy 

Tabl ee 4 . Semi quant i ta t ive analysis of TF, N F - K B , CML, EPCR and T cells in d iabet ic and con t ro l 
pat ients .. Data are p resen ted as med ians w i t h 25-75 quar t i les 

Immunosta in ing g 

Tissuee factor 
NF-.icB B 
Activatedd NF-K[5 

CMLL smooth muscle cells 
inn intima 
CMLL smooth muscle cells 
inn media 
CMLL extra cellular matrix 
CMLL endothel ium 
EPCRR endothel ium plaque 
EPCRR microvascular 
endothel ium m 
TT cells 

Control s s 

2.00 (2.0, 3.0) 
1.0(0.5,2.0) ) 
1.0(1.0,1.0) ) 
1.0(1.0,1.8) ) 

1.00 (1.0,1.0) 

0.5(0.0,1.0) ) 
1.0(0.0,1.0) ) 
1.0(1.0,2.0) ) 
0.00 (0.0, 0.5) 

2.0(1.0,2.0) ) 

DM22 patient s 

2.0(1.0,2.0) ) 
1.0(0.0,2.0) ) 
1.0(1.0,1.0) ) 
1.0(1.0,1.8) ) 

1.0(1.0,1.5) ) 

1.0(0.0,1.0) ) 
1.0(0.0,1.0) ) 
1.0(1.0,2.0) ) 
0.0(0.0,1.0) ) 

2.0(1.0,2.5) ) 

PP valu e 

0.37 7 
0.71 1 
0.76 6 
0.95 5 

0.14 4 

0.23 3 
1.00 0 
0.91 1 
0.78 8 

0.83 3 

FC C 

"" v 
-< < 

. . 

rstrst

c c 
 f 

D D 

Figur ee 3A. Caro t id artery a therosc le ro t i c p laque classi f ied as a type Vb les ion acco rd i ng 
A H AA classi f icat ion (magn i f i ca t ion 20 X). Tissue sec t ion is s ta ined w i t h Elastic v o n G ieson 
(co l lagenn = red , elast in = black, cel ls = y e l l o w / b r o w n ) . The p laque shows ex tens ive f ib ros is 
*F),, f i b roce l lu la r area w i t h neovascu la r i za t ion (FC) and a deep ly located a t h e r o m a (aster isk). 
LL = l u m e n . Fig 3B-D are detai ls of boxed area in Fig 3A, i m m u n o s t a i n e d in ad jacent serial 
sect ions.. Fig 3B. I m m u n o s t a i n i n g w i t h ant i -vWF, s h o w i n g i m m u n o r e a c t i v i t y o f endo the l i a l 
cel lss l i n i ng m ic ro vessels ins ide the p laque (magn i f i ca t ion 80 X). Fig 3C. A n t i - C M L a n t i b o d y 
s h o w i n gg i m m u n o s t a i n i n g o f e n d o t h e l i u m of al l m i c r o vessels (magn i f i ca t ion 80 X). Fig 3D. 
Ant i-NF-icBB an t i body s h o w i n g i m m u n o s t a i n i n g of microvascu lar e n d o t h e l i u m and scat tered 
i n f l ammato ryy cells (magn i f i ca t ion 64 X). 
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Figur ee 4. Fig 4A. Carotid artery plaque type Vb lesion stained with elastic van Gieson. L = 
lumen;; F = fibrous tissue; M = media (magnification 20X). Boxed area is at the border zone of 
aa partly fibrosed lipid core and fibrous cap tissue (Fig 4B-D magnification 80 X). Fig 4B. 
Immunoreactivityy of TF in foam cell macrophages bordering the atheroma. Fig 4C. Cellular 
imunolocalizationn of AGEs at the same place as shown in Fig 4B. Fig 4D. Anti-NF-icB stained 
sectionn showing immunostaining of foam cell macrophages and SMC in same area. 

Figur ee 5. Fibrous plaque (Type Vb), stained wi th anti-EPCR antibody. Fig 5A shows 
immunoreact iv i tyy of scarce endothel ial cells l in ing micro vessels inside the plaque 
(magnificationn 80 X). Fig 5B shows prominent continuous immunoreactivity of arterial 
endotheliumm covering the plaque surface (magnification 55 X). 
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4C).. Staining for TF was located in SMCs and macrophages (Figure 4B). In 87% 

percentt of the plaques, co-localization of CML and TF in macrophages was 

observed,, using two adjacent sections. There was no difference in the number of 

patientss showing co-localization of CML and TF between the diabetic and 

nondiabeticc group. EPCR staining of the atherosclerotic plaque endothelium 

wass weakly positive in endothelium of all atherosclerotic plaques (Figure 5B). 

EPCRR staining in microvessel endothelium ranged from absent to weak positive 

(Figuree 5A). There were no dif ferences in EPCR staining of the plaque 

endotheliumm or the microvessel endothelium in the DM2 group compared with 

thee control group (Table 4). In nearly all atherectomies, only weak NF-icB-p65 

stainingg was observed, mainly located in SMCs, macrophages, and endothelial 

cellss (Figure 3D and 4D). To identify activation of NF-KB we used an antibody 

specificallyy against activated NF-KB (MAB3026). A weak staining pattern of 

act ivatedd N F - K B was observed, wh ich was located in nuc le i of SMCs, 

macrophagess and endothelial cells (Figure 6). No difference in staining was 

observedd between diabetic and control plaques (Table 4). 

Figuree 6. Nuclear localization of 
activatedd NF-KB in endothelial cells 
andd SMC (indicated by arrows) 
stainedd with antibody specifically 
againstt activated NF-KB 
(magnificationn 160 X). 

* * * 

Discussion n 
Hyperglycaemiaa is considered to play a major role in diabetic cardiovascular 

disease.. In particular, the formation of AGEs appears to be an important mediator 

off hyperglycemia-induced vascular injury (4; 25; 26). Several experimental studies 

showedd that AGEs inf luence the product ion of proteins involved in the 

coagulationn process in different cell types, which might play a role in the increased 

riskk of thrombotic complications in diabetic patients (9) (7; 8; 27; 28). In the present 
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study,, simultaneous tissue localization of ACEs and coagulation proteins was 

studiedd in symptomatic atherosclerotic plaques from diabetic patients and their 

matchedd controls. Our data showed that plaques from DM2 patients had a 

significantlyy higher number of fibrotic lesions and lesions with thrombotic 

complicationss with those of matched control patients, confirming the well-known 

observationn that DM2 is associated with an increased incidence of cardiovascular 

complications.. Despite these differences, a consistent lack of differences in 

immunostainingg of AGEs, TF, EPCR, and NF-KB was observed. 

Thee lack of difference in AGE staining in the present study might be explained by 

thee symptomatic, end-stage atherosclerosis that was studied and is in agreement 

withh earlier studies that reported that AGEs are associated with atherosclerotic 

lesionss regardless of the presence of diabetes (29; 30). In particular, several studies 

showedd that the degree of AGE staining correlated with the extent of the 

atheroscleroticc changes (31; 32) in non-diabetic and diabetic patients. These 

findingss suggest that the quantity of AGEs in atherosclerotic lesions is more related 

too the severity of the atherosclerosis than to the presence of hyperglycaemia. 

Thee age of the studied patients, mean of 70 years, is a second possible explanation 

forr the lack of increased AGEs staining found in the DM2 group. It has been 

observedd that AGE accumulation in tissue is related to aging (30; 32; 33). It may be 

possiblee that the role of AGEs is more important in an earlier stage of the 

acceleratedd atherosclerosis in diabetes mellitus and that differences in AGEs 

localizationn are more distinct in plaques of younger diabetic patients or in less 

complicatedd plaques. This could explain why in other studies differences where 

observedd between atherosclerotic lesions from diabetic patients and controls. 

TF,, the main init iator of the coagulation cascade, is widely expressed in 

atheroscleroticc plaques and is thought to play a role in the development of acute 

arteriall thrombosis. In agreement with earlier observations (11) we clearly 

observedd TF in macrophages, SMCs and foam cells. However, this staining pattern 

wass similar in control and diabetic plaques. This is in contrast to animal studies 

thatt showed thatTF is increased in tissue and plaques from diabetic mice (12; 13), 

whichh is probably related to accelerated atherosclerosis and enhanced AGE 

formation.. The latter could explain the lack of difference in TF expression in the 

presentt study. AGEs, however, still might have been involved in TF expression in 

bothh the diabetic and non-diabetic plaques, since the TF pattern co-localized 
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withh the CML staining in almost 90% of both control and diabetic lesions. 

Activationn of the NF-KB pathway is a possible mechanism that may contribute to 

thee changed expression of coagulation factors by AGEs (21). But NF-KB activation 

maymay also be involved in other inflammatory atherogenic processes (20). The 

detectionn of similar staining of activated NF-KB confirms a role for activation of 

thee NF-KB pathway in both diabetic and non-diabetic atherosclerosis. 

EPCRR expression was found to be decreased in endothelial cells covering 

atheroscleroticc lesions compared with the expression in endothelial ceils in 

controll arteries according to Laszik et al (16). In agreement with these findings, a 

weakk positive staining of EPCR on endothelium covering the atherosclerotic 

plaquee was observed in our study. Although it has been suggested that the protein 

CC system may be down regulated in DM2 (17-19), we could not find a difference 

betweenn expression of EPCR in atherectomies of patients with DM2 and controls 

inn this study. Neither did we find a relationship between AGEs and EPCR staining. 

Thiss might be attibutable to other regulatory mechanisms that have an effect on 

EPCRR expression in atherosclerosis. 

Inn summary, we found a significantly higher number of fibrotic lesions and lesions 

withh thrombotic complications in plaques from DM2 patients. However, we did 

nott find evidence that this could be related to increased presence of AGEs and 

thee changed expression of coagulation proteins in diabetic atherosclerotic lesions. 

Itt may be that in this end stage of atherosclerosis, no more local differences in 

thee presence of these proteins can be distinguished, although they might have 

playedd a role in an earlier stage of the process. Preexisting differences in the 

expressionn of coagulation and inflammation markers may have been obscured 

byy the advanced stage of atherosclerosis. Thus, to elucidate the question whether 

DM22 leads to a changed expression of inflammation and coagulation markers 

andd whether this plays a role in the accelerated atherosclerotic process, studies 

off less advanced presymptomatic atherosclerotic lesions may be necessary. 
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Abstrac t t 
Background ::  Tissue factor <TF) is a key i nitiator of the coagulation cascade. Recent 

evidencee suggests that TF may play a role in renal fibrin formation and renal 

failuree in experimental kidney disease. We hypothesized that hyperglycemia 

wi l ll result in increased expression of TF, which might play a role in the 

pathogenesiss of diabetic nephropathy. 

Methods ::  Mice were injected with streptozotocin (STZ) (200 mg/kg) or with 

controll buffer. Ten or 3 weeks after injection fibrin-, thrombin- and TF staining 

andd TF activity were evaluated in the kidney. The effect of hyperglycaemia on TF 

expressionn and secretion by tubular epithelial cells was measured in vitro. 

Results ::  Kidneys of STZ treated mice showed a marked increase in thrombin 

stainingg (3.0 5 vs. 1.2 ) (p=0.002) and an increase in TF clotting activity 10 

weekss after STZ injection (33.9  1.3 sec vs. 25.4  1,0 sec) (p<0.0001). Increased 

glomerularr fibrin deposition was present in 3 out of 6 diabetic mice. Tubular 

cellss incubated with D-glucose (25 mmol/L) for 48 hr displayed increased cellular 

TFF (P=0.05). However, soluble TF levels and TF activity in supernatant of cells 

incubatedd with D or L-glucose were not different. 

Conclusions ::  This study shows an increased procoagulant state in the kidneys 

fromm STZ-injected mice and an increase in TF expression in HK2 tubular cells 

afterr incubation with high glucose concentration. These data suggest that 

hyperglycaemiaa induced procoagulant disturbances might play a role in the 

pathogenesiss of diabetic nephropathy. 
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Introductio n n 
Nephropathyy is a common and serious complication of diabetes mellitus and is 

thee major type of end-stage renal disease (ESRD) worldwide (1). Several large 

clinicall trials have established that intensive diabetes therapy can reduce the risk 

off the development and progression of diabetic nephropathy {2; 3). However, its 

pathogenesiss is still not well understood. 

Fibrin/fibrinogenn deposition in the glomeruli is a common feature of diabetic 

nephropathyy (4; 5), suggesting that coagulation activation may be involved in the 

pathogenesiss of diabetic renal disease. Furthermore, it has been frequently reported 

thatt diabetes mellitus is associated with changes in the hemostatic system (6-8). 

Thesee changes are more pronounced in patients with diabetic nephropathy as 

comparedd to diabetic patients without renal complications (9-14} also suggesting 

thatt coagulation activation is associated with diabetic nephropathy. 

Tissuee factor (TF) is the primary cellular initiator of the coagulation cascade and 

cann be expressed in a wide range of renal cell types, including tubular epithelial 

cells,, parietal epithelial cells in Bowman's space, endothelial cells and in the 

interstitiumm (15). Activation of the coagulation cascade via TF has beenn implicated 

inn var ious renal diseases such as hydronephros is (16), crescent ic 

glomerulonephritiss (17), lupus nephritis and endotoxin nephritis (18). Inhibition 

off TF activity with an anti-TF antibody can reduce glomerular fibrin deposition, 

reducee crescent formation and delay the development of renal failure in a model 

off experimental crescentic glomerulonephritis (19). 

Soo far, there is only limited evidence that TF may play a role in diabetic kidney 

disease.. Studies in obese, ob/ob and db/db mice with hyperinsulinemia and 

moderatee hyperglycemia, due to a genetic leptin deficiency, or leptin receptor 

deficiencyy respectively, showed that TF mRNA is upregulated in the kidney of 

thee mutant mice compared to their controls (20). Although there is evidence that 

hyperglycemicc stress plays an important role in the renal injury of these obese 

micee (21), it is not clear whether the upregulation of TF in these models is due to 

hyperglycemiaa or toother (metabolic) factors. In addition, it is unclear which cell 

typess express TF in the kidney and what influence hyperglycemia has on local 

activationn of blood coagulation. The aim of our study was to investigate the 

influencee of hyperglycemia on the expression of TF in the kidney in relation to 

otherr parameters of activated coagulation in a model of STZ induced diabetes 
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mellituss in mice. To further explore the mechanisms of hyperglycemia related 

alterationss of TF expression in tubulus cells we also analyzed TF synthesis by renal 

tubularr epithelial cells after exposure to high glucose concentrations in vitro. 

Material ss  and method s 
Animalss and Treatment 

Femalee C57BL/6 mice were obtained from Charles River (Maastricht, The 

Netherlands).. The study was approved by the Institutional Animal Care and Use 

Committeee of the Academic Medical Center, University of Amsterdam, The 

Netherlands. . 

Diabetess mellitus was induced by a single intraperitoneal injection of streptozotocin 

(STZ)) (2Ü0 mg/kg bw) in 0.05 M citrate buffer (pH 4) (n= 6). Blood glucose levels 

weree measured with a Glucometer® Elite (Bayer Diagnostics, Mijdrecht, The 

Netherlands)) in a drop of blood from the tail vein. If one STZ injection did not 

inducee hyperglycemia {>1 0 mmol/L) after 4 days, the injection was repeated. Control 

micee were injected with citrate buffer alone. 

Tissuee harvesting and histological analysis 
Threee or 10 weeks after STZ or control injection mice were anaesthetized and 

killedd by exsanguination.The right kidney was formalin-fixed, and the left kidney 

wass directly put in liquid nitrogen and stored at -80" C. Formalin-fixed kidneys 

weree routinely processed for paraffin embedding and 4 urn sections were serially 

cutt and stained with H&E and PAS. For immunohistochemica! analysis sections 

weree incubated with 1.5% H , 0 , in PBS for 20 minutes and then blocked with 

TENG-TT (10mM Tris, 5 mM EDTA, 0.15 M NaCl, 0.25% gelatin, 0.05% (vol/vol) Tween-

20'%),, pH 8.0) for 30 minutes at room temperature. Thereafter sections were washed 

andd incubated with primary antibodies against TF, thrombin and fibrin O/N . 

Rabbitt anti-mouse TF antibody and rabbit anti-mouse thrombin antibodies were 

developedd in our laboratory by immunization of rabbits with a mixture of 500 pi 

Freund'ss Complete Adjuvant (Difco, Detroit, Ml , USA) and murine TF peptide P5 

(22;; 23), or murine thrombin (Sigma, St.Louis, MO, USA). Final concentration of 

anti-thrombinn antibody was 2.5 ug/rnl and of anti-TF antibody 1.3 ug/ml. Rabbit 

anti-ratt fibrin antibody was kindly provided by Dr. J. Emeis, TNO, The Netherlands 

andd used in a 1:1000 dilution (24). After incubation with the primary antibodies 

tissuee sections were washed and goat anti-rabbit (DAKO A/S, Clostrup, Denmark) 
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wass used as the secondary antibody in a 1:250 di lut ion for 1 hour at room 

temperature,, and than washed with PBS. The sections were incubated with SABC 

complexx (DAKO A/S) for one hour at room temperature, and washed. Enzyme 

activityy was detected with AEC (Sigma) and 0.0075% H20.,and counterstained with 

haematoxylin.. Specificity controls included normal rabbit immunoglobulin in 

placee of specific primary antibodies. For evaluation of immunostaining a semi 

quantitativee score approach was chosen using the following criteria: 1: weak 

staining;; 2: moderate staining; 3: strong staining. 

Inn vitro studies 
HK-22 cells (HPV 16-immortalized renal proximal tubular epithelial cell line obtained 

fromm normal adult human kidney) were purchased from ATCC (Rockville, MD, USA). 

Cellss were grown to subconfluence in conditioned medium consisting of a 1:1 

ratioo of Dulbecco's modified Eagle's medium (DMEM) (ICN, Costa Mesa, CA) and 

Ham'ss F12 (DMEM/F12) medium (Life Technologies, Paisley, UK) supplemented with 

5%% heat-inactivated FCS (Life Technologies), 100 U/ml penicil l in, 100 ug/ml 

streptomycin,, 2mM L-glutamine, 5 ug/ml insulin, 5 ug/ml transferring ng/ml sodium 

selenite,, 20 ng/ml tr i iodothyronine, 5 ng/ml hydrocortisone, 5 ng/ml PGE1, 5 ng/ 

mll epidermal growth factor, all obtained from Sigma (St. Louis, MO). For passage, 

confluentt cells were harvested by trypsinization with 0.25% (w/v) trypsin-0.03% 

(w/v)) ethylenediaminetetraacetic acid (EDTA) in phosphate-buffered saline (PBS), 

andd plated again in conditioned DMEM/F12. For activation, cells were grown to 

confluencee and were growth arrested in serum-free unconditioned medium for 24 

hours,, and all experiments were subsequently performed in unconditioned medium 

supplementedd with 0.5% FCS. Cells at a concentration of 1 x 105 cells / ml were 

incubatedd in 24-well plates with 25 mmol/l D-glucose for 24, 48 and 72 hours. 

Supernatantss were collected and frozen in -20 . Osmolar control experiments 

weree performed by the addition of 25 mmol/L L-glucose. 

Tissuee factor dependent procoagulant activation assay 

Clottingg assays of kidney homogenates from an independent experiment (n= 9 

controll mice; n=11 diabetic mice) and supernatant from the in vitro experiments 

weree performed in a coagulometer (KC-10, Behring, Germany), which records 

thee time taken for fibrin formation. Kidneys were homogenized in PBS (1 mg 

tissue:: 10 ml PBS). To 100 uL of kidney homogenate, incubated in a coagulation 
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tube,, 100 uL of commercially available mouse plasma (Sigma) was added. To 100 

(jj Lof supernatant 100 u Lof human pool plasma from the blood of healthy donors, 

whoo did not use aspirin or oral anticoncept ion, was added. All components were 

keptt cold until use. The mixtures of either homogenates or supernatant with 

plasmaa were incubated in the KC-10for 2 minutes at 37.0 . Thereafter 100 ml 25 

mMM CaCl;, was added and coagulation time was measured. 

Westernn Blot analysis 

Forr western blot analysis of TF in the different cell cultures, cells were lysed and 

homogenizedd in 10 mM sodium phosphate buffer, 0.1 M e-aminocaproic acid, 5 

mMM trisodium EDTA, 10 aprotinin/ml, 10 U heparin/ml, and 2 mM pefabloc. The 

homogenatee was subjected to SDS-PAGE (10% running; 10% stacking gel) and 

transferredd to PVDF membrane (Immobilon-P: Mill ipore Corp., Bedford MA) by 

electroo blotting. TF was detected with a mouse a-human TF antibody (4509, 

Americann Diagnostica, Stamfort, CT) and a chemiluminescence system (Lumi-

Lightt plus, Roche Diagnostics, Mannheim, Germany). TF expression after 24, 48 

andd 72 hours of incubation was expressed relative to 0 hour control incubation. 

Att least five different exposures (between 1 and 5 min) were obtained from each 

membranee and analyzed with the GeneGnome software (Syngene, Cambridge, 

UK). . 

Tissuee factor antigen in supernatant 
Solublee TF (sTF) was measured in supernatantsof tubulus cells by ELISA (IMUBIND 

TF,, American Diagnostica). ELISA was performed as prescribed by the manufacturer. 

Sampless were prediluted 1: 5 in buffer. The absorbance of standards and samples 

wass read at 450 nm. The sTF concentration of the samples was calculated by 

interpolationn from the standard curve and corrected for the dilution factor using 

thee SOFTmax software from Molecular Devices Corporation {Sunnyvale, CA). 

Statistics s 

Dataa are expressed as means + SEM. Non-normal distributed data are expressed 

ass medians with 25-75 quartiles. For comparison between normal distributed 

variabless of interest the Student's t test was used. The association between non-

normall distributed variables was assessed using the Mann-Whitney test. P values 

<< 0.05 are considered statistically significant. 
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Results s 
Inductionn of diabetes 
Micee treated w i t h STZ in ject ion had signi f icant ly h igher g lucose levels both at 3 

weekss after in jec t ion (20.1  2.8 mmol /L N=6; 6.6  0.50 mmol /L N=4; p=0.008) and 

att 10 weeks (27.6  1.6 mmol /L N=6 vs. 7.9  0.6 mmol /L N=6; p<0.0001) compared 

too con t ro l mice. 

M o r p h o l o g y y 

Af terr 3 weeks of hyperg lycemia we cou ld not observe any major d i f ferences 

be tweenn k idneys f r o m STZ treated mice and c o n t r o l mice (data not shown) . 

Af terr 10 weeks of hyperg lycemia however , we obse rved d i la ted tubu les w i t h 

f l a t t enedd e p i t h e l i a l ce l ls . Mesang ia l ex t race l l u la r ma t r i x was inc reased in 

g lomeru l ii o f STZ-mice (Fig. 1B). These changes w e r e not f o u n d in k idneys f rom 

c o n t r o ll mice (Fig. 1A). 

I m m u n o h i s t o c h e m i s t r y y 

Noo f ib r in depos i t i on was observed in con t ro l k idneys (Fig. 1C) and kidneys f r om 

micee 3 weeks after STZ in ject ion (data not shown). Fibrin depos i t ion was observed 

inn g lomeru l i and in small vessels in 3 out of 6 k idneys f r o m 10-week STZ mice 

(Fig.. 1D). N o f ib r in was located in tubu l i ne i ther in exper imenta l nor in con t ro l 

mice. . 

Inn all k idneys TF was expressed in the medul la located at the basal membrane of 

thee tubu l i (Fig. 2A and B). In the cortex TF was located in the cytop lasm (Fig. 2C 

andd DhThe major i ty of g lomeru l i stained negative forTF. If posit ivi ty was observed 

inn g lomeru l i it was located in association w i th a passenger leukocyte or in parietal 

epi thel ia ll cells (Fig. 2E and F). Three weeks after d iabetes i nduc t i on we d id not 

observee any d i f ferences in TF expression in the k idney c o m p a r e d to con t ro l 

Antibodyy Control (n=6) Diabetes for P value 
100 weeks (n=6) 

Thrombinn in cortical tubuli 1(1-1) 3(2-4) 0.002 
Tissuee Factor in cortical tubuli 2(0.9-2.3) 2.5(2-3) 0.1 
Fibrinn in glomeruli 1(0-1.5) 1.5(0-3) 0.5 

Tablee 1. Data are presented as medians with 25th- 75th percentiles. Semiquantitative score 
off staining with thrombin, TF and fibrin antibodies in kidneys from diabetic (10 weeks) and 
controll mice. A significant increase was observed in thrombin staining in kidneys from mice 
100 weeks after STZ injection. 
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Figuree 1. A) PAS slaining of a kidney from a control mouse. B) PAS staining of a kidney from 
aa STZ induced diabetic mouse with tubular casts and widening of the tubuli . C) Absence of 
fibrinn staining in glomeruli of control mouse. D) Fibrin deposition in glomeruli of STZ injected 
mouse.. F) Weak thrombin staining in cortex from control mouse. F) Marked thrombin staining 
inn cortical tubuli from STZ treated mouse. Positive staining was also located in the brush 
borderr of tubular cells (see insert). Magnification X 20, insert X 80. 
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Figur ee 2. TF staining in medulla located in basal membrane of tubuli in kidney from control 
(A)) and STZ (B) treated mouse. Redistribution of TF was observed in the cortex of STZ-injected 
micee (D)* as compared to control mice (C). TF staining in parietal epithelial cells in control 
andd diabetic mice (E and F)*. Magnification X 20 (A,B,C,D) and X 40 (E,F). 
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kidneyss (data not shown). In the absence of a significant increase inTF expression, 

aa more scattered pattern in the cortex was observed after 10 weeks of STZ-diabetes 

(Fig.. 2D). Thrombin staining was very weak both in control kidneys (Fig. 1 A) and 

inn kidneys from mice 3 weeks after STZ injection (data not shown). Kidneys from 

micee that had been hyperglycemic for 10 weeks showed marked thrombin staining 

inn the cytoplasm of tubular epithelial cells (Table 1), in the brush border and in 

perivascularr capillaries (Fig. 1F). 

T issuee fac to r d e p e n d e n t c o a g u l a t i o n ac t i va t i on in 

k i d n e yy h o m o g e n a t e s and in s u p e r n a t a n t 

Too study the effect of diabetes mellitus on TF activity in the kidney a TF dependent 

coagulat ionn activation assay was used. TF activity was similar in kidney 

homogenatess from control mice and mice after three weeks of diabetes (control: 

23.55  0.3 sec N=4 vs. diabetes: 23.3  0.5 sec N=6). TF activity was significantly 

increasedd in kidney homogenates from mice that had been diabetic for 10 weeks 

ass compared to control mice (control: 33.9 3 sec N=9 vs. diabetes: 25.4 0 

secc N=11) (p<0.0001) (Fig. 3). 

Kidneyy Homogenates ^ure 3: l n c r ^ d TF a c t i v i t v ! " 
•** w kidneys from diabetic mice, evident 

1 00 W e e K S S T Z from decreased coagulation times, 
comparedd to control mice using a TF 
dependentt coagulation assay. 

P << 0.0001 

o--
controll diabetes 

TFF synthes is a n d sec re t i on in v i t r o 

Thee effect of hyperglycemia on TF protein levels was evaluated in vitro using 

westernn blot analysis of tubular epithelial cell lysates. After 24 hr there was no 

differencee observed in TF protein in tubulus cells incubated with either D- or L-

glucose(Fig.. 4). However, after48 hr incubation with D-glucose the relative cellular 
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levell of TF measured by Western blotting did increase as compared to cells 

incubatedd with the osmotic control L-glucose (133.4  12.9 vs. 200.6  27.9 (p=0.05)) 

(Fig.. 4). After 72 hr we still observed increased TF expression by 41 percent, but 

thee increase was not significant. 

Inn contrast, the level of soluble TF was not different between supernatants from 

cellss that were incubated with either D-or L-glucose (Fig. 5). Accordingly, TF 

dependentt coagulation in supernatant from tubulus cells incubated with D-

glucosee did not differ from that observed in osmotic controls at all different 

incubationn times (Fig. 6). 
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Discussio n n 
Nephropathyy remains a frequent complication of diabetes mellitusand is regarded 

ass an indicator of microvascular cell damage. Although a relation between 

hyperglycemiaa and the development of diabetic nephropathy has been established 

inn patients with diabetes mellitus type 1 and 2, the pathogenesis is still not well 

understood. . 

Fibrin/fibrinogenn deposition is a common feature in the glomeruli of diabetic 

kidneyss (4; 5), thought to contr ibute to thrombus formation in the renal 

microvasculaturee which may accelerate loss of renal function. The presence of 

fibrin,, the final product of the coagulation cascade, in glomeruli suggests the 

participationn of the coagulation system in the pathogenesis of diabetic nephropathy 

(4;; 5). To some extent this process may be influenced by the hypercoagulable state 

inn blood from diabetic patients, which is even more pronounced in patients with 

nephropathyy (9-14). In analogy with other renal diseases we speculated that local 

activationn of the blood coagulation system, particularly the generation of TF and 

specificc proteases such as thrombin that may induce biological effects unrelated 

too fibrin formation, would contribute to organ damage. 

Inn the present study we utilized a well characterized model of diabetic nephropathy, 

i.e.. STZ induced hyperglycemia in mice. At 10 weeks after STZ challenge and upon 

stablyy induced hyperglycemia, evidence of nephropathy was clearly present in all 

treatedd mice. We demonstrated an increased activity of TF in the kidneys of STZ 

treatedd mice associated with an altered pattern of cellular expression confined to 

tubuluss cells. A possible functional association between tubular TF activity and 

activatedd coagulation is suggested by the increase in local thrombin staining. 

However,, fibrin was present more abundantly in the glomeruli of STZ treated mice, 

butt was not found in tubuli, while, in contrast glomeruli where fibrin localized did 

nott contain increased staining of TF. The apparent dissociation in localization of TF 

andd thrombin vis a vis fibrin in the kidney cannot be interpreted with certainty. This 

spatiall dissociation differs from observations in other models of renal disease, i.e. 

glomerulonephritiss (19). In the latter study, TF and fibrin colocalized in the glomeruli 

andd inhibiting TF with anti-TF antibody reduced glomerular fibrin deposition 

suggestingg a functional relation between TF and the clotting endproduct fibrin (19). 

Inn our model, the increased TF activation in tubular cells might have led to 

increasedd release of soluble forms of TF that would trigger coagulation and lead 
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too f ibr in formation at distant sites such as glomerul i . More likely, local TF 

expressionn indeed triggers thrombin generation which binds to cell-surface 

proteinasee activated receptors (PAR's) to induce cell signaling mechanisms (25; 

26),, while fibrin deposition in glomeruli has another (e.g. blood born) origin. 

Althoughh STZ induced diabetes mellitus is characterized by the typical features 

off diabetes type 1, such as loss of insulin production, hyperglycemia, glucosuria 

andd weight loss, it is not clear whether the renal changes in STZ induced diabetic 

micee were due to hyperglycemia or in part be due to secondary mediators also 

presentt in other renal diseases, including pro-inflammatory cytokines that may 

influencee the level of TF expression as part of the innate immune response to 

injury.. Furthermore, upregulation of TF is not a specific feature of STZ induced 

nephropathy,, but has also been reported in various other models of experimental 

renall diseases. Finally, the apparent increased activity of TF may be a consequence 

off conformational changes in TF molecules or increased shedding of active forms 

off TF from the cell surface. To clarify whether hyperglycemia induces upregulation 

off TF expression in tubulus cells we incubated tubular epithelial cells in vitro 

withh a high concentration of glucose and assessed the synthesis and secretion of 

TFF after different exposure times. We observed that upon prolonged incubation 

withh high glucose TF expression was higher than in control cells. This made us 

concludee that hyperglycemia itself induces enhanced TF expression. It is tempting 

too speculate that tubulus cell-related TF acts as a receptor for factor Vila leading 

too cell signaling cascades related to inflammation or angiogenesis (27). While 

increasedd production of TF by tubulus cells was demonstrated, increased 

sheddingg in supernatant was not shown, suggesting that increased release of 

solublee forms of TF is not involved in distant (glomeruli) fibrin formation. The 

originn of glomeruli related fibrin remains unknown, but may be due to enhanced 

deposi t ionn of intravascularly generated f ib r in molecules, secondary to 

microvascularr "damage". 

Thee altered expression of TF in the in vitro experiment was seen after 48 hours of 

hyperglycemiaa and not after 24 hours, indicating that the deteriorating effect of 

hyperglycemiaa on tubular cells requires prolonged glucose exposure. Although 

extrapolatingg in vitro to in vivo data may not be entirely appropriate, the increased 

stainingg in thrombin and increased activity of TF in the in vivo model of diabetic 

nephropathyy was significant only after 10 weeks of diabetes duration but not 
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afterr 3 weeks.The signs of renal injury in the STZ model including widened tubuIi 

andd tubular casts were also only seen after 10 weeks, but not after 3 weeks. This 

iss in line with earlier observations in the model of STZ diabetes; showing that the 

severityy of renal injury, i.e. proteinuria, increased thickness of GBM, increased 

kidneyy size and dilatation of tubuli, is progressive over time in diabetes {28). 

Thesee observations underline that hyperglycemia has a protracted deteriorating 

effectt on renal function and is supported by the fact that patients with diabetes 

generallyy develop renal problems after several years of diabetes (2). 

Inn conclusion, the present data show that experimental diabetic nephropathy is 

associatedd with locally enhanced expression of proteins involved in activated 

bloodd coagulation. The localization and activity of the procoagulant proteins TF 

andd thrombin confined to tubular cells suggest a role in intracellular signaling in 

responsee to chronic hyperglycemic injury. Fibrin formation, the conventional 

endpointt of the coagulation cascade, is visible in some diabetic kidneys but is 

associatedd with glomeruli and may be to a certain extent a marker of microvascular 

damagee due to its localization distant from the other coagulation markers. 

Together,, the data suggest a role for renal blood coagulation proteins in the local 

responsee to hyperglycemic injury in diabetic nephropathy, but specific 

interventionss with anticoagulant agents need to prove the relevance of this 

pathophysiologicall scenario. 
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Abstrac t t 
Endotheliall dysfunction and a procoaguiant state are potential contributors to 

thee increased risk of atherothrombotic complications in diabetes mell it us. Clinical 

evidencee shows that statin treatment reduces the incidence of atherothrombotic 

eventss in diabetic patients, but it remains uncertain which pleiotropic effects of 

statinss are involved. 

Thee aim of this study was to examine the antithrombotic and anti-inflammatory 

effectt of simvastatin on in vivo arterial thrombus formation in experimental 

diabeticc female C57BI/6 mice (i.p. streptozotocin 200 mg/kg) treated with 

simvastatinn (2 mg/kg/day s.c.) or control injections for two weeks. Diabetic mice 

hadd a mild thrombogenic phenotype. Simvastatin treatment did neither influence 

glucosee or thrombin-anlithrombin complex levels in blood, nor did it alter the 

timee to occlusion of the carotid artery after ferric chloride. Statin treatment in 

diabeticc mice induced anti-inflammatory effects on the vessel wall indicated by 

66%% (p=0.027) lower levels of rnRNA encoding vascular adhesion rnolecule-1 

(VCAM-1)) while a trend for lower rnRNA levels of E-selectin (-22%) and MCP-1 (-

30%)) was observed. Gene expression levels of interleukin-1p\ tissue factor, 

intercellularr adhesion molecule-1, monocyte chemoattractant peptide-1, E-

selectin,, P-selectin and endothelial nitric oxide synthase did not differ after statin 

treatment.. Immunostaining for tissue factor and fibrin of vessel wall and thrombi 

wass also unaltered by simvastatin treatment. We conclude that the pleiotropic 

effectss of simvastatin are primarily based on anti-inflammatory, rather than on a 

directt antithrombotic effect in diabetic mice. 
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Simvastatinn and arterial thrombus 

Introductio n n 
Diabetess mellitus type 2 (DM2) is a leading cause of vascular morbidity and death. 

Peoplee with type 2 diabetes have a 2-4 times greater risk of coronary heart disease 

orr stroke than the general population (1; 2). The majority of these large vessel 

complicationss result from acute thrombotic occlusion of an atherosclerotic artery 

(3).. A contributor to this increased risk of thrombotic occlusions may be a so-

calledd procoagulant state that is associated with DM2. Two major procoagulant 

featuress have been identified that may induce thrornbogenicity in patients with 

DM2:: f irst a dysbalance of hemostatic and procoagulant factors in plasma and 

second,, dysfunction and activation of vascular endothelial cells. Several studies 

havee shown that patients with diabetes have increased levels of procoagulant 

markerss such as prothrombin fragment 1+2 (4), D-dimer (4), thrombin anti-

thrombinn (TAT) complexes (5), fibrinogen (6), factor VII (7) and an increased 

expressionn of tissue factor (TF) on circulating monocytes (8). Although there is 

evidencee that increased levels of these markers are associated with macro- and/ 

orr microvascular disease {9; 10), the contribution of changes in plasma coagulation 

proteinss to the pathogenesis of vascular complications is controversial . 

Endotheliall dysfunction and activation is frequently observed in patients with 

DM22 and is associated with hyperglycemia but also with other cardiovascular 

riskk factors (11). Endothelial dysfunction is typically associated with decreased 

nitricc oxide (NO) production and increased platelet and leukocyte adhesion, 

whichh may contribute to a prothrombotic phenotype in DM2 (12). In addition, 

activatedd endothelial cells can produce cytokines and express adhesion molecules 

(13)) as well as TF (14) that alter the normal anticoagulant into a prothrombotic 

endotheliall cell phenotype {15; 16). Furthermore, a relation between procoagulant 

proteinss in plasma and increased markers of endothelial dysfunction, such as 

solublee thrombomodul in has been observed (4), suggesting that these two 

mechanismss are causally associated in diabetes mellitus. 

Clinicall trials have demonstrated that hydroxy-3-methylglutaryl coenzyme A 

(HMG-CoA)) reductase inhibitors or statins significantly reduce the risk of 

cardiovascularr complications in patients with and without diabetes (17-20). There 

iss strong evidence that statins have additional actions beyond cholesterol 

lowering,, the so-called pleiotropic effects of these agents. Such additional effects 

includee improvement of endothelial function by increasing NO production (21-

23)) and by reducing the inflammatory response in endothelial cells (24) or in 
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atheroscleroticc plaques (25-27). In addition, statins might display anti-thrombotic 

propertiess by reducing expression of TF in endothelial cells and leucocytes (28) 

andd by inhibiting both the formation of thrombin and ex vivo clot formation (29-

31).. Although it is likely that these pleiotropic effects of statins contribute to 

theirr beneficial effects, there is only little evidence that the anti-inflammatory 

andd anti-coagulant effects translate into a direct in vivo anti-thrombotic activity. 

Somee studies have addressed this issue by using an ex-vivo flow perfusion system 

showingg that ex vivo thrombus formation is reduced after statin treatment (32; 

33).. Caddam et al showed that the time to thrombosis was increased in rats treated 

withh atorvastatin 1.25 mg/kg for 10 days in a model of ferric chloride induced in 

vivoo arterial thrombosis (34). The antithrombotic effect in the latter study appeared 

too be related to increased constitutive nitric oxide synthase (cNOS) expression. As 

farr as we know, the effect of statins on in vivo experimental acute arterial thrombosis 

hass not yet been studied in a model of diabetes. In the present study we first 

investigatedd the effect of hyperglycemia on arterial thrombus formation in mice 

andd second we explored the potential antithrombotic action of a statin in the same 

diabeticc mouse model. 

Mice ,, material s and method s 
Animalss and Treatment 
Femalee C57BL/6 mice were obtained from Charles River (Maastricht, The 

Netherlands).. The study was approved by the Institutional Animal Care and Use 

Committeee of the Academic Medical Center, University of Amsterdam, the 

Netherlands, , 

Diabetess was induced by a single intraperitoneal infusion of streptozotocin (STZ) 

(2000 mg/kg bw) in 0.05 M citrate buffer (pH 4) (35) at the age of 8 weeks (n= 10 

mice).. If one STZ injection did not induce hyperglycemia (> 10 mmol/L) after 4 

days,, the injection was repeated. Control mice (n= 11 mice) were injected with 

citratee buffer alone. To investigate the effect of statin treatment on thrombus 

formationn in diabetic mice, in a second experiment animals (n=8 mice) were 

treatedd daily with one subcutaneous injection of simvastatin (2 mg/kg) (Merck, 

Darmstadt,, Germany) or control injection (simvastatin diluant) (n= 9 mice) for 

twoo weeks starting 8 weeks after the STZ injection. This dose was based on End res 

ett al. who showed that prophylactic treatment with 2 mg/kg simvastatin daily for 
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22 weeks reduces the size of ischemic strokes in mice after focal brain ischemia 

(23).. Before injection the inactive, lacton form of simvastatin was activated 

accordingg to the manufacturer's protocol. Simvastatin (50 mg) was dissolved in 1 

mll ethanol. For activation 0.813 ml 1 M NaOH was added. Before injection pH 

wass neutralized with 1 M HCL. 

A r t e r i a ll t h r o m b o s i s 

Tenn weeks after STZ injection mice were anesthetized by intraperitoneal injection 

off 70 ul/g FFM mixture (Fentanyl (0.315 mg/ml)- Fluanisone (10 mg/ml) (Janssen 

Pharmaceutical,, Beerse, Belgium), Midazolam (5 mg/ml) (Roche, Mijdrecht, The 

Netherlands)).. Body temperature was moni tored wi th a rectal probe and 

maintainedd at C C via a heating pad and a halogen-heating lamp. During 

anesthesiaa oxygen (1 L/min) was supplied via a tube placed at the nose of the 

mouse.. Acute arterial thrombosis was induced by application of ferric chloride 

(25%% FeCI3) to the left carotid artery, as described (36) resulting in the formation 

off platelet and fibrin-rich thrombi (37). Before and after application of ferric 

chloridee a Doppler flow probe was placed around the artery to measure blood 

flow.. Time to occlusion (TTO) was defined as the time after initiation of arterial 

injuryy with ferric chloride required for blood flow to decline to < 0.2 mL/min (see 

Figuree 1). Closing lime was defined as the time from the start of the flow reduction 

i.e.. thrombus formation to the final occlusion (see Figure 1). 

Figuree 1. Typical example of 
floww pattern during one 
experimentt with measurement 
off Time to Occlusion and 
Closingg Time. 1: Time to 
Occlusion;; 2: Closing Time 

Plasmaa analysis 

Bloodd glucose levels were measured with a Glucometer' Elite (Bayer Diagnostics, 

Mijdrecht,, The Netherlands) in a drop of blood from the tail vein. At the end of 

thee experiment blood from the vena cava was sampled into a plastic syringe 
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containingg 0,1 volume of 3.2% sodium citrate. Plasma levels of thrombin-

antithrombinn (TAT) complexes were measured by a specific murine sandwich 

TATT ELISA, developed in our laboratory (38): rabbits were immunized with a 

mixturee of 500 fil Freund's Complete Adjuvant (Difco, Detroit, Ml , USA) mouse 

thrombinn (T) or rat antithrombin (AT) (Sigma, St.Louis, MO, USA) to obtain anti-

thrombinn and anti-AT antibodies. The combination of anti-thrombin antibodies 

ass capture antibody and digoxigenin-conjugated anti-AT as detection antibody 

gavee optimal discrimination between different TAT concentrations (39). 

Tissuee harvesting and histological analysis 

Att the end of the experiments, the left carotid arteries were formalin-fixed, 

embeddedd in paraffin and sectioned. For immunohistochemical analysis paraffin 

sectionss of 4 |im were deparaffinized and rehydrated. Sections were incubated 

withh 1.5% H202 in PBS for 20 minutes and then blocked with TENG-T (10mM Tris, 

55 mM EDTA, 0.15 M NaCI, 0.25% gelatin, 0.05% (vol/vol) Tween-20%, pH 8.0) for 30 

minutess at room temperature. Thereafter sections were washed and incubated 

withh primary antibodies against TF and fibrin O/N at 4  C. Rabbit anti-mouse TF 

antibodyy antibodies were developed in our laboratory by immunization of rabbits 

withh a mixture of 500 ml Freund's Complete Adjuvant (Difco) and murine TF 

peptidee P5 (38; 40). Final concentration of anti-TF antibody was 1.3 u,g/ml. Rabbit 

anti-ratt fibrin antibody was kindly provide by Dr. J. Emeis, TNO, The Netherlands 

andd used in a 1:1000 dilution (41). After incubation with the primary antibodies 

tissuee sections were washed and goat anti-rabbit (DAKO A/5, Glostrup, Denmark) 

wass used as the secondary antibody in a 1:250 di lut ion for 1 hour at room 

temperature,, and than washed with PBS. The sections were incubated with SABC 

complexx (DAKO A/S) for one hour at room temperature, and washed. Enzyme 

activityy was detected with AEC (Sigma) after incubation for 5 minutes. Specificity 

controlss included normal rabbit immunoglobulin in place of specific primary 

antibodies.. For evaluation of TF and fibrin immunostaining a semi quantitative 

scoree approach was chosen using a magnification of 20 times. ForTF quantification 

thee following criteria were used: 0: no staining in thrombus and vessel wall; 1: 

focall staining in thrombus; 2: diffuse staining in thrombus; 3: positive staining in 

thrombuss and focal staining in vessel wall. For fibrin immunostaining the following 

criteriaa were used: 0: no staining in thrombus; 1: focal positive staining in 

thrombus.. The degree of staining was evaluated blinded for treatment strategies. 
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Quantitativee RT-PCR 
Expressionn of genes involved in inflammation and coagulation, interleukin 1-Beta 

(IL-lp1),, TF, intercellular adhesion molecule-1 (ICAM-1), vascular adhesion 

molecule-11 (VCAM-1), monocyte chemoattractant peptide-1 {MCP-1), endothelial 

selectinn (E-selectin), platelet selectin (P-selectin) and endothelial nitric oxide 

synthasee (eNOS) was analyzed on mRNA level by quantitative real time PCR as 

earlierr described (42). Total RNA was extracted from homogenates from the 

descendingg aorta using TriZol reagent (Life Technologies) according to the 

manufacturer'ss instructions. Purified RNA was reverse transcribed (RevertAid M-

Mull V Reverse Transcriptase) according to the protocols supplied by the 

manufacturer.. Quantitative gene expression was performed on an ABI PRISM 

77000 combination of hardware and software (Applied Biosystems, Foster City, 

CA)) using SYBR Green technology. PCR primers were designed using Primer 

Expresss 1.7 software with the manufacturer's default settings (Applied Biosystems) 

andd validated for identical efficiencies (slope = -3.3 for a plot of Ct versus log ng 

cDNA).. SYBR Green master mix (19 \i\) was added to 5 ul cDNA (corresponding to 

500 ng of total RNA input) and 300 nM of forward and reverse primers in water. 

Thee samples were heated for 2 min at C and 10 min at . Subsequently 40 

PCRR cycles consisting of 15 sec at C and 60 sec at C were applied. At the 

endd of the run, samples were heated to C with a ramp time of 20 min to 

constructt dissociation curves to check that single PCR products were obtained. 

Thee absence of genomic DNA contamination in the RNA preparations was 

confirmedd by using total RNA samples that had not been subjected to reverse 

transcription.. Acidic ribosomal phosphoprotein PO (36B4) was used as the 

standardd housekeeping gene (42). Ratios of target gene and 36B4 expression levels 

(relativee gene expression numbers) were calculated by subtracting the threshold 

cyclee number (Ct) of the target gene from Ct of 36B4and raising 2 to the power of 

thiss difference. Ct values are defined as the number of PCR cycles at which the 

fluorescentt signal during the PCR reaches a fixed threshold. Target gene mRNA 

expressionss are thus expressed relative to 36B4 expression. 

Statistics s 
Dataa are expressed as means  SEM. Non-normal distributed and categorical data 

aree expressed as medians with 25-75 quartiles. For comparison between normal 

distributedd variables of interest the Student r test was used. The association 
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betweenn non-normal distributed variables was assessed using the Mann-Whitney 

test.. P values < 0.05 are considered statistically significant. 

Results s 
D e t e r m i n a t i o nn o f levels o f g l ucose a n d TAT c o m p l e x e s 

Bloodd glucose levels (diabetic: 22.2  2.0 vs. non-diabetic: 6.7  2.5 mmol/l; p< 

0.001)) were significantly higher in the diabetic mice as compared to control mice. 

Afterr the induction of carotid thrombosis the level of plasma TAT complexes was 

increasedd in diabetic mice (diabetic 2.2 (0.5; 21.2) vs. non-diabetic: 0.38 (0.2; 1.0) 

ng/ml;; p=0.032). In the second experiment treatment with simvastatin had neither 

ann effect on glucose levels (diabetic non-treated (n= 9): 20.6  6.9 vs. diabetic 

simvastatinn treated mice (n= 8): 16.0  6.6 mmol/l; p=0.2) nor on the level of TAT 

complexess (diabetic non-treated: 0.67 (0.35; 1.85) vs. diabetic simvastatin treated 

mice:: 0.69 (0.37; 1.25) ng/ml; p=0.6). 

A c u t ee a r te r ia l t h r o m b o s i s 

Tenn weeks of hyperglycemia had no effect on time to occlusion (TTO) (Figure 

2A).. However, we observed a shortening of the time from the start of thrombus 

formationn until occlusion (closing time) (Figure 2B) in the diabetic mice compared 

too control mice (non-diabetic mice 3.6  0.5 vs. diabetic mice 2.0  0.3 min; p=0.008). 

Treatmentt with simvastatin 2 mg/kg had neither a significant effect on TTO (non-

treated:: 8.9 7 vs. treated: 7.5  0.6 min) (p= 0.16) nor on closing time in diabetic 

micee (non-treated: 2.5  0.2 vs. treated: 2.6  0.3 min) (p> 0.81). 
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F igu ree 2. A) N o effect of STZ i nduced d iabetes o n T ime to O c c l u s i o n (TTO). B) M o r e rapid 
t h r o m b u ss f o r m a t i o n in STZ i n d u c e d d iabet ic mice, measured f r o m the start of t h r o m b u s 
fo rmat ionn to f inal occ lus ion (Clos ing Time). C los ing t ime was on ly measured w h e n a th rombus 
wass f o r m e d d u r i n g the expe r imen t (in 9 d iabe t i c m ice ; 1 vessel d id no t occ lude after ferr ic 
c h l o r i d ee and in 8 c o n t r o l m ice ; 3 vessels d i d not occ lude ) . 
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Figuree 3. Carotid artery occluded by platelet 
richh (*) thrombus with red blood cells (**). 
Ferricc chloride (***) is present in the vessel 
walll and in the vessel lumen. 

T h r o m b u ss c o m p o s i t i o n and i m m u n o h i s t o c h e m i s t r y 

Seriall sections of the left carotid artery segment that had been treated with ferric 

ch lor idee showed total occlusion by a platelet rich thrombus (Figure 3). 

Occasionallyy some accumulation of erythrocytes amidst platelets was seen in 

adjacentt sections. Ferric chloride was seen in the vessel wall and on the 

endotheliumm in the vessel lumen of the segment that had been treated. No 

differencee could be observed in thrombus composition between mice with and 

withoutt diabetes. Thrombus composition in arteries from mice with simvastatin 

treatmentt was also not different to those from non-simvastatin treated mice. 

Figuree 4 Al Example of focal TF staining (*) Figure 413) Example of focal fibrin staining (*) 
inn thrombus. Positivity is observed at the in thrombus, 
borderss of the thrombus. 

Occludedd arteries from mice with and without diabetes showed similar immuno-

stainingg for fibrin and TF (Table 1, Figure 4A and B). No difference was observed in 

immunostainingg for fibrin and TF in the occluded vessel from diabetic mice treated 

withh simvastatin or control treatment (Table 1). 
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Tablee 1. Data are presented as medians with 25th-75th percentiles. No significant differences 
weree observed in immunostaining of thrombi from non-diabetic mice, diabetic mice and 
diabeticc mice with simvastatin treatment. 

Stainingg of thrombus Non-diabetic mice Diabetic mice Diabetic mice P value 
inn carotid artery (N= 11) (N= 19) with simvastatin 

treatmentt (N= 8) 

Tissuee factor 1.0(1.0-2.5) 2.0(1.0-3.0) 2.0(1.0-3.0) 0.72 
Fibrinn 1.0 (0.0- 1.0) 1.0(0.25-1.0) 1.0(0.25-1.0) 0.76 

RT-PCR R 
Genee express ion of V C A M - 1 , ICAM-1 , TF, M C P - I , E-selectin, P-selectin, elMOS 

andd IL-1J3 in the aorta was compared be tween all con t ro l mice (n=11), d iabet ic 

micee (n=19) and diabet ic mice t reated w i t h simvastatin (n= 8). In contrast to ou r 

expectat ionss the relative gene express ion levels of mRNA encod ing V C A M - 1 , 

ICAM-1 ,, TF, M C P - I , E-selectin, P-selectin and eNOS and d id not d i f fer be tween 

diabet icc and non-d iabet ic aortas (Figure 5A-G). The level of I L-1p mRNA was even 

s igni f icant lyy lower in aortas f r om diabet ic mice (0.42-10'3 (0.22 10 l; 0.93-10"3) as 

comparedd to aortas f r om con t ro l mice (1 .010 ! (0.610 !; 1.8 10\) (P=0.04) (Figure 

5H,, black and wh i t e bars). 

Af terr t reatment w i t h simvastat in a s igni f icant reduct ion was observed in the level 

off VCAM-1 mRNA (-66%) (P=0.027) (Figure 5A) in d iabet ic mice as compared to 

non- t rea tedd diabet ic mice (n= 18). Fur thermore , we observed a t rend towards 

reducedd levels of mRNA encod ing E-selectin (-22%) (P= 0.076) and MCP-1 (-30%) 

(P=0.091)) (Figure 5E and D). Gene express ion levels of ICAM-1 , TF, MCP-1 , P-

select in,, eNOS and IL-1J3 d id not d i f fe r after statin t reatment . 

Discussion n 
AA p r o t h r o m b o t i c state, cha rac te r i zed by an increased level and ac t iv i t y o f 

procoagulantt plasma proteins (10) as wel l as an enhanced expression of procoagulant, 

adhesionn and other inf lammatory proteins on the endothel ia l cell surface (43) has 

beenn suggested to c o n t r i b u t e to the increased risk of vascular t h r o m b o t i c 

compl icat ionss in patients wi th DM2. Accumulat ing evidence suggests that treatment 

w i thh statins reduces the incidence of cardiovascular events not only by its cholesterol-

lower ingg effects but also by its an t i th rombot ic and ant i- inf lammatory propert ies 

(44-46).. By using a model of ferric ch lo r ide induced endothel ia l injury, we studied 

thee effect of simvastatin treatment on in vivo arterial thrombus format ion and vascular 

wal ll in f lammat ion in mice wi th STZ induced diabetes mell i tus. 
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Figur ee 5. Relative mRNA levels in aorta's f r om c o n t r o l m ice ( con t ro l ; n= 11), d iabe t i c m ice 
w i t h o u tt s imvas ta t in t r e a t m e n t ( D M ; n=19) and d i a b e t i c m i c e t r e a t e d w i t h s imvas ta t in 
(DM+s ta t i n ;; n=8). * s ign i f i can t l y l owe r V C A M - 1 mRNA in d iabe t i c m ice w i t h s imvastat in 
t rea tmentt as c o m p a r e d to d iabe t i c m ice w i t h o u t s imvastat in t rea tment (p= 0.027). 
•• s ign i f icant ly l owe r MCP-1 mRNA and IL - lp mRNA in d iabet ic m ice af ter s imvastat in as 
comparedd to non d iabet ic c o n t r o l mice w i t hou t simvastatin t reatment (p= 0.036 and p=0.0037). 

## s ign i f icant ly l ower I L - l p mRNA in non- t rea ted d iabet ic m ice (p=0.039) as c o m p a r e d to 
non-d iabe t i cc c o n t r o l mice. 
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First,, we demonstrated that mice with STZ induced diabetes have a mild 

thrombogenicc phenotype indicated by an increased rate of induced arterial 

thrombosiss and an increased level of TAT complexes after thrombus formation 

ass compared to control mice. The mechanism of this thrombogenic phenotype 

iss not explained by altered vessel wall properties, because we did not detect any 

changess in the levels of mRNA encoding TF or pro-inflammatory cytokines in the 

aortass from mice with diabetes. The IL-lfJmRNA level was even lower in the vessel 

walll of diabetic mice. The mRNA data are supported by immunohistochemical 

staining,, which did not reveal any increase in TF staining in the vessel walls of 

diabeticc as compared to the vessels of control mice. These observations are in 

apparentt contrast w i th data f rom mainly in v i t ro studies showing that 

hyperglycemiaa enhances the expression of TNFa, IL-1F3 and TF in endothelial and 

otherr vascular cells (43). 

Thee findings in the diabetic mice in these studies suggest that in the STZ induced 

diabetess model, hyperglycemia does not induce a state of vascular inflammation/ 

activationn even after 10 weeks of hyperglycemia. A limitation of the present study is 

thatt we did not investigate the effects of hyperglycemia against a background of 

atherosclerosis,, which obviously is a clinically more relevant condition. However, 

evenn clinical studies of the influence of hyperglycemia on large arterial vessel disease 

aree still inconclusive (47-50) and the debate on the importance of hyperglycemia as 

ann independent risk factor in diabetes has not been settled yet (51; 52). 

Itt is likely that other factors play a role in the observed enhanced closure rate 

andd thrombin generation in diabetic mice. Such factors may relate to the influence 

off hyperglycemia on phospholipids surfaces, which in the case of platelets or 

microparticless may enhance the rate of thrombin generation thus leading to an 

increasedd tendency of thrombus formation (53-55). The influence of these 

circulatingg factors on thrombus formation is the subject of ongoing investigations 

inn this mouse model. 

Accumulatingg data suggest that statins have direct vascular protective effects by 

increasingg blood flow via increased bioavailability of nitric oxide, attenuating 

thee level of expression of pro-inflammatory genes and proteins also diminishing 

leukocytee adherence (25-27). A possible mechanism involves the inhibition of 

productionn of isoprenoids (44; 46), which wil l affect cell proliferation and 

activationn in the vessel wall that may influence vasomotor function, inflammatory 
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responsess and plaque stability. These mechanisms may contr ibute to the 

reductionn of atherothrombotic complications by statin treatment (45). Caddam 

andd co-workers showed, using the ferric chloride induced arterial thrombosis 

modell in rats, that the time to thrombus formation was increased in animals 

treatedd with atorvastatin (1.25 mg/kg) for 10 days as compared to control rats (34). 

Thee antithrombotic effect of atorvastatin in this model appeared to be related to 

increasedd expression of constitutive nitric oxide synthase (cNOS). Under basal 

conditions,, nitric oxide (NO) is produced mainly by cNOS (neuronal NOS (nNOS) 

andd endothelial NOS (eNOS). The authors suggested that the increased expression 

off cNOS reduces the formation of platelet rich thrombi via inhibition of platelet 

aggregationn and increased vasodilatation. In our experiment the same ferric 

chloridee model of in vivo acute arterial thrombosis was used, however eNOS 

mRNAA expression was not influenced by simvastatin (2 mg/kg) for 2 weeks. The 

absencee of an effect in our study on NOS may be explained by differences in 

statins,, doses or other factors. However, also various other studies on NO related 

effectss of statins in diabetes mellitus have produced controversial findings. 

Treatmentt wi th simvastatin for 6 (56) and 24 weeks (57) or treatment with 

atorvastatinn for 4 weeks (58) did not result in NO dependent endothelial function 

changes.. In contrast, other studies did report NO dependent endothelial function 

changess in diabetes even after a few days (59-61). 

Ourr study revealed another important anti-inflammatory effect of simvastatin in 

thee aorta vessel wall of diabetic mice indicated by a reduced level of VCAM-1 

mRNA.. In addition, trends towards reduced levels of mRNA for E-selectin and 

MCP-II appear to support the anti-inflammatory action of simvastatin in this model, 

independentt from the presence of hyperglycemia. Assuming that the effect on 

mRNAA translates into protein, the net result may be attenuated leukocyte 

activationn and adhesion, which may play a very important role in the risk of 

atherosclerosiss and its long term complications. However, these anti-inflammatory 

effectss do apparently not influence the thrombogenic properties of the arterial 

vessell wall. This may also be related to unaltered levels of TF mRNA and protein 

afterr simvastatin treatment. 

Inn conclusion, we demonstrate that simvastatin did not reduce acute arterial 

thrombuss format ion or thrombin format ion in diabetic mice wi th a mild 

prothromboticc phenotype, while we did observe reduced aortic mRNA levels of 
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VCAM-11 and a t rend towards lower levels of E-selectin and MCP-1. These data 

suggestt that beneficial cl inical effects of statins in prevent ing a thero th rombot ic 

comp l i ca t i onss in the presence o f hyperg lycemia may be based on t he an t i -

inf lammatoryy act ion on the vessel wall rather than on a direct ant i th rombot ic effect. 
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Abstract t 
Background ::  Oxidative stress induced vascular dysfunction is thought to 

contributee to the increased risk for acute arterial complications in patients with 

diabetess mellitus (DM). In this study we evaluated the effect of streptozotocin 

(STZ)) induced diabetes on vascular gene expression and thrombus formation in 

micee with endotoxin induced oxidative stress. 

Material ss  and methods : C57BL/6 mice were divided in three groups: control 

mice,, mice treated with endotoxin (lipopolysaccharide; LPS) (5 ug Serratia 

Marcesens)andd mice with LPS and STZ induced diabetes. Twenty four hours after 

LPSS injection cytokines were measured in plasma. Ferric chloride-induced 

thrombuss formation was evaluated in the carotid artery by measuring thrombus 

formationn times and thrombus composit ion. Vascular gene expression was 

measuredd by rt-PCR. 

Results ::  Endotoxin injection resulted in significantly increased plasma levels of 

TNFa,, IL-6 and MCP-1 in both diabetic and non-diabetic mice. In non-diabetic 

LPSS treated mice a trend towards prolonged time to occlusion {LPS: 11.3  4.6 min 

vs.. control: 8.8 8 min) (P=0.1) and an increase in time from the start of thrombus 

formationn until occlusion {closing time) (LPS: 4.9  2.9 min vs. control: 2.5  1.2 

min)) (P=0.02) was observed. In diabetic mice treated with LPS these occlusion 

timess were not different from non-LPS treated mice. Aortic VCAM-1 mRNA level 

wass upregulated after LPS in non-diabetic mice, but not in diabetic mice. In 

contrast,, eNOS expression increased > 5 times in diabetic LPS treated mice but 

nott in non-diabetic LPS treated mice. 

Conclusions ::  Oxidative stress due to low dose endotoxin injection induces an 

antithromboticc response in control mice, which was absent in diabetic mice, as 

welll as a different pattern of vascular gene expression compared to diabetic mice. 

Wee propose that an altered vascular thrombotic response to oxidative stress might 

playy role in the increased risk for acute arterial thrombosis in patients with DM. 
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Endotoxinn and diabetes in arterial thrombosis model 

Introductio n n 
Severee cardiovascular syndromes like myocardial infarction or stroke result from 

acutee arterial thrombosis on a ruptured or eroded plaque (1). The development 

off such complications is considered to be primarily determined by preëxistent 

vascularr changes (2-4). Endothelial activation and vascular dysfunction leading 

too a prothrombotic phenotype of the inner vessel wall may be important 

determinantss {5; 6). One of the causes of vascular dysfunction is oxidative stress, 

characterizedd by the generation of free radicals, like superoxide (7). Oxidative 

stresss results in vascular dysfunct ion by activating signaling pathways in 

endotheliall and other vascular cells leading to the enhanced transcription and 

translationn of several pro-inflammatory and procoaguIant genes such as vascular 

endotheliall growth factor (8), tissue factor (TF) (9), E-selectin (10), intercellular 

adhesionn molecule-1 (ICAM-1) (11), endothelial nitric oxide synthase (eNOS) (12), 

interleukin-88 (13), monocyte chemoattractant peptide-1 (MCP-1) (14) leading to 

reducedd nitric oxide (NO) production and increased platelet and leukocyte 

adhesionn (15), ultimately provoking thrombus formation. 

AA pathophysiological hallmark of cardiovascular disease is its multifactorial nature 

involvingg gene-gene and gene-environment interactions provoked by various 

riskk factors like inflammation, diabetes mellitus and hypercholesterolemia. A 

sharedd characteristic of these risk factors is their ability to induce oxidative stress 

andd endothelial dysfunction (16-18). Theoretically, interactions between different 

riskk factors may have synergistic or additive effects on the development of 

cardiovascularr complications via similar molecular pathways. 

Wee hypothesized that in mice treated with endotoxin, well established to induce 

oxidativee stress and endothelial dysfunction, hyperglycemia (as a dominant 

characteristicc of diabetes) would accelerate vascular inflammation and endothelial 

dysfunctionn as well as arterial thrombus formation. In this study, we evaluated 

thee effect of endotoxin induced oxidative stress on vascular gene expression in 

micee with streptozotocin induced diabetes and control mice. Interaction of 

endotoxinn and diabetes mellitus on the prothrombotic potential of the vessel 

walll was examined by measuring ferric chloride induced thrombus formation in 

thee carotid artery. 
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Mice ,, material s and method s 
Animalss and Treatment 

Femalee C57BL/6 mice were obtained from Charles River (Maastricht, The 

Netherlands).. The study was approved by the Institutional Animal Care and Use 

Committeee of the Academic Medical Center, University of Amsterdam, the 

Netherlands.. Mice were devided in three groups: 10 control mice, 10 mice received 

aa LPS injection, 8 mice received a LPS injection after induction of diabetes. 

Diabetess was induced by a single intraperitoneal infusion of STZ (200 mg/kg bw) 

inn 0.05 M citrate buffer (pH 4) (19) at the age of 8 weeks (n= 8 mice). If the STZ 

injectionn did not induce hyperglycemia (glucose > 10 mmol/L) after 4 days, the 

injectionn was repeated. Non-diabetic mice were injected with citrate buffer alone. 

LPSS (5 ug Serratia Marcesens LPS) was injected ten weeks after STZ or control 

injectionn in the foot. 

Arteriall thrombosis 

Twentyy four hours after LPS injection mice were anesthetized by intraperitoneal 

injectionn of 70 jul/g bw FFM mixture (Fentanyl (0.315 mg/ml)- Fluanisone (10 mg/ 

ml)) (Janssen Pharmaceutical, Beerse, Belgium), Midazolam (5 mg/ml) (Roche, 

Mijdrecht,, The Netherlands)). Body temperature was monitored with a rectal 

probee and maintained at C C via a heating pad and a halogen-heating 

lamp.. During anesthesia extra oxygen (1 L/min) was supplemented via a tube 

placedd at the nose of the mouse. Acute arterial thrombosis was induced by 

applicationn of ferric chloride (25% FeCI,) to the left carotid artery, as described 

(20)) resulting in the formation of platelet and fibrin-rich thrombi (21). Before and 

afterr application of ferric chloride a Doppler flow probe was placed around the 

arteryy to measure blood flow. Time to occlusion (TTO) was defined as the time 

requiredd for blood flow to decline to < 0.2 m Urn in after initiation of arterial injury 

withh ferric chloride (Figure 1). Closing time was defined as the time from the start 

off the flow reduction i.e. thrombus formation to the final occlusion {Figure 1). 

Plasmaa analysis 

Bloodd glucose levels were measured with Glucometer" Elite (Bayer Diagnostics, 

Mijdrecht,, The Netherlands) in a drop of blood from the tail vein. At the end of 

thee experiment blood from the vena cava was sampled into a plastic syringe 

containingg 0.1 volume of 3.2% sodium citrate. Plasma levels of thrombin-
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Figuree 1. Typical example of flow registration of ferric chloride induced thrombus formation 
inn female C57BI/6 mouse. "Time to occlusion" is the lime from the ferric chloride application 
too final occlusion. "Closing Time" is the time from the start of the f low reduction to the final 
occlusion. . 

antithrombinn (TAT) complexes were measured by a specific murine sandwich 

TATT ELISA, developed in our laboratory (22; 23). Plasma levels of interleukin (IL)6, 

MCP-11 and TNFa were measured by Cytometric Bead Array Analysis (Beckton 

Dickinsonn Biosciences, Pharmingen, San Diego, USA). Aspartate aminotransferase 

(ASAT)) and creatinine in plasma and creatinine and microalbumine in urine were 

measuredd using standard techniques. 

T issuee ha rves t i ng a n d h i s to log i ca l analysis 

Att the end of the experiments, the left carotid arteries were formalin-fixed, 

embeddedd in paraffin and sectioned. For immunohistochemical analysis paraffin 

sectionss of 4 urn were deparaffinized and rehydrated. Thrombus composition 

wass evaluated using haematoxylin-eosin staining. For detection of TF expression 

sectionss were incubated with 1.5% H.O, in PBS for 20 minutes and then blocked 

withh TENC-T (10mM Tris, 5 mM EDTA, 0.15 M NaCI, 0.25% gelatin, 0.05% (vol/vol) 

Tween-20%,, pH 8.0) for 30 minutes at room temperature. Thereafter sections were 

washedd and incubated with primary antibodies against TF O/N . Rabbit anti-

mousee TF antibodies were developed in our laboratory by immunization of rabbits 

withh a mixture of 500 ml Freund's Complete Adjuvant (Difco) and murine TF 

peptidee P5 (23; 24). Final concentration of anti-TF antibody was 1.3 fig/ml. After 

incubationn with the primary antibodies tissue sections were washed and goat 

anti-rabbitt (DAKO A/S, Glostrup, Denmark) was used as the secondary antibody 

inn a 1:250 dilution for 1 hour at room temperature, and then washed with PBS. 

Thee sections were incubated with SABC complex (DAKO A/S) for one hour at 
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roomm temperature, and washed. Enzyme activity was detected with AEC (Sigma) 

afterr incubation for 5 minutes. Specificity controls included the use of normal 

rabbitt immunoglobulin instead of specific primary antibodies. For evaluation of 

TFF immunostaininga semi-quantitative score approach was chosen using 20-fold 

magnification.. For TF quantification in thrombus and vessel wall the following 

criteriaa were used:0: no staining ; 1: focal staining; 2: diffuse staining. The degree 

off staining was evaluated blinded for treatment allocation. 

Quantitativee rt-PCR 
Expressionn of genes involved in inflammation and coagulation including vascular 

celll adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-

1),, endothelial nitric oxide synthase (eNOS), monocyte chemoattractant protein-

11 (MCP-1), TF, endothelial selectin (E-selectin) and platelet selectin (P-selectin) 

weree analyzed on mRNA level by quantitative real time PCR as described (25). 

Totall RNA was extracted from homogenates from the descending aorta using 

TriZoll reagent (Life Technologies) according to the manufacturer's instructions. 

Purifiedd RNA was reverse transcribed (RevertAid M-Mul V Reverse Transcriptase) 

accordingg to protocols supplied by the manufacturer. Quantitative gene 

expressionn was performed on an ABI PRISM 7700 combination of hardware and 

softwaree (Applied Biosystems, Foster City, CA) using SYBR Green technology. 

PCRR primers were designed using Primer Express 1.7 software wi th the 

manufacturer'ss default settings (Applied Biosystems) and validated for identical 

efficienciess (slope =-3.3 for a plot of Ct versus log ng cDNA). SYBR Green master 

mixx (19 ml) was added to 5 ml cDNA (corresponding to 50 ng of total RNA input) 

andd 300 nM of forward and reverse primers in water. The samples were heated 

forr 2 min at C and 10 min at . Subsequently 40 PCR cycles consisting of 15 

secc at C and 60 sec at C were applied. At the end of the run samples were 

heatedd to C with a ramp time of 20 min to construct dissociation curves to 

checkk that single PCR products were obtained. The absence of genomic DNA 

contaminationn in the RNA preparations was confirmed by using total RNA samples 

thatt had not been subjected to reverse t ranscr ipt ion. Acidic ribosomal 

phosphoproteinn PO (36B4) was used as the standard housekeeping gene (25). 

Ratioss of target gene and 36B4 expression levels (relative gene expression 

numbers)) were calculated by subtracting the threshold cycle number (Ct) of the 

targett gene from Ct of 36B4 and raising 2 to the power of this difference. Ct values 
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aree de f i ned as the number of PCR cycles at w h i c h the f luorescent signal d u r i n g 

thee PCR reaches a f ixed th resho ld . Target gene mRNA expressions are thus 

expressedd relative to 36B4 expression. 

Stat ist ics s 

Dataa are expressed as means  SEM. Non -no rma l d is t r ibu ted mRNA data and 

categor icall data are expressed as medians w i t h 25-75 quart i les. For compar ison 

b e t w e e nn n o r m a l d i s t r i b u t e d var iab les of i n te res t A N O V A was used . The 

associat ionn between non-normal d is t r ibu ted variables was assessed using the 

Kruskall Wal l is Test. P values < 0.05 are cons idered statistically signif icant. 

Results s 
D e t e r m i n a t i o nn o f levels o f g l ucose , sys temic i n f l a m m a t i o n , 

a n dd o r g a n fa i l u re 

Bloodd glucose levels were significantly higher in the diabetic mice as compared 

too all non-diabetic mice (diabetic: 23.9  5.8 vs. non-diabetic: 7.3  2.2 mmol/l; P< 

0.001)) measured before LPS injection. 
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Figuree 2. Plasma levels of inflammatory markers were significantly increased in diabetic and 
non-diabelicc mice treated with LPS (LPS + DM and LPS) compared to non-LPS treated mice 
(no-LPS)) (Fig 2ABC). In addition, markers of liver and kidney damage in plasma were higher 
inn all LPS treated mice compared to control mice (Fig 2DE). All LPS induced inflammatory 
andd organ damage markers did not statistically differ between diabetic and non-diabetic LPS 
treatedd mice, except for the creatinine-albumin ratio in urine, which was significantly higher 
inn diabetic mice treated with LPS compared to both non-diabetic mice with and without 
treatmentt with LPS (Fig 2F). 
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Ann overview of markers of systemic inflammation and organ failure 24 hours after 

LPSS injection is shown in Figure 2. In mice injected with LPS a significant 

upregulationn of TNFa, IL-6andMCP-1 in plasma was measured indicating ongoing 

inflammation.. No statistically significant difference was observed in plasma 

cytokinee levels between diabetic mice treated with LPS and non-diabetic mice 

treatedd with LPS. Plasma markers for kidney (creatinine) and liver failure (ASAT) 

weree also increased 24 hours after LPS injection in both diabetic and non-diabetic: 

micee (P<0.05), whereas the albumin-creatinine ratio in urine, a marker for kidney 

damage,, was only significantly increased in diabetic mice treated with LPS. 

A c u t ee ar ter ia l t h r o m b o s i s 

Applicationn of ferric chloride to the carotid artery resulted in thrombus formation 

withinn 30 minutes in all mice. In non-diabetic mice treated with LPS a two minute 

meann increase of time to occlusion (11.3 6 min) compared to non-LPS treated 

micee (8.8 8 min) was observed. This difference was however not statistically 

significantt (P=0.1) (Figure 3A). In addition, we observed an increase in the time 

fromm the start of thrombus formation until occlusion (closing time) (Figure 3B) in 

thee LPS treated mice (4.9  2.9 min) compared to control mice (2.5  1.2 min) 

(P=0.02).. In the LPS treated mice with diabetes no increase in time to occlusion 

norr in closing time was found compared to control mice (Figure 3B). In contrast, 

thee closing time was significantly shorter in LPS treated diabetic mice compared 

too LPS treated non-diabetic mice (P=0.04). 
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Figuree 3. Time to occlusion (figure 3A) and closing time (figure 3B) after ferric chloride 
applicationn to the carotid vessel wall in control mice (no LPS), LPS treated mice (LPS) and LPS 
treatedd mice with diabetes (LPS + DM). 
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Endotoxinn and diabetes in arterial thrombosis model 

Afterr the induction of carotid thrombosis the level of plasma TAT complexes was 

significantlyy higher in LPS treated mice with diabetes compared to non-diabetic 

micee with and without LPS treatment (control mice (81.4 (79.3-94.8 ng/ml), LPS 

treatedd mice (45.4 (10.6-172.5) ng/ml) and diabetic LPS treated mice (189.8 (133.9-

482.7)) ng/ml; P=0.03). 

T h r o m b u ss c o m p o s i t i o n a n d i m m u n o h i s t o c h e m i s t r y 

Seriall sections of the left carotid artery segment that had been treated with ferric 

chlor idee showed total occlusion by a platelet rich thrombus (Figure 4). 

Erythrocytess amidst platelets were been in adjacent sections. Ferric chloride was 

seenn in the vessel wall and on the endothelium in the vessel lumen of the segment 

thatt had been treated. No difference could be observed in thrombus composition 

betweenn mice with and without LPS treatment. No difference between the three 

groupss was observed in immunostaining for TF in the occluded vessel wall (no 

LPS:: 1 (1; 1.5) vs. LPS: 1 (1; 1.5) vs. LPS and diabetes: 1 (1; 1.75) (P= 0.4) and in the 

thrombuss (no LPS: 2 (1; 2) vs. LPS: 2 (2; 2) vs. LPS and diabetes: 2 (1.25; 2) (P= 0.5). 

Figuree 4. Typical example of 
thrombuss in carotid artery after 
ferricc chloride application. 

RT-PCR R 
Genee expression of VCAM-1, ICAM-1, eNOS, MCP-1, TF, E-selectin and P-selectin 

inn the aorta was compared between control mice (n=10), LPS treated mice (n=10) 

andd LPS treated mice with diabetes (n=8). For an overview see figure 5. Two main 

findingss were observed. First, in normal mice LPS injection induced a greater 

thann two fold increase in median VCAM-1 level in the vessel wall, but did not 

increasee VCAM-1 expression in diabetic mice (Fig 5A). A similar trend of increased 
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expressionn after LPS injection in normal mice, but not in diabetic mice was 

observedd for ICAM-1 expression (Fig 5B). Second, in the diabetic mice eNOS 

expressionn was more than 5 fold higher after LPS injection than in non-LPS treated 

mice.. This increase was only moderate and not statistically significant after LPS in 

non-diabeticc mice (Fig5C). A similar pattern was observed forMCP-1,TF, E-selectin 

andd P-selectin expression, although none of these differences reached statistical 

significancee (Fig 5DEFG). 

Discussio n n 
Oxidativee stress is considered to be involved in the pathogenesis of the increased 

riskk for acute arterial complications, like myocardial infarction or stroke, in 

patientss with diabetes mel lit us. In the present experiment the effect of oxidative 

stress,, inflicted by a subacute inflammatory trigger, on thrombus formation and 

vessell wall gene expression was measured in mice with STZ induced diabetes 

andd control mice. The major findings are as follows: 1) Low dose LPS resulted in 

sustainedd systemic inflammation and organ failure 24 hours after injection in 

bothh normal and diabetic mice. 2) In non-diabetic mice VCAM-1 expression in 

thee vessel wall was enhanced 24 hours after LPS injection. In diabetic mice LPS 

injectionn did not result in increased VCAM-1 expression, but did induce a more 

thann 5-fold increase in eNOS expression as compared to non-LPS treated mice. 

3)) In non-diabetic mice LPS treatment induced a delay in thrombus formation 

andd similar thrombin generation as compared to non-LPS treated mice. In contrast, 

inn diabetic mice treated with LPS thrombus formation was comparable to non-

LPSS treated mice, while thrombin generation was elevated. 

Thesee data show that systemic inflammation due to low dose LPS injection induces 

aa (temporary) antithrombotic state in normal mice, but not in diabetic mice. This 

absencee of an inflammation induced antithrombotic state might play a role in 

thee increased risk for acute arterial thrombosis in patients with DM. 

Effectt of LPS on acute arterial thrombosis 
LPSS administration induces oxidative stress and thereby activation and dysfunction 

off endothelial and other vascular cells (26) (27). Since inflammation and oxidative 

processess are key components of atherothrombosis, we used the LPS induced 

inflammationn model to study the effect of endothelial activation on thrombus 
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formationn in diabetic mice. In contrast to our expectations a prolonged duration 

off thrombus formation was observed 24 hours after low-dose LPS injection in 

non-diabeticc mice. At the same time we observed signs of systemic inflammation 

andd organ failure, indicating that the LPS effect was still present at the time of 

thrombuss induction. 

Ann explanation for the reduced rate of thrombus formation 24 hours after LPS 

infectionn might be adaptation of the endothelial cells to the oxidative stress 

inducedd by LPS. Previous in vitro observations show that 24 to 48 hours of 

incubationn with pro-inflammatory stimuli such as LPS or IL-1fl induces a state of 

hyporesponsivenesss in endothelial cells (28). During this refractory period 

endotheliall TF expression and TF related procoagulant activity is reduced in 

responsee to the initial stimulus. Similar thrombo-protective effects of LPS 

administrationn are seen in in vivo studies in relation to myocardial ischemia and 

reperfusionn (29-31) and this effect is referred to as "preconditioning". The latter 

studiess suggest that one of the mechanisms involved in LPS preconditioning is 

adaptationn of coronary endothelial cells to oxidative stress resulting in reduced 

myocardiall infarction. Since this adaptive mechanism of endothelial celts to 

oxidativee stress or low dose LPS has also been demonstrated in various other 

arteriall beds such as pulmonary arteries (32) and in the gastric mucosa (33), it 

seemss likely that also the carotid arteries may become adapted to oxidative stress. 

Thus,, we speculate that the antithrombotic phenotype in the vessel wall of the 

LPS-treatedd mice might be explained by adaptation to the oxidative stress induced 

byy LPS injection 24 hours before in the present study. The mechanism behind 

adaptationn to oxidative stress is not known but may involve upregulation of eNOS 

andd thereby increased NO production (34), which is presumably the critical element 

inn TNFcc induced antithrombotic activity (35). Such mechanisms might have played 

aa role in the antithrombotic phenotype in the LPS treated mice in the present study, 

althoughh the upregulation of eNOS in the LPS treated mice was not statistically 

higherr (no LPS: 0.06 (0.03; 0.07) vs. LPS: 0.08 (0.06; 0.14) (P> 0.05)). 

Interestingly,, LPS injection in the diabetic mice resulted in a different vascular 

reactionn compared to the non-diabetic mice: no reduced thrombus formation, 

noo increase in VCAM-1, significantly higher expression of eNOS and increased 

TATT levels were observed. We speculate that oxidative stress secondary to 

hyperglycemiaa and present before the LPS injection might have been responsible 
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forr these differences in thrombotic responses. There is evidence that hyper-

glycemiaa is associated with a reduced adaptive response to endothelial injury 

causedd by ischemia/reperfusion damage (36; 37). For instance, it was shown that 

endotheliall dysfunction due to ischemia/reperfusion injury can be prevented by 

preconditioningg with only one period of ischemia in control mice, whereas in 

diabeticc hearts three periods of ischemia are necessary to obtain the same 

endotheliall protective effect. It is possible that in the present study a similar 

diminishedd capacity to adapt to endothelial injury explains why the thrombotic 

occlusionn time in diabetic LPS treated mice was reduced compared to the control 

LPSS treated mice. The mechanisms behind these different reactions to oxidative 

stresss remain unclear. One explanation may be the observed difference in 

upregulationn of eNOS expression in the vessel wall between the control and 

diabeticc mice. In general, upregulation of eNOS can be explained as a protective 

reactionn of the vessel wall via production of NO. However, there is also evidence 

thatt chronic overexpression of eNOS accelerates atherosclerosis in apoE knockout 

micee and is associated with reduced production of NO (38). The present data 

showw that a more than 5-fold increase in eNOS expression, observed in the 

diabeticc mice injected with LPS, is not associated with a thrombo-protective effect, 

whereass a small increase (although not statistically significant) observed in normal 

micee injected with LPS is associated with a prolongation of thrombus formation. 

Thus,, these data are in line with observations that in a state of oxidative stress 

duee to for instance diabetes mell i tus increased eNOS expression is not 

automaticallyy vasoprotective, but may even contribute to endothelial dysfunction. 

Thiss unfavorable action of eNOS, called uncoupling, leads to a shift towards 

productionn of superoxide instead of NO and is probably induced by reduced 

availabilityy of cofactor tetrahydrobiopterin (39). 

Inn addition to eNOS expression, increased thrombin activation, measured as higher 

TATT levels may have contributed to the accelerated thrombus formation in diabetic 

micee treated with LPS as compared to non-diabetic LPS treated mice. It has been 

clearlyy established that diabetes mellitus is associated with higher levels of 

circulatingg coagulation proteins (40). Whetherthese markers have a causal relation 

withh the increased risk for arterial thrombosis remains unclear. The present data 

suggestt that higher TAT levels may be responsible for the differences in thrombus 

formationn between LPS treated mice with and without diabetes. 
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TFF gene expression remained unchanged in the aortic vessel wall after LPS 

treatment.. It is, however, assumed that TF upregulation in endothelial cells and 

monocytess plays a crucial role in thrombotic complications of patients with sepsis 

andd D1C (41). There is indeed a huge body of in vitro data showing that both 

endotheliall cells (42-45) and monocytes (46; 47) express TF after stimulation of 

LPSS and other inflammatory agents. In addition, various in vivo studies show high 

levelss of circulating soluble TF (48) and TF positive monocytes in patients with 

severee sepsis (49). However, in vivo data on TF expression by vascular cells argue 

againstt TF upregulation in the vessel wall during sepsis (50; 51). Drake et al. 

observedd TF expression only in the splenic microvasculaturefrom baboons treated 

withh a lethal dose of Escherichia coli (50). Erlich and co-workers showed LPS 

inducedd TF expression in many different cell types, such as glomeruli and 

epitheliall cells, but not in any vascular bed in rabbits (51). In addition we did not 

observee upregulation of TF gene expression in the vessel wall of mice treated 

withh low-dose LPS. Our finding further suggests that TF expression in the vessel 

walll is not importantly affected by LPS, at least 24 hours after induction. 

Inn contrast to TF expression, VCAM-1 expression did significantly increase after 

LPSS treatment in the present experiment. This is in line with other observations 

inn various in vivo sepsis models indeed showing increased VCAM-1 expression 

inn lungs (52), liver (53) and hearts (54). Increased VCAM-1 expression is supposed 

too be a marker of disturbed endothelial homeostasis, which favors neutrophil 

adhesionn and thereby increases organ damage during sepsis. 

Inn conclusion, in normal mice a single inflammatory stimulus results in a partial 

protectionn against arterial thrombosis after 24 hours. However, in conditions of 

hyperglycemia,, and probably related to oxidative stress responses, the protective 

influencee of inflammation against thrombosis is no longer detectable. This 

dif ferencee in thrombot ic responsiveness may in part explain the greater 

susceptibilityy of patients with diabetes mellitus to atherothrombotic complications. 

Wee speculate that this mechanism may be clinically relevant considering the 

increasedd susceptibility to infections of diabetic patients. 
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Abstrac t t 
Background ::  Diabetes mellitus is associated with an increased risk for acute 

arteriall thrombosis. We evaluated the effect of hyperglycemia on expression oi 

proinflammatoryy and prothrombotic genes, as well as on the prothrombotic 

potentiall of the vessel wall in LDLr-/- mice. 

Material ss  and methods : LDLr-/- mice were divided in three groups: mice on control 

chow,, mice on Western-type diet and mice on Western-type diet in combination 

withh streptozotocin induced diabetes. The extent of atherosclerosis was assessed 

att the aortic sinus. Vascular genee expression was measured by rt-PCR. Ferric chloride 

inducedd thrombus formation was evaluated in the carotid artery. 

Results ::  Diabetic mice possessed significantly higher glucose and cholesterol 

levelss than control mice. Mean atherosclerotic lesion size increased non-

significantlyy to 140% in diabetic mice compared to control mice (p=U.066). Lesion 

sizee was correlated to both glucose and cholesterol levels. Tissue factor and p-

selectinn mRNA levels were increased in mice on Western diet compared to control 

fedd mice. No further augmentation was observed in diabetic mice on Western 

diet.. Surprisingly, no difference was observed in thrombus formation between 

micee with and without Western-type diet and with or without diabetes. 

Conclusions ::  Although induction of diabetes, leading to hyperglycemia and 

hypercholesterolemia,, was associated with larger plaque size, no changes in 

vascularr gene expression and no effect on thrombus formation were observed. 

Thiss suggests that the increased risk for atherothrombotic complications in 

diabetess mellitus is probably more related to accelerated atherosclerosis than to 

diabetess specific prothrombotic changes in the vessel wall. 
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Introductio n n 
Diabetess mellitus is associated with accelerated atherosclerosis, which ultimately 

leadss to an increased risk for complications such as myocardial infarction and 

stroke.. Myocardial infarction is in general the result of acute arterial thrombus 

formationn on a ruptured or eroded atherosclerotic plaque (1). The development 

off these complications is largely determined by properties of the preexisting 

vascularr lesion (2-4). Accordingly, there is evidence that diabetes-related changes 

inn the arterial vessel wall may account for the increased risk for acute arterial 

thromboticc complications (5-7). 

Severall studies reported increased signs of inflammation such as higher expression 

off tumor necrosis factor-ot (8), endothelial adhesion molecules (9} and increased 

NF-KBB activation in diabetic atherosclerotic plaques compared to normal plaques 

(10).. Increases in PAI-1 expression have been observed in atherectomies and arteries 

fromm diabetic patients, which may have led to increased thrombogenicity (11; 12). 

Studiess in animals with streptozotocin (STZ) or alloxan induced diabetes report 

higherr levels of the pro-coagulant protein tissue factor (TF), and an upregulation 

off pro-inflammatory cytokines and adhesion molecules in the vessel wall (13) (14; 

15). . 

Endotheliall dysfunction and endothelial activation are also considered to increase 

thee risk for acute thrombotic complications in patients with diabetes (16; 17). 

Endotheliall dysfunction is typically associated with decreased nitric oxide (NO) 

product ionn and increased platelet and leukocyte adhesion (5). Activated 

endotheliall cells may produce cytokines and express adhesion molecules (18) as 

welll asTF (19) that may shift the normal anticoagulant phenotype of the endothelial 

celll to a prothrombotic phenotype (6; 20). 

Despitee these observations the cont r ibut ion of hyperglycemia, the main 

characteristicc of diabetes mellitus type 1 and 2, to larger vessel disease and 

atherothromboticc complications remains disputed (21; 22). Our primary objective 

wass to establish whether hyperglycemia changes the anticoagulant properties of 

thee normal arterial vessel wall into a more procoagulant phenotype, increasing 

thee risk of atherothrombosis. Accordingly, the purpose of the present study was 

two-fold.. Firstly, we assessed the relationship between hyperglycemia and 

procoagulantt and pro-inflammatory gene expression in the vessel wall. Secondly, 

wee established the effect of hyperglycemia on the thrombogenic potential of the 
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vessell wall. These objectives were addressed in a model of streptozotocin (STZ) 

inducedd diabetes in LDLr-/- mice. 

Mice ,, material s and method s 
Animalss and diets 
Alll animal experimentation was approved by the regulatory authority of Leiden 

Universityy and was carried out in compliance with guidelines issued by the Dutch 

government.. Male LDLr-/- mice, 9-15 weeks of age, bred in our own colonies, 

weree used in this study. Mice were fed standard chow before being divided in 

threee groups: 10 control LDLr-/-mice kept standard chow diet; 8 LDLr-/-mice were 

putt on a "Western-type" diet and 9 mice were put on a "Western-type" diet and 

weree injected with streptozotocin (STZ) in order to induce diabetes. The Western-

typee diet contained 0.25% cholesterol and 15% cocoa butter (Hope Farms, 

Woerden,, The Netherlands). Two weeks after start of the Western-type diet 

diabetess was induced by a single intraperitoneal infusion of STZ {100 mg/kg bw) 

inn 0.05 M citrate buffer (pH 4) (23). If one STZ inject ion did not induce 

hyperglycemiaa (glucose level of > 10 mmol/L) after 4 days, the injection was 

repeated.. The two other groups {standard chow or Western-type diet) were 

injectedd with citrate buffer alone. 

Measurementt of glucose, cholesterol and 
thrombin-anti-thrombinn complexes 
Bloodd glucose levels were measured with Glucometerl-J Elite {Bayer Diagnostics, 

Mijdrecht,, The Netherlands) in a drop of blood from the tail vein. At the end of 

thee experiment blood from the vena cava was sampled into a plastic syringe 

containingg 0.1 volume of 3.2% sodium citrate. Cholesterol levels were quantified 

colorimetricallyy by enzymatic procedures {Roche, Mannheim, Germany) using 

Precipathh (Roche) as internal standard. Plasma levels of thrombin-antithrombin 

{TAT)) complexes were measured by a specific murine sandwich TAT ELISA, 

developedd in our laboratory (24). 

Carotidd injury in mice 
Tenn weeks after STZ or citrate buffer injection mice were anesthetized by 

intraperitoneall injection of 70 ul/gFFM mixture (Fentanyl (0.315 mg/ml)- Fluanisone 

(100 mg/ml) (Janssen Pharmaceutical, Beerse, Belgium), Midazolam (5 mg/ml) 
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(Roche,, Mijdrecht, The Netherlands)). Body temperature was monitored with a 

rectall proheand maintained at C C via a heating pad and a halogen-heating 

lamp.. During anesthesia supplemental oxygen (1 L/min) was given through use 

off a tube placed at the nose of the mouse. Acute arterial thrombosis was induced 

byy application of ferric chloride (40% FeCÎ ) to a normal-appearing segment of 

thee common carotid artery, as described (25) resulting in the formation of platelet 

andd fibrin-rich thrombi (26; 27). Before and after application of ferric chloride a 

Dopplerr flow probe was placed around the artery to measure blood flow before 

andd for 30 minutes after injury. Time to occlusion (TTO) was defined as the time 

thatt elapsed between initiation of arterial injury with ferric chloride and a decline 

off blood flow to < 0.2 ml/min (see Figure 1). 

TimeTime to occlusion 
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Figuree 1. Typical example of flow measurement in carotid artery of the LDLr-/- mouse. Basal 
floww was around 0.7 ml/min. After 5 minutes of ferric, chloride treatment it took 10 to 20 
minutess before vessel occlusion by thrombus formation occurred. 

Q u a n t i f i c a t i o nn o f a the rosc le ros i s 

Att the end of the experiments the mice were sacrificed by exsanguination and the 

heartss were collected and fixed in phosphate-buffered 3.7% formalin, embedded 

inn OCT compound (Tissue Tek; Sakura Finetek, Zoeterwoude, The Netherlands). 

Subsequently,, transverse 10 urn cryosections were prepared and stained with oil 

redd O (BDH,Ltd.,UK). The atherosclerotic lesion area in the sections was quantified 

usingg a Leica DM-RE microscope and LeicaQwin software (Leica Imaging Systems, 

Cambridge,, UK). Mean lesion area was calculated (in mm2) from 10 sections, starting 

att the appearance of the tricuspid valves as described previously (28). 
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Evaluationn of thrombus composition 

Thee left carotid arteries were formalin-fixed, routinely processed for paraffin 

embeddingg and 4 pm sections were serially cut and every 60th section was stained 

withh H&E. Thrombus area was measured using Image Pro Plus software (Media 

Cybernetics,, Inc., USA). Mean thrombus area was calculated from measurements 

att three fixed locations in the carotid artery starting at the carotid bifurcation and 

att the next 180th and 360th section in the direction of the heart. 

Forr immunohistochemica! analysis, sections were incubated with 1.5% H^O., in 

PBSS for 20 minutes and then blocked with 10% goat serum in PBS for 30 minutes 

att room temperature. Subsequently, sections were incubated with primary 

antibodiess against fibrin O/N at 4  C. Rabbit anti-rat fibrin antibody was kindly 

providedd by Dr.). Emeis, TNO, The Netherlands and used in a 1:2000 dilution(29) 

Afterr incubation with the primary antibodies tissue sections were washed and 

goatt anti-rabbit (DAKO A/S, Glostrup, Denmark) was used as the secondary 

antibodyy in a 1:250 dilution for 1 hour at room temperature, and then washed 

withh PBS. The sections were incubated with SABC complex (DAKO A/S) for one 

hourr at room temperature, and washed. Enzyme activity was detected with AEC 

(Sigma)) and 0.0075% H202. Specificity controls included the use of normal rabbit 

immunoglobulinn instead of specific primary antibodies. For the evaluation of 

fibrinn immunostaining a semi quantitative score approach was chosen using a 

magnificationn of 20 times using the following criteria: 0: no staining in thrombus; 

1:: focal positive staining in thrombus. The degree of staining was evaluated 

blindedd for treatment strategies. 

Quantitativee RT-PCR 
Expressionn of genes involved in inflammation and coagulation, TF, interleukin 1-

Betaa (lL-1p), endothelial nitric oxide synthase (eNOS), plasminogen activator 

inhibitorr type 1 (PAl-1), monocyte chemoattractant peptide-1 (MCP-1), platelet 

selectinn (P-selectin), intercellular adhesion molecule-1 (ICAM-1) and vascular 

adhesionn molecule-1 {VCAM-1) was analyzed at the mRNA level by quantitative 

reall time PCR as earlier described (30). Total RNA was extracted from homogenates 

off the descending aorta using TriZol reagent {Life Technologies) according to 

thee manufacturer's instructions. Purified RNA was reverse transcribed (RevertAid 

M-Mull V Reverse Transcriptase) according to the protocols supplied by the 

manufacturerr (Fermentas, St.Leon-Rot, Germany). Quantitative RNA measurements 
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weree performed on an AB1 PRISM 7700 system (Applied Biosystems, Foster City, 

CA)) using SYBR Green technology. PCR primers were designed using Primer Express 

1.77 software with the manufacturer's default settings (Applied Biosystems) and 

validatedd for identical efficiencies {slope = -3.3 for a plot of Ct versus log ng cDNA). 

SYBRR Green master mix (19 ml) was added to 5 ml cDNA (corresponding to 50 ng 

off total RNA input) and 300 nM of forward and reverse primers in water. The 

sampless were heated for 2 min at C and 10 min at C Subsequently 40 PCR 

cycless consisting of 15 sec at C and 60 sec at C were applied. At the end of 

thee run, samples were heated to C with a ramp time of 20 min to construct 

dissociationn curves to check that single PCR products were obtained. The absence 

off genomic DNA contamination in the RNA preparations was confirmed by using 

totall RNA samples that had not been subjected to reverse transcription. Acidic 

ribosomall phosphoprotein PO (36B4) was used as the standard housekeeping 

genee (30). Ratios of target gene and 36B4 expression levels (relative gene expression 

numbers)) were calculated by subtracting the threshold cycle number (Ct) of the 

targett gene from Ct of 36B4 and raising 2 to the power of this difference. Ct values 

aree defined as the number of PCR cycles at which the fluorescent signal during the 

PCRR reaches a fixed threshold. Target gene mRNA expressions are thus expressed 

relativee to 36B4 expression. 

Statistics s 

Dataa are expressed as means  SEM. Non-normal distributed categorical data 

andd mRNA data are expressed as medians with 25-75 quartiles. For comparison 

betweenn normal distributed variables of interest the one way ANOVA was used. 

Thee association between non-normal distributed variables was assessed using 

thee Kruskall Wallis test. Turkey's Multiple Comparison Test was used for post-

hocc analysis. P values < 0.05 are considered statistically significant. 

Result s s 
Determinationn of glucose and cholesterol levels 

Thee metabolic parameters of LDLr-/- mice at the time of thrombus induction are 

displayedd in Figure 2. As expected, blood glucose levels were significantly higher 

inn mice injected with STZ-induced diabetes (23.4  2.0 mmol/L) as compared to 

micee injected with control buffer (standard chow: 7.4  0.5 mmol/L; Western-type 

diet:: 8.1  0.5 mmol/L) (p<0.0001). Cholesterol levels were much higher in mice 
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F igu ree 2. M e a n g lucose (panel A) and cho les te ro l levels (panel B) in LDLr-/- o n no rma l c h o w 

d ie t ,, o n W e s t e r n type d ie t and o n Wes te rn - t ype d ie t and STZ- induced d iabetes. 

onn Western-type diet (1086 6 mg/dL) as compared to mice on standard chow 

diett (271  31 mg/dL) and significantly further increased in mice on Western-type 

diett plus STZ-induced diabetes (1699 5 mg/dL) (p<0.00()1). Regression analysis 

showedd that an increase in glucose level was highly correlated to an increase in 

cholesteroll level (r=0.613) (p<0.001) in LDLr-/- mice (see Figure 3). 

3000-.. Figure 3. Correlation between glucose and 
__ p cholesterol levels in LDLr-/- mice (r2=0.613) 
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A t h e r o s c l e r o s i s s 

Aorticc root atherosclerotic lesion area was measured in LDLr-/- mice on a Western-

typee diet and compared with LDLr-/- mice on a Western-type diet and STZ induced 

diabetes.. Lesion area more than doubled in mice with diabetes as compared to 

non-diabeticc mice, but the difference was not statistically significant (p=0.066), 

seee Figure 4. To identify possible mechanisms for the increase in lesion area in 

STZ-mice,, regression analysis for relation between lesion area, glucose and 

cholesteroll were assessed. A highly significant correlation was observed between 

glucosee level and lesion area ( r= .585) (p < 0.001). In addition, a highly significant 

correlationn between cholesterol level and lesion area was found (r'=.563) (p<0.001). 
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T h r o m b u ss f o r m a t i o n af ter f e r r i c c h l o r i d e a p p l i c a t i o n 

Afterr induction of ferric chloride injury, thrombotic occlusion occurred in 90% 

off mice fed control diet and in 100% of mice fed Western-type diet and in 100% 

off mice on Western-type diet in combination with diabetes. The time to occlusion 

wass similar in all groups (Fig. 5). Also the mean size of the thrombus did not 

differr between the normal chow fed mice (21  6 arbitrary units (a.u.)), Western-

typee diet fed mice (23  9 a.u.) and Western-type diet fed with STZ induced diabetic 

micee (19 ) (p=0.614). In contrast to our expectations a trend towards smaller 

thrombuss area was observed at the site of the bifurcation in the Western-type 

diett fed mice with diabetes (11  7 a.u.) compared to Western-type diet fed mice 

(177  1 a.u.) (p=0.06). Western-type diet and diabetes induction did not increase 

inn vivo thrombin formation, indicated by similar levels of TAT complexes in all 

threee groups after thrombus induction 
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d ie tt and STZ- induced diabetes (diet + D M ) . 
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Thrombuss composition and immunohistochemistry 

Atypicall example of an occluded artery is shown in Figure 6. Serial sections from 

thee left carotid artery segment that had been treated with ferric chloride showed 

inn all arteries total occlusion by a platelet rich thrombus. Some accumulation of 

erythrocytess was seen in adjacent sections. Ferric chloride could be retraced in 

thee vessel wall and on the endothelium in the vessel lumen of the segment that 

hadd been treated. There was no evidence for differences in thrombus composition 

betweenn mice on standard chow and the two groups of mice on Western-type 

diet.. No difference was observed in immunostaining for fibrin between the mice 

onn control diet (1 (0;2)), mice on Western-type diet (2 ('!; 2) or mice on Western-

typee diet and STZ-cliabeles (2 (1;2) (p=0.7). 

RT-PCR R 
Genee expression of TF, IL-1(3, eNOS, PAI-1, MCP-I, P-selectin, ICAM-1 and VCAM-

11 was studied in the aortas from LDLr-/- mice, LDLr-/- on Western-type diet and 

LDLr-/-- on Western-type diet and diabetes (Figure 7). The levels of mRNA encoding 

TFF and P-selectin were significantly increased in mice on Western-type type diet 

ass compared to mice on control diet (both 20 % increase) (p<0.05). Also, a trend 

towardss increased IL-1 (3 (p= 0.06) and MCP-'l (p= 0.07) was observed. The increase 

inn MCP-1 gene expression was statistically significant in mice on Western-type 

diett and diabetes compared to mice on control chow. In diabetic mice also an 

increasee in TF expression was observed as compared to mice on control chow. 

However,, no significant additional effect of diabetes induction on gene expression 

wass observed when mice on Western-type diet and mice on Western-type diet 

andd diabetes were compared (see Figure 7). No differences were observed in 

PAI-11 and eNOS gene expression among the three groups. 

Figuree 6. Representative example of an 
occludedd carotid arterv after ferric 

"%\\ ,\ chloride in LDLr-/- mouse. 
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Figuree 7. Relative mRNA expression in aortic vessel wall in mice on control chow (no diet), 
Westernn type diet (diet) and mice on Western type diet and diabetes (diet + DM). 

Inn order to pinpoint possible mechanisms for the change in gene expression 

betweenn the mice on standard chow and the mice on Western-type diet with or 

w i thoutt diabetes the correlations between gene expression, glucose and 

cholesteroll were assessed. In contrast to our expectations, no significant 

correlationss were observed between glucose levels and any of the mRNA levels 

thatt were tested. On the other hand, cholesterol did correlate with TF (r=.539) 

(p=0.005),, P-selectin (r=.420) (p=0.037), ICAM-1 (r=.458) (p=0.024) and MCP-1 

(r=.511)) (p=0.009) expression. No significant correlation was observed between 

PAI-11 and cholesterol concentrations. 

Discussion n 
Inn the present study the effects of STZ induced diabetes on procoagulant and 

inflammatoryy gene expression were assessed in relation to the thrombogenic 

potentiall of larger vessels in atherosclerosis prone LDLr-/- mice. 

Thee major findings can be summarized as follows. Firstly, the combination of 

diabetess and Western-type diet had a substantial effect on total cholesterol levels 

inn blood, which was more robust than the effect of Western-type diet alone. 

Secondly,, the size of the atherosclerotic lesions was more pronounced in diabetic 

LDLr-/-- mice than in non-diabetic mice although the difference in lesion size was 

borderlinee not significant. Thirdly, a Western-type diet increased mRNA levels of 

aa number of pro-inflammatory genes as well as of the TF gene in the aorta, but 

thiss effect was not further enhanced by the combination of Western-type diet 
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andd diabetes, with the exception of MCP-1 of which the level of expression was 

significantlyy higher in diabetic mice. mRNA levels were significantly correlated 

too cholesterol levels in blood, but not to glucose levels. Fourthly, there were no 

significantt differences in the level of thrombin generation between diabetic and 

normall LDLr -/- mice and there was no indication of altered thrombus formation 

inn the carotid artery upon stimulation with ferric chloride. 

Rolee of hyperglycemia in atherosclerosis and vascular homeostasis 

Inn line wi th other publications we observed that STZ-induced diabetes is 

associatedd with increased progression of atherosclerosis in LDLr-/- mice (31-33). 

Althoughh this increase did not reach statistical significance (p=0.066) in the present 

study,, probably due to the wide variation in plaque size among the diabetic 

animals,, the association between diabetes and atherosclerotic progression was 

confirmedd by the strong relationship (r2= .585) (p < 0.001) between hyperglycemia 

andd the size of the atherosclerotic plaque. However, we cannot conclude that 

hyperglycemiaa per se is associated with atherosclerotic progression and vascular 

changess in this model for the following reasons. First, cholesterol levels were 

markedlyy increased in diabetic mice and cholesterol levels were strongly related 

too glucose concentrations. Second, cholesterol levels correlated to the same 

extentt to plaque area as did glucose levels. Third, the observed induction of pro-

inflammatoryy genes and TF in the aorta was only correlated with cholesterol levels 

andd not with glucose concentrations. Even MCP-1, the gene differential ly 

upregulatedd in the diabetic mice on a Western-type diet, was not correlated to 

hyperglycemia,, but to cholesterol level. Taken together, these data suggest that 

thee influence of hyperglycemia in this model of diabetes induced progressive 

atherosclerosiss may be p redominan t l y dependent on the secondary 

hypercholesterolemiaa rather than hyperglycemia per se. Thus, our observations 

stronglyy suggest that hypercholesterolemia is the dominant factor for the 

increasedd risk for atherosclerosis in STZ-induced diabetes. 

Vascularr inflammation and thrombus formation 

Inn the present experiments we observed clear pro-inflammatory effects of Western-

typee diet and diabetes indicated by increased gene expression of MCP-1, P-selectin 

andd TF in the vessel wall. Such alterations are indicative of an increased prothrom-

boticc potential of the vessel wall that may translate in an increased risk of thrombus 
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formationn (34). However, our experiments did not reveal an increase in thrombin 

generationn nor arterial thrombus formation after ferric chloride exposure. One 

factorr of importance may be that in contrast to TF, MCP-1 and p-selectin gene 

expression,, eNOS and PAI-1 expression were not affected by Western-type diet 

andd diabetes. E-NOS regulates nitric oxide production, which is a key player in 

thee regulation of thrombus formation. There is evidence that changes in nitric 

oxidee (35) inf luence thrombus formation in this ferric chlor ide induced 

thrombosiss model. In addition, it has been shown that changes in PAI-1 expression 

playadominantt role in regulating thrombus formation in ferric chloride induced 

thrombuss formation (36). In fact, eNOS and PAI-1 may be the prominent factors 

inn this process of ferric chloride induced thrombus formation. This might explain 

thatt in the present study no change in thrombogenicity is observed by Western-

typee diet and STZ induced diabetes since they did not affect eNOS and PAI-1 

expressionn in the vessel wall. 

Effectt of diet and diabetes on in vivo thrombus formation 

Epidemiologicc studies have clearly shown that both diabetes mellitus and 

hypercholestero lemiaa increase the risk for acute ar ter ia l t h rombo t i c 

complications,, such as myocardial infarction. In vivo studies on the relation 

betweenn diet and hyperglycemia and the risk of atherothrombosis have, however, 

yieldedd conflicting data (36-43). In the present study we did not observe any effect 

off Western-type diet or diabetes neither on thrombus size, nor on time to 

occlusion.. A lack of effect of high fat diet on in vivo thrombus formation was also 

recentlyy reported by Schaferand co-workers when they compared wild-type and 

apoE-/-- mice in the same ferric chloride induced thrombosis model (36). In that 

studyy an increased time to occlusion was observed in the Apo-E-/- mice compared 

too wild-type mice, but not in the wild-type mice on Western-type diet. Other 

studiess also reported comparable times to occlusion in mice with and without 

highh fat diet (37; 41) or only changes in size or composition of the thrombus in 

hypercholesterolemicc (37; 38; 41) or diabetic animals (43). In the present study 

wee did not observe an increase in thrombus size, in contrast, we noted a trend 

towardss smaller thrombus size in the mice fed Western type diet and diabetes at 

thee carotid bifurcation, which is at the distal end of the thrombus. From these 

andd literature data we cannot explain the differences in study data which could 

bee due to many factors including exact type of diet, duration of experiment, animal 
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spec iess and sex and so o n . O n e spec i f i c fac to r i n v o l v e d in the size and 

compos i t i onn of t h r o m b i is the al tered platelet f unc t i on in the d iabet ic animals 

comparedd to the non-d iabet ic animals (42). Indeed, p re l im inary data show that 

plateletss f r om hyperg lycemic mice have a greater response to col lagen ex vivo as 

comparedd to non-d iabet ic animals (E. Bevers et al, personal commun ica t ion ) . 

Inn conc lus ion , ou r data favor the concept that large arter ial vessel disease and 

changess in vascular gene expression in diabetes are pr imar i ly due to secondary 

hypercholesterolemiaa rather than hyperglycemia. The observed vascular alterations 

aree not associated w i th an increased th rombogen ic i t y in the chosen animal model . 

G ivenn the expe r imen ta l l imi ta t ions, we speculate that p ro - i n f l ammato ry and 

p r o t h r o m b o t i cc changes in the vessel wal l are no t the main de te rminan ts of 

t h r o m b o g e n i c i t yy in d iabetes. Acce lera ted a therosc leros is , increased p laque 

vu lnerab i l i t y ,, and/or features of the metabo l ic synd rome are p robab ly more 

signif icantt cont r ibu tors to the risk of a thero thrombos is in diabetes mell i tus. 
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Abstrac t t 
Background ::  The use of mouse models for the study of thrombotic disorders 

hass gained increasing importance. Methods for measurement of coagulation 

activationn in mice are, however, lacking. The aim of this study was to improve 

methodss for mouse plasma preparation and to develop a specific mouse 

thrombtn-antithrombinn (TAT) enzyme-linked immunosorbent assay (ELISA} for 

measurementt of coagulation activation. 

Method ss and results : First, to prevent clotting of mouse blood sodium citrate 

wass either mixed with blood during collection in a syringe or was injected 

intravenouslyy immediately prior to blood collection. Intravenous sodium citrate 

inhibitedd blood coagulation completely resulting in plasma with consistently low 

TATT levels. Sodium citrate mixed with blood during collection resulted in 

increasedd TAT levels in 4 out of 16 plasma samples. Second, heparinasewas added 

too plasma samples after in vivo injection of different heparin doses to test its 

neutralizingg effect. Heparinase neutralized up to a 20 U/mouse dose of heparin 

andd resulted in accurate APTT and factor VIM activity determinations. Third, for 

thee measurement of TAT-complexes in plasma a mouse specific TAT-ELISA was 

developedd using rabbit polyclonal antibodies raised against mouse thrombin and 

ratt antithrombin, respectively. This ELISA detected an increase in TAT levels in a 

mousee model of endotoxemia. Two commercial human TAT ELISAs appeared to 

bee less specific for mouse thrombin-rat antithrombin complexes. 

Conclusion ::  These improved procedures and reagents for plasma preparation 

andd coagulation testing will facilitate studies on thrombotic disorders in mice. 
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Introductio n n 
Sincee the identification of genes encoding mouse clotting proteins and the 

creationn of a growing number of transgenic mice, the use of mouse models for 

thee study of thrombotic disorders has gained increasing interest (1). While 

methodologyy for determining fibrin deposition in tissues (2) and quantification 

off thrombus formation (2; 3) is readily available, optimal utilization of blood 

sampless from mice remains a poorly explored area. Traditionally, research on 

bloodd coagulation depends on determination of the activity of coagulation 

enzymess in a plasma sample. For this purpose specific anticoagulants, including 

sodiumm citrate or cocktails of substances need to be added to blood samples, in 

orderr to prevent ex vivo clotting. While even in humans the collection of proper 

plasmaa samples is not without practical problems, the collection of plasma from 

micee is a major technical challenge. As far as we know, there have no anticoagulant 

proceduress been described that specifically address plasma sampling in mouse. 

Thee use of mouse models enables investigations into the mechanism of 

coagulationn activation in plasma as well as its consequences, i.e. fibrin deposition 

andd pathological changes in organs, simultaneously. However, for proper tissue 

collectionn frequently procedures such as heparinization are required, which does 

nott allow tests of plasmatic coagulation. Human studies showed that addition of 

heparinasee to plasma samples was able to neutralize up to 2 U/ml heparin resulting 

inn accurate factor VIII activity determination (4). So far it is not known whether 

heparinasee would also neutralize heparin contamination in mouse plasma. 

Too study coagulation activation in mouse models requires the availability of tools 

forr the analysis of coagulation activity, comparable to the situation in humans. 

Theree is, however, a striking lack of analytical methods to test coagulation 

activationn specifically in mice. For human studies, several commercial assays are 

available,, including assays for thrombin-antithrombin (TAT) complexes to test in 

vivovivo coagulation activation (5; 6). When these assays, based on antibody detection 

off human protein epitopes, are applied on mouse plasma, it is likely that 

difficultiess can arise depending on the degree of interspecies cross-reactivity, 

sensitivity,, and specificity, 

Inn this study we set out to improve prevention of clotting during blood sampling 

byy different techniques. In addition, we developed a new mouse specific TAT 

enzyme-linkedd immunosorbent assay (ELISA) to improve methods for measurement 
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off coagulation activation and enzyme linked immunosorbent assay validated this 

methodd using a mouse model of endotoxemia, characterized by enhanced 

coagulationn activation. Furthermore, we have compared this new ELISA with two 

commerciallyy available human immunoassays for measuring TAT complexes. 

Mice ,, Material s and Method s 
Chemicals s 
Alll reagents were of analytical grade or better and were from commercial 

suppliers. . 

Animals s 
Alll studies were performed in male mice of the C57BI/6 strain (University of 

Maastrichtt or Academic Medical Center, Amsterdam), which were 8 weeks old 

andd weighing approximately 20 grams at the start of the experiments. The animals 

weree housed in normal cages in an environment with a 12 hour light-dark cycle, 

controlledd temperature (20  2  and humidity {50  10%). Animals had free 

accesss to water and diets (Hope Farms, Woerden, The Netherlands). Endotoxemia 

studiess were performed by i,p. injection of 2 mg lipopolysaccharide (LPS, E. coli, 

Sigma,, St.Louis, MO) per kg. The Experimental Animal Ethics Committee of the 

Universityy of Maastricht and of the Academic Medical Center, Amsterdam 

approvedd all experimental protocols. 

Plasmaa collection procedures 
Anti-coagulatio nn wit h sodiu m citrat e 

Twoo methods of anticoagulation with sodium citrate were compared. In the first 

procedure,, 900 pi blood was drawn from the vena cava into a syringe containing 

1000 ml 3.2% (w/v) sodium citrate. For the second approach 180 ml 3.2% (w/v) 

sodiumm citrate was i.v. administrated in the vena cava 20-30 seconds prior to blood 

drawingg into a syringe. Blood samples were centrifuged for 15 minutes at 3000 

rpmm at RT, subsequently plasma was centrifuged for 5 minutes at 13 000 rpm to 

removee remaining cells and platelets, and immediately frozen at -80 C 

Neutralizin gg hepari n in plasm a 

Too test whether in vivo injected heparin could be neutralized in collected plasma, 

micee were anticoagulated by intravenous injection of 0,4, 20 or 400 units heparin 
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(Leoo Pharmaceuticals, Weesp, The Netherlands), diluted in approximate 200 ml 

waterr for injection. After 5 minutes blood samples of approximately 700 ml were 

obtainedd by exsanguination via the vena cava into a syringe containing 0.1 volume 

3.2%% (w/v) sodium citrate. The plasma samples were centrifuged for 10 minutes 

att 3000 rpmand immediately frozen C until use. After thawing, a quarter of 

aa heparinase tablet {Dade Hepzyme, Dade Behring, Marburg, Germany) was added 

too 150 ml of plasma sample in a plastic tube, mixed gently and stabilized at room 

temperaturee for 15 minutes. Then, activated partial thromboplastin time (APTT) 

andd factor VIII activity were measured with standard procedures with a Behring 

Coagulationn System (BCS, Dade Behring) using human reagents as provided by 

thee manufacturer. For factor VIII activity measurements human FVIII deficient 

plasmaa (Dade Behring) was used. 

Developmentt of a mouse TAT-ELISA 

Rabbitt immunizat ion 

Mousee thrombin (Sigma, St.Louis, MO, USA) and rat antithrombin (AT) (Sigma) 

weree dissolved in PBS (150 mmol/L NaCI, 10 mmol/L sodium phosphate, pH 7.4), 

too a concentration of 200 and 140 ug/ml, respectively. Fifteen-week old New 

Zealandd White rabbits, weighing approximately 3 kilograms were obtained from 

Harlann (Cambridge, UK). Immediately before immunization with thrombin and 

AT,, pre-immune sera were drawn. Thereafter, each rabbit was immunized with a 

mixturee of 500 pi Freund's Complete Adjuvant (Difco, Detroit, Ml , USA) and 500 

pii protein solution. For each protein, two rabbits were injected twice s.c. on the 

backk and twice i.m. in the hind legs. The rabbits were boosted at nine and 15 

weekss after the first immunization with thrombin and AT in combination with 

Freund'ss Incomplete Adjuvant (Difco). During the first three months test samples 

off approximately five ml blood were obtained regularly and thereafter samples 

off approximately 50 ml were obtained monthly from each rabbit. 

Reactivityy of rabbit antisera for TAT ELISA 

MaxiSorpp plates (Nunc A/S, Roskilde, Denmark) were coated overnight at 4 C 

withh 100 pi thrombin or AT in a concentration of 5 ug/ml diluted in coating buffer 

(700 mM Na^COj, 30 mM NaHCO,,, pH 9). Subsequently, the plates were washed 

threee times with PBS, 0.05 %(v/v) Tween (PBSATween) and incubated with 100 pi 

rabbitt sera diluted in PBS, 0.05 %(v/v) Tween, 1 %(w/v) FCS (PBS/Tween/FCS). The 
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platess were incubated for 1 hour at room temperature and washed three times 

withh PBS/Tween. Thereafter, the plates were incubated for 1 hour with 100 ui 

horseradishh peroxidase (HRP)-conjugated swine anti-rabbit antibodies (DAKO 

A/S,, Glostrup, Denmark) diluted 250-times in PBS/Tween/FCS. The plates were 

washedd three times with PBS/Tween and developed with o-phenylenediamine 

(OPD,, Sigma) for 30 minutes. The reaction was stopped with 100 ul 1 M H,S04 

andd the optical density (OD) was determined at 490 and 650 nm. Calculations 

weree per formed using the SOFTmax software f rom Molecular Devices 

Corporationn {Sunnyvale, CA, USA). 

Purificatio nn of rabbi t antibodie s and conjugatio n to 

digoxigent nn (DIG) fo r TAT ELISA 

Threee ml rabbit serum, 1/10 diluted with 200 tnM sodium phosphate pH 7, was 

appliedd on a HiTrap Protein A column (Pharmacia LKB, Uppsala, Sweden). Before 

applicationn of the sample the column was equilibrated with five column volumes 

200 mM sodium phosphate, pH 7. After application of the sample the column was 

washedd with 5 volumes 20 mM sodium phosphate and the rabbit IgC was eluted 

withh 100 mM citric acid, pH 5. The pH of the IgG-elution sample was adjusted 

withh 1 M Tris-HCI to pH 7 and dialyzed overnight at 4 C against PBS. The 

concentrationn of the purified IgG samples was adjusted t o l mg/ml. One ml sample 

wass incubated in a glass tube at RT under continuously shaking with 47 ul DIG-

NHSS ester (5 mg/ml, Roche Diagnostics). The samples were dialyzed overnight 

againstt PBS and frozen in aliquots at -20 . 

Inn vitr o generatio n of TAT-complexe s 

TAT-complexess were generated in vitro according to the method from Boisclair 

etet al. (8). Briefly, 50 mg mouse thrombin and 140 mg rat antithrombin were 

dissolvedd in 330 ml TAT-buffer (50 mM Tris, 175 mM NaCI, 0.02% sodium azide, 

0.1%% PEG-6000,4% BSA, pH 7.9) and incubated for 45 minutes at C The samples 

weree aliquoted in 20 ml portions and frozen at . 

Westernn blot analysis 

Westernn blot samples were prepared as follows: 5 jil 5x sample buffer (250 mM 

Tris-HCII pH 6.8,10% SDS, 50% Glycerol) was added to 20 u.1 thrombin (50 mg/ml), 

200 [il AT (50 mg/ml) or 20 fil in vitro TAT-complexes. The samples were prepared 
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withoutt addition of p-mercaptoethanol and were not denatured by heating because 

thiss results in aggregation of the in vitro TAT complexes in the PEG-6000 containing 

buffer.. Plasma samples were prepared by combining 20 ul plasma, 20 u.1 5x sample 

bufferr and 60 pa I H20. Ten ul of each sample was separated on a 7.5% acrylamide 

gell and transferred by electroblotting to a nitrocellulose filter {Schleicher and 

Schuell,, Dassel, Germany). After washing for 5 minutes with PBS/1%Tween and 

blockingg f o r i hour at RT in PBS/Tween/5%Milk the filters were incubated with 1/ 

10000 diluted rabbit serum in PBS/Tween. After three washes of 10 minutes with 

PBS/Tweenn the blots were incubated f o r i hour at RTwith HRP-conjugated swine 

anti-rabbitt IgG diluted in PBS/Tween. Finally, the blots were washed with PBS/Tween 

andd H tOand incubated with achemoluminescencent substrate {LumiLight, Roche 

Diagnostics,, Mannheim, Germany). The pre-stained low range SDS PAGE markers 

(Bio-Radd Laboratories, Hercules, CA, USA) were used as molecular weight marker. 

Sandwic hh TAT-comple x EL1SA 

TAT-levelss in plasma were detected with the new mouse TAT ELISA as follows: 

MaxiSorpp plates were coated overnight at 4 C with 100 uI purified anti-thrombin 

antibodiess in a concentration of 1 ug/ml in coating buffer. Subsequently, the 

platess were washed three times with PBS/Tween and incubated with 50 ul standard 

orr plasma samples diluted in PBS/Tween/FCS for 1 hour on a shaker at room 

temperature.. The plates were washed three times with PBS/Tween and incubated 

withh 100 ul purified DIG-conjugated anti-AT antibodies in a concentration of 0.5 

ug/mll for 1 hour at room temperature. The plates were washed three times with 

PBS/Tweenn and incubated for 1 hour at room temperature with 100 ul HRP-

conjugatedd sheep F(ab)2 anti-DIG fragments (Roche Diagnostics) diluted in PBS/ 

Tween.. The plates were developed with OPD for 30 minutes and after termination 

off the reaction with 1 M r-^SC^. The OD was determined at 490 and 650 nm. A 

standardd for the mouse TAT ELISA was constructed with two-fold serial dilutions 

off mouse thrombin- ratantithrombin complexes (Sigma) in PBS/Tween/FCS buffer 

orr mouse plasma. 

Detectionn of TAT-complexes with three different ELISAs 
Thee new developed TAT-ELISA was compared with two commercially available 

ELISAss according to the manufacturer's instructions: Enzygnost* TAT micro 

(DadeBehringg BV, Leusden, The Netherlands) and TAT ELISA (Enzyme Research 
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Laboratoriess (ERL), South Bend, IN, USA). For this purpose, in vitro TAT complexes 

weree used as standard and diluted in either buffer or normal mouse pool plasma. 

Inn addition, TAT-levels measured in plasma from control and LPS-treated (2 mg/ 

kgg i.p., 6 hours) mice, were compared. 

Statisticall  analysis 

Dataa are presented as means with SEM. Differences between two groups were 

testedd with students' t test. Differences between three groups were tested by 

onee way ANOVA. P< 0.05 was set as threshold of statistical significance. All 

computationss were performed using SPPS 11.0. 

Results s 
Plasmaa c o l l e c t i o n p r o c e d u r e s 

Anticoagulationn wi th sodium citrate 

Twoo different techniques of anticoagulation with sodium citrate were tested in 

mice.. Collection of venous blood from the vena cava in a syringe with 0.1 volume 

sodiumm citrate resulted in activation of blood coagulation in four out of sixteen 

plasmaa samples, as indicated by high TAT-levels of > 100 ng/ml (Figure 1). Plasma 

sampless obtained by i.v. injection of sodium citrate (180 ml per mouse) via the 

venaa cava showed little or no activation of blood coagulation, since fourteen 

sampless had undetectable TAT-levels of 0 ng/ml and two with levels of 2 and 13 

ng/mll (Figure 1). 
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Figuree 1. Mean TAT-complex levels in mouse plasma after two different blood drawing 
techniques.. Plasma samples were obtained by either collection of venous blood in a syringe 
filledd with 180 pi 3.2 %(w/v) citrate (Citrate in Syringe) or by i.v. injection of 180 pi 3.2 %(w/v) 
citratee into the vena cave 20-30 seconds before blood drawing (Citrate in Vein). 
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Neutral izingg heparine in plasma samples 

Too assess the influence of contamination of in vivo injected heparin and its 

neutralizationn with heparinase, APTT and factor VIM activity were measured. 

Intravenouss injection of 4, 20 and 400 units of heparin prolonged APTT similarly 

inn mouse plasma by 300 seconds. Subsequent addition of heparinase to plasma 

sampless shortened the APTT significantly in plasma of mice treated with 4 and 20 

unitss of heparin (p < 0.0001) (Figure 2A). The APTT was the same (p = 0.6, tested 

byy ANOVA) for plasma from mice treated with 4 or 20 units of heparin followed 

byy heparinase neutralization compared to control plasma. The APTT of plasma 

pretreatedd with 400 U of heparin also shortened after heparinase addition, though 

itt remained prolonged (169 seconds ) compared to control plasma (29 seconds 

.. Factor VIM activity was also normalized to normal levels after treatment with 

heparinasee in plasma from mice treated with 4 or 20 units of heparin (p=0.6, tested 

byy ANOVA) (Figure 2B). The level of factor VIM activity in plasma with 400 units of 

heparinn increased after heparinase addition (51 ) but not to the level of control 

plasmaa (125+18%). 
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Figuree 2. Neutralizing effect of heparinase on different amounts of heparin was tested. A) 
APTTT returned to normal levels after heparinase addition to plasma samples from mouse 
treatedd with 4 and 20 units of heparin per mouse. B) Also, factor VIII activity returned to 
normall levels after heparinase treatment to plasma samples from mouse treated with 4 and 
200 units of heparin. 

D e v e l o p m e n tt o f a m o u s e TAT-ELISA 

Generationn of rabbit antibodies against mouse thrombin and rat antithrombin 

Rabbitss were immunized with mouse thrombin or with rat antithrombin (AT). 

Beforee immunization neither of the rabbits exhibited immune reactivity towards 

thrombinn or AT (data not shown). Twenty-five days after immunization the rabbits 

exhibitedd a response against the immunizing protein, which reached maximal 
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levelss 50 days after immunization. Serum immune titers of each rabbit were 

determinedd by ELISA. Serum samples of rabbits immunized with thrombin could 

bee diluted more than 25,000-fold before the reactivity with thrombin reached 

backgroundd level (Figure 3A). Serum samples of rabbits immunized with AT could 

evenn be diluted 100,000-fold before reaching background signal (Figure 3B). Since 

antibodiess from two rabbits recognized thrombin or antithrombin equally well, 

seraa from each pair of animals were pooled and used for further experiments. 

Dilutionn (1/x) 

Figuree 3. Recognition of thrombin (Panel A) and anti-thrombin (Panel B) by post-immune 
seraa of rabbits immunized with cither mouse thrombin (• ; 085 and V ; 088) or with rat 
antithrombinn (O; 086 and • ; 087). Points represent means of triplicates  SD. 

Westernn blot analysis showed that serum from rabbits immunized with thrombin, 

reactedd only with thrombin (lane T) and not with antithrombin (lane AT) (Figure 

4A).. In the lane loaded with in vitro TAT complexes, two bands were observed of 

respectivelyy 39 kD and 94 kD. The 39 kD band represents thrombin, whereas the 

944 kD corresponds to the reported molecular weight of TAT complexes (7). Besides 

prothrombinn (72 kD), TAT-complexes were detected in plasma samples from LPS-

treatedd mice (Figure 4A, lanes 2 through 4), indicating proper recognition of TAT-

complexess in mouse plasma by the rabbit a-thrombin antibodies. 

Withh serum obtained from rabbits immunized with mouse AT, opposite results 

weree obtained. No band was detectable in the lane loaded with thrombin while a 

588 kD band was detectable in the lane loaded with AT (Figure 4B). The two upper 

bands,, also detected in the plasma samples, are multimeric complexes of AT. 

Again,, two bands were detected in theTAT-lane: one band of 58 kD, representing 

2.00 -
15 5 

II 68 



Analysiss of b lood coagulat ion in mice 

F iguree 4. A n t i t h r o m b i n (lane AT), 
t h r o m b i nn ( laneT) and in vitro JAJ 
complexess (lane TAT) were separated 
onn a 7.5".. acry lamide gel and 
transferredd to a n i t rocel lu lose fi l ter. 
Plasmaa samples of con t ro l mice (lane I) 
orr mice treated w i t h LPS for 2 (lane 2), 6 
(lanee 3) and 24 hours (lane 4) were 
separatedd also. The filters were 
incubatedd w i t h 1000-fold d i lu ted serum 
f romm a rabbit immun ized w i th 
t h r o m b i nn (A), or serum f rom a rabbit 
i m m u n i z edd w i t h AT (B). 

37-- \ ~7m >zr 

uncomplexedd AT, and a 94 kD TAT complex band. Western-blot analysis of plasmas 

obtainedd f rom LPS-treated mice showed the presence of TAT-complexes 

recognizedd by the rabbit «-AT antibodies (Figure 4B, lanes 2 through 4). 

Developmentt of TAT-complex sandwich ELISA 

Too discriminate and select between capture and conjugating antibody, protein-A 

purifiedd rabbit «-thrombin antibodies and rabbit «-AT antibodies were conjugated 

too digoxigenin (DIG). In brief, on 96-wells plates coated with thrombin or AT it 

wass confirmed that DIG was successfully conjugated to both antibodies (data 

nott shown). Subsequently, 96-wells plates were coated with either rabbit a-

thrombinn antibodies or rabbit «-AT antibodies in a concentration of I M-g/ml. 

Thereafter,, the plates were incubated with two-fold serial dilutions of in vitro 

TAT-complexes.. Plates coated with rabbit «-AT antibodies were subsequently 

incubatedd with serial dilutions of DIG-conjugated rabbit «-thrombin antibodies, 

whereass plates coated with rabbit «-thrombin antibodies were incubated with 

seriall dilutions of DIG-conjugated rabbit «-AT antibodies. 

Onlyy the combination of rabbit (/.-thrombin antibodies as capture antibody and 

DIG-conjugatedd rabbit «-AT ant ibodies as detect ion ant ibody showed 

pronouncedd detection of TAT-complexes, even at low concentration of secondary 

antibodyy (Figure 5A). Furthermore, the background signal was virtually zero in 

thee absence of TAT-complexes and a 2000-fold dilution of DIG-conjugated rabbit 

«-ATT antibodies. Detection of TAT-complexes using the combination of rabbit «-

ATT T TAT 1 2 3 4 

TATT (94) 
—— proT(72) 

TT (39) 

TATT (94) 

—— ATIII (58) 

169 9 



4r r 

100 10 

Dilutionn Conjugate 

10 0 

11 IJ8000 
i/wono o 
1/32000 0 
1/16000 0 
1'80(10 0 
1/4000 0 
1/2000 0 
1/1000 0 

10"" 103 

Dilutionn Conjugate 

10 0 

F igu ree 5. Select ion of r a p t u r e and con juga t i ng an t i body . 96-wel ls plates w e r e coated w i t h 
e i t he rr rabb i t a n t i - m o u s e t h r o m b i n a n t i b o d i es (Panel A) or rabb i t an t i - ra t a n t i t h r o m b i n 
a n t i b o d i ess (Panel B) p r i o r to i n c u b a t i o n w i t h t w o - f o l d serial d i l u t i o n s of in v i t r o TAT-
complexes.. Plates coated w i t h rabbi t oc-AT ant ibod ies were subsequent ly incubated w i t h serial 
d i l u t i onss of D IG-con juga ted rabb i t a - t h r o m b i n ant ibod ies , whereas plates coated w i t h rabbi t 
a - t h r o m b i nn an t ibod ies we re i ncuba ted w i t h serial d i l u t i ons of D I G - c o n j u g a t e d rabbi t a-AT 
an t ibod ies . . 

AT?? antibodies as capture antibody and DIG-conjugated rabbit a-thrombin 

antibodiess as detection antibody showed lower specificity compared to the 

reversee setup (Figure 5B). Therefore, for further experiments the rabbit a-thrombin 

antibodiess and DIG-conjugated rabbit a-AT antibodies were used as capture 

antibodyy and detection antibody, respectively. 

Too eliminate the possibility that positive results were caused by cross reactivity 

off rabbit a-thrombin antibodies with AT or vice versa, plates coated with rabbit 

a-thrombinn antibodies were incubated with serial dilutions of thrombin or AT 

alonee and thereafter incubated with DIG-conjugated rabbit a-AT antibodies. 

Neitherr thrombin nor AT alone were detected in this analysis (date not shown) 

InIn vitro TAT-complexes were generated in order to be used as standard. The 

linearityy of standard diluted in buffer was similar to the linearity upon dilution in 

mousee plasma or pooled human pool plasma (data not shown). While lower OD's 

weree detected for standard diluted in human plasma as compared to buffer, the 

slopess of the linear part of the curves of standard diluted in human plasma 

(slope=0.45,, r=0.9%) or buffer (slope=0.43, r2=0.998) were similar. 

Usingg frozen aliquots of in-vitro TAT-complexes as standard curve, the intra- and 

inter-assayy coefficients of variation (CV) of the ELISA were determined. The intra-

assayy CV were assessed by measuring TAT values in three samples each from 
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differentt aliquots (n=5) on one plate. The mean TAT concentration in the three 

sampless was 5.1,11.3 and 15.4 ng/ml and the corresponding CV were 7.7, 6.6 and 

5.55 %. The three samples with different TAT levels were also analyzed on five 

separatee ELISA plates and the inter-assay CV were 7.0, 5.1 and 4.7%, respectively. 

Too study the kinetics of TAT levels in plasma samples of endotoxin-treated mice 

andd to evaluate the TAT ELISA, plasma samples were obtained at various time points 

afterr i.p. LPS administration. In plasma of control mice the TAT concentration was 1.6 

 0.4 ng/ml (Figure 6). A 10-fold increase in TAT values up to 20.9  2.0 ng/ml was 

observedd in plasma samples obtained 4 hours after LPS administration. After 24 hours 

thee TAT levels were back at baseline levels. The TAT levels on t=0.5, t=1.5 and t=4 

hourss differed significantly from control levels (p<0.05, unpaired Student' t-test). 

Figuree 6. Increased TAT-complex 
levelss in plasma of LPS-treated m ice . 
Plasmaa samples we re co l l ec ted at 0, 
0.5,, 1.5, 4 ,12, and 24 hours af ter i.p. 
i n jec t ionn of 2 mg/kg LPS. Values are 
meanss of t r ip l icates  SD. *; p < 0.05, 
andd * * ; p < 0.0001. 

88 101 
E E 

00 : : 
t=00 1=0.5 t=1.5 t=4 t=12 t=24 

timee after LPS (hrs) 

C o m p a r i s i o nn o f t h r e e TAT ELISAs 

Detectionn of TAT-levels in standard prepared from in vitro TAT-complexes was 

comparedd between three ELISA methods: 1. the mouse specific TAT ELISA as 

describedd in Materials and Methods, 2. the human specific Enzygnosf TAT micro 

fromm DadeBehring, and 3. the human specificTAT ELISA from ERL. Using the human 

specificc TAT ELISA from ERL, a standard curve comparable to the mouse specific 

TATT ELISA was obtained by serial dilution of standard in buffer (Figure 7A). In 

contrastt to the mouse specific ELISA, both commercial kits failed in detecting in 

vitrovitro prepared TAT-complexes after serial dilutions in mouse plasma (Figure 7B). 

Forr comparison of in vivo formed TAT complexes in mouse plasma by the three 

differentt ELISA methods, the standards supplied in each commercial assay were 

dilutedd according to the manufactures instructions and used to calculate TAT-
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Figuree 7. Comparison of three TAT ELISAs using in vitro TAT-complexes diluted in buffer 
(Panell A) or normal mouse pool plasma (Panel B). In vitro TAT-complexes were generated 
accordingg to the method from Boisclair et .?/. (8). TAT-levels in serial dilutions of standards 
weree measured by the mouse specific TAT ELISA ( • ) , the human specific TAT ELISA from 
Enzymee Research Laboratories (A), and the human specific Enzygnosl' TAT micro from Dade 
Behringg (O). 

concentrations.. Plasma samples were obtained from control mice and from mice 

sixx hours after i.p. LPS administration (2 mg/kg) by drawing venous blood after 

i.v.. administration of sodium citrate as described before. In plasma of control 

micee TAT concentration was 2.9  2.9 ng/ml, 9.2  7.7 ng/ml, and 1.1  0.20 ng/ml, 

measuredd with respectively the Dade Behring, ERL, and our own ELISA's (Figure 

8).. After 6 hours of endotoxemia blood coagulation was activated as indicated by 

aa 30-fold increase in TAT-levels as measured with the mouse specific TAT ELISA 

(35.77  21.1 ng/ml; p < 0.05 as compared to control plasma) (Figure 8), whereas 

TATT levels measured by the ERL and Dade Behring ELISAs were 2588.5  1234.0 

ng/mll and 37.4  32.4 ng/ml, respectively. A weak correlation, as measured with 

Spearmann correlation test, between the mouse specific TAT ELISA and the human 

specificc ELISA from ERL was found: r = 0.600; p = 0.051. No correlation was found 

betweenn TAT-concentration measured with the mouse specific ELISA and the 

Dadee Behring ELISA. A correlation was found between the two commercial human 

specificc ELISAs (r = 0.694; p < 0.05). 
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Figuree 8. TAT-complex levels in mouse plasma without or after 6 hours of endotoxin treatment 
(22 mg/kg) as measured with the mouse specific TAT ELISA (panel A), the human specific TAT 
ELISAA from Enzyme Research Laboratories (panel B), or the human specific Enzygnost* TAT 
microo from Dade Behring (panel C). No correlation was found between TAT-concentration 
measuredd with our own ELISA and either the human specific TAT ELISA from Enzyme Research 
Laboratoriess (slope=33.27, r2=0.360), or the human specific Enzygnost? TAT micro from Dade 
Behringg (slope=0.73, r~=0.132). 

Discussion n 
Studyingg the relationship between coagulation changes in blood and at tissue 

levell in mice requires the availability of tools for the analysis of coagulation 

activation.. In this study we evaluated several procedures for plasma preparation 

andd the measurement of coagulation activation in a mouse model of endotoxemia. 

First,, we have tested different anticoagulation techniques with sodium citrate 

andd heparin. Second, we described the development of a specific mouse sandwich 

ELISAA to measure the level of TAT complexes in mouse plasma. And third, we 

havee compared three different sandwich ELISAs for measurement of TAT levels 

inn mouse plasma. 

Sodiumm citrate is the most commonly used anticoagulant that allows coagulation 

assayss in human plasma. Since we experienced that anticoagulation with sodium 

citratee or EDTA in the syringe does not always effectively prevent ex vivo clotting of 

mousee blood, an alternative method of anticoagulation was sought. This led to a 

novell method to anticoagulate the blood samples in which sodium citrate was 

injectedd intravenously into the vena cava 20-30 seconds before blood collection 

byy exsanguination. In our experiments, TAT levels were not increased in any of the 

plasmaa samples obtained using the i.v. injection of sodium citrate method, in 

contrastt to the standard method in which sodium citrate was added to blood in 

thee syringe. Therefore, we conclude that anticoagulation of mouse blood by i.v. 

injectionn of sodium citrate into the circulation results in more reliable TAT data 

andd in plasma more suitable for further analysis of coagulation and related factors. 
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Fromm human studies it is known that heparin can be neutralized with heparinase 

forr the measurement of factor VIII activity (4). In this study we showed that up to 

200 units of heparin per mouse, prolonging the APTT to more than 300 seconds, 

couldd be adequately neutralized by the addition of heparinase to the plasma 

samplee as indicated by normalized FVI11 activity and APTT levels. Thus, similar to 

humann plasma, heparin contamination can be neutralized in mouse plasma. 

Therefore,, even if heparin is used in a mouse model, plasmatic coagulation activity 

cann be measured using heparinase to neutralize heparin. This implies that plasma 

andd tissue from the same animal can be more efficiently used for combined 

coagulationn measurements and histological examination. 

Usingg the new TAT ELISA it was possible to detect changes in mouse plasma TAT 

contentt 4 hours after endotoxin infusion. Previously, it was demonstrated that 

endotoxinn treatment of mice resulted in increased TAT complexes (8), TF mRNA 

synthesiss (9) and enhanced tissue deposition of fibrin (10). In human volunteers 

endotoxinn infusion induced monocyte TF mRNA expression and plasma F1+2 and 

TATT levels (11). Therefore, we expected an increase of TAT levels in plasma of mice 

treatedd with endotoxin. Indeed, basal TAT levels of 1.6  0,4 ng/ml were increased 

inn mice treated with endotoxin with maximal levels of 20.1  9.9 ng/ml after 4 hours. 

Inn addition to the mouse specific TAT ELISA, the two commercially available human 

TATT ELISAs, Enzygnosf* TAT micro from Dade Behring and the TAT ELISA from 

Enzymee Research Laboratories detected increases in TAT levels after endotoxin 

treatmentt in mice. However, significant differences between the three assays were 

observed.. The levels of TAT complexes as measured with the ERL assay were about 

700 fold higher as compared to the two other assays. Furthermore, the Dade Behring 

assayy could not detect in vitro prepared TAT complexes diluted in either buffer or 

plasmaa and in vivo TAT levels did not correlate to the levels measured with the 

mousee specific ELISA. Since plasma levels of TAT complexes measured by the ERL 

ELISAA correlated to levels measured with the mouse specific ELISA, we speculate 

thatt this assay has probably a higher specificity for mouse TAT complexes than the 

Dadee Behring assay. In addition, the ERL ELISA could measure in vitro prepared 

TATT complexes diluted in buffer. However, given the considerable costs of the 

commerciall human assays our novel assay provides a more sensitive and cheaper 

alternativee for the analysis of mouse TAT complexes in plasma samples. 

Inn conclusion, this study resulted in improved procedures for plasma collection 
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andd measurements of coagu la t ion act ivat ion adjusted to the mouse coagula t ion 

system.. The availabil i ty of the specif ic mouse TAT ELISA wi l l give rapid and rel iable 

in fo rmat ionn of the mouse coagula t ion status. This me thodo logy may improve 

thee qual i ty of studies a imed at e luc ida t ing the pa thophys io logy of coagula t ion 

act ivat ionn in mice. 
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Chapterr 1 

Thee past decennia, the prevalence of diabetes mellitus type 2 has increased 

dramaticallyy in the Netherlands. One of the major clinical problems for these 

patientss is the high risk for cardiovascular disease. It has been shown that in 

add i t ionn to hyperg lycemia other classical risk factors such as 

hypercholesterolemia,, hyperinsulinemia, hypertension and obesity contribute 

too the development of vascular disease in diabetic patients. However, there is 

alsoo evidence that non-traditional risk factors such as increased coagulation 

activationn might be involved in the increased risk for cardiovascular disease in 

patientss with type 2 diabetes. 

Myocardiall infarction and stroke are both examples of acute arterial complications 

off cardiovascular disease that are more prevalent in patients with type 2 diabetes. 

Thesee complications are the result of an occluding thrombus in an atherosclerotic 

artery,, leading to downstream ischemia. Coagulation activation is essential for 

thee development of these thrombotic complications. It is generally considered 

thatt increased coagulation activation will result in a higher risk for an acute 

thromboticc complication like a myocardial infarction. Diabetes mellitus type 2 is 

associatedd with increased coagulation activation in blood, which might increase 

thee risk for an acute thrombotic complication. In addition, there is evidence that 

diabetess mellitus type 2 is associated with changes in the vessel wall that might 

acceleratee thrombus formation. In this thesis the coagulation activation in blood 

andd changes in the vessel wall and kidney that might influence thrombus formation 

havee been studied in relation to the development of cardiovascular complications 

inn patients with type 2 diabetes and in mice with experimental diabetes. 

Chapterr 2 

Increasedd levels of markers of coagulation and vascular activation are associated 

withh a higher risk for cardiovascular disease. In this chapter the relation between 

thesee markers and the presence and development of cardiovascular complications 

havee been studied in patients with type 2 diabetes. Therefore the levels of markers 

off coagulation and vascular activation were compared between diabetic patients 

withh and without microvascular, macrovascular and neurogenic complications 

andd compared with age-matched controls without diabetes. Higher levels of 

plasminogenn activator inhibitor 1 (PAI-1), tissue type plasminogen activator (tPA) 

andd soluble TF (sTF) were observed in patients with type 2 diabetes compared to 
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thee age-matched controls. Furthermore, sTF was found to be independently 

associatedd with prevalent microvascular disease (retinopathy and nephropathy) 

andd neurological complications. This finding suggests that sTF is a promising 

markerr of microvascular disease in patients with type 2 diabetes. 

Chapterr 3 
Cholesterol-loweringg with HMG-CoA reductase inhibitors, "statins", reduces the 

riskk for cardiovascular complications in patients with type 2 diabetes with about 

255 percent. There is evidence that this protective effect is the result not only 

fromm the cholesterol-lowering action, but also from anti-inflammatory and 

anticoagulantt properties of these agents. In this chapter, the anti-inflammatory 

andd anticoagulant properties of statins have been studied in patients with type 2 

diabetes.. Patients were treated with pravastatin 40 mg for 8 weeks, where after 

bloodd was taken for the measurement of coagulation and inflammation markers. 

Thesee measurements were compared with those done in the same patients after 

88 weeks without treatment. The results revealed that pravastatin has indeed anti-

inflammatoryy and anticoagulant properties in patients with type 2 diabetes. High 

sensitivityy C reactive protein, von Willebrand factor antigen, soluble tissue factor 

andd prothrombin fragment 1+2 were reduced after pravastatin treatment. It is 

likelyy that these reductions play a role in the prevention of cardiovascular 

complicationss in patients with type 2 diabetes. 

Chapterr 4 
Inn this chapter the effect of pravastatin on microparticles has been studied. 

Microparticless are small particles, shed from cellular membranes that circulate 

inn blood. These particles are considered to play a role in thrombus formation 

sincee they expose proteins that are mediate platelet-vessel wall and platelet-

coagulationn enzyme interactions.. There is evidence that cholesterol-lowering 

treatmentt reduces the number of microparticles in blood, which, theoretically, 

wouldd reduce the risk for an acute thrombotic complication. Therefore level and 

compositionn of microparticles were studied after an eight week pravastatin 

treatmentt period and compared with an eight week non-treatment period in type 

22 diabetic patients. This study revealed that cholesterol-lowering with pravastatin 

hass no effect on the number of microparticles in patients with type 2 diabetes. 

However,, the composition of platelet derived microparticles was changed after 
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pravastatinn treatment. Pravastatin treatment resulted in a reduction of the 

exposuree of glycoprotein (CP) Ilia on platelet derived microparticles. This is 

probablyy due to reduced platelet activation from pravastatin since a reduction of 

platelett activation is associated with reduced GPIIIa exposure. GPIIIa is part of 

thee fibrinogen receptor. A reduced exposure of GPIIIa may therefore have an 

anticoagulantt effect and may lower the risk for an acute arterial complication. 

Chapterr 5 

Ann increased expression of procoagulant genes and a reduced expression of anti-

coagulantt genes in the atherosclerotic vessel wall may increase the risk for acute 

arteriall complications in patients with type 2 diabetes. In this study the presence 

off tissue factor and endothelial protein C receptor were investigated in symptomatic 

plaquess from patients with type 2 diabetes and age-matched controls. In addition, 

thee presence of advanced glycosylated endproducts, macrophages, T-cells, smooth 

musclee cells and the stage of the plaques were compared. This study showed that 

symptomaticc plaques from type 2 diabetic patients have more signs of earlier 

complicationss than plaques from control patients, which is consistent with the 

factt that diabetes is associated wi th an increased risk for cardiovascular 

complications.. However, the number of the different cell types and the level of 

advancedd glycosylated endproducts did not differ markedly between patients with 

andd without type 2 diabetes. Also the expression of tissue factor and endothelial 

proteinn C receptor were similar in plaques from diabetic and non-diabetic patients. 

Thus,, in this end stage of atherosclerotic disease, local differences in coagulation 

andd inflammation activation do not seem to be involved in the increased risk for 

cardiovascularr complications in diabetes mellitus type 2. 

Chapterr 6 

Tissuee factor, the main initiator of the coagulation cascade, is upregulated in the 

kidneyy in various nephropathies and seems to be involved in the pathology of 

thesee diseases. It is unknown whether tissue factor is upregulated in diabetic 

nephropathy.. In this study the expression of tissue factor and other coagulation 

proteins,, thrombin and f ibr inogen, was evaluated in a model of diabetic 

nephropathy.. Therefore kidneys were studied from mice with streptozotocin 

inducedd diabetes. This study showed that the activation of tissue factor is increased 

inn the diabetic kidneys compared to the control kidneys. In addition, thrombin 
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andd fibrinogen were upregulated in the kidneys from the diabetic mice. Whether 

thee increased activation of tissue factor may be induced by the hyperglycemia in 

thee diabetic mice was studied in an in vitro study in which tubular epithelial cells 

weree incubated with high and low amounts of glucose. Cells incubated with high 

glucosee levels produced significantly more tissue factor than cells with normal 

amountss of glucose. It was concluded that hyperglycemia may have induced the 

increasedd tissue factor activity in the model of diabetic nephropathy. 

Chapterr 7, 8 and 9 

Inn these chapters the effect of diabetes mellitus on vascular gene expression and 

arteriall thrombus formation was studied. Therefore mice were used wi th 

streptozotocinn induced diabetes in which vascular mRNA levels of various genes 

involvedd in coagulation and inflammation and ferric chloride induced arterial 

thrombuss formation was evaluated. 

Inn chapter 7 first the effect of hyperglycemia on vascular gene and arterial thrombus 

formationn was studied. This revealed that hyperglycemia for 10 weeks had no effect 

onn vascular activation. However, coagulation activation was slightly increased in 

thee diabetic mice; increased levels of thrombin anti-thrombin complexes and 

acceleratedd thrombus formation were observed in the diabetic mice. In addition, 

inn the diabetic mice the anticoagulant and anti-inflammatory effect of statins was 

studiedd by treating them for two weeks with simvastatin. Simvastatin resulted in 

reducedd expression of vascular adhesion molecule, a proinflammatory protein, in 

thee vessel wall, but did not affect thrombus formation. It was concluded that statins 

preventt for cardiovascular disease by there cholesterol-lowering effect and probably 

byy there anti-inflammatory effect more than by there anti-coagulant effect. 

Inn chapter 8 the effect of hyperglycemia induction was studied on vascular gene 

expressionn and coagulation activation in the presence of low grade inflammation. 

Thereforee mice with and without streptozotocin induced diabetes were treated 

withh a low dose endotoxin. Twenty four hours after endotoxin treatment a 

prolongedd thrombus formation period was observed in control mice compared 

too non-endotoxin treated mice, propably due to endothelial tolerance. However, 

inn the diabetic mice this prolonged thrombus formation did not appear after 

endotoxin.. In addition, vascular gene expression after endotoxin differed in the 

diabeticc mice compared to the control mice, in particular the expression of 

endotheliall nitric oxide synthase was enhanced in the diabetic vessel wall. It was 
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thereforee concluded that a changed vascular response to inflammation could be 

involvedd in the increased risk for cardiovascular complications in diabetes mellitus. 

Inn chapter 9 the effect of hyperglycemia on vascular gene expression and 

thrombuss formation on a background of atherosclerosis was studied. Therefore 

streptozotocinn diabetes was induced in mice with a LDL receptor deficiency and 

onn an atherogenic diet. Diabetes induction resulted in changed vascular gene 

expressionn in these mice, which was correlated with cholesterol levels but not 

withh glucose levels. Furthermore, the diabetic mice had greater plaques than 

controll mice. However thrombus formation was similar in the diabetic mice 

comparedd to the control mice. It was concluded that on a background of 

atherosclerosiss diabetes induction results in vascular activation and increased 

atherosclerosiss and thereby probably in a higher risk for th rombot i c 

complications. . 

Chapterr 10 

Inn this chapter we present various methods that can improve measuring 

coagulationn activation in mice. First, it is described that intravenous injection of 

sodiumcitratee can induce a better coagulating effect in mice plasma than the 

retrospectivee administration of sodiumcitrate. Furthermore, the contamination 

off heparin in mice plasma can be neutralized with heparins, which makes this 

plasmaa become available for coagulation tests. In conclusion, we describe the 

developmentt of a specific mice enzyme linked imunosorbent assay {ELISA} to 

indicatee the amount of thrombin-antithrombin complexes in the blood. This ELISA 

appearss to measure thrombin-anti thrombin complexes at an equal level as 

commerciallyy available humane assays. 
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Hoofdstukk 1 
Dee afgelopen decennia is de prevalentie van diabetes mellitus type 2 sterk 

gestegenn in Nederland. Een groot probleem voor patiënten met type 2 diabetes 

iss hun verhoogde risico op hart- en vaatziekten. Dit verhoogde risico kan voor 

eenn deel verklaard worden door de aanwezigheid van hyperglycemic en andere 

vaakk bij diabetes voorkomende klassieke risicofactoren als hypertensie, 

hypercholesterolemie,, hyperinsulinemieen obesitas. Er zijn echter aanwijzingen 

datt ook een verhoogde stollingsactivatie een bijdrage levert aan het vaker 

optredenn van hart- en vaatziekten in patiënten met type 2 diabetes. 

Eenn hartinfarct en een herseninfarct zijn complicaties van hart- en vaatziekten die 

vakerr voorkomen bij diabetes patiënten. Deze complicaties worden over het 

algemeenn veroorzaakt door vorming van een afsluitend stolsel in een atheros-

clerotischh bloedvat, dat leidt tot ischemie in het achterliggende weefsel. 

Stollingsactivatiee is daarom een essentieel onderdeel van deze acute arteriële 

trombotischee complicaties. Het wordt aangenomen dat veranderingen die leiden 

tott een versnelde stolselvorming het risico op acute trombotische complicaties 

kunnenn verhogen. Aangezien diabetes mellitus type 2 gekenmerkt wordt door 

verhoogdee stollingsactivatie in het bloed is het mogelijk dat dit het risico op acute 

arteriëlee trombotische complicaties verhoogt. Daarnaast zijn er aanwijzingen dat 

typee 2 diabetes geassocieerd is met veranderingen in de vaatwand die stolsel-

vormingg zouden kunnen versnellen en daarmee ook bijdragen aan het ontstaan 

vann hart- en vaatziekten. In dit promotieonderzoek zijn de stollingsactivatie in het 

bloedd en veranderingen in de vaatwand en in de nier, die zouden kunnen leiden 

tott versnelde stolselvorming in relatie tot het optreden van cardiovasculaire 

complicatiess onderzocht, enerzijds in patiënten met type 2 diabetes, anderzijds in 

muismodellenn van diabetes. 

H o o f d s t u kk 2 

Eenn verhoogd niveau van markers voor stollingsactivatie en vaatwandactivatie in 

hett bloed is geassocieerd met een verhoogd risico op hart- en vaatziekten. In dit 

hoofdstukk is onderzocht of dit verband ook kan worden gevonden in patiënten 

mett diabetes type 2. Daartoe zijn de niveaus van verschillende markers voor 

stollings-- en vaatwandactivatie vergeleken tussen diabetes patiënten met en 

zonderr micro- and macrovasculaire en neurologische complicaties en daarnaast 

vergelekenn met de niveaus in een groep controle personen zonder diabetes type 
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2.. Uit dit onderzoek blijkt dat de niveaus van "plasminogen activator inhibitor 1 " 

(PAI-1),, "tissue type plasminogen activator" (tPA) and "soluble TF" (sTF) hoger 

zijnn in diabetes patiënten dan in controle personen. Ook blijkt dat een verhoging 

vann het niveau van sTF onafhankelijk van andere risicofactoren geassocieerd is 

mett de aanwezigheid van microvasculaire complicaties. Dit onderzoek suggereert 

datt bepaalde markers voor vaatwandactivatie, waaronder sTF, mogelijk gebruikt 

kunnenn worden als voorspellers voor de aanwezigheid of het optreden van 

microvasculairee complicaties in patiënten met type 2 diabetes. 

Hoofdstukk 3 

Cholesterolverlagingg met HMG-CoA reductase remmers {"statines") kan het risico 

opp het optreden van een cardiovasculaire complicatie in patiënten met type 2 

diabetess met ongeveer 25 procent verlagen. Er zijn aanwijzingen dat niet alleen 

hett cho lestero lver lagende effect van deze med ic i jnen maar ook hun 

ontstekingsremmendee of stollingsactivatie remmende werking hierbij een rol 

speelt.. In dit hoofdstuk is onderzocht wat het ontstekingsremmende en 

stollingsremm mende effect is van statines in patiënten met type 2 diabetes. Daartoe 

werdenn patiënten gedurende 8 weken met pravastatine behandeld, waarna het 

niveauu van markers voor stollings, - en ontstekingsactivatie is bepaald. De 

uitslagenn zijn vergeleken met de uitslagen die verkregen werden nadat dezelfde 

patiëntenn 8 weken niet behandeld waren met een statine. Het bl i jkt dat 

pravastatinee inderdaad een ontstekingsremmend en licht antistollend effect heeft 

inn patiënten met type 2 diabetes. In het bijzonder worden hoog sensitief C-reactief 

proteïne,, von Willebrand factor antigeen, sTF en protrombine fragment 1+2 

verlaagdd door statine gebruik. Het is waarschijnlijk dat deze reducties een rol 

spelenn bij het preventieve effect van statines op het optreden van hart- en 

vaatziektenn in diabetes mellitus type 2. 

Hoofdstukk 4 

Inn dit hoofdstuk is het effect van behandeling met pravastatine op micropartikels 

onderzochtt in patiënten met type 2 diabetes. Micropart ikels zijn kleine, 

afgesnoerdee celmembraandeeltjes die in het bloed circuleren. Onder andere 

vanwegee de aanwezigheid van procoagulante eiwitten op de micropartikels wordt 

gedachtt dat zij een rol spelen bij het ontstaan van stolsels in de bloedbaan. Er 

zijnn aanwijzingen dat cholesterolverlagende medicijnen het aantal micropartikels 
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inn het bloed kunnen verlagen, waardoor, in theorie, het risico op een trombotische 

complicatiee zou kunnen worden verlaagd. Om dit te onderzoeken zijn patiënten 

mett type 2 diabetes 8 weken wel en 8 weken niet behandeld met pravastatine, 

waarnaa het niveau en de samenstelling van de micropartikels is bepaald. In dit 

onderzoekk wordt gevonden dat cholesterolverlaging met pravastatine geen effect 

heeftt op het aantal circulerende micropartikels in patiënten met type 2 diabetes. 

Well bl i jkt dat de samenstelling van micropartikels die afkomstig zi jn van 

bloedplaatjess wordt beïnvloed. Na behandeling met pravastatine wordt er op 

dezee micropartikels minder glycoproteïne (CP) lila tot expressie gebracht. Dit is 

waarschijnlijkk het gevolg van een effect van pravastatine op plaatjesactivatie, 

omdatt het niveau van GPtl la expositie op plaatjes afhankelijk is van hun activatie. 

GPIIlaa is een onderdeel van de fibrinogeen receptor op plaatjes. Een verlaagde 

expressiee van deze receptor op micropartikels zou daarom mogelijk een 

antistol lendd effect kunnen hebben en zo het risico op een trombotische 

complicatiee kunnen verlagen. 

H o o f d s t u kk 5 

Eenn toegenomen expressie van procoagulante genen en een verlaagde expressie 

vann anti-coagulante genen in de atherosclerotische vaatwand zou een oorzaak 

kunnenn zijn van hetverhoogde risico op acute arteriële trombotische complicaties 

inn patiënten met type 2 diabetes. In dit onderzoek is de aanwezigheid van tissue 

factorr en van endothe l ia l proteïne C receptor bestudeerd in atherosclerotische 

plaquess van patiënten met en zonder diabetes type 2. Daarnaast zijn ook de 

aanwezigheidd van "advanced glycosylated endproducts", macrofagen, T-cellen, 

gladdee spiercellen en de opbouw van de plaques vergeleken. Uit dit onderzoek 

blijktt dat de plaques van diabetes patiënten vaker verschijnselen vertonen van 

eerderr opgetreden trombotische complicaties. Dit past bij het gegeven dat 

diabetess type 2 een risicofactor is voor het optreden van cardiovasculaire 

complicaties.. De aanwezigheid van de verschillende celtypen en advanced 

glycosylatedd endproducts verschilt echter niet tussen de symptomatische plaques 

vann patiënten met en zonder diabetes. Ook zijn de niveaus van tissue factor en 

endothelialee proteïne C receptor vergelijkbaar in plaques van diabetes patiënten 

enn controles. Geconcludeerd wordt dat in dit stadium van vergevorderde 

atherosclerosee de aanwezigheid van de bestudeerde markers voor ontstekings-

enn 5tollingsactivatie in de plaque niet van groot belang lijken te zijn voor het 
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verhoogdee risico op een cardiovasculaire complicatie in diabetes mellitus type 2. 

H o o f d s t u kk 6 

Dee expressie van tissue factor, de belangrijkste initiator van de stollingscascade, 

wordtt bij verschillende nierziekten lokaal in de nier opgereguleerd en lijkt ook 

eenn bijdrage te spelen bij het ziekteproces. Onbekend is echter of de expressie 

vann tissue factor wordt verhoogd in diabetische nefropathie. In dit hoofdstuk 

hebbenn we onderzocht of tissue factoren andere stollingseiwitten veranderd tot 

expressiee worden gebracht in een model voor diabetische nefropathie. Hiervoor 

zijnn de nieren van muizen bestudeerd die een streptozotocine geïnduceerde 

diabetess hadden ontwikkeld. Het blijkt dat acttvatie van tissue factor maar ook 

vann twee andere stollingseiwitten, trombine en fibrine, verhoogd tot expressie 

wordenn gebracht in de nieren van deze diabetische muizen. Of de veranderde 

tissuee factor activiteit beinvloed kan zijn door de hyperglycemic in de diabetische 

muizenn is bestudeerd in een in vitro proef, waarbij tubuluscellen, nier epitheliale 

cellen,, zijn geïncubeerd met normale en hoge niveaus glucose. Het blijkt dat de 

cellenn die met het hoge niveau glucose in aanraking zijn geweest meer tissue factor 

gaann produceren. Dit geeft aan dat hyperglycemie een veroorzaker kan zijn geweest 

vann de verhoogde tissue factor activiteit in dit model van diabetische nefropathie. 

Hoofdstukk 7, 8 en 9 

Inn deze hoofdstukken is bestudeerd in welke mate inductie van diabetes mellitus 

leidtt tot een veranderde genexpressie in de arteriole vaatwand en of dit 

gerelateerdd is aan stolselvorming in een arterieel bloedvat. Daartoe is in muizen 

diee een streptozotocine geïnduceerde diabetes hadden ontwikkeld het mRNA 

niveauu van genen die betrokken zijn bij stolling en ontsteking in de vaatwand 

bestudeerdd en is de arteriële stolselvorming onderzocht. De stolselvorming werd 

bestudeerdd door een vaste hoeveelheid ijzerchloride op de arterie carotis 

communiss aan te brengen, hetgeen door beschadiging van de vaatwand tot 

stolselvormingg leidt. 

Inn hoofdstuk 7 is eerst nagegaan wat het effect van alleen inductie van diabetes 

mellituss of hyperglycemie is op genexpressie en acute stolselvorming. Het blijkt 

datt hyperglycemie gedurende 10 weken weinig effect heeft op de expressie van 

dee bestudeerde genen ("tissue factor", "endothelial nitric oxide synthase", 

"platelett selectin", "vascular en intercellular adhesion molecule") in de vaatwand. 
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Samenvattingg en conclusies 

Daarnaastt is gevonden dat de stollingsactivatie in de diabetische muizen wel 

verhoogdd is: het niveau van trombine-antitrombine (TAT) complexen is hoger en 

dee stolselvorming is licht versneld. Vervolgens is bestudeerd wat het antistollende 

enn ontstekingsremmende effect van statines in deze diabetische muizen is door 

zee twee weken te behandelen met simvastatine. Het blijkt dat simvastatine een 

verlagingg van "vascular adhesion molecule" in de vaatwand tot gevolg heeft. 

Simvastatinee heeft echter geen stollingsverlengend effect en ook geen effect op 

hett niveau van TAT complexen in deze diabetische muizen. Geconcludeerd wordt 

datt het beschermende effect van statines in dit model voor diabetes waarschijnlijk 

meerr gebaseerd is op hun ontstekingsremmende dan op hun stollingsremmende 

effect. . 

Inn hoofdstuk 8 is bestudeerd wat het effect is van diabetes inductie op genexpressie 

enn stollingsactivatie wanneer er ook sprake is van een lichte ontsteking. Om dit te 

onderzoekenn zijn muizen met en zonder streptozotocine geïnduceerde diabetes 

behandeldd met een lage dosis e n d o t o x i n s Het b l i j k t dat muizen met 

geïnduceerdee diabetes 24 uur na endotoxine behandeling een andere vasculaire 

reactiee op de door endotoxine veroorzaakte vaatwandontsteking ontwikkelen 

dann niet-diabetische muizen. Endotoxine leidt in de niet-diabetische muizen tot 

eenn vertraagde stolselvorming, mogelijk op basis van endothe l ia l tolerantie. 

Echterr in de diabetische muizen wordt deze vertraagde stolselvorming na 

endotoxinee niet gezien. Vervolgens wordt in de muizen met diabetes een andere 

vasculairee gen expressie, met name een verhoogde expressie van endothe l ia l 

stikstofoxidee synthase, gevonden na endotoxine behandeling ten opzichte van 

controlee muizen. Geconcludeerd wordt dat een veranderde vasculaire reactie 

opp ontsteking een rol zou kunnen spelen bij het verhoogde risico op een 

cardiovasculairee complicatie in diabetes. 

Inn hoofdstuk 9 is het effect van diabetes inductie op genexpressie in de vaatwand 

enn op stolselvorming in muizen met atherosclerose onderzocht. Voor dit 

onderzoekk zijn muizen bestudeerd met een deficiëntie van het LDL receptor 

gen,, die bij het eten van een vetrijk dieet atherosclerose ontwikkelen. Het blijkt 

datt in deze atherosclerotische muizen streptozotocine geïnduceerde diabetes 

ookk tot veranderde genexpressie in de vaatwand leidt. Opvallend is echter dat 

dee veranderde genexpressie in de diabetische muizen gerelateerd is aan het 

cholesteroll niveau en niet aan het glucose niveau. Ook leidt diabetes inductie in 
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dee LDL receptor deficiënte muizen, zoats verwacht, tot versnelde atherosclerose, 

maarr niet tot een versnelde stolselvorming. Deze bevindingen suggereren dat 

wanneerr diabetes op een achtergrond van atherosclerose voorkomt, het 

verhoogdee risico op trombotische complicaties waarschijnlijk meer veroorzaakt 

wordtt door de aan diabetes gerelateerde versnelde atherosclerose dan door 

versneldee stolselvorming. 

H o o f d s t u kk 10 

Inn dit hoofdstuk worden een aantal methodes beschreven die het meten van 

stollingsactivatiee in de muis kunnen verbeteren. Ten eerste wordt er gesteld dat 

intraveneuss injecteren van natriumcitraat een beter antistollend effect heeft in 

muizenplasmaa dan het achteraf toedienen van natriumcitraat. Hiernaast blijkt 

datt contaminatie van heparine in muizenplasma geneutraliseerd kan worden met 

heparinase,, zodat dit plasma gebruikt kan worden in stollingstesten. Ten slotte 

wordtt de ontwikkeling beschreven van een specifieke muizen "enzyme-linked 

immunosorbentt assay" (ELISA) voor het bepalen van de hoeveelheid TAT 

complexenn in bloed. Het blijkt dat deze ELISA ten minste net zo goed als 

commercieell verkrijgbare humane assays TAT complexen meet in muizen plasma. 
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