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Chapterr 1 

History y 
Inn 1946, Chargaff demonstrated that platelet-poor plasma contains a subcellular 

fractionn that facilitates coagulation. High-speed centrifugation of the platelet-poor plasma 

prolongedd the clotting time [1]. Some 20 years later, in 1967, Wolf showed by electron 

microscopyy and functional tests that this subcellular fraction consists of small vesicles of 

platelett origin, the so called "platelet dust" [2]. The procoagulant activity associated with 

thiss material was designated platelet factor 3 (PF3). 

Interestt in microparticles subsequently increased steadily, as represented by the 

numberr of articles published per year in international journals (Figure 1). 
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FigureFigure 1. Published articles on microparticles of various cellular origin in international 

journalsjournals from I960 - 2003. 
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Introductionn and outline of the thesis 

Platelet-derive dd microparticle s 

Storage,, shear stress as well as direct platelet activation lead to the budding of small 

vesicless from the platelet surface membrane, usually called platelet-derived microparticles 

(PMP)) [3,4]. Platelets, activated by agonists like a-thrombin plus collagen [5], the 

membrane-attackk complex of the complement system (C5b-9) [6,7], and Ca2+-ionophores 

ass A23187 [8], cause the release of PMP. Also, small vesicles stored in secretion granules 

aree secreted during the platelet activation. These vesicles, called exosomes, are not the 

subjectt of this thesis. At present, it is unclear whether the shedding of PMP is solely due 

too activation. In several studies it has been suggested that in platelets activation of 

apoptosis-associatedapoptosis-associated pathways occur that may be linked to vesiculation under certain 

conditionss [9], 

PMPP not only occur in vitro but also in vivo in both physiological and 

pathophysiologicall  conditions. Compared to healthy humans, elevated numbers of PMP 

aree observed in blood from patients suffering from paroxysmal nocturnal hemoglubinuria 

[10],, sickle cell disease [11], acute coronary syndrome [12], diabetes [13-15], heparin-

inducedd thrombocytopenia [16-18], severe stenosis [19], myocardial infarction [20], 

unstablee angina [12,21], ischemic brain disease [13,22], uremia [23], idiopathic 

thrombocytopenicc purpura [24,25], thrombotic thrombocytopenic purpura [26-28], 

hemolyticc uremic syndrome [27], meningococcal sepsis [29] and disseminated 

intravascularr coagulation [30,31]. Also patients undergoing cardiac surgery [32-34], 

plasmapheresiss [35], or coronary angioplasty [12,20,36] have elevated numbers of PMP in 

theirr blood. Most of these patient groups have an increased risk for thromboembolic 

events.. This suggests that PMP are involved in coagulation activation and/or potentiation 

inn vivo, as an underlying cause for this increased thromboembolic risk. A complete 

overvieww of the occurrence of microparticles in various diseases is provided in Table 1 of 

Chapterr 8. 

Thee procoagulant properties of in vitro generated PMP have been extensively 

characterizedd [37-39]. Activated platelets and PMP expose negatively charged 

phospholipidss such as phosphatidylserine (PS) and phosphatidylethanolamine. In resting 

cells,, including platelets, the outer leaflet of the phospholipid bilayer of the plasma 

membranee contains predominantly the uncharged phospholipids sphingomyelin and 
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Chapterr 1 

phosphatidylcholinee (PC), whereas the PS and phosphatidylethanolamine are located 

almostt exclusively in the inner leaflet [40], The exposure of negatively charged 

phospholipidss enables the binding of coagulation proteins, thereby supporting the 

formationn of tenase (factors VIIIa/IXa)- and prothrombinase (factors Va/Xa) complexes 

[41,42].. Compared to activated platelets, PMP have a higher density of high-affinity 

bindingg sites for activated factors IX (IXa) [43] and V (Va) [6,44,45], and a continuous 

expressionn of high affinity binding sites for factor Vill a [46]. As a consequence, PMP 

supportt the formation of tenase- and prothrombinase complexes and elicit tenase- [47,48] 

andd prothrombinase activity [6,49]. 

Thee membrane that surrounds the PMP not only contains phospholipids, but also 

severall  glycoproteins (GP), such as GPIb and the integrin GPIIb-IIIa [3]. Whether or not 

thesee adhesion receptors, and others such as P-selectin, have the same function(s) as on 

platelets,, is unknown but it may explain the ability of the microparticles to adhere to 

fibrinogen,, fibronectin and collagen [50], or to cells such as monocytes [51,52]. 

Microparticle ss of non-platele t origi n 

Membranee vesiculation is not restricted to platelets. For instance, activation of 

erythrocytess results in phospholipid scrambling and shedding of microparticles [53,54]. In 

addition,, endothelial cells [55-58], monocytes [51], fibroblasts [59], polymorphonuclear 

leukocytess [60], and smooth muscle cells [61] release microparticles upon appropriate 

activation.. An overview is presented in Table 1 of Chapter 8. In general, microparticles 

fromm these cells expose negatively charged phospholipids and sometimes tissue factor 

(TF).. Apart from the exposure of these phospholipids, the exposure of TF, believed to be 

thee main initiator of coagulation in vivo, enables these microparticles to be procoagulant. 

Coagulatio n n 

Becausee the major part of this thesis focuses on the involvement of microparticles in 

coagulation,, a brief overview of the coagulation pathways is presented. As already 

mentionedd on page 13 of this Introduction, microparticles can expose negatively charged 

phospholipids.. The exposure of such phospholipids is a prerequisite for coagulation 
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Introductionn and outline of the thesis 

factorss to bind to the membrane and thus facilitate the formation of the coagulation factor 

complexes.. This binding is calcium dependent. 

Coagulationn can traditionally be initiated by TF, i.e. via the extrinsic coagulation 

pathway,, or by activated factor XII (factor Xlla), i.e. the intrinsic coagulation pathway 

(Figuree 2). Under normal conditions TF is localized extravascularly, i.e. on the surface of 

smoothh muscle cells in the subendothelium of the vessel wall. In a wound, blood contacts 

thiss TF and (extrinsic) coagulation becomes initiated. In vitro, endothelial cells and blood 

cellss such as monocytes, and possibly granulocytes and platelets, synthesize and expose 

TFF on their surface upon the appropriate stimulation [62-65]. Such TF exposure has also 

beenn observed on monocytes and possibly granulocytes under pathophysiological 

conditionss in vivo [66,67]. 

TF,, a transmembrane protein, is the cellular receptor for factor VII and facilitates 

autoactivationn to factor Vila. The TF/VIIa complex activates factor X directly or 

indirectlyy via factor IXa [68-71]. In turn, factor Xa associates with factor Va and calcium 

ionss on the membrane surface, thus forming the prothrombinase complex, which catalyses 

thee conversion of prothrombin (factor II) to thrombin (factor Ha) [72,73]. 

Veryy recently, a novel form of TF has been described. This alternatively spliced form of 

TFF lacks the transmembrane domain. It is presently unknown which relation exists 

betweenn the alternatively spliced TF form and the so called soluble TF, i.e. the TF present 

inn plasma after removal of the blood cells [74]. 

Thee intrinsic pathway becomes activated when blood contacts negatively charged 

surfaces,, the "contact activation pathway". Factor XII becomes activated (factor Xlla), 

andd in turn factor Xll a activates prekallikrein to kallikrein and factor XI to factor XIa. 

Factorr XIa activates factor IX to IXa, which then forms the already mentioned tenase 

complex.. It is important to note that factor XI is thought to play a central role in the 

amplificationn of thrombin formation. Trace amounts of active thrombin directly activate 

factorr XI to factor XIa, thus promoting additional thrombin formation via factor IXa and 

Xa.. Factor XIa can also be formed via autoactivation [75-78]. Part of this thesis is aimed 

att the elucidation of the pathways involved in the activation of the coagulation system by 

microparticless in various clinical conditions. 
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EXTRINSIC C 

tissuee factor /Vila 

prothrombin n 

INTRINSIC C Xlla a 

FigureFigure 2. An overview of the coagulation cascade(s). 

Recentt developments 

Att the start of this thesis, virtually nothing was known about the presence of 

microparticless from platelets and other cells, or their function, in blood and other body 

fluidss in vivo. More recently, it has become apparent that microparticles from platelets 

andd other cells circulate in vivo and may be involved in functions other than coagulation. 

Amongstt others, microparticles have been shown to induce endothelial dysfunction and to 

triggerr cells to produce proinflammatory mediators such as cytokines. An overview of the 

variouss alleged functions of microparticles is provided in Table 2 of Chapter 8. In the 

Generall  discussion and summary (Chapter 8), the findings presented in this thesis will be 

discussedd in relation to these recent developments. 

Structuree of this thesis 

Thee aim of this thesis was to investigate the presence, number and cellular origin of 

microparticless in human blood and synovial fluid, and to focus in particular on the ability 

off  these microparticles to initiate and support coagulation and inflammation. 

Wee studied the occurrence of microparticles and their relationship with coagulation in 

plasmaa samples from patients undergoing coronary bypass surgery (Chapter 2) or 
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sufferingg from meningococcal septic shock (Chapter 3). In Chapter 4, the possible 

involvementt of microparticles in basal coagulation was studied in healthy human 

individuals.. Subsequently, in Chapter 5 the presence of microparticles and their possible 

relationshipp with in vivo coagulation activation and inflammation were studied in patients 

withh sepsis and multiple organ failure. In Chapters 6 and 7, not only plasma samples but 

alsoo synovial fluid samples from (non-) rheumatoid arthritis patients were analyzed for the 

presencee of cell-derived microparticles. In Chapter 6, the procoagulant properties of 

synoviall  microparticles were studied and in Chapter 7 the ability of these microparticles to 

stimulatee the production of cytokines by fibroblast-like synoviocytes was determined. 

17 7 
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Chapte rr  2 

Cell-derive dd microparticle s generate d in 

patient ss durin g cardiopulmonar y bypas s 

aree highl y procoagulan t 

Rienkk Nieuwland, René J. Berckmans, Reni C. Rotteveel-Eijkman, 

Kyraa N. Maquelin, Klaas J. Roozendaal, Piet G.M. Jansen, Klaas ten Have, 

Leónn Eijsman, C. Erik Hack and Augueste Sturk. 

CirculationCirculation 1997;96:3534-41. 
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ABSTRACT T 

Aim.. Microparticles from platelets and other cells have been extensively studied and 

characterizedd in vitro. Although the level of platelet-derived microparticles is elevated in a 

varietyy of diseases, including cardiac surgery, virtually nothing is known about their 

functionss in vivo. The aim of the present study was to investigate the procoagulant 

propertiess of microparticles generated in vivo. 

Methodss and Results. In 6 patients at the end of cardiopulmonary bypass 14.8 x 10 /L 

(median;; range 9.7 to 27.4 x 109/L) platelet-derived microparticles were present in 

pericardiall  blood, whereas blood obtained from the systemic circulation contained 1.6 x 

lO /̂LL (median; range 0.4 to 8.9 x 109/L) of such microparticles, as determined by flow 

cytometry.. Microparticles stained positively for phosphatidylserine as determined with 

labeledd annexin V. In contrast to systemic blood, pericardial blood contained not only 

microparticless of platelet origin, but also microparticles that originated from erythrocytes, 

monocytess or granulocytes, and other hitherto unknown cellular sources. Plasma prepared 

fromm pericardial blood and to a lesser extent plasma from systemic blood obtained at the 

samee time, stimulated formation of thrombin in vitro. This activity of pericardial plasma 

wass lost after removal of its microparticles by high-speed centrifugation, whereas the 

correspondingg microparticle pellet was strongly procoagulant. The generation of thrombin 

inn vitro involved a tissue factor/factor VH-dependent- and factor XII-independent 

pathway. . 

Conclusions.. This study is the first to demonstrate that microparticles generated in vivo 

cann stimulate coagulation. 
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Cell-derivedd microparticles in CPB patients 

INTRODUCTION N 

Microparticless from platelets and other cells have been extensively studied and 

characterizedd in vitro. When isolated platelets are stimulated with a combination of the 

physiologicall  agonists a-thrombin and collagen, the terminal complement proteins C5b-9 

orr the Ca2+-ionophore A23187, they release large quantities of microparticles [6,8], Both 

activatedd platelets and microparticles express the aminophospholipid phosphatidylserine 

(PS),, thereby providing an essential procoagulant surface that supports the formation of 

activatedd clotting enzymes, i.e. tenase- and prothrombinase complexes on membranes 

[41].. Compared to activated platelets, microparticles contain a higher density of high-

affinityy binding sites for activated factor IX (IXa) [43] and factor Va [6]. They have a 

continuouss expression of high affinity binding sites for factor VII I [46], and support both 

factorr Xa-activity [47] and prothrombinase activity [6,49]. In addition, inactivation of 

factorr Va by activated protein C is enhanced in the presence of either activated platelets or 

microparticles,, suggesting that microparticles may also have anticoagulant properties [8]. 

Inn vitro, procoagulant microparticles can not only be derived from platelets, but also from 

otherr cells such as endothelial cells on interaction with complement, or monocytes 

stimulatedd with endotoxin [51,79]. The presence of microparticles derived from other 

cellss than platelets has, to the best of our knowledge, not been demonstrated in vivo. 

IncreasedIncreased numbers of platelet-derived microparticles in the circulation have been reported 

inn patients undergoing cardiac surgery [32], plasmapheresis [35] or coronary angiography 

[80],, as well as in patients suffering from diabetes [13], heparin-induced 

thrombocytopeniaa [17], infarctions [22], uremia [23], idiopathic thrombocytopenic 

purpuraa [24] and diffuse intravascular coagulation [31]. However, their functional activity 

inn vivo remains unclear, which is especially due to the fact that the numbers of 

microparticless in these clinical conditions is low. 

Duringg cardiopulmonary bypass (CPB) blood becomes activated by extensive contact 

withh the extracorporeal circuit of the heart-lung machine. This contact leads via activation 

off  the factor XII-dependent contact-activation pathway to activation of the complement 

systemsystem as well as coagulation and fibrinolysis [81]. Until recently, this so-called material-

dependentt activation of blood was thought to be the major, if not only cause of blood 

activationn during heart surgery. Recently, however, several investigators showed that 
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material-independentt blood activation also occurs, especially in the operation field. Here, 

numerouss blood vessels are cut or become damaged, and blood oozes into the pericardial 

cavity.. Blood collected from this site (further designated as pericardial blood) has been in 

extensivee contact with damaged tissues, and, as some studies show [82,83] contains high 

concentrationss of tissue-type plasminogen activator and tissue factor, which trigger 

fibrinolysiss and extrinsic coagulation, respectively. 

InIn the present study we addressed the question whether pericardial blood, obtained 

fromm patients undergoing coronary bypass surgery, may contain cell-derived 

microparticless that support coagulation. Our results show that pericardial blood is indeed 

richh in platelet-derived microparticles, but also in erythrocyte- and monocyte- or 

granulocyte-derivedd microparticles and supports coagulation in vitro via a microparticle-

associatedd tissue factor/factor VII-dependent pathway. 

METHODS S 

Reagentss and assays 

Reptilasee was obtained from Boehringer Mannheim (Mannheim, Germany), thrombin 

substratee S2238 from Chromogenix AB, heparinase from Baxter Diagnostics, human 

albumin,, and murine anti-glycoprotein (GP) lb (CLB-MB45) and murine normal serum 

fromm the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service 

(Amsterdam,, The Netherlands). This monoclonal antibody (MoAb) was biotinylated as 

describedd earlier [84]. Phycoerythrin (PE)-conjugated streptavidin, glycophorin A MoAb-

fluoresceinn isothiocyanate (FITC) and anti-CD61-FITC MoAb were obtained from 

Dakopatts.. Immunoglobulin (Ig)G,-FITC, IgG2b-FITC and anti-CD14 MoAb-PE were 

derivedd from Becton Dickinson, and the Ca2+-ionophore A23187 from Calbiochem. 

Artificia ll  phospholipid vesicles containing 20% PS, 40% phosphatidylcholine and 40% 

phosphatidylethanolaminee were kindly provided by Dr. M. van Wijnen (Department of 

Hematology,, University Hospital Utrecht, Utrecht, The Netherlands). Kaolin was 

providedd by B.L.B. Laboratoires du Bois de Boulogne (Puteaux, France), dynabeads M-

2800 streptavadin from Dynal A.S. (Oslo, Norway), FITC-labeled annexin V and biotin-

labeledd annexin V from Nexins Research B.V. (Hoeven, The Netherlands), and factor VII -

andd factor XII-deficient human plasma from Biopool (Burlington, ONT, Canada). OT-2, a 
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MoAbb directed against the active site of factor XII and Xll a was prepared as described 

earlierr [85]. Purified tissue factor pathway inhibitor (TFPI) was a kind gift of Dr. A.A. 

Creaseyy (Chiron Corp., Emeryville, CA, USA). All other chemicals were of the highest 

gradee commercially available. 

Clinicall  studies 

Sixx patients who underwent CPB for coronary bypass grafting were studied. These 

patientss were connected to an extracorporeal circuit, which consisted of a Diceco D704 

compacc flow system oxygenator and S3 rollerpump (Stöckert, Munich, Germany). 

Polyvinyll  chloride tubing was used throughout the circuit, except for the rollerpump, 

whichh was silicon rubber. The priming of the extracorporeal circuit contained Ringer's 

lactatee (1.3 L), human albumin (200 mL 20% [wt/vol]), mannitol (100 mL 20% [wt/vol]), 

NaHC033 (50 mL 8.4% [wt/vol]), heparin (50 mg/L) and cefamandol (2 g). Heparin (3 

mg/kg)) was given intravenously before cannulation of the aorta and repeated in a dose of 

500 mg whenever the activated clotting time (Hemochron) became less than 480 seconds. 

Pumpp flows ranged from 2.0 to 2.4 L.m^.min"1 during moderate hypothermia (28 to 32 

°C).. Myocardial protection was achieved with modified St Thomas solution infused in the 

aorticc root, after clamping and external topical cooling. Systemic blood samples were 

obtainedd after anesthesia, but before skin incision (1); approximately 5 minutes after start 

CPBB (2); 10 minutes before release of the aortic clamp at the start of the last distal 

anastomosiss (3); and 5 to 10 minutes after release of the aortic clamp (4). Pericardial 

bloodd was sampled at time points 2, 3 and 4. The study protocol was approved by the 

Medicall  Ethical Committee of the Onze Lieve Vrouwe Gasthuis. All patients had given 

informedd consent to participate in the study. 

Collectionn of blood samples 

Systemicc blood samples were drawn from the same central venous line. Pericardial 

bloodd was sampled directly from the pericardial cavity with a 10 mL plastic syringe. 

Bloodd was immediately put into plastic tubes containing 1/10th volume of 3.2% 

trisodiumcitrate.. Cells were removed by centrifugation for 15 minutes at 1550g at room 

temperature.. Plasma samples were stored in aliquots at -70 °C until tests were performed. 
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Floww cytometric analysis 

Floww cytometry was performed as described by Shattil et al [32], with some 

modifications.. The citrate-anticoagulated blood was added in 5 uL aliquots to tubes 

containingg 35 uL of 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid (HEPES)-buffer 

(1377 mmol/L NaCl, 2.7 mmol/L KC1, 1.0 mmol/L MgCl2, 5.6 mmol/L glucose, 20 

mmol/LL HEPES, 1 mg/mL albumin, 3.3 mmol/L NaH2P04, pH 7.4) and 5 uL biotin-

labeledd anti-GPIb (5 ug/mL final concentration). After 15 minutes incubation at room 

temperaturee in the dark, 5 uL of 10-fold diluted phycoerythrin-conjugated streptavidin 

wass added. After another 15 minutes at room temperature in the dark, 2.5 mL HEPES-

bufferr containing 0.2% paraformaldehyde (wt/vol) was added. No changes in the 

expressionn of surface-antigens occurred within 48 hours after fixation if platelets were 

preparedd according to this protocol. The samples were analyzed in a FACScan flow 

cytometerr with PC-lysis software (Becton Dickinson). Both forward light scatter and 

sidewardd light scatter were set at logarithmic gain, and platelets or platelet-derived 

materiall  was identified in whole blood by analyzing the GPIb-PE fluorescence at 585 nm. 

Regionss were identified, corresponding to microparticles (Rl), platelets (R2) and 

complexess of platelets, platelets and leukocytes, and possibly platelet-derived 

microparticless and leukocytes (R3), respectively. Preliminary experiments performed in 

ourr laboratory confirmed that platelets stimulated in whole blood or in platelet rich plasma 

withh the Ca2+-ionophore A23187 (5 minutes incubation at 37 °C, 2.5 umol/L final 

concentration)) shedded microparticles that were exclusively found in Rl and were highly 

positivee for annexin-V-FITC. The absolute concentration of microparticles, i.e. corrected 

forr hemodilution in sample x, was calculated by using the following formula: [(platelet 

countt in blood samplex/% cells in R2X) x (% particles in Rlx) x (hematocrit in first 

systemicc sample/hematocrit in blood samplex)], in which the platelet count in the blood 

samplee was determined on a SYSMEX 3000 (Toa Medical Electronics Co, Ltd), the % 

cellss in R2 and Rl were the % of GPIb-positive events in R2 (platelets) and Rl 

(microparticles)) as determined by flow cytometry, respectively. 
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Preparationn of microparticles in vitr o and staining with annexin V-FIT C 

Citrate-anticoagulatedd blood obtained from healthy volunteers was diluted 10-fold in 

HEPES-bufferr (pH 7.4). Microparticles were generated by incubation with 0.001 volume 

off  the Ca2+-ionophore A23187 (final concentration 2.5 umol/L, dissolved in ethanol), for 

300 minutes at room temperature. After centrifugation for 15 minutes at 700g at room 

temperature,, plasma was removed and centrifuged for 1 hour at 13000g at room 

temperature.. The supernatant plasma was carefully removed by aspiration and the pellet 

wass gently resuspended in 1 mL phosphate-buffered saline (PBS; pH 7.4). This 

microparticlee suspension was again centrifuged at 13000g for 1 hour at room temperature. 

Thee pellet was finally resuspended in l/8,h volume of apopbuffer (10 mmol/L HEPES, 5 

mmol/LL KC1, 1 mmol/L MgCl2 and 136 mmol/L NaCl; pH 7.4), prepared according to the 

manufacturerss instructions (Nexins Research B.V.). The microparticle fraction was diluted 

20-foldd in apopbuffer containing annexin-V-FITC (20 nmol/L final concentration), and 

leftt in the dark for 15 minutes at room temperature before addition of 2 volumes of 

apopbuffer.. Microparticles present in patient blood were isolated similarly, but A23187 

wass not added. 

Identificatio nn of microparticles by flow cytometry 

Isolatedd microparticles (5 uL) were diluted in apopbuffer (35 uL), containing an 

additionall  5 uL 500-fold prediluted normal mouse serum. After incubation for 15 minutes 

att room temperature, isotype-matched control antibodies or cell-specific MoAbs, labeled 

withh either FITC or PE, were added and the mixture was incubated in the dark for 15 

minutess at room temperature. Subsequently, 250 uL apopbuffer was added, containing 

annexinn V-FITC (20 nmol/L final concentration) or annexin V-PE (5 nmol/L final 

concentration).. Microparticles were washed once with PBS (pH 7.4) before flow 

cytometry. . 

Endogenouss thrombin potential (ETP) 

Thee thrombin generation assay was performed as described by Kessels et al [86]. To 

preparee normal pooled plasma, blood was obtained from 40 healthy volunteers who had 

nott taken any medication during the previous ten days. Plasma was prepared from citrate-
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anticoagulatedd blood by centrifiigation at 1550g for 15 minutes at room temperature, 

removed,, pooled and stored in 1 mL aliquots at -70 °C until use. After thawing, reptilase 

wass added and the plasma incubated for 10 minutes at 37 °C and, subsequently, for 10 

minutess on melting ice. The fibrin clot was removed by rotating a plastic spatula. Patient 

plasmaa samples were not defibrinated, since only 20 uL of this plasma were added to 240 

uLL of normal pool plasma in all experiments and microparticles adhere to fibrin [87]. To 

preventt interference by heparin, which is administered to the patient during cardiac 

surgery,, patient plasma samples were deheparinized by treatment with heparinase for 30 

minutess at room temperature. The heparinase treatment is known to successfully remove 

upp to 10 U/mL heparin from the plasma without interference with the thrombin generation 

assayy (see Reference [88]; also our data, not shown). Where indicated, deheparinized 

patientt plasma (800 uL) was centrifuged at 13000g for 1 hour at room temperature. After 

centrifugation,, 700 uL of the plasma was carefully removed (supernatant plasma) by 

aspiration,, and the pellet was resuspended in the remaining plasma (100 uL). For some 

experiments,, the plasma was entirely removed, the pellet washed once in 1 mL PBS 

containingg 0.1% (wt/vol) bovine serum albumin (PBS-BSA), centrifuged as described 

above,, and resuspended in 100 uL PBS-BSA. In all experiments, 20 uL of patient plasma 

orr of the washed pellet suspension was added to 240 uL normal pool plasma. This ratio 

wass used to provide a sufficient amount of plasma coagulation factors. At t = 0, thrombin 

generationn was triggered by the addition of 60 uL CaCl2 (17 mmol/L final concentration) 

too a prewarmed (37 °C) mixture of plasma (240 uL) and buffer A (60 uL; buffer A: 50 

mmol/LL Tris-HCl, 100 mmol/L NaCl; pH 7.35). At fixed intervals after t = 0, 10 |̂ L were 

removedd from this mixture and added to prewarmed (37 °C) buffer containing 4 mmol/L 

off  the chromogenic substrate S2238 and 20 mmol/L EDTA. After 3 minutes, the 

conversionn of S2238 was stopped by the addition of 300 uL citric acid (1.0 mol/L) and the 

generationn of p-Nitroaniline was determined on a spectrophotometer at X = 405 nm. The 

thrombinn generation curve is characterized by a lagtime, a transient rise of thrombin 

amidolyticc activity and a partial return to baseline level. This curve is the sum of both 

generationn of the prothrombin activating enzyme complex and inactivation processes, i.e. 

thee binding of thrombin to for example antithrombin III and a2-macroglobulin. From this 

curvee the velocity of prothrombin conversion can be calculated independent of thrombin 
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inactivationn processes. In some of our present experiments, part of buffer A (60 uL) in the 

mixturee with normal pool plasma, was replaced by artificial phospholipid vesicles (20 uL) 

orr kaolin (20 uL). 

Preparationn of dynabeads 

Streptavidine-coatedd dynabeads (1.0 mg) were washed four times with PBS-BSA 

accordingg to the instructions provided by the manufacturer, i.e. incubation for 2 to 3 

minutess in a dynal MPC-E magnetic particle concentrator. Finally, the pellet was 

resuspendedd in either 570 uL PBS containing biotin-labeled annexin V (100 ug/mL) or 

5700 uL PBS. After rotation for 60 minutes at room temperature, the beads were washed 

fivee times with 1 mL PBS-BSA, and stored until use (all manipulations at room 

temperature).. Before use, beads were washed twice with 1 mL tris(hydroxymethyl)-

aminomethanee (Tris)-buffer (50 mmol/L Tris-HCl, 100 mmol/L NaCl, 0.05% (wt/vol) 

albuminn and 17 mmol/L CaCl2; pH 7.35). Then the pelleted beads were added to 

resuspendedd pellets of washed pericardial microparticles in a total volume of 150 uL Tris-

buffer.. Subsequently, the samples were rotated for 1 hour at room temperature to remove 

thee beads. The supernatant was stored for a maximal 2 hours at room temperature until 

use. . 

Statisticall  methods 

Dataa were analyzed with SPSS for Windows, release 6. Differences were considered 

statisticallyy significant at P < 0.05. For direct comparison of the number of microparticles 

inn blood samples, Wilcoxon Matched-Pairs Signed-Rank test was used. Student's t test for 

pairedpaired samples was used to compare the means of the number of microparticles present in 

systemicc and pericardial blood collected simultaneously. 

RESULTS S 

Platelet-derivedd microparticles in the systemic circulation and in pericardial blood 

Too investigate the presence of platelet-derived microparticles in the circulation of 

patientss undergoing coronary bypass surgery, blood was collected as described in 

"Methods""  and analyzed by whole blood flow cytometry. Figure 1 shows representative 
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dott blots of blood samples collected at the end of the operation and obtained from a single 

patient.. Blood collected from the pericardial cavity (Figure IB) contained substantial 

numberss of microparticles that expressed the platelet identification marker GPIb (region 

Rl)) and blood simultaneously collected from the systemic circulation contained 

considerablyy less (Figure 1A). To determine the concentration of microparticles generated 

duringg coronary bypass surgery, in the systemic circulation as well as in pericardial blood, 

bloodd from 5 additional patients undergoing coronary bypass surgery was analyzed. Table 

11 shows the concentration of platelet-derived microparticles, corrected for hemodilution. 

Thee concentration of these microparticles in the circulation significantly increased during 

CPBB (P = 0.027; Table 1). The concentration of such microparticles was significantly 

higherr in the pericardial blood samples at collection points 3 and 4 (each P = 0.028). 

FigureFigure 1. Representative dot plots of platelets and platelet-derived material in systemic 

(A)) and pericardial blood (B). Blood was obtained from the systemic circulation and from 

thethe pericardial cavity at the end of the bypass procedure before release of the aortic 

clamp.clamp. These dot plots are typical examples of FSC/SSC plots obtained with blood 

samplessamples from the same donor. Blood was analyzed by flow cytometry for GPIb-positive 

cellscells and particles as described in "Methods. " The regions Rl, R2 and R3, therefore, 

representrepresent platelet-derived microparticles (Rl), platelets (R2) and platelet-platelet, or 

platelet-whiteplatelet-white blood cell aggregates and possibly platelet-derived microparticle-leukocyte 

complexescomplexes (R3). Identical results were obtained with the other five patients. 
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TableTable 1 Course Course 

Sample e 

ofof platelet-derived microparticle concentration 

point t 

Numberr  of GPIb 

Systemicc blood* 

-posit t 

duringduring cardiac surgery. 

vee microparticles 

Pericardiall  blood 

11 1.6(0.4-2.2) 

22 1.9(0.4-3.2) 4.0(2.3-4.4) 

33 1.3(0.4-3.6) 14.1 (9.7-27.4)1 

44 2.3 (0.5 - 7.7)+ 6.4(4.1 - 12.1)§ 

*All*All  data are presented as median x 10 /L (range), n=6. 
ffPP < 0.03 (Wilcoxon matched-pairs signed-rank) when compared with the first systemic 

bloodblood sample; * and ^P < 0.03, when compared to the corresponding systemic blood 

samples.samples. Blood from 6 patients undergoing heart surgery was collected after anesthesia 

(1),, 5 to 10 minutes after start of CPB (2), 10 minutes before (3) and after (4) release of 

thethe aortic clamp at the end of the bypass procedure. Blood was analyzed by flow 

cytometrycytometry as described in "Methods" for GPIb-positive particles. The number of 

microparticlesmicroparticles was calculated as described in "Methods ". 

Stainingg of microparticles generated in vitr o and in vivo with annexin V 

Too compare microparticles generated in vitro and in vivo for their annexin V binding 

properties,, microparticles were generated in blood from healthy volunteers by incubation 

withh A23187 (in vitro microparticles), and compared with microparticles from pericardial 

bloodd (in vivo generated microparticles). Figure 2 shows that microparticles generated in 

vitroo (upper panels) stained positively with annexin V-FITC (FL1 fluorescence, Figure 

2A),, as did microparticles isolated from pericardial blood (Figure 2C). In the absence of 

annexinn V, no FL1 fluorescence was observed (Figures 2B and 2D). Microparticles 

isolatedd from systemic blood yielded similar results. 
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FigureFigure 2. Exposure of PS on microparticles. Blood obtained from healthy volunteers was 

stimulatedstimulated with the Car'-ionophore A23187 (2.5 jumol/L) and microparticles were 

isolatedisolated and incubated with (A) or without (B) annexin V-FITC (20 nmol/L) in apopbuffer 

asas described in "Methods". Similarly, microparticles isolated from pericardial plasma at 

thethe study point 3 were incubated with (C) or without (D) annexin V-FITC. The dot plots 

shownshown are representative examples of SSC/FLl plots and were obtained within one 

experiment. experiment. 

Identificatio nn of microparticles in systemic and pericardial blood 

Too provide direct evidence that (part of) the microparticles present in systemic and 

pericardiall  blood were platelet-derived, double labeling experiments, in which anti-GPIb-

directedd MoAb was used in combination with annexin V, were performed on isolated 

microparticles.. In contrast to whole blood, however, microparticles were negative for 

GPIb.. Since it is known that GPIb is highly susceptible to proteolysis [89,90], we 

consideredd the possibility that during isolation GPIb was lost from microparticles. 
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Therefore,, anti-GPIIIa (CD61) was used instead of anti-GPIb. GPIIIa is part of the 

integrinn GPIIb/IIIa complex, which is present only on platelets and megakaryocytes. 

Whenn isolated microparticles from systemic blood were incubated with anti-CD61-FITC, 

approximatelyy 90% of the total microparticle fraction was found to be positive for CD61 

(Figuree 3B), in comparison to a FITC-labeled isotype control antibody (Figure 3A). Upon 

incubationn with PE-labeled annexin V, about 90% of the microparticles bound this 

indicatorr for PS-exposure as shown by an increase in FL2 fluorescence (Figure 3D), 

whichh was not observed in the absence of annexin V (Figure 3C). When neither antibody 

norr annexin V was added, all microparticles were in the lower left quadrant, indicating 

thatt no autofluorescence occurred (Figure 3E). In the presence of both anti-CD61 and 

annexinn V, more than 90% of the microparticles bound CD61 as well as annexin V 

(Figuree 3F). When IgGrFITC was added in combination with annexin V-PE, no FL1 

fluorescencee was observed and only a major increase in FL2 fluorescence occurred (not 

shown). . 

Aboutt 25% of the microparticle fraction of pericardial blood bound anti-CD61-FITC 

(Figuree 4B) when compared to control IgGrFITC (Figure 4A). The number of 

microparticless that bound annexin V-PE varied in different experiments from 44% to 58% 

andd was lower than annexin V-FITC (Figures 4C and 4D; compare with Figure 2C). 

Whenn microparticles were double labeled with anti-CD61-FITC and annexin V-PE, 

almostt all platelet microparticles, ie, positive for anti-CD61-FITC, bound annexin V-PE 

(Figuree 4F; top right quadrant). Thus, in contrast to systemic blood that predominantly 

containedd platelet-derived microparticles, microparticles in pericardial blood were derived 

fromm other cell types as well. As shown in Figures 41 and 4J, pericardial blood also 

containedd microparticles that bound anti-glycophorin A-FITC, indicating that these 

microparticless originated from erythrocytes. About 45 to 50% of the total microparticle 

populationn bound this antibody and in addition bound annexin V-FITC in double labeling 

experimentss (not shown). Thus, microparticles in pericardial blood are predominantly of 

platelett and erythrocyte origin. Preliminary data indicated that a small population of about 

5%% of the total microparticle fraction bound anti-CD 14-PE, and, therefore, likely 

originatedd from monocytes or granulocytes (Figures 4G and 4H). Approximately 20% of 

thee microparticles were of as yet unknown cellular source. 
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FigureFigure 3. Binding of anti-CD61 and annexin V to microparticles isolated from systemic 

blood.blood. Microparticles were isolated from systemic blood at study point 3 as described in 

"Methods""Methods" and analyzed by flow cytometry. Microparticles were incubated with control 

IgGi-FITCIgGi-FITC (A; FITC-fluorescence represented by FL1) or anti-CD61-FITC (B); without 

oror with annexin V-PE (C and D, respectively; PE-fluorescence represented by FL2); no 

additionsadditions (E),- or with a combination of anti-CD61-FITC and annexin V-PE (F). The 

upperupper right panel of F shows microparticles positive for anti-CD61-FITC (FL1) and 

annexinannexin V-PE (FL2). 
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FigureFigure 4. Identification of 

microparticlesmicroparticles in 

pericardialpericardial blood and 

bindingbinding of annexin V. 

MicroparticlesMicroparticles were 

isolatedisolated from pericardial 

bloodblood at study point 3 as 

describeddescribed in "Methods " 

andand analyzed by flow 

cytometry.cytometry. Microparticles 

werewere incubated with 

controlcontrol Igd-FITC (A; 

FITC-fluorescence FITC-fluorescence 

representedrepresented by FLI) or 

anti-CD61-FITCanti-CD61-FITC (B); 

withoutwithout or with annexin V-

PEPE (C and D, respectively; 

PE-fluorescence PE-fluorescence 

representedrepresented by FL2); no 

additionsadditions (E); or with a 

combinationcombination ofanti-

CD61-FITCCD61-FITC and annexin 

V-PEV-PE (F). In addition, the 

microparticlemicroparticle fraction was 

incubatedincubated with anti-CD14-

PEPE (H) or IgG2a (G) and 

anti-glycophorinanti-glycophorin A-FITC 

(J)orlgGrFITC(l). (J)orlgGrFITC(l). 
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Thrombi nn generation by the total microparticl e population 

Uponn addition of Cat ions to pooled normal plasma only a modest amount of 

thrombinn was generated after a lagtime of 5 to 6 minutes (Figure 5A). Incubation of 

pooledd normal plasma with both Ca2+-ions and artificial phospholipid vesicles, which 

providee a negatively charged surface that facilitates the binding of coagulation factors, 

shortenedd the lagtime to 159  30 seconds (n = 6; mean  SD) and thrombin was 

generatedd (ETP = 425  53 nmol/L; n = 6). In the presence of artificial phospholipid 

vesicless and kaolin, a trigger of the intrinsic factor XII-dependent coagulation pathway, a 

similarr amount of thrombin was generated (ETP = 443  25 nmol/L), but with a shorter 

lagtimee (66  12 seconds). On addition of deheparinized patient plasma (20 uL) collected 

att study point 3 from the systemic circulation, the capacity of pooled normal plasma to 

generatee thrombin slightly increased (Figure 5B). When a similar amount of pericardial 

plasmaa was added, the lagphase was shorter and the capacity to generate thrombin was 

increased.. To demonstrate that the thrombin-generating activity of the patient plasma 

sampless was due to the presence of microparticles, plasma samples were centrifuged for 1 

hourr after treatment with heparinase as described in "Methods". The microparticle-rich 

pellett was resuspended in microparticle-poor plasma (see "Methods"). Figure 5C shows 

thee effect of the addition of either microparticle-poor plasma or the microparticle-enriched 

plasmaa to pooled normal plasma on the thrombin generation. Addition of the systemic 

microparticle-poorr patient plasma did not support the generation of thrombin (Figure 5C). 

Inn contrast, addition of the microparticle-enriched systemic plasma caused a considerable 

increasee in thrombin generation in normal plasma, although still a lagphase of 4 to 5 

minutess occurred. When the microparticle-poor pericardial plasma was added, a minor 

increasee in thrombin generation was observed compared to the control of pooled normal 

plasmaa (Figure 5D). Addition of an equal volume of the microparticle-enriched pericardial 

plasmaa induced a marked increase in the capacity to generate thrombin and the lagphase 

shortenedd to less than 1 minute. To obtain further evidence for involvement of 

microparticless in thrombin generation, isolated microparticles (see "Methods") were 

absorbedd with uncoated- or annexin V-coated beads to remove PS-carrying 

microparticles.. After removal of the beads, the remainder of the microparticle fraction was 

usedused to determine the ability to support thrombin generation. This experiment was 
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performedd twice with isolated pericardial microparticles, obtained from two different 

donors.. When treated with uncoated beads, the amount of thrombin generated decreased 

fromm 347 (untreated control) to 294 nmol/L (donor 1) and from 346 to 246 nmol/L for 

donorr 2. When treated with annexin V-coated beads, the ETP decreased more extensively 

too 137 and 86 nmol/L (donor 1) and to 129 and 146 nmol/L (donor 2). 

Coagulationn pathway involved in thrombin generation by microparticles 

Additionall  experiments were performed to determine whether the observed generation 

off  thrombin in pooled normal plasma in the presence of pericardial pellet was due to 

stimulationn of the intrinsic (factor XII ) or extrinsic (factor VII ) pathway of coagulation. 

Wee washed the pellet derived from the pericardial sample in buffer to remove the 

remainingg plasma and thus exclude the presence of (activated) coagulation factors from 

thatt source. Typical results are presented in Figures 6B and 6C and the overall results in 

Tablee 2. When the washed pellet was added to factor XII-deficient plasma (n = 6), no 

inhibitionn of thrombin generation or increase in lagtime was observed when compared to 

normall  pool plasma (Table 2). Also, preincubation with MoAb OT-2, which functionally 

inhibitss factor XII and factor Xlla, had no effects, whereas this antibody strongly delayed 

thee kaolin-induced procoagulant activity of normal plasma (not shown). These findings 

suggestedd that factor XII plays no major role under these conditions. On the other hand, 

whenn the pellet was added to factor VII-deficient plasma the lagphase increased from 26 

too 152 seconds, suggesting an involvement of the tissue factor/factor VII pathway. Further 

evidencee for a role of factor VII was provided by the finding that no thrombin was 

generatedd when the pellet was added to pooled normal plasma in the presence of TFPI (n 

== 6; 0.4 umol/L final concentration). 
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Figuree 5. Thrombin generation in pooled normal plasma (A) or in pooled normal plasma 

supplementedsupplemented with plasma samples obtained from patients undergoing heart surgery 

beforebefore (B) and after (C, D) high-speed centrifugation. A. Thrombin generation in pooled 

normalnormal plasma upon addition of Ca2+-ions alone (V; shown as control in Figures A 

throughthrough D), or in the presence of artificial phospholipid vesicles (A), or artificial 

phospholipidphospholipid vesicles and kaolin (A). B. Thrombin generation in normal pool plasma 

(240(240 fiL), supplemented with deheparinized patient plasma (20 JUL; systemic plasma (o); 

pericardialpericardial plasma . Systemic (C) and pericardial plasma (D) were subjected to high-

speedspeed centrifugation as described in "Methods ". Subsequently, 20 JXL of the high-speed 

plasmaplasma samples (O,D) and the resuspendedpellet samples , prepared as described in 

"Methods,"Methods, " were added to pooled normal plasma. The tracings represent typical 

examplesexamples and were obtained from a single experiment. A total number of '3 experiments 

werewere performed. 
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FigureFigure 6. Thrombin generation of washed pericardial pellet after preincubation with 

annexinannexin V-coated beads (A) and the effect of inhibition of the intrinsic (B) and extrinsic 

(C)) coagulation cascade. Washed pericardial pellet was prepared as described in 

"Methods."Methods. " A. Thrombin generation in pooled normal plasma upon addition of 20 fiL of 

washedwashed pericardial pellet ( T ; same symbol in B and C) and the effect of preincubation of 

thethe washed pellet with either annexin V-coated beads (D) or with uncoated beads . As a 

controlcontrol only Ca +-ions were added (V; same symbol in B and C). B. Thrombin generation 

byby 20 JXL of washed pericardial pellet in factor XII-deficient plasma (n) or in pooled 

normalnormal plasma supplemented with OT-2, which inhibits factor XII and factor Xlla . C. 

ThrombinThrombin generation by washed pericardial pellet in factor VII-deficient plasma (G) or in 

pooledpooled normal plasma in the presence of purified TFPI (0.4 /xmol/L; . Six experiments 

werewere performed and tracings shown were obtained within one typical experiment. 
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TableTable 2. Reconstitution of washed pericardial microparticles in normal pool plasma or in 

coagulationcoagulation factor-deficient plasma: Effect on generation of thrombin. 

ETP,, nmol/L  TP, nmol/L  Lag Time, s 

Normall  pool plasma 381 2 96  22 26 4 

VII-deficientt plasma 433  67 142 4 152 * 

Normall  pool plasma + TFPI < 10# < 10# > 900# 

XII-deficientt plasma 451  94 126  44 34  6 

3988 1 106 4 35  6 Normall  pool plasma + MoAb 
OT-2 2 

ETPP indicates endogenous thrombin potential; TP, thrombin potential; (n = 6). 

PP < 0.001 (t test for paired samples was used to compare all data with normal pool 

plasma).plasma). Microparticles were isolated from patients undergoing cardiac surgery and were 

preparedprepared as described in "Methods ". 

DISCUSSION N 

CPBB surgery induced a slight increase in the number of platelet-derived 

microparticless in systemic blood in all patients. However, the present study shows that 

cell-derivedd microparticles are not only present in the systemic circulation, but also and at 

higherr levels in pericardial blood. Interestingly, the highest levels of microparticles in 

pericardiall  blood were found at sampling point 3, which is returned via the cardiotomy 

reservoirr into the patients between sampling points 3 and 4. Thus, we propose that at least 

partt of the observed increase in the number of platelet-derived microparticles in the 

systemicc circulation reflects re-infusion of the pericardial blood. However, at present we 

cann not exclude the possibility that part of the platelet-derived microparticles in the 

systemicc circulation are formed due to contact between blood and the artificial surface of 

thee extracorporeal circuit, as has been shown to occur in vitro [91]. Conversely, the much 
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higherr concentration in pericardial blood virtually excludes the possibility that these 

microparticless originate from contact of blood with the extracorporeal circuit. More likely 

theyy were generated upon blood contact with extravascular tissue in the pericardial cavity. 

Preliminaryy flow cytometry experiments indicated that pericard plasma not only 

containedd microparticles of platelet and erythrocyte origin, but also microparticles derived 

fromm monocytes or granulocytes, which express CD 14. Monocytes stimulated in vitro by 

endotoxinn shed microparticles that express tissue factor and expose PS [51]. Thus, the 

presencee of CD14-expressing microparticles in pericardial plasma may explain the 

presencee of tissue factor in our experiments. Further characterization of these 

microparticless is needed and presently ongoing. About 20% of the microparticles in 

pericardiall  blood remain to be identified. The finding that the systemic circulation almost 

exclusivelyy contains platelet-derived microparticles, suggests that erythrocyte- and CD 14-

positivee microparticles may be rapidly cleared from the systemic circulation. 

Too determine the thrombin-generating capacity of the various plasma samples and 

fractions,, a thrombin generation assay was used. This assay has been used previously to 

determinee the thrombin-generating capacity in plasma, platelet-rich plasma and whole 

blood.. The thrombin-generating capacity was shown to be increased in women using oral 

contraceptives,, in patients with active venous thrombosis, in young stroke patients and in 

patientss suffering from an antithrombin deficiency, whereas it is decreased in healthy 

volunteerss using aspirin and is inhibited by activated protein C [86,92]. Our data indicate 

thatt the in vivo generated microparticles support thrombin generation via a tissue 

factor/factorr VII-mediated pathway, since (1) the microparticles generated thrombin much 

slowerr in factor VII-deficient plasma than in normal pool plasma, and (2) TFPI inhibited 

thrombinn generation completely. In contrast to factor VII-deficient plasma, no inhibition 

wass observed when the microparticle-enriched fraction was added to factor XII-deficient 

plasma,, suggesting that thrombin generation under these conditions is factor XII -

independent.. This was confirmed with OT-2, a MoAb that inhibits factor XII and Xll a and 

whichh failed to affect microparticle-mediated thrombin generation. Recently, Chung and 

coworkerss demonstrated that tissue factor is elevated on mononuclear cells in pericardial 

bloodd during CPB, accompanied by high levels of prothrombin fragment 1+2 and a high 

ratioo of factor VIIa:factor VII [83]. They concluded that expression of tissue factor, 
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activationn of the extrinsic coagulation pathway and thrombin formation occurs 

predominantlyy in pericardial blood, and it was postulated that "the wound activated the 

extrinsicc coagulation pathway during CPB by producing procoagulant cells and enzymes 

thatt enter the general circulation". We agree with this statement, but propose that this 

activationn is at least partly microparticle-mediated. 

Itt may be wondered whether the procoagulant activity is solely due to the expression 

off  tissue factor, or also partly dependent upon the presence of PS and other negatively 

chargedd phospholipids on for instance the platelet-derived microparticles. When the 

microparticle-enrichedd fraction was preincubated with annexin V-coated beads, the 

thrombin-generatingg capacity was reduced when compared to uncoated beads, but not 

completelyy inhibited. No additional inhibition was observed when up to 2.5 mg/mL 

annexinn V-coated beads were added, indicating that the incomplete inhibition was not due 

too an insufficient amount of beads (not shown). Artificial phospholipid vesicles only bind 

annexinn V when they express more than 5% PS [93]. At first glance, the procoagulant 

activityy therefore seems to be dependent upon the presence of both tissue factor and the 

negativelyy charged phospholipids. However, we cannot exclude the possibility that 

preincubationn with annexin V-coated beads removed the particles that not only expressed 

PSS but also tissue factor. Further studies will therefore be necessary. 

Despitee the fact that the number of microparticles in the systemic circulation of the 

patientss undergoing heart surgery increased gradually, severe thrombotic effects are not 

associatedd with this procedure. This is presumably related to the fact that patients 

undergoingg heart surgery receive high doses of heparin in the systemic circulation (2 to 3 

IU/mL),, yielding concentrations in the pericardial blood of about 1 IU/mL [82]. 

Thee size of the microparticles cannot be estimated by flow cytometry, because the 

resolutionn of the size measurement is limited by the wavelength (488 nm) of the flow 

cytometerr to particles of 0.6 um and larger. 

InIn summary, the present results demonstrate that procoagulant microparticles are 

generatedd during coronary bypass surgery, especially in pericardial blood, which support 

coagulationn via a tissue factor/factor VII-mediated pathway. Thus, pericardial blood may 

providee a unique tool to study functional properties of microparticles generated in vivo. 
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ABSTRAC T T 

Aim.. Patients with meningococcal sepsis generally suffer from disseminated 

intravascularr coagulation (DIC). The aim of this study was to address the question, 

whetherr these patients have elevated numbers of circulating microparticles that 

contributee to the development of DIC. 

Methods.. Plasma samples from 5 survivors, 2 non-survivors and 5 healthy volunteers 

weree analyzed for the presence of microparticles by flow cytometry. Ongoing 

coagulationn activation in vivo was quantified by ELISA of plasma prothrombin 

fragmentt 1+2 (F|+2) and procoagulant properties of microparticles in vitro were 

estimatedd by thrombin generation assay. 

Results.. On admission, all patients had increased numbers of microparticles 

originatingg from platelets or granulocytes, when compared to controls (P = 0.004 and 

PP = 0.008, respectively). Patients had elevated levels of F,+2 (P = 0.004) and their 

microparticless supported thrombin generation more strongly in vitro (P = 0.003) than 

thosee of controls. Plasma from the patient with the most fulminant disease course and 

severee DIC contained microparticles that expressed both CD 14 and tissue factor, and 

thesee microparticles demonstrated extreme thrombin generation in vitro. 

Conclusions.. We conclude that patients with meningococcal sepsis have elevated 

numberss of circulating microparticles that are procoagulant and suggest that these 

findingss may open a novel therapeutic approach to combat clinical conditions with 

excessivee coagulation activation. 
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INTRODUCTION N 

Meningococcall  sepsis is a life-threatening disease most frequently occurring 

duringg childhood and characterized by excessive activation of many cells and 

cascades,, which results in disseminated intravascular coagulation (DIC) and shock 

[94,95].. Though it is clear that the cascade of inflammatory and clotting reactions are 

triggeredd by the meningococcal bacteria, and particularly by their release of endotoxin, 

thee precise mechanisms underlying these reactions are not well understood. For 

example,, the mechanism underlying the development of DIC, a typical threatening 

featuree of meningococcal sepsis, is unknown. 

Clottingg requires the presence of phospholipid cofactors that serve as a surface to 

assemblee the various complexes to activate the clotting factors. In vitro studies have 

shownn that activated platelets, and in particular microparticles generated from them, 

containn a large number of binding sites for activated factor IX (IXa) [43], factor Va 

[6],, and factor VII I [46], and support both factor Xa-activity [47,49] and 

prothrombinasee activity [6,49]. Increased numbers of platelet-derived microparticles 

aree present in the circulation of patients who have an increased risk for 

thromboembolicc complications, such as patients undergoing cardiac surgery [32] or 

plasmapheresiss [35] and in patients suffering from diabetes [13], heparin-induced 

thrombocytopeniaa [17], myocardial infarctions [22], uremia [23], idiopathic 

thrombocytopenicc purpura [24], or thrombotic thrombocytopenic purpura [26]. 

Functionall  studies of those microparticles were not performed. Other studies about the 

presencee of microparticles of non-platelet origin in the circulation have not been 

reportedd thus far. We have shown recently that elevated levels of platelet- and 

erythrocyte-derivedd microparticles are present in wound blood collected directly from 

thee pericardial cavity in patients undergoing cardiac surgery [33]. These in vivo 

generatedd microparticles strongly bind annex in V, a protein known for its interaction 

withh negatively charged phospholipids such as phosphatidylserine, one of the essential 

lipidd cofactors for clotting. Upon addition to normal plasma, these microparticles 

supportedd the generation of thrombin via a tissue factor-factor VII-mediated pathway. 

Hence,, microparticles may be involved in activation of the systemic coagulation in 

vivo. . 
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Inn the present study we investigated the presence, cellular source, and function of 

circulatingg microparticles in patients suffering from meningococcal sepsis. Plasma 

sampless of these patients were analyzed for the presence of microparticles (flow 

cytometry)) and their procoagulant activity (thrombin generation assay), and were 

comparedd with the number and properties of microparticles in plasma from 5 healthy 

volunteers.. Our results show that patients with meningococcal sepsis have elevated 

numberss of circulating microparticles derived from various blood cells, and that these 

microparticless support clotting. We suggest that extreme DIC is strongly linked to 

circulatingg tissue factor-expressing microparticles in this disease and possibly also in 

otherr clinical conditions with excessive coagulation activation. 

MATERIAL SS AND METHODS 

Reagentss and assays 

Reptilasee was obtained from Boehringer Mannheim (Mannheim, Germany), 

thrombinn chromogenic substrate S2238 from Chromogenix AB (Molndal, Sweden), 

andd normal mouse serum and fluorescein isothiocyanate (FITC)-labeled anti-CD4 

(anti-CD4-FITC)) from the Central Laboratory of the Netherlands Red Cross Blood 

Transfusionn Service (CLB, Amsterdam, The Netherlands). Anti-glycophorin A-FITC 

andd anti-CD61-FITC were obtained from Dakopatts (Glostrup, Denmark). Mouse 

immunoglobulinn (Ig)GrFITC, IgG2a-FITC, IgGrphycoerythrin (PE; all used as 

controls),, anti-CD 14-PE, anti-CD8-F!TC and anti-CD20-FITC monoclonal antibody 

(MoAb)) were from Becton Dickinson (San Jose, CA), annexin V-FITC was from 

Nexinss Research B.V. (Hoeven, The Netherlands), anti-factor VII and anti-factor XII 

weree from CLB (Amsterdam, The Netherlands), and anti-E-selectin-FITC (anti-

CD62E-FITC)) was from Serotec Ltd (Kidlington, UK). Anti-CD14-FITC was from 

Biosourcee (Camarillo, CA), anti-CD66b-FITC and IgG2b-PE (control MoAb) were 

fromm Immuno Quality Products (Groningen, The Netherlands), and anti-tissue factor 

(TF)-FITCC and polyclonal rabbit anti-human TF were from American Diagnostics 

(Greenwich,, CT). Annexin V-PE was from PharMingen (San Jose, CA). F1+2 was 

determinedd by ELISA (Enzygnost F,+2 micro) as described by the manufacturer 

(Behringg Diagnostics GmbH, Marburg, Germany). 
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Clinicall  studies 

Alll  patients included in the study had (1) a positive blood culture for Neisseria 

meningitidis;meningitidis; (2) signs and symptoms of septic shock; (3) a disease duration of less 

thann 24 hours at study entry; and (4) a characteristic rash (macular, petechial, purpuric, 

orr ecchymotic). Seven patients (age 1-29 years; male-female ratio 2:5) were included. 

Patientss had been included in an open, prospective study on the effects of 

leukaplasmapheresiss in patients with meningococcal septic shock and patient samples 

weree collected between 1989 and 1993 [96]. Leukaplasmapheresis, an effective 

treatmentt that improves the survival and reduces the change for complications [97], 

wass applied after admission and was repeated 4, 10, 16, 24 and 36 hours after initial 

treatment.. The protocol was approved by the local hospital ethical committee. 

Informedd consent for the blood collection was obtained from the patient or their 

relatives,, as well as the attending physician. 

Collectionn of blood samples 

EDTA-anticoagulatedd blood was collected at admission and before each 

leukaplasmapheresiss procedure. Cells were removed by centrifugation for 15 minutes 

att 1550g at room temperature. Plasma samples were stored in aliquots at -70 °C until 

use.. All plasma samples from a single patient were tested in the same experiment to 

avoidd day-to-day variation of the flow cytometer between samples from 1 patient. 

Healthyy volunteer samples, collected in the same period and stored identically, were 

usedd for comparison. 

Floww cytometric analysis 

Forr flow cytometry, 250 uL of plasma was centrifuged for 15 minutes at 17500g 

andd 20 °C to obtain microparticle pellets. Subsequently, 225 uL of supernatant was 

removed,, 225 uL of apopbuffer (10 mmol/L HEPES, 5 mmol/L KC1, 1 mmol/L 

MgCl2,, and 136 mmol/L NaCl; pH 7.4) was added, and the microparticles were 

recentrifuged.. Finally, 225 uL of supernatant was removed and the pellets were 

resuspendedd with 75 uL of apopbuffer. From this suspension, 5 uL aliquots were 

dilutedd with 35 uL of apopbuffer containing 2.5 mmol/L CaCL., and 5 uL of 
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microparticle-freee normal mouse serum (1:5000, v/v, final concentration) and were 

incubatedd for 15 minutes at room temperature. Subsequently, to identify the total 

microparticlee population and their cellular origin, we added 5 uL PE-labeled annexin 

VV and 5 uL FITC-labeled MoAb, respectively, and incubated the samples for 15 

minutess in the dark. To identify monocyte-derived, tissue factor-expressing 

microparticles,, we used anti-CD14-PE and anti-TF-FITC. The following (final) 

concentrationss were used: anti-CD4-FITC (0.5 ug/mL), anti-CD8-FITC (25 ng/mL), 

anti-CD20-FITCC (0.5 ug/mL), IgG,-FITC (0.5 ug/mL), IgG2a-FITC (0.5 ug/mL), IgG,-

PEE (0.5 ug/mL), anti-CD 14-PE (0.25 ug/mL), anti-CD 14-FITC (0.5 ug/mL), anti-

CD61-FITCC (1 ug/mL), anti-CD62E-FITC (1 ug/mL), anti-glycophorin A-FITC (0.25 

ug/mL),, anti-CD66b-FITC (0.25 ug/mL), IgG2b-PE (0.5 ug/mL), anti-TF-FITC (1 

ug/mL)) and annexin V-PE (40 pg/mL). The incubation with MoAb and annexin V was 

terminatedd by the addition of 200 uL of apopbuffer containing 2.5 mmol/L CaCl2, 

followedd by recentrifugation. After removal of 200 uL of supernatant, another 300 uL 

off  apopbuffer containing 2.5 mmol/L CaCl2 was added and the pellets resuspended. 

Sampless were analyzed in a FACScan flow cytometer with CellQuest software 

(Bectonn Dickinson, San Jose, CA). Both forward scatter (FSC) and side scatter (SSC) 

weree set at logarithmic gain. Microparticles were identified on FSC, SSC, binding of 

annexinn V and binding of a cell-specific MoAb. Annexin V measurements were 

correctedd for autofluorescence, and binding of cell-specific MoAbs was corrected with 

identicall  concentrations of control IgG-antibodies [33]. The number of microparticles 

perr liter of plasma was calculated as: Number/L = N x [100/5] x [355/150] x 

[106/250]. . 

Thrombi nn generation by microparticles 

Thee thrombin generation assay as described by Kessels et al [86] was used to 

assesss the in vitro thrombin-generating capacity of microparticles. To prepare normal 

plasma,, we collected citrate-anticoagulated blood from 40 healthy volunteers who had 

nott taken any medication during the previous ten days. Plasma was prepared by 

centrifugationn for 15 minutes at 1550g and room temperature. The plasma samples 

weree pooled and treated with reptilase (40 uL per 2 mL plasma) for 10 minutes at 37 
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°CC and then for 10 minutes on melting ice. Subsequently, fibrin and microparticles 

weree removed by centrifugation for 1 hour at 17500g (20 °C) and plasma was stored in 

11 mL aliquots at -70 °C until use. Microparticles were prepared as described in flow 

cytometricc analyses. At t = 0, thrombin generation was started by the addition of 30 uL 

CaCl22 (17 mmol/L) to 120 uL of the prewarmed (37 °C) normal plasma to which 20 

uLL of buffer A (50 mmol/L Tris-HCl, 100 mmol/L NaCl; pH 7.35) and 10 uL of the 

washedd microparticle suspension had been added. After t = 0, at fixed intervals, 3 uL 

portionss were removed from this mixture and added to prewarmed (37 °C) buffer A 

containingg 4 mmol/L of the chromogenic substrate S2238 and 20 mmol/L EDTA (to 

blockk further thrombin generation). After 180 seconds, the conversion of S2238 was 

stoppedd by the addition of 90 uL citric acid (1.0 mol/L) and the generated p-

Nitroanilinn was determined on a spectrophotometer at X = 405 nm. For inhibition 

experiments,, MoAbs (anti-TF, anti-factor VII or anti-factor XII ; 0.7 - 1.0 mg/mL) 

weree added to both plasma (20 uL) and microparticles (10 uL), which were 

preincubatedd separately for 30 minutes at room temperature before the microparticles 

weree added in the thrombin generation assay. 

Statisticall  methods 

Dataa were analyzed with SPSS for Windows, release 8. Differences were 

consideredd statistically significant at P < 0.05. For direct comparison of the number of 

microparticless in blood samples, the Wilcoxon matched-pairs signed-rank test was 

used. . 

RESULTS S 

Numberr  and cellular  origin of circulating microparticles in patients with 

meningococcall  sepsis 

Microparticless were isolated from plasma samples, labeled and analyzed by flow 

cytometryy as described in "Materials and methods". Figure 1 shows a representative 

picturee of microparticles stained with annexin V, which binds to negatively charged 

phospholipidss and can be used to stain microparticles [33], and anti-CD66b, which 

labelss granulocytes. To correctly identify annexin V-positive microparticles, we 
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determinedd a threshold in a microparticle sample that was prepared without any 

additionss to correct for intrinsic autofluorescence (Figure 1A). This threshold is also 

depictedd in panels B, E and F. To identify microparticles that bound cell-specific 

MoAbs,, we also incubated microparticles with identical concentrations of control 

antibodiess to set a threshold. This threshold is shown in Figure 1C and is also used in 

panelss D, E, and F. Labeling with anti-CD66b revealed that part of the microparticles 

originatedd from granulocytes (Figure ID), and that the microparticles also bound 

annexinn V (Figure IE, upper right). Figure IF shows the virtual absence of 

granulocyte-derivedd microparticles in a representative dot plot of microparticles from 

aa healthy volunteer. 

Tablee 1 summarizes the numbers of circulating microparticles, identified by 

stainingg with annexin V-PE and cell-specific CD markers (FITC-labeled), in patients 

att study entry (n = 7) and healthy volunteers (n = 5). For these experiments a panel of 

MoAbss was used directed against TH cells (CD4), Ts cells (CD8), monocytes (CD 14), 

BB cells (CD20), platelets (CD61), endothelial cells (CD62E), granulocytes (CD66b) 

andd erythrocytes (glycophorin A). Compared with healthy volunteers, the patients had 

significantlyy increased numbers of circulating platelet (CD61)-derived and granulocyte 

(CD66b)-derivedd microparticles at study entry. Monocyte (CD 14)-, B cell (CD20)-

andd endothelial cell (CD62E)-derived microparticles were also increased, although the 

differencee was not statistically significant. Notably, the nonsurviving patient A, who 

diedd on admission after a disease course of less than 18 hours, had the highest plasma 

levelss of microparticles derived from TH cells, monocytes, B cells, endothelial cells, 

platelets,, granulocytes and erythrocytes. The other nonsurvivor showed no marked 

differencess in microparticle numbers when compared to patients who survived 

meningococcall  sepsis. 
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FigureFigure 1. Representative fluorescence-activated cell sorter (FACS) dot plots of 

granulocyte-derivedgranulocyte-derived microparticles in plasma from a patient who survived 

meningococcalmeningococcal sepsis. Microparticles were isolated from the plasma of a (surviving) 

patientpatient on admission, labeled and analyzed by flow cytometry as described in 

"Materials"Materials and Methods. " (A) Unlabeled microparticles (autofluorescence); (B) 

labeledlabeled with annexin V-PE; (C) labeled with IgGj-FITC (control MoAb); (D) labeled 

withwith anti-CD66b-FITC and (E) double staining with annexin V-PE and anti-CD66b-

FITC.FITC. (F) Representative dot plot of microparticles isolated from healthy volunteer 

plasma,plasma, double stained with annexin V-PE and anti-CD66b-FITC, for comparison. 
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TableTable 1. Number of circulating microparticles on admission in patients with 

meningococcalmeningococcal sepsis and healthy volunteers. 

Patientss Volunteers _. *  pt 
Markerr  ( n = ?) ( n = 5) Nx/Nt P 

CD4 4 
(THH cells)+ 

CD8 8 
(Tss cells) 

CD14 4 
(monocytes) ) 

CD20 0 
(BB cells) 

CD61 1 
(platelets) ) 

CD62E E 
(endotheliall  cells) 

CD66b b 
(granulocytes) ) 

Glycophorinn A 
(erythrocytes) ) 

6.11 (0.0-65)s 

ND' ' 

15.3(0.0-735) ) 

10.0(0.0-89) ) 

597(1011 -1692) 

611 (8.0-244) 

2344 (29 - 294) 

72(42-191) ) 

19.3(2.65-47.9) ) 

ND D 

7.7(0.0-- 16.1) 

0.00 (0.0 - 6.6) 

411 (16-80) 

18(8.0-40) ) 

1.33 (0.0-5.5) 

511 (22-95) 

1/7 7 

ND D 

3/7 7 

5/7 7 

7/7 7 

5/7 7 

7/7 7 

1/7 7 

0.432 2 

ND D 

0.315 5 

0.202 2 

0.004 4 

0.318 8 

0.008 8 

0.993 3 

*NXX indicates the number of patient plasma samples that contained more 

microparticlesmicroparticles (for the indicated CD marker) than the highest number found in 

volunteers;volunteers; Nt indicates the total number of patient samples tested. 
1Patientss versus volunteers (Mann-Whitney test). 
11 Microparticles were isolated, labeled, and analyzed and their number calculated as 

describeddescribed in "Materials and Methods. " 
§§DataData are expressed as median (range) and represent number x 10 /L plasma. 

^Not^Not detectable. 

Timee course of circulatin g microparticles 

Thee time course of microparticle numbers in the patients is given in Figure 2. In 

alll  5 survivors, the number of granulocyte-derived microparticles decreased during the 

52 2 



Microparticless in meningococcal sepsis 

firstfirst 10 hours after admission (Figure 2, upper left). During the first 10 hours the 

numberr of monocyte-derived microparticles (CD14; Figure 2, middle left) increased 

slightlyy in 4 of the survivors, although this increase was not significant (P = 0.117 at 

244 hours and P = 0.462 at 36 hours). In contrast, microparticles originating from 

platelets,, erythrocytes or endothelial cells (Figures 2: upper right, lower right and 

lowerr left, respectively), showed no apparent changes during the observation period. 

EndothelialEndothelial microparticles (CD62E) 

00 10 20 30 40 

timee (hours) 

FigureFigure 2. Time course of circulating microparticles in patients who survived 

meningococcalmeningococcal sepsis. Microparticles were assessed and analyzed by flow cytometry 

asas described in "Materials and Methods. " Figure shows the number of microparticles 

doubledouble stained with annexin V-PE and the indicated FITC-labeled MoAb. The shaded 

areaarea represents the range found in the 5 healthy volunteers. Note that the range of the 

y-axisy-axis varies and that most of the microparticles were of platelet origin. 
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Relationn of circulatin g microparticles to coagulation in vivo and in vitr o 

Too investigate whether the microparticles detected in the patients promoted 

coagulation,, we first measured the activation of the coagulation system in vivo by 

assessingg the concentration of the prothrombin fragment 1+2 (F1+2) in plasma during 

thee course of the disease, which reflects the extent of thrombin formation in vivo [98]. 

Tablee 2 shows that the concentration of F1+2 on admission was higher in the patients 

thann in volunteers (P = 0.004). This difference was still present at 24 hours (P = 

0.016),, but not thereafter. The concentration of F1+2 in survivors decreased slowly after 

admission,, becoming significantly lower than baseline values at 36 hours (P = 0.016), 

indicatingg progressively less activation of coagulation in vivo. To substantiate a link 

betweenn coagulation activation and microparticles, we studied the thrombin-generating 

capacityy of isolated microparticles from patients and healthy volunteers in vitro. 

Virtuallyy all microparticle preparations of the patients generated more thrombin than 

thosee of healthy controls (data are summarized in Table 2). 

Microparticless released from monocytes in vitro express TF [51,99], so we 

investigatedd whether such particles also circulate in vivo. Nonsurvivor A, who 

sufferedd from severe DIC as evidenced by a low platelet number (7 x 109/L), a 

prolongedd prothrombin time (> 60 seconds; normal range < 14.5 seconds), a decreased 

fibrinogenn level (< 0.1 g/L; normal range 1.7 - 3.7 g/L), the presence of fibrin 

degradationn products, and a prolonged activated partial thromboplastin time (> 120 

seconds;; normal range < 36 seconds), had extremely high numbers of monocyte-

derivedd microparticles (CD 14 positive). These microparticles double stained for TF 

(Figuree 3 A). In contrast, microparticles of nonsurvivor B, with a less fulminant disease 

coursee (platelet number 258 x 109/L, prothrombin time 17.1 seconds, fibrinogen 2.5 

g/L,, presence of fibrinogen degradation products and activated partial thromboplastin 

timee of 42.9 seconds), hardly stained for CD 14 or TF (Figure 3B). 
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TableTable 2. Thrombin generation in plasma of patients with meningococcal sepsis in vivo 

andand by microparticles in vitro. 

Inn Vivo In Vitr o 

Time(h)) F 

TGT T 
(nmol/L)) Nx/Nt

f F*  Nx/Nt
f P* 

00 5.5(4.1-10)# 7/7 0.004 0.105(0.088-0.149/ 7/7 0.003 

44 4.1(3.4-20) 5/5 0.009 0.080(0.070-0.132) 5/5 0.009 

100 5.5(2.1-8.6) 4 /5 ° -0 26 0.084(0.068-0.106) 5/5 0.009 

166 3.8(2.2-12.7) 4/5 0.016 0.100(0.090-0.116) 5/5 0.009 

244 4.2(2.4-4.9) 4/5 0.016 0.070(0.055-0.079) 3/5 0.117 

366 3.2(1.4-3.8) 4/5 0.140 0.078(0.067-0.142) 4/4 0.014 

Volunteerss 2.1(1.1-2.8) - - 0.057(0.044-0.063) 

*Time*Time after admission (t = 0). 
fNxx indicates the number of patient plasma samples that contained a higher 

concentrationconcentration of F1+2 than the highest concentration found in healthy volunteers; Nt 

indicatesindicates the total number of patient samples tested. 

^Patients^Patients versus volunteers (Mann-Whitney test). 

^Trombin^Trombin generation test (TGT) indicates the measured optical density peak hight in 

thethe thrombin generation curve. 

N̂xx indicates the number of patient microparticle fractions that generated more 

thrombinthrombin than the highest of the volunteer samples tested. 
##MedianMedian (range). 
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FigureFigure 3. Identification of TF on circulating microparticles of the nonsurviving 

patients.patients. Microparticles of nonsurviving patient A (A) and patient B (B) were stained 

withwith CD14-PE and anti-TF-FITC and analyzed by flow cytometry. 

Ass indicated in Figure 4A, addition of microparticles from nonsurvivor A to 

normall  plasma resulted in a strong generation of thrombin, whereas those of 

nonsurvivorr B induced only a modest thrombin generation. The generation of 

thrombinn in normal plasma by the microparticles from nonsurvivor A was extremely 

delayedd when both microparticles and the normal plasma were preincubated with 

MoAbss against TF or factor VII (Figure 4B), indicating that the microparticle-

associatedd TF is active and stimulates the extrinsic pathway of the coagulation system. 

Inn contrast, preincubation with OT-2, a MoAb that inhibits factor Xll a and blocks 

kaolin-inducedd thrombin generation in normal plasma (data not shown), had no effect. 
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FigureFigure 4. Thrombin generation by microparticles of the nonsurviving patients. 

AfterAfter reconstitution of microparticle-free, defibrinated normal plasma with washed 

microparticles,microparticles, thrombin generation was assessed as described in "Materials and 

Methods."Methods." (A) Microparticles of nonsurvivor A are indicated as , and those of 

nonsurvivornonsurvivor B as . For comparison, thrombin generation is also shown of a 

representativerepresentative healthy volunteer (a). (B) Microparticles of nonsurvivor A in the 

absenceabsence of MoAbs ) or after preincubation with anti-TF (o), anti-factor VII (A) or 

anti-factoranti-factor XII (a). 

DISCUSSION N 

Thiss study shows that patients with meningococcal sepsis have elevated numbers 

off  microparticles originating from various cell populations in their circulation. These 

microparticless evoked a stronger generation of thrombin in normal plasma than those 
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fromm volunteers, suggesting that the elevated number of microparticles in the 

circulationn or their cellular origin may be related to the increased activation of the 

coagulationn system in vivo. It could be argued that the increased procoagulant activity 

off  the patients' microparticle fractions is mainly due to the increased number of 

microparticless and not to their cellular origin or properties. Because we wished to 

estimatee the total procoagulant activity of the fractions, the microparticles were not 

dilutedd to a standard concentration in the thrombin generation assay. In addition, 

dilutionn cannot be done easily because the cellular composition of microparticles 

variedd among patients, by the course of the disease and most likely also by the type of 

disease.. We also demonstrated TF on microparticles, especially in a patient with an 

extremelyy fulminant course of DIC, which was functional in the thrombin generation 

assayy as established with specific activity-blocking antibodies to TF, factor VII and 

factorr XII . 

TFF is a transmembrane protein, the extracellular domain of which functions as a 

receptorr for factor VII [68]. Binding of factor VII to TF is a first step in a series of 

eventss in which soluble coagulation proteins become assembled on a phospholipid 

surface.. Evidence that TF is important for coagulation and inflammation in vivo comes 

fromm a number of animal studies. Infusion of recombinant activated factor VII into 

normall  chimpanzees raised plasma levels of activation peptides of factor IX, factor X 

andd prothrombin. This was blocked by the administration of an anti-TF MoAb [100]. 

Infusionn of endotoxin reduced the number of platelets in rabbits and decreased the 

concentrationss of fibrinogen, antithrombin and factor VIII , whereas it prolonged the 

activatedd partial thromboplastin time. These changes were counteracted by tissue 

factorr pathway inhibitor [101]. Infusion of Escherichia coli into baboons caused sepsis 

withh severe DIC, which could be prevented by concurrent infusion of tissue factor 

pathwayy inhibitor [102,103]. Although these studies clearly indicate the importance of 

TFF for the development of DIC and sepsis, the location of functionally active TF 

expressionn is not well known. Our results suggest that TF exposed by microparticles, 

particularlyy those released by monocytes, may be important in this aspect. However, 

anotherr component required for the assembly of the coagulation factor complexes on 

thee phospholipid surface is the presence of phosphatidylserine, which is not exposed 
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onn normal cells but on, for example, activated platelets. In the present study, 

microparticless stained positive for annexin V, indicating the presence of 

phosphatidylserinee on their surface [104]. Presumably, this also explains in part the 

thrombin-generatingg capacity of circulating microparticles. The relative contributions 

off  phosphatidylserine and TF to coagulation activation remain to be established. 

Possibly,, the presence of TF may enhance the coagulation activation associated with 

phosphatidylserine. . 

Monocytess are the only cells found in peripheral blood currently known to be 

capablee of expressing TF [68]. Isolated monocytes stimulated by endotoxin express TF 

[105].. Under flow conditions, endotoxin-stimulated monocytes stimulate fibrin 

depositionn and thrombus formation. Anti-TF MoAb inhibits both of these processes 

[106].. Monocytes have been shown to express TF in patients suffering from invasive 

tumors,, leukemia, sepsis, myocardial infarction, and diabetes, and in patients requiring 

extracorporeall  circulation [107]. In addition to expressing TF, monocytes can also 

releasee TF-exposing microvesicles in vitro upon stimulation with endotoxin [51,99]. 

Mallatt et al [108] recently reported the presence of membrane vesicles of monocytic 

andd lymphocytic origin that retained TF activity in atherosclerotic plaques. Our 

presentt results extend these findings and demonstrate, for the first time, that 

procoagulantt microparticles of monocyte, granulocyte and endothelial cell origin can 

bee detected in the circulation. It is interesting that of the seven patients studied, only 

thee patient with severe DIC had an extremely elevated (7-fold increase) number of 

endotheliall  cell-derived microparticles (244 x 106/L) compared with controls. 

Althoughh we cannot exclude the possibility that also these microparticles expose TF, 

85%% of the TF-positive microparticles were CD14 positive. We therefore presume that 

thee contribution of TF to the overall procoagulant activity is especially due to the 

increasedd number of monocyte-derived microparticles. 

Thee samples analyzed in the present study had been collected between 1989 and 

1993.. This may raise concerns about the validity of the present findings (i.e., the 

microparticlee profile). Therefore, microparticles were also isolated immediately after 

bloodd collection from 2 patients with sepsis and multiple organ failure and 2 healthy 

controls.. Both patients clearly showed the presence of granulocyte-derived 
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microparticles,, which were absent or present at low numbers in the controls. The 

numberss of monocyte- and endothelial cell-derived microparticles were not increased 

inn these patients compared to the controls (data not shown). On the basis of these 

preliminaryy data we cannot make definitive conclusions about the presence or absence 

off  either monocyte- or endothelial cell-derived microparticles in other diseases, but we 

hypothesizee that such microparticles may be especially present in patients with severe 

DIC.. Combes et al [56] recently showed the presence of endothelial-cell derived 

microparticless in blood from healthy individuals and their increased presence in blood 

obtainedd from patients with lupus anticoagulant. Thus, the presence of endothelial cell-

derivedd microparticles is evidently not unique for patients with meningococcal sepsis. 

Combess et al [56], however, did not report the presence of TF on these microparticles. 

Al ll  patients studied had elevated numbers of microparticles. It is tempting to 

speculatee that interference with the release of microparticles may be a target for 

therapeuticc intervention. Recently, a MoAb against the glycoprotein Ilb-III a complex 

onn platelets, which inhibits platelet-platelet interaction or aggregation, has been used 

successfullyy in patients undergoing stent implantation [109,110]. In vitro, this MoAb 

preventss the release of microparticles from platelets [111]. Our findings imply that this 

MoAbb may inhibit clotting in vivo as well. Indeed, infusion of this MoAb into 

baboonss with lethal E. coli sepsis prevented fibrin deposition and renal insufficiency 

[112].. Thus, therapeutic interference with microparticle release in general, and 

possiblyy of platelets in particular, seems a realistic option. 

Inn conclusion, elevated levels of microparticles were observed in patients with 

meningococcall  sepsis. These microparticles enhanced coagulation by providing a 

suitablee phospholipid surface and, at least in part, by exposing TF. We suggest that 

suchh microparticles are involved in the pathogenesis of DIC during meningococcal 

sepsis,, and may constitute a novel target for therapeutic intervention in this disease, 

andd possibly also other clinical conditions with enhanced coagulation activation. 
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ABSTRACT T 

Aim.. The aim of this study was to determine the numbers, cellular origin and 

thrombin-generatingg properties of microparticles in healthy individuals (n = 15). 

Methodss and results. Microparticles, isolated from fresh blood samples and identified 

byy flow cytometry, originated from platelets [237 x 106/L (median; range 116 - 565)], 

erythrocytess (28 x 106/L; 13 - 46), granulocytes (46 x 106/L; 16-94) and endothelial 

cellss (64 x 10 /L; 16 - 136). They bound annexin V, indicating surface exposure of 

phosphatidylserine,, and supported coagulation in vitro. Interestingly, coagulation 

occurredd via tissue factor (TF)-independent pathways, because antibodies against TF 

orr factor (F)VII were ineffective. In contrast, in our in vitro experiments coagulation 

wass partially inhibited by antibodies against FXI1 (12%, P = 0.006), FXI (36%, P < 

0.001),, FIX (28%, P < 0.001) or FVIII (32%, P < 0.001). Both the number of annexin 

VV positive microparticles present in plasma and the thrombin-generating capacity 

inverselyy correlated to the plasma concentrations of thrombin-antithrombin complex (r 

-- -0.49, P = 0.072 and r - -0.77, P = 0.001, respectively), but did not correlate to 

prothrombinn fragment 1+2 (r = -0.002, P = 0.99). The inverse correlations between the 

numberr of microparticles and their thrombin-forrning capacity and the levels of 

thrombin-antithrombinn complex in plasma may indicate that microparticles present in 

thee circulation of healthy individuals have an anticoagulant function by promoting the 

generationn of low amounts of thrombin that activate protein C. 

Conclusions.. We conclude that microparticles in blood from healthy individuals 

supportt thrombin generation via TF- and FVII-independent pathways, and which may 

havee an anticoagulant function. 
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INTRODUCTION N 

Traditionally,, activation of the coagulation system can occur via an intrinsic or via 

ann extrinsic pathway, i.e., the contact-activation pathway initiated via factor XII and 

thee tissue factor (TF)/factor VII-dependent pathway, respectively. The importance of 

thee contact activation pathway for haemostasis in vivo is debated, amongst others 

becausee persons with a genetic deficiency of factor XII have no bleeding tendency, in 

contrastt to those with a deficiency of factor XI or particularly factor VII I or IX, but 

tendd to have an increased risk for thromboembolic disorders [113,114]. To explain 

thesee discrepancies, the coagulation cascade has been revised: factor IX is now 

consideredd to be activated predominantly via factor Vil a [69], and factor XI by 

thrombinn [75,115,116]. In this view most clotting reactions in (patho)physiological 

conditionss are triggered by extrinsic pathway activation and are amplified by factors 

VIII ,, IX and XI. Several lines of evidence support this view. First, the severity of 

bleedingg tendency in persons with genetic deficiencies of clotting factors, as discussed 

above.. Second, infusion of factor Vil a in chimpanzees induced an increase of the 

plasmaa concentrations of activation peptides of factor IX, X and II, and these were all 

reducedd by infusion with an anti-TF antibody [100]. Third, thrombin generation in 

experimentall  endotoxemia is reduced by infusion of anti-factor Vil a [117]. Moreover, 

blockingg factor XII in a baboon model for sepsis-induced diffuse intravascular 

coagulationn did not affect factor V or fibrinogen consumption [118], whereas anti-TF 

antibodiess did [119]. 

Previously,, Wagenvoord et al. demonstrated that blood as well as platelet-rich 

plasmaa contain procoagulant phospholipids [120]. In 1997, we reported the presence 

off  thrombin-generating microparticles in blood from the pericardial cavity of patients 

undergoingundergoing cardiac surgery [33]. These microparticles were predominantly of platelet 

andd erythrocyte and to a lesser extent of monocyte origin. They exposed negatively 

chargedd phospholipids - as demonstrated by annexin V binding - and supported 

coagulationn via the TF/factor VII-dependent pathway. Additionally, we observed 

increasedd numbers of microparticles from platelet, granulocyte, monocyte and 

endotheliall  cell origin in the circulation of patients with meningococcal sepsis [29]. 

Thesee microparticles also supported thrombin generation via the tissue factor pathway 
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andd could be involved in the diffuse intravascular coagulation occurring in such 

patients. . 

Thee coagulation system is not only activated in disease states. Low-grade 

activationn of the coagulation system has been shown to occur in healthy individuals. 

Bauerr and coworkers showed that plasma levels of activation peptides of factors IX, X 

andd prothrombin (F1+2) are always detectable in healthy individuals [121]. These levels 

aree all decreased in patients with a hereditary factor VII deficiency [121,122], but not 

inn patients with a factor XI deficiency, indicating that this low grade basal activation 

off  the clotting system is dependent on TF/factor VII , but not on factor XI [69]. 

Althoughh these studies thus illustrated the important role of the TF/factor VII-complex 

inn the basal activation of coagulation in healthy individuals in vivo, they did not 

elucidatee how this pathway was activated. One possibility is the exposure of blood to 

minutee amounts of TF in vivo. Indeed normal individuals have low levels of soluble 

TFF in the circulation [123]. Whether this originates from monocytes, endothelial cells 

orr granulocytes, which are all capable of expressing TF on their surface [66,124,125], 

iss not known. In vitro, TF can also be released from cell surfaces by shedding of TF-

exposingg microparticles, as demonstrated for both monocytes [51] and endothelial 

cellss [58]. In view of our previous findings on microparticles in cardiac surgery and in 

meningococcall  sepsis patients [29,33], an alternative hypothesis to explain a basal 

activationn of the coagulation system could be that low grade thrombin generation is 

inducedd by microparticles. In the present study we tested this hypothesis and assessed 

thee number, cellular origin and thrombin-generating capacity of microparticles in the 

circulationn of healthy individuals and their relationship to basal activation of the 

coagulationn system. 

MATERIAL SS AND METHODS 

Reagentss and assays 

Reptilasee was obtained from Roche (Mannheim, Germany) and the chromogenic 

substratee S2238 from Chromogenix AB (Molndal, Sweden). CD66e-PE (clone CLB-

gran/10,, IH4Fc, immunoglobulin (Ig)Gi) and murine normal serum were obtained 

fromm the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service 

64 4 



Cell-derivedd microparticles circulate in healthy humans 

(Amsterdam,, The Netherlands), anti-Glycophorin A-fluorescein isothiocyanate (FITC; 

clonee JC159, IgGi) and CD61-FITC (clone Y2/51, IgG,) from Dako A/S (Glostrup, 

Denmark),, CD14-FITC (clone CRIS-6, IgGO and CD45-FITC (clone HI30, IgGj) 

fromm Biosource (Camarillo, CA, USA), IgG,-FITC and PE (clone X40) from Becton 

Dickinsonn (San Jose, CA, USA), and CD62E-FITC (clone 1.2B6, IgGi) from Serotec 

Ltdd (Oxford, England). Phosphatidyl serine (PS) P-7769, phosphatidylcholine (PC) P-

72122 and thrombin (EC 3.4.21.5; T-7009, 1570 NIH-units/mg) were obtained from 

Sigmaa (St. Louis, Missouri, USA). Artificial phospholipid vesicles containing PS 

(20%)) and PC (80%) were prepared according to Brunner [126]. The concentration of 

phospholipidss of the preparations was determined by phosphate analysis. Kaolin was 

providedd by B.L.B. Laboratoires du Bois de Boulogne (Puteaux, France). Thromborel 

S,, a commercial preparation of thromboplastin containing TF and phospholipids from 

humann placenta, was used to activate coagulation via the extrinsic pathway (Behring 

Diagnosticss GmbH (Marburg, Germany)), hirudin [recDNA y(Tyr63)j (0.1 mg/mL) 

fromm Ciba-Geigy (Basel, Switzerland), annexin V-PE from PharMingen (San Jose, 

CA,, USA). OT-2 (0.71 mg/mL), a monoclonal antibody (MoAb) which inhibits the 

activityy of factor XII(a) was prepared as described earlier [85]. MoAbs directed 

againstt factor Vil a (VII-1 [1.46 mg/mL], VII-15 [0.53 mg/mL]) and XI (XI-1 [0.92 

mg/mL])) were from the Netherlands Red Cross Blood Transfusion Service 

(Amsterdam,, The Netherlands). MoAb VII-1 and VII-15 were mixed at 1:1 ratio. Each 

individuallyy inhibited thromboplastin induced thrombin generation. Anti-factor VII I 

(2.4(2.4 mg/mL) was a gift from the Department of Hematology (Leiden University 

Medicall  Center, Leiden) and anti-factor IX (12 mg/mL) from Dako A/S (Glostrup, 

Denmark).. Anti-TF-FITC (4508CJ) and polyclonal rabbit anti-human TF (1 mg/mL; 

4502)) were from American Diagnostics inc. (Greenwich, CT, USA). Plasma 

concentrationss of prothrombin fragment 1+2 (F]+2) and thrombin-antithrombin 

complexess (TAT) were determined by ELISA (Enzygnost) as described by the 

manufacturerr (Behring Diagnostics GmbH, Marburg, Germany). Factor II deficient 

plasmaa was obtained from Biopool AB (Umea, Sweden). All other chemicals were of 

thee highest grade commercially available. 
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Collectionn of blood samples 

Venouss blood from healthy male individuals (with informed consent) was 

collectedd into 3.2% trisodium citrate (Becton Dickinson, San Jose, CA, USA). The 

individualss (n = 15) had not taken any medication during the previous ten days. Blood 

cellss were removed by centrifugation for 20 minutes at 1550g at room temperature. 

Forr flow cytometry and thrombin generation experiments, microparticles were isolated 

(seee below) from fresh plasma samples. Aliquots of plasma (first snap frozen in liquid 

nitrogen)) were stored at -70 °C and used for determinations of the F|+2 and TAT 

concentrations,, and, where indicated, for thrombin generation experiments. 

Isolationn of microparticles 

Afterr removal of cells, 250 uL plasma were centrifuged for 30 minutes at 17570g 

att 20 °C. The plasma from which microparticles were isolated was not defibrinated to 

avoidd a potential loss of platelet-derived microparticles [87]. After centrifugation, 225 

uLL of (microparticle-free) plasma were removed. Phosphate-buffered saline (PBS (225 

uL);; 154 mmol/L NaCl, 1.4 mmol/L phosphate, 10.9 mmol/L trisodium citrate; pH 

7.4)) was added to the microparticle pellet and the remaining plasma (25 uL). The 

microparticless were subsequently resuspended and centrifuged for 30 minutes at 

17570gg at 20 °C. Again, 225 uL of the microparticle-free supernatant were removed 

andd microparticles were resuspended in the remaining 25 uL. For the thrombin 

generationn experiments 20 uL of this suspension was used. For flow cytometry, the 25 

(iLL microparticle suspension was diluted 4-fold with PBS/citrate buffer, of which 5 uL 

weree used per incubation. 

Floww cytometric analysis 

Thee samples were analyzed in a FACScan flow cytometer with CellQuest 

softwaree (Becton Dickinson, San Jose, CA, USA). Forward scatter (FSC) and side 

scatterr (SSC) were set at logarithmic gain and microparticles were identified as 

describedd previously [33]. To distinguish microparticles from events due to noise, 

microparticless were identified not only on FSC and SSC, but also by binding of 

annexinn V and a MoAb directed against a cell-specific antigen. To identify annexin V-
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positivee microparticles, a threshold was placed in a microparticle sample prepared 

withoutt any additions to correct for autofluorescence. To identify microparticles that 

boundd cell-specific MoAbs, microparticles were incubated with identical 

concentrationss of isotype-matched control antibodies to set the threshold. FITC-

fluorescencee was measured in the FL1 channel and PE-fluorescence in the FL2 

channel.. Microparticles (5 uL) were diluted in 35 uL PBS/calcium buffer (154 

mmol/LL NaCl, 1.4 mmol/L phosphate and 2.5 mmol/L CaCl2, pH 7.4), containing an 

additionall  5 uL of 500-fold prediluted normal mouse serum. After incubation for 15 

minutess at room temperature, 5 uL annexin V-PE and 5 uL FITC-labeled cell-specific 

MoAbb or isotype-matched control antibody (IgGrFITC) were added. For the CD66e-

PEE analysis an IgGrPE control antibody was used. The mixtures were incubated in the 

darkk for 15 minutes at room temperature. Subsequently, 200 uL PBS/calcium buffer 

weree added and the suspensions centrifuged for 30 minutes at 17570g and 20 °C. 

Finally,, 200 uL of (microparticle-free) suspension were removed. The microparticles 

weree resuspended with 300 uL PBS/calcium buffer before flow cytometry. All 

sampless were analyzed for 1 minute during which the flow cytometer analyzed about 

1500 uL of the microparticle suspension. To estimate the number of microparticles/L 

plasma,, the number of microparticles (N) found in the upper right quadrant of the flow 

cytometryy analysis (FL1 versus FL2, corrected for isotype control and 

autofluorescence)) was used in the formula: Number/L = N x [100/5] x [355/150] x 

[106/250]. . 

Thrombi nn generation assay 

Thee thrombin generation test (TGT) as described by Béguin et al [127] was used 

too assess the thrombin-generating capacity of the microparticles. In brief, isolated 

microparticless were reconstituted in defibrinated normal (microparticle-free) plasma, 

or,, where indicated, in factor II-deficient plasma. Defibrinated plasma was prepared by 

incubatingg normal plasma (a pooled plasma from 20 healthy individuals) with reptilase 

forr 10 minutes at 37 °C and, subsequently, for 10 minutes on melting ice. The fibrin 

clott was removed by centrifugation for 30 minutes at 17570g at 20 °C. In addition, this 

normall  plasma was centrifuged for 30 minutes at 17570g at 20 °C to remove 
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microparticles.. To this plasma (120 |iL), the microparticles (20 |iL) and 10 uL buffer 

AA (50 mmol/L Tris-HCl, 100 mmol/L NaCl, 0.05% bovine serum albumin, pH 7.35) 

weree added. At t = 0, thrombin generation was triggered by the addition of 30 u.L 

CaCl22 (16.7 mmol/L final concentration) to a prewarmed (37 °C) mixture of plasma, 

microparticless and buffer. After t = 0, at fixed intervals, 3 u.L aliquots were removed 

fromm this mixture and added to 147 uL prewarmed (37 °C) chromogenic substrate 

S22388 in buffer B (50 mmol/L Tris-HCl, 100 mmol/L NaCl, 20 mmol/L EDTA and 

0.05%% bovine serum albumin, pH 7.90). After 3 minutes, the conversion of S2238 was 

stoppedstopped by the addition of 90 uL citric acid (1 mol/L) and the generated amount of p-

nitroanilinn was determined at X - 405 nm. To convert the observed optical density 

(OD)) into thrombin concentration, a reference curve was prepared using purified 

humann thrombin (0 - 600 nmol/L). For quantitative analysis, the results were 

expressedd as the area under the thrombin generation curve, calculated for the time 

intervall  between 0 and 15 minutes after addition of calcium chloride. In some 

experiments,, microparticles in the reaction mixture were replaced by 10 \xL artificial 

phospholipidd vesicles (PS:PC ratio 20:80) plus 10 uL kaolin, yielding final 

concentrationss of 2.06 umol phospholipid /L and 1.39 kaolin ug/mL, respectively. 

Alternatively,, microparticles were replaced by 20 uL thromboplastin (20-fold 

predilutedd in buffer A). In the inhibition experiments, the mixture of plasma and buffer 

A,, and separately the microparticles, were incubated with 20 jiL and 10 uL of 

antibodies,, respectively. In preliminary experiments the concentration yielding 

maximall  inhibition of thrombin generation was determined for each antibody. These 

weree anti-TF (1 mg/mL initial concentration), anti-FVII (0.2 mg/mL), anti-FVIII (0.24 

mg/mL),, anti-FIX (1.2 mg/mL), anti-FXI (0.92 mg/mL) and anti-FXII (0.71 mg/mL). 

Afterr 30 minutes pre-incubation at room temperature, the microparticles were added 

andd incubated for 10 minutes at 37 °C, whereupon the thrombin generation was started 

byy addition of CaCl2. Thrombin generation experiments were performed on fresh and 

frozenn microparticle samples. The specificity of this assay for thrombin was 

demonstratedd in experiments where the thrombin inhibitor hirudin (in normal plasma) 

orr prothrombin-deficient plasma was used. In preliminary experiments several 

concentrationss of hirudin were tested and a final concentration of 1.2 umol/L proved 
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optimal.. After freezing and thawing of microparticle samples, the area under the 

curvess increased about two-fold, but the proportion of inhibition by the antibodies was 

unchanged. . 

Statisticall  methods 

Dataa were analyzed with SPSS for Windows, release 9.0. Differences in inhibitory 

capacityy by the antibodies were evaluated by GLM univariate multiple variation 

analysiss at overall significance level of P - 0.05, followed by post hoc analysis using 

thee Scheffe test. 

RESULTS S 

Circulatin gg microparticles in healthy individual s 

Floww cytometric analysis of the normal plasma samples revealed that all 

individualss tested had circulating microparticles. A representative example of these 

experimentss and the overall results are presented in Figure 1. Fluorescence thresholds 

weree established by measuring samples in the absence of annexin V and in the 

presencee of an IgGi isotype control antibody (Figure 1A). The corrected data of each 

samplee were then obtained as the number of events above these thresholds, for 

instancee platelet-derived microparticles (Figure IB). 

Thee majority of the microparticles thus identified in the 15 healthy individuals 

originatedd from platelets (237 x 106/L (median; range 116 - 565 x 106/L)). Other 

microparticless were derived from erythrocytes (28 x 106/L; 13 - 46 x 106/L), 

granulocytess (46 x 106/L; 16 - 94 x 106/L) or endothelial cells (64 x 106/L; 16 - 136 x 

106/L).. Part of the microparticles stained positive for TF (47 x 106/L; 15 - 108 x 

106/L),, as shown in Figure 1C. Substantial numbers of lymphocyte- or monocyte-

derivedd microparticles were not observed in the healthy individuals. 
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FigureFigure 1. Representative F ACS dot plots of microparticles in plasma from a healthy 

individualindividual and overall results in all individuals. Microparticles were isolated from 

citrate-anticoagulatedcitrate-anticoagulated plasma, and analyzed by flow cytometry as described in 

Methods.Methods. A. Threshold settings with control antibody (IgG/-FITC) and in the absence 

ofof annexin V-PE; B. Platelet-derived microparticle analysis with annexin V-PE and 

CD61-FITC;CD61-FITC; C. The numbers of microparticles in plasma from healthy individuals (n 

==  15), positive for the indicated cell-specific marker: CD14 (monocytes), CD61 

(GPIIIa,(GPIIIa, platelets), CD62E (E-selectin, endothelial cells), CD66e (granulocytes), and 

glycophoringlycophorin A (glyco A; erythrocytes). The number ofTF expressing microparticles is 

alsoalso indicated. Data are presented as median and range. 
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Thrombi nn generation by microparticles in vitr o 

Thrombinn generation was absent when plasma from healthy individuals was first 

subjectedd to high-speed centrifugation to remove the microparticles. Reconstitution of 

microparticless in autologous plasma resulted in thrombin generation. These results 

weree obtained with each of the 15 individuals. When plasma samples from the healthy 

individualss were not subjected to high-speed centrifugation but directly recalcified, a 

comparablee generation of thrombin was observed (data not shown). Fibrin is known to 

bindd thrombin. Fibrin formation will thus lead to an erroneous detection of the amount 

off  generated thrombin. Also the clotting process would interfere with the subsampling 

off  the 3 uL aliquots to measure the available thrombin. We therefore chose to use a 

systemm as shown in Figure 2 and described in the Materials and Methods section. 

Conversionn of the chromogenic substrate in the present study was indeed due to 

thrombin,, because hirudin (1.2 umol/L final concentration) completely inhibited this 

conversion,, and reconstituted microparticles displayed no activity in factor II-deficient 

plasmaa (data not shown). 
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FigureFigure 2. Thrombin generation by microparticles from healthy individuals. 

Defibrinated,Defibrinated, microparticle-free normal plasma in the presence ) or absence (o) of 

microparticlesmicroparticles from healthy individuals. Data are presented as mean  SD, n = 15. 
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Involvementt  of intrinsi c and extrinsic pathways in microparticle-dependent 

thrombi nn generation 

Wee first assessed optimal concentrations for the inhibiting antibodies used to 

inhibitt the various clotting factors. Results of antibodies directed against extrinsic 

pathwayy factors are presented in Figure 3. As expected, a tissue thromboplastin 

preparationn rapidly induced a substantial amount of thrombin formation in the 

microparticle-free,, defibrinated plasma, which was strongly delayed by the antibodies 

againstt TF or factor VII (Figure 3A). When both anti-factor VII and anti-TF were 

present,, the extent of inhibition was identical to that observed in the presence of anti-

TFF alone (data not shown). These antibodies did not affect the thrombin generation by 

kaolin,, a known activator of the contact activation system (Figure 3B). Hence, at the 

concentrationss used the antibodies specifically inhibited thrombin generation via the 

extrinsicc pathway. Similar concentrations of anti-factor VII , anti-TF or their 

combinationn (latter not shown) did not affect the thrombin generation by the 

microparticless from the healthy individuals (Figure 3C). As we did not anticipate these 

results,, we did an additional experiment to show the specificity of the antibodies. 

Thrombinn generation by microparticle fractions from the pericardial cavity of patients 

undergoingg cardiopulmonary bypass, which we previously reported to promote this 

generationn via TF/factor VII [33], was indeed inhibited by these antibodies (Figure 

3D). . 

Resultss of the studies on the intrinsic pathway are presented in Figure 4. Kaolin 

inducedd a substantial generation of thrombin, which was considerably reduced and 

delayedd by antibodies against factors VIII , IX, XI or XII (Figure 4A). These antibodies 

weree indeed specific inhibitors of the activation of the contact system or the intrinsic 

pathway,, because they did not affect the thrombin generation induced by the 

thromboplastinn (Figure 4B). The thrombin generation by the microparticles from the 

healthyy individuals was slightly inhibited by the antibodies against factor XII and to a 

somewhatt larger extent by those against factors VIII , IX and XI (Figure 4C). 

Conversely,, these antibodies did not affect the thrombin generation by the 

microparticless from the CPB patients (Figure 4D), in agreement with the observation 

thatt this latter generation mainly occurs via the extrinsic pathway (see above). 
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FigureFigure 3. Effect of inhibitors of the extrinsic coagulation pathway on thrombin 

generationgeneration by microparticles in normal defibrinated plasma. Thrombin generation 

waswas initiated by (A) thromboplastin (20-fold prediluted) or (B) kaolin (final 

concentrationconcentration in the reaction mixture 1.39 fig/mL) in defibrinated, microparticle-free 

normalnormal plasma in the absence ) or presence of'anti-TF (A) or anti-factor VII (T). 

FiguresFigures C and D (identical symbols) show representative thrombin generation curves, 

withwith microparticles from (C) blood of a healthy individual or (D) material from the 

pericardialpericardial cavity of a patient undergoing cardiopulmonary bypass, reconstituted in 

defibrinateddefibrinated microparticle-free normal plasma. 
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FigureFigure 4. Effect of inhibitors of the intrinsic coagulation pathway on thrombin 

generationgeneration by microparticles in normal defibrinated plasma. Thrombin generation 

waswas initiated by (A) kaolin (final concentration in the reaction mixture 1.39 jug/mL) or 

(B)) thromboplastin (20-fold prediluted) in defibrinated, microparticle-free normal 

plasmaplasma in the absence ) or presence of anti-factor XII (A), anti-factor XI (0), anti-

factorfactor IX (Q) or anti-factor VIII (o). Figs. C and D show representative thrombin 

generationgeneration curves, with microparticles from (C) blood of a healthy individual or (D) 

materialmaterial from the pericardial cavity of a patient undergoing cardiopulmonary bypass, 

reconstitutedreconstituted in defibrinated microparticle-free normal plasma. 

Quantitativee data of the inhibition studies are given in Table 1. Antibodies against 

factorr VII or TF did not inhibit the generation of thrombin by the microparticles 

obtainedd from normal individuals, whereas antibodies against factors XII , XI, IX or 

VII II  inhibited by 12, 36, 28 and 32%, respectively. Additional inhibitory effects with 

anti-VIII  plus anti-TF, anti-VII plus anti-XI, anti-VII plus anti-XII or anti-TF plus anti-

XI ,, were not observed. 
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TableTable 1. Effect of antibodies against extrinsic and intrinsic pathway factors on 

thrombinthrombin generation by microparticles from healthy individuals. 

MoAb b 
Thrombi nn generation 

(%%  of control)1 

Extrinsic c 

Intrinsic c 

VI I I 

TF F 

XI I I 

XI I 

I X X 

VII I I 

VII //  T F 

VII //  XI I 

VII //  X I 

TF/X I I 

15 5 

15 5 

15 5 

6 6 

6 6 

6 6 

6 6 

6 6 

6 6 

6 6 

977 ±1 4 

988 ±  1 4 

888 ±  1 5 

644 ± 3 

722 ± 6 

688 ± 6 

988 ±  1 2 

888 ± 6 

711 ±1 0 

655 ±1 0 

0.85 4 4 

0.90 8 8 

0.00 6 6 

<< 0.00 1 

<< 0.00 1 

<< 0.00 1 

0.89 3 3 

0.04 7 7 

<< 0.00 1 

<< 0.00 1 

11 The area under the curve of the thrombin generation by microparticles in vitro in the 

absenceabsence of inhibitors was determined, and for each individual set at 100% (control). 

TheThe effect of MoAbs is expressed as % remaining thrombin generation. Data are 

expressedexpressed as mean  SD. 
11DifferencesDifferences in inhibitory capacity by the antibodies were evaluated by the Scheffé test 

andand were considered statistically significant at P < 0.05. 
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Relationn of microparticles to coagulation activation in vivo 

Too analyze the correlation between the number of microparticles and their 

thrombin-generatingg capacity in vitro and the activation status of the coagulation 

systemm in vivo, plasma concentrations of TAT complexes and F]+2 were measured in 

thee healthy individuals. Results are presented in Figure 5. We did not observe a 

correlationn between microparticle numbers and F|+2 (r = -0.08, P = 0.79; Figure 5A), 

andd a substantial but not statistically significant correlation with TAT complex 

concentrationss (r = -0.49, P = 0.07; Figure 5B). The thrombin-generating capacity of 

thee microparticles, however, correlated with levels of TAT complexes (r = -0.77, P = 

0.001;; Figure 5D), but not with F1+2(r = -0.002, P = 0.99; Figure 5C). 
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FigureFigure 5. Correlations between the in vivo activation status of coagulation activation, 

microparticlemicroparticle numbers and their in vitro thrombin-generating activity. Plasma 

concentrationsconcentrations ofFl+2and TAT complexes were correlated with the number ofannexin 

V-positiveV-positive microparticles (panels A and B, respectively) and their ability to generate 

thrombinthrombin (expressed as area under curve; panels C and D, respectively) when 

reconstitutedreconstituted in defibrinated normal plasma. 
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DISCUSSION N 

Inn the present study we detected low numbers of microparticles from several cell 

typess in the circulation of healthy individuals. Most of the particles were from 

platelets,, some from erythrocytes or granulocytes and possibly endothelial cells (see 

below).. The microparticles supported thrombin generation in vitro upon reconstitution 

inn normal plasma. They were essential for this generation, because microparticle-free 

plasmaa did not generate thrombin. The microparticles, however, did not initiate the 

thrombinn generation via the extrinsic pathway, as antibodies against either TF or factor 

VI II  did not inhibit thrombin generation in plasma triggered by these microparticles. In 

contrast,, either antibody significantly delayed the thrombin generation induced by 

thromboplastinn or by microparticles from pericardial blood from patients undergoing 

coronaryy bypass surgery. Thus, the antibodies are obviously specific and sufficiently 

potentt to establish inhibition. Conversely, the antibodies against coagulation factors of 

thee intrinsic pathway inhibited the thrombin-generating capacity of the microparticles 

too a various extent. This was not anticipated in view of the results of Bauer and 

coworkerss on the role of TF/factor VII in the activation of the basal coagulation and 

thee extensive studies on the role of this pathway in disease [69,100,121,122,128]. 

However,, the antibodies used to block the intrinsic pathway were also obviously 

specificc and sufficiently potent, since they inhibited the kaolin-induced generation of 

thrombin,, whereas they did not affect the generation induced by thromboplastin or by 

isolatedd microparticles from pericardial cavity blood. Very recently, Santucci et al. 

reconstitutedd blood cells in FXI- or FXlI-deficient plasma, which resulted in 

prolongedd clotting times, indicating the involvement of these factors in coagulation 

[129].. In addition, elevated levels of FXI were recently demonstrated to be an 

independentt risk factor for deep venous thrombosis [130]. 

Ann intriguing and unexplained observation in the present study was that 

combinationss of anti-factor XII and anti-factor VII antibodies or anti-factor XI and 

anti-factorr VII antibodies never yielded complete inhibition of thrombin generation by 

thee microparticles of the healthy individuals. Actually, none of these antibody 

combinationss appeared to be superior to the single antibody effects regarding 

inhibitionn of thrombin generation by these microparticles. It is unlikely that binding of 
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thee antibodies to their respective clotting factor was impaired by the microparticles, 

sincee we did not observe such a phenomenon in the control experiments with kaolin or 

thee commercial thromboplastin. Hence, the question remains how this thrombin 

formationn by the microparticles of the healthy individuals is initiated and subsequently 

propagated.. Alternative pathways to initiate coagulation do exist, such as the 

macrophagee fgl-2 prothrombinase [131] and monocyte Mac-1 integrin [132]. Clearly, 

thee present findings challenge our understanding of the clotting mechanism, and 

requiree further studies. 

Fromm the present study it is evident that most of the microparticles found in 

healthyy individuals are of platelet-origin, similar to the findings of Combes et al [56]. 

Activatedd platelets and platelet-derived microparticles express high affinity receptors 

forr factor VII I [46] and factor Va [6], and have Xa activity [47], which at least on the 

platelett surface is preferentially activated by platelet-bound factor IXa [133]. Platelets 

alsoo contain factor XI, which was shown to be a splice variant of the plasma factor XI 

[134].. Approximately 40% of factor XI is already present on the outer surface of 

restingg platelets, and this surface exposure increases upon platelet activation [135]. 

Factorr XI has functional activity since platelets are able to overcome the clotting 

defectt in plasma factor XI-deficient plasma. To what extent platelet-derived 

microparticless circulating in vivo similarly may expose or bind these clotting factors is 

nott clear from our present data, because we did not perform studies to measure their 

surfacee exposure. Holme et al [47] showed that in vitro generated microparticles from 

washedd platelets demonstrated factor Xa activity. Since also in vivo microparticles 

mayy exhibit Xa activity, we reconstituted microparticles from healthy individuals in 

factorr X-deficient plasma. Under these conditions, no thrombin generation was 

observed.. Also in factor V-deficient plasma no thrombin generation was detectable 

(dataa not shown). These experiments do not exclude that some factor Xa is present on 

thee surface of these microparticles. They show that this amount is insufficient to 

explainn the total thrombin formation in normal plasma. However, we cannot exclude 

thatt some Xa activity -present on the microparticles- is sufficient to initiate trace 

amountss of thrombin which then propagate ongoing thrombin formation in plasma, but 

insufficientt to propagate the observed thrombin generation itself. Such an involvement 
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mayy be resolved by performing studies with specific anti-Xa inhibitors added to the 

microparticlee suspension. 

Combess and colleagues described the presence of endothelial cell-derived 

microparticless in healthy individuals and to a larger extent in patients with a lupus 

anticoagulantt [56]. In that study the possible presence of TF on these vesicles was not 

addressed.. Giesen et al. observed TF-positive membrane vesicles in native human 

bloodd under flow conditions [124]. We did observe endothelial cell-derived 

microparticless in the healthy individuals, as well as TF-bearing microparticles. 

However,, those observations have to be interpreted with caution. On the one hand, the 

signalss of detection were not conclusive. On the other hand, our choice to use E-

selectinn as a marker to detect endothelial cell-derived microparticles may not be 

optimall  [56]. Thus, data regarding the presence of TF-exposing microparticles as well 

ass endothelial cell-derived microparticles require further experimental support, such as 

thee use of better and more specific antibodies. 

Elevatedd numbers of especially platelet microparticles have been reported in a 

varietyy of illnesses or diseases, such as patients undergoing cardiac surgery [33], 

plasmapheresiss [35], or coronary angiography [12], as well as in patients suffering 

fromm diabetes [13,14], heparin-induced thrombocytopenia [16,17], infarctions [22], 

uremiaa [23], idiopathic thrombocytopenic purpura [24], thrombotic thrombocytopenic 

purpuraa [26], and meningococcal septic shock [29], which all have in common an 

increasedd risk for thromboembolic events. Possibly, the numbers of such 

microparticless are the limiting factor in the propagation of the coagulation activation 

inducedd by the TF/factor VII pathway. In agreement herewith, patients who suffer 

fromm the Scott syndrome, who have an increased risk for bleeding, have an impaired 

capacityy to generate microparticles and have an impaired binding of factor Vill a to 

theirr microparticles [125,136]. 

Onee might infer from our observations that microparticles play a role in 

coagulationn activation, both in the basal activation status in healthy individuals (this 

study)) and under pathophysiological conditions, such as cardiac surgery and 

meningococcall  sepsis. However, our finding that the thrombin-generating capacity of 

reconstitutedd microparticles in vitro inversely correlated with the concentration of 
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circulatingg TAT in the healthy individuals seems to contradict this view. We propose 

thatt the inverse correlation of TAT with the number of microparticles reflects another 

fundamentall  principle of coagulation, i.e. that low concentrations of thrombin are anti-

coagulantt by virtue of their capacity to generate activated protein C. Experiments in 

baboonss have shown that low doses of thrombin protect against thrombosis by 

activatingg protein C [137]. This is likely to occur under basal conditions as infusion of 

ann antibody that blocks protein C triggers an increase in circulating TAT complexes in 

baboons.. Hence, we suggest that low-grade thrombin generation by circulating 

microparticless under basal conditions is involved in the activation of protein C. In 

vitro,, platelet microparticles indeed facilitate inactivation of factor Va by activated 

proteinn C [8]. We are currently testing this hypothesis for these in vivo generated 

microparticles. . 

Too summarize, we demonstrate that healthy individuals have significant numbers 

off  cell-derived microparticles in the circulation that support low-grade thrombin 

generationn by TF-independent pathways. We suggest this thrombin to be involved in 

activationn of protein C under basal conditions. Also, the initiation pathways of 

thrombinn formation by microparticles from healthy individuals evidently differ from 

thosee of patients undergoing CPB or suffering from meningococcal disease. 
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ABSTRAC T T 

Aim .. We investigated the occurrence and thrombin-generating mechanisms of 

circulatingg microparticles in patients with multiple organ dysfunction syndrome 

(MODS)) and sepsis. 

Methods.. Microparticles, isolated from blood of patients (n = 9) and healthy controls 

(nn = 14), were stained with cell-specific monoclonal antibodies (MoAbs) or anti-tissue 

factorr (anti-TF) MoAb and annexin V, and analyzed by flow cytometry. To assess 

theirr thrombin-generating capacity, microparticles were reconstituted in normal 

plasma.. The coagulation activation status in vivo was quantified by plasma 

prothrombinn fragment 1+2 (Fi,2)- and thrombin-antithrombin (TAT) measurements. 

Results.. Annexin V-positive microparticles in the patients originated predominantly 

fromm platelets (PMP), and to a lesser extent from erythrocytes, endothelial cells (EMP) 

andd granulocytes (GMP). Compared to healthy controls, the numbers of annexin V-

positivee PMP and TF-exposing microparticles were decreased (P = < 0.001 for both), 

EMPP were decreased (E-selectin, P = 0.003) or found equal (CD144, P = 0.063), 

erythrocyte-derivedd microparticles were equal (P = 0.726), and GMP were increased 

(P(P = 0.008). GMP numbers correlated with plasma concentrations of elastase (r = 0.70, 

PP = 0.036), but not with C-reactive-protein or interleukin-6 concentrations. Patient 

sampless also contained reduced numbers of annexin V-negative PMP, and increased 

numberss of erythrocyte-derived microparticles and GMP (P = 0.005, P = 0.021 and P 

<<  0.001, respectively). Patient microparticles triggered thrombin formation, which was 

reducedd compared to the healthy controls (P = 0.008) and strongly inhibited by an 

anti-factorr XII MoAb (two patients), by anti-factor XI MoAb (eight patients) or by 

anti-TFF MoAb (four patients). Concentrations of F]*2 and TAT were elevated (P = 

0.0055 and P = 0.001, respectively) and correlated inversely with the number of 

circulatingg microparticles (r = -0.51, P = 0.013, and r = -0.65, P = 0.001, respectively) 

andd their thrombin generation capacity (F1+2: r = -0.62, P = 0.013). 

Conclusions.. In patients with MODS and sepsis relatively low numbers of 

microparticless are present that differ from controls in their cellular origin, numbers and 

coagulationn activation mechanisms. 
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INTRODUCTION N 

Cellss undergoing activation or apoptosis release small parts of their outer 

membrane,, the so-called microparticles. Extensive studies have been reported on 

microparticless generated from blood platelets (PMP) in vitro [6,49]. These 

microparticless expose negatively charged phospholipids, thereby providing binding 

sitess for activated coagulation factors V (factor Va), Villa , IXa and XIa [6,43,46,49]. 

Ass a consequence, these PMP are procoagulant by providing "phospholipid cofactor". 

Inn vitro, other cell-types such as monocytes, endothelial cells and erythrocytes also 

releasee microparticles upon appropriate stimulation [51,53,58]. 

Inn vivo, increased numbers of PMP are found in the circulation of patients with an 

increasedd risk for thromboembolic events, i.e. patients with diabetes [14,15], patients 

undergoingundergoing cardiac surgery [138], or patients suffering from acute coronary ischaemia 

[12],, heparin-induced thrombocytopenia [17], myocardial infarction [22], uremia [23], 

idiopathicc thrombocytopenic purpura [24] and disseminated intravascular coagulation 

(DIC)) [29,31]. Previously, we reported elevated numbers of PMP and erythrocyte-

derivedd microparticles in the pericardial fluid of patients undergoing CPB surgery, and 

demonstratedd that the isolated microparticles facilitated thrombin generation via the 

extrinsicc pathway, i.e. tissue factor (TF)/factor VII-dependent [33]. Subsequently, we 

reportedd elevated numbers of PMP and microparticles derived from monocytes and 

granulocytess in the circulation of patients with meningococcal septic shock, and 

providedd evidence that exposure of TF on microparticles might be involved in the 

pathogenesiss of DIC [29]. Finally, we were also able to measure low numbers of 

microparticless -especially from platelets and erythrocytes- in the circulation of healthy 

individuals.individuals. Those microparticles triggered low levels of thrombin generation in vitro 

viaa a TF/factor VII-independent mechanism. This thrombin generation was partially 

inhibitedd by blockade of factors XII or XI [139]. Recently, Combes and coworkers 

reportedd elevated numbers of endothelial cell-derived microparticles (EMP) in the 

circulationn of patients with systemic lupus erythematosus when compared to healthy 

individualss [56]. 

Meningococcall  septic shock is a very severe, rapidly progressive disease, which 

mayy not be representative for other more protracted septic conditions. In the present 
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studyy we investigated the cellular source and thrombin-generating capacity of 

microparticless in patients with multiple organ dysfunction syndrome (MODS) and 

sepsis,, and a possible relation of those microparticles to the activation status of the 

coagulationn system in vivo. We also investigated a possible relation between the 

numberr of microparticles in the circulation and the extent of the inflammatory 

response,, as indicated by the plasma concentrations of interleukin-6 (IL-6), elastase 

andd the acute phase reactant C-reactive protein (CRP). 

PATIENTS,, MATERIAL S AND METHODS 

Patientss and healthy individual s 

Patientss with MODS and sepsis were investigated. The patients entered the study 

betweenn July 1998 and March 1999 and were hospitalized in the Intensive Care Unit 

off  the Leiden University Medical Center (LUMC). Of the nine patients (2 female and 

77 male; age: 60 years [median], range 26-71), six had bacteremia whereas the others 

hadd a local bacterial infection. Patients developed MODS and sepsis after surgery (six 

patients),, pancreatitis (one), multitrauma (one) or E. coli meningitis (one). Patients 

weree considered to have sepsis if they fulfilled the criteria for a systemic inflammatory 

responsee syndrome (SIRS) and had evidence for a systemic and/or local bacterial 

infectionn [140]. The criteria to establish SIRS were more than one of the following: (I) 

aa temperature > 38 °C or < 36 °C; (II) tachycardia (> 90 beats/minute); (III ) tachypnea 

(respiratoryy rate > 20 breaths/minute or PaC02 < 32 mm Hg); and (IV) a white blood 

celll  count > 12 x 109/L or < 4 x 109/L, or the presence of > 10% immature neutrophils 

[140].. The diagnosis SIRS was made by the attending physician and checked by one of 

thee study clinicians (JB). MODS was defined as a failure of 3 or more organ systems 

forr at least 24 hours [140]. Of the nine patients, five patients died within 28 days. 

Individuall  patient characteristics, including platelet- and white blood cell-counts, are 

presentedd in Table 1. Of the nine patients, 7 had elevated numbers of white blood cell 

countss (> 10 x 109/L), whereas 5 patients were thrombocytopenic (< 150 x 109/L). As 

controls,, 14 adult healthy individuals were also investigated for the presence, cellular 

sourcee and thrombin-generating capacity of microparticles. The healthy individuals 

hadd not taken any medication for at least ten days prior to the blood collection. The 
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studyy was approved by the medical ethical committee (234-94/5/DPE/EN) of the 

LUMC. . 

TableTable 1. Patient characteristics. 

Patient t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

Age e 

67 7 

35 5 

55 5 

43 3 

71 1 

61 1 

26 6 

60 0 

62 2 

'Gender r 

M M 

M M 

M M 

F F 

M M 

F F 

M M 

M M 

M M 

2Platelet t 
count t 

54 4 

193 3 

102 2 

223 3 

113 3 

63 3 

167 7 

166 6 

121 1 

2WBC C 
count t 

14.3 3 

15.8 8 

6.0 0 

25.3 3 

29.6 6 

9.3 3 

18.1 1 

15.4 4 

13.9 9 

Causee of 
sepsis s 

Post--
operative e 

Post--
operative e 

Post--
operative e 

Post--
operative e 

Pancreatitis s 

E.. coli 
meningitis s 

Multi i 
trauma a 

Post--
operative e 

Post--
operative e 

Positive e 
cultur e e 

Blood d 

Blood d 

Blood d 

Blood d 

Blood d 

4CSF F 

Blood d 

Sputum m 

Aneurysm m 

'Mortalit y y 

Survivor r 

Survivor r 

Non--
survivor r 

Non--
survivor r 

Survivor r 

Non--
survivor r 

Non--
survivor r 

Non--
survivor r 

Survivor r 

'M=ma/e,, F=female; 2Whole blood platelet- and white blood cell counts (x l(f/L); 
33 Within 28 days after onset of sepsis; * Cerebrospinal fluid. 

Collectionn of blood samples 

Bloodd was collected into 3.2% trisodium citrate (BD, San Jose, CA, USA). Blood 

cellss were removed within 5 minutes after blood collection by centrifugation for 20 

minutess at 1550g and room temperature. For flow cytometry, microparticles were 

isolatedisolated (see below) from fresh plasma samples. The concentrations of prothrombin 
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fragmentt 1+2 (F|.2), thrombin-antithrombin complex (TAT), IL-6, elastase and CRP, 

andd thrombin generation experiments were determined in aliquots of plasma that were 

firstfirst snap frozen in liquid nitrogen, and then stored at -80 °C until use. 

Reagentss and assays 

Reptilasee was obtained from Roche (Basel, Switzerland) and the chromogenic 

substratee S2238 from Chromogenix AB (MoTndal, Sweden). Murine normal serum 

wass obtained from the Central Laboratory of the Netherlands Red Cross Blood 

Transfusionn Service (CLB; Amsterdam, The Netherlands), anti-Glycophorin A-

fluoresceinn isothiocyanate (FITC; JC159, immunoglobulin (Ig)G.) and CD61-FITC 

(Y2/51,, IgG,) from Dako A/S (Glostrup, Denmark), IgG,-FITC (X40) from BD (San 

Jose,, CA, USA), CD62E-FITC (1.2B6, I gd) from Serotec Ltd (Oxford, England), 

CD66b-FITCC (80H3, IgGlk) from Coulter/ Immunotech (Marseille, France), CD 144-

FITCC (BMS158FI, IgG)) from MedSystems Diagnostics GmbH (Vienna, Austria), 

annexinn V-allophycocyanine (APC) from Caltag Laboratories (Burlingame, CA, USA) 

andd annexin V-PE from PharMingen (San Jose, CA, USA). OT-2 (0.71 mg/mL), a 

MoAbb which inhibits the activity of factor XII(a), was prepared as described earlier 

[85].. MoAb directed against factor XI (clone XI-1 (0.92 mg/mL)) was also from the 

CLB.. Anti-TF-FITC (4508CJ, IgG,) and polyclonal rabbit anti-human TF (1 mg/mL; 

clonee 4502) were from American Diagnostics, Inc. (Greenwich, CT, USA). Plasma 

concentrationss of F,+2 and TAT (Behring Diagnostics GmbH, Marburg, Germany), 

elastasee (DPC, Nauheim, Germany) and IL-6 (CLB) were determined by ELISA as 

describedd by the manufacturers. CRP was measured on a Hitachi 911 analyzer (Roche, 

Basel,, Switzerland) by immunoturbidimetric assay as described by the manufacturer. 

Isolationn of microparticles 

Afterr removal of cells, 250 uL plasma were centrifuged for 30 minutes at 17570g 

andd 20 °C. Subsequently, 225 uL of (microparticle-free) plasma were removed. The 

remainingg (microparticle-enriched) plasma, 25 uL, was diluted with 225 uL of 

phosphate-bufferedd saline (PBS; 154 mmol/L NaCl, 1.4 mmol/L phosphate, pH 7.4), 

containingg 10.9 mmol/L trisodium citrate to prevent coagulation activation. 
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Microparticless were resuspended and centrifuged for 30 minutes at 17570g at 20 °C. 

Again,, 225 uL of the supernatant were removed and microparticles were resuspended 

inn the remaining 25 JIL. For the thrombin generation experiments, 20 uL of this 

suspensionn were used. For flow cytometry, 25 uL microparticles suspension was 

dilutedd fourfold with PBS/citrate buffer, of which 5 uL were used per incubation with 

MoAbb and annexin V. 

Floww cytometric analysis 

Microparticlee analysis was performed as described previously [29,33]. Briefly, 

microparticless (5 uL) were diluted in 35 uL PBS containing 2.5 mmol/L CaCl2 (pH 

7.4)) and 5 uL of 1 to 500 diluted (in PBS) normal mouse serum. After incubation for 

155 minutes at room temperature, 5 uL annexin V-PE and 5 \iL FITC-labeled cell-

specificc MoAbs or isotype-matched control antibody were added. The mixtures were 

incubatedd in the dark for 15 minutes at room temperature. Subsequently, 200 uL 

PBS/calciumm buffer were added and the suspensions centrifuged for 30 minutes at 

17570gg and 20 °C. Finally, 200 uL of (microparticle-free) suspension were removed. 

Thee microparticles were resuspended with 300 uL PBS/calcium buffer before flow 

cytometry.. All samples were analyzed for 1 minute during which the flow cytometer 

analyzedd approximately 150 uL of the suspension. To estimate the number of 

microparticless /L plasma, the number of microparticles (N) found in the upper right 

(markerr positive and annexin V positive) and lower right (marker positive and annexin 

VV negative) quadrants of the flow cytometry analysis (FL1 versus FL2, corrected for 

isotypee control and autofluorescence) was used in the formula: Number/L = N x 

[100/5]]  x [355/150] x [106/250]. The lower detection limit of the particle count was 

establishedd in the samples with the IgG control as 5 x 106 microparticles/L. The 

sampless were analyzed in a FACScan flow cytometer with CellQuest software (BD, 

Sann Jose, CA, USA). Forward scatter (FSC) and side scatter (SSC) were set at 

logarithmicc gain. To distinguish microparticles from events due to noise, 

microparticless were identified on FSC, SSC and binding of a MoAb directed against a 

cell-specificc antigen. To identify annexin V-positive events, a threshold was placed in 

aa microparticle sample prepared without any additions to correct for autofluorescence. 
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Too identity microparticles that bound cell-specific MoAbs, microparticles were 

incubatedd with identical concentrations of isotype-matched control antibodies to set 

thee threshold. FITC-fluorescence was measured in the FL1 channel and PE-

fluorescencee in the FL2 channel. The anti-CD 144-antibody became only recently 

availablee to us, once we had started to perform our analysis on a FACSCalibur flow 

cytometerr from Becton Dickinson (San Jose, CA, USA). This antibody was used in 

conjunctionn with annexin V-APC and anti-CD62E-PE. In all other aspects the CD 144 

analysiss was performed as described for the other antibodies. 

Thrombi nn generation assay 

Thee thrombin generation test (TGT) as described by Béguin et al [127] was used 

too assess the thrombin-generating capacity of the microparticles. In brief, isolated 

microparticless were reconstituted in defibrinated, microparticle-free normal plasma. 

Microparticless were isolated from stored (-80 °C) plasma from patients (n = 9) and 

healthyy controls (n = 6). Defibrinated plasma was prepared by incubating 

microparticle-freee normal plasma (a pooled plasma from 20 healthy individuals, that 

hadd been centrifuged for 30 minutes at 17570g and 20 °C) with reptilase for 10 

minutess at 37 °C and, subsequently, for 10 minutes on melting ice. The fibrin clot was 

removedd by centrifugation for 30 minutes at 17570g and 20 °C. Since microparticles 

adheree to fibrin, the plasma aliquots from which microparticles were isolated were not 

defibrinatedd [87]. Microparticles (20 îL) were added to 120 uL of defibrinated plasma 

inn all experiments. At t = 0, thrombin generation was triggered by the addition of 30 

uLL CaCb (16.7 mmol/L final concentration) to a prewarmed (37 °C) mixture of 

plasma,, microparticles and buffer A (10 uL; 50 mmol/L Tris-HCl, 100 mmol/L NaCl, 

0.05%% bovine serum albumin, pH 7.35). After t=0, at fixed intervals, 3 uL aliquots 

weree removed from this mixture and added to 147 uL prewarmed (37 °C) 

chromogenicc substrate S2238 in buffer B (50 mmol/L Tris-HCl, 100 mmol/L NaCl, 20 

mmol/LL EDTA and 0.05% bovine serum albumin, pH 7.90). After 3 minutes, the 

conversionn of S2238 was stopped by the addition of 90 uL citric acid (1 mol/L) and 

thee generated amount of p-nitroaniline was determined at X = 405 nm. In the inhibition 

experiments,, the mixture of plasma plus buffer A, and separately the microparticles, 
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weree incubated with 20 uL and 10 uL of antibodies, respectively. In preliminary 

experimentss the concentration yielding maximal inhibition was determined for each 

antibody.. These were anti-TF (1 mg/mL initial concentration), anti-FXI (0.92 mg/mL) 

andd anti-FXII (0.71 mg/mL). After 30 minutes pre-incubation at room temperature, the 

microparticless were added and incubated for 10 minutes at 37 °C, whereupon the 

thrombinn generation was started by addition of CaCl2. For quantitative analysis, the 

resultss were determined as the area under the curve and expressed as mg of the graph 

paperr being weighed. Compared to unfrozen microparticles from healthy controls, 

afterr freeze/thawing these microparticles generate more thrombin as the area under the 

(thrombinn generation) curves increases about two fold, but the proportion of inhibition 

byy individual antibodies (such as anti-FXI, anti-FXII, anti-TF or anti-FVII) is 

unaffectedd by freeze/thawing. In preliminary experiments, we observed that the 

increasee in the area under the curve of the thrombin generation experiments upon 

freezing/thawingg may be somewhat dependent upon the composition of the 

microparticless in the plasma sample. This indicates that the absolute thrombin 

generationn capacities of stored microparticle preparations have to be interpreted with 

somee caution. However, the freezing/thawing did not influence the percentage of 

inhibitionn by the various antibodies regardless of the composition of the microparticle 

populations,, and thus the pathways observed to initiate the thrombin generation seem 

too be unaffected by the freezing/thawing process [139]. 

Statisticall  methods 

Dataa were analyzed with SPSS for Windows, release 9.0. The data obtained in the 

healthyy individuals were log transformed to calculate the 2.5 and 97.5 percentiles of 

thee reference range. Dependent upon the parameter under investigation, individual 

patientt values either below or above those percentiles are indicated. Differences in 

microparticlee numbers between the groups of patients and healthy individuals were 

testedd with the Mann Whitney U test. Correlations were determined with the 

Spearman'ss Rho test. 
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RESULTS S 

Numberr  and cellular  origin of microparticles in patients with MODS and sepsis 

AA representative flow cytometric analysis of microparticles circulating in a patient 

iss presented in Figure 1. The patient plasma mainly contained platelet- and 

erythrocyte-derivedd microparticles, but also microparticles from endothelial cells 

(EMP)) and granulocytes (GMP). For the detection of EMP, antibodies directed against 

E-selectinn and VE-Cadherin (CD62E and CD 144, respectively) were used. Also TF 

(CDD 142) was measured. A similar analysis of a healthy individual is presented in 

Figuree 2. Here, the absence of GMP and the higher number of PMP are noteworthy. 

Remarkably,, a larger number of EMP were measured with the anti-CD62E antibody as 

comparedd to the anti-CD 144 antibody in both patients and healthy controls (Figures 1 

andd 2, respectively). Quantitative data are presented in Table 2, in which not only 

microparticless numbers of the marker- or TF-positive and annexin V-positive 

populationss are summarized (upper right quadrants of Figures 1 and 2), but also 

annexinn V-negative events that were marker- or TF-positive (lower right quadrants of 

Figuress 1 and 2). On average, the numbers of annexin V-positive microparticles of 

platelet-originn were decreased and those of endothelial cell-origin either decreased 

(CD62E)) or similar (CD 144). The numbers of erythrocyte-derived microparticles were 

similarr and the numbers of GMP were elevated. The numbers of annexin V-negative 

PMPP were decreased, EMP were comparable and the numbers of erythrocyte-derived 

microparticless and GMP were increased. Figure 3 shows the numbers of PMP, 

erythrocyte-derivedd microparticles, EMP and GMP in the individual patients. The 

numberr of annexin V- and TF-positive microparticles, not specified per cell type, was 

reducedd in the patient group, but numbers of annexin V-negative and TF-positive 

microparticless were equal for this antigen. There was a considerable overlap in the 

rangess of the number of microparticles between the healthy volunteers and the 

patients,, but, dependent upon the cellular origin of the microparticles, 0 to 8 of the 

patientss had numbers of microparticles below the 2.5 or above the 97.5 percentile of 

thee range in the healthy controls (Table 2). Microparticles of T helper cells (CD4), T 

suppressorr cells (CD8), B-cells (CD20) and plasma cells (CD38) were below the 

detectionn limit in both patients and controls (data not shown). 
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FigureFigure 1. Representative dot plots of microparticles (MP) in plasma of a patient with 

MODSMODS and sepsis. Microparticles were isolated, double labeled with annexin V (PE-

labeled)labeled) and a MoAb directed against a specific cell marker or TF (both FÏTC-

labeled),labeled), and analyzed by flow cytometry as described in the Patients and Methods 

section.section. The binding of annexin V is indicated on the y-axis, and the expression of the 

cellcell marker on the x-axis. The fluorescence thresholds were set as described in the 

PatientsPatients and Methods section, i.e., with a isotype-identical control antibody for the 

cellcell marker and in the absence of annexin V for annexin V binding. Data of patient 7 

areare presented. 
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FigureFigure 2. Representative dot plots of microparticles in plasma of a healthy individual. 

ForFor details see legend Figure 1. 
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TableTable 2. Numbers and cellular origin of circulating microparticles in patients with 

MODSMODS and sepsis (n = 9) and healthy individuals (n = 14). 

Platelets s 

Erythrocytes s 

Endothelial l 
cells s 

Granulocytes s 

(TF-positive) ) 

Marker r 

CD61 1 

Glycoo A 

CD62E E 

CD66b b 

(CDD 142) 

Patients s 

\\4(65-2Q%)\\4(65-2Q%)1 1 

50(17-- 185)2 

24 (<5-- 165) 

944 (26 - 293) 

933 (57 - 309) 

177 (8 - 66) 

122 (< 5 - 145) 

433 (< 5 -110) 

144 (5 - 30) 

166 (< 5 - 36) 

Controls s 

237(116-547)' ' 

126(322 -381)2 

28(13-46) ) 

466 (19 - 84) 

336(87-721) ) 

14(<5-42) ) 

<5 5 

<5 5 

47(15-108) ) 

20(111 -49) 

Nx/Nt
3 3 

3/9 9 
(lower) ) 

2/9 9 
(lower) ) 

4/9 9 
(higher) ) 

4/9 9 
(higher) ) 

2/9 9 
(lower) ) 

1/9 9 
(higher) ) 

5/9 9 
(higher) ) 

8/9 9 
(higher) ) 

4/9 9 
(lower) ) 

1/9 9 
(lower) ) 

P P 

0.0011 1 

0.0052 2 

0.174 4 

0.021 1 

0.010 0 

0.238 8 

<< 0.001 

<< 0.001 

0.001 1 

0.238 8 

11 Cell-marker- or TF-positive and annexin V-positive microparticles (x 106/L); Cell-

marker-marker- or TF positive and annexin V-negative microparticles (x lu/L); Nt: total 

numbernumber of patient samples tested, Nx: number of patient samples with microparticle 

numbersnumbers below the 2.5 or above the 97.5 percentile of the reference range in the 

healthyhealthy controls. 
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FigureFigure 3. Microparticle numbers in the individual patients. Numbers of platelet-, 

erythrocyte-,erythrocyte-, endothelial-, granulocyte-derived microparticles are shown as well as 

thethe number of TF-positive microparticles (x 106/L plasma). For each individual 

patientpatient the numbers of marker- and annexin V-positive (light gray bars) as well as 

marker-positivemarker-positive but annexin V-negative microparticles (hatched bars) are shown. The 

datadata in the healthy controls are depicted as median with range. 
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Thrombin-generatingg capacity, initiatio n pathways and relation to in vivo 

coagulationn activation status 

Figuree 4 shows thrombin generation curves obtained with microparticles from two 

patientss and a representative healthy individual in the absence and presence of 

inhibitoryy MoAb. The curves from patients 1 and 7 are provided, because patient 1 

demonstratedd extreme inhibition with anti-factor XII , in contrast to patient 7. 
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FigureFigure 4. Thrombin generation by isolated microparticles from two patients and from 

aa representative healthy individual in defibrinated normal plasma. Thrombin 

generationgeneration was performed in the absence ) or presence of antibodies to TF (a), 

factorfactor XII ) or factor XI (o), as described in Patients and Methods. The background, 

i.e.i.e. recalcified microparticle-freeplasma, is depicted by (0). 

Overalll  data are provided in Figure 5. As represented in this figure, the thrombin-

generatingg capacity, expressed as the area under the curve in the assay, varied widely 

betweenn the patients but was overall reduced compared to the controls (P = 0.008). 
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Thrombinn generation by microparticles from healthy individuals was on average not 

inhibitedd by anti-TF, slightly inhibited by anti-factor XII (on average 12%) and by 

anti-factorr XI (36%). Three patients had a significantly reduced thrombin generation 

capacityy of the microparticles; four had an increased inhibition by anti-TF, two by 

anti-factorr XII and all but one of the nine with anti-factor XI (Figure 5). 
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FigureFigure 5. The effect of inhibitory antibodies on thrombin generation by microparticles 

fromfrom patients and from healthy individuals. Median and range of the data in the 

healthyhealthy individuals (n = 6) are presented, together with the individual data of patients 

1-9.1-9. Note that the data in the upper left figure represent absolute values of thrombin 

generation,generation, expressed as the area under the curve. Those in the other figures are 

relativerelative values, i.e. the percentage remaining thrombin generation in the presence of 

thethe antibody compared to the uninhibited value in that patient. The * indicates 

findingsfindings lower than the 2.5 percentile of the reference range in the healthy controls. 
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Inn vivo coagulation activation status and relation to the number of circulating 

microparticles s 

Concentrationss of both F1+2 and TAT were determined to assess the activation 

statuss of the coagulation system in vivo. As shown in Figure 6A, concentrations of 

bothh F1+2 and TAT were significantly elevated in the patients compared to the healthy 

controlss (F1+2 in patients 1.20 [median], range 0.46 - 3.48 and controls 0.59 [0.32 -

1.91],, P = 0.005; TAT in patients 5.50 [2.20 - 14.70] and controls 1.04 [0 - 3.63], P = 

0.001),, indicating that the coagulation system in the patients was activated. 

o o 
EE 3 
c c 

ÏÏ 2 

1 1 

0 0 

# # 

rhh  m K K 
patients s 

r=-0.655 p=0.001 

11 10 20 
TATT (pg/L) 

r=-0.512p=0.013 3 

I.. . 

11 10 
Fu2(nmol/L) ) 

10' ' 
0.1 1 

r=-0.6211 p=0.013 

11 10 
F^2(nmol/L) ) 

FigureFigure 6. Relationship between in vivo thrombin generation and number and 
thrombin-generatingthrombin-generating capacity of circulating microparticles. A. Median and range of 
concentrationsconcentrations ofF,+2 (gray bars) and TAT (hatched bars) from patients (n = 9) and 
controlscontrols (C; n = 14). B. Correlation between the number of circulating, annexin V-
positivepositive microparticles and plasma TAT-concentrations. C. Correlation between the 
numbernumber of circulating microparticles and the plasma F1+2 concentrations. D. 
CorrelationCorrelation between the extent of thrombin generation by the microparticles and 
plasmaplasma concentrations ofFi+2. Patients are depicted as o and controls as  in Figures 
5B-D,5B-D, *P < 0.05 and #P < 0.001 are indicated in Figure 5A. Spearman's rank 
correlationcorrelation analysis is provided in Figures 5B-D. Two of the controls are not depicted 
inin i IgUl c ^u, (/ctutwc iiicir  yiuzmu L.unL,eniiuauil uj isil wus ueiUW If. J Llg/L. 
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Next,, we determined correlations between the in vivo activation status of the 

coagulationn system and the number of circulating microparticles as well as their 

thrombin-generatingg potential in plasma. As shown in Figure 6B and 6C, the numbers 

off  circulating, annexin V-binding microparticles in patients and controls inversely 

correlatedd with the concentrations of both F1+2 and TAT (r = -0.51, P = 0.013, and r = -

0.65,, P = 0.001, respectively). A negative correlation trend was present between the 

thrombinn generation capacity (area under curve) and TAT (r = -0.43, P = 0.106), and a 

significantt negative correlation of this capacity with F1+2 (r = -0.62, P = 0.013, Figure 

6D). . 
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FigureFigure 7. Inflammatory response and relation to granulocyte microparticles (GMP). 

MedianMedian and range of the data in the healthy individuals (n = 14) are presented, 

togethertogether with the individual data of patients 1 - 9. Plasma concentrations of A. IL-6, 

B.. CRP, C. Elastase and D. Correlation between the number of GMP and plasma 

concentrationconcentration of elastase. 
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Inflammator yy response and relation to circulating microparticles 

Too assess the extent of the inflammatory response in the patients, plasma 

concentrationss of the cytokine IL-6, the acute phase reactant CRP and the granulocyte 

productt elastase were determined. Figure 7 (A-C) shows the individual concentrations 

inn each patient and median plus range values in the healthy controls. The plasma 

concentrationss of IL-6 and CRP were clearly elevated in all patients as expected. 

Elastasee concentrations were also above the 97.5 percentile of the control range in 6 

outt of 9 patients. The number of GMP found in patient plasma samples correlated with 

theirr plasma elastase concentrations (r = 0.70, P = 0.036; Figure 7D), but not with the 

concentrationss of CRP (r = 0.05, P = 0.898) or IL-6 (r - -0.14, P = 0.787). 

DISCUSSION N 

Thee present study shows that patients with MODS and sepsis have relatively low 

numberss of circulating microparticles. Reconstitution of these microparticles in normal 

plasmaa evoked less thrombin generation than microparticles from controls, and the 

mechanismss of thrombin formation clearly differed from healthy individuals. 

Coagulationn in vivo is generally believed to be initiated by the complex of TF and 

factorr Vil a [141], which results in the conversion of prothrombin (factor II) -via factor 

X(a)-- into active thrombin (factor Ila). There is extensive evidence supporting the 

relevancee of this coagulation activation pathway in vivo: (i) the bleeding tendency in 

personss with hereditary deficiencies, (ii) infusion of activated factor VII into 

chimpanzeess increases the concentrations of the activation peptides of factors IX, X 

andd II, which increases are blocked by infusion of anti-TF [118], and (iii ) infusion of 

anti-TFF prevents the development of DIC in baboons that receive lethal doses of E. 

colii  [119]. In our previous studies we also found that thrombin generation induced by 

microparticles,, isolated from either material of the pericardial cavity of patients 

undergoingg cardiopulmonary bypass [33] or from the systemic circulation of a patient 

withh meningococcal septic shock and DIC [29], occurred via a TF/factor VII(a)-

dependentt mechanism. In the present study, however, anti-TF partially inhibited 

thrombinn generation in only four patients. In two patients, thrombin generation was 

stronglyy inhibited by anti-factor XII , which in our previous studies was completely 
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ineffectivee [29,33], despite the fact that this antibody completely blocks kaolin-

inducedd generation of thrombin in normal plasma [139]. The role of factor XII in 

coagulationn is still obscure. Patients with hereditary factor XII deficiency do not have 

aa bleeding tendency [113,114] and administration of anti-factor XII does not prevent 

thee development of DIC in baboons after administration of lethal doses of E. coli 

[118].. Our present findings suggest that microparticles can activate factor XII . 

Whetherr this factor XII-activating property is explained by differences in composition 

orr cellular origin of the microparticles remains to be determined. We can only 

speculatee on the cellular origin of the microparticles involved in activation of factor 

XII .. Factor XII is present on the neutrophil membrane surface [118,142,143]. 

Interestingly,, the two patients that showed by far the strongest inhibition of thrombin 

generationn by anti-factor XII (patients 1 and 5) also had the highest numbers of GMP 

andd the highest plasma elastase concentrations of the nine patients studied. A relation 

betweenn the GMP and the factor XII activation in an in vitro thrombin generation 

assayassay could therefore be hypothesized. 

Inn eight of the nine patients, anti-factor XI MoAb strongly inhibited thrombin 

generation,, more than observed with the healthy controls. The role of factor XI in 

coagulation,, as with factor XII , has long been debated. Patients with hereditary factor 

XII  deficiencies suffer in various extents from bleeding abnormalities [144]. Factor XI 

cann be activated by factor Xll a and by thrombin [75]. Once activated, factor XIa 

inducess more extensive thrombin formation -via factors IXa and Xa- and then also 

indirectlyy inhibits fibrinolysis in plasma [116]. Factor XI can be activated on the 

platelett surface in the absence of factor XII [145]. Despite the fact that in patients the 

numberss of PMP were decreased, they still comprise about 40% of the total number of 

circulatingg microparticles and possibly provide an efficient surface for activation of 

factorr XI. Platelets contain a unique form of factor XI, platelet factor XI, which is an 

alternativee splicing product of the plasma factor XI gene [134] and which is present on 

thee platelet surface [135]. To our knowledge, it is unknown whether platelet factor XI 

andd plasma factor XI differ in their sensitivity for activation via either factor Xll a or 

thrombin.. It is equally unknown whether microparticles differentially cause activation 

off  plasma and platelet factor XI. 
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Developmentt of MODS may be due to hypercoagulation and platelet deposition, 

leadingg to obstruction of blood vessels and finally organ dysfunction [146]. The 

platelett count in the patients was significantly lower than in the controls (patients 121 

xx 109/L [median], range 54 - 223; controls 238 x 109/L, range 172 - 276; P < 0.01), 

whereass the numbers of PMP per platelet were comparable (P = 0.477). This could 

suggestt that the number of PMP in the circulation of patients and healthy individuals 

aree simply a reflection of the number of platelets. Alternatively, the low numbers of 

PMPP in the patients may be due to deposition of platelets- and/or PMP in the organs 

[87,147].. Deposition of PMP has been observed in the microvasculature after porous 

balloonn delivery [148] and in atherosclerotic plaques [108]. 

Thee numbers of PMP found in the controls in the present study (237 x 106/L) are 

muchh higher than those reported previously by us (41 x 106/L) [29]. In the earlier 

study,, we used EDTA-anticoagulated plasma that had been frozen and stored for 5 - 9 

yearss at -70 °C but that had not been snap frozen prior to storage, whereas in the 

presentt study citrate anticoagulated plasma was used that had been snap frozen in 

liquidd nitrogen and that was used within 1 - 2 months. This implies that absolute 

numberss of cell-derived microparticles are likely to be dependent on conditions of 

collectionn and storage. However, especially the snap freezing of the plasma aliquots 

wass noted to be important to reliably quantify microparticles. It emphasizes that 

appropriatee samples from healthy controls should always be included in clinical 

studies,, and conditions of collection, preparation and storage carefully noted in 

manuscripts. . 

Inn the present study the number of EMP in the healthy controls using the anti-E-

selectinn antibody (64 x 106/L) is also much higher then in our previous report (18 x 

106/L).. The detection of EMP is cumbersome due to the lack of appropriate antibodies. 

Combess et al. used antibodies directed against PECAM-1 and av(33, i.e. non-

endotheliall  cell specific antibodies [56]. We used an antibody directed against E-

selectinn (CD62E), a protein only expressed on activated endothelial cells. This 

antibodyy was titrated on microparticles that strongly expose E-selectin, i.e. 

microparticless isolated from IL-l a stimulated human umbilical vein endothelial ceils, 

too ensure a proper antibody concentration. Compared to IgG control antibody staining, 
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microparticless bound this anti-E-selectin antibody although their fluorescence intensity 

wass just above the fluorescence threshold of the IgG control. Although these 

microparticless may expose E-selectin, we question their endothelial cell origin. Very 

recently,, we obtained plasma samples from 12 patients with systemic lupus 

erythematosus,, and found subpopulations of microparticles strongly binding anti-E-

selectinn in 3 patients. Staining with an antibody directed against VE-cadherin 

(CDD 144), like E-selectin a protein expressed only by endothelial cells, also showed a 

strongg staining of a microparticle subpopulation in only these three patients, thus 

confirmingg their endothelial cell origin (data not shown). The anti-CD 144 data 

thereforee seem more reliable than the anti-E-selectin data to estimate the number of 

EMP. . 

Thee numbers of annexin V-positive EMP and those exposing TF were also 

reducedd compared to controls, possibly via similar mechanisms as stated above. GMP 

(CD66b)) were absent in plasma samples in healthy controls, but clearly present in the 

patients.. By far the highest number of GMP did not stain for annexin V. The presence 

off  these solely marker-positive events seems specific, since they are entirely absent in 

controll  plasma samples. At present, one can only speculate about the function and 

genesiss of these distinct subpopulations. Only the CD66b- and annexin V-positive 

populationn correlated with elevated levels of elastase (r = 0.70, P = 0.036), and not the 

annexinn V-negative population (r = 0.41, P = 0.273), but we presume both populations 

too originate from granulocytes. Previously, we reported circulating GMP in patients 

withh meningococcal septic shock [29] and the present study demonstrates that GMP 

aree not restricted to those patients. The plasma concentrations of IL-6, CRP and 

elastasee were elevated in (almost) all patients, but only elastase correlated to the 

numberr of GMP, strengthening the observation that circulating GMP indeed reflect 

activationn of granulocytes in the circulation. 

Thee microparticle fractions from patients, containing microparticles of various 

cellularr origins, generated on average less thrombin in normal plasma than 

microparticless from controls. Patients, however, clearly had enhanced coagulation 

activationn in vivo, as reflected by increased concentrations of FK 2 and TAT, and an 

inversee correlation was present between the numbers of microparticles and plasma 
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TATT concentrations. This apparent discrepancy between thrombin generation in vitro 

andd enhanced coagulation in vivo may be explained in two ways. First, the more 

extensivee inhibition of the microparticle-induced thrombin generation by anti-factor 

XII  may indicate that the microparticles in the patients, although present in low 

numbers,, are in some way more capable of supporting the XI loop of coagulation 

activationn [149]. Similarly, the extensive inhibition by anti-factor XII and anti-TF in 2 

andd 4 patients, respectively, points to different coagulation activation properties of the 

microparticless in the patients versus healthy individuals. Second, (increased) 

adherencee of microparticles to endothelial cells, monocytes or other circulating blood 

cells,, resulting in a reduction of their circulating numbers, may initiate expression and 

productionn of TF and cytokines. In vitro, leukocyte microparticles stimulate 

endotheliall  cells to produce TF and IL-6 [60], whereas PMP can stimulate monocytes 

[150].. As a consequence, the production of, for instance, TF by target cells would 

resultt in enhanced coagulation activation in vivo and its reported TF dependence 

[118,119,141]. . 

Takenn together, the present study shows that in patients with MODS and sepsis the 

circulatingg numbers of microparticles are relatively low, and differ in cellular origin 

fromm those in healthy controls. These patient microparticles initiate thrombin 

generationn via different mechanisms from those described previously for 

microparticless in pericardial blood of patients undergoing cardiopulmonary bypass and 

patientss with meningococcal sepsis. 

ACKNOWLEDGEMENT S S 

Wee would like to thank Mrs. Dr. A. T. Bernards for the inclusion of patients. 

103 3 



104 4 



Chapte rr  6 

Cell-derive dd microparticle s in synovia l 

flui dd fro m inflame d arthriti c joint s 

suppor tt  coagulatio n exclusivel y via a 

facto rr  Vll-dependen t mechanis m 

Renéé J. Berckmans, Rienk Nieuwland, Paul P. Tak, Anita N. Böing, Fred P.H.Th.M. 

Romijn,, Maarten C. Kraan, Ferdinand C. Breeveld, C. Erik Hack and Augueste Sturk. 

ArthritisArthritis Rheum. 2002;46:2857-66. 

105 5 



Chapterr 6 

ABSTRAC T T 

Aim.. To determine the cellular origin of synovial microparticles, their procoagulant 

properties,, and their relationship to local hypercoagulation. 

Methods.. Microparticles in synovial fluid and plasma from patients with rheumatoid 

arthritiss (RA; n = 10) and patients with other forms of arthritis (non-RA; n = 10) and 

inn plasma from healthy subjects (n = 20) were isolated by centrifugation. 

Microparticless were identified by flow cytometry. The ability of microparticles to 

supportt coagulation was determined in normal plasma. Concentrations of prothrombin 

fragmentt 1+2 (F,^) and thrombin-antithrombin (TAT) complexes were determined 

(byy ELISA) as estimates of the coagulation activation status in vivo. 

Results.. Plasma from patients and healthy controls contained comparable numbers of 

microparticles,, which originated from platelets and erythrocytes. Synovial 

microparticless from RA patients and non-RA patients originated mainly from 

monocytess and granulocytes; few originated from platelets and erythrocytes. Synovial 

microparticless bound less annexin V (which binds to negatively charged 

phospholipids)) than did plasma microparticles, exposed tissue factor, and supported 

thrombinn generation via factor VII . F, 2̂ (median 66 nmol/L) and TAT complex 

(mediann 710 ug/L) concentrations were elevated in synovial fluid compared with 

plasmaa from the patients (1.6 nmol/L and 7.0 ug/L, respectively) as well as the 

controlss (1.0 nmol/L and 2.9 ug/L, respectively). 

Conclusion.. Synovial fluid contains high numbers of microparticles derived from 

leukocytess that are strongly coagulant via the factor VII-dependent pathway. We 

proposee that these microparticles contribute to the local hypercoagulation and fibrin 

depositionn in inflamed joints of patients with RA and other arthritic disorders. 
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INTRODUCTION N 

Thee coagulation system in synovial fluid from inflamed joints is strongly 

activated,, resulting in the deposition of fibrin; these fibrin deposits are called rice 

bodiess [151-154]. Joint lavage removes the rice bodies and alleviates the pain. 

Coagulationn activation requires not only (activated) coagulation proteins and 

calciumm ions, but also a procoagulant surface to which coagulation proteins can bind to 

assemblee tenase and prothrombinase complexes. Membranes exposing negatively 

chargedcharged phospholipids, such as phosphatidylserine (PS), act as such a procoagulant 

surface.. PS is not exposed on resting cells, but during cell activation or apoptosis it 

appearss in the outer leaflet of the membrane. In vitro, platelets are known to release 

microparticless that expose PS and bind coagulation factors V, VIII , IX and XI and/or 

theirr activated forms [6,43,46,49]. Monocytes, endothelial cells, and erythrocytes also 

releasee PS-exposing microparticles upon appropriate activation, which support 

coagulationn in vitro [51,53,58]. In vivo, microparticles can be found in the systemic 

circulation;; their numbers and cellular origin are dependent on the state of health of 

thee individual. Compared with healthy control subjects, patients at risk of 

thromboembolicc complications have elevated numbers of platelet microparticles in 

theirr venous blood [12,14,15,17,22,24,29,138], and we and other investigators have 

recentlyy demonstrated the presence of microparticles of non-platelet origin in the 

circulationn of healthy subjects as well as patients with various clinical conditions 

[29,33,56,155]. . 

Synoviall  fluid also contains cell-derived microparticles. These microparticles 

containn relatively high concentrations of lysophospholipids such as 

lysophosphatidylcholinee and lysophosphatidylethanolamine [156]. Most likely, the 

presencee of the lysophospholipids is due to secretory phospholipase A2, a 

phospholipid-hydrolyzingg enzyme found in elevated concentrations in synovial fluid 

[157].. The cellular origin of the microparticles in synovial fluid has not been reported, 

andd the breakdown of the phospholipids to their lyso compounds is likely to inhibit 

theirr possible thrombin-generating capacity. The aims of the present study were to 

characterizee the cellular origin of microparticles from synovial fluid and to study their 
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procoagulantt properties and, thus, find a possible explanation for the coagulation 

activationn occurring in synovial fluid of inflamed joints. 

PATIENTSS AND METHODS 

Patientss and healthy individual s 

Wee studied 10 patients with rheumatoid arthritis (RA) and 10 patients with other 

formss of arthritis (non-RA), as follows: psoriatic arthritis (n = 3), undifferentiated 

arthritiss (n = 2), reactive arthritis (n = 1), juvenile chronic arthritis (n = 1), systemic 

lupuss erythematosus (n = 1), osteoarthritis (n = 1), and relapsing seronegative, 

symmetricc synovitis with pitting edema (n = 1). Patient data are summarized in Table 

1.. The RA patients fulfilled the American College of Rheumatology criteria [158]. 

Twentyy healthy, sex- and age-matched control subjects were also evaluated. Synovial 

fluidd (SF) from inflamed joints as well as venous blood samples were obtained from 

thee patients. Only venous blood samples were obtained from the healthy control 

subjects.. This study was approved by the Medical Ethics Committee of the Leiden 

Universityy Medical Center. All patients and controls gave their informed consent to 

participate. . 

Reagentss and assays 

Reptilasee was obtained from Roche (Basel, Switzerland) and the chromogenic 

substratee Pefachrome TH-5114 from Pentapharm (Basel, Switzerland). Normal murine 

serumm and fluorescein isothiocyanate (FITC)-labeled anti-CD4 (CLB-T4/1,10A12; 

immunoglobulinn (Ig)G2a) and anti-CD61 (Y2/51; IgGi) and phycoerythrin (PE)-

labeledd anti-CD66e (CLB-gran/10 IH4Fc; IgG,) were obtained from the Central 

Laboratoryy of the Netherlands Red Cross Blood Transfusion Service (CLB; 

Amsterdam,, The Netherlands). FITC-labeled anti-glycophorin A (JC159; IgGi) and 

streptavidin-PEE (R0438) were obtained from Dako (Glostrup, Denmark). FITC-labeled 

anti-CD88 (SKI; IgGi), anti-CD20 (L27; IgGi), and control antibodies (IgG, [X40] and 

IgG2aa [X39]) were obtained from Becton Dickinson (San Jose, CA). FITC-labeled anti-

CD66bb (80H3; IgG,K) was obtained from Coulter/Immunotech (Marseilles, France) 

andd FITC-labeled anti-CD 14 (CRIS-6; IgGi) from BioSource (Camarillo, CA). 
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Biotinylatedd annexin V (B700) was obtained from Nexins (Hoeven, The Netherlands) 

andd FITC-labeled anti-tissue factor (TF; 4508CJ; IgGi) from American Diagnostics 

(Greenwich,(Greenwich, CT). 

TableTable 1. Demographic and clinical data of the RA and non-RA patients*. 

RAA patients 
(nn = 10) 

Non-RAA patients 
(nn = 10) 

Agee (years) 

Sex,, no. of males/females 

Diseasee duration, months 

Rheumatoidd factor 

Tenderr joint count 

Swollenn joint count 

ESR,, mm/hour 

Erosivee disease 

No.. ofDMARDs 

SFF leukocytes, x 109/L 

62.55 (37 - 77) 

3/7 7 

122(6-300) ) 

66 positive; 4 negative 

10.33 (2 - 19) 

8.9(11 -17) 

56.11 (4-83) 

66 positive; 4 negative 

2.6(0-5) ) 

5.33 (0.0 - 12.3) 

52.55 (25 - 79) 

4/6 4/6 

65(6-- 192) 

Al ll  negative 

5.6(2-14) ) 

4.4(11 -12) 

25.66 (2 - 63) 

None e 

1.5(1-3) ) 

10.7(0.7-30.3) ) 

**  Except where indicated otherwise, values are the mean (range). RA = rheumatoid 

arthritis;arthritis;  ESR = erythrocyte sedimentation rate; DMARDs = disease-modifying anti-

rheumaticrheumatic drugs; SF = synovial fluid. 
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Elastasee content was determined by ELISA, according to the manufacturer's 

instructionss (Milenia Biotec, Bad Nauheim, Germany). 

Inn thrombin generation experiments, OT-2 (0.71 mg/mL) was used to determine 

thee contribution of the factor XII-dependent coagulation pathway. This monoclonal 

antibodyy (MoAb) completely inhibits factor Xll a [85]. In contrast to kaolin-induced 

thrombinn generation, thrombin generation in recalcified normal plasma initiated by the 

additionn of Thromborel, a commercially available mixture of (brain) phospholipids 

andd TF (Behring Diagnostics, Marburg, Germany), is unaffected by OT-2 [85,139]. 

Thee MoAb directed against factor VII (a 1:1 mixture of MoAb VII-1 and VII-15; 

initiall  concentrations 1.46 mg/mL and 0.53 mg/mL, respectively) were obtained from 

thee CLB. These antibodies specifically inhibited Thromborel-induced coagulation but 

nott kaolin-induced coagulation [139]. Triton X-100 (Baker, Deventer, The 

Netherlands)) was prepared as a 0.5% stock solution in phosphate buffered saline (154 

mmol/LL NaCl, 1.4 mmol/L phosphate, pH 7.4) containing 10.9 mmol/L sodium citrate. 

Plasmaa and synovial fluid concentrations of prothrombin fragment 1+2 (F1+:) and 

thrombin-antithrombinn (TAT) complexes (Behring Diagnostics) were determined by 

ELISA,, according to the manufacturer's instructions. 

Collectionn of synovial fluid and blood samples 

Synoviall  fluid (4.5 mL) and venous blood were collected into tubes containing 0.5 

mLmL of 3.2% sodium citrate (Becton Dickinson). Immediately after collection, an 

additionall  0.5 mL of 3.2% sodium citrate was added to the synovial samples to prevent 

coagulation.. Cells were removed by centrifugation (20 minutes at 1550g and 20 °C) 

withinn 10 minutes after collection. Microparticles were isolated from fresh samples, 

andd their numbers and cellular source were determined immediately by flow 

cytometry.. For all other determinations, aliquots of plasma, synovial fluid or isolated 

microparticless were snap-frozen in liquid nitrogen for 15 minutes and stored at -80 °C 

untill  use. 
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Microparticl ee isolation 

Cell-freee synovial fluid and plasma samples (250 uL) were centrifuged for 15 

minutesminutes at 17570g and 20 °C to obtain the microparticles. The supernatant (225 uL) 

wass removed, and the microparticles were resuspended after addition of apopbuffer 

(2255 uL; 10 mmol/L HEPES, 5 mmol/L KCL, 1 mmol/L MgCl2, and 136 mmol/L 

NaCl,, pH 7.4). After centrifugation, the supernatant (225 uL) was removed, and the 

microparticless were resuspended after addition of apopbuffer (90 uL). For flow 

cytometryy 5 uL aliquots were used, and for thrombin generation 20 uL aliquots were 

used. . 

Floww cytometric analysis 

Aliquotss (5 uL) of the isolated and washed microparticles were further diluted 

withh 35 uL apopbuffer/CaCl2 (2.5 mmol/L CaCl2) and microparticle-free normal 

mousee serum (5 uL; diluted 1:500 volume/volume), and incubated for 15 minutes at 

roomm temperature. Biotinylated annexin V (5 uL) and FITC-labeled MoAb (5 uL) 

weree added and the mixtures were incubated for 15 minutes in the dark at room 

temperature.. The following final concentrations of FITC-labeled antibodies were used: 

0.55 (ig/mL of anti-CD4, 0.25 ng/mL of anti-CD8, 0.25 ug/mL of anti-CD 14, 0.5 

ug/mLug/mL of anti-CD20, 0.5 ug/mL of anti-CD61, 0.25 ug/mL of anti-CD66b, and 0.25 

ug/mLug/mL of anti-glycophorin A. FITC-labeled IgGi and IgG2a (both 0.5 (ig/mL) were 

usedd as controls. 

Afterr the incubation, 200 uL apopbuffer/CaCl2 was added, and the suspensions 

weree centrifuged for another 15 minutes at 17570g and 20 °C. The supernatant (200 

uL)) was removed, PE was added (5 jxL). After another 15 minutes in the dark at room 

temperature,, 200 uL apopbuffer/CaCl2 was added, and the suspension was centrifuged 

forr 15 minutes at 17570g and 20 °C. The supernatant (200 uL) was removed, 

apopbuffer/CaCl22 (300 uL) was added, and microparticles were resuspended. 

Withh the synovial microparticles, PE-labeled anti-CD66e and FITC-labeled anti-

TFF were tested in the absence and presence of 0.05% Triton X-100 in phosphate 

bufferedd saline, as described previously [159]. FITC-labeled anti-CD66b and PE-

labeledd anti-CD66e gave comparable results in the analysis of the synovial samples. 
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Sampless were analyzed in a FACScan flow cytometer with CellQuest software 

(Bectonn Dickinson). Both forward scatter (FSC) and side scatter (SSC) were set at 

logarithmicc gain. Microparticles were identified on FSC, SSC, and binding of cell-

specificspecific MoAb. Whereas in previous studies binding of both cell-specific MoAb and 

annexinn V were used to identify microparticles, this was impossible in the present 

studyy since binding of annexin V to synovial microparticles was impaired. 

Thee number of microparticles per liter plasma or synovial fluid was estimated by 

usingg the number of events (N) of cell-specific MoAb-binding microparticles in the 

floww cytometry after correction for IgG control antibody binding as follows: 

microparticles/LL = Nx [115/5] x [355/60] x [106/250]. The lower detection limit of the 

particlee count was established in the samples with the IgG control as 10 x 106 

microparticles/L. . 

Thrombi nn generation test 

Thee thrombin generation test (TGT) was used to estimate the thrombin-generating 

capacityy of the microparticles, as described previously [127,139]. Briefly, 

microparticless were reconstituted in defibrinated normal (microparticle-free) plasma. 

Thrombinn generation was performed with synovial microparticles from 6 RA patients 

andd 7 non-RA patients; only small volumes of synovial fluid were available from 3 of 

thee patients (2 RA and 1 non-RA), and despite the relatively high concentration of 

anticoagulant,, excessive clotting occurred during storage of 4 other synovial samples 

(22 RA and 2 non-RA). 

Defibrinatedd normal plasma was prepared by incubating microparticle-free normal 

plasmaa (a pool of plasma from 20 healthy individuals that had been centrifuged for 30 

minutess at 17570g and 20 °C) with reptilase for 10 minutes at 37 °C and, 

subsequently,, for 10 minutes on melting ice. The fibrin clot was removed by 

centrifugationn for another 5 minutes at 17570g at 20 °C. Since microparticles may, at 

leastt partly, adhere to fibrin, plasma and synovial fluid aliquots used for quantitation 

off  microparticles were not defibrinated [87]. Microparticles (20 uL) were added to a 

mixturee of defibrinated normal plasma (120 uL) and buffer A (10 uL; 50 mmol/L Tris-

HC1,, 100 mmol/L NaCl, and 0.05% bovine serum albumin, pH 7.35). Thrombin 
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generationn was initiated at time 0 by addition of CaCl2 (30 uL; 16.7 mmol/L final 

concentration).. Experiments were performed at 37 °C. 

Att fixed intervals after time 0, aliquots (3 uL) were removed and added to 147 uL 

prewarmedd chromogenic substrate Pefachrome TH-5114 in buffer B (50 mmol/L Tris-

HC1,, 100 mmol/L NaCl, 20 mmol/L EDTA and 0.05% weight/volume bovine serum 

albumin,, pH 7.9). After 3 minutes, citric acid (90 uL; 1 mol/L) was added to stop the 

conversionn of Pefachrome TH-5114. The generated amount of p-nitroaniline was 

determinedd at X = 405 nm. To convert the observed optical density (OD) into thrombin 

concentration,, a reference curve was prepared using purified human thrombin [155]. 

Forr the inhibition experiments, the mixture of plasma plus buffer A, and 

separatelyy the microparticles, was incubated for 30 minutes at ambient temperature 

withh 20 uL and 10 JJ.L of antibodies, respectively. The optimum concentration for each 

off  the inhibitory antibodies was determined previously [139], With those 

concentrationss (i.e., 1 mg/mL initial concentration of anti-factor VII and 0.71 mg/mL 

off  anti-factor XII) , specific as well as maximum inhibition was achieved. Plasma and 

microparticless were pooled after the preincubation and incubated for an additional 10 

minutesminutes at 37 °C. Thrombin generation was then started by the addition of CaC .̂ 

Statistics s 

Dataa were analyzed with SPSS for Windows, release 10.0 (SPSS, Chicago, IL). 

Differencess between synovial fluid and plasma from the patients were analyzed with 

thee Wilcoxon signed rank test. Differences between findings in plasma from the 

arthritiss patients compared with the healthy controls were analyzed with the Mann-

WhitneyWhitney U test. One-tailed significance levels are provided, which were considered 

significantt when P < 0.05. All data are presented as median (range), unless indicated 

otherwise. . 

113 3 



Chapterr 6 

RESULTS S 

Exposuree of negatively charged phospholipids by synovial microparticles 

Inn previous studies, microparticles from plasma were identified according to their 

characteristicc FSC and SSC, as well as their binding of cell-specific antibodies and 

annexinn V [29,33]. Figure IB shows that all microparticles derived from plasma 

obtainedd from an RA patient strongly bound annexin V, and that the binding of 

annexinn V to synovial microparticles was reduced compared with the plasma 

microparticless (Figure 1A). 

synoviall fluid 

annexinn V binding 

OO CM 
WW O 

B B 

 : ^ 4 * B 

patientt plasma 

*&^t^-' *&^t^-' 

10 0 
1 22 3 4 

100 10 10 10 
annexinn V binding 

controll plasma 

FigureFigure 1. Annexin V-labeling of 

microparticlesmicroparticles derived from 

synovialsynovial fluid and plasma. 

MicroparticlesMicroparticles were isolated, 

labeledlabeled with annexin V-biotin / 

streptavidin-PE,streptavidin-PE, and analyzed 

byby flow cytometry (see Patients 

andand Methods). Shown are 

representativerepresentative data for micro-

particlesparticles from A, synovial fluid 

andand B, plasma obtained from a 

rheumatoidrheumatoid arthritis patient, as 

wellwell as from C, plasma obtained 

fromfrom a healthy control subject. 

TheThe extent of annexin V binding 

isis indicated on the x-axis and the 

sideside scatter on the y-axis. The 

fluorescencefluorescence thresholds (vertical 

lines)lines) were set using a sample 

withoutwithout annexin V. 

annexinn V binding 
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Similarr dot plots were obtained for microparticles isolated from plasma and 

synoviall  fluid obtained from the non-RA patients. For comparison, microparticles 

isolatedd from plasma obtained from a healthy control are shown in Figure 1C. 

Cellularr  origin of microparticles in synovial fluid 

Figuree 2 shows representative examples of dot plots for microparticles from 

synoviall  fluid and plasma obtained from an RA patient. Microparticles were stained 

withh control antibody (Figures 2A and B) or cell-specific monoclonal antibodies 

(Figuress 2C - H). Microparticles originating from platelets, i.e., those that bound anti-

CD61,, were almost completely absent in synovial fluid (Figure 2C), whereas in 

plasma,, most microparticles were of platelet origin (Figure 2D). Synovial fluid 

containedd considerable numbers of microparticles originating from granulocytes 

(CD66b)) (Figure 2E) and monocytes (CD 14) (Figure 2G), which were scarce in 

plasmaa (Figures 2F and 2H, respectively). In addition, synovial fluid contained low, 

butt detectable, numbers of microparticles from CD4+ and CD8+ T cells, B cells, 

platelets,, and erythrocytes. 

Al ll  quantities of microparticles of a specific cellular origin were significantly 

higherr or lower than those found in patient plasma. We did not observe any differences 

betweenn RA and non-RA patients with regard to the numbers and cellular origin of the 

microparticles.. The data for the 10 RA and the 10 non-RA patients were therefore 

combined.. The data are summarized in Table 2, along with microparticle numbers in 

plasmaa from the healthy individuals. No differences between the plasma values in 

controlss and patients were found. 

Thee granulocyte origin of CD66b-positive microparticles was confirmed by 

measuringg elastase concentrations in synovial fluid. Concentrations of elastase, a 

proteasee specifically secreted by activated granulocytes, strongly correlated with the 

numberss of CD66b-positive microparticles (r = 0.76, P = 0.0004). 
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E,, andG) and plasma 
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TableTable 2. Microparticles in synovial fluid and plasma from patients with arthritic 

inflamedinflamed joints, and in plasma from healthy controls . 

Origi n n MoAb b 

Plasma a 
Patientt  SF 

(n=20) ) Patients s 

(nn = 20) 

Healthyy controls 

(nn = 20) 

P' P' 

Thelperr cells CD4 44 (< 10-224) < 10 (< 10-40) < 10 (< 10-36) 0.0001 

TT suppressor C D 8 4Q 1 ( M 9 7) < 10 ( < 10_23) 

cells s 

Monocyticc C D H 173(46-708) < 10 (< 10-77) 

BB cells 

<< 10 (< 10-33) 0.0002 

<< 10 (< 10-67) < 0.0001 

CD200 < 10 (< 10-304) < 10 (< 10-31) < 10 (< 10-16) 0.041 

Platelets s CD611 18 (< 10-71) 593(166-6027) 1615(310-5026) <0.0001 

Erythrocytess Glyco A 19 (< 10-95) 68(10-272) 61(17-377) 0.0001 

Granulocytess CD66b 96 (< 10-649) < 10 (< 10-224) < 10 (< 10-22) 0.0001 

ValuesValues are the median (range) number of marker-positive microparticles (x 1&/L). 

MoAbb = monoclonal antibody; SF = synovial fluid; Glyco A = glycophorin A. P 

valuesvalues represent differences between synovial fluid and plasma microparticles from 

thethe patients, by the Wilcoxon 's signed rank test. 

Thrombin-generatingg capacity of microparticles from synovial fluid and plasma 

Microparticles,, isolated from synovial fluid and plasma obtained from the patients 

andd healthy controls were reconstituted in normal, defibrinated plasma to test their 

thrombin-generatingg capacity. Reconstitution of synovial microparticles from the 6 

RAA patients tested and from 4 of the 7 non-RA patients tested resulted in massive 

thrombinn generation compared with that of plasma microparticles from the patients 

andd healthy controls. This thrombin generation by synovial microparticles was 
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completelyy blocked by anti-factor Vila. A representative experiment is presented in 

Figuree 3. 

Thrombinn generation by microparticle preparations from 1 RA and 1 non-RA 

patientt was also partially blocked by anti-factor XI (25% and 29% inhibition, 

respectively),, whereas anti-factor XII inhibited thrombin generation from 1 

rheumatoidd and 2 non-rheumatoid arthritis patients (20 - 27% inhibition). Three 

microparticlee preparations of the 7 non-RA patients tested, however, were unable to 

initiatee thrombin generation. Thrombin generation by plasma microparticles from both 

patientss and controls was not affected by anti-factor Vila, whereas anti-factor XII only 

slightlyy inhibited this thrombin generation. These data are summarized in Table 3. 

TableTable 3. Thrombin generation by synovial microparticles in the absence and presence 

ofof inhibitory antibodies . 

RAA patients 
(nn = 6) 

Non-RAA patients 
(nn = 4) 

Thrombi nn generation (% of 

Anti-VI I I 

3.9(0.3-42.5) ) 

1.7(0.3-10.6) ) 

Anti-X I I 

102.2(75.6-- 111.7) 

94.7(71.11 - 107.5) 

control) ) 

Anti-XI I I 

93.4(73.0-- 100.0) 

83.2(68.7-- 115.7) 

TheThe effect of monoclonal antibodies represents the remaining thrombin generation, 

expressedexpressed as a percentage of control (i.e., microparticle-induced thrombin generation 

inin the absence of an antibody). Values are the median (range). No significant 

differencesdifferences between the rheumatoid arthritis (RA) and non-RA patients were observed. 

However,However, microparticles from 3 other non-RA patients did not induce thrombin 

generation. generation. 

TheThe area under the thrombin generation curve, calculated for the time interval 

betweenbetween 0 and 15 minutes. 
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FigureFigure 3. Thrombin generation by microparticles from synovial fluid and plasma. 

MicroparticlesMicroparticles derived from synovial fluid and plasma (A and B, respectively) 

obtainedobtained from a rheumatoid arthritis (RA) patient, as well as from plasma (C) from a 

healthyhealthy control subject were reconstituted in normal, defibrinated plasma. Thrombin 

generationgeneration was performed in the absence ) or presence of antibodies to factor VII 

(o),(o), or factor XII (D). The curves shown were obtained in 1 representative experiment. 
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Presencee of tissue factor  on synovial microparticles 

Becausee factor VH-mediated coagulation is initiated by TF, we stained synovial 

microparticless with anti-TF to verify whether synovial microparticles do indeed 

exposee TF. Despite the fact that synovial microparticles strongly initiated TF-mediated 

thrombinn generation, no TF antigen was visible on synovial microparticles (Figure 

4C). . 

Onn cells, cryptic TF activity becomes de-encrypted when low concentrations of 

detergentss such as Triton X-100 are added. In preliminary flow cytometry studies we 

recentlyy performed on microparticles from patients with another clinical condition 

(fromm the pericardial cavity of patients undergoing cardiac surgery with 

cardiopulmonaryy bypass), we observed that the microparticles strongly generated 

thrombinn via TF but only revealed TF antigen in the presence of Triton X-100 (data 

nott shown). In the present study, Triton X-100 (0.05% v/v) did not affect control 

MoAbb staining with the synovial microparticles (Figures 4A and B). Similar to the 

pericardiall  microparticles, the TF antigen was found on synovial microparticles in the 

presencee of Triton X-100 (Figures 4C and D). 

Wee then performed double label experiments to establish the cellular origin of these 

TFF antigen-exposing microparticles. As shown in Figures 4E and F, part of the 

observedd TF antigen was present on granulocyte-derived microparticles. For these 

experimentss PE-labeled anti-CD66e was used to enable double staining with FITC-

labeledd anti-TF. Unfortunately, detection of several other cell-specific antigens was 

impairedd by Triton X-100, thereby making a complete analysis of the cellular origin of 

TF-positivee microparticles impossible (data not shown). 
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FigureFigure 4. The presence ofTF on synovial microparticles. 

MicroparticlesMicroparticles from synovial fluid of a rheumatoid arthritis patient were isolated, 

stainedstained and analyzed by flow cytometry {see Patients and Methods). Microparticles 

werewere stained with control antibody {MoAb; FITC-labeled IgG,) (A and B), FITC-

labeledlabeled anti-TF (C and D), and anti-TF plus phycoerythrin-labeled anti-CD66e (E and 

F),, in the absence (A, C and E) or presence (B, D and F) of Triton X-100 {0.05% final 

concentration).concentration). All dot plots shown were obtained within one experiment with 

microparticlesmicroparticles from a representative patient. 
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Inn vivo coagulation activation status 

Too establish the extent of ongoing coagulation activation in the plasma and 

synoviall  fluid, concentrations of Fi+2 and TAT complexes were determined. The data 

aree summarized in Table 4. Compared to healthy control plasma, the coagulation 

systemm was clearly activated in the patient plasma, as shown by both increased 

concentrationss of F1+2and TAT complexes (P < 0.0001 and P = 0.0003, respectively). 

Thee median concentrations of both coagulation activation markers were 40 and 100 

timess higher in synovial fluid than in plasma from the patients. 

Inn these statistical analyses, the data for the RA and non-RA patients were pooled 

becausee the F1+2 and TAT concentrations in the synovial fluid did not differ (P = 0.16 

andd P - 0.26, respectively) and both were increased compared with the concentrations 

inn patient plasma (both P < 0.0001). 

However,, the plasma concentrations in RA and non-RA patients differed for both 

Fi,22 (2.0 nmol/L [range 1.5 - 3.7] and 1.5 nmol/L [range 0.9 - 2.1], respectively; P = 

0.004)) and TAT complexes (15.4 ug/mL [range 7.9 - 26.3] and 4.0 jig/mL [range 3.1 -

10.4],, respectively; P = 0.0003). 
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TableTable 4. In vivo coagulation activation status in patients with inflamed arthritic joints 

andand in healthy control subjects . 

Patientss Healthy 
Al ll  RA Non-RA controls 

(nn = 20) (n = 10) (n = 10) (n = 2°) 

F1+2,nmol/LL 66(24-219) 45(24-163) 76(27-219) 

TAT,, ug/L 710(44-14,242) 532(80-14,242) 946(44-2,372) 

«« F1+2,nmol/L 1.6(0.9-3.7)' 2.0 (1.5-3.7)x 1.5(0.9-2.1) 1.0(0.4-2.3) 
S S 
CA A 

SS TAT, ug/L 7.0 (3.1-26.3)+ 15.4 (7.9-26.3)s 4.0(3.1-10.4) 2.9(1.4-7.1) 

**  Values are the median (range). Differences were analyzed with the Mann- Whitney U 

testtest or the Wilcoxon signed rank test. There was no significant difference between 

synovialsynovial fluid (SF) from RA versus non-RA patients. 
ffPP < 0.0001 versus synovial fluid from all patients, by one-tailed test. 

+P+P = 0.004 versus non-RA plasma. ^P = 0.0003 versus non-RA plasma. 

^P^P < 0.001 versus plasma from all patients. #P = 0.0003 versus plasma from all 

patients. patients. 

DISCUSSION N 

Thee findings of the present study demonstrate that synovial fluid from inflamed 

jointss of RA patients as well as non-RA patients contains cell-derived microparticles 

off  mainly granulocyte (CD66b, CD66e) and monocyte/macrophage (CD14) origin, to 

aa lesser extent, CD4+ and CD8+ T cells, B-cells (CD20), and erythrocytes 

(glycophorinn A). Synovial microparticles from the 6 RA patients tested, and 4 of the 7 

non-RAA patients tested evoked thrombin generation via the TF/factor VII-initiating 

pathway.. A subpopulation of synovial microparticles exposed TF, and we found 

colocalizationn of TF and the CD66e antigen (i.e., granulocyte origin of the 

microparticles)) on part of this subpopulation. This suggests a role of granulocyte-
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derivedd microparticles in local hypercoagulation. The origin of the majority of the TF-

exposingg microparticles, however, could not be established. 

TFF antigen was demonstrated by flow cytometry only in the presence of a 

thresholdd concentration of the detergent Triton X-100. In previous studies, especially 

onn microparticles from the pericardial cavity of patients undergoing cardiac surgery 

withh cardiopulmonary bypass, we noticed discrepancies between the TF-mediated 

thrombin-generatingg activity and the apparent absence of the TF antigen. On cells, the 

presencee of cryptic TF is a well-known phenomenon, where activity rather than 

antigenn expression appears cryptic [160]. Upon incubation with detergent, the TF 

exposedd on the cell surface becomes active; this has been explained by either changes 

inn membrane phospholipid distribution, conformational changes in the TF molecule, or 

thee multimerization of TF molecules [161-163], In contrast to cells, however, 

incubationn of the microparticles with Triton X-100 completely abolished their ability 

too induce thrombin generation (data not shown). The discrepancy between the 

presencee of TF in thrombin generation experiments and the lack of detection by flow 

cytometryy in the absence of Triton X-100 may simply be due to a lower detection limit 

off  biological versus antigen assays, involving only a subclass of active TF molecules. 

Ourr present findings of granulocyte-derived microparticles bearing TF may 

supportt the reports by other investigators that granulocytes are capable of producing 

TFF [164]. However, we cannot exclude a possible transfer of TF from other cells (e.g. 

monocytes)) to granulocytes or their microparticles, similar to the transfer between 

leucocytess and platelets [62]. The occurrence of microparticles of granulocyte origin 

inn synovial fluid was confirmed by measuring concentrations of elastase (a protease 

secretedd by activated granulocytes) and by the use of both CD66b and CD66e as 

granulocytee markers. We therefore propose that the microparticles originated from 

granulocytes. . 

Ass stated above, synovial microparticles generated thrombin via factor VII . In 

previouss studies, we demonstrated that microparticles isolated from the pericardial 

cavityy during cardiopulmonary bypass [33] and from plasma of a patient with 

meningococcall  sepsis and disseminated intravascular coagulation [29] also triggered 

thrombinn generation via factor VII and TF. In those studies, anti-TF and/or anti-factor 
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VIII  antibodies only delayed the onset of thrombin generation by 5 - 10 minutes, 

whereass in the present study, thrombin generation was permanently blocked. This may 

indicatee that thrombin generation by these synovial fluid microparticles occurs 

continuallyy through de novo activation of the coagulation system via TF/ factor Vila, 

whereass in other conditions, other microparticle populations propagate thrombin 

generation,, for instance, via their negatively charged phospholipid surface, and thus 

havee the extra ability to form the tenase and prothrombinase complexes. 

Wee recently showed that microparticles from plasma of healthy subjects slowly 

generatedd a modest quantity of thrombin [139]. This thrombin generation was 

independentt from TF/factor VII and only partially sensitive to inhibition by factor XII 

(10%)) or XI (40%). Since combinations of antibodies also failed to inhibit more than 

40%% of thrombin generation, we concluded that thrombin generation by microparticles 

is,, at least in part, independent from the common intrinsic and extrinsic initiation 

pathwayss of coagulation activation. Due to the (almost complete) absence of these 

microparticless in synovial fluid, this alternative route of initiation of thrombin 

generationn may be lacking. Whether this route only amplifies thrombin generation, 

e.g.,, via factor VHIa/IXa and Va that are possibly already present on the surface of 

microparticles,, or whether this is a completely novel coagulation initiation pathway, 

remainss to be elucidated. However, we cannot exclude the involvement of elastase, 

cathepsins,, (macrophage) fgl-2 prothrombinase or (monocyte) Mac-1 integrin in the 

initiationn of coagulation under these conditions. 

Thee high thrombin-generating capacity of synovial microparticles may contribute 

too the local hypercoagulation and account for the fibrin depositions called rice bodies. 

Actually,, this procoagulant nature was not anticipated, because previous studies 

showedd that secretory phospholipase A2, which is present in high concentrations in 

synoviall  fluid, inhibits coagulation [156,157,165,166]. In line with such an effect of 

secretoryy phospholipase A2 was the lower exposure of PS by synovial microparticles, 

ass reflected by the reduced binding of annexin V, most likely due to the breakdown of 

PSS to lyso-PS. Despite the reduced binding of annexin V, the synovial microparticles 

stilll  efficiently supported thrombin generation. Thus, the presence of lyso-

phospholipidss apparently does not inhibit thrombin generation and the amount of 

125 5 



Chapterr 6 

intactt negatively charged phospholipids on the microparticles still appears to be 

sufficientt to support coagulation. 

Att present, we have no explanation for the inability of 3 microparticle fractions 

(fromm 2 patients with undifferentiated arthritis and 1 patient with symmetric synovitis) 

too generate thrombin in normal plasma. The binding of annexin V to preparations of 

microparticlee from these 3 patients was comparable to that of microparticle 

preparationss from other patients indicating that the lack of thrombin-generating 

activityy is not explained simply by an insufficient exposure of negatively charged 

phospholipids.. However, preliminary experiments indicated that these microparticles 

exposee sufficient negatively charged phospholipids to facilitate the propagation of 

thrombinn generation. 

Kaolinn as an activator of factor XII requires the presence of negatively charged 

phospholipids,, either microparticles or artificial phospholipid vesicles, to initiate and 

propagatee thrombin generation. Addition of synovial microparticles from 1 of the 3 

patientss showing no thrombin generation was tested and did indeed propagate the 

kaolin-inducedd thrombin generation (data not shown). The absence of thrombin 

initiationn by these microparticles could not be attributed to the absence of TF on the 

microparticles,, which was detectable by flow cytometry and was similar to 

microparticless from the other patients, which did generate thrombin. We hypothesized 

thatt the synovial fluid from this particular patient may contain one or more substances 

thatt interfere with thrombin initiation Synovial microparticles from another patient lost 

moree than 90% of their thrombin-generating capacity after preincubation in 

microparticle-freee synovial fluid from this patient. Although these data are 

preliminary,, they suggest that in some patients, one or more factors that hamper the 

initiationn of thrombin generation by microparticles may be present in the synovial 

fluid. . 

Microparticless may also play a role in inflammation. Leukocyte-derived 

microparticless trigger endothelial cells to produce interleukin-6 [60,167]. P-selectin, 

whichh is present on platelet-derived microparticles, triggers monocytes to express not 

onlyy TF, but also chemokines [168,169]. Platelet-derived microparticles transport 

arachidonicc acid to endothelial cells and induce expression of cyclooxygenase-2 and 
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thee increased production of prostacyclin [170], enhance the interaction between 

monocytess and endothelial cells [52], and enhance leukocyte aggregation and their 

accumulationn on the endothelium [171]. Furthermore, thrombin, factor Xa and fibrin 

degradationn products are all potent inducers of the inflammatory response [172-176]. 

Hence,, the presence of microparticles in synovial fluid may facilitate not only 

coagulation,, but also inflammation via direct and indirect mechanisms. 

Inn summary, microparticles in the synovial fluid of arthritis patients differ in 

cellularr origin from those found in plasma. In the majority of these patients, 

subpopulationss of these microparticles expose TF on their surface, enabling them to 

generatee thrombin. Synovial microparticles may underlie the extensive activation of 

thee coagulation system in the inflamed arthritic joints, leading to local fibrin 

depositionss which aggravate the condition in both RA and non-RA patients. 
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ABSTRAC T T 

Aim.. Recently, we showed that synovial fluid <SF) from patients with various 

arthritidess contains procoagulant, cell-derived microparticles. Here we studied whether 

suchh microparticles could trigger the release of chemokines and cytokines by 

fibroblast-likee synoviocytes (FLS). 

Methods.. Microparticles, isolated from SF of rheumatoid arthritis (RA) and arthritis 

controll  patients (AC), were identified and quantified using flow cytometry. 

Simultaneously,, arthroscopically guided synovial biopsies were taken from the same 

kneee joint as the SF. FLS were isolated, cultured, and incubated in the absence or 

presencee of autologous microparticles for 24 h. Subsequently, cell-free culture 

supematantss were collected and concentrations of monocyte chemoattractant protein 

(MCP)-l,, interleukin (IL)-6, IL-8, granulocyte-macrophage colony-stimulating factor 

(GM-CSF),, vascular endothelial growth factor (VEGF) and intercellular adhesion 

molecule-11 (ICAM-1) were determined. In addition, their concentrations were also 

determinedd in the paired SF and plasma samples. 

Results.. Consistent with previous observations, SF from all RA as well as AC patients 

containedd microparticles of monocytic and granulocytic origin. MCP-1, IL-6 , IL-8, 

VEGFF and ICAM-1 levels were elevated in SF compared to plasma, RANTES was 

decreasedd and GM-CSF was not elevated. After incubation with microparticles culture 

supematantss of FLS contained elevated levels of MCP-1, IL-6, IL-8, VEGF, ICAM-1 

andd RANTES. In contrast, GM-CSF levels were decreased. 

Conclusions.. Thus microparticles may trigger the release of various chemokines and 

cytokiness by FLS, and therefore could play a pivotal role in synovial inflammation and 

angiogenesis. . 
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INTRODUCTION N 

Cell-derivedd microparticles, predominantly from platelets and erythrocytes, can be 

detectedd in the human blood. The presence of such microparticles has been associated 

withh coagulation activation [12,30,139]. Recently, we demonstrated that synovial fluid 

(SF)) from the inflamed joints of rheumatoid arthritis (RA) and arthritis control (AC) 

patientss also contains cell-derived microparticles. In contrast to blood, these 

microparticless originate from monocytes and granulocytes and to a lesser extent from 

lymphocytess [177]. Synovial microparticles are strongly procoagulant via a TF and 

factorr VII(a)-dependent initiation mechanism. Therefore, we previously hypothesized 

thatt microparticles may contribute to the local formation of the small local fibrin clots 

calledd rice bodies. 

Thee presence of leukocyte-derived microparticles in the circulation has been 

describedd in systemic inflammatory disorders, such as preeclampsia [178], sepsis with 

multiplee organ failure [155], and meningococcal septic shock [29]. In vitro generated 

leukocyte-derivedd microparticles, but not platelet-derived microparticles, trigger 

expressionn of interleukin (IL)-6 and monocyte chemoattractant protein (MCP)-l by 

endotheliall  cells [60,167]. 

Fibroblast-likee synoviocytes (FLS) play a key role in the development of sustained 

inflammationn and angiogenesis in arthritic joints [179-182]. Upon in vitro activation 

byy cytokines or bacterial lipopolysaccharides, FLS are able to produce chemokines, 

includingg MCP-1[183,184], IL-8 [185-187] and RANTES [185,188]; cytokines, such 

ass IL-6 [186,187] and granulocyte-macrophage colony-stimulating factor (GM-CSF) 

[187,189,190]]  and angiogenic factors like vascular endothelial growth factor (VEGF) 

[191,192].. Whether in vivo generated microparticles from white blood cells could 

contributee to local inflammation is as yet unknown. Therefore, we determined whether 

SFF microparticles of arthritis patients may trigger the release of (pro-)inflammatory 

andd angiogenic mediators by cultured autologous FLS from inflamed joints of RA and 

ACC patients. 
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Material ss  and Method s 

Patients s 

Pairedd SF, plasma and synovial tissue specimens were collected from 8 RA and 3 

undifferentiatedd AC patients. The diagnosis of AC patients stayed unchanged during 

onee year follow up. The RA patients fulfilled the criteria of the 1987 Criteria of the 

Americann College of Rheumatology. The study was approved by the Medical Ethical 

Committeee of the Academical Medical Center of the University of Amsterdam, and 

informedd consent was obtained to participate in the present study. The demographic 

andd clinical data are summarized in Table 1. 

TableTable 1. Demographic and clinical data of the rheumatoid arthritis patients and 

arthritisarthritis controls. 

Agee (years) 

Sexx (no. of males/females) 

Diseasee duration (months) 

Rheumatoidd factor 

Tenderr joint count 

Swollenn joint count 

ESRR (mm/h) 

Erosivee disease 

No.. of DMARDs 

SFF leukocytes (109/L) 

CRPP (mg/L) 

RAA patients 

(nn = 8) 

588 (34-69) 

4/4 4 

600 (4-360) 

77 positive; 1 i 

9(5-15) ) 

111 (5-19) 

466 (25-69) 

66 positive; 2 

4.5(1-5) ) 

6.33 (4.5-7.0) 

344 (8-97) 

legative e 

negative e 

ACC patients 

(nn = 3) 

566 (49-68) 

3/0 0 

2(1-12) ) 

11 positive; 2 negative 

11 (1-2) 

2(1-23) ) 

388 (28-43) 

None e 

0 0 

4.33 (4.2-4.5) 

44 (< 3-26) 

ESR;; erythrocyte sedimentation rate; DMARDs: disease-modifying antirheumatic 

drugs;drugs; CRP: C-reactive protein in plasma. 
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Reagentss and assays 

Anti-CD4-PEE (CLB-T4/2 6D10, immunoglobulin (Ig)G, and anti-CD66e-PE 

(CLB-gran/100 IH4Fc, IgGi) were obtained from the Central Laboratory of the 

Netherlandss Red Cross Blood Transfusion Service (CLB; Amsterdam, The 

Netherlands),, anti-glycophorin A-PE (JC159, IgGi) was from DakoCytomation 

(Glostrup,, Denmark). Anti-CD8-PE (LeuTM-2a, IgG,), anti-CD 14-PE (M(j)P9, IgG2b), 

anti-CD20-PEE (L27, IgG,), anti-CD61-PE (VI-PL2, IgG, and IgG,-PE (X40) were 

fromm Becton Dickinson (BD, San Jose, CA, USA) and anti-IgG2b-PE (MCG2b) from 

Immunoo Quality Products (Groningen, The Netherlands). IL-6, IL-8 and intercellular 

adhesionn molecule-1 (ICAM-1) (Diaclone Research (Besancon, France)) and MCP-1, 

RANTES,, VEGF and GM-CSF (BioSource International (Camarillo, CA, USA)) were 

determinedd by ELISA. IL-1B was obtained from Roche Diagnostics (Mannheim, 

Germany). . 

Collectionn of the synovial biopsy and culture of FLS 

Synoviall  tissue was collected from an actively inflamed joint by small needle 

arthroscopyy under local anesthesia using a 2.5 mm biopsy forceps to sample from 

differentt areas throughout the knee joint [193]. Synovial tissue was placed in 

Dulbecco'ss modified Eagle's medium (Life Technologies, Paisly, UK) supplemented 

withh 10% foetal calf serum, 50 ug/mL streptomycin, 50 IU/mL penicillin and 2 

mmol/LL L-glutamine and subjected to tissue digestion within 2 h, as described 

previouslyy [194]. The cells were cultured at 37 °C and at 5% C02. After the second 

passage,, FLS were seeded into 24-well flat-bottom plates (Costar, Acton, MA) and 

maintainedd 24 h in culture medium containing 1 % foetal calf serum. 

Collectionn of synovial fluid and blood samples 

Immediatelyy before the arthroscopy, we collected SF (4.5 mL) from the same joint 

ass well as venous blood (4.5 mL) into tubes containing 0.5 mL of 3.2% sodium citrate 

(BD).. Immediately after collection, additional 3.2% sodium citrate (0.5 mL) was 

addedd to the SF to prevent clotting. Cells were removed from both blood and SF by 

centrifugationn for 20 minutes at 1550g and 20 °C. For all determinations, aliquots of 
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cell-freee plasma and SF were snap frozen in liquid nitrogen for at least 15 minutes and 

storedd at -80 °C until use. 

Microparticl ee isolation 

Forr flow cytometric analysis, cell-free SF aliquots (250 uL) were thawed on 

meltingg ice and centrifuged for 30 minutes at 17570g and 20 °C to pellet the 

microparticles.. Supernatant (225 uL) was removed and microparticles were 

resuspendedd in 225 uL phosphate-buffered saline (PBS; 154 mmol/L NaCl, 1.4 

mmol/LL phosphate, pH 7.4), containing 10.9 mmol/L trisodium citrate. After 

centrifugationn for 30 minutes, supernatant (225 uL) was again removed and 

microparticless were resuspended in 150 (iL PBS/citrate buffer. 

Forr the FLS experiments, microparticles were isolated from 1 mL SF by 

centrifugationn for 1 hour at 17570g and 20 °C. Supernatant (975 uL) was removed and 

replacedd by 975 uL PBS/citrate. Microparticles were resuspended and again pelleted 

byy centrifugation for 1 hour at 17570g and 20 °C. Again, 975 uL supernatant was 

removedd and microparticles were resuspended in the remaining 25 uL. This 

microparticlee suspension was added to a final volume of 1 mL culture medium in 

whichh FLS had been maintained for 24 h. Where indicated, also a higher concentration 

off  microparticles was tested for its ability to activate FLS when sufficient SF was 

available.. These microparticles, isolated from 3 mL SF, weree also concentrated into 25 

jiLL PBS/citrate. Microparticle suspensions were each added to FLS cultures from the 

samee donor to mimic the in vivo situation as much as possible. 

Incubationn of FLS with microparticles 

FLSS were quiescent after incubation for 24 h in medium containing 1% foetal calf 

serum.. After 24 h, this medium (1 mL) was replaced by culture medium containing 

1%% foetal calf serum without any other addition (1 mL; control), or by 975 uL culture 

mediumm plus (I) 25 JIL IL-1B (125 pg/mL final concentration), (II) 25 uL microparticle 

suspensionn or (III ) 25 uL microparticle-free SF which had been 10-fold diluted in PBS 

(i.e.. containing 2.5 uL of the original SF; this quantity was arbitrarily chosen to 

correctt for both the one-fold and three-fold concentrated microparticle suspensions 
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which,, after washing of the microparticles, still contained approximately 0.7 and 2.1 

(iLL SF, respectively). 

Floww cytometric analysis 

Microparticless were measured by flow cytometry using a method that slightly 

differedd from the one previously used [177]. In the present study, the microparticles 

weree not washed by centrifugation after labeling with antibodies. This washing step 

wass omitted because it resulted in some selective loss of microparticle populations. In 

brief,, 5 uL of the microparticle suspension was added to a mixture of PBS (45 uL) 

containingg 2.5 mmol/L CaCl2 and 5 uT PE-labeled monoclonal antibody (MoAb), and 

incubatedd for 15 minutes in the dark at ambient temperature. The following (final 

concentrations)) of MoAbs were used: anti-CD4-PE (0.5 ug/mL), anti-CD8-PE (0.25 

Ug/mL),, anti-CD 14-PE (0.25 ug/mL), anti-CD20-PE (0.5 ug/mL), anti-CD61-PE (0.5 

Ug/mL),, anti-CD66e-PE (0.25 ug/mL), and anti-glycophorin A-PE (0.25 (xg/mL). PE-

labeledd IgGi and IgG2b (both 0.5 |ug/mL) were used as isotype specific control 

antibodies.. After incubation, 900 JIL PBS/CaCl2 was added. Samples were analyzed 

onn a FACS Calibur (BD) and data were analyzed using CellQuestTM Pro software 

(versionn 4.02; BD). Both forward scatter (FSC) and side scatter (SSC) were set at 

logarithmicc gain. Microparticles were identified on FSC, SSC and binding of cell-

specificc MoAb. The number of microparticles per liter plasma or SF was estimated by 

usingg the number of events (N) of cell-specific MoAb-binding microparticles after 

correctionn for control antibody binding: Number/L = N x [150/5] x [955/67] x 

[106/250].. The lower detection limit of the particle count was previously established as 

100 x 106 microparticles per liter. 

Statisticall  analysis 

Dataa were analyzed with GraphPad Prism for Windows, release 3.02 (San Diego, 

CA,, USA). Differences in the concentrations of chemokines, cytokines and VEGF 

betweenn SF and plasma as well as in culture supernatants were analyzed using the 

Wilcoxonn signed rank test. Two-tailed significance levels were considered significant 

whenn P < 0.05. All data are presented as median (range). 
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RESULTS S 

Cellularr  origin of synovial microparticles 

Previously,, we found no differences between numbers and cellular origin of 

microparticless in SF from RA and AC patients [177]. For all cell-specific antigens 

tested,, the microparticle numbers of the 3 AC patients fell within the range of the RA 

patients,, which is consistent with these earlier observations. Therefore, the data in 

Tablee 2 summarizes the microparticle numbers for RA and AC patients together. Most 

microparticless originated from monocytes (CD 14) and granulocytes (CD66e). Platelet 

(CD61)-- and erythrocyte (glycophorin A)-derived microparticles were below detection 

levell  (< 107/L) in SF from all patients, except for one RA patient who had a low but 

detectablee number (17 x 106/L) of platelet-derived microparticles. One other RA 

patientt had a relatively high number of erythrocyte-derived microparticles (3104 x 

TableTable 2. Microparticle numbers in synovial fluid from patients with arthritic joints. 

Origi n n 

CD4+-cells s 

CD8+-cells s 

Monocyticc cells 

B-cells s 

Platelets s 

Erythrocytes s 

Granulocytes s 

MoAb b 

CD4 4 

CD8 8 

CD14 4 

CD20 0 

CD61 1 

Glycophorinn A 

CD66e e 

Synoviall  fluid 

1911 (< 10-711) 

<< 10 (< 10-331) 

1315(57-13326) ) 

<< 10 (< 10- 104) 

<< 10 (< 10-17) 

<< 10 (< 10 -3104) 

23800 (< 10-20864) 

DataData represent the numbers of marker positive microparticles x 106/L from all 

arthriticarthritic  patients (n = 11). 
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106/L).. Microparticles from CD4+ cells were found in 6 RA patients and all AC 

patients.. Microparticles from CD8+ T cells were present in SF of 5 RA patients and 

onee AC patient. Microparticles from B-cells were found in 2 RA patients only. 

Synoviall  microparticles stimulate FLS 

FLSS were quiescent after incubation for 24 hours in medium containing 1% foetal 

calff  serum. The concentrations of all markers studied in the FLS culture supernatants 

aree summarized in Table 3. Compared to the negative control (unstimulated), IL-1B 

(positivee control) significantly increased the levels of all mediators tested. Compared 

too the negative control, the addition of microparticle-free SF slightly increased MCP-1 

andd sICAM-1 levels (P = 0.04 and P = 0.001, respectively). The increase in sICAM-1 

wass due to the high concentrations of sICAM-1 already present in SF itself, resulting 

inn the sICAM-1 background. None of the other mediators was affected. 

Comparedd to microparticle-free SF, addition of autologous microparticle 

suspensionss to FLS further increased levels of MCP-1 (P = 0.010), sICAM-1 (P = 

0.010),, IL-8 (P = 0.008), IL-6 (P = 0.042), VEGF (P = 0.001) and RANTES (P = 

0.031).. In contrast, the concentrations of GM-CSF decreased (P = 0.002). 

Inn 6 patients (3 RA and 3 AC patients) we also tested a 3-fold higher (final) 

concentrationn of synovial microparticles. Compared to the "one-fold" concentration, 

levelss of sICAM-1 (P = 0.031), IL-8 (P = 0.031), and IL-6 (P = 0.031) further 

increasedd and GM-CSF (P = 0.016) further decreased (Table 3). MCP-1 (P = 0.156), 

VEGFF (P = 0.078) and RANTES (P = 0.062) levels also tended to further increase, 

althoughh the differences did not reach statistical significance. 

Becausee individual microparticle suspensions were tested in (autologous) FLS 

culturess and considerable differences were observed in the responsiveness of these cell 

cultures,, individual responses of FLS cultures are also shown (Figure 1). The response 

iss expressed as increase or decrease relative to the control, i.e. the 24 hours incubation 

off  FLS with the microparticle-free SF. Although variation between FLS cultures is 

apparent,, the individual data substantiate the conclusions above as based upon group 

analysis. . 
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MCP-l l 
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FigureFigure 1. Responses of individual FLS 
culturescultures from RA (n=8) and AC (n=3) patients 
toto their autologous synovial microparticles. 
AllAll  individual patient data for the markers 
studiedstudied are expressed as concentration in the 
presencepresence of microparticles, either lx (black 
bars)bars) or 3x (open bars) concentrated/ 
concentrationconcentration in the presence of micro-
particle-freeparticle-free synovial fluid. 
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Inn vivo concentrations of MCP-1, IL-6 , IL-8, RANTES, ICAM-1 , VEGF and GM-

CSF F 

Forr comparison, the concentrations of the various mediators were also determined 

inn both SF and plasma from RA and AC patients. Because only 2 values (out of 36) of 

thee AC patients fell out of the RA range, i.e. MCP-1 in SF and ICAM-1 in plasma 

fromm the same AC patient, all data are summarized in Table 4. Compared to plasma, 

MCP-11 (P = 0.008), IL-6 (P = 0.002), IL-8 (P = 0.002) and VEGF (P = 0.002) were 

elevatedd in SF, RANTES and ICAM-1 were decreased (P = 0.001 and P = 0.006, 

respectively),, and GM-CSF did not differ (P = 0.125). 

TableTable 4. Concentrations of inflammatory mediators in synovial fluid and plasma from 

arthriticarthritic  patients (n = 11). 

Mediatorr  Synovial fluid  Plasma P 

MCP-11 (pg/mL) 134(36-522) 34(15-62) 0.008 

sICAM-11 (ng/mL) 706 (226 -1085) 871 (657 - 1691) 0.006 

IL-8(pg/mL)) 614 (< 50-24630) < 50 0.002 

IL-6(pg/mL)) 13897(35-43131) 11(0-57) 0.002 

VEGF(pg/mL)) 1604(528-2506) 23 (< 5 - 69) 0.002 

RANTESS (pg/mL) 7 (< 5 - 35) 3986(2920-10037) 0.001 

GM-CSFF (pg/mL) < 2 (< 2 - 39) < 2 ( < 2 - 2 8) 0.125 

ConcentrationsConcentrations of all mediators were determined by ELISA as described in the 

PatientsPatients and Methods section. Median and ranges are presented. 
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DISCUSSION N 
Thee present study shows that cell-derived microparticles isolated from SF of RA 

andd AC patients may induce FLS to release chemokines, cytokines, and other 

mediatorss of inflammation. To which extent these changes are solely due to the 

presencee of microparticles remains to be shown. We cannot exclude the possibility that 

activationn of FLS is in part due to synergistic actions of the microparticles in concert 

withh one or more of the mediators released by FLS in vitro during their presence. 

Neitherr can we exclude the possibility that microparticles activate FLS in synergy with 

onee or more mediators already present in SF. Nevertheless, the release of various 

mediatorss by FLS was observed in the presence of synovial microparticles only. We 

observedd a dose-dependent increase in the release of MCP-1, sICAM-1, IL-8, IL-6, 

VEGF,, and RANTES by FLS in the presence of microparticles. Thus, SF 

microparticless that are mainly derived from monocytes/macrophages (CD 14) and 

neutrophilss (CD66e) can activate FLS. The reason for the observation that only GM-

CSFF production is apparently not stimulated by SF microparticles is at present unclear. 

Onee of the characteristics of microparticles is their exposure of anionic 

phospholipids,, such as phosphatidyl serine (PS). PS exposed on apoptotic lymphocytes 

initiatess their recognition and subsequent removal by macrophages via binding to PS-

receptorss [195,196]. Synovial microparticles bind less annexin V than plasma 

microparticless [177], suggesting that synovial microparticles expose less PS than 

plasmaa microparticles. Alternatively, PS may be inaccessible to annexin V due to the 

presencee of secretory phospholipase A2 [157]. This acute phase reactant is known to 

competee with annexin V for binding to PS [197]. The removal of microparticles by 

phagocyticc cells may be impaired in the inflamed joint as a result of the decrease in 

annexinn V of SF microparticles, resulting in their prolonged presence. 

Basedd on the data presented here it is tempting to speculate that SF microparticles 

mayy promote synovial inflammation and neoangiogenesis in arthritic joints. The FLS 

aree localized in the intimal lining layer, which is in direct contact with the SF 

compartment.. Thus, SF microparticles may directly interact with the FLS, thereby 

modulatingg the release of an array of pro-inflammatory cytokines and chemokines. 

Thiss may lead to further cell activation, neoangiogenesis, and cell recruitment, 
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constitutingg a pro-inflammatory amplification loop. Consistent with this notion is the 

observationn that removal of SF by arthroscopic lavage has a positive therapeutic effect 

inn RA [198]. In addition, it has previously been shown that intra-articular injection of 

corticosteroidss is more effective after arthrocentesis [199]. This has been explained by 

thee effects of removal of fluid containing various pro-inflammatory cytokines. The 

resultss of the present study suggest that the beneficial effect of arthrocentesis and 

arthroscopicc lavage in RA may be explained in part by removal of SF microparticles. 
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Aimm of the thesis 

Thee aim of this thesis was to study the occurrence of microparticles in human 

bloodd and synovial fluid, and to focus in particular on their relationship with 

coagulationn and inflammation. 

Microparticl ee numbers and origin 

Thee results presented in this thesis show that cell-derived vesicles, so called 

microparticles,, occur in human blood and synovial fluid. Microparticles originated 

fromm various cell types and their numbers, cellular origin and functional properties 

weree dependent on the clinical conditions. Whereas microparticles in plasma were 

mainlyy derived from platelets and erythrocytes, microparticles in synovial fluid 

originatedd predominantly from various types of white blood cells. An extensive 

overvieww of the cellular origin of microparticles in blood and synovial fluid is 

providedd in Table 1. 

Mostt of the data on numbers and cellular origin of microparticles have been 

obtainedd using flow cytometry. This technique offers the possibility to label 

microparticless simultaneously with several fiuorochrome-labeled antibodies and 

annexinn V. By using a (monoclonal) antibody directed against a cell-specific antigen, 

itt is possible to determine the cellular origin of the microparticles. However, this 

identificationn is not always straightforward because the antigenic composition of cells 

andd microparticles can differ considerably. For instance, the constitutively expressed 

vitronectinn receptor on (cultured) endothelial cells (av153) is almost completely absent 

onn microparticles released from those cells [200]. Thus, the appropriate choice of cell-

specificc markers may considerably affect the outcome of the measurements. 

Microparticle ss and coagulation 

Wee developed a system in which both the coagulation initiating as well as 

propagatingg properties of microparticles can studied. This assay is based on the 

thrombinn generation assay developed by Béguin et al [127]. In this system, 

microparticless are reconstituted in defibrinated and (in all studies except in Chapter 2) 

microparticle-freee normal plasma in the absence or presence of antibodies that inhibit 
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particularr coagulation proteins. By isolating microparticles from fixed volumes, their 

abilityy to initiate and propagate coagulation can be directly compared. Depending on 

thee clinical conditions, microparticles initiated coagulation via various routes. 

Microparticless isolated from (I) pericardial blood of patients undergoing cardiac 

surgeryy (Chapter 2), (II) systemic blood of a patient with meningococcal septic shock 

andd fulminant disseminated intravascular coagulation (Chapter 3), and (III ) synovial 

fluidd of arthritic patients (Chapter 6) initiated thrombin formation via a TF/factor Vila-

dependentt pathway. Microparticles from healthy humans, however, initiated thrombin 

generationn independent from TF and factor Vil a (Chapter 4). Finally, microparticles 

fromm patients with sepsis and multiple organ dysfunction syndrome utilized both 

TF/factorr Vila-dependent and -independent pathways to initiate coagulation (Chapter 

5)--

Nott only did the microparticle fractions differ in the pathways utilized to initiate 

thrombinn generation, also the velocity of thrombin generation varied considerably. 

Microparticlee fractions that initiate thrombin formation via TF/factor Vil a rapidly 

triggerr thrombin generation (Chapters 2, 3 and 6). Microparticle fractions that use 

other,, i.e. TF and factor Vil a independent, pathways showed much slower thrombin 

formationn (Chapter 4). The only exception were microparticle fractions from patients 

withh sepsis and multiple organ dysfunction syndrome. Despite the fact that under these 

conditionss thrombin generation was partially dependent on TF and factor Vila, 

thrombinn generation was slow and relatively modest in extent (Chapter 5). 

Too study the possible relationship between the coagulant properties of circulating 

microparticless and the in vivo coagulation status, concentrations of prothrombin 

fragmentt 1+2 (F|+2) and thrombin-antithrombin complexes (TAT) were measured in 

severall  studies. In clinical conditions in which microparticle fractions were found that 

initiatedd thrombin generation via TF and factor Vila, strongly elevated levels of F]+2 

andd TAT were present, (Chapters 3 and 6) suggesting that microparticles may play a 

rolee in in vivo coagulation activation. Recently, we demonstrated that administration 

off  microparticles, isolated from pericardial blood samples of patients undergoing 

cardiacc surgery, initiated thrombus formation in an animal model [201]. This thrombus 

formationn was abolished by preincubating these microparticles with anti-human TF, 
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andd the thrombus weights highly correlated with total microparticle-surface exposed 

TF.. Taken together, microparticles that initiate coagulation via TF and factor Vil a may 

playy a pivotal role in coagulation activation in vivo. 

AA different picture emerges with regard to microparticles from healthy individuals 

(Chapterr 4) or from patients with sepsis and multiple organ dysfunction (Chapter 5). 

Thrombinn generation by such microparticles is at least partially independent from TF 

andd factor Vil a and is slow and modest in extent. The corresponding concentrations of 

F too and TAT were also low, even though concentrations of both coagulation 

activationn markers were slightly elevated in the sepsis patients compared to the healthy 

controlss (Chapter 5). Interestingly, in both studies inverse correlations were found 

betweenn microparticle numbers and their thrombin-generating capacity versus the 

levelss of F i*2 and TAT. We hypothesized that activation of protein C by threshold 

concentrationss of thrombin may in fact reduce concentrations of thrombin in the 

circulationn (Chapter 4). Our studies further demonstrated that this low level thrombin 

generation,, i.e. thrombin generation independent from TF and factor Vila, is at least in 

partt dependent on (coagulation) factors XI and possibly XII . How these microparticles 

initiatee coagulation is still unknown and has been discussed in Chapter 4. 

Microparticle ss and inflammation 

Elevatedd numbers of granulocytic microparticles were especially observed in 

plasmaa samples from septic patients (Chapters 3 and 5) and in synovial fluid from 

arthriticc patients (Chapters 6 and 7), suggesting that their occurrence is related to 

inflammation.. This is confirmed by the fact that the numbers of these microparticles 

correlatee with elastase concentrations secreted by granulocytes upon activation in 

thesee patients (Chapters 5 and 6). To show that microparticles are capable of triggering 

cellss to produce inflammatory mediators, isolated microparticles from synovial fluid 

weree incubated with autologous fibroblast-like synoviocytes (Chapter 7). These cells 

aree thought to play a key role in the pathogenesis of local coagulation activation and 

inflammation.inflammation. Recently, also other research groups demonstrated that microparticles 

cann trigger the cellular production of inflammatory mediators. These studies also 

showedd that microparticles can transport both receptors as well as biologically active 
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mediatorss and deliver these compounds to target cells, thereby modulating cellular 

function.. An overview of the alleged functions of microparticles is provided in Table 

2. . 
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Chapterr 8 

TableTable 2. An overview of the various alleged functions ofmicroparticles. 

MPP Functions References 
origin n 

Exposee coagulant TF and initiate thrombin formation [58] 

Containn PAF-like lipids that activate neutrophils and enhance [261,262] 
interactionss between monocytes and endothelial cells 

== Contain matrix metalloproteinases, enzymes known to be involved in [263] 

j ^^ matrix degradation and angiogenesis 

'•—'•— Induce TF production by monocytes [264] 

oo Produce superoxide and impair endothelial function [265] 

ÜJJ Expose prion protein in transmittable spongiform encephalitis [266] 

Exposee coagulant TF and initiate thrombin formation [51 ] 

Stimulatee the production of cytokines and TF by endothelial cells [60,167] 

Inducee endothelial dysfunction [ 178,267] 

>,, Transfer TF to platelets or platelet microparticles [62,204] 

j<< Contain IL-16, a proinflammatory cytokine [268] 

_jj  Render cells susceptible to HIV-1 infection by transfer of CCR5 [269] 

Facilitatee thrombin formation [6] 

Activatee neutrophils, resulting in CD1 lb exposure and phagocytic [253] 
activity y 

Supportt the inactivation of factor Va by activated protein C [8] 

Mediatee leukocyte-leukocyte interactions under flow conditions [171] 

Increasee monocyte adhesion to endothelial cells via upregulation of [52] 
LFA-11 and MAC-1 on monocytes and ICAM-1 on endothelial cells 

Stimulatee proliferation, survival, adhesion and chemotaxis of [254,255] 
hematopoieticc cells 

Inducee expression of cyclooxygenase-2 in endothelial cells and [ 150,170] 
monocytes,, and the production of PGI2 in endothelial cells 

rJrJ.. Render cells susceptible to HIV-1 infection by transfer of CXCR4 [256] 

133 Induce angiogenesis [257] 
jjs s 
cmm Transfer TF to monocytes and (possibly) neutrophils [258-260] 
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Generall  discussion and summary 

Clinicall  relevance and futur e directions 

Fromm this thesis and studies by others it has become apparent that in vivo 

microparticless occur that originate from various cell types. Still, many questions 

remainn to be answered. 

Thee most important question is, whether microparticles underlie the development 

off  a particular malfunction, or whether microparticles are formed due to this 

malfunction.. In this thesis it is demonstrated that elevated numbers of microparticles 

occurr in pericardial blood of patients undergoing cardiac surgery (Chapter 2). This 

bloodd is directly derived from the surgical field and is highly activated. For a long 

time,, the post-operative blood activation was attributed to the contact between the 

patients'' blood and the body-foreign surface of the extracorporeal circuit. Despite the 

factt that the biocompatibility of these systems has improved considerably and patients 

receivee relatively high dosis of heparin as anticoagulant, systemic coagulation 

activationn still often occurs in these patients. This coagulation activation seems to 

occurr especially after the pericardial blood is being returned into the systemic 

circulation.. Interestingly, also the pathways of coagulation initiation by systemic 

microparticless change after pericardial blood has been returned into the circulation. 

Onlyy after the pericardial blood had been returned, the microparticles from the 

systemicc circulation initiated coagulation partially via TF. Moreover, we showed in an 

animall  model that pericardial microparticles trigger TF-dependent thrombus formation 

inn vivo [201]. These findings imply that the return of pericardial blood into the 

systemicc circulation must be reconsidered. In other clinical conditions, the relevance 

off  microparticles remains to be demonstrated. In two recent studies it was shown that 

isolatedd microparticles from preeclamptic patients or from patients with acute 

myocardiall  infarction impaired endothelial function, whereas control microparticles 

didd not [178,270], The fact that in vitro functional differences are present between 

microparticlee fractions, may suggest that also in vivo such differences may occur (see 

alsoo Table 2). 

Second,, the presence of microparticles may have consequences for the 

measurementss of non cell-bound ("soluble") markers in body fluids. It turned out that 

151 1 



Chapterr 8 

approximatelyy 50% of the non cell-bound TF in pericardial plasma was microparticle-

associatedd [159]. 

Ann important third issue is the process underlying the release of cell-derived 

microparticles.. It is generally believed that both activation as well as apoptosis 

contributee to microparticle formation in vivo. To which extent these processes lead to 

differencess in the composition of microparticles is still unknown. If such differences 

doo exist, these could be used to study the underlying processes of microparticle 

formationn under (patho-)physiological conditions. 

Takenn together, the existence of cell-derived microparticles in the circulation and 

synoviall  fluid under various clinical conditions has been established in this thesis and 

inn studies by others. Also their functions have been studied extensively, both with in 

vitroo and in vivo generated microparticles. Microparticles appear to have a variety of 

functionss that are at least partially dependent on their cellular origin. In the coming 

years,, additional studies are necessary to further elucidate the role of microparticles in 

physiologicall  and pathophysiological conditions. 
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Chapterr 9 

Doell  van het onderzoek 

Ditt proefschrift beschrijft het onderzoek naar de aanwezigheid van micropartikels 

inn bloed en synoviaalvocht, waarbij met name hun mogelijke betrokkenheid bij 

stollings-- en ontstekingsprocessen is onderzocht. 

Aantallenn en cellulaire herkomst van micro partikel s 

Dee in dit proefschrift gepresenteerde resultaten tonen aan dat van cellen 

afkomstigee blaasjes, micropartikels genoemd, aanwezig zijn in menselijk bloed en 

synovialee vloeistof. Deze micropartikels bleken afkomstig te zijn van verschillende 

celtypen.. Daarbij bleek tevens dat hun aantallen, herkomst en functionele 

eigenschappenn afhankelijk zijn van de klinische condities. Terwijl micropartikels in 

plasmaa met name afkomstig zijn van trombocyten en erytrocyten, zijn micropartikels 

inn synoviaal vloeistof vooral afkomstig van witte bloedcellen. In Tabel 1 wordt een 

uitgebreidd overzicht gegeven van de cellulaire herkomst van micropartikels in 

lichaamsvloeistoffen. . 

Resultatenn in dit proefschrift die betrekking hebben op de aantallen en herkomst 

vann micropartikels zijn verkregen met flowcytometrie. Deze techniek biedt de 

mogelijkheidd om micropartikels tegelijkertijd aan te kleuren met meerdere 

fluorochroom-gemerktee antistoffen en annexin V. Zo maakt het gebruik van een 

antistoff  gericht tegen een celspecifiek antigeen het mogelijk de herkomst van 

micropartikelss te bepalen. Identificatie is echter niet altijd eenduidig omdat de 

antigenee opmaak van cellen en micropartikels sterk onderling kan verschillen. 

Bijvoorbeeld,, de op (gekweekte) endotheelcellen constitutief aanwezige vitronectine 

receptorr (av(33) is vrijwel afwezig op micropartikels van deze cellen [200], Dit 

impliceertt dat een juiste keuze van celspecifieke merkers de resultaten sterk kan 

beïnvloeden. . 

Micropartikel ss en stolling 

Wijj  hebben een techniek ontwikkeld waarin zowel de stollingsinitiërende als 

stollingsbevorderendee eigenschappen van micropartikels kunnen worden onderzocht. 

Dezee techniek is gebaseerd op de trombinegeneratie bepaling zoals die door Béguin en 
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anderenn is ontwikkeld [127]. Met deze techniek worden micropartikels toegevoegd aan 

gedefibrineerdd en micropartikelvrij normaal plasma (met uitzondering van Hoofdstuk 

2)2) in aan- of afwezigheid van antistoffen die specifieke stollingsfactoren kunnen 

remmen.. Door micropartikels uit een vast volume te isoleren, kunnen hun 

stollingsinitiërendee en stollingsbevorderende eigenschappen onderling worden 

vergeleken.. Afhankelijk van de klinische omstandigheden bleken micropartikels in 

staatt om de stolling via verschillende routes te initiëren. Micropartikels geïsoleerd uit 

(i)) pericard bloed van patiënten die een openhartoperatie ondergaan (Hoofdstuk 2), (ii) 

bloedd van een patiënt met meningokokken septische shock en diffuse intravasale 

stollingg (Hoofdstuk 3) en (iii ) synoviale vloeistof van artritis patiënten (Hoofdstuk 6) 

initiërenn trombinevorming middels een weefselfactor en factor Vil a afhankelijke 

route.. Micropartikels van gezonde mensen initieerden trombine echter onafhankelijk 

vann weefselfactor en factor Vil a (Hoofdstuk 4). Tenslotte bleken micropartikels van 

septischee patiënten met meervoudig orgaanfalen de stolling zowel weefselfactor en 

factorr Vil a afhankelijk als onafhankelijk te initiëren (Hoofdstuk 5). 

Niett alleen verschillen micropartikelfracties onderling in stollingsinitiatie, maar 

ookk de snelheid van trombine aanmaak varieerde sterk. Micropartikelfracties die 

trombinee initiëren via weefselfactor en factor Vil a laten over het algemeen een snelle 

aanmaakk van trombine zien (Hoofdstuk 2, 3 en 6). Een tragere aanmaak van trombine 

wordtt waargenomen als micropartikelfracties trombine vorming niet initiëren via de 

extrinsiekee route van de stolling (Hoofdstuk 4). Een uitzondering hierop zijn 

micropartikelfractiess van septische patiënten. Ondanks het feit dat de stollingsinitiatie 

deelss weefselfactor en factor Vil a was gemedieerd, werd een trage en relatief geringe 

trombinee vorming gemeten (Hoofdstuk 5). 

OmOm de mogelijke relatie te bestuderen tussen de stollingsbevorderende 

eigenschappenn van circulerende micropartikels en de in vivo stollingsstatus, zijn de 

concentratiess van protrombine fragment 1+2 (Fi+2) en trombine-antitrombine 

complexenn (TAT) gemeten in de diverse studies. In klinische omstandigheden waarin 

micropartikelfractiess werden aangetoond die trombinevorming initiëren via de 

extrinsiekee route, waren sterk verhoogde concentraties van F]+2 en TAT aanwezig 

[159]]  (Hoofdstuk 3 en 6). Dit suggereert dat micropartikels een rol spelen bij het 
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initiërenn van de stolling in vivo. Onlangs hebben wij aangetoond dat micropartikels 

geïsoleerdd uit pericard bloed van openhartoperatie patiënten inderdaad 

trombusvormingg initiëren in een diermodel [201]. Deze trombusvorming werd 

volledigg geremd als de micropartikels voor het toedienen werden geïncubeerd met een 

antistoff  tegen weefselfactor. Bovendien bleek het gewicht van de trombus sterk te 

correlerenn met de totale hoeveelheid op micropartikel geëxposeerd weefselfactor. 

Samenvattendd mag worden geconcludeerd dat weefselfactor-exposerende 

micropartikelss een belangrijke rol kunnen spelen bij de stollingsinitiatie in vivo. 

Micropartikelss afkomstig van gezonde mensen (Hoofdstuk 4) of van patiënten met 

sepsiss en meervoudig orgaanfalen (Hoofdstuk 5) initiëren daarentegen een relatief 

tragee trombine vorming die (tenminste) deels weefsel factor onafhankelijk is. De 

bijbehorendee concentraties van F1+2 en TAT zijn laag, alhoewel ten opzichte van 

gezondee mensen (Hoofdstuk 4) beide merkers in geringe mate verhoogd waren bij de 

septischee patiënten (Hoofdstuk 5). Echter, in beide studies werden inverse correlaties 

gevondenn tussen micropartikels, hun trombinegenererend vermogen en de 

concentratiess van zowel F1+2 als TAT. Mogelijk activeren lage concentraties trombine 

hett proteïne C, hetgeen een verder ontstaan van trombine tegengaat 

(Hoofdstukk 4 en 5). Tenslotte tonen onze resultaten aan dat dergelijke trombine-

vormingg deels afhankelijk is van de stollingsfactoren XI en XII . Het mechanisme van 

stollingsinitiatiee door deze micropartikels is nog onbekend (Hoofdstuk 4). 

Micropartikel ss en ontsteking 

Verhoogdee aantallen micropartikels afkomstig van granulocyten zijn met name 

gevondenn in zowel plasma monsters van septische patiënten (Hoofdstuk 3 en 5) als in 

synovialee vloeistof van artritis patiënten (Hoofdstuk 6 en 7), hetgeen suggereert dat 

hunn aanwezigheid gerelateerd is aan ontsteking. Dit wordt bevestigd doordat 

dergelijkee aantallen micropartikels correleren met concentraties elastase in de hiervoor 

genoemdee patiënten (Hoofdstukken 5 en 6). Om aan te tonen dat micropartikels zelf in 

staatt zijn om cellen aan te zetten tot de productie van ontstekingsmediatoreren, zijn 

micropartikelss geïsoleerd uit synoviaal vloeistof en vervolgens toegevoegd aan 

autologee "fïbroblast-like" synoviocyten (Hoofdstuk 7). Van deze cellen neemt men 
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aann dat ze een belangrijke rol spelen bij lokale stollingsactivatie en ontsteking. 

Onlangss hebben ook andere onderzoeksgroepen aangetoond dat micropartikels in staat 

zijnn om cellen aan te zetten tot het produceren van ontstekingsbevorderende 

mediatoren.. Ook hebben deze studies aangetoond dat micropartikels zowel receptoren 

alss biologisch actieve mediatoren kunnen transporteren en overdragen aan cellen, 

waardoorr de functies van deze cellen worden beïnvloed. Een overzicht van de functies 

diee aan micropartikels worden toegeschreven is gegeven in Tabel 2. 
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Chapterr 9 

TabelTabel 2. Een overzicht van de verschillende functies welke worden toegeschreven aan 

micropartikels. micropartikels. 

MPP Functies Referenties 
herkomst t 

Exposerenn stollingsbevorderend weefselfactor en initiëren [58] 
trombinevorming g 

Bevattenn aan PAF-verwante lipiden welke neutrofiele [261,262] 
granulocytenn activeren én de interacties tussen monocyten en 
endotheelcellenn stimuleren 

gg Bevatten matrix metalloproteinasen, enzymen die betrokken zijn [263] 

733 bij de angiogenese en afbraak van de extracel lulaire matrix 

gg Bevorderen de productie van weefselfactor door monocyten [264] 

oo Vormen superoxide en remmen endotheelcelfuncties [265] 

UJJ Exposeren prioneiwit in overdraagbare encefalitis [266] 
Exposerenn stollingsbevorderend weefselfactor en initiëren [51 ] 
trombinevorming g 

Stimulerenn de aanmaak van cytokinen en weefselfactor door [167] 

endotheelcellen n 

Remmenn endotheelcelfuncties [178,267] 

cc Dragen weefselfactor over op bloedplaatjes en hun micropartikels [62,204] 

CC Bevatten IL- 113, een proinflammatoir cytokine [268] 

"33 Maken cellen vatbaar voor HIV-1 infectie door overdracht van de [269] 

—ii CCR5-receptor 

Bevorderenn de trombinevorming [6] 

Activerenn neutrofiele granulocyten, resulterend in CD1 lb [253] 

expositiee en fagocytaire activiteit 

Dragenn bij aan remming van factor Va door geactiveerd proteïne C [8] 

Bevorderenn interacties tussen leukocyten onder "flow" condities [171] 
Stimulerenn de adhesie van monocyten aan endotheelcellen door [52] 
aanmaakk van LFA-1 en MAC-1 (monocyten) en ICAM-1 
(endotheelcellen) ) 
Stimulerenn celdeling, overleving, adhesie en chemotaxis van [254,255] 
hematopoietischee cellen 
Bevorderenn de expressie van cyclooxygenase-2 (endotheelcellen [150,170] 
enn monocyten) en de productie van PGI2 (endotheelcellen) 

Makenn cellen vatbaar voor HIV-1 infectie door overdracht van de [256] 
SS CXCR4-receptor 

oo Bevorderen angiogenese [257] 

|| Dragen weefselfactor over op monocyten en (mogelijk) neutrofiele [258-260] 
HH granulocyten 
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Algemenee discussie en samenvatting 

Klinischee relevantie en toekomstige ontwikkelingen 

Diversee studies, waaronder die welke in dit proefschrift beschreven zijn, hebben 

aangetoondd dat micropartikels in vivo voorkomen en dat deze afkomstig zijn van 

verschillendee soorten cellen. Desondanks blijven nog veel vragen onbeantwoord. 

Dee meest belangrijke vraag is in hoeverre micropartikels zelf de oorzaak of het 

gevolgg zijn van het (niet) functioneren van diverse processen in het lichaam. In dit 

proefschriftt is aangetoond dat hoge aantallen micropartikels aanwezig zijn in pericard 

bloedd van patiënten die een openhartoperatie ondergaan (Hoofdstuk 2). Dit bloed, 

afkomstigg uit het wondveld, is sterk geactiveerd. Lange tijd werd aangenomen dat 

postoperatievee bloedactivatie bij deze patiënten werd veroorzaakt door het contact 

tussenn bloed en het lichaamsvreemde materiaal van de hartlongmachine. Alhoewel de 

biocompatibiliteitt van hartlongmachines sterk is verbeterd en patiënten relatief hoge 

doseringenn heparine krijgen toegediend als antistollingsmiddel, is systemische 

stollingsactivatiee nog steeds een veel voorkomend probleem bij deze patiënten [159]. 

Dezee stollingsactivatie lijkt met name op te treden nadat het pericard bloed wordt 

teruggegevenn aan de bloedsomloop. Een interessante waarneming in dit verband is dat 

ookk stollingsinitiatie door systemische micropartikels verandert na het teruggeven van 

pericardd bloed. Uitsluitend na het teruggeven bleken de micropartikels, geïsoleerd uit 

systemischh bloed, de stolling gedeeltelijk via weefselfactor te initiëren. Bovendien 

hebbenn wij in een diermodel aangetoond dat micropartikels uit pericard bloed in staat 

zijnn om (weefsel factor-afhankelijke) trombusvorming in vivo te induceren [201]. 

Dezee bevindingen impliceren dat het teruggeven van pericard bloed aan patiënten 

moett worden heroverwogen. In andere klinische omstandigheden moet de relevantie 

vann micropartikels nog worden aangetoond. Een tweetal studies heeft onlangs 

aangetoondd dat geïsoleerde micropartikels afkomstig van preeclamptische patiënten of 

vann hartinfarct patiënten, de functionaliteit van het endotheel nadelig beïnvloedt 

[178,270].. Het feit dat in vitro functionele verschillen worden gevonden tussen 

micropartikell fracties, suggereert dat ook in vivo dergelijke verschillen zouden kunnen 

optredenn (zie ook Tabel 2). 

Opp de tweede plaats kan de aanwezigheid van micropartikels consequenties 

hebbenn voor het meten van niet-cel gebonden ("oplosbare") merkers in 
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lichaamsvloeistoffen.. Zo bleek het niet-cel gebonden weefselfactor in pericard plasma 

voorr 50% micropartikel-geassocieerd te zijn [159]. 

Eenn belangrijk derde punt is het onderliggende proces dat leidt tot het afsnoeren 

vann micropartikels. Algemeen wordt aangenomen dat zowel activatie als apoptose in 

hett lichaam bijdragen aan hun ontstaan. In hoeverre beide processen leiden tot 

verschillenn in samenstelling van micropartikels is nog onbekend. Indien dergelijke 

verschillenn bestaan, dan kunnen deze worden gebruikt om de onderliggende processen 

vann micropartikelvorming onder (patho-)fysiologische omstandigheden vast te stellen. 

Samenvattend,, dit proefschrift en studies van andere onderzoeksgroepen hebben 

dee aanwezigheid van micropartikels in de circulatie en synoviale vloeistof onder 

diversee klinische omstandigheden aangetoond. Ook zijn hun functies zowel in vitro als 

inn vivo uitgebreid bestudeerd. Micropartikels blijken diverse functies te hebben die 

(mede)) afhankelijk zijn van hun cellulaire herkomst. De komende jaren zal verder 

onderzoekk duidelijk moeten maken wat precies de rol van micropartikels is onder 

fysiologischee en pathofysiologische omstandigheden. 
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Behorendee bij het proefschrift 

Microparticles,, coagulation and inflammation 

11 (Patho)fysiologische omstandigheden beïnvloeden de cellulaire herkomst van 
micropartikelss in lichaamsvloeistoffen, (dit proefschrift) 

22 Micropartikels welke via weefselfactor en factor Vila de stolling initiëren, kunnen 
eenn belangrijke rol spelen bij stollingsactivatie in vivo, (dit proefschrift) 

33 Synoviale micropartikels bevorderen het vrijkomen van ontstekingsbevorderende 
mediatoren,, (dit proefschrift) 

44 Het teruggeven van pericardbloed tijdens open hartoperaties kan leiden tot 
complicaties. . 

55 Afnamecondities van lichaamsvloeistoffen beïnvloeden aantallen en samenstelling 
vann micropartikels. 

66 Het vaststellen van de cellulaire herkomst van micropartikels is niet altijd ééndui
dig. . 

77 Een wetenschappelijke titel moet kunnen worden ontnomen bij wetenschappelijke 
fraude.. (If you can lose a driving licence, why not a PhD?) Nature 2004;430:503 

88 Kwaliteitszorg verbetert het onderzoek. 

99 Toepassing van farmacogenetische kennis moet een onderdeel worden bij de opzet 
vann clinical trials. A nn. Clin. Biochem. 2004;41:260-2 

100 Alles heeft een klein begin. [Lat., Omnium rerum principia parva sunt.] Marcus 
TulliusTullius Cicero; De Finibus Bonorum et Malorum: V, 21 

111 Hoe vager de functiebeschrijving, hoe hoger het salaris. 

122 Kwaliteitszorg zegt niets over de kwaliteit van zorg. 

Renéé J. Berckmans 
Amsterdam,Amsterdam, november 2004 
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