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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. 

109 9 



Chapterr 6 

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. . 
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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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particlesparticles (MP) in 

rheumatoidrheumatoid arthritis 

(RA)(RA) patients. 

™̂44 MP isolated from the 

synovialsynovial fluid (A, C, 

E,, andG) and plasma 

(B,(B, D, F, and H) of a 

RARA patient were 

stainedstained with fluores-

ceincein isothiocyanate-

io44 labeled control 

antibodyantibody (A and B), 

anti-CD61anti-CD61 (platelet-

derivedderived MP) (C and 

D),D), anti-CD66b 

(granulocyte-derived (granulocyte-derived 

MP)MP) (E and F), and 

—rr anti-CD 14 
4 4 

10 0 

(monocyte-derived (monocyte-derived 

MP)MP) (G and U). All 

dotdot plots shown were 

obtainedobtained in one 

experimentexperiment with MP 

fromfrom a representative 

T .. patient. 
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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 
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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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