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Chapterr 8 

Abstrac t t 

Coagulationn activation in pregnancy is further enhanced in preeclampsia. We investigated 
whetherr this results from increased thrombin generation by the plasma itself or its cell-derived 
microparticles.. Plasma samples were obtained from preeclamptic, normal pregnant and 
nonpregnantt women (each n=10). Prothrombin fragment 1+2 (F|+2) and thrombin-antithrombin 
complexx (TAT) concentrations were increased in pregnancy and further increased in 
preeclampsia.. In pregnancy and preeclampsia, increased aPC resistance occurred (aPC sensitivity 
ratio:: 3.3  0.8 and 2.5  0.8, both P <.001 vs nonpregnant). In normal pregnant microparticle-
freee plasma the thrombin generation correlated with TAT (r - 0.84, P =.005) and aPC resistance 
correlatedd with F1+2 (r = 0.68, P =.04). In preeclampsia thrombin generation by plasma was 
increasedd (P =.005), independent of aPC resistance. Thrombin generation by microparticles was 
similarr in all groups, although different coagulation activation pathways were utilized, indicating 
thatt circulating microparticles are not directly involved in coagulation activation in pregnancy 
andd preeclampsia. In contrast, aPC resistance can explain coagulation activation in pregnancy, 
whilee enhanced coagulation activation in preeclampsia results -in part- from an increased 
thrombinn generating capacity of plasma independent of aPC resistance. 
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Enhancedd coagulation activation 

Introductio n n 

Inn normal pregnancy the hemostatic balance is shifted towards hypercoagulability. In 
preeclampsiaa coagulation is further activated compared with normal pregnancy, as reflected by 
increasedd thrombin generation, platelet activation, and fibrin deposition in renal and placental 
vasculaturee (for review see [275]). In some cases mild coagulation changes occur, which antedate 
thee development of preeclampsia by weeks [276,277]. When the disease becomes evident there 
usuallyy is a compensated coagulopathy [278], although severe coagulation abnormalities can 
develop,, resulting in disseminated intravascular coagulation in approximately 10% of the severely 
affectedd women [276]. 

Thrombinn generation is an essential step in the coagulation cascade. Two stages dominate the 
regulation.. First, the initiation of coagulation activation by TF and activated factor VII is 
inhibitedd by tissue factor pathway inhibitor. Second, activated factors V and VII I are inhibited by 
thee protein S/aPC complex. Furthermore, inactivation of thrombin occurs by antithrombin and 
a2-macroglobulin.. aPC resistance occurs in pregnancy [279,280], whereas an increased aPC 
resistancee has been reported in preeclampsia during [280] and even after pregnancy [281], 
probablyy due to decreased concentrations [277] and activity [282] of protein C and its cofactor 
proteinn S. Also, preeclampsia is associated with gene mutations in regions coding for protein C, 
antithrombin,, prothrombin, and possibly factor V, which are all involved in coagulation 
[52,283,284].. Thrombin generation not only requires (activated) coagulation factors and calcium 
ions,, but also the presence of membranes exposing negatively charged phospholipids, such as PS. 
Exposuree of PS is a prerequisite for (activated) coagulation factors to bind to the membrane 
surface,, thereby enabling the formation of tenase- and prothrombinase-complexes. 

Microparticless are small membrane vesicles that are released from various cell types during 
celll  activation and apoptosis. Their presence in vivo has recently been demonstrated in several 
studiess [167,186,203,204,210,211,241,253,285]. Microparticles expose negatively charged 
phospholipidss and can expose TF for instance in fulminant disseminated intravascular 
coagulationn [211] and in pericardial wound blood [226]. There are several indications that 
microparticless are involved in the initiation and propagation of coagulation activation. 
Microparticlee numbers are increased in diseases involving hypercoagulation, such as in patients 
withh idiopathic thrombocytopenia, ischemic brain diseases and acute coronary syndromes 
[202,203,207,208,241].. Furthermore, microparticle numbers are decreased in several bleeding 
disorders,, such as Scott Syndrome and Castaman's defect [253]. Microparticles in various clinical 
conditions,, including meningococcal sepsis [211], sepsis with multiple organ dysfunction [210] 
andd pericardial wound blood of patients on cardiopulmonary bypass during cardiac surgery [226] 
aree linked to increased coagulation involving TF and other coagulation initiation or propagation 
pathways.. Furthermore, microparticles isolated from the circulation of patients with myocardial 
infarctionn induced endothelial dysfunction in vitro [235]. Microparticles may therefore have 
procoagulant,, but also other functions. 

Inn a previous study we found that lymphocyte microparticle numbers are decreased in normal 
pregnantt women and that granulocyte and lymphocyte microparticle numbers are increased in 

- 9 9 --



Chapterr 8 

womenn with preeclampsia when compared to normal pregnant women [286]. In view of the 
evidencee for a role of microparticles in coagulation, we investigated whether microparticles in 
pregnancyy and preeclampsia promote thrombin generation in vitro and whether they are related to 
thee systemic coagulation activation in these conditions. Furthermore, we investigated the 
contributionn of plasma, and specifically its aPC resistance, to coagulation activation in pregnancy 
andd preeclampsia. 

Method s s 

Reagentss and assays 
Plasmaa concentrations of F1+2 and TAT were determined by ELISA (Enzygnost), as described 

byy the manufacturer (Boehringer Diagnostics; Marburg, Germany). Recombinant human TF 
thromboplastinn (Innovin®) was obtained from Dade Behring (Deerfield, USA). Phospholipids 
(l,2-dioleoyl-sn-glycerol-3-phosphocholine,, -phosphoserine and -phosphoethanolamine) were 
obtainedd from Avanti Polar Lipids (Alabaster, USA). Normal mouse serum was obtained from 
thee CLB (Amsterdam, The Netherlands). FITC-labeled anti-TF was obtained from American 
Diagnosticss (Greenwich, USA), IgGrFITC from Becton Dickinson (San Jose, USA) and APC-
conjugatedd annexin V from Caltag (Burlingame, USA). Reptilase was derived from Boehringer 
(Mannheim,, Germany) and the chromogenic substrate S2238 from Chromogenix AB (MoTndal, 
Sweden).. Monoclonal antibodies against factor Vila (clones VII-1, VII-15), XI and XII were a 
generouss gift from C.E. Hack (CLB; Amsterdam, The Netherlands). The monoclonal antibodies 
factorr VII-1 and VII-15 were mixed at a 1:1 ratio. Thrombin-deficient plasma was derived from 
Biopooll  AB (Umea, Sweden). 

Patients s 
Thee study was approved by the medical ethical committee of the Academic Medical Center. 

Afterr written informed consent was obtained, plasma samples were collected from 10 women 
withh preeclampsia, 10 normal pregnant women and 10 nonpregnant women. Normal pregnant 
andd nonpregnant control subjects were matched with the women with preeclampsia for age 
(  5 yr), and normal pregnant women also for gestational age (  2 wk). The patients included in 
thiss study were the same as the patients included in the study described in chapter 4, in which 
numberss and cellular origin of circulating microparticles were determined [286]. 

Collectionn of blood samples 
Bloodd samples were taken from the antecubital vein without tourniquet through a butterfly 

needlee with a vacutainer system into a 4.5 mL tube containing 0.5 mL 0.105 mol/L citrate 
(Bectonn Dickinson). Cells were removed by centrifugation for 20 minutes at 1550 g and at room 
temperature.. Cell-free plasma samples were divided in 250 uL aliquots, snap frozen in liquid 
nitrogenn and stored at -80°C until further analysis. 
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Microparticlee isolation 
Microparticless were isolated from plasma as described previously [186]. In short, 250 uL of 

plasmaa was thawed on melting ice and centrifuged to pellet the microparticles. Of the 
microparticle-freee plasma 225 ^L was removed. The microparticle pellet in the remaining 25 uL 
off  plasma was resuspended in citrate-containing PBS and centrifuged again. This step was 
repeatedd once. For flow cytometric analysis, the microparticle pellet and the remaining 25 uL of 
solutionn were resuspended in 75 (XL citrate-containing PBS, of which 5 uL was used per 
incubation.. For the thrombin generation assay of the microparticles, the pellet was resuspended 
inn the remaining 25 uL of supernatant, from which 20 uL was used. 

Thrombinn generating capacity of plasma 
Thee thrombin generating capacity of microparticle-free plasma was determined as the 

endogenouss thrombin potential [287]. Briefly plasma, defibrinated by addition of reptilase (0.1 
Bethesdaa Units/250 uL plasma) and incubated for 10 minutes at 37 °C, was centrifuged for 35 
minutess at 17570 g to remove all fibrin and microparticles. Thrombin generation was then started 
byy addition of phospholipid vesicles (15 umol/L, containing PC: PS: PEa-60: 20: 20), 
0.11 ng/mL recombinant human TF thromboplastin and 15 mmol/L CaCl2. The conversion of 
S2238,, a chromogenic substrate specific for thrombin, was stopped after 20 minutes and the 
generatedd p-nitroaniline, as a measure of the thrombin activity, was determined on a 
spectrophotometerr (>.=405 nm). Since inactivation of factors Va and Vill a by aPC is important to 
down-regulatee thrombin formation, aPC resistance was assessed. Therefore, thrombin generation 
wass determined for each plasma sample with and without addition of aPC [287]. The amount of 
addedd aPC (4 nmol/L) was determined in a separate experiment to reduce thrombin generation 
inn pooled plasma from nonpregnant women by approximately 90%. The inhibition of thrombin 
generationn by aPC and the remaining thrombin generation in the presence of aPC were 
determined.. The more conventional method for evaluation of aPC resistance, calculation of the 
aPCC sensitivity ratio was also used. aPC sensitivity ratios were calculated by dividing the 
percentagee of thrombin generation remaining after addition of aPC in plasma from normal 
pregnantt or preeclamptic women by the mean percentage of thrombin generation remaining after 
additionn of aPC in the plasma samples of the nonpregnant women. 

Thrombinn generating capacity of microparticles 
Thee in vitro thrombin generating capacity of microparticles was assessed in a thrombin 

generationn test [186]. Briefly, the isolated microparticles (20 uL) were reconstituted in 
defibrinatedd normal plasma (a pooled plasma derived from the venous blood of 20 healthy 
volunteers)) and thrombin generation was started by addition of CaCl2. At fixed intervals, 3 iiL 
portionss were removed from this mixture and added to S2238 in an EDTA-containing buffer to 
blockk further thrombin generation. The conversion of S2238 was stopped after 3 minutes by the 
additionn of citric acid and the generated p-nitroaniline, as a measure of the thrombin activity, was 
determinedd on a spectrophotometer (A.=405 nm). The optical density was converted into the 
actuall  thrombin concentration (nmol/L) by use of a reference curve, which was prepared using 
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purifiedd human oc-thrombin (0-600 nmol/L) [186]. The total amount of thrombin activity 
generatedd in the time interval of 0 to 16 minutes after addition of CaCl2 was calculated for each 
patientt using Graphpad software (Graphpad Prism version 3.0, Graphpad; San Diego, USA) as 
thee area under the curve. To investigate the contribution of the extrinsic and intrinsic coagulation 
pathways,, and contact activation in thrombin generation by microparticles, inhibition 
experimentss were performed with monoclonal antibodies against factors VII , XI and XII . The 
concentrationss of antibodies causing maximal inhibition of thrombin generation, determined in 
preliminaryy experiments, were 0.2 mg/mL for anti-FVII, 0.92 mg/mL for anti-FXI and 
0.711 mg/mL for anti-FXII [186]. The monoclonal antibodies were added to both plasma (20 uL) 
andd microparticles (10 uL). The percentage of inhibition caused by each of the antibodies was 
expressedd as the percentage of thrombin generation in the presence of microparticles in the 
absencee of antibodies. 

Micropartidee numbers and TF exposure on microparticles 
Microparticlee numbers and TF exposure on microparticles were determined by flow 

cytometry,, as described previously [186]. In short, isolated microparticles (5 uL) were labeled 
withh APC-labeled annexin V (final dilution 1:300) and FITC-labeled anti-TF (final dilution 
1:200)) or its control antibody IgGrFITC (final dilution 1:100). Samples were analyzed for one 
minutee in a fluorescence automated cell sorter with CellQuest software (Becton Dickinson). 
Microparticless were identified on basis of their characteristic side and forward scatter and on their 
abilityy to bind annexin V [226]. The number of microparticles/L plasma was calculated from the 
numberr of microparticles found in the upper right quadrant of the flow cytometric analysis of 
FL-11 versus FL-2, corrected with isotype Ig control and in the absence of calcium to prevent 
annexinn V binding. 

Statisticall analysis 
Dataa were analyzed in SPSS for Windows (release 10.0.7, SPSS Inc; Chicago, USA). 

Distributionn of data was tested for normality using a Kolmogorov Smirnov 2 test. All data were 
normallyy distributed and therefore analyzed with an ANOVA test with a Bonferroni post hoc test 
forr differences between groups. The paired Student t test was used to analyze the effect of specific 
inhibitorss of coagulation pathways on thrombin generation. Pearson's correlation test was used to 
investigatee correlations between microparticles, thrombin generation and coagulation 
characteristics.. Differences were considered statistically significant at P <.05. All data are 
presentedd as mean  SD. 

Results s 

Patientt characteristics 
Thee characteristics of the patients included in the study are presented in table I. All women 

withh preeclampsia had increased blood pressures and proteinuria. Of the women with 
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Tablee I. Patient characteristics. 

Preeclampsiaa Normal pregnant Nonpregnant 

Sampling Sampling 

Age(yr)) 30.7 3 30.115.6 30.8  5.4 

Gestationall  age (wk) 30.4 + 4.0 29.7  5.2 

Diastolicc blood pressure (mmHg) 102.5  7.3*  70.0  7.9 67.9  6.4 

Systolicc blood pressure (mmHg) 155.8  14.3*  117.8  12.8 110.7  10.2 

Proteinuriaa (g/24 h) 5.7 9 

Delivery y 

Gestationall  age (wk) 31.7  3.7*  40.1  1.0 

Birthweightt (g) 1451  731* 3643  650 -

PatientPatient characteristics at the moment of sampling and at delivery in women with preeclampsia, normal 

pregnantpregnant women and nonpregnant women. Data are presented as means  SD. 

*ANOVA,P<001. *ANOVA,P<001. 

preeclampsia,, one also met the criteria for the HELLP syndrome [2]. Women with preeclampsia 

deliveredd at lower gestational ages than normal pregnant women, and the birthweight of their 

childrenn was significantly lower. One woman with preeclampsia had a perinatal death. One 

normall  pregnant woman was excluded from the study because all data, microparticle numbers as 

welll  as thrombin and coagulation parameters, were more than 3 SD higher than the 

measurementss in all other women. 

InIn vivo coagulation activation status 
Inn normal pregnancy F1+2 concentrations were significantly increased compared with the 

nonpregnantt state (2.7  1.1 vs 1.1  0.4 nmol/L, P =.001, figure 1A), while TAT concentrations 

tendedd to be increased (7.8  2.0 vs 3.2  0.9 ug/L, P =.07, figure IB). In preeclampsia TAT 

concentrationss were further increased compared with normal pregnancy (15.7  6.4 ug/L, 

PP =.001, figure IB), while Fi+2 concentrations were not significantly different from values in 

normall  pregnancy (3.4  1.0 nmol/L, P =.34, figure 1A). Both TAT and F1+2 correlated 

significantlyy to systolic (r = 0.62, P =.001 and r = 0.51, P =.01 respectively) and diastolic blood 

pressuree (r = 0.77, P <.001 and r = 0.57, P =.003, respectively). 

Thrombinn generating capacity of plasma 
Dataa on the thrombin generating capacity of plasma are presented in figure 2. In nonpregnant 

plasmaa the generated thrombin activity was 40  12 mOD/min. Addition of aPC reduced this 

thrombinn generation to 5  3 mOD/min (87  7% inhibition). Since the aPC concentration used 

wass chosen on basis of a 90% inhibition of thrombin generation in pooled nonpregnant plasma, 
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thiss extent of inhibition was expected. The thrombin generation in normal pregnant women was 

comparablee with that in nonpregnant women (43  6 mOD/min). 

24 4 

20 0 

JJ 16 

12 2 

PE E PR R NP P PE E PR R NP P 

Figuree 1. F,+2 (graph A) and TAT (graph B) concentrations in plasma from women with 

preeclampsiapreeclampsia (PE), normal pregnant women (PR) and nonpregnant women (NP). 

**  ANOVA, P < 0.001 vs nonpregnant women for F/+2 concentrations and vs normal pregnant women 

forfor TAT concentrations. 
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|| 60 
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Figuree 2. Thrombin generation of plasma from 

womenwomen with preeclampsia (PE), normal 

pregnantpregnant women (PR) and nonpregnant women 

(NP)(NP) after addition of phospholipids, TF and 

CaClCaCl22 (black boxes) and thrombin generation in 

thethe presence of APC in a concentration that 

wouldwould inhibit 90% of the thrombin generation in 

pooledpooled plasma from NP women (white boxes). 

** ANOVA, P < 005 vs PR and NP women 

**** ANOVA, P <. 001 vs NP women 
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Additionn of the same amount of aPC to normal pregnant plasma reduced the thrombin 
generationn to 19  7 mOD/min (56  11% inhibition). Thus, the remaining amount of thrombin 
generatedd in the presence of aPC was higher in normal pregnant than in nonpregnant plasma 
(PP <.001), indicating that there is aPC resistance in normal pregnancy. This is also reflected in the 
aPCC sensitivity ratio, which is 3.3  0.8 in normal pregnant plasma (P <.001). In preeclamptic 
plasma,, the thrombin generating capacity was significantly increased compared to both normal 
pregnantt and nonpregnant plasma (58  12 mOD/min, P =.005 and P =.001, respectively). 
Additionn of aPC inhibited thrombin generation to 20  8 mOD/min (67  11% inhibition). The 
remainingg thrombin generation after addition of aPC was similar to that in normal pregnant 
plasma,, which are both higher than in nonpregnant women (P <.001, both). This indicates that 
aPCC resistance also occurs in preeclampsia, as reflected by the aPC sensitivity ratio of 2.5  0.8 
(PP <.001). The aPC sensitivity ratio in preeclampsia, however, tended to be lower than in normal 
pregnancyy (P =.09). In normal pregnancy the thrombin generating capacity of plasma correlated 
withh the coagulation activation status in vivo (r = 0.84, P =.005 for TAT concentrations and 
rr = 0.61, P =.08 for Fw2 concentrations), and aPC resistance correlated with F,+2 concentrations 
(rr = 0.68, P =.04). 

Thrombinn generating capacity of microparticles 
Thee capacity of the isolated microparticles to generate thrombin upon reconstitution in normal 

plasmaa was similar in the three groups (365  143 nmol/L in preeclampsia, 295  241 nmol/L in 
normall  pregnancy and 278  198 nmol/L in nonpregnant women, P = 0.59, figure 3). The total 
numberss of circulating microparticles were similar in the three groups (2347  564 xl06/L in 
preeclampsia,, 2070  1116 in normal pregnancy, and 2488  713 in nonpregnant women). The 
numberr of circulating microparticles correlated with the thrombin generating capacity of the 
microparticless (r = 0.55, P =.002). The thrombin generating capacity of the microparticles did not 
correlatee with Fi+2 and TAT concentrations (r = 0.65, P =.74 and r = -0.10, P =.96, respectively). 
Thee contribution of the various coagulation pathways to thrombin generation by microparticles 
inn the three patient groups is presented in figure 4. Inhibition of the extrinsic coagulation pathway 
byy anti-FVII significantly reduced the thrombin generation in women with preeclampsia by 
144  14% (P =.04) vs 7  11% (P =.63) in normal pregnant and 11  14% (P =.19) in 
nonpregnantt women. The numbers and percentages of TF-expressing microparticles were very 
smalll  and did not differ between groups (79  62 xlOVL (3.6  2.7%) in preeclampsia, 
633  71 xlOVL (3.0  3.5%) in normal pregnancy and 128  72 xlOVL (5.9  4.5%) in 
nonpregnantt women). There was no correlation between the extent of inhibition of thrombin 
generationn by anti-FVII and exposure of TF on microparticles. Anti-FXI inhibited thrombin 
generationn in all three groups (26  9%, P <.001 in preeclampsia, 15  12%, P =.03 in normal 
pregnancyy and 23  18%, P P =.04 in nonpregnant women), whereas anti-FXII inhibited thrombin 
generationn only in women with preeclampsia (17  12%, P =.02) and nonpregnant women 
(244  18%, P P =.04), but not in normal pregnant women (7  7%, P =.52). 
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Figuree 3. Mean thrombin 

generationgeneration by micropartides 
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(black(black circles), normal 
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Figuree 4. Relative contribution of the different coagulation pathways to thrombin generation by 

microparticlesmicroparticles in women with preeclampsia, normal pregnancy and nonpregnant women. The role of 

thethe extrinsic (VII), intrinsic (XI) and contact activation (XII) coagulation pathways are presented as 

wellwell as other mechanisms of thrombin generation (other). 

Comments s 

Thee coagulation system is known to be activated in pregnancy and further enhanced in 

preeclampsiaa [275]. This was confirmed in the present study; F,+2 and TAT concentrations were 

increasedd in pregnancy, and further increased in preeclampsia. We found that both TAT and Fi+2 

correlatedd with blood pressure, an important marker of disease severity in preeclampsia. 

Kobayashii  et al. previously reported this correlation between coagulation and disease severity 

[288]]  and they even used coagulation parameters to determine the optimal moment for 
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terminationn of pregnancy [282]. We investigated whether this coagulation activation was due to 

ann increased thrombin generating capacity of the plasma itself or of its cell-derived microparticles. 

Thee coagulation activation in pregnancy and preeclampsia can in part be explained by increased 

aPCC resistance. In both pregnancy and preeclampsia thrombin generation in microparticle-free 

plasmaa showed increased aPC resistance. Furthermore, both the thrombin generating capacity of 

thee plasma and its aPC sensitivity ratios correlated with the in vivo coagulation activation markers 

Fi+22 and TAT in normal pregnancy. Therefore, the coagulation activation in pregnancy seems to 

resultt from aPC resistance of the microparticle-free plasma. However, the fact that coagulation 

activationn is even more enhanced in preeclampsia cannot solely be explained by aPC resistance. 

Plasmaa samples from women with preeclampsia had an increased thrombin generating capacity, 

butt aPC resistance tended to be decreased rather than increased when compared with normal 

pregnancy.. Thus, microparticle-free plasma must contain other factors that enhance coagulation 

inn preeclampsia. Possible candidates are somewhat defective inhibitors of thrombin generation 

suchh as tissue factor pathway inhibitor, or thrombin itself, e.g. antithrombin or a2-macroglobulin. 

Att present studies are being performed to test whether correction of coagulation abnormalities by 

administrationn of antithrombin or aPC could be beneficial to the maternal and neonatal outcome. 

Thee first results are promising. Administration of antithrombin to women with preeclampsia 

improvedd maternal symptoms (blood pressure, proteinuria and edema) and fetal weight gain, and 

resultedd in prolongation of pregnancy and reduced numbers of small for gestational age babies 

[289]. . 

Wee also investigated whether circulating microparticles could be involved in the coagulation 

activationn in pregnancy and preeclampsia. Microparticles from all groups initiated thrombin 

generationn in normal plasma, but there were no differences in their thrombin generating capacity. 

Microparticles,, however, can also have an anticoagulant function [155,186]. In vitro, platelet-

derivedd microparticles catalyzed factor Va inactivation by aPC. The extent of factor Va 

inactivationn not only depended strongly on the stimulus for microparticle generation, but also on 

thee presence of protein S and shear stress [155]. Thus, it is possible that specific subgroups of 

microparticless have specific anti- or procoagulant characteristics. In this respect it is also 

interestingg that the TF/factor VII dependent coagulation activation pathway by the 

microparticles,, which is inactive in healthy humans [186] and in pregnancy (this study), but 

activee in sepsis and disseminated intravascular coagulation [211], is also active in preeclampsia 

(thiss study). This may be due to the increased numbers of leukocyte-derived microparticles in 

preeclampsia,, since microparticles from synovial fluid of patients with rheumatoid arthritis, 

whichh predominantly originate from leukocytes, mediate thrombin generation exclusively 

throughh factor VII [187]. We have not yet studied the thrombin generating capacity of 

microparticless in their own plasma, nor have we investigated the properties of specific 

microparticlee subgroups. It is possible that certain combinations of microparticles and plasma 

synergisticallyy act on thrombin generation. Further research is needed to clarify these issues. 

Alternatively,, thrombin generation may be initiated on the cellular surface of e.g. endothelial 

cellss or circulating blood cells. There is extensive evidence for endothelial cell dysfunction in 

preeclampsiaa (review see [4]). Due to this dysfunction the endothelial surface may be converted 

-107--



Chapterr 8 

fromm anticoagulant to procoagulant. Furthermore, erythrocyte membranes are procoagulant in 
bothh pregnancy and preeclampsia, with an increased thrombin generation on preeclamptic 
erythrocytess [290], Also platelet activation, which occurs in both pregnancy and preeclampsia 
[275],, results in a net increase of negatively charged phospholipids on the platelet surface, thus 
conferringg the platelet surface into a procoagulant surface [291]. It is possible that microparticles 
aree involved in initiating thrombin generation on cells. Circulating microparticles might adhere to 
cells,, thereby conferring the microparticle-covered cell surface into a thrombin generation site or 
alternatively,, adhering microparticles may activate the cells, thereby making the cellular surface 
procoagulantt by inducing exposure of negatively charged phospholipids and/or TF. 

Inn conclusion, aPC resistance can explain coagulation activation in pregnancy. The enhanced 
coagulationn activation in preeclampsia seems -in part- due to an increased thrombin generating 
capacityy of the plasma independent of aPC resistance. The present study does not support a role 
forr circulating microparticles in coagulation activation in both pregnancy and preeclampsia. 

Wee thank Kamran Bakhtiari for excellent technical assistance, and Drs. Saskia Middeldorp 
andd Harry R. Büller for their advice on the thrombin generation assay in plasma. 
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