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Abstract t 

Objective::  To determine whether the phospholipid composition of circulating microparticles 
fromm women with preeclampsia, normal pregnant and nonpregnant women and to establish their 
effectt on endothelial function in isolated myometrial arteries from normal pregnant women. 
Methods::  Plasma samples were collected from women with preeclampsia (n=ll), normal 
pregnantt (n-10) and nonpregnant women (n=10), matched for age and gestational age. The 
phospholipidd composition of the microparticles was determined by high performance thin layer 
chromatography.. Myometrial resistance arteries were isolated from myometrial biopsies at 
cesareann delivery of normal pregnant women and mounted in a wire myograph after overnight 
incubationn with isolated microparticles from women with preeclampsia, normal pregnant and 
nonpregnantt women. BK-mediated relaxation was determined. 

Results::  Microparticles in all groups mainly consisted of PC and smaller amounts of SM, PEa, PI 
andd lyso-phospholipids. The percentage lyso-PC was significantly decreased in pregnancy and 
preeclampsia.. There were no major differences in phospholipid composition between women 
withh preeclampsia and normal pregnant women. BK-mediated relaxation was significantly 
decreasedd in myometrial arteries after incubation with preeclamptic microparticles, in contrast to 
normall  pregnant and nonpregnant microparticles. 
Conclusions::  Circulating microparticles from women with preeclampsia diminish endothelium-
dependentt relaxation after overnight incubation in isolated myometrial arteries. This difference 
doess not seem to result from differences in the phospholipid composition of circulating 
microparticles. . 
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Introduction n 

Circulatingg micropartides may play a role in the pathogenesis of many cardiovascular 

diseases,, since they affect inflammation, coagulation and vascular function. Micropartides have 

beenn studied in various disease states, in which their numbers, cellular source and composition 

provedd altered (see chapter 3). Previously, we determined numbers and cellular origin of 

circulatingg micropartides in women with preeclampsia, normal pregnant and nonpregnant 

women.. Although the total number of circulating micropartides was similar in these three 

conditions,, increased numbers of lymphocyte and granulocyte micropartides were found in 

womenn with preeclampsia (see chapter 5). Furthermore, we reported that isolated micropartides 

fromm women with preeclampsia diminished endothelium-dependent relaxation in isolated 

myometriall  arteries from normal pregnant women, in contrast to micropartides from normal 

pregnantt women (see chapter 6). The mechanism(s), however, through which these preeclamptic 

micropartidess cause endothelial dysfunction are currently unknown, but may be related to their 

phospholipidd composition. 

Theree is only very limited information available on the phospholipid composition of 

micropartidess in health and disease. Weerheim and coworkers determined the phospholipid 

compositionn of micropartides from venous blood of healthy humans by high performance thin 

layerr chromatography (HPTLC) [185], These micropartides proved to contain mainly PC 

(approximatelyy 60%), and smaller amounts of SM, PEa and PS [185]. Although circulating 

micropartidess in healthy humans are mainly platelet-derived, and thus may be expected to 

resemblee the phospholipid composition of platelet plasma membranes, the phospholipid 

compositionn of these circulating micropartides clearly differs from that of platelet plasma 

membraness [270]. These apparent differences may be due to the presence of micropartides from 

non-platelett origin, such as erythrocytes and leukocytes, and/or from selective shedding of 

phospholipidss into micropartides. This latter hypothesis is supported by the finding that major 

differencess can occur in protein/antigen composition of micropartides and the composition of 

thee "parent cell" membrane, indicating selective shedding of proteins/antigens into 

micropartidess [162,189-192]. Fourcade and coworkers reported the phospholipid composition of 

micropartidess from synovial fluids of inflamed joints of arthritic patients [165]. These 

micropartidess contained PC, SM, PM, and lyso-phospholipids (all 20-25%), and small amounts 

off  PS [165]. Clearly, this phospholipid composition differed significantly from that of 

micropartidess in blood from healthy humans [185]. Possibly this is due to the different cellular 

originn of the micropartides: whereas micropartides in inflamed synovial fluids are mainly 

leukocyte-derivedd [187], micropartides in healthy humans are mainly platelet-derived. 

Alternatively,, the high concentrations of lyso-phospholipids in synovial micropartides are due to 

thee presence of phospholipases in the synovial fluid. Thus, the phospholipid composition of 

micropartidess is likely to be dependent on their cellular origin, the mechanisms underlying their 

release,, and the presence of environmental factors such as phospholipases. 

Sincee circulating leukocyte microparticle numbers are increased in preeclampsia, and 

preeclampsiaa is characterized by an inflammatory state, the phospholipid composition of 
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microparticless may be changed in such a way that they induce endothelial dysfunction upon 
incubationn of isolated arteries with microparticles. Therefore, in this pilot study we determined 
thee phospholipid composition of circulating microparticles from women with preeclampsia, 
normall  pregnant and nonpregnant women and established their effect on endothelial function in 
isolatedd myometrial arteries from normal pregnant women. 

Methods s 

Subjects s 
Plasmaa samples were collected in the Academic Medical Center in Amsterdam after approval 

byy the local medical ethical committee. Myometrial biopsies were collected in Huddinge 
Universityy Hospital in Stockholm after approval by the local medical ethical committee. After 
obtainingg informed consent, plasma samples were collected from women with preeclampsia, 
normall  pregnant, and nonpregnant women, and myometrial biopsies were obtained at elective 
cesareann delivery from normal pregnant women. For collection of the plasma samples normal 
pregnantt women were matched for age (+ 5 yr) and gestational age (  2 wk) with women with 
preeclampsiaa and nonpregnant women were matched for age (  5 yr) with the women with 
preeclampsia. . 

Collectionn of blood samples and isolation of microparticles 
Bloodd samples were taken from the antecubital vein without tourniquet through a 19G 

butterflyy needle with a vacutainer system into a 4.5 mL tube containing 0.105 mol/L citrate 
(Bectonn Dickinson; San Jose, USA). Blood samples were processed immediately at room 
temperaturee to prevent any cell activation. Cells were removed by centrifugation for 20 minutes 
att 1550 g at room temperature to obtain plasma. Plasma samples were divided in aliquots of 
11 mL, snap frozen in liquid nitrogen in order to preserve the microparticle structure, and stored at 
-80°C.. Before the start of the experiments the frozen plasma aliquots were thawed on melting ice. 

Myometriall  biopsies 
Afterr obtaining informed consent from normal pregnant women undergoing an elective 

cesareann delivery at term, a full thickness myometrial biopsy was taken from the upper margin of 
thee uterine incision following the delivery of the placenta. The site of the biopsy was never the 
sitee of the placenta location. The biopsies were collected into ice-cold PSS. Small arteries of about 
200-6000 |im in diameter and with a length of approximately 2 mm were immediately dissected 
fromm healthy myometrium in the biopsy. From each biopsy four or more arteries of comparable 
sizee and preferably from the same artery segment were dissected. 

Wir ee myography 
Plasmaa samples (250 |iL) from a matched set of women were defrosted on melting ice for each 

experiment.. Results of some of the women with preeclampsia and normal pregnant women (n=6 
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inn each group) were previously reported (see chapter 6). Plasma samples were centrifuged at 
17570££ for 30 minutes to pellet the microparticles. Subsequently, 225 uL of the microparticle-free 
supernatantt was removed from each tube and the microparticle pellet was resuspended in the 
remainingg 25 uL of the plasma and 225 uL of PSS. As previously confirmed, the fraction isolated 
fromm plasma according to the above-described protocol contains microparticles (see chapter 5). 
Thee microparticle solution was diluted to 5% (v/v) and heparin (1 IU/mL) was added to prevent 
clottingg in the solutions. In each solution a freshly dissected myometrial artery was placed and 
leftt to incubate overnight at 4°C. Control incubation was done with PSS, with or without 
supplementationn of 0.5% microparticle-free plasma from one of the patient groups. 

Afterr overnight incubation, the arteries were mounted on stainless steel wires, 40 urn in 
diameter,, which were attached to a force transducer and a micrometer, respectively, in the organ 
bathss of a 4-channel multi myograph (model 610, Danish Myo Technology; Aarhus, Denmark), 
whichh were filled with PSS. Vessel length was measured with a calibrated eyepiece micrometer 
underr the microscope. After all arteries were mounted, they were allowed to equilibrate for 
300 minutes at 37°C, while continuously being oxygenated with 5% C02 in 02. All solutions were 
refreshedd every 30 minutes. A standardized normalization procedure was then performed to 
alloww for calculation of the artery diameter at which the in vivo transmural pressure of the relaxed 
arteryy would have been 100 mmHg. Arteries were then set at 0.9 times this diameter, since it is 
generallyy accepted that this is the diameter that enables optimal contractile ability for the arteries 
withh a low resting tension. Myodac software was used for these calibrations and for data 
registrationn (version 2.1, Danish Myo Technology). 

Afterr the normalization procedure the arteries were left to equilibrate for 20 minutes and a 
referencee constriction was then elicited with PSS containing 124 mmol/L potassium and 1 
n.moI/LL NE (Sigma Aldrich; Stockholm, Sweden). Following a washout period of 15 minutes, 
constrictionn was induced with 10 nmol/L VP (Sigma Aldrich) until a stable constriction was 
achieved.. A concentration-response curve with increasing concentrations of BK (1 nmol/L to 3 
^mol/L,, Sigma Aldrich) was then performed. 

Phospholipidd composition of microparticles 
Microparticless were isolated from 4 x 250 uL of the plasma from a matched set of women by 

centrifugation,, as described previously. To remove most plasma, the microparticles were 
resuspendedd in citrate-substituted PBS and centrifuged again. The supernatant was removed. 
Phospholipidss were extracted from the microparticles by application of 
methanol/chloroform/aceticc acid in various concentrations as described previously by Weerheim 
andd coworkers [185], The chloroform fractions were pooled and dried under nitrogen. After 
redissolvingg the phospholipids in methanol: chloroform (100 u.L; 2: 1), paired samples were 
appliedd with a Camag Linomat IV (Merck, Darmstadt, Germany) to HPTLC glass plates with a 
thinn silica layer (Merck) as narrow bands (3 mm). A mix of phospholipid standards, containing 
PC,, lyso-PC, SM, PS, lyso-PS, PEa, lyso-PEa and PI (Sigma Aldrich, Zwijndrecht, The 
Netherlands),, was also loaded on the HPTLC plate at increasing concentrations to enable 
identificationn and quantification of individual phospholipid spots. The plates were developed in a 
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Camagg horizontal developing chamber (Merck) with dichloromethane: ethylacetate: acetone 
(80:: 16: 4) for 70 mm to remove cholesterol, free fatty acids and triglycerides. After drying the 
platess at a heating plate (40°C, 10 minutes), the phospholipids were separated by chloroform: 
ethylacetate:: acetone: isopropanol: ethanol: methanol: water: acetic acid (30: 6: 6 : 6: 16: 28: 6: 2) 
solutionn for 55 mm. After drying and cooling the plate, 10 mL charring reagent (7.5% Cu-acetate 
(w/v),, 2.5% CuS04 (w/v) and 8% H3P04 (v/v) in water) was applied for 60 seconds. The excess 
charringg reagent was removed and the plate was allowed to complete charring at increasing 
temperaturess (60-140°C), before being analyzed by photodensitometric scanning (GS800 Scanner 
pluss Quantity One Software, version 3.2.2.; Bio-Rad, Veenendaal, The Netherlands). 
Concentrationss of phospholipids were determined using the standard ranges, which were fitted to 
aa nonlinear curve (equation y = a x/(b + x)) in GraphPad (GraphPad Prism version 3.0; San 
Diego,, USA). The mean value of a duplicate determination was used. 

Statisticall  analysis 
ANOVAA with a Bonferroni post hoc test was used to test for differences between groups, in 

patientt characteristics, artery characteristics and phospholipid composition. For the 
concentration-responsee curves to BK RM-ANOVA was used to test for differences between the 
groups.. P <.05 was considered statistically significant. Data are presented as means  SEM, 
unlesss indicated otherwise. 

Results s 

Subjects s 
Characteristicss of the women included in this study from whom plasma samples were 

collectedd are presented in table I. In five women with preeclampsia perinatal death occurred. 
Dataa of the normal pregnant women from whom myometrial biopsies were obtained are also 
presentedd in table I. 

Phospholipidd composition of microparticles 
Thee total concentration of phospholipids from micropaiticles did not significantly differ 

betweenn the three groups (32.7  6.8 ug/mL plasma in micropaiticles from women with 
preeclampsiaa vs 22.8  3.4 ug/mL in micropaiticles from normal pregnant women and 19.9 1 
ug/mLL in micropaiticles from nonpregnant women, P =.16). In table II the phospholipid 
compositionn of microparticles in the different groups is presented. Micropaiticles in all groups 
mainlyy consisted of PC and smaller amounts of SM, PEa, PI and lyso-phospholipids. There were 
noo significant differences in phospholipid concentrations of microparticles between normal 
pregnantt women and women with preeclampsia. Only the percentage lyso-PC was significantly 
decreasedd in normal pregnancy and preeclampsia as compared to nonpregnant women (P <.001 
forr both). 
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Tablee I. Patient characteristics. 

Sampling g 

nn -

Agee (yr) 

Gestationall  age (wk) 

Parity y 

Systolicc blood pressure (mmHg) 

Diastolicc blood pressure 

Proteinuriaa (g/24 h) 

Delivery y 

Gestationall  age (wk) 

Birthweightt (g) 

(mmHg) ) 

PE E 

11 1 

30.00  1.5 

28.66  1.2 

00 (0-4) 

1555 * 

999 * 

4.11  1.0 

30.55  1.0* 

9866 * 

Plasma a 

PR R 

10 0 

30.88 6 

28.77  1.5 

0.55 (0-4) 

1011 3 
# # 

--

39.00  0.9 

34555  180 

NP P 

10 0 

29.33  1.4 

--

0(0-1) ) 

113+4 4 

733 3 

--

--

--

Myometriu m m 

PR R 

11 1 

322 2 

38.44  0.6 

22 (1-4) 

1166  3 

611 3 

--

38.44 6 

33122 7 

DemographicDemographic data of the included women with preeclampsia (PE), normal pregnant (PR) and nonpregnant 

(NP)(NP) women that contributed plasma or myometrium. Data are mean  SEM, except for parity, which are 

medianmedian (range). 

**  ANOVA, P <.001 vs normal pregnant women 

**  ANOVA, P -.001 vs nonpregnant women 

Tablee Ü. Phospholipid composition of membranes of microparticles. 

Phospholipid d 

Lyso-PC C 

SM M 

PC C 

PI I 

PE E 

Preeclampsia a 

1.77 + 0.2* 

5 5 

59.33 1 

3.00 + 0.5 

10.88 8 

Normall  pregnant 

* * 

20.44 + 2.8 

48.66 5 

3.66 5 

11.11  1.9 

Nonpregnant t 

3.77 3 

20.66  1.3 

46.44 4 

4.11 5 

12.00 8 

Controls s 

0.0-4.2 2 

14.0-24.3 3 

50.9-65.5 5 

1.5-7.8 8 

5.2-20.5 5 

PhospholipidPhospholipid composition of circulating microparticles (mean percentage  SEM) from venous blood of 

womenwomen with preeclampsia (n-S), normal pregnant (n=7) and nonpregnant women (n-7). For comparison 

thethe composition of microparticles from healthy controls (range) is also presented [185}'. 

**  ANOVA, P <0.001 vs nonpregnant women. 

Wir ee myography 
Diameterss and contractile properties of the normal pregnant arteries after overnight incubation 

withh microparticles from different patient groups are presented in table III . The mean diameter of 
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thee arteries used for incubation with PSS was significantly lower than the diameter of arteries 

usedd for incubation with preeclamptic or normal pregnant plasma. The VP constriction, as a 

percentagee of the reference constriction to NE and potassium, was significantly increased in 

arteriess incubated with PSS compared with arteries incubated with preeclamptic or normal 

pregnantt microparticles. There was no correlation between artery diameter and normalized VP 

constrictionn (P =.83). 

Arteriess incubated with PSS, normal pregnant or nonpregnant microparticles all relaxed to BK 

too a similar extent (normal pregnant vs PSS P =.39, normal pregnant vs nonpregnant P =.19 and 

nonpregnantt vs PSS P =.72) (figure 1). There was no beneficial or deteriorating effect of 0.5% 

plasmaa of any of the women's plasmas to the PSS incubation. BK-mediated relaxation was 

significantlyy impaired after incubation with preeclamptic microparticles compared with normal 

pregnantt (P =.002) and nonpregnant microparticles (P =.05) and with PSS (P =.04) (figure 1). 

Tablee EH. Artery characteristics. 

PEE PR NP PSS 

n== 11 10 10 11 

Diameterr (urn) 497173 516 0 417 1 283  26* 

Referencee constriction (mN/mm) 3.7+0.5 4.0  0.6 3.5  0.5 2.3  0.3 

Vasopressinn constriction (%) 110 + 2 109 4 113 4 127  5* 

CharacteristicsCharacteristics of the included arteries, incubated with microparticles from the blood of women with 
preeclampsiapreeclampsia (PE), normal pregnant (PR) or nonpregnant (NP) women or with PSS. 

*ANO*ANO VA P < 05 vs arteries incubated with preeclamptic and normal pregnant microparticles. 

Figuree 1. BK-mediated 

relaxationrelaxation in isolated myometrial 

arteriesarteries from normal pregnant 

womenwomen after overnight incubation 

withwith microparticles from women 

withwith preeclampsia (black 

diamonds),diamonds), normal pregnant 

womenwomen (open circles) or 

nonpregnantnonpregnant women (black 

triangles)triangles) or with PSS (crosses). 

Logg [BK] (mol/L) 
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Comments s 

Wee found that microparticles isolated from venous blood of women with preeclampsia 

significantlyy impair endothelium-dependent relaxation of isolated myometrial arteries from 

normall  pregnant women after overnight incubation, in contrast to microparticles derived from 

normall  pregnant or nonpregnant women. This difference did not seem to be due to an altered 

phospholipidd composition of these microparticles, since there were no significant differences in 

phospholipidd composition between microparticles from venous blood of women with 

preeclampsiaa and normal pregnant women. The concentration of lyso-PC, however, was 

significantlyy lower in microparticles from normal pregnant women as compared to nonpregnant 

women. . 

Thee phospholipid composition of circulating microparticles from women with preeclampsia, 

normall  pregnant and nonpregnant women closely resembled the composition of microparticles in 

bloodd from healthy controls [185]. As already outlined in the introduction, the composition of 

thesee microparticles clearly differed from that of platelet plasma membranes [270], erythrocyte 

ghostss [185] and leukocyte microparticles in inflamed joints [165]. Previously, we established the 

cellularr origin of circulating microparticles from preeclamptic patients. These microparticles 

predominantlyy originated from platelets (approximately 85%), erythrocytes (8%) and leukocytes 

(6%)) (see chapter 5). The fact that microparticles from human plasma samples contain elevated 

concentrationss of both PC and SM compared to platelet plasma membranes and erythrocyte 

ghosts,, suggests that PC and SM may be selectively released into the microparticle membranes. 

Thee microparticle fractions studied all contained detectable quantities of lyso-PC, with the 

highestt level in nonpregnant women. Lyso-PC is formed by hydrolysis of PC by secretory 

phospholipasee A2. Since secretory phospholipase A2 levels are known to be increased in blood 

fromm preeclamptic women [271,272], especially microparticles from these women were expected 

too contain elevated levels of lyso-PC. However, one has to bear in mind that also 

lysophospholipasee activity is increased in preeclamptic plasma [273]. Thus, the overall action of 

phospholipasee and lyso-phospholipase activities on microparticles is difficult to predict. Lyso-

phospholipids,, in particular lyso-PC, are of interest, since they affect endothelial function. In the 

presentt study, however, no relation was observed between the lyso-PC levels and endothelial 

dysfunction.. Since we measure the overall phospholipid composition, there is still the possibility 

thatt large variations occur between individual microparticles (or subpopulations thereof) with 

regardd to their, e.g. lyso-PC, contents. Therefore, the possibility cannot yet be excluded that 

particularr subpopulations of microparticles, containing elevated concentrations of lyso-PC, affect 

endotheliall  function in vivo and in vitro. 

Itt is important to realize that the fact that we found no differences in the phospholipid 

compositionn of circulating microparticles between normal pregnant and preeclamptic women 

doess not warrant the conclusion that there are no differences. Due to the small sample size of this 

pilott study only major differences would probably be detected. Small differences may thus be 

presentt between the groups. Furthermore, we did not determine the concentrations of all 

phospholipidss that could be present, but only of the ones that were most likely to be present and 
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wee did not determine the exact fatty acid composition or the oxidation status of the detected 
phospholipids.. Since we determined the phospholipid composition of all circulating 
microparticles,, differences in the phospholipid composition of subgroups of microparticles of 
differentt cellular origin could not be detected. 

Ann alternative pathway through which phospholipids in microparticles may be involved in 
vascularr dysfunction in preeclampsia is through their oxidation status. Huber and coworkers 
recentlyy reported the presence of oxidized phospholipids in microparticles released from 
endotheliall  cells exposed to an oxidative stress stimulus or undergoing apoptosis, as well as in 
microparticless exposed to oxidative stress after their formation. These oxidized phospholipids 
weree absent in microparticles released from cells stimulated with a non-oxidative stimulus. The 
presencee of these oxidized phospholipids in microparticles was related to attraction of monocytes 
too the endothelium [172]. Oxidized PC also causes impairment of endothelium-dependent 
relaxationn in isolated bioassay arteries [238]. Since preeclampsia is accompanied by oxidative 
stresss [274], and administration of antioxidants vitamins C and E to women at high risk of 
developingg preeclampsia reduced the incidence of preeclampsia dramatically [77], oxidized 
phospholipidss may be involved in the generation of vascular dysfunction in preeclampsia. Future 
researchh will hopefully clarify this issue. 

Wee conclude that microparticles isolated from the blood of women with preeclampsia 
diminishh endothelium-dependent relaxation in isolated myometrial arteries from normal pregnant 
women,, in contrast to microparticles isolated from the blood of normal pregnant and 
nonpregnantt women. This difference does not seem to result from differences between groups in 
thee overall phospholipid composition of the microparticles, but more extensive studies are 
requiredd to elucidate the role of phospholipids in the generation of vascular dysfunction in 
preeclampsia. . 
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