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Extensive platelet activation in preeclampsia compared 
with normal pregnancy: Enhanced expression of cell 
adhesion molecules 

Alice  Konijnenberg,  MD, a Els W. Stokkers,  MD, a Joris  A.M. van der Post ,  MD, a 

Marianne C°L. Schaap, b Kees  Boer,  PhD,  a Otto  P. Bleker,  PhD,  a and Augues te  Sturk, Ph D  b 

Amsterdam and Leiden, The Netherlands 

OBJECTIVES= Platelets play an important role in the pathophysiologic mechanisms of preeclampsia. Our 
purpose was to investigate by means of flow cytometry to what extent platelets circulate in an activated 
state during normal pregnancy and whether this activation is more extensive in preeclampsia. 
STUDY DESIGN= Platelets in whole blood from 10 preeclamptic third-trimester pregnant women (highest 
diastolic blood pressure range 100 to 130 mm Hg, proteinuria range 0.59 to 11.5 gm/24 hr) and from 10 
normotensive third-trimester pregnant controls were analyzed with the following activation markers: anti- 
P-selectin (a-granule secretion), anti-CD63 (lysosomal secretion), PAC-1 (monoclonal antibody against 
fibrinogen receptor conformation of the glycoprotein lib/Ilia complex), anti-platelet endothelial cell 
adhesion molecule-I, and annexin-V (a placental protein that binds to negatively charged phospholipids, 
present on the outside of the platelet plasma membrane after activation). The differences in surface 
antigen exposure between the two groups were determined by double-label flow cytometry. Flow 
cytometric data were analyzed in two ways: first, the percentages of activated platelets above a certain 
threshold compared with a nonpregnant control sample were determined, indicative for activation of a 
subpopulation of cells, and, second, the mean fluorescence intensities were determined, indicative of the 
mean surface antigen expression of the total platelet population. 
RESULTS: Analysis of the percentage of activated platelets proved most informative. With this analysis 
an enhanced platelet activation status was present in 4 of 10 normotensive patients and a more extensive 
platelet activation status in all 10 preeclamptic patients, as indicated by P-selectin (p = 0.008) and CD63 
(p = 0.03) expression. Increased platelet endothelial cell adhesion molecule-1 (p = 0.005) expression was 
also observed in preeclampsia. 
CONCLUSIONS: Flow cytometric analysis clearly indicated that platelets circulate in a more extensively 
activated state during preeclampsia than during normal pregnancy. The increased platelet endothelial cell 
adhesion molecule-1 expression in preeclamptic patients demonstrates that, besides a-granular and 
lysosomal release, other hitherto unknown mechanisms are involved. Platelet endothelial cell adhesion 
molecule-1 appears to be the best marker to distinguish preeclamptic patients from normotensive 
pregnant women. Qnly a subpopulation of the platelets appears to be activated. (Am J Obstet Gynecol 
1997; 176:461-9.) 
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Preeclampsia is a complication of pregnancy that may 
have serious consequences for the mother  and the 
unborn child. 1 It affects approximately 5% of pregnant  
women and is the most important  cause of maternal 
mortality in the western world. Although the exact cause 
of preeclampsia remains to be elucidated, evidence 
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shows that platelets play a substantial role in the patho- 
genesis of this disease. 2 Platelets may be activated by 
damaged endothelium in the systemic circulation or in 
the placental circulation. Some investigators consider 
pregnancy as a compensated state of increased platelet 
consumption, which decompensates in preeclampsia 
with its extreme in the HELLP syndrome (hemolysis, 
elevated fiver enzymes, /ow platelets).3 

Activated platelets have a different exposure of glyco- 
proteins and glycoprotein complexes on their surface 
compared with nonactivated platelets. Specific monoclo- 
nal antibodies have been raised against these glycopro- 
reins, which can serve to detect different states of platelet 
activation by flow cytometry. Flow cytometric analysis of 
platelets in whole blood can detect as little as 0.8% 
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activated platelets in the circulation. 4' 5 An example of 

flow cytometric detection of platelet activation in pre- 
eclarnpsia is the finding by Janes and Goodall 6 of a 

significantly increased platelet surface expression of 

CD63, a marker for secretion of platelet lysosomal gran- 
ules, compared with normotensive pregnancy. In a pro- 

spective study Janes et al. 7 also found an increased 

expression of CD63 at 28 weeks' gestation in pregnant 

women before the development of preeclarnpsia. 

Data obtained by flow cytometry to detect cell activa- 

tion can be analyzed primarily in two ways. First, the 

expression of activation antigens on the cell surface can 

be compared with a control sample from a healthy 

volunteer. The percentage of platelets with an increased 

antigen expression can then be determined above the 
threshold, set at for instance 1% to 3% with the control 

sample. This analysis is indicated if a subpopulation of 
the cells is extensively activated and the majority are 

relatively quiescent. Alternatively, the mean fluorescence 

intensity of cell populations labeled with certain activa- 

tion antigens can be determined. This mean fluores- 

cence intensity, an indicator of the mean surface expo- 

sure of the antigens in the total cell population, can then 
be compared with that of a healthy control population of 

nonactivated cells. The latter analysis is the method of 

choice if some activation of the majority of the cells is 

anticipated. 

We measured platelet activation in preeclamptic and 

normotensive pregnant women by double-label flow cy- 

tometry with the following markers. (1) The first was 
PAC-1, a monoclonal antibody that binds to the fibrino- 

gen receptor conformation of the GPIIb/IIIa-complex) 
(2) The second was anti-P-selectin (PADGEM, GMP-140, 

CD62P), the c~-granular membrane protein that becomes 

exposed on the plasma membrane after platelet activa- 

tion associated with a-granular secretion and that is one 
of the cell adhesion molecules involved in platelet- 

leukocyte binding. 8 (3) The third marker was anti-GP53 
(CD63), a lysosomal membrane protein that becomes 

surface exposed on lysosomal secretion. 9 (4) Anti-plate- 

let endothelial cell adhesion molecule-1 [PECAM-1], 
CD31) a member of the immunoglobulin superfamily of 

cell adhesion molecules, was also used. It  is expressed on 
platelets (GPIIa') and leukocytes, and it is present at sites 
of cell-cell contact on endothelial cells. 1°' n It is also 
expressed on the trophoblastJ 2 This is of interest be- 

cause preeclampsia might be considered as an endothe- 
lial a n d  trophoblastic cell dysfunction, is Recently PE- 

CAM-1 has been localized on three sites of the platelet 

(i.e., on the c~-granular membrane, the open canalicular 
system, and the surface membrane).  After platelet stim- 
ulation with thrombin the expression of PECAM-I on the 
plasma membrane as detected by immunogold labeling 
has been reported to increase 44%. 14 (5) The fifth 
marker was annexin-V, a protein that binds to phospha- 

tidylserine in a Ca + +-dependent way. Phosphatidylserine 

is located on the cytoplasmic side of the plasma mem- 

brane of resting platelets and erythrocytes. Platelet acti- 

vation leads to phosphatidylserine exposure on the ex- 

tracellular side of the plasma membrane (flip-flop 
phenomenon) .  15 (6) Microparticle analysis was used. 

During platelet activation small membrane vesicles or 

microparticles are budded off and can be detected with 

anti-CD61, a monoclonal antibody that binds to GPIIIa, 
the integrin [~3-chain on platelets. 5 The data were ana- 

lyzed both as percent activated platelets and as mean 

fluorescence intensities of the various activation anti- 

gens. 

Our aim was to investigate whether a panel of activa- 

tion markers can give an insight into the extent of 

platelet activation in normal pregnancy and whether this 

activation is more extensive during preeclampsia. Such a 

detailed study may enable the selection of marker(s) for 
a prospective study on the prediction of preeclampsia 

early in pregnancy. We also evaluated whether the data 

obtained by flow cytometry indicate that the total platelet 
population is somewhat activated or whether only a 

subpopulation of the platelets is activated. 

Methods 

Patients. Between September 1994 and January 1995, 

10 consecutive patients with preeclampsia who were 

admitted to the obstetric ward of the Academical Medical 

Center were included. Ten third-trimester pregnant 

women with uncomplicated pregnancies who visited the 
outpatient clinic of the same hospital served as control 

patients. Preeclampsia was defined as a diastolic blood 

pressure of >-90 mm Hg in combination with proteinuria 

of >-0.3 gm per 24 hours. The normal pregnant women 
had no proteinuria with repeated dipstick testing (Al- 

bym-test, Boehringer-Mannheim) and remained normo- 

tensive throughout pregnancy. Informed consent was 

given by all patients, and the study was approved by the 
Ethics Committee at the Amsterdam Medical Center, 

University of Amsterdam. Patient characteristics are 

given in Table I. 

Materials. PAC-1 was obtained from Dr. SJ. Shattil, 
Scripps Research Institute, Department of Vascular Biol- 

ogy, LaJolla, California. Anti-CD63 was obtained from 
hnmunotech,  Marseilles, France, and fluorescein isothio- 

cyanate-labeled annexin-V from Dr. C. Reutelings- 
berger, Academical Hospital, Maastricht, The Nether- 
lands. The antibodies anti-GPIb (CLB-MB45), anti-P- 
selectin (CLB-thromb/6), and anti-PECAM-1 (CLB- 
ES12Fll) were obtained from the Central Laboratory of 
the Netherlands Red Cross Blood Transfusion Service, 
Amsterdam. Anti-GPIb was biotinylated by the method of 
Hnatowitch et al. a7 and the fluorescein isothiocyanate 
labeling was performed by the method of The and 
Feltkamp? 8 Heparin was obtained from Organon, Oss, 
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Table I. Patient characteristics 

NT PE Significance 

No. of individuals 
Age (yr) 
Amenorrhea at entry study (days) 
Diastolic blood pressure (ram Hg) 

At first antenatal visit 
At study entry 
Highest level measured at least twice in pregnancy 

Whole blood platelet count (109/L) 
Mean platelet volume (ml) 
[3-Thromboglobulin (ng/L) 
Proteinuria (gin • 24 hr -1) 
Birth weight(gin) 
Birth weight percentiles 16 

10 lO 
33 (28-39) 27 (22-38) p = 0.1023 

243 (177-286) 209 (153-256) p = 0.0451 

72 (65-80) 81 (50-85) p = 0.46 
77 (70-80) 102 (95-125) p = 0.0002 
76 (70-80) 113 (100-130) p = 0.0001 

222 (138-350) 161 (21-277) p = 0.096 
8.2 (6.7-10.2) 10.5 (8.0-11.3) p = 0.549 

33 (20-98) 84 (38-183) p = 0.026 
* 3.7 (0.6-11.5) p = 0.0001 

3072 (1980-4170) 1528 (250-3020) p = 0.012 
47 (5-90) 10 (2-50) p = 0.0022 

Values are presented as mean, with range in parentheses. Normal [3-thromboglobulin plasma levels -<35 ng/L. ArT, Normotensive 
pregnant women; PE, preeclamptic patients. 

*Negative on dipstick testing (Albyrn-test, Boehringer Mannheim). 

The Netherlands, and phycoerythrin-conjugated strepta- 

vidin from Dakopatts, Glostrup, Denmark. Only mono- 

clonal antibodies were used. 
Preparation of blood samples. Blood was obtained 

from an antecubital vein through a butterfly needle (1.0 

mm) with either no or a light tourniquet. The first 4 ml 

of blood was discarded. Then 3.6 ml of blood was 

collected with 0.4 ml of PECT anticoagulant, which 

consists of (1) 270 mmol /L  sodium ethylenediaminetet- 

raacetic acid, (2) 30 mmol /L  theophyllin e diluted in 
phosphate-buffered saline solution, and (3) 1.9 mmol /L  

sodium carbonate and 282 nmol /L  prostaglandin E 1 
(1:1:1 diluted) for [~-thromboglobulin determination. 

Then a 2.7 ml sample of blood was collected in 0.3 ml of 

3.2% sodium citrate. Subsequently, a 2 ml sample of 
blood was collected in a tube containing 8 ~1 heparin, 

5000 IE/ml. Within 3 minutes 5 ~1 aliquots of the 

citrated blood were added to tubes containing 35 wl 

HEPES ( N-2-hydroxye thylpiperazine-N-2-ethanesulfonic 

acid) buffer (137 mmol /L  sodium chloride, 2.7 mmol /L  

potassium chloride, 1.0 mmol /L  magnesium chloride, 

5.6 mmol /L  glucose, 20 mmol /L  HEPES, 1 mg/ml  

albumin, 3.3 mmol /L  sodium phosphate, pH 7.4), 5 ~I 

anti-GPIb (1.5 ~g /ml  final concentration), and 5 ~1 of a 
fluorescein isothiocyanate-labeled second antibody. For 

detection of activation with annexin V, 5 V.1 of the 
heparin-anticoagulated blood was added to tubes con- 

taining 35 ~1 of the annexin V HEPES buffer and 5 ~1 of 

anti-GPIb (the same HEPES buffer but including 1.8 

mmol /L  calcium chloride instead of 3.3 mmol /L  sodium 
phosphate). Final concentrations were 30 v~g/ml PAC-1, 
10 v~g/ml anti-P-selectin, 5 ~g /ml  anti-CD63, 3 ~g /ml  
annexin V, 2.5 ~g/ml  anti-CD61, and l ~g /ml  anti- 
PECAM-1. In preliminary in vitro experiments these 
concentrations yielded optimal detection of the platelet 
antigens. Of circulating cells, GPIb is solely confined to 
platelets, so anti-GPIb monoclonal antibodies can be 

used to select platelets and platelet-derived material in 

the flow cytometric analyses. 

After careful mixing and 15 minutes of incubation at 

ambient temperature in the dark, 5 Ixl of 10-fold diluted 

phycoerythrin-conjugated streptavidin was added. Incu- 

bation continued for another 15 minutes, and finally the 

samples, except for the annexin V samples, were diluted 

by the addition of 2.0 ml of HEPES buffer. Five microli- 
ters of the annexin V incubation mixture was added to 

250 Ixl of annexin V HEPES buffer supplemented with 3 

ixg/ml annexin V. 

With each study of a preeclamptic patient or a normal 

pregnant woman, blood was simultaneously collected 

from a healthy nonpregnant  control subject and pro- 
cessed identically. Those samples served to set thresholds 

for the platelet activation in the flow cytometric analysis 
at approximately 1% to 3%. 

Flow cytometrie analysis. Double-label flow cytometry 

was performed as described by Shattil et al. 4 Within 2 

hours after collection the samples were analyzed in a 

FACScan flow cytometer with PC-lysys software (Becton- 

Dickinson, San Jose, Calif.). Forward light scatter and 
sideward light scatter were set at logarithmic gain. Plate- 

let material was identified by analyzing the biotinylated 

GPIb content of particles at 585 nm. The platelets (R2, 

70% to 75% of all platelet-derived particles) were distin- 
guished from microparticles (R1) and platelet-leukocyte 

complexes (R3) by measuring their size on gating in the 

forward scatter versus side scatter mode (Fig. 1). 
The surface expression of activation markers on a 

population of 5000 platelets was determined by the 

fluorescence intensity of the fluorescein isothiocyanate- 
labeled antibodies at 515 nm. For the data analysis to 
determine the percent activated platelets, the threshold 

for platelet activation was set at approximately 1% to 3% 
fluorescence-positive platelets in the healthy nonpreg- 
nant  control samples. Subsequently, the percentages of 
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Fig. 1. Distribution of particles identified with platelet-specific 
anti-GPIb in healthy control• Side scatter (SSC) is plotted versus 
forward scatter (FSC). R1 contains platelet-derived micropar- 
ticles, R2 actual platelet population, and R3 platelet-platelet or 
platelet-leukocyte complexes• 

platelets from preeclamptic patients or normotensive 
pregnant  women with fluorescein isothiocyanate fluores- 
cence above these thresholds were determined.  The 

percentage of positive platelets in the nonpregnant  
control sample was then subtracted to obtain the final 
result as percentage activated platelets. An example of 
such a determination is given in Fig. 2. In the second 
data analysis the mean fluorescence intensities, mea- 
sured as mean channel number  as an indicator of mean 
surface antigen expression of the total platelet popula- 

tion, for each patient and the controls were obtained by 
analyzing histograms from each R2 region. Micropar- 
titles were also identified with logarithmic gain settings 
for forward and sideward light scatter. The forward light 
scatter setting was E01, and the Fl-threshold was set just  
above the autofluorescence (variable pe r patient and per 
control subject). 

In preliminary experiments all antibodies used were 
tested by platelet stimulation with thrombin. Blood from 
healthy nonpregnant  volunteers was used for these ex- 
periments. Maximal stimulation of platelets, isolated by 
gel filtration, with thrombin (0.1 U/ml )  showed an 
increase from 2% activated platelets to 41% for P- 
selectin, 86% for CD63, 90% for PAC-1, and only 8% for 
PECAM-1. 

13-Thromboglobtflin determination. Blood in PECT 
anticoagulant was centrifuged at 2690g for 60 minutes at 
4 ° C to obtain platelet-free plasma. 13-Thromboglobulin 
was measured by enzyme-linked immunosorbent  assay 
(Asserachrom, Diagnostica Stago, Asni~res, France). 

Statistics. Differences between groups were analyzed 
with the Mann-Whitney U test. 

Results 

Patient characteristics. All patients had severe pre- 
eclampsia, as evidenced by the range of the maximal 
diastolic blood pressures, extent of proteinuria, and 
birth weights (Table I). One of the patients had HELLP 
syndrome. The normotensive pregnant  and preeclamp- 
tic patients did not  differ in blood pressure at the first 
antenatal visit, nor  was there a difference in maternal or 
gestational age. As expected, the groups differed signifi- 
cantly in blood pressure at study entry (p = 0.0002), in 
maximal blood pressure throughout  pregnancy (p = 
0.0001), in proteinuria (p = 0.0001), and in birth weight 
percentiles (Table I). 

Platelet count and mean platelet volume. Platelet 
count and mean platelet volume did not differ signifi- 
cantly between the normotensive and preeclamptic pa- 
tient groups (Table I). 

13-Thromboglobulin levels. [3-Thromboglobulin levels 

were increased in the preeclamptic group compared with 
the normotensive group (Table I). 

Platelet activation analyses. The results of the data 
analysis as percent  platelet activation are given in Table 
II. The median percentages of activated platelets as 
assessed by the surface expression of P-selectin (p = 
0.008), CD63 (p = 0.028) or PECAM-1 (p = 0.005) were 
significantly higher in the preeclamptic patients than in 
the normotensive pregnant  women. Logistic regression 
analysis showed that PECAM-1 is the best marker to 
distinguish preeclamptic patients from normotensive 
pregnant  women. In contrast, annexin V binding, indi- 
cating surface exposure of negatively charged lipids, and 
PAC-1 binding to indicate fibrinogen receptor availabil- 
ity were not significantly different between these groups. 

Nor did the percentages of microparticles differ between 
the normotensive pregnant  women and the preeclamptic 
patient groups. However, interestingly, the one pre- 
eclamptic patient with excessive presence of micropar- 
t ides (42%) also had the most severe thrombocytopenia 
(22 × 109 platelets/L).  

A more critical appraisal of the platelet activation 
analyzed as percent  activated cells indicates that the 
results are not  uniform within the two patient groups. 
With all activation markers the percentages of activated 
platelets vary from below the level of the nonpregnant  
control to increased levels (Fig. 3). In the data analysis to 
determine the percent  activated platelets in a patient 
compared with the sample from a healthy control, neg- 
ative percentages were frequently encountered. This is 
caused by the variable biologic expression among the 
healthy controls. Because of this variability, it is also 
arbitrary to consider a certain percentage to be truly 
indicative of the presence of an enhanced platelet acti- 
vation status in a patient. In the current study we 
considered a surface antigen expression >3% above the 
level of the healthy control indicative of platelet activa- 
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Fig. 2. Determination of activation status of platelet population. Analysis of PECAM-1 expression in 
patient is presented. Platelets (R2, as in Fig. 1) were selected and compared with the control sample 
from healthy volunteer. With control sample, threshold for antigen analysis was arbitrarily set at 1% to 
3%. In this example 2,9% PECAM-l-positive platelets were arbitrarily set in control sample (left) and then 
25.8% was present in sample taken from this patient (right). Resulting difference in activation status is 
then 22.9%. 

Table  II. Analysis of  pe rcen t  activated platelets 

I " NT PE Significance 

P-selectin 0.0 ( -  1.0-5.8) 4.0 (1.0-20.2) p = 0.008 
CD63 0.1 (-2.0-6.6) 8.0 (-1.6-38.6) p = 0.03 
PAC-1 1.0 (-1.4-5.2) 0.5 (-1.5-3.6) p = 0.56 
PECAM-1 1.4 (-0.7-10.3) 10.2 (1.5-23.6) p = 0,005 
Annexin  V 0.6 (-0.5-45.9) 0.5 (-0.2-2.7) p = 0.49 
Microparticles (%) 3.4 (-6.2-15.7) 3.4 (-7.7-42.4) p = 0,73 

Percent platelet activation indicated as median and range. Differences in percent platelet activation were established and analyzed 
with the Mann-Whitney U test. NT, Normotensive pregnant women; PE, preeclamptic patients. 

t ion status. At a level -->3% of  platelet  activation four  

normotens ive  p regnan t  women  demons t ra ted  evidence 
L 

of  some enhanced  platelet  activation status compared  

with the n o n p r e g n a n t  women  serving as controls, as 

indicated by one  or  more  of  the markers P-selectin, 

CD63, and PECAM-1. At the same 3% decision limit, all 

10 preec lampt ic  patients demons t ra ted  evidence of  an 

enhanced  platelet  activation status. 

The  results Of the second data analysis, to de te rmine  

the mean  f luorescence intensities as mean  ant igen ex- 

pression of  the whole platelet  populat ion,  are presented  

in Table III, Median values of  the mean  f luorescence 

intensities for all markers were slightly, but  no t  signifi- 

candy, increased in the preeclampt ic  patients compared  

with the normotens ive  healthy p regnan t  women.  The  

mean  f luorescence data of  each individual are presented  

in Fig. 4. The  mean  f luorescence data of  all markers used 

in this study had a large range in the healthy nonpreg-  

nant  control  women.  The  median  values of  the mean  

f luorescence intensities of  all markers used did no t  differ 

substantially among  healthy n o n p r e g n a n t  control  

women,  healthy p regnan t  women,  and preeclampt ic  

patients. Compared  with the 97.5th percent i le  of  the 

m e a n  f luorescence intensity of  the heal thy n o n p r e g n a n t  

control  women,  the individual data in the healthy preg- 

nant  women  also did no t  indicate extensive increased 

mean  f luorescence intensities. With PECAM-1, five of  the 

preeclampt ic  patients had a mean  f luorescence intensity 

>97.5th percent i le  of  the n o n p r e g n a n t  heal thy control  

women.  However,  with annexin  V, P-selectin, PAC-1, and 

CD63 only one,  four, one,  and three preeclampt ic  pa- 

tients had an increased ant igen exposure,  respectively. 

Within the pat ient  group we correla ted the birth 

weight, extent  of  proteinuria ,  and maximal  diastolic 

b lood pressure with the pe rcen t  activated platelets with 

use o f  P-selectin, CD63, and PECAM-1 as the positive 

markers. We did indeed  observe a positive correlat ion 

between the extent  of  pro te inur ia  and the CD63 expres- 

sion (Spearman r = 0.87, p < 0.001) but  not  with all 

o ther  correlat ions (r < 0.5). Also, the pat ient  with the 

HELLP syndrome had the highest  CD63 expression and 

extent  of  prote inur ia  (but only in te rmedia te  P-selectin 

and PEGAM-1 expression).  

C o m m e n t  

Analysis of  the flow cytometric data as mean  fluores- 

cence intensities (i.e., mean  surface expression of  the 

total platelet  populat ion)  provided only a minor  indica- 
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D, Annexin V. E, PAC-1. F, Microparticles. Solid circles, Patients with preeclampsia; open circles, 
normotensive pregnant women. 

tion of an enhanced activation status of these cells in 

preeclamptic patients and in healthy pregnant women. 
Median values of the mean fluorescence intensities were 

not statistically significantly increased in preeclamptic 

patients compared with normotensive healthy pregnant 

women. The number  of preeclamptic patients with a 

mean fluorescence intensity >97.5th percentile of the 
range in healthy nonpregnant  controls was limited to 
only five for PECAM-1 and, respectively, four and three 
with P-selectin and CD63. In contrast, the increased 

expression of the antigens P-selectin, CD63, and 
PECAM-1 on the platelet surface in some normotensive 
pregnant women and more extensive platelet activation 
in the preeclamptic women was demonstrated in the 
analysis of the percentages of platelet activation. These 
findings indicate most likely that in preeclampsia a 
subpopulation of platelets is activated, rather than acti- 
vation of the whole platelet population. This subpopula- 
tion is only modestly activated if the surface expression of 

P-selectin, PAC-1, or CD63 induced by thrombin in vitro 

with the data obtained in these patients are compared 

(unpublished results). Possibly more extensive platelet 
activation occurs in preeclampsia, but such platelets are 

then rapidly cleared from the circulation. 

We did not observe a clear correlation between the 
severity of the preeclampsia and the extent of platelet 

activation. Only the increased expression of CD63 and 
the degree of proteinuria was substantially and signifi- 
cantly correlated (r = 0.87, p < 0.001) and both param- 
eters were highest in the patient with HELLP syndrome. 

PECAM-1 proved to be the best marker to distinguish 
between preeclamptic patients and normotensive preg- 

nant  women. P-selectin and CD63 are established indica- 
tors of secretory phases of the e~-granular and lysosomal 
constituents during platelet activation. +' 9 For PECAM-1 
the association between platelet activation and increased 
surface exposure is debatable. So far, PECAM-1 expres- 
sion on the platelet has not been studied in clinical 
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Table IlL Analysis of mean fluorescence intensities 

I NT PE Significance 

P-selectin 10.3 (7.5-11.5) 11.3 (8.0-15.3) p = 0.09 
CD63 7.2 (6.7-10.0) 8.2 (6.2-21.5) p = 0.29 
PAC-1 15.8 (5.3-42.5) 18.7 (3.6-124.3) p = 0.2 
PECAM-1 64.3 (50.5-73.6) 70.7 (46.6-112.1) p = 0.06 
Annexin V 27.0 (20.4-33.3) 27.1 (14.6-58.2) p = 0.3 

Mean fluorescence intensities for each normotensive (NT) or preeclamptic (PE) pregnant woman were first established for each 
marker. Median values of these data within groups are provided, with range of those values in parentheses. Statistical significance was 
analyzed with Mann-Whitney U test. 

conditions. After thrombin stimulation of platelets in 

vitro the PECAM-1 expression as detected by immuno- 
gold labeling has been reported to increase 44% on the 

platelet surface and was presumed to indicate {x-granular 
release, a4 However, in preliminary experiments to inves- 

tigate the maximal stimulation of gel-filtered platelets 

with thrombin (0.1 U/ml)  we found an increase in 
PECAM-1 expression on a subpopulation of only 8% of 

all platelets by means of flow cytometry, whereas under  

these conditions the surface expression of CD63 and 

P-selectin was increased to 86% and 41%, respectively 

(unpublished results). Thus the increased PECAM-1 
expression on the platelet surface in preeclamptic pa- 

tients may not indicate e~-granular release. PECAM-1 has 

also been reported to be localized at the open canalicu- 
lar system) 4 The PECAM-1 expression of the preeclamp- 

tic patients, analyzed by percent platelet activation, was 

significantly correlated with the forward scatter (r = 0.50, 

p = 0.0001), which is a determinant of platelet size. It is 
known that platelet size increases in pregnancy and even 

more in pregnancies complicated with preeclampsia, 2 so 

the increased PECAM-1 expression could be due to an 

increased availability of PECAM-1 in the open canalicular 

system to the antibody. The channels of this system have 

indeed been reported to evaginate after platelet activa- 
tion and shape change. 19 Alternatively, uptake of soluble 

PECAM-1 from plasma could be considered. We did 
measure plasma concentrations of soluble PECAM-1 with 

an enzyme-linked immunosorbent  assay. The plasma 

concentrations were not increased in preeclamptic pa- 

tients compared with normotensive pregnant women 
(preeclamptic patients mean 46 ng /ml  and normoten- 

sive pregnant women mean 44 ng/ml ,  p = 0.92). Binding 

of soluble PECAM-1 to the surface of the platelet there- 

fore seems unlikely to be the cause of the enhanced 
platelet surface exposure in preeclampsia. However, 
these findings do not  completely exclude the possibil- 
ity that some shedding of soluble PECAM-1 from 
activated endothelial  cells occurs, which is then ob- 
scured in the circulation by cellular scavenging of the 

soluble PECAM-I. 
Whatever the mechanism, preeclampsia is the first 

clinical disorder with an established increased PECAM-1 

exposure on the platelet surface. The increased expres- 

sion of P-selectin, CD63, and possibly PECAM-1, together 

with the increased plasma [3-thromboglobulin concentra- 

tions found in the preeclamptic patients, confirm the 

previously reported increased secretion of the content of 
c~- and lysosomal granula in preeclamptic women. 2° 

PECAM-1 and P-selectin are cell adhesion molecules. 

The known functions of these molecules may indicate 

their importance in leukocyte and endothelial cell acti- 

vation in preeclampsia. Activation of leukocytes and 

endothelial cells has been clearly established in pre- 
eclampsia) ~'21 For instance, activated neutrophils are 

known to release oxygen free radicals and an increased 
production of superoxides is present in preeclampsia. 22 

These radicals damage vascular integrity and endothelial 

cell function and cause platelet activation. 13 How can 

P-selectin and PECAM-1 expression on the platelet con- 

tribute to endothelial cell and leucocyte activation? P- 

selectin is a cell-adhesion molecule present in the mem- 

branes of c~-granules of platelets and the Weibel-Palade 
bodies of the endothelial cell. 23 On stimulation of these 

cells (e.g., by thrombin or oxygen radicals, respectively) 

the content of these granules is secreted to the extracel- 

lular environment of the cell by fusion of the granular 

membrane with the outer cell membrane. This fusion 

causes the exposure of P-selectin to the outside of the 

activated cell. On the endothelial cell surface P-selectin is 

involved in the reversible Ca++-dependent binding of 

leukocytes, which causes the so-called rolling of the 

leukocyte on the endothelial cell lining of the vessel 
wall. H On the activated platelet P-selectin mediates the 

binding to leukocytes, including monocytes, neutrophils, 

and various subsets of T lymphocytes. On the monocyte 

the ligand involved in the binding to P-selectin has been 
identified. 24 The platelet-monocyte binding causes the 

increased expression of tissue factor, a major initiator of 
the coagulation system, on the monocyte. Thus increased 
P-selectin expression on the platelet facilitates platelet- 
leukocyte and possibly platelet-endothelial cell interac- 
tions. 

PECAM-1 is concentrated at the junctions of vascular 
endothelial ceils and is also expressed on platelets, 
monocytes, neutrophils, a subset of T cells, and the 
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Fig. 4. Individual values of mean fluorescence intensities, measured as mean channel numbers, are 
represented. A, PECAM-1. B, P-selectin. C, CD63. D, Annexin V. E, PAC-1. The 2.5 and 97.5 percentiles 
(vertical solid line) and median values (horizontal solid line) for preeclamptic patients (n = 10) (solid circles), 
normotensive pregnant women (n = 10) (open circles), and nonpregnant healthy control women (n = 
20) (stippled circles) are represented as well. 

intercellular endothel ial  junc t ions  of the h u m a n  term 
placenta)° ,  25 PECAM-1 serves both  as the receptor  and  

as its l igand in Cell-cell interactions. PECAM-1 on  endo- 

thelial cells plays an impor tan t  role in the t ransendothe-  

lial migrat ion of leukocytes. PECAM-1 expression on  

monocytes and  neutrophi ls  can result in increased adhe- 
sive properties of these cells. Possibly, increased expo- 

sure of PECAM-1 on  the platelet surface in preeclampsia 
promotes its b ind ing  to the in terendothel ia l  junc t ions  of 
the (micro)vasculature of the placental  bed, causing the 
characteristic pathologic changes through platelet and  
leukocyte activation, thus causing endothel ial  damage in 
the maternal  systemic circulation, s5 

PAC-1 expression on  the platelet surface was no t  
increased in this study. However, PAC-1 only binds  to the 
active conformat ion  of the f ibr inogen receptor  when it is 
no t  occupied with f ibrinogen.  In  preeclampsia it is likely 
that the f ibr inogen receptor  is indeed  occupied with 
f ibrinogen,  because f ibr inogen is readily available in the 
circulation. Studies with antibodies that b ind  to the 

GPIIb/I I Ia-f ibr inogen complex (i.e., against ligand-in- 

duced b ind ing  sites and  receptor- induced b ind ing  sites) 

will clarify this issue. 26 Annex in  V expression was also no t  
elevated in preeclampsia. Evidently there is no  exposure 

of phosphatidylserine on  the outer  surface of the plasma 

m e m b r a n e  of the circulating platelets in preeclampsia. 

Rapid clearance of such platelets from the circulation 

might  explain this. Finally, the percentages of micropar- 
t ides did no t  differ between the two groups. Only one 
preeclamptic pat ient  with the most severe thrombocyto- 
penia  (22" 109 cells/L) showed a considerably increased 

percentage of microparticles (42%). Microparticles can 
be readily demonst ra ted  in in vitro experiments,  bu t  so 
far their presence in clinical disorders has only been  
established in patients unde rgo ing  cardiopulmonary  by- 
pass surgery. 

In  conclusion,  this study demonstrates  that platelets 
circulate in an enhanced  activation state in some normo-  
tensive p regnan t  women. The platelet activation status is 
more  enhanced  and  present  in all preeclamptic women 
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investigated, as evidenced by the increased expression of  

P-selectin and CD63. The  increased PECAM-1 expression 

in preec lampt ic  patients demonstra tes  that, besides 

c~-granular release, o ther  h i ther to  unknown mechanisms 

of  increased surface ant igen exposure  are also involved. 

P-selectin, CD63, and PECAM-1 are potent ial  markers to 

establish platelet  activation early in pregnancy as an 

indicator  for oncoming  preeclampsia.  Finally, the two 

separate analyses of  the flow cytometric data indicate that 

in genera l  only a subpopulat ion of  the platelets has an 

enhanced  activation status in the preeclampt ic  patient.  

REFERENCES 

1. Cunningham FG, Lindheimer MD. Hypertension in preg- 
nancy. N EnglJ Med 1992;326:927-32. 

2. Redman CWG. Platelets and the beginnings of preeclamp- 
sia. N EnglJ Med 1990;323:478-80. 

3. MCrea KR, Samuels P, Schreiber. Pregnancy-associated 
thrombocytopenia: pathogenesis and management. Blood 
1992;80:2697-714. 

4. Shattil sJ, Cunningham M, Hoxie JA. Detection of activated 
platelets in whole blood using activation-dependent mono- 
elonal antibodies and flow cytometry. Blood 1987;70: 307- 
15. 

5. Abrams CS, Ellison N, Budzypski ZA, Shattil SJ. Direct 
detection of activated platelets and platelet-derived micro- 
particles in humans. Blood 1990;75:128-38. 

6. Janes SL, Goodall Att. Flow cytometric detection of circu- 
lating activated platelets and platelet hyper-responsiveness 
in preeclampsia and pregnancy. Clin Sci 1994;86:731-9. 

7. Janes SL, Kyle PM, Redman C, Goodall AH. Flow cytometric 
detection of activated platelets in pregnant women prior to 
the development of preeclampsia. Thromb Haemost 1995; 
74:1059-63. 

8. Hsu-Lin SC, Berman CL, Furie BC. A platelet membrane 
protein expressed during platelet activation. J Biol Chem 
1984;259:9121-6. 

9. Nieuwenhuis HK, van Oosterhout ~G, Rozemuller E, van 
Iwaarden F, Sixma ~.  Studies with a monoclonal antibody 
against activated platelets: evidence that a secreted 53.000 
molecular weight lysosome-like granule protein is exposed 
on the surface of activated platelets in the circulation. Blood 
1987;70:838-45. 

10. Newman PJ, Berndt MC, Gorski J, White GC, Lyman S, 
Paddock C, et al. PECAM-1 (CD31) cloning and relation to 
adhesion molecules of the immuneglobulin gene superfam- 
ily. Science 1990;178:1219-22. 

11. Carlos TM, Harlan JH. Leukocyte-endothelial adhesion 
molecules. Blood 1994;84:2068-101. 

12. Baldwin HS, Shen HM, Yah H-C, DeLisser HM, Chung A, 
Michanin C, et al. Platelet endothelial cell adhesion mole- 

cule (PECAM-1/CD31) : alternatively spliced, functionally 
distinct isoforms expressed during mammalian cardiovascu- 
lar development. Development 1994;120:2539-53. 

13. Taylor RN, Crombleholme WR, Friedman SA, Jones LA, 
Casal DC, Roberts JM. High plasma cellular fibronectin 
levels correlate with biochemical and clinical features of 
preeclampsia but cannot be attributed to hypertension 
alone. Am J Obstet Gynecol 1991;165:895-901. 

14. Cramer EM, Berger G, Berndt MC. Platelet e~-granule and 
plasma membrane share two new components CD9 and 
PECAM-1. Blood 1994;84:1722-30. 

15. Thiagararajan T, Tait JF. Binding of annexin V/placental 
anticoagulant protein I to platelets: evidence for phospha- 
tidylserine exposure in the procoagulant response of acti- 
vated platelets. J Biol Chem 1990;265:17420-3. 

16. Kloosterman GJ. On intrauterine grovcth, the significance of 
prenatal care. J Gynaecol Obstet 1970;8:895. 

17. Hnatowich JF, Virzi F, Rusckowski M. Investigations of 
avidin and biotin for imaging applications. J Nucl Med 
1987;28:1294-302. 

18. The TH, Feltkamp TE. Conjugation of fluorescein isothio- 
cyanate to antibodies, II: a reproducible method. Immunol- 
ogy 1970;18:875-81. 

19. Breton-Gorius J, van Haeke D, Tabitio A. Glycoprotein I 
identification during normal and pathological megakaryo- 
cyte maturation. Blood Cells 1983;9:275-91. 

20. Douglas JT, Shah M, Lowe GDO, Belch jjF, Forbes CD, 
Prentice CRM. Plasma fibrinopeptide A and beta-thrombo- 
globulin in preeclampsia and pregnancy hypertension. 
Thromb Haemost 1982;47:54-5. 

21. Haeger M, Unander M, Norder-Hansson B, Tylman M, 
Bengtssson A. Complement, neutrophil, and macrophage 
activation in women with severe preeclampsia and the 
syndrome of hemolysis, elevated liver enzymes and low 
platelet count. Obstet Gynecol 1992;79:19-26. 

22. Tsukimori K, Hirotaka M, Ydyoshi I, Nagata H, Koyanagi T, 
Nakano H. The superoxide generation of neutrophils in 
normal and preeclamptic pregnancies. Obstet Gynecol 
1993;81:536-40. 

23. Lasky LA. Selectins: interpreters of cell-specific carbohy- 
drate information during inflammation. Science 1992;258: 
964-9. 

24. Moore KL, Patel KD, Bruehl RE, Johnson DA, Lichenstein 
MS, Cummings RD, et al. P-Selectin glycoprotein ligan&l 
mediates roiling of human neutrophils on P-selectin. J Cell 
Biol 1995;128:661-71. 

25. Leach L, Clark P, Lampugnani MG, Arroyo AG, Dejana E, 
Firth JA. Immunoelectron characterisation of the inter- 
endothelial junctions of the human term placenta. J Cell Sci 
1993;104:1073-81. 

26. Zamaron C, Ginsberg MH, Plow EF. A receptor-induced 
binding site in fibrinogen elicited by its interaction with 
platelet membrane glycoprotein IIb-IIIa. J Biol Chem 1991; 
266:16193-9. 


