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Flow cytometric assessment of endothelial
and platelet microparticles in preeclampsia
and their relation to disease severity and
Doppler parameters
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Objective: Platelet (P) and endothelial (E) microparticle (MP) levels increase in preeclampsia. However, their
relation to the severity of the disease needs to be clarified. The objectives of this study were to compare the
levels of EMP and PMP in severe and mild preeclampsia to healthy gravidas to find possible correlations to
severity of the disease, Doppler changes, and complications.

Methods: A comparative prospective clinical trial (Canadian Task Force 1I-1) was conducted on 135 pregnant
women divided into three groups: 35 women with severe preeclampsia (group 1), 40 with mild preeclampsia
(group 2), and 60 healthy gravids (group 3). Assessment of EMP and PMP was done by flow cytometry using
anti-CD31 and anti-CD42b antibodies.

Results: Expression of CD31 and CD42b (EMPs) was higher in group 1 compared to groups 2 and 3 with
P < 0.001, while expression of CD42b alone (PMPs) did not show a statistically significant difference (P =
0.957). EMPs were correlated positively to umbilical and middle cerebral artery resistance index. There
was a significant negative correlation between platelet count and EMPs. Also, EMPs were correlated
positively to aspartate transferase and bilirubin levels and were significantly higher with neonatal death.
Discussion: The present study revealed a significant association between plasma levels of EMPs and
severity of preeclampsia together with poor neonatal outcome as regards birth weight and percent of
neonatal death. So, EMPs assay could be a good predictor of maternal and fetal outcomes and in cases
with preeclampsia.
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Introduction

Membrane vesiculation is a general physiological
process that leads to the release of cell plasma frag-
ments, called microparticles (MPs).' These MPs
can be generated from nearly every type of cell
during activation, injury, or apoptotic processes.' All
MPs, whatever their cell origin, have negatively
charged phospholipids (e.g. phosphatidylserine) in
their outer membrane leaflet, accounting for their pro-
coagulant properties.®> They also express proteins,
characteristic of their cellular origin, on their surface
and carry proteins packaged from numerous cellular
compartments.*> MPs can participate in the mainten-
ance of homeostasis under physiological conditions.
Among the various circulating MPs, platelet-derived
MPs are the most abundant in the bloodstream,
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representing between 70 and 90% of circulating MPs
in healthy subjects.®

Vascular endothelium aggression may lead to the
vesiculation and shedding of endothelial MPs
(EMPs). EMPs could be used as a marker of endo-
thelial injury, directly reflecting the state of the homeo-
stasis  between  endothelial cell activation,
proliferation, and apoptosis.” Accumulating evidence
shows that circulating EMP levels were drastically
increased in several pathological conditions related
to endothelial impairments such as hypertension,
dyslipidemia, diabetes mellitus, coronary artery
disease, thrombotic thrombocytopenic purpura, heart
failure, renal failure, graft-versus-host disease after
hematopoietic cell transplantation, and systemic
lupus erythematosus.®'* These data emphasize the
relation between endothelial damage, the release of
EMP, and the modulation of inflammatory and/or
immune responses.
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Preeclampsia is one of the most significant health
problems of human pregnancy. It is a leading cause
of fetal growth restriction, premature birth, and low
birth weight babies.”” In Egypt, the national survey
for maternal mortality ranked preeclampsia/eclamp-
sia as the second cause of maternal death.?!

Although recognized by hypertension and protei-
nuria, preeclampsia is much more than these two
changes. A predominant pathophysiological feature
is the reduced perfusion of virtually all organs that is
due to vasoconstriction, microthrombi formation,
and reduced circulating plasma volume.*!

As important evidence existed to implicate endo-
thelial cell injury to the pathophysiology of this preg-
nancy-specific disease, the present study was designed
to determine the possible association between the
levels of plasma EMPs and platelet MPs (PMPs) of
pregnant women with preeclampsia and the disease
severity, together with its relation to neonatal outcome.

Patients and methods

The present study was conducted on 75 women with
preeclampsia (age mean + SD: 26.5 £ 5.7), and 60
healthy pregnant women (age mean + SD: 26.1 +
3.4) at >34 weeks of gestation who were recruited to
El-Kasr El-Aini Hospital from September 2011 to
December 2012. Each woman provided informed
consent before study enrollment. The criteria used
for diagnosis and classification of preeclampsia were
defined according to The Report of The National
High Blood Pressure Education Program Working
Group, 2000 by hypertension >140/90 with protei-
nuria >300 mg of urinary protein per 24 hours or per-
sistent 30 mg/dl (1 + dipstick) in random urine
samples after the 20th week of gestation.

Patients were classified according to severity of pre-
eclampsia into the severe (35 patients) and mild group
(40 patients). Severe preeclampsia was defined as
women with blood pressure of >160/110 mm Hg in
two determinations 4 hours apart and proteinuria
>2g/24 hours, platelet count of <100 000 cells/
cmm, or HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelet count). Only two cases
were diagnosed as having HELLP syndrome. The
mild group was defined by blood pressure >140/90
and <160/110 mm Hg in two determinations 4
hours apart, and proteinuria =300 and <500 mg/24
hours. Patients with chronic hypertension, pre-gesta-
tional diabetes mellitus, and history of recurrent preg-
nancy loss, renal or hepatic diseases, as well as
antiphospholipid syndrome and women in labor were
excluded.

All studied groups were subjected to history taking,
laboratory investigations including complete blood
count, using EDTA-anticoagulated blood assayed on
Beckman Coulter (Brea, California, USA) and
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aspartate transferase (AST), using serum samples
assayed on Hitachi 912 with kits provided by Roche
Diagnostics (Mannheim, Germany) to diagnose
cases with HELLP syndrome, then obstetric ultra-
sound sound examination was performed by one oper-
ator (W.S.) using 5.0 MHz curvilinear transabdominal
transducer (Toshiba ECCO CEE SSA-340 A), to
assess gestational age through determination of the
fetal biparietal diameter, abdominal circumference,
femur length, and the estimated fetal weight while the
pregnant women was in a slightly tilted semi-fowler
position with the head of the bed raised 30° and with
a small pillow under the right loin the instrument was
used. Doppler velocimetric studies were done for all
participants to calculate the systolic/diastolic ratio,
the presence and laterality of the diastolic notch, pulsa-
tility index (PI), and resistance index (RI) of both umbi-
lical and middle cerebral arteries.

For the umbilical artery Doppler, an area of the
amniotic cavity with several loops of umbilical cord
was selected; using pulsated wave Doppler, the charac-
teristic sound and shape of the umbilical artery wave-
form were demonstrated and identified. When the
screen showed several waveforms of similar height,
the image was frozen and the peak systolic frequency,
end diastolic frequency, S/D ratio, and PI were esti-
mated. A minimum of three separate readings were
averaged before the final values were obtained. The
middle cerebral artery (MCA) was visualized near its
distal (straight) portion. When the MCA pattern was
imaged, it was freeze framed and the RI was calcu-
lated. Because of the potential effect of fetal breathing
movements on waveform variability, recording was
performed during periods of fetal apnea. Taking into
consideration that the normal umbilical artery third
trimester S/D ratio is 2.5 = 0.4 with a cutoff value of
3 and PI is 0.89 +0.12 with cutoff value 1.1,° the
Doppler index values were obtained and averaged to
determine the RI used in the calculations. The cerebro-
placental ratio (CPR), defined as the MCA-RI divided
by the umbilical artery (UA)-RI, was considered
abnormal if <1.0.%

After delivery, neonatal birth weight, Apgar score at
1 and 5 minutes, and neonatal intensive care unit
admission were recorded.

Assay of circulating EMPs by flow cytometry

After informed consents were obtained, blood samples
were collected by clean venipuncture into 2 ml vacutai-
ner tubes containing sodium citrate from cases and
controls under strict sterile conditions. The samples
were centrifuged 20 minutes at 800 rpm to prepare
platelet-rich plasma (PRP). PRP was centrifuged
5 minutes at 5000 rpm to obtain platelet-poor
plasma (PPP) and to remove all the residual platelets
or cell fragments of a similar size. The samples were
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assayed within 4 hours of venipuncture to avoid con-
tamination with MPs that are released ex vivo.

EMP and PMP immunolabeling

Fluorescein isothiocyanate dye (FITC) labeled mouse
antihuman CD31 and phenylethylamine (PE) mouse
anti-human CD42b, Serotec (Kidlington, UK), were
used to detect EMPs and PMPs. Fifty microliters of
PPP was incubated with 5 ml of each labeled anti-
bodies in the dark at room temperature for 20
minutes. Tubes were washed twice with 2 ml
0.01 mol/1 phosphate-buffered saline (PBS), pH 7.3,
and then centrifuged at 2000 rpm for 5 minutes, super-
natants were aspirated. The cells were resuspended in
0.5ml of PBS. The stained samples were finally
mixed and kept for flow cytometry analysis. Non-
immunized FITC- and PE-labeled isotype-matched
mouse monoclonal IgG was used as control, Serotec.
The mean fluorescence intensity (MFI) ratio was
obtained by dividing the MFI for a given marker by
the MFT of the respective isotype control monoclonal
antibody.

Flow cytometry analysis
Assay of levels of MPs was done using Beckman
Coulter Epics XL, USA. The light scatters and

fluorescence channels were set at logarithmic gain.
Regions corresponding to cells or shed MPs were
gated on separate protocols, using forward light
scatter (FSC) which is roughly equivalent to particle
size versus side-angle light scatter (SSC) proportional
to the granularity of studying cells. Microparticles
were analyzed regarding size and fluorescence.
Briefly, on a LogFS-LogSS dot plot, the upper size
limit of the MPs was defined using 1 pm calibrant
beads, and a gate was drawn around the population.
The lower size limit of the gate excludes the first chan-
nels that contain the electronic background noise of
the machine. Only the events included in this gate
were further analyzed for their fluorescence on a
LogSS-LogFL dot plot. Assay of MFI of the positive
cell populations, only included in the gate, was
measured for each antigen. Logarithmic green and
red fluorescence of FITC and PE were picked up by
the detectors: photomultiplier tube 2 (PMT2) and
PMT3, respectively (Figs. 1 and 2).

Before every test, the machine was kept running
until the background events fell to baseline levels
that could be neglected. Four quadrants histogram
was used to differentiate EMPs, being positive for
CD42b and negative for CD31, from PMPs, being
positive for both CD42b and CD31.The exact
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Histograms of the negative control samples for FITC- (A) and PE- (B) labeled isotypic antibodies. B-line was drawn to

exclude non-specific signals released by FITC negative control. C-line was drawn to exclude non-specific signals released by PE
negative control. (C) shows that all particles were presented in quadrant 3 (negative signals for both FITC- and PE-labeled

isotypic antibodies.
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Figure 2 Histograms of flow cytometry show a case positive for both CD31 (A) and CD42b (B). (C) represents a four-quadrant
histogram to detect co-expression of both markers (quadrant 2), i.e. PMP, while quadrant 1 represents MPs positive only for

CD31, i.e. EMPs.
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numbers of MPs were estimated by using calibrated
latex microbeads (Sigma Aldrich, St Louis, Missouri,
USA) that were added to samples just before analysis.
The diameter of the beads (3 um) discriminated them
from the MP population on the FSC-SSC histogram.
A known number of beads were added to each sample
tube, and the analysis was stopped when 10 000 beads
were reached. The number of MPs per microliter
plasma was calculated with the formula N =(MP/
number of measured beads)x (beads per tube/
volume of plasma).

Statistical analysis

Data were described in terms of mean =SD, median,
and range whenever appropriate. Comparison
between the different groups of the study was done
using Student’s ¢-test for comparing continuous data
when normally distributed and Mann—Whitney U
test when not normally distributed. For comparing
categorical data, Chi square (c®) test was performed.
Correlation between various variables will be done
using Pearson moment correlation coefficient (r). A
probability value (P value) <0.05 was considered sig-
nificant. All statistical calculations were done using
computer programs Microsoft Excel version 7
(Microsoft Corporation, New York, NY, USA) and
SPSS for Windows version 13.0 (Statistical package
for the Social Science; SPSS Inc., Chicago, IL, USA).

Results

By definition, values of systolic and diastolic blood
pressure were higher in the severe preeclampsia group
compared to mild cases, and both groups were higher
compared to the control group. Control women were
negative for albuminuria, while +3 and +4 albumin
was detected in the urine of severe preeclamptic
women. The demographic and laboratory data of the
participants are summarized in Tables 1 and 2.

As concern results of Doppler study of middle
cerebral and umbilical arteries, in both arteries, the
RI and PI were significantly higher in the severe pree-
clampsia group compared to the mild preeclampsia
and control groups. Also, RI and PI of the two arteries
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Table 2 Results of blood pressure and albumin of the three
groups

Severe
Mild preeclampsia preeclampsia Control
(n=40) (n=235) (n=60)

SBP 1454 +48 160.3 +£14.5 106.3£5.2
DBP 90.4+3.6 111.6 +3.6 64.6 £4.7
Albumin
+1 15(60%) 0 0
+2 10(43.5%) 0 0
+3 0 10 (55%) 0
+4 0 8 (45%) 0

SBP, systolic blood pressure; DBP, diastolic blood pressure.

were significantly higher in the mild preeclampsia
group in comparison to the control group. Diastolic
notch were significantly more frequent in the severe
preeclampsia group. Neonatal outcome of the
studied groups are summarized in Table 3.

Results of EMPs and PMPs levels in the studied
groups

EMPs counts were significantly higher in the severe
preeclampsia group compared to the other two
groups and in the mild preeclampsia group in com-
parison to the control group. On the other hand,
PMP (PMP) counts showed no significant difference
between the three studied groups (Table 4). No signifi-
cant correlation was found between EMPs and PMPs
(r=0.066, P =0.582).

There was a significant positive correlation between
systolic and diastolic blood pressure and the EMPs
level (P < 0.001). However, EMPs level was not corre-
lated with age of the mothers. PMPs count did not
show any correlation with age or blood pressure.
There was a significant positive correlation between
RI and PI of the middle cerebral artery and EMP
(RI (r=0.374, P<0.001) and PI (r=0.345 P<
0.003)). Also, EMPs were correlated positively to
umbilical artery RI but not to umbilical artery PI
(RI (r=0.424, P <0.001); PI (r=0.182, P =0.128)).
Contrarily, PMPs count was not correlated to
Doppler parameters.

Table 1 Showing demographic and laboratory data of the three groups

Mild preeclampsia (n = 40) Severe preeclampsia (n = 35) Control (n =60) P value
Age 28.5+4.8 26.4+4.0 26.1+3.4 0.230 (NS)
Gravidity 2 (1-3) 2 (1-3) 1(1-3) 0.125 (NS)
Parity 1(0-2) 1(0-2) 0 (0-2) 0.098 (NS)
Hemoglobin (gm/dl) 104+14 9.7+15 105+ 11 0.124 (NS)
Hematocrit value 293=+27 285+1.9 29.0+1.3 0.153 (NS)
Platelets count (x109/1) 257.5 +64.22 225.2 +39.0° 311.3+40.7° 0.000 (HS)
AST (1U/dI) 212+ 1512 51.1+26.4° 10.9 +3.7° 0.000 (HS)
ALT (lU/dl) 33.0 +20.12 271 +10.12 102+1.3° 0.008 (HS)
Bilirubin (mg/dl) 0.8+0.12 0.6 +£0.0% 0.1=0.0° 0.000 (HS)

Groups with different superscript letters (a, b, c) are significantly different.

NS, non-significant; HS, highly significant.
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Table 3 Neonatal outcome of the three studied groups

Mild preeclampsia Severe preeclampsia Control
(n=40) (n=235) (n=60) P value
Birth weight 2810 + 3442 2199 + 483° 3412 + 291° <0.001
GA at diagnosis 354+23 33.6 +3.1 - 0.005
GA at delivery 37.2+1.6% 353+27° 385+ 1.1° <0.001
Apgar score at 5 minutes 9 (3-9)? 8 (4-9)° 9 (7-9)2 <0.001
Neonatal status
Free 35(87.5%) 17 (48.6%) 60(100.0%) 0.006
Death 2 (5.0%) 14 (40.0%) 0 0.183
NICU admission 3(7.5%) 4 (11.4%) 0 0.58
RDS 0 1(5.6%) 0 1.52
Groups with different superscript letters (a, b, c) are significantly different.
GA, gestational age; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome.
Table 4 EMPs and PMPs count in the three studied groups
Mild preeclampsia (n = 40) Severe preeclampsia (n = 35) Control (n =60) P value
EMPs (count/ul) <0.001
Median 7196° 139 895° 5642°
Range 6154-25 412 9424-43 586 1195-8621
PMPs (count/pl) 0.957
Median 6959 7214 7164
Range 1996-21 652 1152-15 500 1279-21 068

Groups with different superscript letters are significantly different.
EMPs, endothelial microparticles; PMPs, platelet microparticles.

EMPs levels were correlated positively to AST
values (r=0.291and P =0.014). Meanwhile, EMPs
and PMPs counts were not correlated to other labora-
tory parameters (hemoglobin levels and platelet
counts).

As regards neonatal birth weight, gestational age at
delivery, and Apgar score, there was a significant nega-
tive correlation between neonatal birth weight and
EMPs (P =0.004, r = —0.339). However, EMPs was
not correlated to gestational age at delivery or Apgar
score at 5 minutes. PMPs count was not correlated
to neonatal parameters.

As regards neonatal outcome, EMPs were signifi-
cantly higher in cases with neonatal death in compari-
son to those with living neonates (P = 0.044). There
was no significant difference between group with neo-
natal death and those with free neonates regarding
PMPs.

Discussion

The central feature in the pathogenesis of preeclampsia
is a generalized vascular dysfunction. EMPs are ves-
icles that are derived from the endothelial surface
itself. When budding occurs as result of endothelial
insult, the surface marker CD31 is expressed on the
surface of EMP. Identification of these MPs has pro-
vided direct evidence of endothelial damage in pree-
clampsia and helped to distinguish preeclampsia
from gestational hypertension.*’
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The present study provided correlation between
severity of preeclampsia and EMP levels, which
showed a statistically significant difference in pree-
clamptic patients as compared to the control group
and in severe preeclampsia in comparison to the
mild group (P < 0.001). The previous results suggest
EMP levels as an indicator of severity of hypertension,
which is likely indicative of progressive endothelial
damage. This supports the previous findings in
which non-pregnant patients with severe hypertension
exhibited elevated EMP levels when compared with
the mild hypertension and the control groups.** As
regards PMPs, there was no significant difference in
their counts between the three studied groups (P =
0.957).

These results are in agreement with that of
Gonzalez-Quintero et al.,>* who studied the levels of
EMPs in 52 women with preeclampsia in comparison
to 20 patients with gestational hypertension and 38
healthy control groups, and found highest levels to
be associated with preeclampsia. EMP also exhibited
higher levels, in relation to the severity of the disease.

The scientific plausibility of these results supports
the endothelial injury theory in preeclampsia and
may be useful as an early indicator of preeclampsia
in pregnant women.

No correlation has been observed between the total
numbers of MPs and the age in each studied group
(P =0.140). Likewise, no data in the literature



suggest any impact of age on MP levels except in sub-
jects younger than 18 years old.?

EMPs were significantly correlated to maternal
serum AST (P =0.014). This observation which was
not reported before is in favor of the theory incrimi-
nates EMPs in the pathogenesis of vascular dysfunc-
tion in preeclampsia.

EMPs are significantly correlated to middle cerebral
artery RI and PI (RI (r=0.374, P <0.001) and PI
(r=10.345, P <0.003)). EMPs are also significantly
correlated positively to umbilical RI but not to umbi-
lical PI. RI (r = 0.424, P <0.001); PI (r=10.182, P =
0.128). PMPs count was not correlated to Doppler
parameters. Abnormal uterine Doppler is explained
by lack of normal trophoblastic invasion in preeclamp-
tic patients. It is considered as an indicator of poor
uteroplacental circulation which affects the perinatal
outcome.

This results support the hypothesis that EMPs may
be involved in the pathogenesis of preeclampsia.

Higher EMPs are significantly correlated to poor
neonatal outcome as low neonatal birth weight and
neonatal death (P =0.004 and 0.044, respectively)
but PMP levels were not correlated to neonatal
parameters.

Conclusion

The present study revealed a significant association
between plasma levels of EMPs and severity of pree-
clampsia together with poor neonatal outcome as
regards birth weight and percent of neonatal death.
More studies are needed to demonstrate levels of
EMPs in different weeks of pregnancy to assess its
value as an early marker for diagnosis of preeclampsia.
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