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Introduction

Preeclampsia is a pregnancy-specific multisystem dis-
order occurring in the second half of pregnancy with
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Problem

Preeclampsia shows characteristics of an inflammatory disease including
leukocyte activation. Analyses of leukocyte-derived microparticles (MP)
and mRNA expression of inflammation-related genes in leukocytes may
establish which subgroups of leukocytes contribute to the development
of preeclampsia.

Method of Study

Blood samples were obtained from preeclamptic patients, normotensive
pregnant and non-pregnant controls. sL-selectin and elastase were mea-
sured by ELISA. mRNA was isolated from leukocytes and gene expres-
sion was determined by multiplex ligation-dependent probe
amplification (MLPA). MP were characterized by flow cytometry.

Results

Altered concentrations of sL-selectin and elastase confirmed leukocyte
activation in preeclampsia. These leukocytes showed up-regulation of
Nuclear Factor of Kappa light chain gene enhancer in B Cells inhibitor
(NFxB-1A) and cyclin-dependent kinase inhibitor (CDKN)-1A compared
with normotensive pregnant women. interleukin-1 Receptor Antagonist
(IL-1RA) and tumor necrosis factor (TNF)-R1 were increased compared
with those in non-pregnant controls. Monocyte-derived MP were ele-
vated in preeclamptic patients compared with pregnant women. The
numbers of cytotoxic T-cell-derived and granulocyte-derived MP were
elevated compared with those of non-pregnant women.

Conclusion

Leukocytes are activated in preeclampsia. A pro-inflammatory gene
expression profile is not prominent, although differences in mRNA
expression can be detected. Increased levels of particular subsets of
leukocyte-derived MP reflect activation of their parental cells in
preeclampsia.

an incidence in unselected populations of 2.6%." It
is a major cause of maternal and fetal morbidity and
mortality of which the exact cause remains unclear.
Preeclampsia is considered an exaggerated systemic
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inflammatory response to pregnancy? with activation
of many parts of the inflammatory network includ-
ing leukocyte activation. Indeed, signs of activation
of granulocytes, monocytes, and lymphocytes have
been reported.

Evidence for the activation of granulocytes in pre-
eclampsia is based upon the elevated expression of
adhesion molecules and complement-related mark-
ers>>, the production of reactive oxygen species®
and an increase in soluble markers like elastase and
lactoferrin in the plasma of preeclamptic patients.”®
Furthermore, granulocyte counts are elevated in pre-
eclamptic patients compared with non-preeclamptic
women.”'®  Monocytes from preeclamptic patients
express significantly higher levels of cell-surface acti-
vation markers (CD11b, CD11c, and CD14) and pro-
duce more reactive oxygen species compared with
normotensive pregnant women.’ T lymphocytes are
also activated in preeclampsia and this is character-
ized by a predominance of Tyepperl-cell immunity
resulting in a more pro-inflammatory cytokine pro-
ﬁle.“’lz

The number of circulating leukocyte-derived mi-
croparticles (MP) may also be a marker for the acti-
vation of leukocytes. MP are small membrane
vesicles, which are budded from the cell surface and
released into the circulation during apoptosis or acti-
vation of blood cells or endothelial cells. Thus, acti-
vation of leukocytes results in the production of
leukocyte-derived MP. Indeed, the concentration of
T-cell-derived and granulocyte-derived MP were ele-
vated in preeclampsia. In a longitudinal study, we
found that monocyte-derived MP were significantly
elevated in preeclampsia at 28, 32, and 36 weeks.'>
Furthermore, in preeclampsia, significantly more B-
cell-derived MP were present at 36 weeks compared
with normotensive pregnancies. However, the
patients in this study were longitudinally followed
and not matched and there was no non-pregnant
control group. In view of these studies, especially
the leukocyte-derived MP seem to be important in
the development of preeclampsia. Therefore, the
present study specifically focuses on these MP and
the correlation with differential leukocyte counts
and other markers of leukocyte activation and RNA
expression.

The production of cytokines is also indicative of
the pro-inflammatory state of leukocytes. Changes
in cytokine production in preeclampsia have some
similarities with those found in sepsis.'*!'® Sepsis can
be mimicked by administration of endotoxin to
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healthy subjects. Isolated leukocytes from these sub-
jects show increased mRNA expression of Macro-
phage Inflammatory Protein (MIP)-1A, MIP-1B,
Interleukin (IL)-8, IL-1p, IL-1 Receptor Antagonist
(RA), and Nuclear Factor of Kappa light chain gene
enhancer in B Cells inhibitor (NFxB)-1A or IkB
inhibitor alpha (IxB).'® Changes in the levels of
plasma proteins encoding genes that also may be dif-
ferentially expressed in sepsis, have been investi-
gated previously in preeclamptic patients. However,
the results from these studies are contradictory.'”>*

Therefore, in the present study, we determined
the activation state of leukocytes by measuring
mRNA expression of inflammation-related genes
using multiplex ligation-dependent probe amplifica-
tion (MLPA). In addition, we analyzed circulating
numbers of leukocyte-derived MP and subgroups
thereof as additional putative markers of leukocyte
activation, as well as differential leukocyte
counts, and plasma sL-selectin- and elastase concen-
trations as markers of inflammation and leukocyte
activation.

Materials and methods

Patients

The study was approved by the medical ethical com-
mittee of the Academic Medical Center. After obtain-
ing written informed consent, blood samples were
obtained from preeclamptic patients (7 = 10), nor-
motensive pregnant women (# = 10) and non-preg-
nant women (n = 10). All women were nulliparous.
The women were matched for age (x5 years). The
preeclamptic patients and normotensive pregnant
women were also matched for gestational age
(2 weeks). Inclusion criteria for preeclampsia were:
(i) diastolic blood pressure of 110 mmHg or more on
any occasion or 90 mmHg or more on two separate
occasions at least 4 hr apart, (ii) proteinuria of
>0.3 gram protein/24 hr, and (iii) symptoms devel-
oping after 20 weeks of gestation in previously nor-
motensive women. The control groups consisted of
healthy women not using any medication or oral
contraceptives. Patient characteristics are presented
in Table L

Collection of Blood Samples
Three blood samples (13.5 mL in total or 4.5 mL each)

were taken from the antecubital vein without tourni-
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quet through a 20-gauge needle with a vacutainer
system. As the time of sampling may influence the
results, blood was collected in the morning between
09:00 and 11:00. The first sample was collected in a
4.5 mL tube containing 0.105 m buffered sodium cit-
rate (Becton Dickinson, San Jose, CA, USA). Within
30 min after collection, cells were removed by centri-
fugation for 20 min at 1560 g and 20°C. Plasma sam-
ples were then divided into 250 uL aliquots,
immediately snap frozen in liquid nitrogen to preserve
MP structure and then stored at —80°C until further
analysis. The second sample was collected in a 4.5 mL
tube containing 0.054 mL (15%) ethylenediaminetet-
raacetic acid (EDTA; Becton Dickinson) for determi-
nation of the total number of leukocytes. The third
sample was also collected in a 4.5 mL tube containing
EDTA and immediately used for RNA isolation.

ELISA

Plasma concentrations of sL-selectin (sL-selectin;
R&D Systems; Abingdon, UK) and elastase (Human
PMN elastase; Bender Medsystems; Vienna, Austria)
were determined using enzyme-linked immunosor-
bent assays (ELISA). Assays were performed as
described by the manufacturers. The minimal detect-
able concentration of elastase was 1.98 ng/mL. The
intra-assay variation coefficient was 4.8% and inter-
assay variation 5.6%. The minimal detectable con-
centration of sL-selectin was <0.3 ng/mL with an
intra-assay variation of 3.7% and an inter-assay var-
iation of 4.2%.
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Table I Patient Characteristics
Normotensive Non-pregnant
Preeclampsia pregnancy women

Characteristics (n=10) (n=10) (n=10) P p*
Age (years) 33.1+34 305 + 1.6 303+ 1.6 NS 0.04
BMI 265 + 5.2 214 + 11 219+ 21 0.006 0.02
Blood pressure

Systolic 164 + 16 122 + 9 108 + 14 0.0001 0.0001

Diastolic 96 + 8 73+ 8 68 + 10 0.0001 0.0001
Proteinuria 7.1 +55 = = = =
Gestational age (weeks)

At sampling 289 +1.9 302 +3.2 = NS =

At delivery 31.3+34 39.1 + 1.6 = 0.0001 =
Birth weight 1267 + 648 3262 + 607 = 0.0001 =
All patients were nulliparous and matched for age (+5 years). Preeclamptic patients and normotensive pregnant women were also matched
for gestational age (+2 weeks). Data are presented as mean + S.D. P, statistical difference between preeclamptic patients and normotensive
controls; P*, statistical difference between preeclamptic patients and non-pregnant controls.

RNA Isolation

Total RNA was isolated from peripheral whole blood
using RNeasy columns (Qiagen; Hilden, Germany),
according to the protocol of the manufacturer. Total
RNA was dissolved in 30 uL RNase-free water (Qia-
gen; Hilden, Germany) and stored at —20°C until
further analysis.

MLPA

Multiplex Ligation-dependent Probe Amplification is
an established technique used for the detection of
chromosomal abnormalities but can also be applied
to study inflammation-related gene-expression.
MLPA data proved to correlate well with other
established techniques such as quantitative RT-PCR
and microarray.?’

MLPA (kit PO09; MRC-Holland, Amsterdam, The
Netherlands) was performed with total RNA in a
concentration of 40-60 ng RNA/pL. With this
MLPA assay, 40 different genes can be determined
simultaneously using 40 different probes. The
MLPA procedure has been described by us before
(Lok et al., 2006). In short, after isolation of RNA,
single stranded c¢cDNA was produced with an RT
reaction in a high-speed thermal cycler with a
heated lid (Biometra Uno II; Goettingen, Ger-
many). After addition of 1.5 uL buffer (1.5 m KCI,
1 mm EDTA, 300 mm Tris—HCI, pH 8.5) and 1.5 uL
probe mix (1-4 fmol of each short probe oligonu-
cleotide and each long probe oligonucleotide in
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Tris EDTA), hybridization was allowed for 16 hr.
The procedure was continued with the addition of
a ligase enzyme enabling ligation of different
probes. Then amplification of the ligated probes
was performed with 32 cycles of a polymerase
chain reaction. The PCR-product was stained with
ROX-500 (MRC-Holland, Amsterdam, the Nether-
lands). Samples were purified with Sephadex G-50
(Sigma-Alderich Chemie, Zwijndrecht, The Nether-
lands) in filter plates (mahvn4550; Millipore; Bill-
erica, USA) and  analyzed by capillary
electrophoresis on a capillary sequencer (ABI 3100,
Applied Biosystems, Warrington, UK). The intensity
and size of the different probes were calculated
with Genescan and Genotyper software packages
(Applied Biosystems). f-2-microglobulin (B2M) was
chosen as a reference (household) gene.

Reagents and Assays

Antibodies and dilution

Fluorescein isothiocyanate (FITC)-labeled IgG; and
phycoerythrin (PE)-labeled IgG; and monoclonal
antibodies directed against cytotoxic T-cells (anti-
CD8-PE), monocytes (anti-CD14-PE) and B-cells
(anti-CD20-FITC) were obtained from Becton Dick-
inson. To detect Tpepper-cells and granulocytes, anti-
CD4-FITC, and anti-CD66e-FITC were purchased
from the Central Laboratory of Blood Transfusion
(Amsterdam, The Netherlands). Anti-CD61-FITC
(anti-GP-IIla) was obtained from Pharmingen (San
Jose, CA, USA) to detect platelets. Allophycocyanin
(APC)-conjugated annexin V was purchased from
Caltag (Burlingame, CA, USA). The following final
dilutions of antibodies were used: IgG;-FITC (1:10),
IgG,-PE (1:10), anti-CD4-FITC (1:2.5), anti-CD8-PE
(1:5), anti-CD14-PE (1:20), anti-CD20-FITC (1:10),
anti-CD61-FITC (1:30), anti-CD66e-FITC (1:10), and
annexin V-APC (1:40).

Leukocyte counts

Leukocyte counts were determined with a Cell-Dyn
4000 (Abbott Diagnostics Division, Abbott Laborato-
ries, Hoofddorp, The Netherlands) at the department
of Clinical Chemistry (Academic Medical Center,
Amsterdam, The Netherlands).

Isolation of Microparticles

A sample of 250 uL frozen plasma was thawed on
ice and centrifuged for 30 min at 18,890 g and 20°C
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to pellet the MP. After centrifugation, 225 uL of the
supernatant was removed. The MP pellet and
remaining supernatant was resuspended in 225 uL
phosphate-buffered saline with citrate (154 mmol/L
NaCl, 1.4 mmol/L phosphate, 10.9 mmol/L triso-
dium citrate, pH 7.4). After centrifugation for
30 min at 18,890 g and 20°C, 225 uL of the superna-
tant was removed again. The MP pellet was then
resuspended after addition of 75 pl. phosphate-buf-
fered saline (PBS)-citrate.

Flow Cytometry

Five microliters of the MP suspension was diluted
in 35 uL CaCl, (2.5 mmol/L)-containing PBS. Then
5 uL. APC-labeled annexin V was added to all tubes
plus 5 uL of the cell-specific monoclonal antibody
or isotype-matched control antibody. The samples
were then incubated in the dark for 15 min at
room temperature. After incubation, 900 uL of cal-
cium-containing PBS was added to all tubes (except
to the annexin V control, to which 900 uL citrate-
containing PBS was added). Samples were analyzed
for 1 min in a fluorescence automated cell sorter
(FACS Calibur, Becton Dickinson, San Jose, CA,
USA) with CellQuest software (Becton Dickinson).
Both forward scatter and sideward scatter were set
at logarithmic gain. MP were identified on the basis
of their size and density and on their capacity to
bind annexin V. Annexin V measurements were
corrected for auto-fluorescence. The subpopulations
of leukocyte-derived MP were identified based on
their capacity to bind the cell-specific monoclonal
antibodies (CD4, CD8, CD14, CD20 and CDé66e).
Labeling with cell-specific monoclonal antibodies
was corrected for identical concentrations of iso-
type-matched control antibodies. The number of
MP per liter plasma was calculated using the fol-
lowing formula: Number/L=N x (100/5) x
(955/57) x (10°/250), in which N is the number of
events that stained positive for both annexin V and
a cell-specific antibody, 100 (uL) is the (total) vol-
ume of the MP suspension after isolation, from
which 5 (pL) is used for labeling, 955 (uL) is the
total volume of the labeled MP suspension after
dilution, from which approximately 57 (uL) is ana-
lyzed per minute by the flow cytometer, multiplied
by 10° (from uL to L) and finally, 250 (uL) was the
original volume of the plasma aliquot from which
MP were isolated.
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Statistical Analysis

Data were analyzed with Statistical Package of the
Social Science software for Windows, release 16.0
(SPSS Benelux BV, Gorinchem, The Netherlands).
The demographic characteristics of patients are pre-
sented as means with standard deviations. The three
study groups are compared with aANova and Bonfer-
roni post-hoc tests. These tests were also used for the
MLPA data. Data of the ELISA and flow cytometry
were not normally distributed and therefore ana-
lyzed with Kruskall-Wallis tests for differences
among three groups and Mann-Whitney U-tests for
differences between two groups. The presence (inde-
pendent of the extent of expression) of mMRNA
expression of the different genes was compared with
Chi-squared tests. Correlations were analyzed with a
Pearsons bivariate two-sided test. Probability values
of <0.05 were considered statistically significant.

Results

General Markers of Leukocyte Activation in
Pregnancy and Preeclampsia

Numbers of circulating leukocytes

As a general marker of inflammation, we determined
the total number of leukocytes in maternal blood.
Their number was elevated in normotensive preg-
nant women (9.4*10°/L) compared with non-preg-
nant controls (6.0 x 10%/L, P = 0.026). This number
was even higher in the preeclamptic patients
(12.8 x 10°/L, P=0.004 and P =0.08 compared
with non-pregnant controls and pregnant women,
respectively). This is due to an increase in the
number of (neutrophilic) granulocytes, which were
significantly elevated in both preeclampsia and nor-
motensive pregnancy compared with non-pregnant
women (both P =0.001). The absolute numbers of

Preeclampsia Normotensive pregnant women

Lymphocytes
20.6%

Monocytes
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Granulocytes
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Fig. 2 Concentration of sL-selectin. The concentration of sL-selectin in
preeclamptic patients, normotensive pregnant women and non-preg-
nant controls is presented. Every dot represents one patient. The
short interrupted lines represent the median value of each group.

leukocyte subgroups did not differ between normo-
tensive pregnant and preeclamptic women. The per-
centages of  granulocytes, monocytes, and
lymphocytes are shown in Fig. 1.

Levels of sL-selectin in maternal plasma

A widely accepted marker of leukocyte activation is
sL-selectin. The median concentration of sL-selectin
in cell-free citrated plasma of the preeclamptic
patients was 449 ng/mL (range 397-659 ng/mlL;
Fig. 2). This concentration was significantly
decreased compared with both normotensive preg-

Non-pregnant women

Granulocytes

55.4% Fig. 1 Leukocyte counts. The percentages of
different leukocyte subpopulations are shown
for preeclamptic patients, normotensive preg-
nant women and non-pregnant controls.
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nant women (575 ng/mlL, range 480-756 ng/mL),
P=0.015) and the non-pregnant controls
(770 ng/mL, range 629-979 ng/mL, P = 0.001).
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Leukocyte mRNA expression

Of the 40 inflammation-related genes studied by
MLPA, 23 genes were expressed in total circulating
leukocytes in >50% of the preeclamptic patients,
normotensive pregnant women and non-pregnant
controls (Table II). The overall expression pattern of
these genes, however, did not differ between groups.
In preeclampsia, two genes were up-regulated com-
pared with normotensive pregnancy (Fig. 3): NFkB-
1A (P =0.004) and CDKN-1A (cyclin-dependent
kinase inhibitor, P = 0.02). Three genes showed an
elevated expression compared with non-pregnant
controls: NFkB-1A (P = 0.001), IL-1RA, (P = 0.003),
tumor necrosis factor (TNF)-R1 (P = 0.004), whereas
the expression of glutathione s transferase-pl (GST-
P1) was decreased (P = 0.002). The expression of IL-
1RA, TNF-R1, and GST-P1 did not differ between
the patients with preeclampsia and normotensive
pregnant controls (P = 0.76, p=0.33 and P=0.76
respectively).

Nine genes differed in the extent of mRNA expres-
sion between normotensive pregnant women and
non-pregnant controls. Three genes were up-regu-
lated: IL-1f (P = 0.01), IL-1RA (P = 0.002) and TNF-
R1 (tumor necrosis factor-receptor 1, P = 0.001), and
six genes were down-regulated: MYC [early-response
(proto-oncogene) gene myc, P = 0.008], MIP-1B
(P =0.005), PARN (poly-A specific ribonuclease,
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Fig. 3 mRNA expression of interleukin (IL)-13, IL-TRA, tumor necrosis factor-receptor 1(TNF-R1), nuclear factor of kappa light chain gene enhancer
in B cells inhibitor alpha (NFkB-1A), cyclin-dependent kinase inhibitor (CDKN-1A), and glutathione s-transferase (GST)-P1. The relative mRNA expres-
sion compared with B2M expression of several inflammation-related genes differentially expressed in either pregnancy, preeclampsia or both com-

pared with non-pregnant women.

P =0.005), BMI-1 [B lymphoma Mo-MLV (murine
leukemia viral oncogene homolog) insertion region
1, P = 0.003], MIF (macrophage migration inhibitory
factor, P = 0.001), and GST-P1 (glutathione s-trans-
ferase-pl, P = 0.003).

Markers Reflecting Activation of Leukocyte
Subsets in Pregnancy and Preeclampsia

Circulating MP

The activation status of leukocytes and subpopula-
tions thereof was determined by measuring the
numbers of circulating leukocyte-derived MP. Total
numbers of MP and the number of platelet-derived
MP (PMP) were decreased in preeclampsia compared
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with normotensive pregnant women (P = 0.008 and
P =0.004 respectively) and non-pregnant controls
[P =0.001 and P = 0.001 respectively, (data not
shown)]. In contrast, the total numbers of leuko-
cyte-derived MP were comparable between groups
(Fig. 4a). The median total number of leukocyte-
derived MP in preeclampsia was 281 x 10°, which is
11.5% of the total number of MP (the percentages
in pregnant and non-pregnant women were respec-
tively 3.1% and 3.6%). The level of granulocyte-
derived MP was elevated in normotensive preg-
nancy (P =0.022) and preeclampsia (P = 0.007)
compared with non-pregnant controls and were to
be increased in preeclampsia compared with
normotensive pregnant women, but this ditference
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did not reach statistical significance (P = 0.086,
Fig. 4b). MP from monocytes were elevated in pre-
eclamptic patients compared with normotensive
pregnant women (P = 0.049), but not when
compared with non-pregnant women (Fig. 4c). Rep-
resentative examples of the dot plots of monocyte-
derived MP and granulocyte-derived MP from a
non-pregnant woman, a pregnant woman and a
preeclamptic patient are shown in Fig. 5a and 5b.
The number of B-cell-derived MP did not differ
between groups (Fig. 4d) nor did the level of Tyeiper-
cell-derived MP (Fig. 4e). The number of cytotoxic
T-cell-derived MP was elevated in preeclampsia, but
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the difference was only significant compared with
non-pregnant women (P = 0.019, Fig. 4f). There
was no difference in the numbers of cytotoxic
T-cell-derived MP between the pregnant and non-
pregnant controls. Both types of T-cell-derived MP
correlated with the number of lymphocytes in the
maternal blood in preeclampsia (respectively
r=0.678, P=0.045 and r=0.681, P=0.044).
Strikingly, the percentages of leukocyte-derived MP
differed substantially from the distribution of their
parental cells. Based on the numbers of circulating
subsets of MP (Fig. 6), especially lymphocytes and
monocytes seem to be activated.
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Fig. 5 Dot plots of monocyte-derived micro-
particles (MP) and granulocyte-derived MP
from a non-pregnant woman, a pregnant
woman and a preeclamptic patient. Represen-
tative dot plots of monocyte-derived MP and
granulocyte-derived MP from each study
group are provided. The y-axis represents the
side-scatter of the MP and the x-axis repre-
sents the labeling with anti-CD14 (to identify
monocyte-derived MP) and anti-CD66e (to
identify granulocyte-derived MP). Furthermore,
MP were identified on the basis of their size
(forward scatter) and density (sideward scat-
ter) and on their capacity to bind annexin V.
Therefore, all dots in the upper right quadrant
are monocyte-derived MP and granulocyte-
derived MP respectively.

Fig. 6 Percentages of leukocyte-derived
microparticles (MP). The fraction of the differ-
ent leukocyte-derived MP is shown. In
contrast to the parental cells (Fig. 1), granulo-
cyte-derived MP compose the smallest frac-

33.4%

Level of elastase in maternal plasma

To confirm activation of granulocytes in preeclamp-
tic patients, we measured the plasma levels of elas-
tase. The concentration of elastase was significantly
elevated in the preeclamptic patients (median
59 ng/mL, range 29-96 ng/mL) compared with
pregnant women (33 ng/mL, range 26-66 ng/mL,
P =0.009) and non-pregnant controls (28 ng/mL,
range 13-40, P = 0.001, Fig. 7).

Discussion

In the present study, we investigated with different
techniques the extent of activation of leukocytes and
subgroups thereof in preeclampsia. An elevated
number of leukocytes was present in preeclampsia
compared with pregnant women and non-pregnant
controls. Plasma levels of sL-selectin were decreased
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tion of the leukocyte-derived MP, followed by
monocyte-derived MP. The largest fraction is
composed of lymphocyte-derived MP.

in pregnancy and even more decreased in pre-
eclampsia, and several inflammation-related genes
were differentially expressed in preeclamptic
patients. Changes in numbers of circulating subsets
of leukocyte-derived MP and an elevated concentra-
tion of elastase indicated activation of particular sub-
groups of leukocytes in preeclampsia.

Leukocyte activation in general was confirmed by
altered concentrations of sL-selectin in preeclampsia
and to a lesser extent in normotensive pregnancy. L-
selectin is exposed on leukocytes and is proteolyti-
cally cleaved and shed from the cell surface during
activation (sL-selectin). Therefore, the concentration
of sL-selectin is increased in acute inflammatory pro-
cesses?®, but may be decreased in chronic inflamma-
tory processes.”” Decreased concentrations of sL-
selectin have also been reported in other vascular
diseases including (un)stable angina and acute myo-
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Fig. 7 Plasma concentrations of elastase. The concentrations of elas-
tase in plasma of preeclamptic patients, normotensive pregnant
women and non-pregnant controls are shown. Every dot represents
one patient. The short interrupted lines represent the median value of
each group. The minimal detectable level of elastase is 1.98 ng/mL.

cardial infarction.?” Based on our present results and
those of others**®, preeclampsia seems to be a dis-
ease characterized by a more chronic type of inflam-
mation.

Data describing gene-expression in circulating leu-
kocytes from the maternal blood to assess the activa-
tion status are limited. In the present study, an
altered gene profile of inflammation-related and
cell-cycle-related genes was found in normotensive
pregnancy compared with non-pregnant controls.
Nevertheless, no specific predominance of type 2
(e.g. IL-4, IL-5, IL-6 or IL-13) cytokines was present.
Also, no down-regulation of type 1 (IL-2, IL-12, TNF)
cytokines occurred. These results are in line with pre-
vious observations that lymphocytes and monocytes
of preeclamptic women only produce cytokines after
stimulation in vitro.'* mRNA expression of the pro-
inflammatory IL-1f gene in leukocytes was up-regu-
lated in pregnancy, showing that the inflammation is
also present in normotensive pregnancy, and that cir-
culating leukocytes may contribute to this inflamma-
tion. In preeclampsia, mRNA expression of IL-1/ was
also elevated, but this increase was not significant
compared with non-pregnant women. Moreover,
there was also no difference between preeclamptic
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patients and normotensive pregnant women. An ele-
vated plasma level of IL-1f in normal pregnancy but
not in preeclampsia has been reported by others.'®
Endothelial cells are a target for IL-1p. Its effects are
modulated by IL-1RA, which is produced by mono-
cytes and macrophages. In the present study, IL-1RA
was up-regulated in both pregnancy and preeclamp-
sia compared with non-pregnant controls. Elevated
plasma levels of IL-1RA in preeclampsia have been
described before.?* As IL-1RA is an inhibitor of
IL-1R*°, the up-regulation of this gene may be a
protective response.

Although we found no differences in the expres-
sion of TNF-a between the groups, mRNA for TNF-
R1 was up-regulated in pregnancy and preeclampsia.
This may suggest that pregnant and preeclamptic
women are both more sensitive to the effects of
TNF-o. We detected up-regulation of the expression
of NFkB-1A in leukocytes from preeclamptic
patients. NFkB-1A (or IkB) is an inhibitor of NF«B.
NF«B is a transcription factor, which plays an impor-
tant role in immunomodulation by regulating the
expression of a wide variety of genes. NFkB is pres-
ent in the cytoplasm bound to NFxB-1A. After deg-
radation of NFkB-1A, translocation of NFkB to the
nucleus occurs, resulting in pro-inflammatory gene
expression. Although up-regulation of NFxB-1A
mRNA in pregnancy and preeclampsia seems to be
contradictory with the inflammatory hypothesis,
circulating leukocytes isolated from septic patients
showed a similar decreased expression.'® Further-
more, it remains uncertain to which extent changes
in expression levels of the NFkB-1A gene triggers
changes in protein expression, since McCracken
et al. reported down-regulation of NFkB-1A protein
during pregnancy and preeclampsia.>'

Cyclin-dependent kinase inhibitor (CDKN)-1A
plays a role in the cell cycle. The role of CDKN or its
inhibitor in preeclampsia has not been investigated in
humans yet. However, pregnant mice, which are het-
erogeneously deficient for p57®, 2 ie. a potent
inhibitor of several cyclin/cyclin-dependent kinase
complexes, display symptoms similar to preeclamp-
sia.>? Therefore, the clinical relevance of our finding
remains unclear. Finally, the expression of GST-P1
was decreased compared with non-pregnant controls.
GST plays a role in the removal of reactive oxygen
species. As elevated concentrations of GST are present
in plasma from preeclamptic patients, > it seems
unlikely that GST in plasma from preeclamptic
patients originates from circulating leukocytes.
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The total number of MP was decreased in preeclamp-
sia, probably because of a decreased platelet count.>*
We also studied the presence of subsets of leukocyte-
derived MP to determine whether particular types of
leukocytes become activated during preeclampsia and
contribute to the inflammatory response.

Granulocyte-derived MP were elevated compared
with the non-pregnant state and this has been
reported previously.>> These elevated numbers of
granulocyte-derived MP may be because of elevated
counts of granulocytes and granulocyte activation, as
the number of granulocyte MP correlated with the
plasma levels of elastase in the present study. In our
longitudinal study, '’ relatively small numbers of
granulocyte-derived MP (<0.1%) were detected. This
apparent difference with the current data is difficult
to explain, because experimental conditions were
identical. An important difference, however, was the
patient selection. Patients included in the longitudi-
nal study suffered from more severe preeclampsia, as
reflected by increased blood pressure and protein-
uria. We hypothesized that the severity of pre-
eclampsia may affect the complex interaction
between (activated) leukocytes, their MP and the
endothelium. There is some evidence to support this
hypothesis, as adhesion of granulocytes to endothe-
lial cells from preeclamptic pregnancies is increased
compared with granulocyte adhesion to endothelial
cells from control pregnancies.’® Possibly, also the
binding of MP from granulocytes to endothelial cells
is dependent on the state of the disease. Granulo-
cyte-derived MP are also elevated in patients suffer-
ing from multi-organ failure or sepsis compared with
healthy controls, and their numbers strongly corre-
lated with plasma levels of elastase.’” Similarly, we
confirmed this correlation in our present study
(r =0.415, P = 0.025 for the total group). Elastase is
a degranulation product of neutrophils, and elevated
concentrations have been reported in preeclamp-
sia.”’® Elevated levels of monocyte-derived MP were
present in preeclampsia compared with normoten-
sive pregnancy thus reflecting activation of mono-
cytes.

Thelper-cells and cytotoxic T-cells can be divided
into type 1 and type 2 lymphocytes based on their
cytokine production profile. Regulatory T cells are
important regulators of tolerance induction during
pregnancy. The number of regulatory T cells alters
during the normal course of pregnancy and even
more so in women affected by preeclampsia.'’
Recently, a new subset of CD4-exposing T-cells,
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Th17 cells, was discovered, which produces IL-17.?%
The role of this subset of T-cells in preeclampsia
remains unknown. The balance between the type 1
and type 2 T-cells is of importance in pregnancy and
preeclampsia. Preeclampsia is characterized by a pre-
dominance of Tyelperl-cell immunity resulting in a
more pro-inflammatory cytokine profile.'*'? In our
study, cytotoxic T-cell-derived MP were elevated in
preeclampsia compared with the non-pregnant state.
This may be the result of a increased number of acti-
vated CD8" cells, i.e. CD8%(CD25%) T-cells.”® The
number of CD4-exposing MP did not differ between
the groups. By measuring CD4 exposing MP, we
measure a composition of MP derived from different
CD4-exposing cells such as regulatory T-cells
(CD4*CD25"8" | naive T-cells (CD4"CD45RA*) and
T memory cells (CD4"CD45RO™). It has been shown
that the concentration of these cells in preeclampsia
differs from the concentration in normal pregnant
women; in the study of Darmochwal et al., *>° there
was a decrease in CD4*CD25""#" cells and
CD4"CD45RA™ cells and an increase in
CD4"CD45RO™" cells. The net result may had no dif-
ference in the number of MP in preeclampsia versus
normal pregnancy.

Whether the different subpopulations of leukocyte-
derived MP have a role in the development of pre-
eclampsia or merely reflect cell activation remains to
be elucidated. Effects of these MP in in vitro studies
have been reported previously. T-cell-derived MP
impair relaxation of mouse aortic rings iz vitro*® and
leukocyte-derived MP induce the production of the
pro-inflammatory cytokines IL-6 and monocyte che-
motactic protein (MCP)-1 by endothelial cells.**** On
the other hand, we found no direct effect of MP from
preeclamptic patients on RNA expression of inflam-
mation-related genes by endothelial cells in vitro.*

Activation of leukocytes leads to the production
and exposure of adhesion molecules. As a conse-
quence, activated cells may quickly bind to other
cells within the blood or to the endothelium. To
which extent this also applies to MP from such cells,
is unknown. Therefore, it cannot be excluded that
circulating cells and their MP do not necessarily re-
present the entire in vivo situation.

BMI was significantly elevated in preeclamptic
patients. A high BMI is a well-known risk factor for
the development of preeclampsia. It may also influ-
ence the number of MP.**** However, an effect of
obesity on the number of MP has been shown for
patients with a mean BMI of >30-40 kg/m?, which
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is higher than the BMI in our preeclamptic patients.
An effect on leukocyte-derived MP specifically has
never been shown. We did not find a correlation
between BMI and the total numbers of MP in pre-
eclampsia in our data. Therefore, the impact of dif-
ference in BMI between our study groups on the
number of MP appears not to be significant.

In conclusion, our findings confirm the occurrence

of

leukocyte activation in general and leukocyte

subgroups in particular in preeclampsia and to a les-
ser extent in normotensive pregnancy. Changes in
leukocyte-derived MP coincide with altered levels of
sL-selectin and elastase; however, there is no clear

pro-inflammatory

mRNA  expression  profile,

although differences in mRNA expression levels of
NFkB-1A, CDKN-1A, IL-1RA, TNF-R1 and GST were
present in preeclampsia. To what extent activated
leukocytes are rapidly removed from the blood,
thereby triggering leukocyte production within the
bone marrow on one hand and preventing the
remaining cells from showing a full-blown pro-
inflammatory phenotype on the other hand, remains
open for discussion.
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