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xpression of inflammation-related genes in
ndothelial cells is not directly affected by
icroparticles from preeclamptic patients

HRISTIANNE ANNE RACHEL LOK, ANITA N. BÖING, PIETER H. REITSMA,
ORIS A. M. VAN DER POST, ED VAN BAVEL, KEES BOER, AUGUESTE STURK, and
IENK NIEUWLAND

MSTERDAM, THE NETHERLANDS

Background: Inflammation and endothelial dysfunction are prominent in pre-
eclampsia. Microparticles (MPs) may link these processes, as MPs induce the
production of pro-inflammatory cytokines by endothelial cells and cause endothe-
lial dysfunction. Aim: To study changes in expression of inflammation-related genes
in human endothelial cells in response to MPs from preeclamptic patients. Methods:
Human umbilical vein endothelial cells (HUVECs) were incubated for various time
intervals in the absence or presence of isolated MP fractions from preeclamptic
patients (n � 3), normotensive pregnant women (n � 3), non-pregnant controls (n
� 3), and interleukin (IL)-1� as a positive control. Total RNA was isolated and used
for multiplex ligation-dependent probe amplification (MLPA) and real-time poly-
merase chain reaction (PCR). Results: IL-1� enhanced the expression of IL-1�, IL-2,
IL-6, and IL-8; nuclear factor of kappa light chain enhancer in B-cells (NF�B)-1,
NF�B-2, and NF�B-inhibitor; cyclin-dependent kinase inhibitor and monocyte che-
motactic protein-1; and transiently increased tissue factor expression. RNA expres-
sion of inflammation-related genes and genes encoding adhesion receptors, how-
ever, were unaffected by any of the MP fractions tested. Conclusion: MLPA is a
suitable assay to test the inflammatory status of endothelial cells, because incuba-
tion with IL-1� triggered substantial changes in RNA expression in endothelial cells.
Taken together, it seems unlikely that MPs from preeclamptic patients induce
endothelial dysfunction by directly affecting the expression of inflammation-related
genes in these cells. (J Lab Clin Med 2006;147:310–320)

Abbreviations: ANOVA � analysis of variance; B2M � �-2-microglobulin; BMI � B lymphoma
murine leukemia viral oncogen homolog insertion region; bp � base pairs; CDKN-1A �
cyclin-dependent kinase inhibitor; cDNA � copy deoxyribonucleic acid; DNA � deoxyribo-
nucleic acid; dNTP � deoxyribonucleotide triphosphate; EDTA � ethylenediaminetetraacetic;
GAPDH � glyceraldehyde-3-phosphate dehydrogenase; GST-P1 � glutathione s-transferase
p1; HUVEC � human umbilical vein endothelial cell; ICAM � intracellular adhesion molecule;
IL � interleukin; ISSHP � International Society for the Studies of Hypertension in Pregnancy; KCl
� kalium chloride; MCP � monocyte chemotactic protein; MgCl2 � magnesium chloride; MIF
� macrophage migration inhibitory factor; MIP � macrophage inflammatory protein; MLPA �
multiplex ligation-dependent probe amplification; MP � microparticle; mRNA � messenger
ribonucleic acid; NF�B � nuclear factor of kappa light chain enhancer in B-cells; NF�B-IA �
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NF�B inhibitor alpha (I�B); PARN � poly-A specific ribonuclease; PCR � polymerase chain
reaction; PDE � phosphodiesterase; PDGF � platelet-derived growth factor; PMP �
platelet-derived microparticle; PTP � protein-tyrosine phosphatase; RA � receptor agonist;
RNA � ribonucleic acid; RT � reverse transcription; SERP � serine proteinase inhibitor; Taq �
Thermus aquaticus polymerase; TF � tissue factor; THBS � thrombospondin-1; TNF-R � tumor-

necrosis factor receptor; VCAM � vascular cell adhesion molecule
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nflammation and endothelial dysfunction are both
rominent in the development of preeclampsia.1 The
ctivated endothelium plays a pivotal role in the pro-
uction of inflammatory mediators such as cell-adhe-
ion receptors, growth factors, cytokines, and mediators
hat influence the vascular tone. However, the factors
hat initiate this inflammatory response are still un-
nown.
MPs, small membrane vesicles released from activated

r apoptotic blood cells or endothelial cells, modulate
ndothelial cell function because MPs from preeclamptic
atients impair endothelium-mediated relaxation in iso-
ated myometrial arteries.2 In addition, in vitro-generated
MPs trigger the production of IL-1�, IL-6, and IL-8 in
ndothelial cells, as reflected by elevated mRNA and
rotein levels.3 Leukocyte-derived MPs induced the pro-
uction of the pro-inflammatory cytokines IL-6 and
CP-1 by endothelial cells,4,5 and leukocyte MPs from

ynovial fluid of arthritic joints triggered the production of
L-8 and MCP-1 by fibroblast-like synoviocytes.6 Ele-
ated levels of MPs from leucocytes have been reported in
reeclampsia.7 Whether isolated MP fractions from pre-
clamptic patients affect the expression of inflammation-
elated genes or genes encoding adhesion receptors in
ndothelial cells is the focus of this study.
To study possible MP-induced changes in RNA ex-

ression of endothelial cells, a novel method, MLPA,
as used.8 In parallel experiments, the suitability of

his method in endothelial cells was investigated
y measuring time-dependent changes in (m)RNA-
xpression of 40 different inflammation-related genes
nduced by the pro-inflammatory cytokine IL-1�. Real-

able I. Patient characteristics

Preeclampsia
(n � 3)

Normotens
(n

ge (years) 29.1 � 5.5 29.
estational age (weeks) 30.2 � 2.7 31.
lood pressure
Systolic (mmHg) 163 � 7.6 10
Diastolic (mmHg) 112 � 10.4 6

ody mass index (kg/m2) 25.0 � 7.5 25.
irth weight 1460 � 370 329

bbreviations: NS, not significant; P, P-value of the difference in m

he difference in means between preeclampsia and non-pregnant contro
ote: Data are presented as mean � SD.
ime PCR was used to determine RNA expression lev-
ls of various adhesion receptors produced by endothe-
ial cells after incubation with MP or IL-1�.

ATERIALS AND METHODS

Patients. The study was approved by the medical ethical
ommittee of the Academic Medical Center and was carried
ut according to the principles of the Declaration of Helsinki.
fter obtaining written informed consent, blood samples were
btained from preeclamptic patients (n � 3), normotensive
regnant women (n � 3), and non-pregnant controls (n � 3).
he women were matched for maternal age (�5 years) and
arity. The preeclamptic patients and normotensive pregnant
omen were also matched for gestational age (�2 weeks).
he non-pregnant controls were healthy women not using any
edication, including oral contraceptives. Preeclampsia was

efined according to the definitions of the ISSHP: (1) dia-
tolic blood pressure of 110 mm Hg or more on any occasion
r 90 mm Hg or more on two separate occasions at least 4
ours apart, (2) proteinuria of 0.3 g protein in 24 hours
eveloping after 20 weeks gestational age, and (3) values
eturning to normal within 3 months after delivery.

In each group, 2 patients were primiparous and 1 patient
as multiparous. As expected, the systolic and diastolic blood
ressures were significantly higher in the preeclamptic group
ompared with the normotensive pregnant women and the
on-pregnant controls. The birth weight was lower in the
reeclamptic group compared with the normotensive pregnant
omen. No other differences existed (Table I).
Collection of blood samples. Samples were taken from

he antecubital vein without a tourniquet through a 20-gauge
eedle with a vacutainer system. The samples were collected
nto a 4.5-mL tube containing 0.105-M (3.2%) buffered so-
ium citrate (Becton Dickinson; San Jose, Calif). Within 30

nancy Non-pregnant controls
(n � 3) P P�

25.7 � 4.6 NS NS
NS

122 � 14.9 0.002 0.008
69 � 5.3 0.001 0.001

NS
0.02

ween preeclampsia and normotensive pregnancy; P�, P-value of
ive preg
� 3)

6 � 5.0
2 � 1.2

7 � 5.8
5 � 5.0
0 � 8.2
5 � 572

eans bet

ls.
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inutes after collection, cells were removed by centrifugation
or 20 minutes at 1560 g and 20°C. Plasma samples were then
ivided into 250-�L aliquots, immediately snap frozen in
iquid nitrogen to preserve MP structure, and then stored at

80°C until further analysis.
Isolation of microparticles. Plasma (8 aliquots) was

hawed on melting ice, pooled in 2 aliquots of 1 mL, and
entrifuged for 60 minutes at 17,570 g and 20°C to pellet the
Ps. After centrifugation, 975 �L of the supernatant was

emoved from each aliquot. The MP pellets (25 �L) were
hen resuspended in 500-�L culture medium and 25 �L of the

P-free plasma was also diluted in 500-�L culture medium.
Endothelial cell isolation. Umbilical cords were collected

t the delivery ward of the Academic Medical Center. Only
mbilical cords from healthy pregnant women with uncom-
licated singleton pregnancies were used. Our procedures for
ndothelial cell isolation were described by Abid Hussein et
l.9 As the addition of serum is essential for the survival of
ndothelial cells, MP were removed from human serum by
entrifugation. In the third passage, HUVECs were trans-
erred to a 24-well plate coated with gelatin. After confluence,
he cells were maintained for 2–3 days until steady state was
chieved before the experiments were started.

Incubation and RNA isolation. For the initial experiments
ith IL-1� to study the time-dependent changes in mRNA

xpression in activated HUVEC and the suitability of the
LPA assay, culture medium of the confluent cells was

eplaced by culture medium containing IL-1� (5 ng/mL;
igma-Alderich Chemie, Zwijndrecht, The Netherlands) or
y culture medium without IL-1� (control). Endothelial cells
ere incubated at 37°C with IL-1� or culture medium alone

or 0, 30, 60, 90, 120, or 240 minutes. To analyze the possible
ffect of endothelial cell subcultures on RNA expression,
ndothelial cells from 2 different umbilical cords were cul-
ured and RNA was isolated from the first and third passage
ells. All measurements were performed in triplicate. Cells
ere incubated without or with IL-1� for 1 hour and 4 hours.
NA expression was analyzed by MLPA.
For the MP experiments, endothelial cells were incubated

ith 500-�L culture medium with either isolated MPs or
P-free plasma. The cellular origin of circulating MPs in

reeclamptic patients was previously determined and it was
hown that �95% of these MPs are derived from platelets.7

L-1� and culture medium alone were used as positive and
egative controls. After 1 hour and 4 hours of incubation,
ulture medium was removed and cells were detached by
ncubation with 500-�L trypsin. Subsequently, the cell sus-
ensions were mixed with 500-�L culture medium and cen-
rifuged for 10 minutes at 20°C and 300 g. The supernatant
as removed, and total RNA was isolated from the endothe-

ial cells using RNeasy columns (Qiagen, Hilden, Germany)
ccording to the protocol of the manufacturer. Total RNA was
issolved in 30-�L RNase-free water (Qiagen, Hilden, Ger-
any) and stored at �20°C until further analysis.
MLPA. MLPA (kit P009; MRC-Holland, Amsterdam, The

etherlands) was performed with RNA in a concentration of
0–60-ng RNA/�L. With the MLPA assay, 40 different

enes can be determined simultaneously using 40 different c
robes.8 The length of a MLPA probe varies between 130 bp
nd 500 bp. Each probe consists of a short oligonucleotide
hat contains a target-specific sequence at the 3= end and a
onger oligonucleotide that contains a target-specific se-
uence at the 5= phosphorylated end, and a stuffer sequence of
variable length to enable the separation of the different PCR
roducts during electrophoresis.
The MLPA assay consists of 6 steps, of which the first 5

teps are schematically presented in Fig 1: (1) isolation of
NA, (2) production of single-strand cDNA, (3) hybridiza-

ion and (4) ligation of different probes, (5) PCR of the ligated
robes, and finally (6) capillary electrophoresis. The RNA
amples were thawed, and 2.5 �L of each RNA sample was
sed. For the RT reaction (2), a RT-primer mixture, a RT-
uffer, and dNTPs were added to the 200-�L PCR tubes
ontaining the RNA samples. Samples were heated at 80°C
or 1 minute in a high-speed thermal cycler with a heated lid
Biometra Uno II, Göttingen, Germany) and incubated for 5
inutes at 45°C. Reverse transcriptase was diluted to 20
/�L, and 1.5 �L was added per sample. After 15 minutes of

ncubation at 37°C, the samples were heated at 98°C for 2
inutes. In the hybridization phase (3), 1.5-�L buffer (1.5-M
Cl, 1-mM EDTA, 300-mM Tris-HCl, pH 8.5) and 1.5-�L
robe mixture (1–4 fmol of each short-probe oligonucleotide
nd each long-probe oligonucleotide in Tris EDTA) were
dded to the samples. The samples were then heated for 1
inute at 95°C, followed by incubation for 16 hours at 60°C

o allow complete hybridization. The procedure was contin-
ed with the addition of a ligase enzyme at 54°C for 15
inutes to enable ligation (4). The samples were heated for 5
inutes at 98°C. Then the PCR reaction was started with 5
L of the MLPA product (5) and the addition of an enzyme
ilution buffer, PCR primers, water, and a polymerase mix-
ure. The amplification cycle (95°C—60°C—72°C) was re-
eated 32 times. ROX 500, a fluorescence marker, was added
o the PCR product. Samples were purified with Sephadex
-50 (Sigma-Alderich Chemie) in filter plates (mahvn4550;
illipore, Billerica, Mass) and analyzed by capillary electro-

horesis (6) on a capillary sequencer (ABI 3100; Applied
iosystems, Warrington, UK). The intensity and size of the
ifferent probes were calculated with Genescan and Geno-
yper software packages (Applied Biosystems). In line with
he manufacturer’s instruction for the application of the

LPA kit in blood cells, B2M was chosen as a reference
household) gene for this study. In preliminary experiments
data not shown), it was confirmed that changes in B2M
xpression were minimal in control cells and in response to
L-1�. In each experiment, the expression of the B2M gene
as arbitrarily set at 1.0 (ie, 100%), to which changes in gene

xpression were compared (Figs 2 and 3).
Real-time LightCycler PCR. Real-time PCRs were per-

ormed on a LightCycler System according to the protocol of
he manufacturer (Roche Diagnostics, Mannheim, Germany).
T was carried out at 42°C for 60 minutes (first strand cDNA

ynthesis kit; Roche Molecular Biochemicals; Mannheim,
ermany). For each PCR reaction, 2 �L of cDNA and an
8-�L reaction mixture were used. The reaction mixture

ontained 2.0-�L DNA Master Mix SYBR Green I (Taq
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NA polymerase, SYBR Green I dye, 10-mmol/L MgCl2,
nd deoxynucleoside triphosphate mixture), 0.5 �L (2.5 ng)
f both the forward primer and the reverse primer, 2.4-�L
.0-mmol/L MgCl2, and 12.6-�L aqua dest. Primers for E-
electin, ICAM-1, VCAM-1, GAPDH, and TF were obtained
rom Biolegio (Nijmegen, The Netherlands and are summa-
ized in Table II). For DNA amplification, 40 cycles of
enaturation (95°C, 30 s), annealing (10 s, primer-dependent;
ee Table II) and extension (72°C, 10 s) were performed.

ater was used as a negative control. The melting curve
nalysis started at 95°C was then decreased to 5°C below the
nnealing temperature of each primer and then increased
gain to 95°C at the rate of 0.2°C/s. Quantification analysis
as performed as described by Ramakers et al.10 In each

xperiment, the expression of GAPDH was set at 1.0 (ie,
00%), to which changes in E-selectin, ICAM-1, VCAM-1,
nd TF expression were compared.

Statistics. Data were analyzed with Statistical Package of
he Social Science software for Windows, release 11.5 (SPSS
enelux BV, Gorinchem, The Netherlands). The demo-
raphic characteristics of patients were normally distributed
nd therefore analyzed with a one-way ANOVA test for
ifferences among 3 groups and Bonferroni post hoc tests.
NA expression of each gene measured with MLPA or

eal-time PCR was determined as a function of time and
ompared with the RNA expression of the endothelial cells

XXXXX 3’5’

3’ 5’

3’ 5’

A B

A B

Fig 1. Schematic overview of the MLPA procedur
steps are shown: (1) isolation of RNA, (2) productio
(3) overnight hybridization of 40 pairs of a short-pro
with the cDNA, (4) ligation of different probes by a
The last step (6), capillary electrophoresis, is not s
ncubated with culture medium alone (control). A mixed g
odel was used to analyze expression of individual genes as
function of incubation time (repeat measures) and incuba-

ion condition. Data were paired because endothelial cells
rom the same umbilical cord were used for incubations with

P, MP-free plasma, or controls. If the P-value of the inter-
ction between incubation condition and time was �0.05, the
ifference was considered significant.

ESULTS

MLPA Effect of IL-1� on mRNA expression in HUVEC. To
alidate the use of MLPA in endothelial cells and the
ffect of the pro-inflammatory IL-1�, experiments were
erformed using HUVECs from 7 umbilical cords. In-
ubation with IL-1� for different time intervals up to 24
ours showed maximal expression of all tested genes
ithin the first 4 hours after addition of IL-1� (data not

hown). Therefore, all further experiments were per-
ormed within this time interval.

Figure 2 shows changes in expression of interleukins
A, B), oncogenes and transcription factors/inhibitors
C, D), various intracellular enzymes (E, F), and che-
okines, PDGF-B, TF, THBS-1, and TNF-R (G, H).
ompared with control, especially the expression of

ition 40 specific primers

2. Production of cDNA

3. Hybridization of probes

4. Ligation of probes

5. PCR of ligated probes

ition of 40 probes

1. Isolation of RNA

Stuffer fragment (25-358 bp)

Hybridisation fragments (A:21-34,B:28-47 bp)

Primers for PCR (A: 19 bp, B: 28 bp)

LPA assay consists of 6 steps, of which the first 5
le-strand cDNA by a reverse transcriptase reaction,
ucleotide (A) and a long-probe oligonucleotide (B)
zyme, and (5) PCR of the ligated probes 32 cycles.
this figure.
RNA

cDNA

add

add

e. The M
n of sing
be oligon
ligase en
enes coding for IL-8 (A), NF�B-1, NF�B-1A, and
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Fig 2. RNA expression in HUVECs after incubation with IL-1�. RNA expression induced by IL-1� (A, C, E,
G) and control (B, D, F, H) of interleukins (A, B), transcription factors and oncogenes (C, D), enzymes or
enzyme inhibitors (E, F), and other cellular factors (G, H). Incubation times were 0 (white), 30, 60, 90, 120, and
240 minutes (black). Statistically significant changes in expression are marked with *. The Y-axis displays the

relative expression of each probe compared with B2M.
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Fig 3. RNA expression in HUVECs after incubation with MPs. This figure shows the RNA expression in
endothelial cells after incubation with MPs (A, C, E, G, I) or MP-free plasma (B, D, F, H, J). The bars represent
from the left to the right: preeclampsia, normotensive pregnancy, non-pregnant controls, IL-1� (positive
control), and culture medium alone (negative control). The left side of each graph shows the results of 1 hour
of incubation, and the right side of each graph shows the results of 4 hours of incubation. The Y-axis displays

the relative expression of each probe compared with B2M. Significant changes in expression are marked with *.
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F�B-2 (C) and MCP-1 (G) increased. TF expression
as transient and maximal after 1 hour.
Results of duplicate samples of the same umbilical

ord before incubation were almost identical (ie, vari-
tion in expression was less than 1%) (data not shown).
hen gene expression was normalized to the mean

xpression of a series of relatively stable genes (B2M,
MI, and PARN plus TNF-R) rather than B2M alone,

imilar expression patterns were observed (data not
hown).

RNA expression of 37 genes was comparable be-
ween the first and third passages. In the absence of
L-1� and compared with the first passage cells, only
he expression of BMI (at 1 hour) and CDKN-1A (at 1
our and 4 hours) were increased. Endothelial cells
timulated with IL-1� showed an increased expression
f CDKN-1A after 1 hour but not after 4 hours, and
xpression of MYC was elevated (at 1 hour). BMI,
DKN-1A, and MYC all play a role in the cell-

ig 3. Continued

able II. Primers used for real-time LightCycler PCR

Sequence (5

CAM-1 forward TTCCTCACCGTGT
reverse TCCATGGTGATCT

-selectin forward TGAGCATGGAAG
reverse AGCTTCCAGGGTT

F forward TGAAGGATGTGAA
reverse GGCTTAGGAAAG

CAM-1 forward GGAATTTCTGGAG
reverse TTGCAGCTTTGTG

APDH forward GAAGGTGAAGGT
reverse GAAGATGGTGATG
ivision-cycle control system, which seems to be af- f
ected by cell passage.10–12 As the expression of all
ther genes studied was hardly affected, it was decided
o perform all experiments with the third passage en-
othelial cells to circumvent the complication of com-
ining endothelial cells from various umbilical cords in
rder to obtain sufficient cells for the experimental
etup.

In Table III, an overview of the MLPA data of
ultiple experiments is summarized.13–40 In this table,

he frequencies of detectable quantities of RNA for
ndividual genes in either resting or (IL-1�) activated
ndothelial cells are indicated. Of the 40 genes studied,
7 were expressed in HUVECs, of which 20 genes had
een demonstrated previously. The expression of BMI,
ARN, PTP-4A, and MCP-2 has not been described in
UVECs before. BMI is an oncogene, expressed in

ymphomas and other malignancies.10,11 PARN dead-
nylates mRNAs, and PTP-4A is a tyrosine phospha-
ase, important for cell development, growth, and dif-

bp Annealing Temperature

ACT 228 bp 60°C
A
TT 227 bp 60°C
AA
CGT 237 bp 58°C
CC

AGA 226 bp 58°C
T
C 225 bp 55°C

TC
= ¡ 3=)

ACTGG
CTCCTC

CCTGGT
TTGGA
GCAGA

TGTTGTT
GATGC
GATGGA
CGGAGT
erentiation. Finally, MCP-2 is a monocyte chemotactic
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rotein. Current findings also implicate that human
ndothelial cells may produce IL-2 and IL-12 and ex-
ress the transcription factor NF�B-2, which is a mem-
er of the NF�B/Rel gene family that regulates acute

able III. Overview of presence of inflammatory
enes in HUVEC

Probes MLPA Literature Ref

nterleukins IL-1� 	 	 13, 14
IL-1� 	 	 13, 15
IL-1RA � 	 14, 16
IL-2 	 � 10, 11
IL-4(R1) � � 13, 14
IL-4(R2) � � 15, 14
IL-6 	 	 13, 14
IL-8 	 	 13–15
IL-10 � � 13
IL-12(p35) � � 15
IL-12(p40) 	 � 13
IL-13 � � 13, 14
IL-15(R1) 	 	 13
IL-15(R2) � 	 15
IL-18 � 	 17�

ranscription factors/
oncogenes

BMI 	

MYC 	 	 18, 19
NF�B-1 	 	 20†

NF�B-1A 	 	 21
NF�B-2 	 � 22

nzymes/Enzyme-
Inhibitors

CDKN-1A 	 	 23

GST-P1 	 	 24�

PARN 	
PDE-4B 	 	 25, 26
PTP-1B 	 	 27
PTP-4A 	
SERP-B9 	 	 28, 29

ther cytokines B2M 	 	 30‡

IFN
 � � 13, 14
MIF 	 	 31
MCP-1 	 	 14, 32
MCP-2 	
MIP-1A � 	 33�

MIP-1B � � 34
PDGF-B 	 	 35, 36
TF 	 	 37, 38
THBS-1 	 	 39�

TNF-� � 	 13
TNF-R1 	 	 40
TNF-� �

otes: All probes of the MLPA assay are listed. “	” reflects detec-
ion of the RNA of interest in at least two samples in the MLPA (third
olumn) or reported in literature (fourth column), “�” means not
etectable in any sample studied (n � 84) in the MLPA (third
olumn) and not detected by other authors (fourth column), not
ven at protein level.
Protein level.
Activity measurement.
Flowcytometry.
hase and immune responses. Although others reported s
he expression of IL-1 RA, IL-18, MIP-1A, and TNF-�
n endothelial cells, the authors could not detect their
xpression, which may be due to the use of different
gonists.

RNA expression after incubation with MP. Endothelial
ells were incubated with isolated MP fractions or
P-free plasma from patients with preeclampsia, nor-
otensive pregnant women, or healthy controls. IL-1�
as used as a positive control, and culture medium was
sed as a negative control. Figure 3 shows the RNA
xpression of individual cytokines after incubation with
hese MP fractions (A, C, E, G, I) and MP-free plasma
B, D, F, H, J) and the controls. The incubation period
as 1 hour (left side of each graph) or 4 hours (right

ide of each graph). The pro-inflammatory interleukins
IL-1�, IL-6, and IL-8) were not upregulated after
ncubation with MPs or MP-free plasma in any of the 3
roups studied (A, B). Also, genes encoding oncogenes,
ranscription factors (C, D), enzymes and enzyme-in-
ibitors (E, F, G, H), MCP-1, macrophage MIF,
DGF-B, TF, and THBS-1 (I, J) were unaffected by

ncubation with MPs or MP-free plasma. In these ex-
eriments, the results for IL-1� and culture medium
lone were comparable with the initial experiments,
hich illustrates that HUVECs were viable and sensi-

ive to activation.
Real-time PCR. To validate the sensitivity of MLPA

n endothelial cells and to determine RNA expression
f well-known endothelial adhesion molecules not in-
luded in the MLPA assay, real-time PCR was per-
ormed. Incubation with IL-1� resulted in a significant
ncrease in expression of ICAM, VCAM, E-selectin,
nd TF (Fig 4). Expression of these adhesion molecules
nd TF was unaffected by incubation with MPs or
P-free plasma from patients with preeclampsia, nor-
otensive pregnant women, or healthy controls.

ISCUSSION

In preeclampsia, the number of leukocyte-derived
Ps is elevated compared with normotensive pregnant
omen and non-pregnant controls.7 In vitro-prepared

eukocytic MPs trigger the release of IL-6 and MCP-1
rom endothelial cells4,5 and leukocytic MPs isolated
rom synovial fluid of arthritic patients induce the re-
ease of cytokines from synoviocytes.6 This process
hows that leukocytic MPs promote inflammation.
herefore, we hypothesized that MPs from preeclamp-

ic patients may directly affect expression of inflamma-
ion-related genes in endothelial cells.

Inflammation and endothelial dysfunction are closely
ssociated in preeclampsia, and isolated MPs from pre-
clamptic patients impair endothelial-dependent vaso-
ilatation in resistance arteries.2 Dilation of blood ves-

els results from complex interactions between the
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ndothelium and the underlying smooth muscle cells.
Ps may impair dilation by directly affecting endothe-

ial cells, smooth muscle cells, or their interaction. In
his study, the first possibility was assessed (ie, whether

Ps exert their action directly on endothelial cells). It
as demonstrated that MPs from preeclamptic patients
id not affect the RNA expression of the studied genes
n endothelial cells, not even with higher numbers than
n vivo. The authors cannot exclude that the expression
f other genes in endothelial cells (ie, genes not in-
luded in the MLPA) may be affected by MPs.
The second option (ie, the direct binding of circulat-

ng MPs to vascular smooth muscle cells) seems un-
ikely, because an intact endothelium prevents binding
f MPs to these cells. However, in preeclampsia, the
ndothelium is damaged, possibly leading to exposure
f the vascular smooth muscle cells to circulating MPs.

Fig 4. RNA expression in HUVECs measured wit
endothelial cells of adhesion molecules and TF. T
normotensive pregnancy, non-pregnant controls, Il
control). (A) Results of 1 hour of incubation with MP
of 1 hour of incubation with plasma. (D) Results of
relative expression of each probe compared with GA
inally, MPs may affect the interaction between endo- s
helial cells and vascular smooth muscle cells because
Ps modulated isolated arteries.
The MLPA assay monitors changes in RNA expres-

ion of inflammation-related genes in human endothe-
ial cells. This study is the first to use the MLPA for
nalysis of endothelial RNA expression. IL-1� induced
significant inflammatory response in endothelial cells.
n effect of MPs could not be monitored. However, it

annot be excluded that subtle changes in gene expres-
ion induced by MPs were not detected. Additional
tudies will be necessary to determine whether minimal
hanges in RNA expression in endothelial cells can be
ccurately determined with MLPA. Also, it cannot be
xcluded that MPs target the endothelium of small
rterioles. However, isolating sufficient RNA from
uch vessels is difficult and carries the risk of contam-
nation by RNA from other cell types (eg, vascular

e PCR. Real-time PCR shows RNA expression in
epresent from the left to the right: preeclampsia,
tive control), and culture medium alone (negative
ults of 4 hours of incubation with MPs. (C) Results
f incubation with plasma. The Y-axis displays the

nificant changes in expression are marked with *.
h real-tim
he bars r
-1� (posi
. (B) Res
4 hours o
mooth muscle cells), which complicates the interpre-
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ation of the results. The effect of MPs on first passage
ndothelial cells was not investigated because prelimi-
ary experiments showed only minimal differences in
ene expression between the first and the third passage
ndothelial cells. Therefore, it is unlikely that MPs
ould affect RNA expression of first passage cells
ifferently.
In conclusion, the MLPA assay can be used to
onitor changes in inflammation-related genes in

uman endothelial cells in vitro, but a direct effect of
solated MPs from preeclamptic patients on the ex-
ression of either inflammation-related genes or
enes encoding adhesion receptors in endothelial
ells could not be demonstrated.

The authors thank Arnold vd Spek, Hella Aberson and Chi Hau for
heir technical advice and assistance.
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