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Preeclampsia is a hypertensive disorder of pregnancy
and a leading cause of fetal and maternal morbidity and
mortality. It is associated with proteinuria, pathological
edema, coagulation abnormalities, reduced uteroplacen-
tal blood flow, and intrauterine growth restriction.

The cause of preeclampsia is not known, but there is
good evidence that it is associated with endothelial cell
activation and dysfunction. Many investigators have
demonstrated markers of endothelial cell activation in
women with preeclampsia. Indicators of endothelial acti-
vation include increased circulating levels of von Wille-
brand factor, endothelin, soluble vascular cell adhesion
molecule, thrombomodulin, and cellular fibronectin as
well as increased growth factor activity."? Perhaps the
most important indicator of endothelial cell dysfunction is
decreased plasma and urinary levels of prostacyclin,
because the endothelium is the main source of
prostacyclin.®®

Factors present in the blood of preeclamptic women
cause endothelial cell activation. For example, exposure
of endothelial cells to plasma or serum from preeclamptic
women causes activation of nuclear factor-«B and in-
creased expression of intercellular adhesion molecule-1
and vascular cell adhesion molecule-1 compared with
plasma or serum from normal pregnant women.®” Treat-
ment with antioxidants prevents these effects, so oxida-
tive stress appears to mediate the effects of plasma
factors. The question remains what factor or factors
present in the blood of preeclamptic women causes en-
dothelial cell activation. To date, a number of possible
candidates have been suggested.

Shed Membrane Particles

In this issue of The American Journal of Pathology, Meziani
and colleagues present a novel mechanism for endothe-
lial cell activation in preeclamptic women.® They show
that shed membrane particles of leukocytes and platelets
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that are present in plasma have the ability to induce
vascular inflammation and modulate vascular tone. They
report that preeclamptic women have significantly more
total membrane particles, more leukocyte-derived mem-
brane particles, and more platelet-derived membrane
particles than normal pregnant women. Vascular effects
were tested by incubating the particles for 24 hours with
human omental vessels or mouse aortic rings and then
evaluating their responses to serotonin. Membrane par-
ticles from preeclamptic but not normal pregnant women
reduced serotonin-induced vasoconstriction. Use of a
nitric-oxide synthase inhibitor and determination of nitric
oxide release suggested that preeclamptic membrane
particles antagonized serotonin vasoconstriction by stim-
ulating inducible nitric-oxide synthase to increase nitric
oxide. Treatment of vessels with a cyclooxygenase-2
(COX-2) inhibitor reduced serotonin vasoconstriction.
Preeclamptic membrane particles also induced inflam-
mation in treated vessels as evidenced by activation of
nuclear factor-«B, expression of COX-2, formation of ni-
trotyrosine, and production of superoxide. Preeclamptic
membrane particles also stimulated production of 8-iso-
prostane from treated vessels, demonstrating their ability
to induce oxidative stress. Separation of platelet mem-
brane particles from leukocyte membrane particles sug-
gested that leukocyte membrane particles were respon-
sible for inducing COX-2, whereas platelet membrane
particles were responsible for stimulating nitric oxide. The
investigators suggest that platelet membrane particles
may have a protective effect in preeclamptic women by
counteracting vasoconstriction. The data also suggest
that leukocyte membrane particles may be a cause of
endothelial inflammation in preeclampsia. Studies show-
ing inflammatory effects of preeclamptic serum or plasma
on endothelial cells could be due to leukocyte membrane
particles because the centrifugal force used to separate
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serum or plasma is not sufficient to remove membrane
particles.

Leukocytes and platelets are not the only source of
membrane particles in pregnancy. The placenta is an
additional source.® The maternal side of the placenta is
lined by the multinucleated syncytiotrophoblast cells,
which continually break down and are replaced by fusion
of the underlying cytotrophoblast cells. Syncytiotropho-
blast membrane fragments are an additional source of
membrane particles during pregnancy. During pre-
eclamptic pregnancy, the placenta is under oxidative
stress with increased production of lipid peroxides and
decreased antioxidant protection.>'"" Placental oxida-
tive stress destabilizes the syncytiotrophoblast cells, re-
sulting in an increase in the release of membrane parti-
cles containing oxidized lipids. Syncytiotrophoblast
membrane particles isolated from plasma of preeclamp-
tic women have also been shown to cause endothelial
activation.®

Oxidative Stress

Another proposed cause of endothelial cell activation is
oxidative stress, and preeclampsia is associated with
oxidative stress.®'? Placentas of women with preeclamp-
sia produce significantly more lipid peroxides than pla-
centas of women with normal pregnancy,®'® and the lipid
peroxides are secreted primarily toward the maternal
circulation.’® Markers of lipid peroxidation are elevated in
the maternal circulation. Thiobarbituric reactive sub-
stances, which primarily reflect malondialdehyde (a
breakdown product of lipid peroxides), and 8-isopros-
tane are elevated in maternal plasma of preeclamptic
women.>'? Oxidized lipids present in low-density li-
poproteins could cause oxidation of endothelial cell
membranes as the low-density lipoproteins are taken up
by the cells, and the oxidized lipids are incorporated into
the cell membranes. Oxidation of endothelial cell mem-
branes causes them to become leaky to proteins.'®
Thus, oxidation of endothelial cells could explain
edema and proteinuria, which are clinical symptoms of
preeclampsia.

Maternal circulating oxidized lipids may be the cause
of endothelial cell activation, but attempts to directly mea-
sure oxidized lipids or oxidized low-density lipoprotein in
maternal blood have been inconsistent. Branch et al re-
ported higher titers of autoantibodies to oxidized low-
density lipoprotein,'® but other investigators have not
confirmed this.'® Diedrich et al used a highly specific
high-performance lipid chromatographic-chemilumines-
cence technique to measure lipid peroxides in plasma,
but they could not detect an increase in preeclamptic
women." They did, however, confirm a significant eleva-
tion in thiobarbituric reactive substances. These findings
raise the possibility that circulating oxidized lipids per se
are not the cause of endothelial cell activation, but rather,
the cause is a breakdown product such as malondialde-
hyde. Malondialdehyde is an aldehyde and is thus capa-
ble of inducing toxic effects on endothelial cells.
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Elevated Plasma Lipids

Elevated plasma lipids are another possible cause of
endothelial cell activation. Plasma lipid levels increase in
pregnancy but increase further in women with pre-
eclampsia.'® Serum-free fatty acids and triglycerides are
increased in women with preeclampsia and are in-
creased before 20 weeks’ gestation in women who later
develop preeclampsia. Treatment of endothelial cells
with sera from preeclamptic women increases the con-
tent of triglycerides and reduces the release of prostacy-
clin. One of the fatty acids elevated in preeclamptic
women is linoleic acid. Linoleic acid induces oxidative
stress in endothelial cells, and endothelial cells incu-
bated with linoleic acid show a concentration-dependent
reduction in the release of prostacyclin.'®

Activated Neutrophils

Another possible cause of endothelial cell activation is
neutrophils. Neutrophil numbers increase during preg-
nancy and increase further with preeclampsia. Several
reports demonstrate that neutrophils are activated in
women with preeclampsia.'® Neutrophil activation likely
occurs as they circulate through the intervillous space
and are exposed to oxidized lipids secreted by the
placenta.®

Plasma factors have been shown to stimulate transen-
dothelial migration of neutrophils in vitro. Plasma from
preeclamptic women significantly stimulated transendo-
thelial migration of neutrophils compared with plasma
from normal pregnant women or normal nonpregnant
women.?® Treatment with antioxidants blocked the re-
sponse, demonstrating that oxidative stress was
involved.

We recently showed extensive infiltration of neutrophils
into the systemic vasculature of women with preeclamp-
sia.?’?2 Neutrophils were flattened and adhered on the
endothelium and infiltrated into the intimal space. Neu-
trophil infiltration was associated with markers of inflam-
mation in the endothelium. Nuclear factor-kB was
activated, and there was increased expression of inter-
cellular adhesion molecule-1, COX-2, and interleukin-
8.2122 Although circulating factors might initially activate
the endothelium, flattening and adherence of neutrophils
to the endothelium would exacerbate the situation
through release of reactive oxygen species, tumor necro-
sis factor-a, and myeloperoxidase.

The endothelium is not the only part of the vasculature
that is affected in preeclampsia. The vascular smooth
muscle is also dysfunctional, showing activation of nu-
clear factor-«B and increased expression of intercellular
adhesion molecule-1, COX-2, and interleukin-8.2"22 Al-
though circulating factors in maternal blood, such as
membrane particles, oxidized lipids, unoxidized lipids, or
malondialdehyde, might activate endothelial cells, they
probably would not affect the underlying vascular smooth
muscle. Vascular smooth muscle dysfunction requires a
further mechanism that may involve neutrophils. Release
of reactive oxygen species, tumor necrosis factor-a, and
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myeloperoxidase by neutrophils that have infiltrated into
the intimal space could be responsible for smooth mus-
cle inflammation in preeclampsia, whereas neutrophil re-
lease of thromboxane and thromboxane produced in
smooth muscle as a result of the increased expression of
COX-2 could be responsible for vasoconstriction leading
to hypertension.

Conclusion

Shed membrane particles from leukocytes are a novel
idea for causing endothelial cell activation and inflamma-
tion in preeclampsia. Shed membrane particles from the
syncytiotrophoblast cells of the placenta are an addi-
tional source of membrane particles; however, most of
these are trapped in the mother’s lungs and do not enter
the maternal systemic arterial circulation. Leukocytes, on
the other hand, are present in the maternal systemic
arterial circulation in large numbers, especially in pre-
eclamptic women, and they are activated. Activated leu-
kocytes would presumably undergo increased rates of
apoptosis resulting in increased circulating leukocyte
membrane particles. Thus, leukocyte membrane parti-
cles might just be the cause of endothelial cell acti-
vation in preeclampsia, as proposed by Meziani and
colleagues.®
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