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Abstract
Preeclampsia is associated with an increased release of factors from the placental syncytium into
maternal blood, including the antiangiogenic factors soluble fms-like tyrosine kinase-1 and
soluable endoglin, the antifibrinolytic factor plasminogen activator inhibitor-1, prostanoids,
lipoperoxides, cytokines, and microparticles. These factors are suggested to promote maternal
endothelium dysfunction and are associated with placental damage in pregnancies also
complicated with intrauterine growth restriction (IUGR). In this report, we briefly describe the
interaction of syncytial factors with hypoxia, reactive oxygen species, and apoptosis in the
pathophysiology of preeclampsia and IUGR. Given the critical role of the syncytium in these
complications of pregnancy, we also present a novel methodology in which laser capture
microdissection followed by Western blotting is used to assess levels of syncytial Fas ligand, a
key protein in the apoptotic cascade.
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Introduction
Release of Syncytial Factors in Preeclampsia

Although the etiology of the maternal syndrome preeclampsia remains unelucidated, there is
agreement that it is preceded by failed conversion of maternal endometrial spiral arteries in
the placental bed.1 This is thought to prevent the development of the low-resistance, high-
capacitance uteroplacental circulation requisite for normal pregnancy.2,3 Whether this
occurs because of inadequate trophoblast invasion, maternal factors, or both is debatable.1

The syncytium is the outer cell layer of the placenta that is in direct contact with maternal
blood.4 It is postulated that, in preeclampsia, hypoxia/reperfusion injury and placental
damage at the maternal–placental interface promotes increased release of soluble syncytial
factors, including cytokines,5,6 eicosanoids,7 peroxides,8,9 the antiangiogenic factors soluble
fms-like tyrosine kinase (sFlt)-110 and soluable endoglin,11 as well as syncytiotrophoblast
microparticles.12,13 These factors are thought to compromise the function of the maternal
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endothelium, leading to maternal proteinuria and hypertension, clinical hallmarks of
preeclampsia.

Syncytial Hypoxia, Reperfusion Injury, and Apoptosis in Preeclampsia
Hypoxia and/or reperfusion injury associated with preeclampsia occurs in concert with the
release of the above-mentioned deleterious compounds by syncytiotrophoblasts.1,8 It is
known that superoxide anion (SO), the most common reactive oxygen species (ROS), can be
generated during the conversion of xanthine (X) to uric acid by xanthine oxidase (XO).8,14

SO can combine with nitric oxide to produce peroxynitrite anions, which damage proteins.8

Increased placental nitrosylation of proteins and oxidative stress are biochemical markers of
preeclampsia.15,16 ROS-associated damage has been noted in syncytiotrophoblasts in
pregnancies with preeclampsia and intrauterine growth restriction (IUGR)8,14,16 and may
account for higher levels of apoptosis observed in syncytiotrophoblasts in these pregnancy
complications.17,18In vitro studies support this idea because hypoxia and reperfusion, but
not hypoxia per se, induce apoptosis in syncytiotrophoblasts.19 Our group has studied
apoptosis at the maternal–fetal interface in relation to the expression of Fas ligand
(FasL),20–22 a member of the tumor necrosis factor family that promotes cell death
following binding of its receptor Fas to target cells.23 We found that placental trophoblasts
express FasL across gestation, and detected Fas in chorionic trophoblasts, amnion epithelial
cells, and the decidua of fetal membranes.20–22 Given that parturition was associated with
increased fetal membrane apoptosis,21 this suggested that the Fas/FasL signaling system
may play a role in periparturitional remodeling of fetal membranes. In addition, our group
has shown that secreted microvesicular trophoblast FasL may play an important function in
promoting immune cell apoptosis, affording protection of the fetus across gestation.20

Placental Damage and Plasminogen Activator Inhibitor-1 in Preeclampsia and IUGR
Although fibrin deposition at the syncytial surface is an important part of the physiological
repair and differentiation of the placental villous,24 an aberrantly high level of intervillous
fibrin is a histological hallmark of pregnancies with preeclampsia and IUGR. Such high
levels of intervillous fibrin have been suggested to restrict the flow of nutrients from mother
to fetus, resulting in poor neonatal outcomes.25,26 Placental damage (infarct) in pregnancies
with preeclampsia and IUGR has been correlated with adverse fetal outcomes and enhanced
placental expression of the antifibrinolytic factor plasminogen activator inhibitor-1
(PAI-1).27,28 Immunohistochemistry and in situ hybridization revealed enhanced syncytial
expression of PAI-1 in these pregnancies, suggesting that this cell type was responsible for
reduced perivillous fibrinolysis in preeclampsia and IUGR.28–30 Notably, dual (maternal +
fetal) placental perfusion studies were used by our group to study the syncytial release of
PAI-1, microparticles, cytokines, and eicosenoids.31,32 In dual perfusion, the maternal
component is perfused via cannulae inserted through the decidual surface directly into the
intervillous space, thereby effectively mimicking the process in vivo in which
syncytiotrophoblasts release proteins directly into maternal blood. Thus, dual perfusion
provides a physiologically relevant model to study the causes of the aberrant release of
syncytial factors in preeclampsia.

Role of Syncytial Products in Preeclampsia and IUGR
In FIGURE 1 we present a model that incorporates the roles of syncytial hypoxia/
reperfusion and ROS in the activation of the maternal endothelium and damage to the
placenta associated with preeclampsia and IUGR in pregnancy. We postulate that hypoxia
alone, or in combination with reperfusion and ROS generation, is associated with an
apoptotic/necrotic cascade in syncytiotrophoblasts that results in the release of syncytial
products, including sFlt-1, soluable endoglin, eicosanoids, peroxides, and
syncytiotrophoblast microparticles. These factors aberrantly activate maternal endothelium

Guller et al. Page 2

Ann N Y Acad Sci. Author manuscript; available in PMC 2013 June 04.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and promote the maternal syndrome of preeclampsia. In addition, we suggest that, when
preeclampsia occurs in combination with enhanced levels of syncytial PAI-1 and intervillous
fibrin deposition, this may critically reduce the flow of nutrients from mother to fetus,
leading to IUGR.

In light of the clear association between alterations in syncytial integrity and function and
the occurrence of preeclampsia and IUGR during pregnancy, we now present a new
methodology to analyze syncytial protein expression.

Materials and Methods
Frozen sections of placenta delivered from uncomplicated pregnancies at term were used for
this study (n=3). Following staining with Mayer's hematoxylin, laser capture
microdissection (LCMD, Leica Microsystems, Wetzlar, Germany) of an intact terminal
villus was carried out using a focused laser pulse directed to the area of interest. In the first
round of microdissection, the placental villus core, consisting of fibroblast, macrophages,
fetal vessels, and connective tissue, was removed. In the second round of LCMD, the
syncytial layer of that same villus was removed and collected in lysis buffer containing
detergent and protease inhibitors, and the number of nuclei per sample was recorded. This
procedure was repeated until syncytial tissue from 10–15 villi was collected. Electrophoretic
separation of lysate proteins was then carried out, and Western blotting and
immunodetection using an anti-FasL antibody (mouse Mab clone 33, Transduction
Laboratories, Lexington, KY) was performed.20 Incubation with anti-mouse secondary
antibody and detection of FasL using enhanced checiluminescent technology was carried out
as we have previously described.20,22

Results
For this study, a single intact terminal villus was chosen (arrow, FIG. 2A). In the first round
of microdissection, the placental villus core, consisting of fibroblasts, macrophages, fetal
vessels, and connective tissue, was removed and saved for further analysis (FIG.2B). In the
second round of LCMD, the syncytial layer of that same villus was removed and collected
for further study (FIG. 2D). This procedure was repeated 14 times until core (FIG. 2C) and
syncytial (FIG. 2E) tissue from approximately 15 villi were collected. We examined levels
of the pro apoptotic protein FasL as a model for study because we had previously
demonstrated its expression in extracts of placental tissue and isolated cells22 and it is a
protein of low to moderate abundance in placenta. For this study, core sections of
hematoxylin and eosin–stained villi were initially removed by LCMD, and then syncytial
layers from 10–15 villi were captured and pooled. Four specimens of microdissected tissue
containing approximately 5000 (FIG.3, Lane 1), 2000 (Lane 2), 1000 (Lane 3), and 500
(Lane 4) nuclei were captured in buffer containing a protease inhibitor cocktail.
Electrophoretic separation of lysate proteins was then performed, and Western blotting and
immunodetection using anti-FasL antibody was then carried out. It was noted that FasL
migrated as a 37-kD species as we have previously observed20,22 and, most importantly, it
could be reliably detected in specimens containing as few as 1000 nuclei. Because FasL is a
cytokine of relatively moderate abundance in placenta, this suggests that we will be able to
apply LCMD and Western blotting methodology to the study of syncytial protein
expression.

Summary
In this paper, we briefly describe the connection between the disruption of syncytial
structure resulting from hypoxia and/or reperfusion injury and the occurrence of
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preeclampsia and IUGR. We present evidence that the maternal syndrome of preeclampsia is
associated with, and potentially promoted by, the increased release of specific syncytial
products into maternal blood that occurs in association with trophoblast apoptosis. We
suggest that these released factors negatively impact the function of the maternal
endothelium and promote the hallmark clinical manifestations of preeclampsia. In addition,
we posit that, when significant placental damage and placental infarction is associated with
preeclampsia, this reduces adequate placental transport, leading to IUGR. Finally, we
describe a novel methodology involving LCMD and Western blotting; this method may be
used to analyze changes in the expression of syncytial proteins that may play a critical role
in the pathophysiology of preeclampsia and IUGR.
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FIGURE 1.
Model of the putative role of the placental syncytium in the pathophysiology of
preeclampsia and IUGR.
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FIGURE 2.
LCMD of human term placental tissue. Tissue prior to microdissection of a single villus
(arrow) (A); tissue following the removal of the core of one villus (B); pooled core tissue
from approximately 15 villi (C); tissue following removal of the core and the syncytium of
one villus (D); pooled syncytial tissue from approximately 15 villi (E).
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FIGURE 3.
Western blot detection of FasL from microdissected syncytia. Results from extracts of tissue
containing the following number of nuclei: Lane 1, 5000; Lane 2, 2000; Lane 3, 1000; Lane
4, 500.
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