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ABSTRACT

Preeclampsia (PE) is a life-threatening complication
of pregnancy. The precise origin of PE remains ob-
scure. Placenta has been considered to play a central
role in its pathology. Here we present a brief overlook
of placenta related pathogenic factors that might be
involved in the pathology changes of PE. A series of
factors that correlated with placenta pathology have
been regarded attributed to the mechanism of the
disease. Some of the factors may be confirmed to be
useful biomarkers in the early prediction and moni-
toring of the disease in a future.

Keywords: Preeclampsia; Biomarker; Angiogenic
Factors; Transthyretin

1. INTRODUCTION

PE is a major contributor to maternal and fetal/neonatal
mortality and morbidity, affecting about 5% - 8% of
pregnancy, but occurring up to 10% in China. In the
mother, it can cause multi-system dysfunction including
renal failure, hepatic failure, coagulopathy and central
nervous system disorders. To the fetus, it may lead to
fetal growth restriction, prematurity and perinatal death.
However, an increasing number of women are involved
in this severe complication. Currently, inadequate an-
tenatal care has given to the pregnant women. There is a
need for a widely applicable screening test that could
permit early prediction and diagnosis of PE. Attention
has turned towards identifying non-invasive, blood-borne
or urinary maternal biomarkers that could predict the
development and help to the monitoring of this severe
complication of pregnancy. Understanding of the path-
ology mechanism for PE would enable a better con-
duction for this task [1-3].

Although the precise origin of PE remains unclear, the
changes of placenta have been confirmed to play a
middle role in pathology alternations of PE. Inadequate
invasion of placental trophblast could be responsible for
the origin of the disease. In normal conditions, the inva-
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sion of trophblast causes the replacement of the muscular
and elastic layers of the spiral arteries by fibrous tissue
and then establishes a low-resistance fetoplacental blood
supply. In PE, there could be an impaired tissue and
arterial invasion by trophoblast cells, which may result in
an unsuccessful transformation of spiral arteries and
increased placental ischemia and necrosis. It has been
reported that placenta ischemia may lead to an extra
release of circulation toxin that might cause the patho-
physiology alternations in PE [1,3-5].

To date, some factors have been reported to be related
to the pathology changes of the disease, some of which
have been regarded to be candidate markers of PE. We
here present an overlook of some pathogenic factors
correlated with placenta pathology changes in PE, which
we hope could do a little conduction to the later re-
searches in the future.

2. PLACENTAL FACTORS
2.1. Transforming Growth Factor Beta Family

Recently, transforming growth factor beta (TGF-f5) has
been confirmed to play a crucial role in placental de-
velopment. The alternations of TGF-f have been regard-
ed as potential contributors to pregnancy induced hyper-
tension. Attention has been turned to the exploration of
contributions of TGF-4 and its regulators in PE [6,7].

2.2. Soluble Endoglin

Endoglin(Eng) is a co-receptor for transforming growth
factor (TGF)-f1 and TGF-£3, which is highly expressed
at endothelial cell membranes and syncytiotrophoblasts.
Its main function is to modulate the TGF-£ signaling and
involved in angiogenesis. Soluble Eng (SEng) is the extra
part Eng molecule, acting as a circulating form of Eng,
has been identified in normal pregnancy and PE con-
dition. sEng has been confirmed to be a competitive
inhibitor of TGF-B, thereby giving negative impact on
angiogenesis [8]. A previous study has confirmed that
high arterial pressure and vascular permeability could be
induced by over-expressed sEng in pregnant rats [9]. In
normal pregnancy, concentrations of SEng decreases
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between the first and second trimester, then raise during
the last 2 month of normal gestation. In pregnancy
ending with PE, the levels of sEng goes down blunted
between the second and third trimester, then increases
earlier and sharper in the later part of pregnancy [10,11].
Therefore, it has been demonstrated that sEng levels are
elevated in the sera of women superimposed with PE and
appears to increase with the severity of the complication
and gets to the highest in PE complicated with HELLP
syndrome [12]. According to the previous study, levels
of sEng are elevated 9 - 11 weeks before the clinical
symptoms present in women who developed PE. How-
ever, the changes of sEng levels may not specific for PE
[11]. Pregnancy with in utero growth restriction (IUGR)
without maternal symptoms may also characterized with
elevated sEng levels, and it is more sensitive to PE
women complicated with smaller gestation age (SGA)
[11-13]. As above, It indicated that sEng may be as-
sociated with placental pathology, but alone might not
serve as a marker for PE for a specific prediction can not
be achieved. Further study with larger population is re-
quired to assess its role in pathology changes and clinical
value.

2.3. Inhibin A and Activin A

Inhibin A and activin A, are both glycoprotein mainly
produced by the syncytiotrophoblast of the human
placenta, belong to the TGF-g family [14]. The second
trimester levels of both Inhibin A and activin A have
been shown elevated in women who subsequently
develop PE, as early as 10 - 15 weeks of pregnancy prior
to onset of the disease, and rapidly declined after 24 h
following delivery [15,16]. Some researchers consider
that changes of maternal serum levels of inhibin A and
activin A may be correlated with placental pathology
changes. It has been recently shown that oxidative stress
stimulates activin A production and secretion from
placenta and endothelial cells, in women with PE levels
of activin A is significantly associated with markers for
excessive oxidative stress [16,17]. That may provide an
explanation for the higher levels of activin A in PE. As
to inhibin A, it has been reported inhibin A is higher in
amniotic fluid, which has been considered correlated
with the higher maternal serum inhibin A levels in
women with PE. During PE, placenta may produces
larger amount of inhibin A that enters maternal and the
fetal circulation may cause an elevation in maternal
serum and amniotic fluid inhibin A levels. In Shin-
Young Kim’s study, they consider that increased inhibin
A levels in maternal circulation may be attributed to
amniotic fluid inhibin A entering maternal circulation
[17]. However, the mechanism of increased Inhibin A
and activin A in PE is not yet fully understood, whether
they have a role in the pathology of PE is still worth
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examing.

3. TROPHOBLAST INVASION RELATED
FACTORS

Inadequate placental trophblast invasion has been con-
firmed to be key point in the pathology of PE, the me-
chanism of which has not been declared. Some circu-
lating factors has already regarded correlated with the
placental changes in PE. Here we give a introduction of
some pathogenic factors that contribute to the inadequate
placenta invasion in PE, some of which could be can-
didate biomarkers of the disease [1-3].

3.1. Angiogenic Factors

Angiogenic factors have recently been regarded as a
contributor to the pathogenesis of PE. Placenta is a rich
source of these factors. Angiogenesis requires the inter-
play of angiogenic factors, include vascular endothelial
growth factor (VEGF) and placental growth factor (PIGF)
with their cognate receptors VEGF receptor-1 (VEGFR-
1, which is alternatively called fms-like tyrosine kinase
(flt)-1) and VEGFR-2 [18,19]. The imbalance of angio-
genic factors have been confirmed to be attributed to
inadequate trophoblast invasion and spiral artery remo-
deling, which can lead to hypoxia of placenta. It has also
been proposed that maternal endothelial dysfunction in
PE may be caused by the imbalance of levels of angio-
genic factors [3,20]. Soluble flt-1(sflt-1) is a secreted
splice variant of flt-1. Excessive sflt-1 induced hyper-
tension, proteinuria, and glomerular endotheliosis in
pregnant rats. Maternal serum levels of sflt-1 have been
found significantly elevated in PE compared with con-
trols and correlated with the severity of the disease. It
suggested that excess circulating sflt-1 may contribute to
the pathology of PE [1,3,21]. In contrast, VEGF and
PIGF have been reported decreased in PE patients [22].
As sflt-1, alternations of levels of VEGF and PIGF are
shown prior the onset of the symptoms. Unlike sflt-1,
VEGF and PIGF alternations can be found at the end of
the first trimester of pregnancy complicated with PE.
VEGF has also been confirmed to be associated with
origin of the disease [22,23]. In a study of mice, a half
cut off of VEGF expression could result in proteinuria
and glomerular endothelial injury. In human, antagonists
of VEGF in renal cell carcinoma may lead to hyper-
tension and proteinuria [1,24]. Angiogenic factors have
already regarded as candidate biomarkers for PE [25].
However, a single marker can not fulfill the task, there is
a need for a series of markers to achieve the goals.
According to the previous study, the optimal cut-off
value of the log[sFIt-1/PIGF] ratio was significantly
higher in PE than controls [1,26]. It has been suggested
that higher levels of sflt-1 combined with lower PLGF
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may be more effective in prediction the development of
PE. Further studies with larger population are required to
assess its clinical value.

3.2. PP-13

Placental protein 13 (PP-13) is a galectin expressed by
the syncytiotrophoblast, locating at the maternal-fetal
interface. It is thought to be related with placental in-
vasion and maternal remodeling [27]. According to the
previous studies, it was demonstrated that PP-13 was
significantly decreased in the first trimester of women
who later developed PE and fetus growth restriction
(FGR). Therefore, PP-13 was not regarded as a specific
marker for PE. According to further studies, PP-13 was
confirmed up-regulated at 9 - 12 weeks of gestation
[28,29]. But Renate Hillermann reported that the down-
regulated levels of PP-13 might be related to the deletion
frame-shift mutation of LGALS13 gene, the mutant
PP-13 protein cannot be recognized by existing mono-
clonal anti-PP13 antibodies, which might result in the
lower levels of PP13 in the first trimester of pregnancy
complicated with PE [30]. Combing with uterine artery
Doppler, the predictive value of PP-13 seems to be im-
proved [28]. However, whether PP-13 used alone, or
combing with uterine artery Doppler appears to be a
promising area for future research in this field.

4. MATERNAL INFLAMMATORY
FACTORS

Kinds of inflammatory cytokines have been believed to
be involved in inadequate trophoblast invasion and spiral
artery remodeling, which may induce imbalance of a
maternal inflammatory response. It has been demons-
trated that the aberrant lymphocyte Th1/Th2 cytokine
balance could be associated with the pathophysiology
changes of PE. Thl-type cytokines, such as a-tumoral
necrosis factor (TNF-a), y-interferon (IFN-y) and inter-
leukin 2 (IL-2), can induce an exaggerated maternal sys-
temic inflammatory response which may lead to strong
maternal response that causes hypertension and protei-
nuria [31,32]. TNF-a, as a Thl-type cytokines, released
from a variety of cell types on appropriate stimulation,
including trophoblast cells, contributes to the trophoblast
growth and invasion. According to the study of Michael
Cackovic, urinary concentrations of TNF-a were signi-
ficantly decreased in PE, indicated it may contribute to
the exaggerated inflammatory response observed in PE.
Tai-Ho hung has reported that the ischemic placenta
could release higher TNF-a compared to controls, im-
plied that increased secretion of TNF-a may contribute to
damages of maternal endothelial cells. Consistently, re-
ported by Michael Cackovic, serum concentrations of
TNF-o were significantly higher in PE women. Future

Copyright © 2012 SciRes.

work should allow its confirmation [33,34]. Th2 cy-
tokines such as interleukin 6 (IL-6), interleukin 10 (IL-10)
can stimulate the differentiation and proliferation of the
trophoblast [35]. Th2-type activity plays a crucial role
during a promoting successful pregnancy. Imbalance of
Th1/Th2 cytokines may contribute to origin of PE. High
levels of Thl and low levels of Th2 cytokines could lead
to a functional injury of trophoblast in PE. IL-6, a Th2-
type cytokines regulate acute phase reaction, interferes
with endothelial cell function, modulates TNF-a produc-
tion, also contributes to the trophoblast growth and inva-
sion [31,32]. According to the previous work, IL-6 and
IL-10 was decreased in PE patients compared with con-
trols. On the contrary, study of J Tavakkol Afshari re-
vealed that IL-6 levels were significantly higher in PE
women [36,37]. However, changes of IL-6 are not stable
in PE, whether it can be biomarker for PE remains un-
certain.

5. METABOLIC RELATED FACTORS

Significant metabolic alternations can be demonstrated in
PE. Some metabolic factors may participant in the
pathology changes or serve as results of the pathology
variation.

5.1. PAPP-A

Pregnancy-associated plasma protein A (PAPP-A, pap-
palysin 1, insulin-like growth factor binding protein-4
protease) is a glycosylated protein complex produced by
the developing trophoblast, and has already been used in
as a marker for Downs’ syndrome [38]. PAPP-A was
first shown to be elevated in the plasma of PE in 1980
[39]. However, according to the recent studies, plasma
levels of PAPP-A was shown decreased in all three
trimesters in women with PE, indicated that it may be
associated with the placenta pathology changes of PE [1].
While lower concentrations are also presented in other
complications of pregnancy, such as FGR. Canini main-
tained that PAPP-A was more useful as a marker for
FGR than PE [40]. Furthermore, a correlation between
birth weight and maternal PAPP-A plasma levels have
been reported. Suggested that PAPP-A might be corre-
lated with placenta ischemia in these complication of
pregnancy [41]. However, similar to PP-13, the combina-
tion of uterine artery Doppler may increase its sensitivity
to the prediction of PE.

5.2. Transthyretin

Transthyretin (TTR) is synthesized mainly in the liver,
eye and choroid plexus, belongs to a group of proteins
including thyroxine-binding globulin and albumin which
bind and transport thyroid hormones in the blood, and its
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main function is the transport of thyroxin (T,) [42]. TTR
is also synthesized by placental trophoblasts, which is
critical for the normal development of fetus. TTR
secreted from placenta has been proved to play crucial
role in transference of maternal thyroid hormone to the
fetal circulation though TTR-T4 complex for fetus
development [43]. According to the recent researches,
TTR was found decreased in maternal serum of women
with PE [44,45]. As the central pathology changes in PE,
placenta necrosis could lead to decrease secretion of
TTR, which might result in disorders of fetus deve-
lopment in severe PE. However, whether levels of TTR
can change in women with FGR remains unclear. The
question why TTR protein was decreased in PE women
has not been revealed. Whether TTR can become a new
potential biomarker remains unknown. There is a need
for a larger scale confirmative studies to achieve the
goals. Further study is worth performing.

6. CONCLUSIONS

To date, the precise origin of PE is believed to be
multifactorial and has not been clarified yet. But placenta
has already confirmed to be the central place in pa-
thology changes of PE. A long standing hypothesis has
been that inadequate transformation of uterine spiral
arteries and subsequently worsened placental perfusion
[1-3]. Alternations of a series of maternal factors could
lead to the pathology changes of PE [1,4].

Despite the development of obstetrics and neonatal
care have led to a decrease in maternal and fetal/neonatal
mortality and morbidity of PE. The ability in prediction
and early diagnosis of the disease have not significantly
improved, clinicians still rely on a regular antenatal care
before deliveries. Patients with PE can only be diagnosis
and get treated once they have developed classical
manifestations, when the treatment options have been
limited. There is a great need for the development of
predictive tools for PE [1,2,46].

We here present a series of factors that correlated with
placenta pathology. The factors released from placenta of
women with PE may be associated with pathology
changes of PE. Some of the factors may be confirmed to
be useful biomarkers in the early prediction and moni-
toring of the disease in a future.

Attention has turned to identifying potential bio-
markers for the early diagnosis of the disease [1]. How-
ever, the demonstration for the proteins different ex-
pressed in PE is far from working as a predictor. There is
a need for high quality, large scale multicenter trials
which can assess the predictive value of different mark-
ers and clarify pathogenesis of the disease [1,46].

It is hoped that the new technology will help us find
pathophysiology changes of PE and explore biomarkers

Copyright © 2012 SciRes.

with high predictive and prognosis values to be used into
clinical practice. We hope it will not be distant from to-
day.
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