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1. ABSTRACT  
 

There are many theories regarding the ultimate 
cause of pre-eclampsia, and nowadays it is thought that the 
mechanism of pathogenesis is most likely multifactorial. 
The pathophysiology probably involves both fetal or 
placental and maternal factors. The most likely relevant 
factors in the pathogenesis are the abnormal development 
of the placenta, systemic endothelial dysfunction or cell 
activation, and an imbalance between pro-angiogenic and 
anti-angiogenic proteins with a predominance of anti-
angiogenic factors. In women with pre-eclampsia, placental 
tissue overproduces two main anti-angiogenic proteins 
which enter into the maternal circulation: soluble Fms- 
such as tyrosine kinase 1 (sFlt1 or sVEGFR1) and soluble 
endoglin (sEng). Moreover, these patients have low 
circulating blood levels of two pro-angiogenic peptides: 
placental growth factor (PlGF) and vascular endothelial 
growth factor (VEGF). Adequate levels of CECs 
(circulating endothelial cells), EPCs (endothelial progenitor 
cells) and microparticles most likely play an important part 
in the development and regulation of vascularization in 
pregnancy but the exact role of these cells and 
micropatticles in the pathogenesis of pre-eclampsia is 
unknown. Some imbalances in these levels are associated 
with endothelial insufficiency. 

 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Pre-eclampsia is a hypertensive complication 
affecting 7-10 percent of pregnant women worldwide. It is 
responsible for approximately 40 percent of all iatrogenic 
preterm deliveries and is associated with significantly 
increased rates of perinatal morbidity and newborn mortality. 
Pre-eclampsia is described clinically as the occurrence of 
hypertension in women during late pregnancy (usually from 
the 20th week of gestation or earlier in patients with 
trophoblastic diseases such as hydatidiform mole or hydrops) 
with systolic blood pressure >140 mmHg or diastolic blood 
pressure >90 mmHg on at least two occasions and urinary 
protein ≥0.3g in a 24-hour specimen  in previously 
normotensive women (see the Report of the National High 
Blood Pressure Education Program Working Group on High 
Blood Pressure in Pregnancy, 2000) (1). Concomitant signs 
and symptoms that may develop in women suffering from pre-
eclampsia are edema, visual disturbances, headache, renal 
failure, epigastric pain, low platelet count, and abnormal liver 
enzyme values. These clinical manifestations result from the 
microangiopathy of the target organs, namely the brain, 
kidney, liver, and placenta.  
 

It is important to know the epidemiological risk 
factors for pre-eclampsia because this knowledge may help 
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in understanding its pathogenesis. It is well known that pre-
eclampsia occurs more frequently in nulliparous women, 
multiparous women pregnant by a new partner, and 
women with a personal, family, and particularly paternal 
family, history of the disease. Obstetrical conditions that 
cause increased mass of the placenta are associated with 
a higher than normal risk of developing pre-eclampsia, 
e.g., multiple pregnancies or hydatidiform mole. 
Maternal conditions such as chronic hypertension, renal 
disease, diabetes, obesity, insulin resistance, 
dyslipidemia, androgen excess, systemic inflammation, 
and hypercoagulable status (antiphospholipid syndrome 
and thrombophilia) increase a woman’s risk of 
developing pre-eclampsia. There is some evidence that 
the reduced exposure to the paternal antigens (resulting 
from the use of barrier contraception, long inter-
pregnancy interval, fertilization with donor sperm, and 
pregnancy following intracytoplasmic sperm injection) 
may be the factor that predisposes some women to 
develop pre-eclampsia. Surprisingly, smoking cigarettes 
during pregnancy is a behavioral factor that protects 
against pre-eclampsia (2,3). Additionally, recent studies 
have shown that pre-eclampsia is a risk factor for 
cardiovascular diseases in later life (such as hypertension 
and cerebrovascular diseases) as well as for death from 
such diseases. This is probably the result of endothelial 
dysfunction and subsequent atherosclerosis, which may be 
present for many years following a pre-eclamptic 
pregnancy (4,5,6). 

 
Despite identification of some predisposing 

factors, the etiology of this multi-system disorder remains 
largely unclear. According to recent findings, the 
development of pre-eclampsia is inherently related to 
systemic maternal endothelial cell injury and a subsequent 
decrease in the secretion of endothelium-dependent 
vasodilators that promotes vasospasm and activates the 
coagulation cascade. 

 
In this article we consider the pathogenesis of pre-

eclampsia with an emphasis on the role of endothelial 
dysfunction as a core feature of pre-eclampsia. 
 
3. PATHOGENESIS 
 

Recent studies have led to the development of the 
two-stage model of pre-eclampsia. The first stage— the 
clinical stage without any clinical features of the disorder—
occurs after implantation and is triggered by some 
abnormalities in the process of placentation that lead to 
placental hypoxia. However, in this stage there are some 
abnormalities in the Doppler flow measurements of the 
uterine arteries that may make it easier to identify patients 
who have a higher risk of developing pre-eclampsia. The 
second stage, which represents clinical disease, usually 
occurs after the twentieth week of gestation and is a result 
of the release of placental factors due to oxidative stress or 
hypoxia into the maternal circulation, causing a generalized 
inflammatory response. These inflammatory factors cause 
endothelial dysfunction which manifests in damage to 
various organs of the mother and in the signs and 
symptoms of pre-eclampsia such as proteinuria, epigastric 

pain, visual disturbances, headache, shortness of breath, 
and even seizures (7). The underlying mechanisms 
contributing to these changes remain unclear and may 
overlap.  

 
There are many theories regarding the ultimate 

cause of pre-eclampsia, and nowadays it is thought that the 
mechanism of pathogenesis is most likely multifactorial. 
The pathophysiology probably involves both fetal or 
placental and maternal factors. The most likely relevant 
factors in the pathogenesis are the abnormal development 
of the placenta, systemic endothelial dysfunction or cell 
activation, and an imbalance between pro-angiogenic and 
anti-angiogenic proteins with a predominance of anti-
angiogenic factors. In addition, the increased sensitivity to 
angiotensin II, circulating syncytiotrophoblast debris, 
maternal inflammation, immunologic factors, nutritional 
factors, and genetic susceptibility may also all play a role in 
the pathogenesis of pre-eclampsia. 

   
The endothelium is the cell layer lining of the 

blood vessels, but it has important functions in addition to 
constituting the lining of a vessel wall. These functions 
include:  
 
 (a) control over thrombosis and thrombolysis—normally 
the endothelium provides a non-thrombogenic surface, 
 (b) platelet and leukocyte interaction with the vessel wall, 
 (c) regulation of vascular tone to control blood pressure, 
 (d) barrier function – it acts as a semi-selective barrier 
between the lumen of the vessel and the surrounding tissue; 
increasing the permeability of the endothelial layer (e.g., in 
cases of chronic inflammation) may lead to swelling of the 
tissues, 
 (e) and regulation of vascular growth (angiogenesis). 
 

Endothelial dysfunction can manifest in the 
following conditions: (a) vasoconstriction, (b) 
inflammation, (c) leukocyte adhesion, (d) excessive 
thrombosis and/or excessive vascular proliferation 
including hypertension and atherosclerosis (8, 9 ). 
Nowadays there are many tests for the various endothelial 
functions, but most of them are invasive and no simple test 
has been found. 
 
3.1. Abnormal development of the placenta 

The placenta is a crucial factor in the 
pathogenesis of pre-eclampsia and much evidence supports 
this theory. While the presence of the placenta is essential 
to the development of the disease, the fetus is not. Data 
shows that pregnancy with complete hydatidiform mole in 
the absence of a fetus may still lead to pre-eclampsia. The 
disease goes into remission after the mole tissues from the 
uterus have been evacuated by uterine suction or by 
surgical curettage. Some cases of postpartum eclampsia 
have been related to the retention of placental tissue in the 
uterus, and such patients recover immediately following 
uterine curettage (10). In cases of extra-uterine pregnancy 
coexisting with pre-eclampsia, the removal of the fetus is 
not what cures the condition; only delivery of the placenta 
causes the symptoms to remit (11) and, in fact, will always 
cure pre-eclampsia.  
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3.2. Remodeling of the spiral arteries 
The process of remodeling of the spiral arteries 

usually extends from the eighth through eighteenth weeks 
of gestation. The spiral arteries constitute the terminal 
branches of the uterine arteries. In an uncomplicated 
pregnancy, cytotrophoblast cells of the developing placenta 
migrate through the decidua and part of the myometrium 
and invade maternal spiral arteries and this invasion results 
in the replacement of the endothelial layer of those vessels. 
This invasion by the cytotrophoblast results in the 
transformation from small muscular, small capacitance, and 
high resistance arterioles to high capacitance, low resistance 
systems that are sufficient for delivering the oxygen and 
nutrients to the placenta and, hence, the growing fetus (12). In 
pre-eclamptic patients this process is incomplete. The 
cytotrophoblast invasion is limited to the decidua and the 
penetration of the myometrial segment is deficient, so in effect 
the mean external diameter of the deeper myometrial arterioles 
is only half that of the vessels in a normal placenta. 
Consequently, the spiral artery remains narrow and 
undilated, resulting in placental hypoperfusion (13). 
Over the course of pregnancy, the poor and shallow 
placentation is associated with some complications, such 
as placental infarcts, abruption of the placenta, 
intrauterine fetal death in the second trimester of 
pregnancy, pre-eclampsia with or without intrauterine 
growth restriction, intrauterine growth restriction of the fetus, 
and preterm labor or premature ruptures of the membranes 
(14).In normal placental development, the cytotrophoblasts 
alter their adhesion molecule expression from those that are 
characteristic of epithelial cells (integrins alpha 6/ beta 1, alpha 
V/ beta 5, E-cadherin) to those character- istic of endothelial 
cells (integrins alpha 1/ beta 1, alpha V/ beta3, VE-
cadherin) in order to promote adequate placental invasion; 
this process is referred to as pseudovasculogenesis or 
vascular mimicry (15, 16). Trophoblasts obtained from 
patients with pre-eclamptic pregnancies do not show this 
switching of cell-surface molecule. This leads to abnormal 
placentation followed by ischemia and the release of 
soluble factors that cause systemic endothelial dysfunction 
resulting in the pre-eclamptic phenotype (17). 
 
3.3. Hypoperfusion, hypoxia, and ischemia of the 
placenta 

It is not known whether pre-eclampsia is the 
cause or result of placental hypoperfusion, hypoxia, and 
ischemia. The existence of a causation between placental 
hypoperfusion, abnormal placental development, and pre-
eclampsia is supported by the fact that in the animal models 
which have reproduced the condition, some findings of pre-
eclampsia have involved mechanically, reducing 
uteroplacental blood flow (18, 19). Moreover, obstetrical 
conditions causing an increase in placental mass without a 
concomitant  increase in placental blood flow (for example, 
in the cases of patients with hydropsfetalis, diabetes 
mellitus, hydatidiform mole, and multiple gestation) or 
diseases with vascular insufficiency (for example, 
hypertension, renal diseases, diabetes mellitus, and 
thrombophilias) result in relative ischemia and are 
associated with pre-eclampsia (3, 20- 23). Furthermore, the 
risk of pre-eclampsia is higher in women living at high 
altitude (24). 

Hypoperfusion followed by hypoxia is also a 
result of abnormal placental development. Hypoperfusion 
becomes more pronounced as the pregnancy progresses 
because, with increasing gestational age, the growing 
uterus and fetus need enhanced blood flow into the vessels; 
the abnormal vasculature is insufficient for delivering 
enough blood and oxygen. There is some data which does 
examine arteries from the implantation site using an 
electron microscopy: early pre-eclamptic changes include 
endothelial damage, insudation of plasma constituents into 
the vessel walls, proliferation of myointimal cells, and 
medial necrosis; late pre-eclamptic changes include 
atherosis, fibrinoid necrosis, thrombosis, sclerotic 
narrowing of arterioles, and placental infarction. These 
lesions have not been seen in all cases of pre-eclamptic 
patients, but some investigators suspect a positive 
correlation between the severity of the symptoms of the 
disease and the degree of the lesions (25- 29). The chief 
factors in the pathogenesis of pre-eclampsia are 
hypoperfusion, hypoxia, and ischemia, and these lead to the 
release of many factors by the placenta into the maternal 
circulation. These factors cause maternal endothelial 
dysfunction and subsequent systemic signs and symptoms 
of pre-eclampsia.  
 
3.4. Systemic endothelial dysfunction 

There is strong evidence that the placenta of pre-
eclamptic women releases factors into the maternal blood 
stream which may cause endothelial dysfunction and 
clinical manifestations of pre-eclampsia.  
 
3.4.1. Imbalance between angiogenic and anti-
angiogenic factors 

In physiological pregnancy, the placentation 
process requires proper angiogenesis in order to provide for 
the suitable development of a placenta which can deliver 
enough oxygen and nutrients into the fetus. In women with 
pre-eclampsia, placental tissue overproduces two main anti-
angiogenic proteins which enter into the maternal 
circulation: soluble Fms- such as tyrosine kinase 1 (sFlt1 or 
sVEGFR1) and soluble endoglin (sEng) (30- 32). 
Moreover, these patients have low circulating blood levels 
of two pro-angiogenic peptides: placental growth factor 
(PlGF) and vascular endothelial growth factor (VEGF) (30, 
33- 35). 

 
sFlt-1 are splice variants of VEGF receptor 1 (Flt-

1). This protein acts as a receptor for VEGF. SFlt-1 inhibits 
vascular endothelial growth factor and the placental growth 
factor signaling necessary for the formation of new blood 
vessels and for promoting their maturation. SFlt-1 binds 
and reduces free circulating levels of the pro-angiogenic 
factors VEGF and PlGF. 

 
3.4.1.1. VEGF and PlGF 

VEGF is a mitogen for vascular endothelial cells 
and there is strong evidence that VEGF is a survival factor 
for endothelial cells. VEGF withdrawal has been shown to 
result in the regression of vasculature in several 
physiological and pathological conditions. VEGF also 
seems to have a direct vasodilatory effect on the systemic 
vasculature. VEGF is known as vascular permeability 
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factor because of its ability to induce vascular leakage and 
the fen-estrated phenotype in certain endothelial cells. 
Some data suggests that an increase in microvascular 
permeability to proteins is an essential step in angiogenesis. 
VEGF stimulates the cellular response by binding to the 
tyrosine kinase receptors (VEGFR) that are localized on the 
surface of the cell. The activities of VEGF are mediated by 
the stimulation of two receptors: VEGFR-1 (Flt-1) and 
VEGFR-2 (KDR/Flk-1). VEGFR-2 mediates almost all 
cellular responses to VEGF. The function of VEGFR-1 is 
less well-known, but it probably modifies the VEGFR-2 
signaling.  

 
PlGF is a member of the VEGF subfamily. 

Several studies have shown that PlGF is redundant for 
normal vascular development and maintenance, but 
contributes to the angiogenic switch in pregnancy, wound 
healing, tumor growth, and ischemic conditions. P1GF was 
first discovered in the placenta, and the placental 
trophoblast is the main source of PlGF during pregnancy. 
Circulating PlGF reaches its peak in mid-gestation. It can 
also be detected in the heart, lungs, and in the muscles. 
PlGF binds and signals through VEGFR-1 (Flt-1), but not 
VEGFR-2 (KDR/Flk-1). 
 

Although the exact mechanisms that regulate Flt-
1 expression are not clear, it appears to be upregulated by 
hypoxia through the action of hypoxia-inducible factor-
1alpha (HIF-1 alpha). Sflt-1 prevents the interactions of 
VEGF and PlGF with membrane-bound Flt-1 in blood 
vessels and leads to endothelial dysfunction. Circulating 
sFlt-1 levels are significantly higher in pre-eclamptic 
patients than in normal pregnant women, sometimes well 
before the symptomatic phase of the disease and its 
concentration levels correlate with the severity of the 
disease. In turn, concentrations of free VEGF and free 
PlGF are decreased in pre-eclampsia, even before the 
presentation of clinical symptoms (30, 31, 33-35). 

 
Several experimental models of pre-eclampsia 

lend credence to the causative role of sFlt-1 in the 
pathology of pre-eclampsia. Maynard et al. administered 
sFlt-1 (it binds VEGF and PlGF) or sVEGFR-2 (it binds 
only VEGF) to both pregnant and non-pregnant rats. 
Following the administration of either sFlt-1 or sVEGFR-2, 
the non-pregnant rats developed hypertension, proteinuria, 
and glomerular endotheliosis, and it was possible to reverse 
this effect by administering VEGF.  After the 
administration of sFlt, the pregnant rats also develop the 
pre-eclamptic phenotype. Nevertheless, pregnant rats 
administered sVEGFR-2 did not develop the pre-eclamptic 
phenotype (30). This data suggests that PlGF, which is 
produced by the placenta during pregnancy, may have a 
protective function against the syndrome when VEGF is 
antagonized. Other studies show that the chronic 
administration of VEGF by infusion into rats causes 
intrauterine growth restriction of the fetus and lower mass 
of the placenta and leads to oxidative stress followed by 
vascular endothelial dysfunction (36). Moreover, 
administration of antibodies against VEGF in non-pregnant 
mice results in glomerular endothelial damage and 
proteinuria. In non-pregnant mice, a 50% reduction of 

VEGF expression leads to glomerular endotheliosis and 
proteinuria, as in the mice with pre-eclampsia (37). 
Additionally, cancer patients who are treated with VEGF 
antagonists may exhibit hypertension, proteinuria, and 
endothelial dysfunction (38, 39). Experimental animal 
models of placental hypoxia and ischemia have 
demonstrated increased production of sFlt-1 by the placenta 
and resulting increases in maternal circulating levels of 
sFlt-1 (18, 19). It is clear that hypoxia-induced sFlt-1 
derived from the placenta is an important pathologic factor 
in the development of pre-eclampsia and that manipulation 
of the levels of sFlt-1, VEGF, or both is a promising target 
for therapeutic intervention. 

 
The data which was relevant to the human 

population included the following findings: anti-angiogenic 
features in the serum of pregnant pre-eclamptic women; 
high maternal serum concentrations among pre-eclamptic 
patients; lower concentrations of PlGF and VEGF in 
women with pre-eclampsia compared with healthy pregnant 
women; activation of Flt-1 mRNA in the placentas of pre-
eclamptic patients, and hypertension, proteinuria, and 
histological abnormalities of the kidneys similar to those 
described in pregnant rats who developed pre-eclampsia 
after the administration of the adenovirus that expresses the 
sFlt-1 gene (30). 

 
In their nested case-control study, Levine et al. 

reported that in healthy pregnant women the serum PlGF 
level decreased and sFlt-1 increased constantly through the 
last trimester; these changes were more pronounced and 
were detectable earlier in pregnancies with subsequent pre-
eclampsia. These changes allow us to predict the onset of 
pre-eclampsia approximately 5 weeks before the onset of 
clinical symptoms; lower PlGF levels in early pregnancy 
predispose a woman to develop early-onset pre-eclampsia; 
low VEGF concentrations were observed approximately 5 
weeks prior to the onset of pre-eclampsia (33.) Similar 
findings have been reported by other investigators (34, 40). 
Unfortunately, the ability of the serum sFlt-1 concentration 
to predict pre-eclampsia still requires prospective, 
longitudinal studies. Measurements of sFlt-1:VEGF ratio or 
sFlt-1: PlGF ratio in a urine specimen are considerably 
better tests for identifying groups of pregnant women with 
high risk for developing pre-eclampsia. Moreover, a high 
sFlt-1: PlGF ratio may indicate that a woman is at risk of 
delivering within two weeks due to severe pre-eclampsia. 

 
Increases in the concentration of sFlt-1 in 

maternal serum are observed in women who have risk 
factors for developing pre-eclampsia. In women pregnant 
with twins, levels of sFlt-1 and sFlt-1/PlGF ratios were 
twice as high as in women experiencing singleton 
pregnancies. These changes were not associated with any 
alterations in the sFlt-1 mRNA levels and concentrations of 
HIF-1 alpha protein in the twin placentas, but were correlated 
with a higher placental mass. This has led to the conclusion 
that the higher risk of pre-eclampsia in women pregnant with 
twins may be the consequence of increased placental weight 
which is followed by a major release of sFlt-1 (21). This may 
explain that while smokers have lower levels of sFlt-1, as a 
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population group they also have fewer pre-eclampsia cases 
(41, 42). 

 
Some clinical data presents decreased 

uteroplacental blood flow in pre-eclamptic women (43). 
The VEGF and Flt-1 gene transcription is regulated by 
hypoxia-inducible factor 1 (HIF-1 alpha) (44, 45). In pre-
eclamptic patients, placenta levels of HIF-1 alpha and HIF-
2 alpha are significantly elevated (46- 48). This can result 
in the creation of an additional pathway that may play a 
role in inducing sFlt-1 production. 
 

All these observations indicate the major role 
played by sFlt-1 in the etiopathogenesis of pre-eclampsia. 
The trigger factor for increased production of sFLt-1 is 
unknown but most investigators focus on placental 
ischemia and hypoxia (49, 50). 
 
3.4.1.2. SEng 

Endoglin (CD105) is a homodimeric type I 
membrane glycoprotein that is expressed in vascular 
endothelial cells, the syncytiotrophoblasts of a full-term 
placenta, stromal cells, and hemopoetic cells (51). Endoglin 
has a role in vascular morphogenesis and is illustrated by 
the intrauterine death of mice deficient in endoglin due to 
defects in angiogenesis (52, 53). Mutations in endoglin 
genes lead to the wasting of capillaries and multiple 
arteriovenous malformations (54). Moreover, endoglin 
interacts with endothelial nitric oxide synthase to play a 
role in the regulation of vascular tone. Endoglin is also an 
accessory receptor for transforming growth factor-beta 
(TGF-beta). TGF-beta is a factor involved in angiogenesis 
that acts by binding with cell surface receptors: TGF-beta 
type I receptor (TGF-beta I) and TGF-beta type II receptor 
(TGF-beta II). Soluble endoglin (s-Eng),a truncated form of 
endoglin, is a cell surface co-receptor for TGF-beta, which 
binds and antagonizes TGF-beta in the extracellular 
environment.  

 
S-Eng is an anti-angiogenic factor that shares 

many features with sFlt-1 and also plays a role in the 
pathogenesis of the systemic endothelial dysfunction in 
pre-eclampsia. The precise relationship of s-Flt-1 to s-Eng 
is unknown, but there is much evidence to confirm its role 
in the pathogenesis of pre-eclampsia through separate 
mechanisms. (55) 

 
Venkatesha et al. have explored the effect of the 

adenoviral administration of sEng or both sEng and sFlt-1 
in pregnant rats. Rats administered only sEng- expressing 
adenovirus developed an increase in mean arterial pressure 
and mild proteinuria. Administration of the sFlt-1- 
expressing adenovirus alone led to a greater increase in 
mean arterial pressure and severe proteinuria. In addition, 
when s-Flt-1 and sEng were administered together, the 
pregnant rats developed a severe pre-eclampsia-like 
syndrome with the signs and symptoms typical of human 
hemolysis—namely, elevated liver enzymes and low 
platelet syndrome (HELLP syndrome) with decreased 
platelet counts and elevated lactate dehydrogenase and 
aspartate aminotransferase. Moreover, intrauterine growth 
restriction of the fetus, evidence of hemolysis, extensive 

placental damage, infarction, areas of hepatic ischemia, and 
necrosis were observed only in the group administered both 
s-Flt-1 and sEng. Furthermore, non-pregnant rats 
administered s-Flt-1 and sEng together developed severe 
vascular damage. This suggests that these factors directly 
affect vessels and the placenta is not necessary for the 
generation of disease (32). 

 
In the study by Maharaj et al., the overexpression 

of sFlt-1 and sEng caused focal vasospasm, hypertension, 
and increased vascular permeability associated with brain 
edema which was similar to reversible posterior 
leukoencephalopathy associated with human pre-eclampsia 
(56). Moreover, an increased concentration of sEng was 
demonstrated in rat models of pre-eclampsia with reduced 
uterine perfusion (57). 

 
Studies assessing the levels of sEng-1 in women 

with or without pre-eclampsia were similar to the animal 
studies and supported the role of elevated sEng in the 
pathogenesis of pre-eclampsia. One group identified that the 
65 Da sEng monomer in the placentas of pre-eclamptic 
patients was fourfold higher than in the placentas from women 
with uncomplicated pregnancies (58). 

 
The level of SEng is elevated in pregnant women 

with established pre-eclampsia 2-3 months before the onset of 
clinical manifestations, especially in severe and preterm 
(<37g.a.) pre-eclampsia with a peak in sEng at the onset of 
clinical disease and with a fall after delivery. This suggests that 
the increase in sEng may be the proper tool for predicting the 
severity of the disease (41). 

 
Furthermore, in women experiencing normal 

pregnancy, the sEng levels fall from the first to second 
trimester without significant changes in the concentrations of 
sFlt1. In patients with subsequent pre-eclampsia, both sFlt-1 
and sEng levels continue to rise from the first to second 
trimester. These changes may be useful in identifying those 
patients who have a higher than normal risk of developing pre-
eclampsia (59). 

 
There is some data to support the advantages of 

using a combination of sFlt-1, PlGF, and sEng levels to 
identify those prone to develop pre-eclampsia. Increased levels 
of both sEng and sFlt-1/PlGFratio are usually observed prior to 
the onset of preterm pre-eclampsia (33, 41). The levels of sFlt-
1, PlGF, and sEng were also higher in a group of pre-eclamptic 
women with abruption of the placenta than in a control group 
(60, 61). Sandrim et al. report changes in sFlt-1, PlGF, and 
sEng concentration in women with pre-eclampsia, and its 
association with maternal endothelial dysfunction and 
impaired nitric oxide formation (55, 62). 

 
Other investigators report changes in circulating 

concentrations of PlGF, sFlt-1 and in the sFlt-1/PlGF ratio 
before the onset of pre-eclampsia. Women predisposed to 
develop pre-eclampsia had higher sFlt-1 levels and sFlt-
1/PlGF ratio and lower PlGF levels than women with 
uncomplicated pregnancies. Furthermore, the sFlt-1/PlGF 
ratio was more tightly associated with risk of preterm (<34 
week of gestation) or term pre-eclampsia than either 
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angiogenic factor alone (63). Verlohren et al. showed 
increased sFlt-1/PlGF ratio in patients with pre-eclmpsia as 
compared with healthy pregnant women and with patients 
with chronic and gestational hypertension. The 
measurement of the sFlt-1/PlGF ratio can differentiate 
between different forms of hypertensive disorder. 
Moreover, they observed significantly increased risk for an 
immediate occurrence of delivery in women with pre-
eclampsia with high sFlt-1/PlGF ratio (64). 

 
The fetuses of pre-eclamptic mothers do not have 

higher levels of sEng and sFlt-1. This means that these 
fetuses do not develop hypertension and proteinuria 
because they are not exposed to increasing concentrations 
of these anti-angiogenic factors (65). All experimental 
evidence in animals and humans suggests that sEng and 
sFlt1, both of which cause endothelial dysfunction, may 
contribute to pre-eclampsia syndrome.  
 
3.4.2. The role of circulating endothelial cells (CECs), 
endothelial progenitor cells (EPCs), and microparticles 
in pre-eclampsia 

The exact role of CECs, EPCs, and microparticles 
in the pathogenesis of pre-eclampsia is unknown. Adequate 
levels of these cells and microparticles most likely play an 
important part in the development and regulation of 
vascularization in pregnancy. Some imbalances in these 
levels are associated with endothelial insufficiency.  
 
3.4.2.1. Circulating endothelial cells (CECs) 

CECs were detected in the peripheral blood as 
early as the 1970s (66.) These are mature endothelial cells 
of 15 –50 µm in diameter which could be isolated from the 
blood by flow cytometry or by immunomagnetic 
techniques using the presence of specific antigens on these 
cells. The number of CECs in the blood samples of healthy 
volunteers was low (≈ 5cells/1ml). The levels of CECs 
increase in some diseases which are related to endothelial 
damage, including myocardial infarction, small-vessel 
vasculitis, hypertension, diabetes, chronic kidney failure, 
septic shock, thrombotic thrombocytopenic purpura, and 
systemic lupus erythematosus. CECs reflect endothelial 
status and function and the number of CECs is used to 
assess vascular damage and, even more, it could be a 
marker of disease activity (67- 71). 

 
Several studies have assessed the numbers of 

CECs in women suffering from pre-eclampsia. The first 
study was performed by Canbakan et al. in 2007. This 
group showed significantly higher levels of CECs in pre-
eclamptic patients (13.2 +/- 5.2 cells/ml) than in healthy 
pregnant women (5.2 +/- 1.4 cells/ml), non-pregnant 
controls (4.0 +/- 1.8 cells/ml), and non-pregnant 
hypertensive women (6.9 +/- 0.8 cells/ml). Moreover, there 
was a significant difference between the hypertensive non-
pregnant patients and the non-pregnant control, and in the 
pregnant women a statistically significant correlation 
between the number of CECs and systolic and diastolic 
blood pressures was found (72). 

 
Grundman et al. showed statistically significant 

differences between the amount of CECs before delivery in 

healthy pregnant women (median: 16 cells/ml; range: 0- 
100 cells/ml) and women with pre-eclampsia (median: 88 
cells/ml; range: 40- 812 cells/ml). Moreover, in pre-
eclamptic patients cell numbers declined rapidly after 
delivery in contrast with the more subtle decline observed 
in healthy pregnant women following delivery. The number 
of CECs was correlated with values of systolic blood 
pressure in women with pre-eclampsia, whereas there was 
no such correlation in the healthy pregnant group (73). 

 
The findings of another recent study have 

indicated that the number of CECs in pre-eclamptic women 
(median: 24.7 cells/ml; range: 2-100 cells/ml) is 
significantly higher than in normotensive pregnant women 
(median: 13 cells/ml; range: 1- 40 cells/ml) (74).’ 

 
However, when Strijbos et al. evaluated the 

number of CECs both in patients with severe pre-eclampsia 
and in the healthy pregnant control group, they were unable 
to detect any statistically significant differences between 
the study group (median: 5.5 cells/ml; range: 3.3- 7.5 
cells/ml) and the control group (median: 3.5 cells/ml; 
range: 2- 4.8 cells/ml). Additionally, there were no 
differences in the number of CECs in stabilized as 
compared to non-stabilized pre-eclamptic patients. The 
researchers have suggested that endothelial dysfunction and 
cell activation rather than actual damage occurs in pre-
eclamptic patients (75). 

 
CECs are a novel specific and sensitive marker of 

endothelial dysfunction and injury. They constitute a 
marker that can also be used for assessing the extent of 
disease activity. However, the relationship between the 
number of CECs and disease severity is unknown and 
would require further investigation. Prospective studies are 
needed to evaluate the significance of CECs in predicting 
pre-eclampsia before high blood pressure and proteinuria 
occur. 
 
3.4.2.2. Endothelial progenitor cells (EPCs) 

EPCs are immature precursor cells smaller than 
15µm in diameter and derived from the bone marrow and 
vascular wall that have proliferative potential (76). These 
cells are mobilized from the bone marrow in conditions 
such as trauma, burns, arthritis, retinal disease, 
hemangioma, psoriasis, atherosclerosis, tumor growth, and 
metastasis (77- 82). The process of EPC identification 
makes use of flow cytometry (because of surface antigens 
presence) or in vitro colony-forming assays. EPCs are 
thought to reflect the body’s capacity for endothelial repair 
and to play a role in vascular remodeling and endothelial 
hemostasis (76). Some evidence suggests that these cells 
play a role in prenatal and postnatal neovascularization and 
re-endothelialization and may also serve an important part 
in the vascularization of the uterine endometrium during 
embryo implantation and placentation in pregnancy (83). 
These cells constitute about 25% of the endothelial cells in 
newly formed vessels (84). Estrogen, through its anti-
apoptotic effect, leads to increased numbers of EPCs (85, 
86). In conditions related to endothelial dysfunction, such 
as diabetes mellitus or cardiovascular diseases, the number 
and function of EPCs are reduced (87, 88). A recent study 
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suggests the involvement of EPCs in the pathogenesis of 
pre-eclampsia. The mobilization of EPCs into the 
circulation is caused by nitric oxide-dependent pathways in 
response to the stimulation of vascular endothelial growth 
factors (VEGF), placental growth factor (PlGF), and 
estrogen (among other factors) (85, 89, 90). Moreover, the 
mobilization of EPCs may constitute an important 
mechanism whereby estrogens protect the vascular 
endothelium during pregnancy, and the pregnancy is related 
to the mobilization of EPCs from the bone marrow to the 
peripheral blood (91). 

 
Only a few studies have reported data on 

circulating EPCs in uncomplicated human pregnancy. 
Sugawara et al. have shown that the number of circulating 
EPCs increases gradually with gestational age and levels of 
circulating EPCs correlate with plasma estradiol levels 
(92). The other study by Luppi et al. has shown that EPCs 
levels are increased during the second and third trimesters 
of an uncomplicated pregnancy as compared to the first 
trimester (93). Nevertheless, studies by Matsubara have 
revealed that the number of EPCs is highest in women in 
their first trimester of pregnancy and then decreases 
significantly over the course of pregnancy (94). 

 
There are only three diseases of pregnancy in 

which EPCs have been assessed: pre-eclampsia, gestational 
hypertension, and gestational diabetes mellitus. Sugawara 
et al. found a decreased number of EPCs and increased 
senescence of EPCs in patients who developed pre-
eclampsia compared with the healthy pregnant controls 
(95). Luppi et al. also found a significantly lower number 
of EPCs in women with pre-eclampsia when compared to 
women in their third trimester of uncomplicated pregnancy 
(93). However, in the study by Matsubara et al., the number 
of EPCs in pre-eclamptic women was not significantly 
different when compared to that of women in the third 
trimester of uncomplicated pregnancy (94). It is difficult, 
however, to do a reliable comparison of these studies 
because of the different methods used to assess EPCs. 

 
The exact role of EPCs in the pathogenesis of pre-

eclampsia is still unknown. Probably a deficiency may lead 
to higher maternal susceptibility to pre-eclampsia. It is still 
unknown whether a decrease in the number of EPCs in pre-
eclamptic women reflects an underlying etiology or is 
rather the effect of the disease. The data revealing an 
increasing number of EPCs with gestational age in women 
with uncomplicated pregnancies suggests that these cells 
may play an important role in the regulation of placental 
development and vascular integrity during pregnancy. The 
creation of a subsequent study which will assess the 
number and function of EPCs prospectively before the 
onset of the symptoms of pre-eclampsia is needed.  
 
3.4.2.3. Microparticles (MPs) 

MPs are found in the peripheral blood in the form 
of vesicles which are shed from cell membranes under the 
influence of activation or apoptosis. These nuclear 
structures are 0.1 to 1 µm in diameter and contain 
membrane proteins and cytoplasmic material of the 
parental cell. Their differentiation from other types of 

circulating subcellular elements (exosomes, ectosomes, and 
apoptotic bodies) is based on size, mechanism of formation, 
and content. Flow cytometry is typically used for detecting 
MPs in blood samples, and this process is based on vesicle 
size, the externalization of phosphatidylserine, and the 
presence of specific types of surface antigens similar to 
their parental cell antigens (76). The main function of MPs 
is to mediate intracellular communication which leads to 
modifications in hemostasis, thrombosis, inflammation, and 
angiogenesis. In the blood stream MPs act as carrier and 
transport proteins (growth factors, apoptotic factors, 
receptors, and others) of RNA and DNA fragments from 
one cell to another (96) MPs can originate from different 
types of cells. Most commonly they originate from platelets 
(identified by the presence of surface antigens: CD41a, 
CD42b, CD62P), but also from endothelial cells (CD 144, 
CD62E, CD31), leukocytes (CD45, CD8, CD4, CD14), and 
erythrocytes (CD235a) (76). Recently, Germain et al. have 
reported circulating microparticles derived from 
syncytiotrophoblasts (97). 

 
MPs are released into the circulation under 

conditions of cell stress or damage. There has been some 
evidence of increased levels of platelet, endothelial, and 
leukocyte MPs in conditions related to endothelial 
dysfunction, and this may reflect the degree of the 
endothelial dysfunction (98- 101). These types of MPs have 
been shown to be elevated in conditions such as 
cardiovascular diseases, metabolic syndrome, diabetes, 
sepsis, antiphospholipid syndrome, thrombotic 
thrombocytopenic purpura, rheumatoid arthritis, chronic 
renal failure, systemic lupus erythematosus, and cancer 
metastasis (96). Moreover, Burger et al. have suggested 
that MPs may exert harmful effects on the endothelium, 
and have demonstrated that these vesicles promote 
oxidative stress and expression of cell adhesion proteins in 
cultured endothelial cells (99). 

 
Endothelial MPs are considered a direct marker of 

endothelial cell stress or damage. Furthermore, MPs may 
also reflect endothelial inflammation, increased 
coagulation, and vascular tone (101). Studies by both 
Bretelle et al. and Alijotas-Reig et al. have shown that the 
number of endothelial and platelet MPs are increased in 
women with uncomplicated pregnancy compared with non-
pregnant healthy women. Moreover, a higher number of 
these vesicles can be detected in healthy women for two 
months after they have delivered (102, 103). 

Some investigators have assessed levels of plasma 
endothelial MPs in pregnancies complicated by pre-
eclampsia. González- Quintero et al. have shown 
statistically significant higher numbers of plasma 
endothelial MPs in women with pre-eclampsia as compared 
with healthy pregnant women. In this study there was no 
association between plasma endothelial MP levels and the 
MAP (mean arterial pressure) either in the study group or 
the control group. Moreover, in pre-eclamptic women no 
correlation between proteinuria and endothelial MPs was 
found. Endothelial MPs correlated well with the clinical 
presentation of pre-eclampsia (104). Reyna- Villasmil et al. 
observed higher concentration of endothelial MPs in 
eclamptic and severe pre-eclamptic patients. Lower values 
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were found in mild pre-eclamptic women. There were 
significant higher values of endothelial MPs in the studied 
groups (eclamptic/ pre-eclamptic patients)compared with 
healthy pregnant women (105).  

 
The next study performed by the same group of 

investigators revealed significant elevations in 
CD31+/CD41- endothelial MPs in patients with pre-
eclampsia when compared to women with gestational 
hypertension. Also both of these groups showed 
significantly elevated CD31+/CD41- endothelial MP levels 
in comparison to the control group. The significant 
elevations of CD62E+ endothelial MP count were observed 
in patients with pre-eclampsia as compared with the women 
with gestational hypertension and the healthy control pregnant 
group (106). 

 
Alijotas-Reig et al. compared MPs in healthy non-

pregnant women, healthy pregnant women, and women with 
pregnancy complicated by pre-eclampsia, HELLP syndrome, 
or fetal growth restriction. They demonstrated significant 
increases in endothelial and platelet MPs in healthy pregnant 
versus healthy non-pregnant women. When they compared the 
pre-eclamptic women with the group of healthy pregnant 
women, increased levels of CD31+/CD41 endothelial MPs 
were detected. Interestingly, they also assayed the differences 
between the pre-eclampsia group of women and the isolated 
fetal growth restriction group and observed a tendency toward 
a lower number of CD31+/CD41 endothelial MPs in the 
isolated fetal growth restriction group; however, this 
relationship was not statistically significant (107). 

 
Some clinical or laboratory evidence has revealed 

that in the presence of higher levels of endothelial MPs, the 
endothelium-dependent vasodilation is worse (108). It means 
that endothelial MPs may act as a marker of endothelial 
dysfunction.  

 
Furthermore, the level of syncytiotrophoblast MPs 

correlates with the degree of underlying inflammatory and 
oxidative status in pre-eclamptic patients (96, 109). The 
women in the group with pre-eclampsia showed higher STBM 
levels than the women in the healthy pregnancy group. Some 
data suggests that STBM promotes endothelial and immune 
cell dysfunction, activates superoxide production in 
neutrophils, and may stimulate the production and release of 
pro-inflammatory cytokines through the binding of monocytes 
(110). 

 
There is currently a need to investigate women in 

the first trimester of pregnancy followed by serial blood 
sampling to determine whether endothelial MPs increase 
before the clinical symptoms of pre-eclampsia. Salomon et 
al. have shown that the number of cell-derived MPs at 24 
weeks of gestation does not have predictive value for the 
subsequent development of vascular diseases specific to 
pregnancy such as hypertension, preeclampsia, intrauterine 
growth restriction, and small-for-gestational age live births 
(111). 

 
We can conclude that MPs reflect vascular injury, 

endothelial apoptosis, and leukocyte or platelet activation, 

and also may lead to further vascular injury. The real 
relationship between pre-eclampsia and circulating MPs 
should be investigated in well-designed prospective studies 
in order to assess their prognostic and diagnostic value for 
pre-eclampsia. The exact pathophysiology of this field may 
lead to the creation of therapies for modulating the effect of 
MPs.  
 
4. CONCLUSION 
 

Knowledge about the exact pathophysiology of 
pre-eclampsia is one of the most important aims of current 
research in the field of hypertensive disorder during 
pregnancy.  

 
While considerable interesting and valuable data 

about the pathogenesis of pre-eclampsia has been brought 
to light in recent years, much further research is needed 
before we can fully understand this complex disorder. 
There is some evidence that circulating levels of anti-
angiogenic and angiogenic factors alter several weeks 
before the onset of pre-eclampsia. We do not, however, 
have any data about such alterations in CECs, CPCs, and 
microparticle levels because this field is still so young. 
Such data would be useful for creating effective 
pharmacologic therapeutic approaches for the management 
of pre-eclampsia. This new sight on the pathophysiology of 
pre-eclampsia has indicated new target points for potential 
therapies and provides an intriguing subject for future 
research. 
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