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of the main causes of poor placental perfusion and leads to pla-
cental and fetal hypoxia. Hypoxia is a potent stimulus for release 
of the numerous factors into the maternal circulation that may 
affect endothelial function of maternal system, and this can be 
reason of hypertension and other signs of the disease.

Currently, PE is thought to result from defective spiral artery 
remodeling, leading to cellular ischemia in the placenta and 
resulting widespread endothelial dysfunction of maternal mul-
tiorgan systems. Exact etiology underlying the cellular and mo-
lecular mechanisms of PE is still elusive. But recent observations 
support that altered expression of multiple factors is responsible 
for the clinical manifestation of the disease [4].

PE is divided to 2 types; early-onset and late-onset PE. Early-
onset PE typically requires early delivery (before 34 weeks’ 
gestation) as intrauterine growth retardation, unusual uterine 
and umbilical artery Doppler waveforms, and negative effects 
on the maternal and neonatal sides are common. Late-onset PE 
is commonly related to mild maternal disease and a low rate of 
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Introduction

Pre-eclampsia (PE) is a disorder that occurs in multiple sys-
tems during pregnancy and it causes considerable maternal 
morbidity and mortality. PE is a serious complication character-
ized by high blood pressure and proteinuria, and it can lead to 
multiple organ damages. It typically develops after 20 weeks of 
pregnancy, but it can occur at any time during labor, or even up 
to 6 weeks after delivery. PE can become severe very quickly or 
progress slowly. Left untreated, PE can lead to dangerous—or 
even fatal—complications for both the mother and fetus, such 
as HELLP (hemolysis, elevated liver enzymes, and low platelets) 
syndrome and eclampsia [1-3].

The pathogenesis of PE remains unclear despite extensive 
research over the past few decades. However, multiple factors 
related to PE including maternal and fetal/placental factors have 
been identified. In PE, invasion of the maternal uterine spiral 
arteries into the placental trophoblast is inadequate. This is one 
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Pre-eclampsia is known to cause considerable maternal morbidity and mortality. Thus, many studies have examined the 
etiopathogenesis of pre-eclampsia. While many pathophysiological factors related to pre-eclampsia have been identified, the 
precise etiopathogenesis of pre-eclampsia remains unclear. Numerous studies have identified factors for the early prediction 
for pre-eclampsia to lead to preparation and closer observation on pre-eclampsia when it occurs. This article reviews on cur-
rent studies of biomarkers and genetic factors related to pre-eclampsia, which may be important for developing strategies for 
early prediction of pre-eclampsia.
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fetal involvement, with delivery typically at or after 34 weeks of 
gestation [5-7]. 

Because PE can be fatal, early detection is very important, so 
that appropriate monitoring and clinical management can be 
employed. Some trials for examining PE at early and mid-ges-
tation showed that prophylactic intervention is non-effective. 
However, several studies showed that prediction of PE at an 
early gestational age may be useful for implementing early pro-
phylactic strategies [8].

There is no single test for predicting PE [9]. Because of the 
heterogenous nature of PE, there have been efforts to combine 
two or more biomarkers associated with different pathophysi-
ologies to predict the development of PE [10], such as maternal 
serum pregnancy-associated plasma protein-A (PAPP-A), pla-
cental growth factor (PlGF), and PP-13 [11-13]. Here, biomarkers 
known to predict PE are reviewed.

Angiogenic Factors

1. Pro-angiogenic markers
PlGF has complicated associations with pro-angiogenic fac-

tors vascular endothelial growth factor (VEGF) and PlGF, as well 
as their cognate receptors VEGF receptor-1 (also known as fms-
like tyrosine kinase-1 [Flt-1]) and VEGF receptor-2, which is re-
quired for angiogenesis [14].

PlGF is a member of the VEGF family and is related to an-
giogenesis and trophoblastic invasion of the maternal spiral 
arteries. Median PIGF levels in the serum show a curvilinear 
relationship with gestational age and increase in the first and 
second trimesters. This level typically reaches a maximum value 
at approximately 30 weeks’ gestation age and then decreases. 
In pregnancies with fetal aneuploidies with disabled placental 
development, PlGF levels in the maternal serum at early preg-
nancy (11-13 weeks’ gestation) decreases, which can result in 
PE and small for gestational age (SGA) neonates. PIGF levels also 
decrease in the second and third trimesters of pregnancy when 
PE is advanced or in women having SGA neonates. Thus, a rela-
tionship may exist between PE and SGA neonates [15].

2. Anti-angiogenic markers

1) Serum soluble fms-like tyrosine kinase-1
Soluble Flt-1 (sFlt-1) is a truncated splice variant of mem-

brane-bound Flt-1. sFlt-1 circulates in the serum without limita-
tions and binds to and neutralizes VEGF and PlGF. Previous stud-
ies revealed a relationship between increased sFlt-1 levels and 

PE [16]. As early as 5 weeks before the onset of PE, sFlt-1 levels 
increase and remain elevated compared to unaffected pregnant 
women [17]. 

Since Maynard et al. [18] reported the contribution of excess 
sFlt-1, which is produced in the placenta, to the pathogenesis 
of PE, numerous studies have examined the usefulness of anti-
angiogenic markers for diagnosing, predicting, and managing 
PE and placenta-related disorders.

For the pathogenesis of early-onset PE, early placentation 
with incomplete trophoblast invasion and spiral arteries with 
limited remodeling are important, and may lead to lower perfu-
sion between the uterus and placenta. In terms of the patho-
genesis of PE, the combination of second- and third-trimester 
sFlt-1/PlGF ratios as predictive markers of PE was examined in a 
low-risk group. The results showed an 87.5% detection rate with 
a fixed false-positive rate of 10% for early prediction of PE [19].

Pregnancy-associated Plasma Protein-A

PAPP-A is a large highly glycosylated protein and insulin-like 
growth factor that binds the protein protease. It is produced by 
developing trophoblast cells, known as syncytiotrophoblasts 
[20].

The insulin-like growth factor system is known to play a criti-
cal role in placental growth and development; a relationship 
between higher serum PAPP-A levels and an increased incidence 
of PE has been observed. Although decreased PAPP-A levels in 
the maternal serum have been reported in PE populations, these 
studies only examined early second trimester pregnancy [21-23]. 
In a multicenter study of 8,839 women, a significant relation-
ship between PAPP-A levels below the 5th percentile and intra-
uterine growth retardation, preterm delivery, PE, and stillbirth 
were observed [24].

In addition, the significance of the levels of PAPP-A in the first 
trimester and sFlt-1/PlGF ratio (detection rate of 87.5% with a 
fixed false-positive ratio of 5%) to predict the risk of late-onset 
PE at the second trimester was reported [19]. Low levels of PlGF 
and PAPP-A in the maternal serum may reflect impaired placen-
tation, which results in the development of PE [25].

Inhibin-A and Activin-A

Inhibin-A and activin-A are glycoproteins and members of the 
transforming growth factor-β family and are released by the 
fetoplacental unit. It is known that inhibin-A plays an essential 
endocrine role in the negative feedback of gonadotropins, while 
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activin-A is involved in various biological activities [26]. 
Inhibin-A and activin-A are also involved in the production of 

trophoblasts, and their high concentrations may reflect a pla-
cental compensatory mechanism for promoting trophoblastic 
invasion in situations where this procedure is damaged, and 
increases in women who will have PE [24]. Among the multiple 
markers for Down syndrome screening, mid-trimester inhibin-
A levels were reported to be the best predictor of PE [27,28]. An 
increased serum inhibin-A level was significantly related to sub-
sequent PE; however, inhibin-A levels showed poor sensitivity 
for predicting PE [26,29].

Placental Protein 13

Placental protein 13 (PP-13) is a member of the galectin 
super-family (defined as galectin 13); this is a family of carbo-
hydrate-binding proteins is known as β-galactoside-specific 
lectins in the syncytiotrophoblast [30,31].

In normal pregnancies, PP13 levels in the serum gradually 
increase by 2-3 folds before birth [32]. Serum PP13 levels were 
significantly lower in patients who developed early onset PE 
compared to those in normal pregnancies, which can be ob-
served as early as 5 to 7 weeks of gestation. Therefore, maternal 
serum levels of PP13 in the first trimester may be a reasonable 
marker for PE risk assessment [33,34].

Cystatin C

Cystatin C is an established marker of renal function; when 
the glomerular filtration rate decreases, cystatin C levels increase 
[35]. In PE, cystatin C is present in the placenta and is increased 
at the mRNA and protein levels, and is thus elevated in the 
maternal plasma [36]. Median cystatin C concentrations were 
found to be significantly higher in a PE group (median, 0.65 mg/
L) than in a control group (median, 0.57 mg/L; P=0.0001) in the 
first trimester of pregnancy [37].

Therefore, renal function assessment plays a critical role in 
monitoring and predicting the severity in PE. Cystatin-C, a novel 
marker for the detection of renal impairment, appears to be an 
early-stage PE marker.

Pentraxin

Pentraxin 3 (tumor necrosis factor-stimulated gene-14), 
which is composed of 381 amino acids, is a member of a family 
that includes C-reactive protein and serum amyloid P com-

ponent [38]. In PE, a maternal inflammatory response leads to 
higher levels of pentraxin 3 [39].

P-Selectin

P-Selectin is a member of the selectin group of cell surface 
adhesion molecules and is produced by activated platelets and 
endothelial cells. P-selectin supports the recruitment and acti-
vation of circulating leucocytes, as well as coagulation by gener-
ating leukocyte-derived “bloodborne” tissue factor, making it an 
important factor in inflammatory reactions [40,41].

PE is known to have extensive platelet activation activities 
[42-44]. P-Selectin rapidly shed from the cellular membrane of 
activated platelets [45] and P-selectin-exposing micro-particles 
with procoagulant activity were detected in the peripheral blood 
of women with PE [46,47]. However, there was no significant 
difference in P-selectin, catalase, and superoxide dismutase be-
tween PE (case group) and pregnant women with normal blood 
pressure (control group) in a recent study [48]. To date, various 
aspects of P-selectin activity were reported to be affected by PE. 
Thus, it is important to determine the complex interactions of P-
selectin in context-specific situations of PE.

Genetic Markers for Pre-eclampsia

Genes in various biological pathways related to the immune 
system, control of vascular resistance, blood coagulation, cell 
signaling pathways, and metabolic processes, are thought to 
cause PE and its complications [49].

A meta-analysis in the Human Genome Epidemiology Re-
view revealed a relatively high risk association of severe PE with 
the coagulation factor V gene (proaccelerin, labile factor) (F5) 
polymorphism rs6025 (odds ratio [OR]=1.90, 95% confidence 
interval [CI]: 1.42-2.54; 23 studies, I2=29%), coagulation factor II 
(thrombin) gene (F2) mutation G20210A (rs1799963) (OR=2.01, 
95% CI: 1.14-3.55; 9 studies, I2=0%), leptin receptor gene poly-
morphism rs1137100 (OR=1.75, 95% CI: 1.15-2.65; 2 studies, 
I2=0%), and thrombophilic gene group (OR=1.87, 95% CI: 1.43-
2.45; I2=27%) [49].

In another study in 2012, seven genetic variants related to PE 
were found angiotensin-converting enzyme, cytotoxic T-lym-
phocyte-associated protein 4, factor 2, factor V (two variants), 
lipoprotein lipase, and serine peptidase inhibitor 1 genes. This 
meta-analysis suggested a relationship between PE and systems 
such as the renin–angiotensin system, coagulation and fibrino-
lysis system, and system of lipid metabolism and inflammation 
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[50]. However, genetic factors of PE remain unclear, and further 
studies are needed to determine the influence of genetic factors 
on PE.

Cell-free DNA

There is now a wealth of data showing that cell-free DNA 
(cffDNA) has immunostimulatory properties via complex mo-
lecular mechanisms [51]. Human fetal DNA modulates immu-
nity through nuclear factor (NF)-κB activation in vitro has been 
demonstrated by Scharfe-Nugent et al. [52], who found that 
NF-κB activation resulted in the production of proinflammatory 
interleukin-6 in human B-cells and peripheral blood mono-
nuclear cells. This occurs in both pregnant and non-pregnant 
groups. Fetal DNA is produced in the placenta. The relationship 
between fetal DNA and PE was recently investigated and higher 
fetal DNA was observed in the group with a greater risk of devel-
oping PE. Additionally, the highest level of fetal DNA was found 
in women with HELLP syndrome [53,54].

Lo et al. [55] reported the possibility of detecting cffDNA in the 
maternal plasma based on PE index. They observed that plasma 
cffDNA in the third trimester was increased by approximately 
5-fold in 20 PE women compared to in 20 pregnant women 
(age-matched) controls. Many studies of using cffDNA as a pre-
dictor of PE are currently underway, and its combination with 
other markers has been reported as a potential predictor of PE 
(e.g., P-selectin, PAPP-A, PP-13, sFlt-1, and PlGF) [56]. Among 13 
studies of the quantity of cffDNA suitable for predicting PE, 11 
studies showed higher cffDNA in women who developed PE and 
4 studies showed that cffDNA was increased in the maternal 
plasma before the onset of PE [57].

MicroRNAs (miRNAs) are noncoding RNA transcripts account 
for approximately 2% of human genes. MiRNAs are critical post-
transcriptional regulators of gene expression in both healthy 
people and people with diseases [58]. In healthy term placenta, 
miRNA levels were evaluated [59–61]; in cases of placental in-
sufficiency, miRNA levels were altered, indicating that miRNAs 
are useful predictors of PE [59–64]. In a study by Murphy et al. 
[65] in 2015, circulating miRNA profiles were identified at the 
time of delivery and at 1 year postpartum in PE and control 
groups by quantitative reverse transcription-PCR, and seven 
maternal plasma miRNAs (miR-98, miR-222, miR-210, miR-155, 
miR-296, miR-181a, and miR-29b) were increased in women 
with severe PE. Recent studies of placenta-specific miRNAs in 
the maternal circulation also indicated their potential as predic-
tive markers of placental insufficiency [66-69].

Conclusion

PE is well known as an important disease related to maternal 
morbidity and mortality. Many studies have attempted to iden-
tify the causes of PE. While many factors involved in the patho-
physiology of PE have been suggested, the precise causes of PE 
remain unknown.

Many different factors are related to the pathophysiology of 
PE [70]. Some of these factors can help clinicians predict PE and 
enable management to being in the first trimester. However, 
further studies of the causes of PE are needed, which help to 
predict PE earlier and more accurately improving treatment.

Thus, additional studies are needed to elucidate the molecular 
biomarkers and genetics, such as DNA and miRNA for predicting 
PE. Additionally, large-scale, multicenter, multi-ethnic, prospec-
tive trials considering different possibilities to develop PE predic-
tion are required to identify better combinations of markers for 
screening PE.
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