
Introduction

Normal embryonic development and growth is dependent

on formation and sustained fetoplacental blood vessels [1].

Angiogenesis and vasculogenesis that are important stages

in the development of fetal and placental vascular struc-

tures are complex processes that occur as a result of inter-

action between growth factors and cells. Vasculogenesis is

the development of primitive vascular structure from he-

mangiogenic stem cells. Angiogenesis is the formation of

new capillaries from pre-existing vessels. These processes

are regulated by many growth factors, so vascular network

is controlled on the basis of the interactions of these fac-

tors [1-6].

Vascular endothelial growth factor (VEGF) is a multi-

functional cytokine. VEGF provides the formation, migra-

tion, and proliferation of endothelial cells, and plays a

central role in the regulation of placental angiogenesis [2,

3, 7]. Angiopoietins are vascular growth factors which have

functions in the regulation of embryonic and postnatal an-

giogenesis. Angiopoietin-1 (ang-1) and angiopoietin-2

(ang-2), produced by placenta, are important for restruc-

turing of vessels and the endothelial cell survival [1]. Ang-

1 mediates stabilization of developing vessels, maintains

vessel integrity, and provides angiogenic progression [1, 2,

8]. Despite ang-1 and ang-2 share a similar structure, they

have different effects on the same receptors. Ang-2 initi-

ates the vascular regression and cell death by disrupting

connections between endothelial and perivascular cells [1,

2, 4, 9]. In the presence of proangiogenic factors such as

VEGF, the destabilization caused by the ang-2 results in

the formation and progress of new vessels [8].

Approximately 15% of clinically diagnosed pregnancies

end in abortion through the first trimester due to different

etiologic factors [10]. Recently, researchers have tried to

show the relationship between angiogenic factors and re-

current pregnancy loss in a number of studies [1, 11, 12].

In this study, the authors aimed to compare the serum lev-

els of VEGF, ang-1, and ang-2, possible placental angio-

genesis and vasculogenesis indicators, between pregnant

women diagnosed with incipient abortion and healthy

women with similar ages. 

Materials and Methods

The local ethics committee approved the study (protocol num-

ber: 22.03.2013/8) and participants gave written informed con-

sent. This study included 40 women who were between 7-20

weeks of pregnancy and presented with vaginal bleeding, pain,

and cervical dilation complaints and also diagnosed with incipi-

ent abortion. Control group consisted of 40 pregnant healthy

women with similar ages, gestational weeks and body mass index

(BMI) values. Serum samples were stored at -80

0

C until assay.

Serum VEGF levels measured with ELISA kit and an ELISA

reader according to the kit insert. Also ang-1 and ang-2 serum lev-
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els were measured by ELISA kits. 

Statistical analyses were performed using the SPSS 20.0 pro-

gram. Compliance with the normal distribution of parameters was

assessed by Kolmogorov-Smirnov test. Independent samples t-
test was used for evaluation of parameters normally distributed.

The correlation analyses between parameters were evaluated by

Pearson correlation analysis.

Results

Serum VEGF levels were higher (p < 0.001) and ang-1

levels were significantly lower (p < 0.001) in pregnant

women that had an abortion compared to control group

(Table 1). There was no significant difference in terms of

ang-2 levels between groups (p = 0.172) (Table 1). Again,

a significant weak correlation (p < 0.05, r < 0.6) was found

between serum ang-1 and VEGF levels in patient group

(Figure 1).

Discussion

Spontaneous abortion (SA), a common finding affecting

20% of pregnancies, usually occurs at an early stage of

pregnancy. Until now, various factors have been identified

that influence miscarriage such as genetic, endocrine, in-

fectious, anatomical, nutritional and environmental, but

exact pathogenesis is not known [13, 14]. However inap-

propriate angiogenesis and blood flow pattern have been

attributed to miscarriage and implantation failure [15, 16].

Inhibition of angiogenesis in pregnant mice results in com-

plete failure of embryonic growth owing to interference

with placental and yolk sac formation and embryonic vas-

cular development [17]. Nonetheless some angiogenesis

factors like ang-1, ang-2, and VEGF are suggested to have

important roles in the abortion cases. In this study, the au-

thors found increased serum VEGF levels and decreased

serum ang-1 levels in pregnancies resulting in abortion,

compared to the control group. These results suggest that

there is a strong relationship between these factors and

early pregnancy loss and significant changes of these fac-

tors also may be associated with the pathology of abortion

incipience.

VEGF is a specific mitogen that has been documented to

participate in many phases of the reproductive process such

as embryo implantation and placental growth [18, 19]. Dur-

ing early gestation, VEGF is related with oocytes matura-

tion, trophoblastic proliferation, implantation and

development of the embryo, angiogenesis of the placenta,

and the growth of maternal and fetal blood vessels in the

uterus [20, 21]. A crucial role of VEGF in fetal and pla-

cental angiogenesis has been also supported from gene

Table 1. — The clinical characteristic of healthy and in-
cipient abortion pregnant subjects.

Control Incipient abortion p value

Age (years) 29.76 ± 4.1 29.40 ± 4.3 > 0.05

Gravidity 2.2 ± 0.4 2.1 ± 0.3 > 0.05

Pregnancy weeks

(menstruating)

13.4 ± 5.5 12.5 ± 4.4 > 0.05

VEGF (pg/ml) 14.17 ± 4.18 56.66 ± 16.17 < 0.001

Ang-1 (ng/ml) 114.96 ± 15.09 86.91 ± 12.73 < 0.001

Ang-2 (pg/ml) 688.80 ± 131.56 648.76 ± 128.04 > 0.05

VEGF: vascular endothelial growth factor, Ang-1: angiopoietin-1, 

Ang-2: angiopoietin-2.

Figure 1. — Scatter plot graph between ang-1 and VEGF levels for the patient group (p = 0.026, r = 0.351). Scatter plot graph between

ang-1 and VEGF levels for the control group (p = 0.036, r = 0.332).
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knockout studies [22, 23]. Pang et al. [24] reported that in

hypoxia cases, like poor vascularization at the early phases

of placental development, maternal serum VEGF levels in-

crease and the pregnancy results in abortion due to en-

dothelial dysfunction. VEGF, that modulates placental

vascular development, was also high in patients with abor-

tion in the present series. This finding may be explained as

increased blood vessel density in decidua parietals was re-

lated with spontaneous human first trimester abortion, sim-

ilar with previous studies [25]. Increased vascularization is

considered a consequence of hypoxia. This often occurs

with increased microvascular permeability and increased

capillary density under the condition of tissue ischemia and

hypoxia [26]. Meanwhile, in vitro experiments have indi-

cated that hypoxia could enhance VEGF secretion [27].

Among other biomolecules, ang-1 maintains vessel in-

tegrity and probably plays a role in the later stages of vas-

cular remodeling. Ang-2 is a functional antagonist of ang-1

and leads to vascular dilatation, loosening of cell/cell inter-

actions, and disruption of vessel integrity [28]. From ob-

stetric aspect, circulating levels of ang-1 and ang-2 are

associated with poor pregnancy outcomes, and low serum

levels of these factors have been reported with predictive

for potential consequences in cases of abortion or ectopic

pregnancy [8]. Schneuer et al. [8] reported that patients with

adverse pregnancy outcome have lower levels of ang-2.

Similar to these results, in a case-control study by Daponte

et al. [29] reported that serum ang-1 and ang-2 levels at six

to eight weeks of gestation were significantly lower in failed

pregnancies compared to normal pregnancies. Researchers

concluded that ang-1 and ang-2 levels may be used as bio-

markers of ectopic pregnancy and missed abortion by means

of a single measurement of their serum levels at six to eight

weeks of gestation. In the present study, serum ang-1 con-

centrations were significantly lower in abortion incipience

compared to the control group and it showed positive cor-

relation with serum VEGF levels. Although this correlation

was not statistically significant, ang-2 levels were also de-

creased in abortion incipience group. Similar to the present

study, reduction of ang-2 was also observed in women with

a history of recurrent miscarriage. The estimated increased

VEGF and reduced ang-2 may contribute to the advanced

vessel maturation observed in this group of patient [30].

In conclusion, the implantation process of embryo and

steadiness of pregnancy seems to depend on proper blood

supply to fetal placental tissue that is regulated with an-

giopoietic factors like VEGF, ang-1, and ang-2. These fac-

tors may have a predictive potential for spontaneous

abortion and also new treatment modalities, and may have

beneficial effect on prevention of SA.
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