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Objective: The aims of this study were to assess the relationship 
between early miscarriages and vascular endothelial growth factor 
(VEGF) expression and to determine the serum levels of first-trimester 
maternal alpha-fetoprotein (AFP) and human chorionic gonadotropin 
(β-hCG) as markers of angiogenesis and predictors of abortion and in-
trauterine fetal loss.
Material and Methods: The present study was a prospective, single-
center, randomized controlled clinical trial. Ninety-five women who 
were 6-10 weeks pregnant between May and June 2010 were included 
in the study. The subjects were divided into three groups, i.e., incomplete 
abortion (IA) (n=31), intrauterine death (IU-D) (n=32) and control (elec-
tive pregnancy termination) (n=32). Feto-placental materials were com-
pared based on immune staining for VEGF in the pathology laboratory, 
and maternal serum samples were tested in the hormone laboratory. 
Results: Serum β-hCG levels in the patient groups were significantly 
lower than the controls (p=0.001). The serum AFP level was lower than 
the controls in the IA group while it was higher than the controls in the 
IU-D (p=0.016). Immunohistochemistry showed that the cytotropho-
blast, syncytiotrophoblast and endometrial gland epithelium were 
weakly stained for VEGF in the patient groups (IA and IU-D) in compari-
son to the control group (p=0.06, p=0.028, p=0.006). 
Conclusion: Early pregnancy losses are related to insufficient angio-
genesis, and maternal serum AFP and β-hCG can be used as markers 
of angiogenesis in the first trimester.
(J Turkish-German Gynecol Assoc 2012; 13: 111-7)
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Amaç: Erken gebelik kayıplarının vasküler endotelial growth faktör 
(VEGF) ekspresyonu ile ilişkisini değerlendirmek ve anjiogenez markırı 
olarak ilk trimester maternal serum alfa-fetoprotein (AFP) ve human 
chorionic gonadotropin (β-hCG) düzeylerinin abortusu ve intrauterin 
fetal ölümü öngörmedeki yerini tespit edebilmektir.
Gereç ve Yöntemler: Çalışmamıza, Mayıs 2010 ve Temmuz 2010 tarih-
leri arasında hastanemize başvuran, 6-10. gebelik haftalarındaki toplam 
95 hasta dahil edildi. Hastalar inkomplet abortus (n=31), intrauterin 
ex (n=32) ve kontrol (n=32) olarak 3 grup halinde incelendi. Fetop-
lasental materyaller patoloji laboratuarında VEGF ile immün boyanma 
özellikleri açısından karşılaştırıldı. Maternal serum örnekleri hormon 
laboratuvarında çalışıldı. 
Bulgular: Serum β-hCG değeri hasta gruplarında, kontrole göre an-
lamlı olarak düşük (p=0.001) ve serum AFP değeri de İA grubunda 
kontrole göre düşük, IUEX grubunda ise yüksek saptandı (p=0.016). 
İmmünhistokimya ile, sitotrofoblast, sinsityotrofoblast ve endometrial 
gland epitel hücrelerinde hasta gruplarında (İA VE İUEX) kontrol gru-
buna kıyasla VEGF için daha zayıf boyanma olduğu görüldü (p=0.06, 
p=0.028, p=0.006).
Sonuçlar: Erken gebelik kayıpları, yetersiz anjiogenezle ilişkilidir ve 
VEGF ile ilişkili olarak, ilk trimesterde maternal serum AFP ve β-hCG’nin 
anjiogenez markırı olarak kullanımı olasıdır.
(J Turkish-German Gynecol Assoc 2012; 13: 111-7)
Anahtar kelimeler: Abortus, implantasyon, anjiogenez, VEGF, β-hCG, 
AFP
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Introduction

Implantation and development of a human embryo requires 
an increased level of angiogenesis. Various growth fac-
tors have been associated with placental angiogenesis and 
embryonic development. However, among these factors, vas-

cular endothelial growth factor (VEGF) plays the key role (1). 
VEGF exerts angiogenic effects via two receptors; VEGFR-1/
Flt-1(fms-like-tyrosine kinase) and VEGFR-2/flk-1 (fetal liver 
kinase)/KDR (kinase domain region) (2). The role of VEGF 
was first described in a gene deletion study by Carmaliet 
et al., (3) who reported in 1995 that embryonic mice which 



were unable to produce VEGF or were defective at the level of 
the VEGF receptor did not develop normal vascular structures 
and were aborted. Evans and coworkers showed that the 
concentration of VEGF in the maternal serum was elevated in 
early first trimester pregnancies (4). In an immunohistochemi-
cal study by Kaloglu et al., (5) the role of VEGF in placental 
angiogenesis was established. It has been reported that VEGF 
not only stimulates and regulates angiogenesis but also guides 
implantation by promoting the growth of the cytotrophoblasts 
and differentiation via these receptors (6). In addition to the 
well-defined angiogenic factors such as VEGF, recent studies 
have revealed that growth factors and hormones related to 
gestation, especially human chorionic gonadotropin (hCG), 
alpha-fetoprotein (AFP) and insulin-like growth factor II (IGF 
II), play important roles in the vascular development of the 
feto-placental unit (7-10). Laitinen et al. (11) showed the direct 
effect of hCG on VEGF expression via the hCG/LH receptor. Herr 
et al. (8) argued that hCG stimulates the proliferation of human 
placental micro vascular endothelial cells in a dose-dependent 
fashion and that it is critical for a successful pregnancy due to 
its role in immune tolerance. AFP is a protein synthesized in 
the yolk sac and liver of the fetus and plays an important role 
as a proangiogenic factor in VEGF-dependent angiogenesis, 
especially in the endothelial cells of the feto-maternal unit (9). 
There are a few papers in the literature on maternal serum AFP 
(MS-AFP) levels in the first trimester (9, 10, 12, 13). Previous 
studies have shown that the levels of endocrinological factors, 
such as hCG, progesterone (14, 15), pregnancy associated plas-
ma protein-A (PAPP-A) and inhibin A (13) levels, are decreased 
in the first trimester in patients with symptoms of threatened 
miscarriage (TM) who subsequently had a complete miscar-
riage, compared to those with a normal obstetric outcome.
The aim of the present study was to detect and compare VEGF 
immunoreactivity among feto-maternal materials obtained as 
a result of spontaneous incomplete abortion (IA), intrauterine 
death (IU-D) and elective termination of pregnancy (control) 
and to determine the values of first-trimester maternal serum 
levels of AFP and β- hCG as markers of angiogenesis and pre-
dictors of abortion and intrauterine fetal losses.

Material and Method

The present study was a prospective, single-center, randomized 
controlled clinical trial assessing the VEGF immunoreactivity 
and the values of first-trimester maternal serum levels of AFP 
and β-hCG among feto-maternal materials obtained as a result 
of spontaneous incomplete abortion (IA), intrauterine death 
(IU-D) and elective termination of pregnancy (control). Ethical 
approval was obtained from the local research ethics com-
mittee prior to the study, and written informed consent were 
obtained from all patients. This study was conducted in accor-
dance with the basic principles of the Helsinki Declaration. 

Patient selection:
A group of 124 patients ranging from 6-10 gestational weeks in 
their pregnancies admitted to the Family Planning Unit of Zekai 
Tahir Burak Women Training and Research Hospital, Ankara, 
Turkey, between May 2010 and July 2010 were eligible for inclu-

sion in this trial. Before the subjects were enrolled in the study, 
age, gravida, parity, abortus weight, height, body mass index 
(kg/height2) (BMI), the presence of a systemic disease (such 
as diabetes, hypertension), smoking, alcohol consumption, 
caffeine consumption, medications, blood group incompat-
ibility and first day of the last menstrual period were recorded. 
Subjects with a systemic disease or an etiological risk factor 
for recurrent abortion, subjects who conceived by assisted 
reproductive techniques or had Rh incompatibility and smokers 
were not included in the study (n=12). All subjects underwent 
pelvic examination in the dorsolithotomy position. Conditions 
that might cause vaginal bleeding, such as cervical carcinoma, 
ulcer, polyp, erosion, vaginal laceration, and vaginitis, were 
ruled out (n=11). Patients with trophoblastic disease, ectopic 
pregnancy and multiple pregnancies, identified by pelvic and 
ultrasound examination, were also excluded from the study 
(n=6). Therefore, the remaining 95 patients were included in 
the study. 

Study Design:
Patients were divided into three groups. The IA group com-
prised 31 patients who had a live fetus within the uterine cavity 
but who had experienced spontaneous incomplete abortion 
within 12 hours before admittance to the hospital. (Gestational 
material for immunohistochemical examination was obtained 
only from 16 cases). Thirty-two patients were allocated into 
the IU-D group when the crown-rump length (CRL) was over 5 
mm but a fetal heart beat was absent, based on trans-vaginal 
ultrasound (TVU) examination. The control group comprised 32 
normal subjects who underwent elective termination of their 
pregnancies. 
All pregnancies were terminated by vacuum aspiration, and two 
venous blood samples of 3 cc were taken from each patient’s 
antecubital vein just before the procedure. Blood samples were 
centrifuged at 4500 rpm for 15 minutes to separate the serum. 
β-hCG and AFP were measured using these sera. 
Diagnoses of the patients in the IA group were made by gyne-
cological examination or observation with TVU of gestational 
material within the cervical canal and serial β-hCG measure-
ments and were confirmed histopathologically after curettage. 
The IU-D group included patients with fetuses with a CRL≥5 
mm but without a fetal heart beat on TVU exam. Subjects in the 
control group were evaluated by TVU to determine the location 
of the fetus, heart beat and biometric size (CRL). 
β-hCG measurements: Sera were analyzed on the same day 
as sample collection using the β- hCG kit by the Heterogenous 
Enzyme Immunoassay method, and the results were expressed 
in mIU/ml. All samples were assayed in duplicate, and the intra- 
and inter-assay variations based on undiluted 170 mIU/ml Bio-
Rad hCG control were 3.2% and 6.7%, respectively. 
AFP measurements: Sera were analyzed on the same day 
as sample collections in the hormone laboratory for AFP by 
Enzyme-Linked Immunosorbent Assay (Genentech, Inc., San 
Francisco, California), and AFP levels were quantified as IU/ml. 
The intra- and inter-assay coefficients of variation were calcu-
lated as 2.8% and 3.8%, respectively.
Histopathological and Immunohistochemical Method: All 
feto-placental curettage material was sent to the Pathology 
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Laboratory. Specimens were fixed in formalin and embed-
ded in paraffin after routine histological processing, and tissue 
blocks were obtained. Tissue blocks were then sectioned, 
deparaffinized and rinsed under running tap water. Sections 
were incubated in 3% hydrogen peroxide for 10 minutes, rinsed 
under distilled water and pretreated at a high temperature in a 
microwave oven in Tris-EDTA buffer (pH 9) for 20 minutes. After 
waiting at room temperature for 20 minutes, sections were 
washed in PBS (phosphate buffered saline, pH 7.6) for 5 min-
utes. After application of the protein block for 10 minutes, sec-
tions were incubated with the primary antibody at room tem-
perature for one hour (VEGFAb-1 Rabbit Polyclonal Antibody, 
Thermo Scientific RB222) and then washed with PBS for 5 min-
utes. The sections were incubated for 20 min with a biotinylated 
secondary antibody, washed with PBS for 5 minutes, incubated 
with streptavidin/peroxidase complex for 20 minutes, washed 
with PBS for 5 minutes and incubated with AEC chromogen for 
5 minutes. Slides were washed under tap water, counterstained 
with Mayer’s Hematoxylin for 30 seconds, washed with distilled 
water and covered with a water-based cover material. 
To reduce intra- and inter-observer variability, materials were 
numbered and examined by a single pathologist who was 
blind to the group to which the specimen belonged. Tissues 
that were immunostained and examined under light micro-
scope included trophoblasts around the chorionic villi (syncy-
tiotrophoblasts, cytotrophoblast), Hofbauer cells (fetal tissue 
macrophages) within the chorionic villi stroma, the vascular 
endothelium of the chorionic villi on the fetal side as well as the 
decidual stromal cells, the decidual vascular endothelium and 
the endometrial gland epithelium on the maternal side.
The tissue sections were compared based on immunostaining 
for VEGF. We observed that the VEGF antibody stained the cyto-
plasm and cell membrane, but not the nucleus. In other words, 
sections were evaluated based on positive staining or membra-
nous staining of the cells. Sections were graded on a 4-point 
scale which is commonly used in immunohistochemical studies. 
Sections were scored as; 0: No staining, 1+: focal, weak staining, 
2++: diffuse, weak staining, 3+++: diffuse, strong staining.

Outcome variable and statistical analysis:
To differentiate between the control, IA and IU-D groups using 
the AFP values, the power was calculated as 0.97 at ±4 units 

of deviation from the mean, and alpha was taken as 0.05 
(Calculated by NCSS-PASS software package).
SPSS (Statistical Package for Social Sciences) for Windows 
15.0 was used for statistical analyses. In addition to descriptive 
statistics (mean, standard deviation, median), one-way ANOVA, 
Kruskal-Wallis H, and Mann-Whitney U tests were used for 
comparison of quantifiable data. Differences between groups 
were considered significant when p<0.05 and p<0.01 at 95% 
and 99% confidence intervals. 

Results

Table 1 shows the demographic and descriptive data of the 
patients, including age, gravida, parity, live births, abortus, dila-
tion and curettage (D&C), and body mass index (BMI). There 
were no significant differences in age and BMI between groups 
(Table 1). The mean gestational ages of the groups accord-
ing to last menstrual period and ultrasound were 7.6±1.3 and 
6.5±0.81, respectively. 
Significant differences in the mean β-hCG levels of the subjects 
were found between groups; the mean β-hCG level in the IA 
group was lower (p=0.001) (Table 2). There was also a signifi-
cant difference in mean AFP levels between groups. Compared 
to the controls, the mean AFP was lower in the IA group, but 
higher in the IU-D group (p=0.016) (Table 2).
Comparison of tissue sections in terms of VEGF staining 
revealed that the cytotrophoblasts and syncytiotrophoblasts 
of the placental villi and endometrial gland cells stained sig-
nificantly weaker in the patient groups (IA and IU-D) in com-
parison to the controls (Table 3, Figures 1-3). Hofbauer cells in 
the control group stained similarly to those in the IA and IU-D 
groups, and there were no statistically significant differences 
in staining intensity (Table 3). Vascular endothelial cells of the 
placental villi stained weakly in the control group as opposed to 
the IA and IU-D groups, and the differences between the patient 
groups and the controls in terms of VEGF staining intensity were 
significant (Table 3, Figures 4 and 5). Decidual stromal cells 
stained comparably in all groups with no statistically significant 
differences among them (Table 3, Figure 6). Decidual vascular 
endothelial cells presented weaker staining in the control and 
IA groups than the IU-D group, but the differences did not reach 
the level of significance (Table 3). 

Table 1. Comparison of the patient demographics and descriptive data
 Control IA IU-D p value* 
 (Mean±SD)** (Mean±SD)** (Mean±SD)** 
 n=32 n=31 n=32 

Gravida 4.1250±1.8447 3.0000±1.9321 2.5939±1.5202 0.001*

Parity 2.4063±1.7387 1.6452±1.6030 0.9688±1.0920 0.001*

Live birth 2.2500±1.1639 1.5484±1.5671 0.9375±1.0453 0.001*

D&C 0.5000±0.1419 0.1290±0.1009 0.2813±0.1364 0.021*

Abortus 0.2813±0.6831 0.2258±0.6688 0.3125±0.7803 0.798

Age (years) 31.25±5.968 30.90±6.655 30.88±7.241 0.969

BMI (kg/height2) 25.6594±4.8746 24.0290±3.6455 24.2188±5.1477 0.310
*p<0.05 statistically significant, **Data are expressed as the mean±standard deviation (SD)

Kutluer et al.
Defective angiogenesis in first-trimester miscarriagesJ Turkish-German Gynecol Assoc 2012; 13: 111-7 113



Discussion

Aiming to clarify the etiopathogenesis of first-trimester miscar-
riages, we examined VEGF staining in tissue sections pre-
pared from the feto-placental materials collected from our 
patients and measured β-hCG and AFP levels in maternal 
serum. We constructed two patient groups, namely a sponta-
neous incomplete abortion group and an intrauterine death 
group, and we compared their results with those of the con-
trols. Few studies exist in the literature that measured MS-AFP 
in the first trimester. It is usually investigated during the diag-
noses of fetal chromosomal anomalies and neural tube 
defects in the later stages of pregnancy (13, 16). Previous 
studies have reported a strong association between low 
MS-AFP (<0.05 MoM) and gestational complications, such as 
fetal death, spontaneous abortion, anembryonic pregnancy, 
preterm labor and macrosomia (16-21). In addition to fetal 
chromosomal anomalies, high MS-AFP (AFP>2.5 MoM) has 
been shown to be related to placental pathology, multiple 
pregnancy and fetal death (13). In agreement with findings 
reported in the literature, the mean MS-AFP in the IA group 
was lower (AFP=3.4645 IU/ml), while that in the IU-D group 
was significantly higher (AFP=7.8000 IU/ml) (p=0.016). An 
immunohistochemical study on endothelial cell culture from 
the human feto-maternal units by Liang et al. showed that 

Table 2. The means of serum β-hCG and AFP values in the groups 
 Control IA IU-D p value 
 (Mean±SD)* (Mean±SD)* (Mean±SD)*  
 n=32 n=31 n=32 

β-hCG (mIU/ml) 71479±6453.57 9491.00±3118.871 34492.74±7799.917 0.001

AFP (IU/ml) 5.2594±2.6591 3.4645±2.3656 7.8000±2.0128 0.016
*Data are expressed as the mean±standard deviation (SD)

Table 3. The median and range of the intensity of VEGF staining of the groups
 CONTROL IA IU-D p 
 (Median) (Median) (Median) 
 (Range) (Range) (Range) 

CYTOTROPHOBLAST 3 2 2 0.066 
 2.15-2.66 1.40-2.35 1.67-2.33 

SYNCYTIOTROPHOBLAST 3 2 2 0.028* 
 2.15-2.66 1.40-2.35 1.57-2.22 

HOFBAUER CELLS 1 1 1 0.158 
 1.01-1.68 0.44-1.43 0.55-1.31 

PLACENTAL VASCULAR  0.00 0.50 0.50 0.003** 
ENDOTHELIAL CELLS 0.02-0.29 0.26-1.11 0.52-1.34 

STROMAL CELLS 2 2 2 0.736 
 1.87-2.45 1.48-2.39 1.58-2.42 

DECIDUAL VASCULAR  0.50 0.50 1 0.165 
ENDOTHELIAL CELLS 0.38-1.00 0.26-1.11 0.74-1.55 

ENDOMETRIAL GLAND 1 0.50 0 0.006** 
CELLS 1.13-1.81 0.33-1.42 0.33-1.03 
*Kruskall Wallis Test, *p<0.05, **p<0.01

Figure 1.  Cytotrophoblasts and syncytiotrophoblasts that show 
focal weak VEGF staining (1) in the IA group. 400X

Figure 2. Cytotrophoblasts and syncytiotrophoblasts that show 
diffuse weak VEGF staining in the IU-D group. 400X
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stimulation of VEGF-dependent proliferation depended on the 
dose of AFP and that the optimal dose should be at least 100 
ng/ml (9). Sande et al. (22) argued that the best indicator of a 
threatened miscarriage is the β-hCG level, and that AFP and 
human chorionic somatomammotropin (HCS) levels were 
equal indicators but not as reliable as β-hCG. The authors also 
argued that the AFP level was more diagnostic than HCS 
because both high and low levels of AFP suggest that a preg-
nancy could progress unfavorably. In the present study, the 
mean serum β-hCG levels in the patient groups were signifi-
cantly lower than in the control group, and the lowest level 
was measured in the IA group (β-hCG=9491 MIU/ml) 
(p=0.001). Johns et al. (23) reported that serum β-hCG levels 
in the first trimester were lower in pregnancies that ended in 
miscarriage than in those that reached term. Zygmunt et al. (24) 
highlighted the importance of angiogenesis in early pregnan-
cy, showing that hCG not only had a trophoblast invasion 
stimulating effect but also was an important angiogenic factor 
for the feto-maternal unit (10). Numerous studies have shown 
that defective vascular development underlies many early 
pregnancy losses and incidents of intrauterine embryonic 
death (7, 22, 25). hCG stimulates VEGF via the LH receptor, and 
together they play roles in peritrophoblastic angiogenesis (25). 
Moreover, previous studies have demonstrated a positive cor-
relation between serum hCG and serum VEGF levels during 
the early embryonic period, and this is important for a suc-
cessful pregnancy (25, 26). In a review by Ferrara, the author 
reported that VEGF was the key regulator in normal and 
pathological angiogenesis (27). The authors also noted that 
loss of a single VEGF allele could result in early embryonic 

death due to insufficient vascularization (27). In this study, we 
noted that changes in VEGF levels in the 6th-10th gestational 
weeks, and the conceptus material was significant enough to 
show defective angiogenesis, which was consistent with con-
current serum hCG and AFP levels. Compared to the control 
group, weaker staining of cytotrophoblasts, syncytiotropho-
blasts and endometrial gland epithelial cells was noteworthy 
in the both patient groups (IA and IU-D). At this stage, the 
lower level of β-hCG, which is released in particular from the 
syncytiotrophoblasts, in the patient groups was attributed to 
defective angiogenesis. Studies by Demir et al. (28, 29) dem-
onstrated that, in a normal pregnancy, the villous cytotropho-
blastic cells, followed by Hofbauer cells of the villus stroma, 
strongly express VEGF, although the villous endothelium 
lacked immunostaining for VEGF (10). In this study, we found 
that Hofbauer cells and decidual stromal cells were stained 
comparably in all groups. They suggested that vascular endo-
thelium revealed a clear decrease in VEGF staining intensity in 
normal human placental villi sections from days 22 to 48 post 
conception of gestation (28). So, this normal developmental 
physiology can explain why vascular endothelial cells of the 
placental villi stained weakly in the control group in our study. 
Kayisli et al. (30) reported that, in normal early pregnancy, 
vascular endothelial cells of the placental villi revealed weak-
er VEGF immunoreactivity than trophoblasts in all pregnancy 
weeks. They evaluated placental vasculogenesis in their study 
and they evaluated angiogenic proteins (Tie-1 and Tie-2) in the 
different stages of vasculogenesis related to cell type, villous 
maturation and pregnancy age during very early placental 
development (30). They also found that vascular endothelium 

Figure 3. Endometrial gland cells that show focal weak VEGF 
staining in the IA group. 400X

Figure 5. Decidual vascular endothelial cells that show diffuse weak 
VEGF staining (2) in the IU-D group. 400X  

Figure 6. Decidual stromal cells that show diffuse strong VEGF 
staining in the control group. 400X

Figure 4. Decidual vascular endothelial cells that show diffuse weak 
VEGF staining (2) in the IA group. 400X
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displayed a gradual decrease from strong to weak for Tie-2 
immunoreactivity. Demir et al. (29) sugessted that expression 
of VEGF and its receptors VEFR-1 and VEGFR-2, and angiopoi-
etin receptors Tie-1 and Tie-2 in parallel to vascular maturation 
in human placental villi during very early stages of placental 
development. Vuorela et al. (31) described diminished placen-
tal trophoblastic VEGF immunoreactivity, reduced placental 
trophoblastic Tie-1 and Tie-2 expression and weaker VEGFR-1, 
VEGFR-2,Tie-1 and Tie-2 expression in decidual endometrium 
of spontaneous abortions and these results are similar of our 
results in which we found that the cytotrophoblasts and syncy-
tiotrophoblasts of the placental villi and endometrial gland 
cells stained significantly more weakly for VEGF in the patient 
groups (IA and IU-D) in comparison to the controls. And also 
they found weak immunostaining for VEGF in vascular endo-
thelium of the placental villi of the healthy controls similar 
with our study. In their study, decidual stromal cells showed 
faint VEGF and medium VEGFR-3 immunoreactivity in all 
study groups (31). They found negative reactions for VEGF and 
VEGFR-1 and VEGFR-3 of decidual vascular endothelium in all 
study groups, similar of our results. They reported that recur-
rent miscarriage might be associated with alterations in the 
expression of VEGF, VEGF receptors-1,-2,-3 and Tie-1 and Tie-2 
receptors (31). Sugino et al. (32) reported that decidual stro-
mal cells stained strongly for VEGF and its receptors between 
6 and 8 weeks of gestation. An immunohistochemical study by 
Kaufmann (33) demonstrated that VEGF, especially in the early 
stages of pregnancy, is expressed by villous trophoblasts and 
Hofbauer cells, and the authors considered this to be the initial 
stage of normal angiogenesis. In the same study, the authors 
showed that, for both VEGF-A and its receptor VEGFR-2 (KDR/
flk-1), this stage corresponded to the transition from secondary 
villi to tertiary villi, which also occurs at 21-32 days post concep-
tion (33). The soluble form of VEGF (VEGRF-1) and placental 
growth factor (PIGF) are expressed during later stages (branch-
ing angiogenesis phase), i.e., between 32 days and 25 weeks of 
gestation (28-33). Therefore, the levels of serum (soluble) VEGF 
would not be suitable to predict early pregnancy loss. Hence, 
we used serum AFP and β-hCG instead of serum VEGF as mark-
ers of early angiogenesis. There are no reliable assays available 
to measure ‘total’ VEGF in the circulation, and circulating levels 
of VEGF are almost undetectable in early pregnancy (34). 
Angiogenic growth factors (VEGF-A and PlGF) have been inves-
tigated extensively in normal and abnormal placental vascular 
development (35-37). Romero et al. (38) reported associations 
between PIGF and soluble VEGF and late gestational complica-
tions such as pre-eclampsia. Conversely, Muttukrishna et al. 
(39) demonstrated that soluble vascular endothelial growth 
factor receptor-1(sFlt-1) and PlGF could be new sensitive pre-
dictors of a subsequent miscarriage in patients with TM in the 
first trimester. They suggested that, with its short half-life in the 
maternal circulation, sFlt-1 could be a more sensitive marker 
than other molecules such as hCG, which have a longer half-life 
(39). They concluded that, whereas the lowering of P1GF may 
be related to a decreased syncytiotrophoblast synthesis, lower 
levels of sFlt-1 may be compensatory as the placenta may be 
producing more VEGF and less sFlt-1, which is bound to VEGF. 

On the other hand, both VEGF and the receptor production may 
be lower in patients who subsequently have a miscarriage, thus 
reflecting lower levels of sFlt-1 in maternal circulation in these 
cases (39).

Conclusion

At present, there is no reliable marker to predict the clinical 
outcome of women presenting with TM in the first trimester 
of pregnancy, although several potential markers have been 
studied (14, 15).
Our results indicate that early pregnancy loss is associated with 
low VEGF expression, and this association possibly originates 
from the villous cytotrophoblasts, syncytiotrophoblasts and 
endometrial gland epithelium. In line with these results, it is 
possible to use maternal serum β-hCG together with MS-AFP 
as markers of defective angiogenesis in the first trimester 
to predict early pregnancy losses. Randomized studies with 
larger sample size are needed to confirm this finding. To date, 
studies are underway to accomplish therapeutic angiogenesis 
with VEGF and VEGF gene transfer and to prevent pathological 
angiogenesis with anti-VEGF antibodies (40-44).
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