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Amaç: Bu çalışmanın amacı fetal ve erken postnatal serum 
endoglin düzeylerinin fetal büyümedeki rolünü ve maternal 
preeklampsinin endoglin düzeylerine olan ilişkisini araştırmaktır. 

Materyal ve Method: Bu çalışmaya 55 yenidoğan prospektif olarak 
çalışmaya dahil edildi ve 4 gruba ayrıldı:1)Normal gebelik ve gebelik 
haftasına göre düşük doğum ağırlıklı yenidoğanlar (n:13,small for 
gestational age:SGA) 2)normal gebelik ve gebelik haftasına göre fazla 
doğum ağırlıklı yenidoğanlar (n:19, large for gestational age:LGA)3) 
Preeklamptik anneden doğan gebelik haftasına göre normal ağırlıklı 
yenidoğanlar (n:12, appropriate for gestational age:AGA)) 4)kontrol 
grup: preeklampsi ve herhangi bir hastalığı olmayan anneden doğan 
gebelik haftasına göre normal ağırlıklı yenidoğanlar (n:11).Kanlar 
umblikal kordondan ve postnatal 4.saatte periferal venden toplandı. 
Serum endoglin düzeyleri ELISA kit kullanılarak ölçüldü.

Bulgular: Endoglin çalışılan tüm umblikal kord ve yenidoğan 
serumlarında saptandı. Fetal ve erken postnatal serum endoglin 
düzeyleri arasında SGA, LGA, preeklamptik ve kontrol grupları 
bakımından fark saptanmadı. Fetal ve erken postnatal serum endoglin 
düzeyleri SGA grupta AGA gruptan yüksek saptandı. 

Sonuçlar: Fetal ve erken postnatal serum endoglin düzeyleri 
yenidoğanlarda değişmemektedir. SGA yenidoğanlarda serum 
endoglin düzeyleri farklılık göstermektedir. Sonuçlarımız artan 
endoglin düzeylerinin SGA patofizyolojisinde rol oynayabileceğini 
düşündürmektedir.Normal ve komplike gebeliklerden doğan 
yenidoğanlarda endoglinin fetal büyümedeki rolünu belirlemek için 
geniş serili çalışmalara ihtiyaç vardır. 

Anahtar Kelimeler: Endoglin, fetal büyüme, preeklampsi 

Aim: The aim of the present study was to evaluate the role of fetal 
and early postnatal serum  endoglin levels in fetal growth and to 
investigate the association between neonates of preeclamptic mothers 
and endoglin levels. 

Methods: Fiftyfive neonates were prospectively enrolled into the 
study and divided into four groups: 1) Normal pregnancy and small for 
gestational age (SGA) neonates (n:13), 2) normal pregnancy and large 
for gestational age (LGA) neonates (n:19), 3) appropriate for gestational 
age (AGA) neonates of preeclamptic mothers (n:12), and 4) control 
group: AGA neonates born to mothers without preeclampsia or any 
other disease (n:11). Blood was collected from umbilical cords (UC) 
with both ends clamped, and from peripheral vein in the postnatal 4th 
hour.  Serum endoglin levels were measured by employing an ELISA kit.

Results: Endoglin was detectable in the serum of all studied 
umbilical cord and neonates. No statistically significant differences 
were found between fetal and early postnatal serum endoglin levels in 
SGA, LGA, preeclamptic and control groups. Fetal and early postnatal 
serum endoglin levels of SGA group were significantly higher than the 
values of AGA group.

Conclusion: Fetal and early postnatal serum endoglin levels seem 
to be unchanged in  neonates.We showed that SGA infants are 
characterized by a alterations in serum endoglin levels.Our results 
suggest that increased endoglin levels may play a role in the 
pathophysiology of SGA. Further studies with larger patient series are 
required to determine the role of soluble endoglin in fetal growth in 
normal neonates and in neonates born after a complicated pregnancy.
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INTRODUCTION

Growth is determined by the effects of 
the intrauterine environment as well as the 
structural characteristics and the growth 
potential of the fetus itself. Maternal studies 
indicated that some proangiogenic and 
antiangiogenic factors leading to endothelial 
dysfunction are released from the placenta 
(1,2). These angiogenic factors are placental 
growth factor (PIGF), soluble fms-like 
tyrosine kinase 1 (Flt-1) and soluble endoglin 
(sEng). Soluble Flt-1 and sEng may act a 
response to the fetoplacental hypoxia. 

Endoglin, also known as CD105, is a 
member of the TGF-superfamily molecules. 
This hypoxia-inducible transmembrane 
glycoprotein may have roles in 
hematopoiesis, cardiovascular development 
and angiogenesis. Endoglin is produced in 
the vascular endothelial cells and 
syncytiotrophoblasts of term placenta (3). It 
is expressed in the fibroblasts and 
hematopoietic progenitor cells as well. 

The placenta is an important source of 
angiogenic factors and placental function is 
essential for fetal growth. Placental function 
is disturbed both in preeclampsia and fetal 
growth restriction. Some prior studies 
suggest that maternal high endoglin levels 
may be associated with fetal growth 
restriction (4-7). Previous studies showed 
that maternal high angiogenic factors is 
associated with high risk for fetal growth 
restriction but others showed no association 
with small for gestational age (SGA) risk 
(3,4,5,8,9). Few studies have evaluated the 
blood measurements of endoglin levels 
during pregnancy and umbilical cord (10). 
Nevertheless, the pathophysiological roles of 
endoglin remain largely unknown. There are 
no studies concerning its potential functions 
in the perinatal period. 

There is no data available relating to 
blood endoglin levels in the early postnatal 
period in neonates. The aim of the present 
study was to evaluate the role of fetal and 

early postnatal serum endoglin levels in fetal 
growth and to investigate the association 
between neonates of preeclamptic mothers 
and endoglin levels. 

  Fiftyfive neonates were prospectively enrolled 
into the study and divided into four groups: 1) 
Normal pregnancy and small for gestational age 
(SGA) neonates (n:13), 2) normal pregnancy 
and large for gestational age (LGA) neonates 
(n:19), 3) appropriate for gestational age (AGA) 
neonates of preeclamptic mothers (n:12), and 
4) control group: AGA neonates born to
mothers without preeclampsia or any other 
disease (n:11). All neonates were born in Gazi 
University Hospital by elective cesarean section 
during study period. Gestational age was 
assessed by maternal menstrual age and 
prenatal ultrasonography. None of the 
participating mothers smoked during 
pregnancy. Apgar scores in the 1- and 5- min 
were  ≥ 8. None of the neonates had congenital 
malformations or intrauterine infections. 
Preeclampsia was diagnosed if a previously 
normotensive woman had 2 repeat diastolic 
blood pressure measurements of  > 90 mmHg 
after 20th weeks of gestation, together with 
proteinuria of > 300 mg in a 24 -hour urine 
specimen or 2+ protein dipsticks in 2 repeat 
measurements. SGA infants was defined as a 
birth weight below the 10th percentile of 
Fenton intrauterine growth curve for 
gestational age at birth. LGA infants was 
defined as an infant with birth weight above 
the 90th percentile. Body mass index (BMI) was 
calculated according to the following formula: 
weight (kg) / height (m)2.

2. MATERIAL AND METHODS

2.1. Subjects 

1.

The Local Institutional Ethics Committee 
approved the study protocol. Informed consent 
was obtained from mothers of participating 
infants before enrollment.  
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Blood was collected from umbilical cords 
(UC) with both ends clamped, and from 
peripheral vein in the postnatal 4th hour. 
Umbilical cord sample was defined as 
‘‘fetal’’ and 4th hour venous sample was 
defined as ‘‘neonatal’’. Serum of both fetal 
and neonatal blood samples were
separated, stored at - 80 ◦C until assay and 
freze-thawed. Serum endoglin levels were
measured by employing an ELISA kit (Human 
Endoglin / CD105, R&DSystems, Minnepolis, 
USA). This assay employs the quantitative 
sandwich enzyme immunoassay technique.  

 Seru

The clinical and demographic characteristics of 
the study population in four groups were 
presented in Table 1.

2.2. Blood samples 2.3. Statistical analysis 

All statistical analysis were performed by 
using the Statistical Package for the Social 
Sciences (SPSS) 14.0 for Windows. Mann-
Whitney U-tests were used for comparisons of 
continuous variables between the different 
groups. Data were expressed as median and 
minimum-maximum. Fetal and early postnatal 
serum endoglin levels were compared by the 
Wilcoxon signed-rank test. A value of p <0.05 
was taken to be statistically significant. 

3. RESULTS

Table I. Clinical and demographic characteristics of the study population 

AGA group 

     (n: 11) 

SGA group 

     (n: 13) 

LGA group 

     (n: 19) 

Preeclampsia  

group   (n: 12) 

Maternal age (years) 33 (26-39) 27(19-40) 30 (21-41) 28 (23-39) 

Parity (First/other) 6/5 10/3 5/13 11/1 

Prepregnancy BMI 

(kg/m2) 
24 (19-28) 23 (18-35) 25 (21-35) 26 (21-35) 

BMI (kg/m2) at 

delivery &,§ 
29 (22-34) 27 (21-42) 32 (26-41) 33 (28-44) 

Gender  

(Female/male) 
5/6 8/5 6/13 5/7 

Gestational age 

(weeks) 
38.6 (37.0-40.1) 38.1(37.1-39.0) 39.1(38.1-41.3) 38.2(35.1-39.3) 

Birth weight (g) *,&, 
#,$,§ 3160 (2660-3730) 2200 (1950-2540) 4070 (3860-4710) 2835(1940-4120) 

* P<0.05 – AGA vs. SGA, # P<0.05 – AGA vs. LGA, §P<0.05 –SGA vs. preeclampsia

&P<0.05 – SGA vs. LGA, $ P<0.05 LGA vs preeclampsia

Values are expressed as median (min-max) 
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Table II. Fetal and early postnatal serum endoglin levels in groups 

Endoglin (ng/mL) 
p 

Groups Fetal Neonatal 

AGA (n : 11) 4.34 (3.53-5.68) 4.45  (3.92-5.11) 0.28 

SGA  (n : 13) 5.05 (2.41-6.92) 5.13 (3.99-6.83) 0.91 

LGA (n : 19) 5.14 (2.72-10.00) 4.89 (2.56-9.21) 0.95 

Preeclampsia (n : 12) 4..43 (3.47- 10.00) 4.70 (3.38-9.24) 0.41 

Values are expressed as median (min-max) 

Endoglin was detectable in the serum of all 
studied umbilical cord and neonates. No 
statistically significant differences were 
found between fetal and early postnatal 
serum endoglin levels in SGA, LGA, 
preeclamptic and AGA groups (Table 2).

Fetal endoglin levels of SGA group were 
significantly higher than the values of control 
group (5.05 (2.41 - 6.92) and 4.34 (3.53 - 5.68) 
ng/mL, P : 0.04, respectively) (Fig.1). 
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Early postnatal endoglin levels in SGA were 
significantly elevated compared to control 
group (5.13 (3.99 - 6.83) and 4.45 (3.92 - 5.11) 
ng/mL, P : 0.003, respectively) ( Fig.2). In 
comparison, endoglin levels in SGA group 
were 

 similar to preeclamptic and LGA group. No 
statistically significant differences were noted 
between SGA, LGA, preeclamptic groups and 
control group in term of gestational age, parity, 
maternal age and prepregnancy BMI. Maternal 
BMI at delivery of LGA ve preeclamptic group 
were significantly higher than that of SGA 
group. 

Serum endoglin was detectable in all 
blood samples. We demonstrated higher 
levels of endoglin in SGA infants. Fetal and 
early postnatal endoglin levels did not 
significantly differ between the study 
groups. Alterations in circulating 
proangiogenic and antiangiogenic proteins 
appear to be involved in pathogenesis of 
intrauterine growth and / or becoming SGA. 
Different angiogenic factors are expressed in 
the placenta, and levels of angiogenic factors

4.DISCUSSION     may play a role in fetal growth. Intrauterine 
growth retardation (IUGR), a pregnancy 
complication, is often associated with abnormal 
placental development and / or function. 
Angiogenic growth factors has recently been 
implication in the pathogenesis of preeclampsia 
and IUGR. Although most studies show 
consistently higher levels of endoglin in the 
placenta and serum of preeclamptic women 
and IUGR, the data are less available with 
neonates. Levine et al. (11) demonstrated 
higher circulating endoglin in women with SGA 
neonates. Yinon et al. (12) 
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have shown that placental endoglin mRNA 
concentration were higher in severely growth 
restricted infants. Jeyebalan et al. (13) noted 
that maternal circulating endoglin 
concentrations were not higher in growth 
restricted babies compared to uncomplicated 
pregnancies.  

Placental function is impaired both in 
preeclampsia and IUGR. A study compared 
the endoglin levels of pregnant women, who 
had normotension but developed IUGR, and 
preeclamptic pregnancies. It was found that 
the endoglin levels were higher in the 
preeclamptic group compared to the control 
group, and the endoglin levels significantly 
increased in IUGR group, but were lower than 
the preeclamptic group. This study shows 
that endoglin may increase not only in 
preeclampsia, but also in different 
pathologies of the placenta (7). Another 
study reached no conclusion relating to an 
increase in the placental endoglin levels in 
IUGR patients (13). It was suggested that 
impaired placental perfusion leads to 
placental hypoxia, and factors that can affect 
angiogenesis are released from the placenta 
(1,14). Other studies also found higher levels 
of endoglin in the serum of pregnant women 
who had babies that were SGA and IUGR 
(7,13). Although there is no information on 
the endoglin levels of infants in early 
neonatal period in the studies so far, the 
present study found higher early postnatal 
levels of endoglin in SGA infants thanAGA 
infants.

Preeclampsia is characterized by an altered 
angiogenic state with high concentrations of 
anti-angiogenic factors. Most studies 
demonstrated that placentas from 
normotensive women with IUGR are not 
similar preeclamptic placentas with respect 
to the angiogenic factors, s-Flt-1 and endoglin 
(8, 13). Endoglin has been shown to play a 

pathogenetic role in preeclampsia (5). The levels 
of endoglin were higher in preeclamptic 
pregnancies, in women who delivered SGA 
babies, and had preterm labor and in severe 
preeclamptic pregnancies. Therefore, it is 
reported that the endoglin levels may be 
beneficial in estimating severe preeclampsia and 
preeclamptic complications (15). Another study 
found no difference between normal and 
preeclamptic pregnant women despite the 
lower cord blood serum levels of endoglin than 
the maternal levels (10). The present study did 
not find any difference in umbilical cord levels of 
endoglin, which is suggestive of fetal life, 
between normal and preeclamptic groups. The 
higher levels of endoglin in the SGA group of the 
present study give rise to the thought of 
whether endoglin has an effect on fetal 
development or not. We think that this relation 
needs to be further investigated. 

Angiogenesis involving the formation of 
new vessels has great importance for both the 
placental and fetal development during normal 
pregnancy (16). In preeclampsia, the impaired 
balance between proangiogenic and 
antiangiogenic factors induces endothelial 
dysfunction. It has been shown that PIGF, a 
proangiogenic factor, increases, whereas 
endoglin and vascular endothelial growth factor 
receptor-1 (VEGFR-1), antiangiogenic factors, 
decrease in normal pregnancies (16). However, 
the exact effect of these pathogenic angiogenic 
factors on placental dysregulation, and its 
molecular basis have not yet been understood. 
A study found higher levels of endoglin in 
pregnant women who delivered SGA babies and 
who were preeclamptic, whereas the levels of 
VEGFR-1 were higher only in the preeclamptic 
group. With this result, it is reported that the 
differences in angiogenic or antiangiogenic 
profile may help to estimate the delivery of a 
SGA baby or the development of preeclampsia 
in pregnant women (6). However, the long-term 
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effects of maternal angiogenic factors on the 
fetus are not known. The present study did 
not examine the maternal levels of endoglin. 
Therefore, the difference between the 
maternal endoglin levels and the fetal and 
early postnatal endoglin levels was not 
compared. The transplacental transfer of 
endoglin, the placental effect on the endoglin 
levels and the placental effect after its 
removal are not known. 

    Fetal and early postnatal serum endoglin 
levels seem to be unchanged in  neonates.We 
showed that SGA infants are characterized by a 
alterations in serum endoglin levels.Our results 
suggest that increased endoglin levels may play 
a role in the pathophysiology of SGA. However, 
our group are limited by the small sample size. 
Further studies with larger patient series are 
required to determine the role of serum 
endoglin in fetal growth in normal neonates and 
in neonates born after a complicated 
pregnancy.
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