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SOLUBLE ENDOGLIN AS AN EARLY PREDICTION MARKER OF INTRAUTERINE
GROWTH RETARDATION
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High levels of circulating endoglin contribute to the development of endothelial dysfunction, which underlies the
pathogenesis of intrauterine growth retardation and can be used as a prognostic marker for the development of this pathology. We
collected serum from pregnant women with intrauterine growth retardation (n-41) initially at diagnosis and before delivery, and
pregnant women with physiological pregnancy (n-8), using enzyme-linked immunosorbent assay to test soluble endoglin levels. It
was found that the level of soluble endoglin concentration was 7.2+0.2 at the initial examination and 9.5+0.1 at the repeated
examination in women who gave birth to low birth weight children with fetal developmental delay and constitutionally small
children, while the level of this factor in women in the comparison group was 3.7+0.3. It was found that the level of soluble
endoglin concentration was significantly higher in women who gave birth to children with intrauterine growth retardation than the
level of this factor in women in the comparison group, which is highly informative to use its prognostic value.
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PO3UMHHWI EHJIOIVIIH IK MAPKEP PAHHHOT'O ITIPOTHO3YBAHHS
3ATPUMKMU BHYTPIIIHBOYTPOBHOI'O PO3BUTKY IIVIOJA

Bucokuii piBeHb LUPKYNIOIOYOr0 CHIAOIJIIHY CHPHS€ PO3BUTKY €HIOTENiaqbHOI AUCQYHKII, SKa JEKHUTh B OCHOBI
[IaTOTeHe3Y 3aTPUMKHU BHYTPILIHBOYTPOOHOTO PO3BUTKY I1JI0Ja i MOXe OyTH BUKOPUCTaHHH K IPOTHOCTHYHHUI MapKep PO3BUTKY
nanoi maroorii. [IpoBenenuii 3a6ip cupoBaTKK KPOBi Y BariTHUX i3 3aTPUMKOIO BHYTPIIIHBOYTPOOHOTO PO3BUTKY muioza (n-41)
MIEPBUHHO IIPU BCTAHOBJICHHI J{iarHO3Y Ta IepeJ pO3pOKEHHIM, Ta BariTHHUX 3 ()i310JI0rYHAM IepeOiroM BariTHOCTI (n-8), sIkUM
IMyHO(EpPMEHTHAM METOJOM JOCHIIWIN PIBEHb PO3UMHHOTO EHIOIIIHY. BusBieHO, IO piBeHb KOHIEHTpamii pPO3YMHHOTO
enjoriiny Oys 7.2+0.2 npu obcTexxenHi nepBrHHO Ta 9.5+0.1 npy MOBTOPHOMY OOCTEKEHHI Y XKIHOK, SIKi HApOIHIIN MaJOBaroBUX
IiTel i3 3aTPUMKOIO BHY TPIITHEOYTPOOHOTO PO3BUTKY ILIOJA T4 KOHCTHTYIIHHO MaJIUX JiTeH, HATOMICTB piBeHb JaHOTO (aKTopy
y XKiHOK rpynu nopiBHsHHs OyB 3.7+0.3. BusBieHo, 110 piBeHb KOHIEHTpALil PO3YMHHOrO SHAOTINIHY OYB JOCTOBIPHO BHUILHKIT y
XKIHOK, SIKI HApOIMJIM JiTeH i3 3aTPHMKOIO0 BHYTPILIHBOYTPOOHOTO PO3BUTKY ILIOA, HIXK PiBeHb JaHOTO (aKTopy y KIHOK Ipymu
MOPiBHSHHS, 1110 3 BUCOKOO iH)OPMAaTHBHICTIO 03BOJISIE BUKOPUCTOBYBATH HOTO MPOrHOCTUYHY 3HAYYIIICTh.

KniouoBi cioBa: po3unHHUN €HIOTIIIH, 3aTPUMKa BHYTPILIHBOYTPOOHOTO PO3BUTKY IJIOAA, TEPMiH BariTHOCTi, Majo
BaroBUi ILTIJ.

The article is a fragment of the research project: “Pathogenetic role of endothelial dysfunction and genetic features in
pathology during pregnancy and gynecological diseases”, state registration No. 0117U005253.

Intrauterine growth retardation (IUGR) is an obstetric pathology that remains the second key cause
of preventable perinatal morbidity and mortality. This pathology is relevant for many fields of medicine,
namely obstetrics, gynecology, neonatology, and pediatrics. A more in-depth study of this complication of
pregnancy is relevant for effective detection in early pregnancy. At early detection of IUGR effective
management of pregnancy and a choice of the optimum term of delivery is possible [11].

The physiological development of pregnancy depends on the normal development of the fetal-
placental complex. Angiogenic growth factors stimulate proliferation, trophoblast invasion and are
responsible for the growth, development of spiral arteries of the uterine-placental complex. The placenta
also in turn produces and secretes into the maternal circulation angiogenic growth factors, namely placental
growth factor, transforming growth factor 3, and their soluble co-receptors FMS-like thyroxine kinase-1
and soluble endoglin [12].

Endoglin (Eng) is an important angiogenic factor that is an isoform of the TGF-f signaling complex
co-receptor, which is mainly expressed on endothelial cells and plays a key role in angiogenesis. It is well
known that its extracellular molecule can be cleaved and released into the bloodstream in the form of
soluble Eng (s-Eng) [5]. This angiogenic protein, spreading throughout the mother's body, causes a massive
spread of epithelial damage, culminating in multisystem organ damage. High levels of circulating s-Eng
contribute to the development of endothelial dysfunction, which underlies the pathogenesis of such
complications of pregnancy as IUGR, preeclampsia, premature birth, antenatal fetal death [2,9].

During pregnancy, angiogenic factors play a key role in the overall remodeling of the vascular
network of the uterus. The placenta alone produces several factors with proangiogenic and antiangiogenic
activity. For the most part, the regulation of the expression and secretion of these factors is necessary for
physiological placentation, the mother's immune adaptation to pregnancy, and subsequently for the growth
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and development of the fetus. From this, we can conclude that a high level of angiogenic factor, s-Eng, in
pregnant women in the first trimester is associated with subsequent IUGR and preeclampsia. With a
decreased rate of decrease in s-Eng, between the first and second trimesters of pregnancy, women had a
higher risk of adverse pregnancy termination, including [IUGR. Thus, at elevated plasma concentrations
during the second and third trimesters of pregnancy, mothers gave birth to underweight children [4].

Considering that preeclampsia and IUGR have the same angiogenic profiles and the same
pathogeneses, it can be concluded that the profiles of angiogenic markers are not determined by specificity
for the individual identification of [IUGR and preeclampsia. Elevated levels of s-Eng can be included in the
profile of biomarkers to predict not only preeclampsia but also [IUGR [1].

The study of angiogenic factors is important in the pathogenesis of IUGR. It is known that the
pleiotropic cytokine TGF-B1 is mainly produced by leukocytes, showing mainly anti-inflammatory effects,
and thus helps maintain immune tolerance and endothelial integrity. s-Eng is a soluble TGF-[3 receptor that
binds TGF-p and reduces its bioavailability. s-Eng inhibits the immunoregulatory effect of TGF-3 and acts
as an antiangiogenic factor in the placenta, inhibiting vascular permeability and nitric oxide-mediated
vasodilation [6].

The purpose of the study was to determine the level of soluble endoglin in the serum of women
whose pregnancy was complicated by intrauterine growth retardation.

Materials and methods. In accordance with the set goal, blood was taken from pregnant women
with intrauterine growth retardation, who were included in the main group (n=41) and pregnant women
with physiological pregnancy — control group (n=8), in which enzyme-linked immunosorbent assay was
used to examine the level of s-Eng. Women of the main group underwent blood sampling immediately
after ultrasound identification of IUGR. The level of s-Eng was assessed in women of the main group based
on the dynamics of pregnancy progression: initially — immediately after the establishment of IUGR on
ultrasound and again — prior to delivery. In women of the control group, it was determined once, after
ultrasonography at 30-35 weeks of pregnancy. Depending on the weight of the children born, the main
group was divided into the first subgroup — 25 women who gave birth to low birth weight infants and the
second subgroup — 16 women who gave birth to constitutionally small children.

The criterion for inclusion in the study was women with spontaneous singleton pregnancies, who
were diagnosed with IUGR by ultrasound. The criterion for exclusion from the study was severe
extragenital pathology in pregnant women.

Elabscience Biotechnology Inc. serum was examined to determine soluble endoglin. ELAB-EK-
L2AFHS8APSS. S-Eng ELISA set Ne E-EL-H5309; 96T (USA). Human endoglin is an enzyme-linked
immunosorbent assay for the quantitative determination of human endoglin in the cell culture supernatant,
serum, blood plasma.

Statistical analysis of the results of the study was calculated using the program “MedStat” methods
of descriptive statistics, calculating the average sample values (M) and the error of the mean value (m).
The Student's t-test or Mann-Whitney U test was used to assess intergroup differences. Spearman'’s R or
Kendall's 7, logistic regression method, was used to determine rank correlation, and ROC analysis was used
to assess diagnostic efficiency. ROC analysis data are presented as the area under the curve (AUC) with a
95 % confidence interval (CI). For analysis, the differences were considered statistically significant at p
<0.05.

Results of the study and their discussion. In order to establish the prognosis of the angiogenic
factor, regulating the mechanism of development and functioning of the placenta during pregnancy, the
level of s-Eng was determined.

We found (table 1) that in women of the main group, with the progression of pregnancy the level
of s-Eng concentration significantly increased 1.3 times (p=0.00001) compared with the initial level of
indicators.

Table 1
Indices of soluble endoglin (s-Eng) levels in women of the main group and the control group
Index _ Main group n=41 Comparison group pl 2
initial repeated n=8
s-Eng, ng/ml 7.2+0.2 9.5+0.1 3.7+0.3 0.000001 0.000001

Notes: pl — when comparing the initial and redetermined indicators; p2 — when comparing indicators in the main group and the
control group.

It was also found that the level of s-Eng concentration was significantly 2.6 times higher in women
of the main group than in women of the control group (p=0.00001).
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In order to determine the change in the level of angiogenic factor concentration at the initial
diagnosis of fetal growth retardation and before delivery depending on the gestational age, we analyzed the
s-Eng in both groups of pregnant women.

In women of the main group, it was found that initially after ultrasound identification of IUGR, the
levels of s-Eng indicators gradually increased in accordance with the increase in gestational age, at which
the level of the indicator was determined. The lowest level of s-Eng was established at 27 weeks of
pregnancy (5.1 ng/ml) and the highest — at 30 weeks of pregnancy (7.9 ng/ml).

The level of s-Eng concentration in the main group (Fig.1) in women with [UGR, who gave birth
before 36+6 weeks was initially determined to be 7.5+0.2 ng/ml, and at redetermination 9.2+0.2 ng/ml. In
women with IUGR, who gave birth after 37 weeks the initial level was 6.9+0.2 ng/ml, and at
redetermination 9.8+0.2 ng/ml.

It was found that the level of s-Eng concentration at the initial determination was significantly
higher, and at redetermination, on the contrary, significantly lower in women with [UGR who gave birth
before 36+6 weeks than in women with IUGR who gave birth after 37 weeks (p=0.04; p=0.004,
respectively).

So, the determination of a significantly higher level of s-Eng concentration in the initially
established ultrasound diagnosis of [IUGR may have prognostic value for early assessment of the risks of
premature birth, namely up to 36+6 weeks of pregnancy.

Today, the existing predictors of the development of IUGR have low prognostic significance, as
they reflect only certain mechanisms of pathological changes in the formation of small or sufficient weight
by gestational age of the child on the background of the development of IUGR. To increase the
informativeness of the prognosis of early detection of a child with developmental delay, it is necessary to
look for a multi-component approach to prognosis. Using the methods of logistic regression with ROC-
analysis, it is possible to calculate the prognostic significance of the studied angiogenic marker — s-Eng.

The level of concentration of s-Eng (fig. 2) in women with [IUGR who gave birth to low birth
weight infants was at initial determination 7.3+0.2 ng/ml, and at repeated — 9.3+£0.1 ng/ml, and in women
whose pregnancy was complicated by IUGR and gave birth to constitutionally small children was at the
initial determination 6.9+0.3 ng/ml, and at repeated — 9.8+£0.2 ng/ml.

p=0.00001
§=0.00001

s-Eng, ng / ml

o N A O ®

groups

® women with pregnancy burdened IGR, birth up to 36+6 weeks (initially) 2

Fig. 1. Indices of the s-Eng level in the serum of women with Fig.2. Indices of the s-Eng level in the serum of women
pregnancy burdened IUGR, birth up to 36+6 weeks (initial and  with pregnancy complicated by IUGR, who gave birth to low
repeated) and women with pregnancy burdened IUGR, birth after 37  birth weight children (initial and repeated) and constitutionally
weeks (initial and repeated). small children (initial and repeated), women of the control group.

® women with pregnancy burdened IGR, birth up to 36+6 weeks (repeatedly)
women with pregnancy burdened IGR, birth up to 37 weeks (initially)

® women with pregnancy burdened IGR, birth up to 37 weeks (repeatedly)

In the dynamics, a significant increase in the level of s-Eng was observed in women whose
pregnancy was complicated by IUGR and gave birth to low birth weight children, because its concentration
level was significantly 1.3 times lower at the initial than at the repeated determination (p=0.00001).

Similarly, the dynamics showed a significant increase in the level of s-Eng in women whose
pregnancy was complicated by IUGR and gave birth to constitutionally small children, because its
concentration level was significantly 1.4 times lower in the initial determination than in the second
(p=0.00001).

There was a significantly higher level of s-Eng in women who gave birth to low birth weight
children with IUGR than in women who gave birth to constitutionally small children at the initial
determination (p=0.017, Wilcoxon test).

However, a significantly lower level of s-Eng was found in women who gave birth to low birth
weight children with ITUGR than in women who gave birth to constitutionally small children at
redetermination (p=0.03, odd t-test).It was found that the level of pH concentration was significantly higher
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in women who gave birth to low birth weight children with [UGR and constitutionally small children than
the level of this factor in women of the control group (p=0.00001, p=0.00001, respectively).

So, the obtained data summarize the difference between the two groups of women whose
pregnancy was complicated by IUGR with the birth of underweight and constitutionally small children
with a key emphasis on impaired synthesis and functioning of s-Eng. There was a significantly higher level

150 of s-Eng in the identification of IUGR in pregnant
women who gave birth to low birth weight children
than in pregnant women who gave birth to

100 constitutionally small children. At the same time,
the level of s-Eng before birth is significantly lower
in pregnant women who gave birth to low birth

50 weight children with IUGR than in women who

gave birth to constitutionally small children.

To determine the significance of s-Eng as a

0 i . . diagnostic prognostic test, we conducted a ROC-

0 50 100 150 analysis (Fig. 3), which described the obtained

Fig. 3. Analysis of ROC-curve levels of s-Eng in the serum  Model as satisfactory and justified the prospects of

of pregnant women to differentiate the group of children born with using it at the initial stages of identification of [UGR
low birth weight. to determine the birth of low birth weight children:

* S-Eng (AUC=1.0; Std. Error=0; 95 % CI 1-1; p<0.0001). The quality of prediction of early
detection of low weight at the distribution point d=4.5 with a sensitivity of 100 % and a specificity of 75 %,
the value of d>4.5 — indicates a high risk of [IUGR;

So, based on the data we obtained, we can conclude that determining the level of s-Eng in the serum
of pregnant women with high informativity allows using its prognostic value in the risk of low birth weight
in pregnant women with [UGR.

A regression analysis was performed to determine the indicators that are crucial in predicting low
birth weight in women whose pregnancies are complicated by IUGR. In the step-by-step discriminant
analysis, we included the indicators of the s-Eng and the indicators of the ultrasound examination.

In the examined group, a functional relationship was found between the parameters of the weight
of a newborn with low weight for gestational age and changes in pregnancy and s-Eng levels, which are
described by the linear regression equation:

Newborn weight=106,582 x gestational age — 172.87xs-Eng, provided that d s-Eng <6.9 — this
model increases the sensitivity of the method.

According to the ROC-analysis according to the s-Eng indicator, a decrease in the quality of
predicting early detection of low weight at the distribution point d=6.85 with a sensitivity of 66.7 % and a
specificity of 100 %, the value of d <6.9 — indicates an increase in the quality of the method in predicting
whose pregnancy is complicated by IUGR, which must be taken into account in our proposed model for
assessing the weight of the newborn. Therefore, our proposed formula allows you to most effectively
predict the weight of the newborn.

Our studies are consistent with the work of several authors, which show that in pregnant women
with PE and IUGR higher s-Eng level directly correlates with premature birth before 34 weeks of
gestation, and the severity of the pathology is an independent marker of risk of low birth weight for
gestational age [7, 8]. It is possible to suggest that intrauterine inflammation associated with immaturity
and low birth weight may cause an antiregulatory anti-inflammatory response, leading to increased s-
Eng synthesis and the development of endothelial dysfunction with partial compensation [10]. It was
also found that the level of s-Eng concentration in the serum has a prognostic value at the time of
diagnosis of IUGR, at 24-34 weeks of pregnancy, especially in women whose childbirth occurs before
34 weeks of pregnancy [3].

During pregnancy, angiogenic factors play a major role. From this, we can conclude that a high
level of angiogenic factor, s-Eng, in the mother in the first trimester of pregnancy is associated with
subsequent preeclampsia and IUGR. Decrease in rate of decrease of s-Eng, between the first and second
general remodeling of a vascular network of a uterus. Only the placenta produces several factors with
proangiogenic and antiangiogenic activity. Regulation of the expression and secretion of these factors is
necessary for physiological placentation, an immune adaptation of the mother to pregnancy, and
subsequently for the development and growth of the fetus during the trimesters of pregnancy, mothers with
a higher risk of adverse pregnancy, including IUGR. In contrast, at elevated plasma concentrations during
the second and third trimesters of pregnancy, mothers gave birth to low birth weight infants for gestational
age [5,7].
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Raia-Barjat T. and co-authors, studying the early and late forms of IUGR, determined the level of
s-Eng at different terms of pregnancy. Plasma levels were increased in women with IUGR compared to
women with physiological pregnancy at 28, 32, and 36 weeks of pregnancy. Pregnancy, complicated by
early and late onset of IUGR, and late preeclampsia, had high angiogenic factors at 32 and 36 weeks of
gestation. On the other hand, when comparing IUGR with preeclampsia, the level of s-Eng in women's
plasma did not change significantly. This study proves that s-Eng can be a predictor for early diagnosis of
IUGR [9]. The same view is shared by other researchers, who believe that considering the similar
angiogenic profiles and the pathogeneses of preeclampsia and IUGR, it can be concluded that the profiles
of angiogenic markers are not determined by the specificity to individually identify IUGR, and
preeclampsia. Elevated levels of s-Eng can be included in the profile of biomarkers for predicting not only
preeclampsia but also IUGR [1,10].

KIS,

1. Impaired expression of angiogenic factors plays an important role in the pathogenetic
mechanism of IUGR.

2. Soluble endoglin affects the processes of angiogenesis during placentation in physiological
pregnancy.

3. The formation of IUGR is accompanied by an increased level of s-Eng in the blood of pregnant
women, which indicates a violation of angiogenesis and the development of placental dysfunction.

4. Determination of the level of s-Eng in the blood of pregnant women can be recommended as an
early diagnostic marker not only of IUGR, but also of the premature birth of children.
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