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Abstract. - OBJECTIVE: Pre-eclampsia,
growth retardation and preterm delivery are the
most common reasons leading to increased ma-
ternal and perinatal mortality. The increased ex-
pression of hypoxia induced factors, such as
HIF-1, triggers the overexpression of anti-angi-
ogenic genes. The aim of this study was to de-
termine the transcriptional activity of individ-
ual pro- and anti-angiogenic markers (VEGF,
HIF-1, sEng, Fit-1, PIGF-1) in maternal blood
samples from patients with spontaneous pre-
term labor, preterm labor in combination with
pre-eclampsia and fetal growth restriction in
comparison with physiologically terminated
pregnancies.

PATIENTS AND METHODS: The transcription-
al activity of specific genes was detected from
the blood of patients using the chromatin immu-
noprecipitation capture method coupled with
quantitative real-time PCR.

RESULTS: The maximum differences in mR-
NA levels of PIGF-1 and VEGF-A were detected
in two groups: the group of normal-term birth
with complications and the group of preterm la-
bor with complications (both significantly low-
er than the control, p < 0.001). In contrast, a
marked increase of mRNA levels was found in
the same groups of patients for the HIF-1, en-
doglin and Flt-1 genes (p < 0.001).

CONCLUSIONS: According to our results, we
can conclude that increased oxidative stress, in-
creasing the expression levels of anti-angiogen-
ic genes and reduction of the transcriptional ac-
tivity of pro-angiogenic genes can provide addi-
tional information during diagnostics of patho-
logical complications of labor.
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Introduction

The prevalence of pathological conditions that
can complicate pregnancy has recently soared.
Pre-eclampsia, growth retardation and preterm
delivery have been significantly involved in the
increase of maternal and perinatal morbidity and
mortality. According to the World Health Organ-
ization (WHO), pre-eclampsia (PE) is responsible
for 70,000 maternal deaths' and 500,000 infant
deaths per year?.

PE in a mother can cause premature cardio-
vascular diseases, such as chronic hypertension,
ischemic heart disease and stroke. Children born
from mothers with PE have an increased risk of
stroke, coronary heart disease, and metabolic
syndrome in adulthood®. Incorrect placentation
plays a central role in the etiology of the dis-
ease, causing problems in the exchange of gases,
metabolic substrates*, the abnormal invasion of
trophoblast, hemodynamic changes, immunolog-
ical defects, genetic predisposition® and the gen-
eration of oxygen radicals.

All of the mentioned processes can lead to
common complications of pregnancy, including
fetal growth retardation (FGR) or intrauterine
growth restriction (IUGR). Both complications
indicate a pathological effect on fetal growth and
development, when fetal malnutrition causes a
prevalent disorder of normal fetus growth. Incor-
rect or late identification of [UGR/FGR is a major
cause of perinatal morbidity and mortality®. The
most common causes of [UGR/FGR are: consti-
tution (40%), uteroplacental flow (40%), genetic
factors (10%) and the influence of the external
environment (10%)’.
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The other complication during pregnancy is
a preterm birth. Every year approximately 15
million babies are born preterm (prior to 37
weeks of gestation). According to WHO, in 2013
preterm birth complications were the leading
cause of death amongst children under the age
of five. The frequency of premature births is
rising slightly in the industrial countries® and
is at about 6-10% of births. Despite the great
progress of modern medicine, every year around
4.5 million premature children are delivered.
WHO classifies preterm birth into three cate-
gories, the most serious being “extremely pre-
term”, which means birth before 28 weeks of
pregnancy (with a mean fetal weight at least 500
g)’. Premature birth is a major etiologic factor
in neonatal mortality and morbidity, causing 70-
80% of perinatal deaths'®, and it remains one of
the most serious problems in obstetrics.

The reasons that trigger these pathological
processes remain unknown. Recent scientific pa-
pers consider a combination of factors, including
hypoxia of the placental endothelium''. Biomole-
cules as antiangiogenic factors play an important
role in angiogenesis during placenta development.
Vascular endothelial factor (VEGF) and placental
growth factor (PIGF) belong in the group of
pro-angiogenic factors. VEGF in combination
with other growth factors maintains the physi-
ological function of the placental endothelium
through interaction with endogenous endothelial
receptors'?. PIGF stimulates the growth of blood
vessels by affecting the migration and survival
of endothelial cells, vascular maturation and the
stimulation of fibroblast proliferation'’. The main
factor that stimulates the up-regulation of gene
expression of growth factors is placental hypox-
ia, which is characterized by the production of
hypoxia inducible factor-1 (HIF-1). The increased
expression of HIF-1 in endothelial cells positively
influences the expression of PIGF in the primary
cell line of cardiomyocytes. The group of an-
ti-angiogenic markers includes soluble FMS-like
tyrosine kinase 1 (sFlt-1) and soluble endoglin
(sEng)"*. Pre-eclampsia and the combination of
IUGR/FGR lead to excessive secretion of sFlt-1
and sEng, which inhibit the activity of VEGF and
the transformation of growth factor-bl (TGF-bl)
in the blood vessels. These changes lead to the
dysfunction of endothelial cells, reduced levels
of prostacyclin, nitric oxide production and the
release of procoagulant proteins'®, which can ul-
timately lead to premature delivery. The aim of
this study was to determine the transcriptional
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activity of individual pro- and anti-angiogenic
markers (VEGF, HIF-1, sEng, sFlt-1, PIGF) ex-
pressed in maternal blood of patients suffering
from spontaneous preterm labor, pre-eclampsia
in combination with [IUGR/FGR and normal term
and preterm birth in comparison with a control
group of mothers with a physiologically termi-
nated pregnancy.

Patients and Methods

Experimental Model

The transcriptional activity of specific genes
was detected from the blood of patients using the
chromatin immunoprecipitation capture method
coupled with quantitative real-time PCR. The
control group consisted of healthy pregnant wom-
en (n = 10) at the Department of Gynaecology
and Obstetrics, Faculty of Medicine, Pavol Jozef
Safarik University in KoSice, with a normal term
birth without any complications. The experi-
mental group (n = 14) consisted of patients with
confirmed pre-eclampsia together with TUGR,
divided into two subgroups: normal term birth
and patients with preterm birth and a group with-
out complications but with spontaneous preterm
birth. All clinical investigations were conducted
according to the principles of the Declaration
of Helsinki. The healthy subjects in the control
group and patients in the experimental groups
answered a medical questionnaire. Patients were
informed by their doctor about the use of their
blood for experimental — diagnostic purposes.
Informed consent was signed. Ethical consent for
this study was granted by the Institutional Com-
mittee on Human Research and was approved by
Ethical Committee of the University Hospital of
Louis Pasteur in Kosice, Slovakia.

DNA and Chromatin Isolation

A 7 ml sample of whole blood was collected
from all patients into Venosafe test tubes (Me-
distyl-Pharma, Prague, Czech Republic). The
whole blood was incubated on ice for 30 minutes
and then diluted with erythrocyte lysis buffer
(ELB, consists of: 155mM NH,CIl, 10mM KH-
CO,, 0.1 mM EDTA pH 7.4) in a ratio of 1:4.
After centrifugation at 2500 rpm/10 min/RT, the
supernatant was carefully removed, and the pel-
let was re-suspended thoroughly in ELB. Next,
centrifugation was done at 2500 rpm for 10 min at
room temperature to separate the pellet of white
blood cells, which was then resuspended in 1x
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PBS; 1% formaldehyde was used for cross-link-
ing the cells/for 10min/37°C. Cross-linking was
stopped by the addition of 125mM of glycine.
The cell lysates were sonicated with a Bioruptor
(Diagenode, Denville, NJ, USA) at high inten-
sity for 5 min, with 30 s ON/OFF intervals. For
pre-clearing of chromatin Protein G agarose
beads (Merck Millipore, Praha, Czech Republic)
were used for 1 hour/4°C. Chromatin fragments
with lengths of 200-500 bp were made visible
on an agarose gel. Isolated cells were snap fro-
zen and stored at —80°C. A Nanodrop LC 3000
(Thermo Scientific, Bratislava, Slovak Republic)
was used for measuring the concentration of
isolated chromatin.

Copy Number Variation Analysis

Analysis of gene copies was performed after
the isolation of DNA using specific primers for all
exon-specific gene domains of FLT-1, VEGF-A,
PIGF-1 and sEng in comparison with HPRT and
GAPDH. Amplification of specific genes was run
for 33 cycles (95°C 5 min, 95°C for 15 seconds,
58°C-60°C for 20 seconds, 72°C for 25 seconds)
using the appropriate primer sequences and a
thermocycler Rotor-Gene Q-PCR thermocycler
(Qiagen, Hilden, Germany).

ChIP gRT-PCR

Chromatin immunoprecipitation (ChIP) was
performed using whole blood according to a
previously published protocol'®. Sonicated, pre-
cleared chromatin (115 ng) was incubated with
the antibody [anti-RNAPII CTD chipGrade
(ab817, Abcam, Cambridge, UK)] at 4°C over-
night. The RNAse treatment was done 30 min-
utes before incubation using a mix of RNase A/T
(Roche Slovakia, Bratislava, Slovak Republic).
Protein IgG agarose beads (Merck Millipore,
Prague, Czech Republic) were used for bonding
with imuno-complexes and crosslinking them.
The next procedure used the downward line of
cleaning buffer solutions in the order buffer I
and II (500 mM NaCl, 50 mM HEPES (pH 7.5),
1% Triton-X-100, 0.1% sodium deoxycholate, 1
mM EDTA (pH 7.5)), buffer III (250 mM LiCl,
0.5% NP-40, 10 mM Tris-Cl (pH 8.0), 0.5%
sodium deoxycholate, 1 mM EDTA (pH 7.5))
and buffer IV (ImM EDTA, 10 mM Tris-HCI).
Immunoprecipitated DNA was eluted from the
beads in TE Tris-EDTA buffer with 1% SDS. For
reverse crosslinking of samples a solution was
used containing 5 mol/l NaCl, 5 g/ml of enzyme
RNaseA (Roche Slovakia, Bratislava, Slovak

Republic), I M TrisHCL (Sigma-Aldrich, Bra-
tislava, Slovak Republic) and 20 g of Proteinase
K (Roche Slovakia, Bratislava, Slovak Republic)
which was incubated at 65°C overnight and pu-
rified using Qiagen PCR purification columns
kit (28104, Qiagen, Hilden, Germany). DNA was
eluted twice with 30 ul of RNAase/DNAase free
water (Qiagen, Hilden, Germany). An aliquot
of 2 pl of each sample was used for qRT-PCR
using SensiMix (Bioline, Luckenwalde, Ger-
many). Amplification was performed on a Qia-
gen Rotor-Gene Q-PCR thermocycler using the
protocol: 30 cycles (95°C for 5 min, 95°C for 15
s, 60°C for 20 s and 72°C for 25 s). All primer
pairs (Sigma-Aldrich, Bratislava, Slovak Repub-
lic) used for ChIP analysis were designed using
Internet databases (wWww.genome.ucsc.edu/ and
www.oligoevaluator.com/Login.jsp). The chro-
mosomal localizations of the primer pairs are
listed in Table I. Genes for GAPDH and HPRT
(hypoxanthine phosphoribosyltransferase) were
used as a control housekeeping gene. Each sam-
ple was measured in triplicates.

Statistical Analysis

For statistical evaluation, a One-Way ANOVA
Student-Newman-Keuls test was used. Statisti-
cal analysis was processed using GraphPad IN-
STAT software (GraphPad Software, La Jolla,
CA, USA). The same test was performed for
nonparametric correlation using Spearman cor-
relation coefficients. p < 0.005 was considered
statistically significant.

Results

Copy Number Variation

The analysis of gene copy numbers is nec-
essary for the phenotypic evaluation of disease
activity. It is important in the evaluation of
mRNA expression of the transcriptional activ-
ity of the exon portions. The number of gene
copies gives us the necessary information on
the translation of the mRNA expression levels
of the number of copies of each gene present
on the chromosome (Figure 1) clearly shows
that the number of copies of all genes in the
analyzed group was 1. There was no significant
difference in the group of premature births
with PE and the IUGR gene PIGF-1 (6% more
compared to the control) and in the group with
early the birth and the VEGF-A gene (by 5.5%
more than the control).
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Table I. Localization of the chromosome of specific genes (www.genome.ucsc.edu).

Name of Chromosomal Size of gene in bp Analysis place of genes
gene localization including UTRs side Ex-exon
sEndoglin 9 q34.11 130.577.291- Promotor
130.617.052 Exl1, Ex3 Ex5, Ex10
PIGF-1 14q24.3 75.408.533- Promotor
75.422 467 Ex3, Ex6, Ex7
FLT-1F 13q12.2.-12.3 28.942.234- Promotor Ex2, Ex3, Ex5, E11
29.069.265
HIF-1 14q23.2 62.162.119- Promotor Ex2,Ex 5, Ex6, Ex 12
62.214 977
VEGFA 6p21.1 43.737.946- Ex2, Ex3, Ex4
43.754.223
GAPDH 12p13.31 6.643.585-6.647.537 Ex2, Ex4, Ex8

Detection of Specific Genes by
Transcriptionally Active Chromatin Analysis

During the analysis of transcription activity,
we found that the exon regions of each gene
showed proportionately the same levels of mRNA
expression. The average values of mRNA expres-
sion of individual exons in each specific gene
were used in the graphs.

Gene expression changes of PIGF-1 in the
blood of patients are shown in Figure 1. The mR-
NA levels of PIGF-1 in the group of preterm birth
was non-significantly decreased in comparison
with the control group. However, the maximum
differences in mRNA levels of PIGF-1 were de-
tected in the normal term birth group with the

PE and IUGR complications (57% lower than the
control, p < 0.001) and in the group of preterm
birth with PE and [UGR complications (77%
lower than the control, p < 0.001). These results
suggest that the pro-angiogenic effect of PIGF-1
is decreased in all experimental groups where
rapid downregulation of PIGF-1 was detected.
The gene expression changes of VEGF-A in the
blood of patients are shown in Figure 2.

Hypoxia as one of the main factors of preterm
birth is characterized by elevated expression lev-
els of HIF-1. The gene expression changes of
HIF-1 in the blood of patients are shown in Figure
2. We detected that mRNA levels of HIF-1 are
extremely high in both groups of patients with
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preeclampsia and with IUGR (230% the normal
term birth and 260% the preterm birth respec-
tively, p < 0.001).

Transcriptional activity, and thus the level of
mRNA gene expression of soluble endoglin, has
been increased according to the occurrence of
complications in each group (Figure 3).

Patients who were diagnosed with pre-eclamp-
sia had the highest expression values of [TUGR
(340% greater than the control, p < 0.001). These
patients were born prematurely. A significantly
increasing dependency of mRNA expression was
detected with the Flt-1 gene (Figure 3). The ex-
tremely elevated levels of expression of Flt-1 were
detected in both groups with PE and IUGR com-
plications (by 290% in the standard time of birth
and by 416% in the pre-term labor, p < 0.001).
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Correlations Between mRNA Expressions
of Anti- and Pro-Angiogenic Genes

The level of mRNA expression of the gene Flt-
1 indirectly correlates with the transcriptional ac-
tivity and mRNA expression level of the PIGF-1
and VEGF-A genes. For patients with increasing
levels of mRNA expression of Flt-1, we found
decreasing mRNA levels of the genes VEGF and
PIGF-1 (Figure 4).

The level of expression of endoglin indirectly
correlates with the transcriptional activity of the
PLGF-1 gene. Our results clearly showed that the
increasing transcriptional activity of endoglin
and sFltl block the angiogenic effects of PIGF-1
and VEGF.

During a comparison of the transcriptional
activity of PIGF-1, we found that increasing
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Figure 3. Gene expression of sEng (left) and Flt-1 (right). The mRNA levels of sEng and Flt-1 are shown as a ratio with
the control group. **means p < 0.01 and ***means p < 0.001.
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Figure 4. Correlation between Flt-1 expression and PIGF-1, VEGF-A and sEng.

expression of PIGF-1 positively correlated
with the expression of VEGF-A and at the
same time negatively with the expression
of endoglin. From these results, it can be

assumed that the pro-angiogenic effect of
PIGF-1 clearly increases the expression of
VEGF-A but inhibits the expression of en-
doglin (Figure 5).
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Analysis of Transcriptional Activity
According to the Weeks of Pregnancy

The downregulation of PIGF-1 expression
started at 17 weeks of pregnancy. We also found a
remarkable difference in the expression of PIGF-1
between the groups of patients with preterm birth
without any complications and those with PE and
IUGR (about a 46% decrease in the group with
complications, p < 0.01).

We showed a general decrease in the mRNA
levels of VEGF-A in all experimental groups, vis-
ible from the 16" week of pregnancy. According
to our results, we suggest that pre-eclampsia and
IUGR cause a decrease of VEGF-A expression
and this is related to higher risk of preterm birth.

Monitoring changes of expression during the
weeks of pregnancy showed early onset of a rapid
increase of mRNA for HIF-1 at 16 weeks of preg-
nancy, with levels already two times higher in
contrast to the control. Pre-eclampsia with [UGR
induced the expression of HIF-1 (mRNA levels
about 180% higher in the group with preterm
birth and complications than with preterm birth
without complications).

In the mRNA levels of sEng, we detected two-
fold elevated levels (p < 0.001) in the preterm
group with complications in comparison with the
preterm birth without complications. We found
the early onset of a rapid increase of mRNA for
sEng at 16 weeks of pregnancy, with double the
levels compared with the control. The expression
of Flt-1 detected in both groups with PE and

IUGR complications was also high (290% and
416%, respectively, p < 0.001). All the results of
transcriptional activity of the selected genes are
summarized in Figure 6.

Discussion

Many pathological conditions can complicate
pregnancy and cause it to end prematurely. Neg-
ative or positive effects of pre-eclampsia, growth
retardation and preterm birth on the transcription
activities of specific genes involved in angiogen-
esis correspond with the current state of mother
and fetus. The underlying pathological mecha-
nisms that activate these complications are still
unknown. The research of Yan et al'’ showed that
the incidence of pre-eclampsia correlates strongly
with specific genetic factors that may be regulat-
ed via DNA methylation. Further study on the
regulatory mechanisms behind the modulation of
these genes should, however, be done to verify
these data.

Therefore, it is necessary to study the molecu-
lar basis of the mentioned pathophysiological pro-
cesses and define new strategies for earlier iden-
tification of preterm labors. The aim of this study
was to determine the transcriptional activity of
potential biomarkers (PIGF-1, Flt-1, sEndoglin,
HIF-1a, and VEGF-A), which could be helpful in
the earlier diagnosis of pre-eclampsia, IUGR, and
premature birth. During the detection of the gene
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copy number, we showed that all genes had the
same gene copy number equal to 1, confirming
that the gene copy number was constant in all
groups and does not affect the recorded changes
in the levels of gene expression. We also moni-
tored the expression level of the mentioned genes
in the different weeks of gestation.

Our results demonstrated increased transcrip-
tion activity of soluble endoglin, which correlates
with the results of Yinon et al'8, where they found
a correlation between an increased level of en-
doglin mRNA in the placenta with severe growth
retardation and the degree of prematurity”. The
study of Rajakumar et al?® using placental biopsy
showed elevated levels of Flt-1 due to the induc-
tion of hypoxia in placenta and the induction of
HIFI. It also confirmed the data we obtained from
the analysis of mRNA expression of the endoglin
specific genes, HIF-1 and Flt-1. In their study, they
proposed that placental hypoxia, as a consequence
of poor perfusion, is a basic mechanism for the
formation of PE and IUGR, associated with the
increased transcriptional activity of the genes for
sEng and Flt-1 in the blood of patients®'. Khan and
Bicknell?? indicated that endoglin gene transcrip-
tion was upregulated in hypoxic damage to the
specific tissue of the placenta. They also described
the structure of sFlt-1 expressed into the blood
stream due to the absence of the transmembrane
and intracellular domain and the mutual antag-
onism of the VEGF and PIGF-1 proteins, which
was also confirmed by our results describing the
expression of VEGF and PIGF-1%.

Chaiworapongsa et al** described the binding
and neutralizing function of sFltl and the pro-an-
giogenic activity of VEGF and placental growth
factor. High concentrations of circulating sFItl
and low levels of VEGF and PIGF were visible
not only during pre-eclampsia, but before the
onset of clinical symptoms®. Based on cross-cor-
relation of the transcriptional activity as well as
on the level of protein encoded by endoglin and
Flt-1, with the enhanced effect on endothelial
dysfunction, it is obvious that these genes can be
used for differentiation of the symptoms of se-
vere pre-eclampsia, hemolysis, elevated liver en-
zymes, Low Platelets syndrome (HELLP) and its
development as well as formation of [IUGR. Using
Spearman correlation coefficients (non-paramet-
ric correlation), we found a strong correlation
between the expression of endoglin mRNA levels
and the expression of the Flt-1 gene expressed
in the blood of patients. Our findigs suggest that
the transcriptional activity of endoglin and FIt-1
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increases before the 15" week of pregnancy. Their
transcriptional and translational activity showed a
clear upward trend in women with pre-eclampsia
and IUGR compared with patients in the control
group. This is confirmed by Levine et al*®, who
described that sFlt-1 levels start to rise 5 weeks
before PE and remain elevated in comparison to
women without PE. The mRNA levels of Flt-1
correlated directly with the severity of disease”’.
Previous studies suggest that serum levels of
free PIGF decrease with the progression of PE.
Karumanchi et al®® found that under physiological
conditions during the first 30 weeks of pregnancy,
the concentrations of both pro-angiogenic factors
were increased. The transcriptional activity of
a gene encoding serum-free PIGF-1 and VEGF
showed the same activity in respect to the analy-
sis of mRNA expression of genes correlated with
the particular weeks of pregnancy®*°. Based on
our data, we conclude that increased oxidative
stress, increased expression levels of anti-angio-
genic genes and decreased transcriptional activi-
ty of pro-angiogenic genes may provide addition-
al information in the evaluation of pathological
processes, such as pre-eclampsia, PE and IUGR
and preterm birth during pregnancy.

Conclusions

This work provides the latest knowledge on
the etiology, epidemiology, and diagnosis of in-
trauterine retardation during the prenatal period.
It discusses not only the diagnosis of the clinical
conditions, such as pre-eclampsia and IUGR,
but also expressional changes of potential bio-
molecules which play an important role in the
angiogenesis of the blood vessels of the placenta.
Based on an analysis of the transcriptional activi-
ty of specific genes, we found inhibiting effects of
Flt-1 on the expression of pro-angiogenic growth
factors (VEGF-A, PIGF-1) and an enhancing ef-
fect on the expression of soluble endoglin. During
the analysis of patient blood samples, we clear-
ly proved that the levels of mRNA expression
of genes for soluble endoglin, FLT-1, PIGF-1,
VEGF-A, and HIF-1 were significantly changed
depending on the degree of fetal development or
ischemia progression during PE and IUGR. Our
results can contribute to the development of new
diagnostic procedures based on the detection of
changes in molecular pathological during the
early stages of pregnancy and thus decrease the
occurrence of preterm labors.



Molecular diagnostics of intrauterine complication leading to preterm birth

Acknowledgements
This work was supported by project VEGA 1/0873/16.

Conflict of Interest
The Authors declare that they have no conflict of interests.

1)

5)

6)

10)

11)

References

Sieal B, Dexker G, Kuprermine M. Pre-eclampsia.
Lancet 2005; 365: 785-799.

KHAaN KS, WoupyLa D, Sar L, GUwmEzOoGLU AM, VAN
Look PFA. WHO analysis of causes of maternal
death: a systematic review. Lancet 2006; 367:
1066-1074.

MammARO A, CARRARA S, CAVALIERE A, ErmiTO S, DINA-
TALE A, PapPALARDO EM, MiuTeLLo M, Pepata R. Hy-
pertensive disorders of pregnancy. J Prenat Med
2009; 3: 1-5.

Romero R, Kusanovic JP, THAN NG. First-trimester
maternal serum PP13 in the risk assessment for
preeclampsia. Am J Obstet Gynecol 2008; 199:
1-11.

Lausman A, Kingbom J. Intrauterine growth re-
striction. Screening, diagnosis, and management.
SOGC clinical practice guideline 2013; 295: 1-8.

Roserts CT. IFPA award in placentology lecture:
complicated interactions between genes and the
environment in placentation, pregnancy outcome
and long-term health. Placenta 2010; 31: 47-53.

UnrerscHEIDER J. Optimizing the definition of intrau-
terine growth restriction: the multicenter prospec-
tive Porto Study. Am J Obstet Gynecol 2013; 208:
1-6.

GRUCA-STRYJAK K, RoPacka-LEsiak M, BreBorowicz G.
Placenta percreta a severe obstetric complication
despite correct diagnosis a case report. Ginekol
Pol 2015; 86: 951-956.

BLencowe H, Cousens S, OESTERGAARD M, CHou D,
MoLLer AB, NARWAL R, ADLER A, GARcIA CV, RoHDE S,
Sar L, Lawn JE. National, regional and worldwide
estimates of preterm birth. Lancet 2012; 379:
2162-2172.

FiscHER C, Jonckx B, MAzzoNE M, ZACCHIGNA S, LOGES
S, PATTARINI L, CHORIANOPOULOS E, LIESENBORGHS L,
KocH M, DE MoL M, AutieEro M, WyNs S, PLAISANCE
S, Moons L, vaN RooueN N, Giacca M, StasseN JM,
DewercHIN M, CoLLeN D, CarmeLET P. Anti-PIGF in-
hibits growth of VEGF(R)-inhibitor-resistant tum-
ors without affecting healthy vessels. Cell 2007;
131: 463-475.

Romvero R, KapArR N, MIRANDA J, KorzeniEwskl SJ,
ScHwWARTZ AG, CHAEMSAITHONG P, RoGers W, Soto E,
GortscH F, Yeo L, HassaN SS, CHAIWORAPONGSA T. The
diagnostic performance of the Mass Restricted
(MR) score in the identification of microbial in-
vasion of the amniotic cavity or intra-amniotic in-
flammation is not superior to amniotic fluid inter-
leukin-6. J Matern Fetal Neonatal Med 2014; 27:
757-769.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Lieris A, StanuLov G, Al EC, HAssaN A, PAGALOs A,
KonTtomanotis EN. Preeclampsia and the vascular
endothelial growth factor: a new aspect. Clin Exp
Obstet Gynecol 2016; 43: 9-13.

Xu TX, ZHao SZ, DonG M, Yu XR. Hypoxia respon-
sive miR-210 promotes cell survival and auto-
phagy of endometriotic cells in hypoxia. Eur Rev
Med Pharmacol Sciences 2016; 3: 399-406.

YAMAKAWA M, Liu LX, DATE T, BELANGER AJ, VINCENT
KA, AkitA GY, KurivaMA T, CHENG SH, GREGORY RJ,
Jiang C. Hypoxia-inducible factor-1 mediates ac-
tivation of cultured vascular endothelial cells by
inducing multiple angiogenic factors. Circ Res
2003; 93: 664-673.

Roginson CJ, JoHnson DD. Soluble endoglin as a
second-trimester marker for preeclampsia. Am J
Obstet Gynecol 2007; 197: 174-175.

NARENDRA V, LytkiN NI, ALiFeris CF, STATNIKOV
A. A comprehensive assessment of meth-
ods for de-novo reverse-engineering of ge-
nome-scale regulatory networks. Genomics
2011; 97: 7-18.

YaN YH, Yi P, ZHENG YR, Yu LL, HAN J, HAN XM, Li L.
Screening for preeclampsia pathogenesis relat-
ed genes. Eur Rev Med Pharmacol Sci 2013; 17:
3083-3094.

YinoN Y, Nevo O, Xu J, Many A, RoLFo A, Tobros
T, Post M, CanniGia |. Severe intrauterine growth
restriction pregnancies have increased placen-
tal endoglin levels — hypoxic regulation via trans-
forming growth factor 3. Am J Pathol 2008; 172:
77-85.

Novoa JL. Soluble endoglin is an accurate predic-
tor and a pathogenic molecule in pre-eclampsia.
Nephrol Dial Transplant 2007; 22: 712-714.

RAJAKUMAR A, JEYABALAN A, MAarkovic N, NEess R, GiL-
mour C, ConraD KP. Placental HIF-1alpha, HIF-2al-
pha, membrane and soluble VEGF receptor-1
proteins are not increased in normotensive preg-
nancies complicated by late-onset intrauterine
growth restriction. Am J Physiol Regul Integr
Comp Physiol 2007; 293: 766-774.

Davib AL, ASHCROFT R, YLA-HERTTUALA S, CAMPBELL D.
Does vascular edothelial growth factor gene ther-
apy safely improve outcome in severe early-onset
fetal growth restriction? Hum Gene Ther Clin Dev
2015; 26: 82-84.

KHAN KA, BicknELL R. Anti-angiogenic alternatives
to VEGF blockade. Clin Exp Metastasis 2016; 33:
197-210.

Paviov OV, Niaurl DA, SeLutin AV, SeLkov SA. Coor-
dinated expression of TNFa- and VEGF-mediated
signaling components by placental macrophages
in early and late pregnancy. Placenta 2016; 42:
28-36.

CHAIWORAPONGSA T, RoMERO R, TArRca A, Kusanovic JP,
MittAL P, Kim SK, GortscH F, ErRez O, VAisBucH E, MAza-
ki-Tovi S, Pacora P, OGGE G, DonG Z, Kim CJ, Yeo L,
Hassan SS. A subset of patients destined to de-
velop spontaneous preterm labor has an abnor-
mal angiogenic/anti-angiogenic profile in mater-



M. Rabajdova, R. Dudi¢, P. Urban, V. DudiCova, P. Urdzik, M. Marekova

25)

26)

27)

nal plasma: evidence in support of pathophysio-
logic heterogeneity of preterm labor derived from
a longitudinal study. J Matern Fetal Neonatal Med
2009; 22: 1122-1139.

CHAIWORAPONGSA T, RomERO R, Espinoza J, Busolp E,
MEee KY, Goncalves LF, Gomez R, Ebwin S. Evidence
supporting a role for blockade of the vascular en-
dothelial growth factor system in the pathophysi-
ology of preeclampsia. Young Investigator Award.
Am J Obstet Gynecol 2004; 190: 1541-1547.

LeviNE RJ, Lam C, QiaN C, Yu KF, MAYNARD SE, SACHs
BP, SiBai BM, EpsteiIN FH, Romero R, THADHANI R,
KarumancHr SA. Soluble endoglin and other circu-
lating antiangiogenic factors in preeclampsia. N
Eng J Med 2006; 355: 992-1005.

LeviNne RJ, MAYNARD SE, Qian C, Lim KH, ENGLAND LJ,
Yu KF, ScHisTERMAN EF, THADHANI R, SAcHs BP, EpsTEIN

1442

28)

29)

30)

FH, Sisai BM, SukHatve VP, KarumancH SA. Circulat-
ing angiogenic factors and the risk of preeclamp-
sia. N Engl J Med 2004; 350: 672-683.

KarumancHr  SA, LinoHEMER MD. Preeclampsia
pathogenesis: “Triple a rating” autoantibodies and
anti-angiogenic factors. Hypertension 2008; 51:
991-992.

Crovetrto F, Ficueras F, TrRiunFo S, Crispi F, RoODRI-
GUEZ-SUREDA V, DomINGUEZ C, LLurBA E, GRATACOs E.
First trimester screening for early and late preec-
lampsia based on maternal characteristics, bi-
ophysical parameters, and angiogenic factors.
Prenat Diagn 2015; 35: 183-191.

EtHAawary TM, EL-BEnDARY AS, DemerbasH H. Ma-
ternal serum endoglin as an early marker of
pre-eclampsia in high-risk patients. Int J Womens
Health 2012; 4: 521-525.



