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I Abstract
Introduction. pre-eclampsia is a pregnancy-related syndrome characterized by hypertension and proteinuria that makes
its appearance after 20 weeks of gestation. It develops approximately in 2-10% of all pregnancies. Pre-eclampsia, as a severe
complication during pregnancy, is a major cause of maternal and perinatal morbidity and mortality.
Objectives. The aim of the study was to assess the possibility of utilizing selected microRNAs at the earliest possible stage
as safe biomarkers of severe complications of pregnancy, such as pre-eclampsia.
State of konowledge. Nowadays, there are many trials aimed at finding effective methods for pre-eclampsia prediction
at the early stage of pregnancy, before the onset of clinical signs. Although the precise pathophysiology of pre-eclampsia
remains unknown, early prediction of the syndrome would allow the initiation of proper preventive therapy to savethe
mother and future child. Current strategies for pre-eclampsia prediction are assessments of combinations of maternal
risk factors, ultrasound parameters and different biomarkers (proteins, circulating cell free DNA and microRNAs). Studies
of microRNAs in particular offer great potential for diagnosis and therapy in pregnancy-related disorders. The fraction of
specific placenta-related circulating microRNAs in the serum of pregnant women who present symptoms of pre-eclampsia
after 20 weeks of gestation, and show the strongest changes in the level, can play an important role in the development
of placenta-related complications.
Conclusion. Further research into the level of microRNAs in the blood serum of pregnant women with pre-eclampsia will
allow a practical way of utilizing selected microRNAs at the earliest possible stage as safe biomarkers of severe complications

of pregnancy.
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INTRODUCTION

Pre-eclampsia is a pregnancy-related syndrome characterized
by hypertension and proteinuria that makes its appearance
after 20 weeks of gestation. It develops in approximately 2-10%
of all pregnancies. Pre-eclampsia, as a severe complication
during pregnancy, is a major cause of maternal and perinatal
morbidity and mortality. Nowadays, there are many trials
aimed at finding effective methods for pre-eclampsia
prediction at an early stage of pregnancy, before the onset of
clinical signs. Although the precise pathophysiology of pre-
eclampsia remains unknown, early prediction of the syndrome
would allow initiation of proper preventive therapy to save the
mother and future child. Current strategies for pre-eclampsia
prediction are assessments of combinations of maternal risk
factors, ultrasound parameters and different biomarkers
(proteins, circulating cell free DNA and microRNAs). Studies
of microRNAs, in particular, offer great potential for diagnosis
and therapy in pregnancy-related disorders.
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OBJECTIVES

The aim of further analysis is to ascertain the effectiveness
of following certain pre-eclampsia development prognostic
factors during the first trimester of the pregnancy. The
approach being accessed is the utilization of estimations
of microRNA profiles in the serum of pregnant women.
The intention is to identify an effective and non-invasive
method for predicting pre-eclampsia development at an early
stage of pregnancy (< 20 hbd). The study, therefore, is an
attempt to discover the role of microRNAs in pre-eclampsia
development by determining their target genes.

DESCRIPTION OF THE STATE OF KNOWLEDGE

Pre-eclampsia is a severe complication of pregnancy, the
clinical signs of which develop during the second trimester. Pre-
eclampsia is defined as co-occurrence of hypertension (blood
pressure >140/90 mmHg) and proteinuria (>0.3 g of protein in
the 24-hour collection of urine) after 20 weeks of gestation in
a previously normotensive woman [1]. Because of the possible
course leading to severe complications, such as convulsions
(eclampsia), hypertension and proteinuria, pre-eclampsia
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is an important factor increasing the risk of morbidity and
mortality among pregnant women and foetuses or neonates
[2-6]. Pre-eclampsia is a disease clinically recognized only
during the second half of pregnancy, but the processes leading
to its development start at the moment blastocysts nest in the
uterine. The basis cause of the onset of pre-eclampsia symptoms
is defective placentation. This elicits an abnormal uterus and
placenta blood perfusion and the clinical effects result from
this ischemia. Placental development during each pregnancy
is connected with intensive placental remodeling [7] through
cell proliferation, angiogenesis and simultaneous apoptosis
[2]. Extracellular foetal and placental nucleic acids arising
during these processes are packed into trophoblast-derived
apoptotic bodies or syncytiotrophoblast microparticles,
detected in the mother’s blood. The trophoblastic debris and
the microparticles show pro-inflammatory activity, which is
exaggerated in pre-eclampsia [3, 7].

The initial ‘latent’ period of the disease, until 20 weeks of
gestation, is now intensively studied. The key to success in
pre-eclampsia prevention is to find an effective way to select-
out women who are at risk of developing a severe form of pre-
eclampsia. The ultrasound markers and biochemical factors
of maternal blood uterine activity, including specific proteins,
circulating cell free DNA, circulating microRNAs, are the
prognostic factors that are being assessed [1]. Factors of
interest in this pursuit are the specific microRNAs belonging
to a class of non-coding RNAs (ncRNAs). MicroRNAs
(miRNAs) are short, single-stranded 19-25 nucleotides-
length RNAs. The current 22.1 release of miRNA database
miRBase includes 38,589 mature miRNA sequences [8-10].

MicroRNAs play an important role in post-transcriptional
regulation of gene expression. More than 60% of all human
genes are negatively regulated by microRNAs, in the way
called ‘silencing’ of genes expression. MicroRNAs are found
to be implicated in many physiological processes, including:
cell proliferation, cell differentiation, programmed death or
pregnancy development, and in many pathological processes,
such as: tumorigenesis, myocardial infarction, reaction
during infections and inflammation, as well as development
of chronic diseases [11]. Authors’ own research conducted
in the Department of Cancer Genetics with Cytogenetic
Laboratory of the Medical University in Lublin, Poland,
revealed the important role of specific circulating microRNAs
in pathogenesis and the development of chronic lymphoblastic
leukemia (CLL) in adults [12]. Recent studies also indicate
the role of microRNAs in cell-to-cell communication [13].

MicroRNAs may be assessed within cells or tissues (cellular
miRNAs) or even easier in different body fluids (circulating
miRNAs) [14]. The circulating fraction of microRNAs
appears resistant to endogenous ribonuclease activity and
may be freely circulating or associated with extracellular
structures such as exosomes. Two features of microRNAs:
stability and circulation in most extracellular body fluids
(particularly in whole blood and serum) make them ideal
biological markers (biomarkers) [15-17].

MicroRNAs are also proven regulators of processes that
take place during pregnancy, including pregnancy-related
complications such as pre-eclampsia [2-6]. The profile of serum
microRNAs of pregnant women differs from the profile of
non-pregnant women. MicroRNAs associated with pregnancy
and with the placenta can be distinguished by comparing the
profile of serum microRNAs of pregnant and non-pregnant
women, or before and after labour [18]. The developing of the

trophoblast, growth of its mass and volume quantitatively
and qualitatively change the microRNA profile in the serum
of pregnant women. Recent results presume a potential role
for microRNAs in the regulation of apoptosis (programmed
cell death) and cell migration in pre-eclampsia [7]. According
to the latest studies on the pathogenesis of development of
complications during pregnancy that are associated with
the presence of trophoblast (PIRCs - placental insufficiency-
related complications) [], microRNAs can be placed within
four groups: placenta-specific, placenta-associated, placenta-
derived, circulating and uterine (Fig. 1.) [2-6,16].

The fraction of specific placenta-derived circulating
microRNAs can be analyzed in whole blood and also in
the blood serum of pregnant women [16]. MicroRNAs
profiling from pregnant women serum gives the opportunity
to correlate changes in their level with the development
of gestational complications. MicroRNAs associated with
trophoblast presence are detected in serum during the
pregnancy and disappear from the serum after parturition
[18]. Hence, statistic differences in pregnant women serum
microRNAs expression levels with pre-eclampsia and
pregnant women with healthy pregnancy, will allow specific,
selected microRNAs to serve as safe clinical biomarkers
of severe complications during pregnancy. The literature
data indicate the possibility of the qualitative differences
in microRNAs profile from representatives of various
populations [16] and such studies have not carried out so
far on the large populations.

Knowledge of molecular targets for specific microRNAs
will also enable understanding of their role in pre-eclampsia
and further help to protect women or to find new effective
therapeutic methods to mitigate pre-eclampsia (Tab. 1)
[19-20].

CONCLUSIONS

The key to pre-eclampsia prevention is to identify the
prognostic factors that develop during the first trimester
of pregnancy. The role of selected microRNAs in the
pathomechanism of pre-eclampsia development is very
important. Estimation of the expression and microRNA
profile associated with the presence of the trophoblast in
the population of pregnant women that research determined
carries great diagnostic value. The fraction of specific
placenta-related circulating microRNAs in the serum of

PLACENTA

Placental- specific:
miR-23a, miR-136, mik-141, C14MC
cluster { miR-3/1, miR-3/2, miR-3/3),
C19MC cluster {miR-516, miR-517,
miR-518, miR-519)

B Placental- associated:
\‘\\ miR 184, miR 93, miR 101, miR 137,
— \ T miR 141, miR 148/152, miR 155,
UTERUS miR-181a, MIR-205, MiR-210,
N mMiR-224, miR- 335, MiR-474,
\ miR- 451, miR-491, MiR-675, Let-7

Uterus micro-RNA:
miR 34b, miR 34¢, miR- 96, miR
1994, miR 200a, miR- 214, miR 219
5p, MiR-222, MiR-222, miR-275, let-
7a, let-7h

Placental- derived circulating:
\\ C19MC cluster {miR-516, MiR-517,
mMiR-518, MiR-519), mik- 498, mik-
127, miR- 134, miR- 141, miR- 149,
miR- 299-5p, miR- 135b.

Figure 1. Four groups of microRNAs associated with pregnacy [12]
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Table 1. Examples of miRNAs involved in the development of preeclamsia with target genes and the role in immune system response (4)

microRNA Target Genes Role of immune system response
miR-516b-5p CCR2 Binds monocyte chemoattractant protein-1 involved in monocyte infiltration during inflammation
cD109 Encodes GPI-linked glycoprotein that negatively regulates signaling of TGF-f3
CD1A Encodes glycoproteins structurally related to MHC proteins mediating the presentation of lipid and glycolipid antigens
DNAJC25 A molecular chaperone protein protecting against cellular stress
FLTT A member of vascular endothelial growth factor receptor (VEGFR) playing an important role in angiogenesis and vasculogenesis
ILT17RE Participation in MAPK pathway
IRAKT Responsible for IL-1 induced upregulation of the transcription factor NF-kappa B
LILRB5 An inhibitory cell-surface receptor expressed on immune cells
PDCD6IP Protects against cell death
Neay) A negative regulator of JAK/STAT cytokine signaling pathway
miR-517-5p FAS Plays a central role in regulation of programmed cell death
IL6ST A signal transducer shared by IL-6, LIF, and oncostatin M
IL9R Mediates IL-9 effects like stimulation of cell proliferation and prevention of apoptosis
IRAK3 Functions as a negative regulator of Toll-like receptor signaling
LILRA2 An activatory cell-surface receptor expressed on monocytes, B cells, dendritic, and NK cells
MTDH Involvement in HIF-1 alpha mediated angiogenesis and RNA-induced silencing complex and miRNA functions
PAPPA Involvement in local proliferative processes, such as wound healing
miR-520a-5p ACVR2B Activins belong to the TGF-X superfamily
AHSA2 Hsp90 is an inducible molecular chaperone protecting stressed cells
ATRN Involvement in initial immune cell clustering during inflammatory responses that may regulate the chemotactic activity of chemokines
D2 A surface antigen of thymocytes, T, and NK cells
CD300LB A non-classical activating receptor of the Ig superfamily expressed on myeloid cells
CD46 Has co-factor activity for inactivation of complement components C3b and C4b by serum factor |
CD93 Involvement in intercellular adhesion and in the clearance of apoptotic cells
HSF5 A transcriptional activator of heat shock genes
IGFI1R Anti-apoptotic agent enhancing cell survival
ILTORA Involvement in inhibition of the synthesis of pro-inflammatory cytokines
MMD2 Modulates Ras signaling
PPARA Affects the expression of genes involved in cell proliferation, cell differentiation, and in immune and inflammation responses
TLR7 Plays a fundamental role in activation of innate immunity
VSIG4 A negative regulator of T-cell responses structurally related to the B7 family of immune regulatory proteins
miR-525a-5p TOX Highly expressed in thymus, the site of development of T cells
miR-526a BCAP29, Involvement in CASP8-mediated apoptosis
CD24 Encodes a sialoglycoprotein expressed on mature granulocytes and B cells
CD302 A C-type lectin receptor involved in cell adhesion, migration, endocytosis, and phagocytosis
CFLAR Regulator of apoptosis, structurally similar to caspase-8
DNAJC21 A molecular chaperone protein protecting against cellular stress
HSP90AAT An inducible molecular chaperone protecting stressed cells
IGFBP1 Prolongs the half-time of IGFs in plasma that regulate cell growth and development
TLR2 Plays a fundamental role in activation of innate immunity, stimulates NF-kappa B
TNFRSF19 Interacts with TRAF family members, induces apoptosis by a caspase-independent mechanism
TNFSF15 A cytokine induced by TNF and IL-1 alpha activating NF-kappa B and MAP kinases inducing apoptosis in endothelial cells
TRAF6 Functions as a signal transducer in the NF-kappa B pathway, activates lkappa B kinase in response to proinflammatory cytokines

pregnant women who present symptoms of pre-eclampsia
after 20 weeks of gestation, and show the strongest changes
in thelevel, can play an important role in the development of
placenta-related complications. Further research into the level
of microRNAs in the blood serum of pregnant women with
pre-eclampsia will allow a practical way of utilizing selected
microRNAs at the earliest possible stage as a safe biomarker
of severe complications of pregnancy. By using available

databases, the search of target genes for the afore-mentioned
microRNAs can be carried out in order to understand the
association between changes in gene expression and the
molecular base of pre-eclampsia development [8-10]. The
conducted studies will serve to elaborate an effective and
noninvasive method for diagnosing at an early stage of the
pregnancy.
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