ORIGINAL STUDY ARTICLES Vol. 11 (2) 2024 VF Snegirev Archives of Obstetrics and Gynecology ]
17

DOI: https://doi.org/10.17816/a0g623622 .

Epigenetic mechanisms of preeclampsia: Ghack o
Role of plasma microRNAs

Natalya A. Nikitina', Iraida S. Sidorova', Maria P. Raygorodskaya?,
Ekaterina A. Morozova', Sergej A. Timofeev', Mikhail B. Ageev', Nigar |. Amiraslanova'

" .M. Sechenov First Moscow State Medical University, Moscow, Russia;
2 P, Hertsen Moscow Oncology Research Institute — Branch of the National Medical Research Radiological Centre, Moscow, Russia

ABSTRACT

BACKGROUND: Despite the retentive relevance of preeclampsia (PE) among the main causes of maternal morbidity and
mortality, its etiology remains unclear. Despite gaps in its pathophysiology, highly effective methods of prognosis, prevention,
and treatment are still not devised yet. In recent years, the use of microRNA molecules that epigenetically control the expression
of target genes at the post-transcriptional level received great interest as are they of key importance in the proliferation,
differentiation, invasion, migration, and apoptosis of trophoblast cells and regulation of angiogenesis, immune response, and
other processes during pregnancy

AIM: This study aimed to investigate the epigenetic mechanisms of PE development based on the evaluation of the expression
of pathogenetically significant microRNAs in women's blood plasma.

MATERIALS AND METHODS: The study included 62 female patients divided into the main study group (n=42 with PE) and
the control group (n = 20 healthy women with uncomplicated pregnancy, childbirth, and post-natal period). All patients have
undergone general clinical, laboratory, and instrumental examinations. The expression levels of 15 microRNAs in the blood
plasma were evaluated using a quantitative real-time polymerase chain reaction. DIANA miRPath v. 3.0 was used to evaluate
the effect of differentially expressed microRNAs on the functioning of signaling pathways. Statistical data analyses were
performed using Statistica 6.0.

RESULTS: Multidirectional changes in the expression levels of 13 of 15 plasma microRNAs were found in the PE group
compared with the control group; however, the expression levels of the following eight microRNAs decreased significantly:
hsa-miR-146a-5p (p=0.011), hsa-miR-181a-5p (p=0.015), hsa-miR-210-3p (p=0.031), hsa-miR-517a-3p (p=0.004), hsa-miR-
517¢-3p (p=0.007), hsa-miR-574-3p (p=0.048), hsa-miR-574-5p (p=0.003), and hsa-miR-1304-5p (p=0.001). The expression
levels of hsa-miR-20a-5p (FC=0.39; p=0.049) and hsa-miR-143-3p (FC=0.71, p=0.05) significantly decreased in pregnant
women with PE and symptoms of fetal growth retardation (FGR) compared with the subgroup without FGR. No significant
differences in the expression level of the analyzed microRNAs were found between the subgroups with moderate and severe
PE and early and late PE. The functional evaluation of differentially expressed microRNAs among women with PE, considering
the identification of their potential target genes, revealed the dysregulation of >40 signaling pathways and biological processes
in which these molecules are involved.

CONCLUSION: PE progresses alongside significant epigenetic changes accompanied by changes in the microRNA expression
profile, which are associated with cardiovascular and cerebrovascular diseases and placental disorders. The detected
differentially expressed microRNAs may be potential diagnostic markers of PE.
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AHHOTALMA

Beepenue. HecMmoTps Ha coxpaHenue 3HaunMocTu npeaknamncum (13) B CTPYKType OCHOBHBIX NMPUYMH MaTepUHCKOI 3abo-
NeBaeMOCTU U CMEPTHOCTH, 0CTAETCS HEACHOM 3TUONOMUS AaHHOTO OCNOXHEHUS BepeMeHHOCTH, MHOTO NpobesioB B Bompocax
naTogu3unonorMm, COOTBETCTBEHHO NO-NPEXHEMY He pa3paboTaHbl BbICOKO3hMEKTUBHBIE METOALI NPOrHO3MPOBaHMS, MPO-
GUNaKTMKM 1 Neyenns. B nocnepHue roabl 60MbLION UHTEPEC BbI3bIBAIOT NEPCMEKTMBLI MCMOMb30BaHNA MoseKyn MUKPOPHK,
KOTOpbIe 3MUreHeTUYECKM KOHTPOSMPYIOT 3KCMPECCUI0 FTEHOB-MULLIEHE! Ha MOCTTPAHCKPUMLMOHHOM YPOBHE U UMEKT KITloye-
BOe 3HayeHue B nponudepaumm, auddepeHUMpoBKe, MHBa3MKM, MUTPaLMK, anonTo3e KieToK Tpodobnacta, perynsaumm aHrm-
oreHesa, IMMYHHO0 0TBETa U PYrux MpoLeccoB Bo BpeMsi bepeMeHHOCTU.

Lenb. N3yyeHne anureHeTMUeCKUX MexaHU3MOB pa3BuTus 13 Ha OCHOBaHWUM OLIEHKU 3KCMPECCUM MaTOreHeTUHECKU 3Haum-
MbIX MUKPOPHK B nfiasmMe KpoBuW XKEHLLWH.

Martepuanbl u MeTopbl. B uccnenoBaHue BKIIOYEHBI 62 NALMEHTKM, KOTOPBIX Pasfenuiv Ha OCHOBHYH (42 BepeMeHHble
¢ M3) n KoHTponbHYto (20 340POBbIX EHLLUMH C HEOCNOXKHEHHBIM Te4eHeM bepeMeHHOCTH, POfL0B M NOCAEPOA0BOro Nepuo-
Aa) rpynnbl. BceM naumeHTKam nposoaunm obLeknMHnyecKoe, nabopaTopHoe U UHCTPyMeHTanbHoe 0bcnefoBaHKe. YpoBeHb
akcnpeccumn 15 MukpoPHK B nna3Me KpoBm oLeHUBaNM € NOMOLLIbIO KOIMYECTBEHHOW NOSIMMEPA3HON LEMHOW peakumm B pe-
JUMe peanbHoro BpeMeHu. [ins oueHKu BiusHUS auddepeHumanbHo akcnpeccupyeMbix MUKpoPHK Ha dyHKUMOHMpOBaHKe
CUrHaMbHbIX NyTei ucnonb3oBanu nporpammHoe obecnedeHne DIANA miRPath v.3.0. Cratuctuyeckyo 06paboTKy LaHHbIX
MPOBOSMIN C UCMOJIb30BaHUEM JIMLIEH3UOHHOMO NaKeTa nporpamM Statistica 6.0.

Pesynbtatbl. Y xeHWwwuH ¢ 13 BbiSIBNEHbI pa3HOHaNpaBaeHHbIe M3MeHeHUA aKkcnpeccun 13 u3 15 nna3MmeHHbIX MUKpoPHK
M0 CPaBHEHUIO C KOHTPOJIHOW FPYNMOM, OAHAKO CTaTUCTUYECKM 3HaUMMO Bbino CHUMXeHMe YpoBHel akcnpeccumn 8 MUKpoPHK:
hsa-miR-146a-5p (p=0,011), hsa-miR-181a-5p (p=0,015), hsa-miR-210-3p (p=0,031), hsa-miR-517a-3p (p=0,004), hsa-
miR-517¢-3p (p=0,007), hsa-miR-574-3p (p=0,048), hsa-miR-574-5p (p=0,003), hsa-miR-1304-5p (p=0,001). B noarpynne
bepeMeHHbIX, y KoTopbix [13 npoTekana ¢ cMMNTOMaMM 3aflepKM pocTa NoAa, 0TMEYEHO 3HAUYMMOE CHUMEHME SKCNpeccum
Monekyn hsa-miR-20a-5p (FC=0,39; p=0,049) u hsa-miR-143-3p (FC=0,71, p=0,05) no cpaBHeHuto ¢ Noarpynnoii 6es 3a-
AEepXKu pocTa nnofa. He BbISBIEHO 3HAUMMBIX Pa3NinuKiA B YPOBHE IKCTpeccum aHanusupyeMbix MUKpoPHK Mexay noarpyn-
namu ¢ yMepeHHoii U Tskénoii M3, paHHeit n nosgHeii MN3. OyHKUMOHaNbHas oueHKa AnddepeHLManbHo SKCNpeccupyeMbix
MukpoPHK y 3eHWwwmH ¢ M3 ¢ yuéToM MaeHTUGMKALMM UX NOTEHUMANBHBIX FEHOB-MULLIEHEH MOKa3ana Hanuume aucperynaumm
bonee 40 curHanbHbIX NyTel M BUOOMMYECKUX NPOLIECCOB, B KOTOPbIE BOBJIEYEHBI YKa3aHHbIE MOMEKYTIbI.

3akniouenue. Passutie 13 conpoBOXOAETCA 3HAYUMBIMU IMUTEHETUHECKUMU M3MEHEHWSIMU, MPU KOTOPbIX M3MEHSETCA
npodunb Kkcnpeccun MUKpoPHK, accoummpoBaHHbIX € CEpAEYHO-COCYANUCTBIMM U LiepebpoBacKynspHLIMU 3aboneBaHNaMY,
a TaKKe MnaleHTapHbIMU HapyLleHuaMW. BoiseneHHble auddepeHumansHo akenpeccupyeMble MUKpoPHK MoryT BbiTh no-
TeHLManbHbIMW AMarHoCTUYECKUMI MapKepamm [13.

KnioueBble cnosa: npeaknamncus; MukpoPHK; TpaHCcKpunToM; anureHeTuKa.
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INTRODUCTION

Preeclampsia (PE) is a complication that occurs in the sec-
ond half of pregnancy. Its pathophysiology is determined by
various molecular and biological processes, which collectively
result in the activation of endothelial cells, intravascular in-
flammation, and placental syncytiotrophoblast stress [1].

PE occurs in 2-8% of pregnancies. It is one of the top
five causes of maternal and perinatal morbidity and mortality
[2-4]. Despite advances in modern medical science, there
have been no significant advances in the prediction, preven-
tion, and treatment of PE [5].

Placental and/or maternal factors are responsible for the
clinical heterogeneity of PE and play a fundamental role in
its development. According to the two-stage concept of PE
development, clinical manifestations result from early pla-
centation and adaptation disorders of the spiral arteries [6].
At stage | (placental), insufficient invasive ability of extravil-
lous trophoblast cells leads to inadequate remodeling of the
spiral uterine arteries [7]. Abnormal uterine artery restruc-
turing results in increased resistance, mechanical damage
to placental villi due to increased blood pressure entering
the intervillous space, and ischemic changes in placental villi
caused by abnormal uteroplacental blood flow [8-11]. The
development of stage Il (maternal) is attributed to the release
of hiologically active substances from the ischemic placenta
into the bloodstream of the mother and fetus, which results
in generalized endothelial dysfunction and multi-organ failure
in the mother [12].

The clinical heterogeneity of PE, including early and late
presentations, moderate and severe cases, those with or
without fetal growth retardation, proteinuria, and hyperten-
sion, has recently been actively discussed. This is significant
for an individualized approach to the management of such
patients. The search for noninvasive techniques and infor-
mative biomarkers for the early diagnosis and minimization
of the risk of complications of obstetric pathology continues.

Recently, the focus of several scientists has shifted
toward the potential use of microRNAs as both diagnostic
molecules and therapeutic targets. It is established that
microRNAs exert epigenetic control over the expression
of target genes, primarily at the post-transcriptional lev-
el, through mRNA destabilization and protein translation
inhibition [14]. Large-scale studies on microRNA profiling
in women with both physiological and complicated preg-
nancies have identified more than a dozen microRNAs that
are differentially expressed and play a key role in various
processes, including proliferation, differentiation, invasion,
migration, apoptosis of trophoblast cells, regulation of an-
giogenesis, and immune response in pregnancy [15-17].
Initially, it was postulated that nucleic acids of placental
origin enter the maternal bloodstream as apoptotic cells.
However, subsequent studies have demonstrated that mi-
croRNAs are exported from trophoblast cells into the ma-
ternal bloodstream through special extracellular vesicles
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called exosomes. Owing to their retained functional activity,
these exosomes are able to modify the functions of “target
cells” [18]. Long-term studies have revealed that microRNAs
are present in a multitude of body fluids and tissues and re-
main stable in the extracellular environment, indicating the
potential value of their profiling in various pathological con-
ditions [19].

This study aimed to examine the epigenetic mechanisms
underlying the development of PE and evaluate the expres-
sion of pathogenetically significant microRNAs in the blood
plasma of women with this pregnancy complication.

MATERIALS AND METHODS

Study design

A one-stage study was conducted in parallel groups from
2022 to 2023. The study included 62 patients who were divid-
ed into two groups: main group (n=42), pregnant women with
PE diagnosed according to the criteria specified in the clini-
cal guidelines [20], and control group (n=20), healthy women
with uncomplicated pregnancy, labor, and postpartum period.

The exclusion criteria were age below 18 years, decom-
pensated forms of extragenital pathology, infectious and
inflammatory diseases in the exacerbation phase, multiple
pregnancies, pregnancies resulting from assisted reproduc-
tive technologies, and refusal to participate in the study.

The study was approved by the local ethical committee of
the Sechenov First Moscow State Medical University (excerpt
from the minutes of meeting no. 22-21 dated December 9,
2021).

All the study participants provided informed voluntary
consent.

Research methods

All patients underwent a conventional examination, in-
volving the collection and assessment of somatic and ob-
stetric-gynecological anamnesis, and laboratory and instru-
mental examination, and the 15 microRNAs expression levels
in blood plasma were determined (Table 1). The choice of
microRNAs for analysis was based on published literature
data on the involvement of these molecules in the pathogen-
esis of obstetric pathology.

RNA isolation

Venous blood was collected from the patients on an emp-
ty stomach into special VACUETTE® tubes with EDTA. Centrif-
ugation was performed to obtain plasma. RNA isolation was
conducted using the miRNEasy Serum/Plasma kit (Qiagen)
with preliminary addition of 5.6x108 copies of synthetic mi-
croRNA cel-miR-39 (Qiagen) according to manufacturer in-
structions. Synthetic microRNA cel-miR-39 was used as an
internal control to assess the efficiency of RNA isolation and
cDNA synthesis.
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Table 1. MicroRNAs and their role in obstetric pathologies
MicroRNA Source Expression Targets Functions Study
miR-20a-5p Maternal T FOXAT Trophoblast proliferation, migration, [21]
plasma and invasion
miR-143-3p Maternal T NRG1, S100A11 Trophoblast proliferation, migration, (22]
plasma and invasion; apoptosis; and epithelial—
mesenchymal transition
miR-146a-5p Placenta ) E-cadherin, Trophoblast proliferation, migration, (22, 23]
vimentin, N-cadherin, and invasion; apoptosis; and epithelial—
and Wnt2 mesenchymal transition
miR-181a-5p Placenta T EFNB2, MMP-2, Angiogenesis, proliferation, trophoblast (24, 23]
and MMP-9 migration and invasion, mitochondrial
respiration, and oxidative stress
miR-210-3p Maternal T EFNA3, HOXA9, ISCU, Angiogenesis, proliferation, trophoblast [26-29]
plasma KCMF1, migration and invasion, mitochondrial
and THSD7A respiration, and oxidative stress
miR-320a-3p Maternal ) IGF-1R Trophoblast proliferation, invasion, (30, 31]
plasma and migration
miR-375-3p Maternal T VEGF, SHH signaling Trophoblast invasion and migration 32, 33]
plasma pathway and angiogenesis
miR-517a-3p Placental { PRKG1 Immune response and oxidative stress [34]
tissues
miR-517¢c-3p Maternal T TNFSF15, FLT1 Trophoblast proliferation, migration, and [39]
plasma (VEGFR-1), VEGF, and invasion; apoptosis; immune response;
PLGF and oxidative stress
miR-574-3p Maternal { RXRA Angiogenesis and regulation of vascular [36, 371
plasma tone
miR-574-5p Maternal T TGF-B, VEGF, MMP2, Proliferation, invasion, and migration of (38]
plasma and MMP9 trophoblast and maintenance of vascular
tone
miR-1304-5p Maternal T TGF-B-, MAPK- Trophoblast invasion and migration 391
plasma signaling pathway
miR-210-5p Maternal T VEGF, FLT1 Angiogenesis [40]
plasma (VEGFR-1),
and VEGFR2
miR-4498 Maternal ) TGF-f-, MAPK-sig- Immune response [39]
plasma naling pathway
miR-1972 Maternal T TGF-B, VEGF, MMP2, Proliferation, invasion, and migration (371
plasma and MMP9 of trophoblast and maintenance

of vascular tone

Note. | decreased expression; T increased expression; IGF- 1R, insulin-like growth factor 1 receptor; EFNB2, ephrin B2 gene; EFNA3, ephrin A3
gene; FOXA1, gene encoding the transcription activator of the same name; FLT1 (VEGFR-1), fms-like tyrosine kinase 1 gene (vascular endothelial
growth factor receptor 2; HOXA9, homeobox protein A9 gene; ISCU, gene for a protein that assembles an iron-sulfur cluster in mitochondria;
KCMF1 gene, modulating potassium channel activity factor 1; MAPK, mitogen-activated protein kinase; MMP 2, metalloproteinase 2;
MMP 9, metalloproteinase 9; NRG1, neuregulin-1; PLGF, placental growth factor; PRKG1, cGMP-dependent protein kinase 1 gene; RXRA,
retinoid X receptor A gene; S100A1, calcium-binding protein gene S100A1; SHH, sonic hedgehog signaling pathway; TGF-B, transforming
growth factor B; THSD7A, gene encoding domain 7A of thrombospondin type 1; TNFSF15, TNF-like ligand 1A gene; VEGF, vascular endothelial
growth factor; VEGFR2, receptor 2 vascular endothelial growth factors; Wnt2, a combination of the words Wingless and Integration.
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Reverse transcription and quantitative real-time
polymerase chain reaction

The cDNA was synthesized on the RNA matrix in a 20 pl
reaction mixture at 37°C for 60 minutes, followed by incu-
bation at 85°C for 5 minutes. The resulting cDNA (1 pl) was
used as a matrix for real-time polymerase chain reaction
(PCR) with a specific primer pair for each microRNA under
study and a ready PCR mix 5x SYBR Green PCR Kit (Qiagen).
The PCR reaction conditions were as follows: 15 minutes at
95°C, followed by 40 cycles of 20 seconds at 95°C, 10 se-
conds at 60°C, and 15 seconds at 72°C, in a DT-Prime am-
plifier (DNA Technology). The microRNA expression level in
the samples was compared by 2-AACT using cel-miR-39 as
reference.

Statistical processing

Statistical analysis was conducted using the licensed
software package Statistica 6.0 (StatSoft Inc., USA). The
normality of the quantitative data distribution was assessed
using the Shapiro-Wilk criterion.

The mean and standard deviation (M+o) represented
data that exhibited a normal distribution. Data that deviated
from a normal distribution were described using the median
and interquartile range. The differences between unrelated
samples for data that exhibited a normal distribution were
assessed using the parametric Student’s t-test and nonpara-
metric Man—-Whitney test for data that did not show a normal
distribution. P <0.05 indicated significant differences.

Significant differences in the microRNA expression levels
in both groups was assessed using a two-tailed Wilcoxon-
Mann-Whitney test. Differential expression of microRNAs
was determined under two conditions: the fold change (FC)
in expression levels between the compared groups was >2
(or =1 <log2FC> 1) and the threshold for statistical signifi-
cance was p <0.05.

The DIANA miRPath v.3.0 software (DIANA-Lab, De-
partment of Electrical & Computer Engineering, University
of Thessaly, Greece) was used to evaluate the influence of
differentially expressed microRNAs on pathway function [41].

RESULTS

Table 2 shows the clinical and anamnestic character-
istics of the patients in the analyzed groups and perinatal
outcomes.

Analysis of microRNA expression in blood plasma sam-
ples from patients with PE and women with uncomplicated
pregnancies revealed several molecular features at the tran-
scriptome level (Table 3).

A multidirectional change in the expression of 13 plas-
ma microRNAs was observed in the main group compared
to the control group. A significant decrease in the expres-
sion level of eight microRNAs was observed in women with
PE, namely, hsa-miR-146a-5p (p=0.011), hsa-miR-181a-5p
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(p=0.015), hsa-miR-210-3p (p=0.031), and hsa-miR-517a-
3p. The results indicated a significant decrease in the ex-
pression level of the following microRNAs: hsa-miR-517c-
3p (p=0.007), hsa-miR-574-3p (p=0.048), hsa-miR-574-5p
(p=0.003), and hsa-miR-1304-5p (p <0.001). The most pro-
nounced decrease in expression was observed for hsa-
miR-517a-3p (14.3-fold), hsa-miR-574-5p (20-fold), and
hsa-miR-1304-5p (33.3-fold).

Table 4 presents a comparative analysis of microRNA ex-
pression levels in the main group, stratified according to the
clinical phenotype of PE.

A comparative analysis of microRNA expression levels
in the subgroup of pregnant women with PE and symptoms
of fetal growth retardation revealed a significant decrease in
the hsa-miR-20a-5p (FC=0.39; p=0.049) and hsa-miR-143-
3p (FC=0.71; p=0.05) expressions compared to the subgroup
without growth retardation.

No significant differences were found in the microRNA
expression profile between the subgroups of patients with
early and late PE and between the subgroups of moderate
and severe PE.

The online platform DIANA miRPath v.3.0 [41] was em-
ployed to analyze the influence of eight microRNAs differen-
tially expressed in PE on the functioning of signaling pathways
and biological processes involved in the pathogenesis of PE.

A functional assessment of aberrantly expressed mi-
croRNAs in women with PE (i.e., hsa-miR-146a-5p, hsa-
miR-181a-5p, hsa-miR-210-3p, hsa-miR-517a-3p, hsa-
miR-517¢c-3p, hsa-miR-574-3p, hsa-miR-574-5p, and
hsa-miR-1304-5p), considering the identification of their
potential target genes, revealed the presence of dysregula-
tion of over 40 signaling pathways and biological processes
wherein these molecules are involved. The most significant of
these processes include carcinogenesis, infectious process-
es of various localizations, cell proliferation and differenti-
ation, embryogenesis processes, oxidative stress, immune
response reactions, and HIF-1-, TGF-b-, and p53-signaling
pathways. These indicate the intricate molecular mechanisms
underlying the development of this complication of pregnancy
and may determine the clinical manifestations observed.

DISCUSSION

Currently available scientific data does not provide a
clear understanding of the underlying cause of PE develop-
ment. The available treatments are limited to symptomatic
approaches and are focused on timely delivery [5]. Early di-
agnosis and prediction of PE progression remain challenging,
resulting in significant complications for the mother and fe-
tus. However, the diagnostic criteria for PE are not specific,
and the criteria for assessing PE severity do not correlate
well with the pathophysiological changes.

Thus, identifying clinically relevant biomarkers and tools
for prognosis, early diagnosis, and personalized approach to
each patient with PE is warranted.
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In recent years, several studies have demonstrated the
potential role of microRNAs in the pathogenesis of PE, indi-
cating their potential as noninvasive diagnostic and prognostic
markers [42]. During pregnancy, placental trophoblast cells
at the maternal-fetal interface produce a large number of
microRNAs, with their expression levels changing according
to the progression of pregnancy and placental development.
This highlights their involvement in placental regulation [43].

Aberrant expression of microRNAs in early pregnancy
was shown to potentially play a pivotal role in the develop-
ment of placental abnormalities. Recent studies have indicat-
ed a correlation between the placental microRNA expression
profile and levels of these molecules in maternal and fetal
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blood flow, which may influence the progression of various
disorders in both [7].

Our study results demonstrated the statistical signifi-
cance of eight plasma microRNAs in the pathogenesis of PE.
The microRNAs included hsa-miR-146a-5p, hsa-miR-181a-
5p, hsa-miR-210-3p, and hsa-miR-517a-3p. Additionally,
the expression levels of hsa-miR-517c-3p, hsa-miR-574-3p,
hsa-miR-574-5p, and hsa-miR-1304-5p were found to be
significantly reduced in patients with uncomplicated preg-
nancies.

Previous studies by Russian and foreign colleagues have
determined the involvement of these microRNAs in the regu-
lation of such key pregnancy events as trophoblast invasion,

Table 2. Clinical and anamnestic characteristics of patients and perinatal outcomes

Indices Study group (n=42) Control group (n=20) p
Age*, years 29,76 (27,85-31,67) 28,80 (25,62-31,98) 0,594
BMI*, kg/m? 31,17 (28,73-33,62) 28,17 (26,43-29,90) 0,045
Pregnant women, abs. (%) 32 (76,19) 13 (65,00) 0,012
PE history, n (%) 33,1 0(0,0) 0,231
Chronic arterial hypertension, n (%) 7(16,7) 0(0,0) 0,005
Prenatal screening, n (%), high risk of PE 28 (66,7) 0(0,0) <0,001
Early PE, n (%) 6 (14,3) — —
Late PE, n (%) 36 (85,7) — —
Moderate PE, n (%) 38 (90,5) — —
Severe PE, n (%) 49,9 — —

Clinical signs
Systolic BP, mm Hg* 145 (140,0; 153,5) 115 (110,0; 120,0) 0,001
Diastolic BP, mm Hg* 90 (86,0; 100,0) 70 (60,0; 75,0) 0,001
Proteinuria, g/L* 0,65 (0,30; 1,65) — —
Edema, n (%) 24 (57,1) 2 (10,0) <0,001
IUPBF, n (%) 37,1 0(0,0) 0,545
Delivery and perinatal outcomes
Term of delivery, weeks* 38,43 (36,07; 40,40) 40 (39,18; 40,54) 0,018
Preterm labor, n (%) 10(23,8) 0(0,0) 0,001
Cesarean section, n (%) 16 (38,1) 0(0,0) <0,001
Weight of the child at birth, g* 3145 (2485,0; 3572,5) 3690 (3440,0; 3982,5) <0,001
Apgar score, n (%): <0,001
8-10 points 22 (52,4) 20 (100,0)
<6~7 points 20 (47,6) 0(0,0)

FGR, n (%) 8 (19,0) 0(0,0) 0,044
Neonatal RDS, n (%) 4(9,5) 0(0,0) 0,295

Note. Data are presented as the absolute number and proportion (%) of patients, Fisher’s exact test, and Z-test for proportions adjusted
for endpoints (0%). *Data are presented as median with interquartile range (Mann—Whitney test). BMI, body mass index; FGR, fetal growth
restriction; NMPC, disturbance of uteroplacental and fetal blood flow; RDS, respiratory distress syndrome.
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Table 3. Comparative analysis of the expression levels of
microRNAs in the blood plasma of patients in the study groups

MicroRNA (stud; [g:roup/ (studypgroup/
control group) control group)
hsa-miR-20a-5p 1,62 0,440
hsa-miR-143-3p 1,51 0,272
hsa-miR-146a-5p 0,28 0,011
hsa-miR-181a-5p 0,34 0,015
hsa-miR-210-3p 0,31 0,031
hsa-miR-320a-3p 0,73 0,271
hsa-miR-375-3p 1,14 0,524
hsa-miR-517a-3p 0,07 0,004
hsa-miR-517¢c-3p 0,14 0,007
hsa-miR-574-3p 0,32 0,048
hsa-miR-574-5p 0,05 0,003
hsa-miR-1304-5p 0,03 <0,001
hsa-miR-4498 0,58 0,591
hsa-miR-210-5p NA
hsa-miR-1972 NA

Note. FC — fold change in microRNA levels between groups.
NA — absence of expression in one of the compared groups.

migration and proliferation (hsa-miR-146a-5p, hsa-miR-
181a-5p, and hsa-miR-210-3p), trophoblast migration and
proliferation (hsa-miR-146a-5p, hsa-miR-181a-5p, hsa-miR-
210-3p, hsa-miR-517a-3p, hsa-miR-517¢c-3p, hsa-miR-574-
5p, and hsa-miR-1304-5p), angiogenesis (hsa-miR-181a-5p,
hsa-miR-517a-3p, hsa-miR-517¢c-3p, and hsa-miR-574-3p),
maintenance of vascular tone (hsa-miR-574-3p and hsa-
miR-574-5p), redox balance (hsa-miR-181a-5p, hsa-miR-
210-3p, hsa-miR-517a-3p, and hsa-miR-517¢c-3p), immune
tolerance (hsa-miR-517a-3p and hsa-miR-517¢-3p), and ep-
ithelial-mesenchymal transition (hsa-miR-146a-5p) through
post-transcriptional effects on the expression of their target
genes [21-40].

Implantation and further development of maternal-fetal
interaction depend on the differentiation of placental cytotro-
phoblasts into villous and extravillous cells [44]. According
to studies, among the microRNAs identified in this study as
prognostic markers for PE development, the functional po-
tential of hsa-miR-146a-5p is of particular interest. This mol-
ecule has been shown to have suppressive activity against
epithelial-mesenchymal transition [23] through inhibition of
the Wnt2/B-catenin pathway.

Hypoxia was found to play a pivotal role in the develop-
ment of the placenta, with its impact varying depending on
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the gestational age. In the first trimester of pregnancy, hy-
poxia stimulates cytotrophoblast invasion and angiogenesis
[45], whereas prolonged hypoxic conditions in the second and
third trimesters impede the syncytialization of trophoblast
cells, invasion of trophoblast cells, and vascular remodel-
ing, which collectively results in placental dysfunction and
hypertension. Among the aberrantly expressed molecules
identified, some belong to the family of microRNAs sensitive
to hypoxia. In particular, under hypoxia conditions, HIF-1a
enhances miR-210 expression, which can lead to blockade of
cell proliferation and DNA repair, inhibition of mitochondrial
respiration and ATP synthesis, and inhibition of angiogenesis
[27]. Hypoxia-induced overexpression of this microRNA in PE
was determined to result in damage to the endothelium of
trophoblast vessels and trophablast cells themselves [28].
Our findings revealed that the absence of miR-210 overex-
pression in patients with PE indicates a potential for this mol-
ecule to exhibit broader functional capabilities, which remain
to be investigated.

Furthermore, a reduction in placental perfusion in PE
results in the release of antiangiogenic factors into the ma-
ternal bloodstream, which contributes to generalized endo-
thelial dysfunction. Regarding the molecules miR-517a/b and
miR-517c, data from previous studies show their ability to
increase the synthesis of anti-angiogenic protein sFlt1. This
protein binds circulating angiogenic factors and blocks their
ability to induce angiogenesis [47].

Moreover, miR-574 molecules are generally considered
as key modulators of endothelial dysfunction in PE [37]. In
particular, the experimental study of Ura et al. [46] demon-
strated the antiangiogenic effect of miR-574-5p, which is
evidenced by the reduced ability to repair damaged tissue,
migration suppression, and endotheliocyte proliferation. Giv-
en that miR-574-3p and miR-574-5p are among the most
frequently identified microRNAs in cardiovascular diseases,
particularly in ischemic heart disease, myocardial infarction,
and heart failure, an imbalance in the expression levels of
these microRNAs may play a crucial role in the development
and progression of cardiovascular disorders in PE.

Hypoxia/ischemia in the placenta has been shown to be
a potent generator of oxidative stress, to stimulate increased
secretion of pro-inflammatory cytokines, and to induce
apoptosis in placental tissue [48]. Oxidative stress has been
shown to affect the expression levels of certain microRNAs,
and microRNAs have been observed to alter the production
of cellular antioxidants and cytokines [49]. Previously, miR-
181a was found to play a unique role in the development and
activation of T cells. Its expression decrease leads to defects
in adaptive immunity, which significantly contributes to the
pathogenesis of PE. In this regard, published data on the pos-
sibility of correcting mitochondrial dysfunction by inhibiting
miR-181a are of interest [50].

A comparative analysis of 15 microRNA expression levels
in pregnant women with different clinical phenotypes of PE
revealed no significant differences between subgroups with
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Table 4. Comparative analysis of the expression levels of microRNAs in the blood plasma of the main group depending on the PE phenotype

. FC FC FC

MicroRNA o | " maderats PE) P| Carylatern | P
hsa-miR-20a-5p 039 0,049 0,52 0,256 0,86 0313
hsa-miR-143-3p 0,71 0,05 0,81 0,252 1,07 0,351
hsa-miR-146a-5p 0,57 0,076 0,96 0,400 1,75 0,327
hsa-miR-181a-5p 0,64 0,130 0,84 0,336 1,56 0,363
hsa-miR-210-3p 1,00 0,632 1,00 0,630 171 0,251
hsa-miR-320a-3p 0,84 0,33 0,84 0,469 2,30 0,173
hsa-miR-375-3p 0,01 0,379 0,002 0,428 671 0,433
hsa-miR-517a-3p 0,60 0,342 5,00 0,450 5,00 0,333
hsa-miR-517¢-3p 0,38 0,214 1,38 0,409 1,43 0,442
hsa-miR-574-3p 0,97 0216 2,45 0313 2,87 0,186
hsa-miR-574-5p 0,68 0,352 5,29 0317 2,95 0,222
hsa-miR-1304-5p 1,02 0,397 0,78 0,301 6,47 0,295
hsa-miR-4498 NA NA NA NA 3,73 0,248
hsa-miR-210-5p NA NA NA NA NA NA
hsa-miR-1972 NA NA NA NA NA NA

Note. FC, fold change in microRNA levels between subgroups; NA, absence of expression in one of the compared groups.

moderate and severe and early and late PE. This indicates
that the final stage of PE development may be characterized
by a certain commonality of pathogenetic processes.

The differential expression of miR-20a-5p and miR-143-
3p was observed, with significantly lower levels in patients
with PE and fetal growth retardation than in those PE and no
growth retardation. Studies have indicated that these microR-
NAs are associated with cardiovascular and cerebrovascular
diseases [51]. miR-20a-5p plays a critical role in the patho-
genesis of acute kidney injury caused by ischemia/reperfu-
sion [52] and suppresses proliferative and invasive activity
of trophoblast cells by repressing the transcription factor
FOXA1, which has a direct effect on the laying down and
development of organs and tissues. The lower expression
levels of miR-20a-5p and miR-143-3p in pregnant women
with PE and fetal growth retardation may be compensatory
in placental dysfunction.

As outlined in the literature, microRNAs are present in
human blood as both free molecules and in extracellular
membrane vesicles (apoptotic corpuscles, microvesicles,
and exosomes), extracellular complexes with RNA-binding
proteins, and complexes with high-density lipoproteins. The
concentration of exosomes, including various microRNAs,
in maternal blood increases almost 50-fold in the early un-
complicated pregnancy. This increase is progressive as the
pregnancy progresses and more than doubles closer to term

DOl https://doiorg/10.17816/a0g623622

[53]. However, it has been observed that the contribution of
placental exosomes to the total number of plasma exosomes
and their bioactivity decreases toward term. This may further
explain the decrease in differentially expressed microRNAs
just before delivery detected in this study.

MicroRNAs whose regulation is impaired in PE potentially
influence a multitude of signaling pathways. These include
pathways regulating hormonal and metabolic processes
(e.g., HIF-1-, TGF-b-, and p53-signaling pathways), carcino-
genesis, infectious processes of various localizations, cell
proliferation and differentiation, embryogenesis, oxidative
stress, immune response reactions, cell cycle, and others.
This fact reiterates the multifaceted nature of disorders of
molecular and cellular processes in the development of PE
and, as a consequence, makes it challenging to predict and
diagnose PE at an early stage using a single biomarker.

CONCLUSIONS

Pregnancy complicated by PE is accompanied by sig-
nificant epigenetic changes. In particular, changes are not-
ed in the expression profile of microRNAs associated with
cardiovascular and cerebrovascular diseases and placental
abnormalities.

The results indicate the need for further molecular ge-
netic studies in this area to expand the understanding of the
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molecular genetic pathophysiological mechanisms of PE de-
velopment and search for hiomarkers and targeted thera-
peutic agents.
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