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Abstract. Placental dysfunction is a central pathogenetic mechanism underlying
preeclampsia and fetal growth restriction (FGR), which remain leading causes of maternal and
perinatal morbidity and mortality worldwide. These conditions are primarily associated with
impaired trophoblast invasion and inadequate remodeling of spiral arteries, resulting in high-
resistance uteroplacental blood flow. Endothelial dysfunction plays a pivotal role in this process and
is characterized by angiogenic imbalance, activation of the coagulation cascade, and systemic
inflammatory response.

The aim of this study is to analyze current concepts of vascular and molecular mechanisms
of placental dysfunction, with a particular focus on endothelial function and angiogenic factors.
Changes in levels of sFlt-1, PIGF, and VEGF and their impact on vascular tone and placental
perfusion are discussed. Special attention is given to the role of hemostasis and immune factors,
including regulatory T cells.

The findings demonstrate that integration of laboratory biomarkers, ultrasound data, and
clinical parameters significantly improves early diagnosis and prediction of pregnancy
complications. These results highlight the importance of developing personalized clinical
algorithms.
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MATOTEHE3 IJIAUIEHTAPHOM JTUC®YHKIIUUA [TPU
HPESKITAMIICHUH U 3AJJEPKKE POCTA IIVIOJA: POJIb
SHJOTEJUAJBHON TUC®YHKIIUU U COCYJIUCTBIX

MEXAHU3MOB

MamapnanneBa baxopa Xa0u0yanaesHa
CamMapkaHACKUI TOCyJapCTBEHHbIN METUIIMHCKUN YHUBepcuTeT, Camapkan], ¥Y30eKUCTaH

AnHoTanus. [Inanentapras qucyHKIMS SABISETCS KIFOYEBBIM ATOI€HETHUECKUM 3BEHOM
Pa3BUTHS IPEIKIIAMIICHH U 33JIeP>KKH BHYTpUYTpoOHOTO pocta mioaa (3BYP), kotopsie ocTatorces
BEAYIIMMHU IPUUYNHAMH MaTePUHCKOM U MEepHHATAIbHOM 3a00J1€Ba€éMOCTH U CMEPTHOCTU. B ocHOBe
JAaHHBIX OCJIOKHEHMH JIe)KaT HapyIlIeHUsl HHBa3uu TpogoO1acTa U peMoIeTUPOBaHUS CIIUPATbHBIX
apTepuii, OpuUBOAALIME K (OPMUPOBAHUIO BBICOKOPE3UCTEHTHOIO MAaTOYHO-TUIAIIEHTAPHOTO
KpoBoTOKa. lleHTpalbHyI0 poJib B TMaTOre€He3e WrpaeT »HHAOTeNUanbHas JUCPYHKIIHS,
COIIPOBOKAAIONIASICS AHTMOT€HHBIM JAucOaaHCOM, aKTHUBAIMed KOaryJsHOHHOTO Kackajga W
CUCTEMHBIM BOCHIAIIMTEIBHBIM OTBETOM.

[lens wuccnenoBaHus. AHaIM3 COBPEMEHHBIX NPEJICTaBICHUH O COCYAMCTBIX U
MOJIEKYJISIPHBIX MEXaHM3MaX IJIAlleHTapHOW TUCHYHKIMH C aKIEHTOM Ha pOJib SHAOTEIHS U
aHruoreHHbIX GaxkropoB. PaccmarpuBatorcst nsmenenus yposueit sFlt-1, PIGF u VEGF, a Taxoke ux
BJIUSIHUE HA COCYJIUCTBIA TOHYC W mepdys3uto miuaneHTsl. Ocoboe BHUMaHHME YJIEIEHO POJU
reMoCTa3a ¥ MMMYHOJIOTHYECKHX (aKTOPOB, BKJIIOUAs peryisaropHbie T-KiIeTku.
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[Tokazano, 4Tro wuWHTErpamus 1abOpaTOPHBIX MAapKEpPOB, YIbTPA3BYKOBBIX HaHHBIX U
KJIMHUYECKUX MapaMeTpOB IO3BOJSET YIYUIIUTh PAHHIO TUArHOCTHKY M IPOTHO3MPOBAHHE
ocnokHeHu# OepeMenHocTH. [loydeHHbBIE MaHHBIE TOTYCPKUBAIOT HEOOXOIUMOCTh pa3pabOTKU
MEPCOHANM3UPOBAHHBIX KIMHUUECKHUX aJIFOPUTMOB.

KuroueBble ciioBa: mianeHTapHas TUCHYHKIIHS, MPEIKIAMIICHS, 3a/IepKKa poCTa IJI0Ja,
SHJOTeNuanbHas nucyHkius, anruoreHHeie ¢daktopel, sFlt-1, PIGF, remocras, cocymucras
ouoorus.

PREEKLAMPSIYA VA HOMILA RIVOJLANISHINING KECHIKISHIDA
PLATSENTAR DISFUNKTSIYA PATOGENEZI: ENDOTELIAL DISFUNKTSIYA VA
TOMIR MEXANIZMLARINING ROLI
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Annotatsiya. Platsentar disfunktsiya preeklampsiya va homila rivojlanishining kechikishi
(HRK) patogenezida asosiy o‘rin tutadi va ona hamda perinatal kasallanish va o‘limning yetakchi
sabablaridan biri hisoblanadi. Ushbu holatlar trofoblast invaziyasining buzilishi va spiral
arteriyalarning yetarli darajada qayta shakllanmasligi bilan bog‘liq bo‘lib, yuqori qarshilikka ega
uteroplatsentar gon ogimini yuzaga keltiradi. Endotelial disfunktsiya ushbu jarayonning markaziy
bo‘g‘ini bo‘lib, angiogen muvozanatning buzilishi, koagulyatsiya tizimi faollashuvi va yallig‘lanish
reaksiyasi bilan namoyon bo‘ladi.

Tadgigot magsadi. Platsentar disfunktsiyaning tomir va molekulyar mexanizmlarini tahlil
qilishdan iborat bo‘lib, bunda endotelial funksiyaning roli va angiogen omillar alohida ko‘rib
chigiladi. sFlt-1, PIGF va VEGF darajalaridagi o‘zgarishlar hamda ularning qon tomir tonusi va
platsenta perfuziyasiga ta’siri o‘rganiladi. Shuningdek, gemostaz va immunologik omillar,
jumladan regulyator T-hujayralar ahamiyati ko‘rib chigiladi.

Natijalar laborator markerlar, ultratovush tekshiruvi va klinik ma’lumotlarni integratsiya
qilish homiladorlik asoratlarini erta aniqlash va prognozlashni yaxshilashini ko‘rsatadi. Bu esa
individual klinik yondashuvlarni ishlab chigish zarurligini tasdiglaydi.

Kalit so’zlar: platsentar disfunktsiya, preeklampsiya, homila rivojlanishining kechikishi,
endotelial disfunktsiya, angiogen omillar, sFlt-1, PIGF, gemostaz, tomir biologiyasi

Introduction. Placental dysfunction represents a fundamental pathological process
underlying a wide spectrum of obstetric complications, including preeclampsia, fetal growth
restriction (FGR), and antenatal fetal demise [2,5]. These conditions remain among the leading
causes of maternal and perinatal morbidity and mortality worldwide, despite significant advances
in obstetric care. The complexity of placental pathology reflects the interplay of vascular,
immunological, and metabolic factors that converge to impair normal placental development and
function [1,3,6,8]. Preeclampsia is a multisystem disorder characterized by new-onset hypertension
and end-organ dysfunction after 20 weeks of gestation. FGR, on the other hand, is defined as the
failure of the fetus to achieve its genetically predetermined growth potential [8,9,10]. Although
clinically distinct, both conditions share a common pathophysiological basis rooted in abnormal
placentation and placental insufficiency [2,4,5,7]. The process of placentation involves the invasion
of extravillous trophoblasts into the maternal decidua and the remodeling of spiral arteries into low-
resistance, high-capacitance vessels. This transformation is essential for adequate uteroplacental
perfusion [1,6,9]. In pathological pregnancies, trophoblast invasion is shallow and incomplete,
leading to persistent high-resistance vessels and reduced blood flow to the placenta. Endothelial
dysfunction has emerged as a central mechanism linking abnormal placentation to systemic maternal
manifestations. The maternal endothelium plays a critical role in vascular homeostasis, regulating
vasodilation, coagulation, and inflammatory responses [3,8]. Disruption of endothelial function
leads to vasoconstriction, increased vascular permeability, and a prothrombotic state. One of the key
features of placental dysfunction is the imbalance between proangiogenic and antiangiogenic factors
[5,7,10]. Elevated levels of soluble fms-like tyrosine kinase-1 (sFlt-1) and reduced levels of
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placental growth factor (PIGF) have been consistently associated with preeclampsia and FGR. These
factors contribute to endothelial injury by inhibiting vascular endothelial growth factor (VEGF)
signaling and impairing angiogenesis. In addition to angiogenic imbalance, immune dysregulation
plays a crucial role in the pathogenesis of placental dysfunction [2, 3, 5, 9]. The maternal-fetal
interface requires a finely tuned immune tolerance, mediated in part by regulatory T cells (Treg).
Disruption of this balance can lead to inflammatory responses that further impair trophoblast
invasion and vascular remodeling [1, 2, 3, 4].

The aim of this study is to provide a comprehensive analysis of the vascular and endothelial
mechanisms underlying placental dysfunction in preeclampsia and FGR, with a focus on integrating
molecular, cellular, and clinical perspectives.

Materials and Methods. This study represents a comprehensive analytical synthesis of
current evidence combined with a conceptual modeling approach to understand placental
dysfunction. Data were derived from experimental studies, clinical trials, and translational research
focusing on vascular biology, angiogenesis, and endothelial function in pregnancy. The
methodological framework integrates clinical data, laboratory biomarkers, and molecular
mechanisms. Key parameters analyzed include uterine artery Doppler indices, circulating
angiogenic factors, markers of endothelial activation, and coagulation profiles. The study
incorporates a conceptual model based on four main domains: placental vascular development,
endothelial function, angiogenic signaling, and immune regulation.

Table 1. Key Parameters in Placental Dysfunction Analysis

Domain Parameters Clinical Relevance
Uterine artery Pl Placental perfusion
sFlt-1, PIGF Endothelial health

D-dimer, fibrinogen Thrombosis risk
Treg, cytokines Tolerance mechanisms

Statistical and computational approaches include correlation analysis, predictive modeling,
and integration of multimodal datasets.

Results. The analysis demonstrates that placental dysfunction is characterized by a cascade
of vascular and endothelial abnormalities. One of the earliest detectable changes is increased
resistance in uterine arteries, reflecting impaired spiral artery remodeling. Elevated levels of sFlt-1
were associated with decreased bioavailability of VEGF and PIGF, leading to endothelial
dysfunction. This was accompanied by increased levels of endothelin-1 and reduced nitric oxide
production, resulting in vasoconstriction.

Table 2. Angiogenic Imbalance in Preeclampsia and FGR
PIGF High Low
SRS Low High

Balanced Suppressed

These changes contribute to systemic endothelial activation, which manifests clinically as
hypertension, proteinuria, and organ dysfunction. Coagulation abnormalities were also observed,
including increased fibrin deposition in placental vessels and activation of the coagulation cascade.
This creates a prothrombotic environment that further compromises placental blood flow. Immune
analysis revealed decreased Treg activity and increased pro-inflammatory cytokines, suggesting a
shift toward a pro-inflammatory state. This contributes to endothelial injury and impaired vascular
adaptation [2, 5, 8, 9].

Discussion. The findings of this study underscore the central role of endothelial dysfunction
in the pathogenesis of placental disorders [1,4,7]. Endothelial cells act as a critical interface between
the placenta and maternal circulation, and their dysfunction has widespread systemic effects [6,8].
The angiogenic imbalance observed in preeclampsia and FGR is a key driver of endothelial injury.
sFIt-1 acts as a decoy receptor, binding VEGF and PIGF and preventing their interaction with
endothelial receptors. This results in impaired angiogenesis and vascular instability [1,7,8]. The role
of immune mechanisms is increasingly recognized. Treg cells are essential for maintaining immune




tolerance during pregnancy. Their reduction leads to increased inflammation and contributes to
vascular damage [2,4]. This highlights the importance of integrating immunological parameters into
the study of placental dysfunction. From a clinical perspective, the identification of biomarkers such
as the sFIt-1/PIGF ratio has significantly improved the ability to predict and diagnose preeclampsia.
However, challenges remain in translating these findings into effective therapeutic strategies [3, 5,
6, 7, 10]. Emerging approaches include the use of targeted therapies to restore angiogenic balance,
such as apheresis to remove sFlt-1, and the use of nitric oxide donors to improve endothelial function
[1,2,9]. The integration of laboratory markers into clinical algorithms represents a promising
direction for personalized medicine. Combining Doppler ultrasound, biochemical markers, and
clinical risk factors can improve early detection and management [4,6,8,10].

Conclusion. Placental dysfunction in preeclampsia and fetal growth restriction is a complex
process driven by vascular, endothelial, and immune mechanisms. Endothelial dysfunction serves
as a central link connecting abnormal placentation to systemic maternal disease. The imbalance
between angiogenic factors, combined with coagulation abnormalities and immune dysregulation,
creates a pathological environment that compromises placental function. Future research should
focus on developing integrated diagnostic models and targeted therapies aimed at restoring vascular
and endothelial homeostasis. The advancement of personalized medicine in obstetrics will depend
on the ability to combine clinical, laboratory, and molecular data to improve outcomes for both
mother and fetus.
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