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VY nucepraiili HaBeJAeHE TEOPETHYHE Y3araJlbHEHHS Ta HOBE BUPIIICHHS
aKTyaJbHOI HaYKOBO-TPAKTUYHOT 3a/1a4i B aKyIIEPCTBI, 110 MOJIATAE Y JOCHTIKSHH1
piBHs T®P-B1 Ta pEHT, K MPOrHOCTHYHUX KPUTEPIiB Ta BUSHAYCHHS IOJISIpU3AIlii
MakpodariB y (GopmMyBaHHI 3aTPUMKHU BHYTPIIIHBOYTPOOHOTO PO3BUTKY ILI0/a
(3BVYPID).

3BYPII 3anuimaerbcss akTyaabHOK TMPOOJIEMOI0 CY4acHOTO aKyIIepCTBa,
HEOHATOJIOT1i Ta TIHEKOJIOTil, 10 OOyMOBJIEHO BHUCOKHMH [OKa3HUKAMHU
NEpPUHATAIBHUX YCKJIQJHEHb Ta 3aXBOPIOBAHOCTI, CMEPTHOCTI, 3HAYHUMH
PENPOAYKTUBHUMH BTpaTaMH Ta BHUTpaTaMH Ha JIKYBaHHS HOBOHAPOKEHUX,
COITIATIbHUMH Ta CKOHOMIYHMMH 30UTKaMH. JIOMIIBHO 3ayBaKUTH, IO OLIBII
norjin0sIeHe BUBYCHHS JAHOTO YCKJIQJIHCHHS BAariTHOCTI MOTPiOHE JJIsi BUSIBJICHHS
3BYPII B panni tepmiaum s OuTbll €(pEKTUBHOTO JIIKYBaHHS, a TOJIOBHE —
CBOE€YACHOT MpOodiNakTUKU. Y peryismii (yHKI[IOHATIBHOTO CTaHy IJIAIEHTH Ta
PO3BUTKY TIOJIa KIIFOYOBE 3HAUCHHS HAJICKUTh aHT1IOTEHHUM (PaKTOpaM, TAKUM SK
tparchopmytounii dakrop pocra P1 (TOP-B1) ta #ioro xo-penentop, po3UNHHUN
eaaormiH (pErr). Tako BaJHMBY poJib y PETYISIi BariTHOCTI Ta MiATPUMAaHHI
rOMEOCTa’y B CHCTEMI «MaTH — IUIAlEHTa — IUT» BiMIrparoTh Makpodaru.
[Mopymenns momsipu3arii MmakpodariB BiI3HAYEHO MPH TUTANICHTApHIN nTuchyHKIIii,
[0 CYNPOBOJ/KY€ MATOJIOTIYHY BariTHICTh, 30kpema il 3BYPIL. Omxe notemnep

TPUBAE MOUTYK HOBUX MPOTHOCTUYHHUX MapKepiB paHHbOi qiarnoctuku 3BYPIL



Mera nociiKeHHs] — OL[IHUTH KJIIHIYHUI Mepedir BariTHOCTI Ta MOJIOTIB Y
K1HOK 31 3BVYPII, BU3HAUUTH NPOTHOCTUYHY I[IHHICTh AHTIOT€HHUX MapKepis,
BCTAHOBUTU  TOJsipu3alil0  MakpodariB  npu  (OpMYyBaHHI  3aTPUMKH
BHYTPIIIHBOYTPOOHOTO PO3BUTKY ILJIOAA.

3aBiaHHS JOCHIIKEHHS: TPOBECTH PETPOCHEKTUBHUM aHaNI3 mepeodiry
BariTHOCTI, sika yckiaauuwiach 3BYPII ta Bu3HauuTH (akTOpH pU3UKY; BUSHAUUTH
3arajbHOKJIIHIYHY BIIMIHHICTh Ta OLIIHUTH JaHHI YIbTPA3BYKOBOI'O JTOCIIJIKEHHS 3
JOTUIEPOMETPUYHUM KOHTposieM Mk Kinkamu 31 3BYPII, siki Hapogunu aiteid 3
Majol0 Ta JOCTaTHHOIO Barol JIO TECTAIIMHOTO BIKY; BH3HAUUTU PIBEHb
anrioriorenHux QakropiB (T®P-B; ta pEHr) B cupoBaTii KpOBI Yy BariTHUX 31
3BVYPII, sixi HapoauIu A1TEH 3 MAJIOO Ta JOCTATHHOKO Baroro JI0 TeCTAIIHOTO BIKY;
Ha OCHOBI piBHIB aHrioreHHux @akropiB (TPP-B1 Ta pEHr) 3anpononyBaTu
nporHoctuuHi kputepii 3BYPII; oxapakrepusyBatu mophodyHKIIIOHaTbHUN CTaH
IUTAIIEHT HUIIXOM KOMIUIEKCHOTO MAakpo- Ta MIKPOCKOIIYHOTO TiCTOJOTIYHOTO
JOCIHIPKEHHsI, TPOBECTH OpPraHo- Ta MOpPGOMETPUUHUN aHali3 IUIalleHTapHOi
TKaHUHU KIHOK, BariTHICTB skux Oyna ycknagHeHa 3BYPII mpu pi3Hux Tepminax
PO3POJKEHHS; JOCHIIUTA CTaH Ta POJb mosspu3aiii makpodarie M1/M2 B
IUTAIIEHTApHIA TKaHWHI KIHOK, BariTHICTh skuX Oyna yckinamHena 3BYPII npu
PI3HUX TepMiHAX PO3POIHKCHHS.

JIist OCSTHEHHST METH Ta BUPIIICHHS MOCTABICHUX 3aBJaHb JOCIIKCHHS
BUKOPUCTOBYBAJIM PETPOCIICKTUBHUMN, 3arajdbHOKIIHIYHHUMA, 1HCTPYMEHTAIBHUM
(YIpTpa3ByKOBE Ta JOIJIEPOMETPUYHE JOCTIIKEHHS ), IMyHO()EPMEHTHUHN, OPTraHo-
Ta MophoMeTpiuHmii, MOPHOJIOTTYHUIA, IMYHOTICTOXIMIYHUHN, CTATUCTUYHI METOIH.

VYnepiie BuzHaueHo poib anrioreHHux (akropis (TDOP-B1 ta pEHT y KpoBi),
K KIIOYOBUX (DaKTOPIB PU3HMKY PO3BUTKY BariTHOCTI yckmamuenoi 3BYPII, mo
3aBepIIMIACh HAPOKEHHSM JUTHHU 3 MaJOI0 Baror J0 TecTalliifHOro BiKy Ta
npouecy moispusaiii M1/M2 wmakpodaris (CD68+ ta CD163+ makpodaru /
MOHOHYKJIeapH) y mianenti npu 3BYPIL

VYnepuie Ha ocHoBl ROC-ananizy po3paxoBaHa HNPOTrHOCTUYHA 3HAYYIIICTh

MPEIUKTOPIB PAHHBOTO BHUSBICHHS IUTHHHU 3 MaJOI0 Barolo JI0 TECTAIlIHOTO BIKY



Ha ocHoBl MapkepiB — TOP-f1 (AUC=0,807; Std. Error=0,102; 95% I 0,6075—
1,007; p=0,01), sikicTb mpOrHO3yBaHHA IpH TouLl po3noaury d=143,7 3 4yTIuBICTIO
83,3% Tta cnemudiunictio 62,5%) ta pEar (AUC=1,0; Std. Error=0; 95% I 1-1,
p<0,0001), sikicTb MPOrHO3yBaHHSA MpH Tou Ll po3noaury d=4,5 3 uytnusictio 100%
Ta crienudiuHicTio 75%, 3HaueHHs d>4,5).

VYnepiie BUsBIEHO, 110 MOPYIIEHHS NOJspU3aliii Npo- Ta mpoTu3anaibHoi M1
ta M2 cybnonynsiiit MakpodariB / moHonykiaeapiB (CD68+ ta CD163+) y pizHux
TKAaHUHHMX KOMIIAPTMEHTaX IUIaleHTH (B AaMHIOTHMYHIM OO0OJIOHI, CTpOMI,
KPOBOHOCHHUX Kamuisipax abo (piOpo3HO 3MIHEHMX TEpMIHAJIBHUX BOPCHUHAX, ado B
MDKBOPCHUHYACTOMY MPOCTOP1) BU3HAYAETHCA iX (DYHKI[IOHAJIBHUM CTaHOM Ta
poutto BianoBigHO 10 nepediry 3BYPII. [lokazaHo, 1110 y KiHOK, BariTHICTh SKHUX
ycknagaena 3BYPII Ta 3aBepmmnack monoramu micist 37 THXKHS BariTHOCTI Ha
BIJIMIHY BiJ] )KIHOK, BariTHIiCTh ikux yckiagnena 3BYPII Ta 3aBepmiack nmonoramu
1o 36" TikHa BariTHOCTI piBeHb ekcrmpecii npo3anansHux CD68+ Makpodaris /
MOHOHYKJI€apiB MiABUIIEHUN Yy (IOPO3HO 3MIHEHUX TEPMIHAIBHUX BOPCHUHAX 1
MDKBOPCUHYACTOMY MPOCTOPI, alie 3HIKEHHUM Y CTPOMI Ta BCEPEINHI KPOBOHOCHUX
CyJIMH BOPCHH, TOJII K PiBeHb eKcrpecii mportuzanaibaux CD163+ makpodaris /
MOHOHYKJI€apiB 3pOCTa€ B KPOBOHOCHMX KalllIsipax BOPCUH 1 MI)KBOPCHHYACTOMY
IPOCTOPI, aje 3HMKYEThCS B aMHIOTHYHIA OOOJIOHIII Ta CTPOMI TEpMIHATBHUX
BOPCHH.

JIOTIOBHEHO HAyKOBI JaHi BIZHOCHO MOP(QOJIOTIYHOT Ta MOPHOMETPHUUHOT
ckiaaoBoi muanenTapHoi TkanuHu npu 3BYPII y xkiHOK, 110 HApOAWIM TUTUHY 0
36" TmwkHA BariTHOCTi, 30KpeMa BiJ3HAYeHO OLTBII BHPAXKEHi O3HAKHU
rimoBacKysgpu3allii (3HIKEHHS MOKAa3HUKIB JlilaMeTpy Ta IUIOINII T€MOKAMuUISpiB,
MOKA3HMKIB BIICOTKY YTBOPEHHSI CHHIIUTIOKANUISIPHUX MEMOpaH BiJ] BCiX KamIspiB
TEPMIHATBHUX BOPCHH IIIAIEHTH, OO0 €MHOI MIUTBHOCTI KamiIspiB) Ta O3HAKH
rimoriasii BOPCUH XOpioHa (3HMKEHHs mpodidepaltii TepMiHATBHIX BOPCHH Ta
YaCTKU CHUMILJIACTUYHUX BY3JIHUKIB, 30UIbIICHHS TOBIIMHH CHHIMTIOTPOdOOIACTY

TEPMIHAJIBHUX BOPCHH Ta 00 €MHOI H[LILHOCTI CIIOTYYHOT TKAaHUHU).



Po3pobneHo Ta BHOpPOBaXKEHO B TPAKTHUKY HOBI METOAM BH3HAYCHHS
nokanizauii M1 ta M2 makpodariB / MOHOHYKJIEPIB y IUIALIEHTI, IO MOXKE
3aCTOCOBYBATHCS B KJIIHIKO-JIarHOCTUYHUX JlabopaTopiaX JJisg OLIHKH Ta
TIarHOCTUKH CYONOMYJISIIMHOTO CKIaAy TKaHUH miaueHty npu 3BYPIL

3anponoHOBaHO AJiA MPOTHO3YBaHHS Ha paHHIX eranmax po3Butky 3BYPII 3
HApOJKEHHSAM JUTHHHM 3 MaJIOI0 Baror 110 TeCTalliiiHOTO BIKYy BUKOPHUCTOBYBATH
Bu3HaueHHs KoHueHTpauii TDOP-B1 ta pEHr B kpoBi Mmarepi. 3HMXKEHHS pIBHS
koHueHntpaiii TOP-B1 vwkue 143,7 Hr/mn Ta miaBuieHHs piBHa pEHr Bumie 4,5
HI/MJI — CBIIYMTH MPO MOTCHIIIHHO BUCOKUN PU3HMK PO3BUTKY ILI0Ia Majoi Bard 10
recTalliifHOro BiKy y JKIHOK, BariTHICTb KX 00TspkeHa 3BYPIL

Bceranorneno, mo piBeds konneHTpaiii TOP-B1 Biporigno Bumuii (47,2+3,5
Hr/mn npotu 39,7+£2,2 ur/mia, p<0,05), a piBeHb KOHIIeHTpalii pEHT, HaBmakw,
BiporimHo Hwxuwil (9,24+0,2 ur/mn npotu 9,8+0,2 ur/mn, p<0,05) y xiHOK 3i
3BYPII, ski HapoauIu AMTHHY 10 36 TuxknHs BariTHOCTI, HiXk y *iHOK 31 3BYPII,
10 HAPOJWIN JUTUHY TICsA 37 THOXKHS BariTHOCTI, IO TaKOXX Ma€ HECIPHUSATINBE
IPOTHOCTUYHE 3HAYCHHs Y paHHIA JIarHOCTHIN TepeIyacHUX TIOJIOTIB [0
BIJIMOBIIHOTO TEPMiHY TecTaIlii Ipu BarirHOCTI yckiaaneHiit 3BYPII.

KirodoBi cioBa: 3aTpuMKka BHYTPIIIHBOYTPOOHOTO PO3BUTKY IUIOJA,
Tpanchopmyrounii ¢gakrop pocra [1, PO3UMHHUN EHJIOIJIIH, Maja Bara Jo
reCTaIlifHOTO BIKYy, JOCTaTHS Bara J0 TE€CTaIlIiHOrO BiKy, HApOMHKCHHS JUTHHU
micist 37 THKHS BariTHOCTI, HAPOKEHHS TUTHHH 110 36 Troknsa BaritHOCTi, CD68+
Makpodaru / mononykieapu, CD163+ makpodaru / mononykneapu, M1 ta M2

cyOmomysii MakpodariB / MOHOHYKJI€apiB.

Summary
Berezhna V.A. Prognostic criteria of transforming growth factor § and the role
of macrophages in the formation of fetal intrauterine growth restriction. —
Qualification research work on the manuscript basis.
The dissertation for the academic degree of Doctor of Philosophy in the

specialty 14.01.01. «Obstetrics and Gynecology» (222 — Medicine). — Ukrainian



Medical Stomatological Academy of the Ministry of Healthcare of Ukraine, Poltava,
2021. — Ukrainian Medical Stomatological Academy of the Ministry of Healthcare
of Ukraine, Poltava, 2021.

The dissertation presents theoretical generalization and a new solution of a
relevant scientific and practical problem in obstetrics, which relies on the study of
the level of TGF-B1 and sEng as prognostic criteria and determining the macrophage
polarization in the formation of fetal intrauterine growth restriction (IUGR).

IUGR remains a pressing problem in modern obstetrics, neonatology, and
gynecology due to high rates of perinatal complications and morbidity, mortality,
significant reproductive losses, and the cost of neonatal treatment, as well as social
and economic losses. It is worth noting that an in-depth study of this complication
of pregnancy is needed to detect IUGR at an early stage for more effective treatment,
and most importantly, for its timely prevention. In the regulation of the functional
state of the placenta and fetal development, the key role belongs to angiogenic
factors, such as transforming growth factor B1 (TGF-B1) and its co-receptor, soluble
endoglin (SEng). Macrophages also play an important role in the regulation of
pregnancy and the maintenance of homeostasis in the mother-placenta-fetus system.
Disruption of macrophage polarization has been noted in placental dysfunction that
accompanies pathological pregnancy, including IUGR. Therefore, the search for
new prognostic markers of early diagnosis of IUGR is still ongoing.

The aim of the study was to evaluate the clinical course of pregnancy and
childbirth in women with IUGR, determine the prognostic value of angiogenic
markers and polarization of macrophages in the formation of fetal intrauterine
growth restriction.

The objectives of the study were to conduct a retrospective analysis of the
course of pregnancy, complicated by IUGR, and identify the risk factors; to
determine the general clinical difference and to evaluate the data of ultrasound
examination with Doppler control between women with IUGR who gave birth to
children with low and sufficient weight before gestational age; to determine the level

of angiogenic factors (TGF-B1 and sEng) in the serum of pregnant women with



IUGR who gave birth to children with low and sufficient weight before gestational
age; on the basis of levels of angiogenic factors (TGF-B: and sEng) to offer
prognostic criteria of ITUGR; to characterize the morphofunctional state of the
placenta through the comprehensive macro- and microscopic histological
examination, to conduct organo- and morphometric analysis of the placental tissue
in women whose pregnancy was complicated by IUGR with different stages of
childbirth; to investigate the state and role of polarization of M1/M2 macrophages
in the placental tissue of women whose pregnancy was complicated by IUGR with
different stages of childbirth.

To achieve the goal and the objectives of the study, retrospective, general
clinical, instrumental (ultrasound and Doppler assessment), enzyme-linked
immunoassay, organo- and morphometric, morphological, immunohistochemical,
and statistical methods of research were used.

For the first time, the study identified the role of angiogenic factors (TGF-p1
and sEng in the blood) and the process of polarization of M1/M2 macrophages
(CD68+ and CD163+ macrophages / mononuclear cells in the placenta) as the key
risk factors for the development of pregnancy complicated by IUGR and resulting
in the delivery of a child with low birth weight before gestational age.

For the first time, the prognostic significance of predictors for early detection
of a child with low weight before gestational age was calculated based on ROC-
analysis using the markers — TGF-p; (AUC = 0.807; Std. Error = 0.102; 95% ClI
0.6075-1.007; p = 0.01), the quality of prediction at the distribution point d = 143.7
with a sensitivity of 83.3% and a specificity of 62.5%) and sEng (AUC = 1.0; Std.
Error = 0; 95% CI 1-1; p <0.0001), the quality of prediction at the distribution point
d = 4.5 with a sensitivity of 100% and a specificity of 75%, the value of d>4.5).

For the first time, it was found that the polarization disruption of pro- and anti-
inflammatory M1 and M2 subpopulations of macrophages / mononuclear cells
(CD68+ and CD163+) in different tissue compartments of the placenta (in the
amniotic membrane, stroma, blood capillaries or in the fibrously altered terminal

villi, or the intervillous space) is determined by their functional state and role in



accordance with the course of IUGR. It has been shown that in women whose
pregnancy was complicated by IUGR and resulted in childbirth after 37 weeks of
pregnancy, in contrast to women whose pregnancy was complicated by IUGR and
resulted in up to 36 weeks of pregnancy, the expression of proinflammatory CD68
+ macrophages / mononuclear cells increased in the fibrously altered terminal villi
and intervillous stroma and inside the blood vessels of the villi, whereas the level of
expression of anti-inflammatory CD163 + macrophages / mononuclear increased in
the blood capillaries of the villi and the intervillous space, but decreased in the
amniotic membrane and stroma of the terminal villi.

The research supplemented the scientific data on the morphological and
morphometric component of the placental tissue in [IUGR in women who gave birth
up to 36* weeks of pregnancy, in particular, indicating the more pronounced signs
of hypovascularization (decreased diameter and area of hemocapillaries, percentage
of syncytiocapillary membranes formation from all capillaries of placental terminal
villi, volume density of capillaries) and the signs of hypoplasia of chorionic villi (the
decreased proliferation of terminal villi and the proportion of symplastic nodules,
the increased thickness of the syncytiotrophoblast of the terminal villi and volume
density of connective tissue).

New methods for determining the localization of M1 and M2 macrophages /
mononuclear cells in the placenta have been developed and implemented into
practice, which can be used at clinical diagnostic laboratories to assess and diagnose
the subpopulation composition of the placental tissues in IUGR.

It is proposed to use the determination of TGF-f1 concentration and sEng in
the mother's blood when predicting the fetus with low weight before gestational age
at early stages of IUGR development. A decreased level of TGF-B; below 143.7
ng/ml and an increased level of sEng above 4.5 ng/ml indicates a potentially high
risk for the development of the fetus with low birth weight before gestational age in
women whose pregnancy is complicated by IUGR.

It was found that the concentration level of TGF-B; is reliably higher (47.2 =
3.5 ng/ml vs. 39.7 + 2.2 ng/ml, p<0.05), and the concentration level of sEng, on the



contrary, is reliably lower (9.2 = 0.2 ng/ml vs. 9.8 = 0.2 ng/ml, p<0.05) in women

with ITUGR who gave birth to children prematurely than in women with IJUGR who

gave birth to children at term, which also has an unfavorable prognostic value in the

early diagnosis of preterm birth before the appropriate gestational age in pregnancy

complicated by IUGR.

Keywords: fetal intrauterine growth restriction, transforming growth factor 1,

soluble endoglin, low birth weight before gestational age, sufficient weight before

gestational age, birth after 37 weeks of pregnancy, birth up to 36%® weeks of

pregnancy, CD68+ macrophages / mononuclear cells, CD163+ macrophages /

mononuclear cells, M1 / M2 subpopulations of macrophages / mononuclear cells.
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