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JlucepTariiss TpUCBAYEHA BHBYCHHIO BIUIMBY TMOPYIIEHb  MOJSPHU3aIii
JenuayanbHuX MakpodariB Ha MaHidecTalliio 1 CTYMiHb TSXKKOCTI MpeeKyIaMIcii Ta
PpOo3p0o011i eheKTUBHUX 3aX0/11B IO 11 BTOPUHHIN MPOdIIaKTHIII.

JlemunyanbHi Makpogaru BiIirparoTh CyTTEBY POJIb 5K Yy (1310J0TIYHOMY, TaK 1
NaToJOTIYHOMY  Iepeliry BariTHOCTI 3a paxyHOK iX  IUIACTUYHOCTI  Ta
IMYHOCYTIPECUBHUX BIJIACTUBOCTEH, ydyacTi y PEMOJEIIOBaHHI TKAaHUH Ta CYAMH,
3MaTHOCTI ()OPMYBAaHHS MICIIEBOTO aJaNTUBHOTO IMYHITETY. AJie¢ Ha ChOTOMHINIHIN
JIEHb 11I€ BIICYTHS JOCTATHS KIJIBKICTh JJAaHUX I0JI0 OCOOJIMBOCTEHN PIBHIB ITUTOKIHIB,
xapakrepy (eHOTHNOBUX Ta  MOpP(]O-GYHKIIOHATBHUX 3MIH  Makpodaris,
CITIBBIJTHOIIEHHS CYOMOMyJIsALif ACHUayalbHUX MakpodariB npu ¢iziooriyHomMy 1
MATOJIOTIYHOMY Mepediry BariTHOCTI, 1[0 OOMEXKY€e PO3yMIHHS MMAaTOT€HETUYHOI POl
M1 Tta M2 nenuayanbHux MakpodariB npu npeekiamicii. Lle Busnauae notpedy B
PO3p0o0IIl NUISIXIB BTOPUHHOT MPOQIIaKTUKN 3aXBOPIOBAHHS, SIKi O JJajIM MOXKJIUBICTh
po3pobutn  epeKTHBHY TaKTUKY BEIEHHS BariTHUX 3  MPEeeKIaMICIEro,
IIJIECTIPSMOBAHO ~ HAMpaBJeHYy Ha  HOpMaizaiilo  OamaHcy  cyOmomyJssiii
NeUuayanbHUX — MakpodariB i 3HHXKEHHS  TOKAa3HUKIB  MaTEpPUHCHKOT 1
NepUHATaIbHOI 3aXBOPIOBAHOCTI T4 CMEPTHOCTI.

B pesynbTaTi NmpoBENEHOrO JOCIHIPKEHHs YTOYHEHO JlaHl Ioj0 (aKTOpiB
BHCOKOTO PU3UKY BMHMKHEHHS NpeeKIaMIcii, ski MoxHa omiHmtH Bxke B 18-20"
TWOKHIB BariTHOCTI, 3aJ0Bro 10 KIIHIYHOI MaHidecrtamii JaHOTO 3aXBOPIOBAHHS
(aHaMHeCTHYH1 (PaKTOpPU Ta 3HUIKEHHSI KPOBOIUIMHY B CHIpajJbHUX apTepisiX MAaTKH,
K1 pO3TalIoBaHi B 00JaCTi MIAEHTAPHOI MIOMIAIKH).

BcraHoBieHO, 1O y BariTHUX 3 TMPECKIAMIICIEI0 TPOSBWINCH SIBUIIIA
IMyHOCYTIpecii 1 KIIITUHHO-TYMOPAJIbHOTO IUCOaIaHCy: TOCTOBIPHE 3HUKEHHS BMICTY

T-xenmnepiB mpu miABHUILEHHI KOHIEHTpalli T-cympecopiB/KijiepiB, HaJiHHA KUTbKOCTI



B-knitun 1 nos'szane 3 uumM 3HmxkeHHs piBHA 1gG (r=0,58 P<0,01). Bussneno
CYTTEBE 3pOCTAaHHS KUTBKOCTI IIUPKYIIOYUX IMyHHUX KOMILICKCIB.

JloBeneHO 3HauyHE 3pOCTaHHS PiBHIB mpo3anaibHux muTokiHiB INF-y (B 1,5
pasu) ta TNF-a (B 2,6 pa3u) mnpu [AOCTOBIPHOMY 3HIIKEHHI KOHIIEHTpAIlil
nporu3anaibHoro nutokiny IL-10 (B 1,9 pa3u) mopiBHSHO 13 3J0pOBUMHU BariTHUMHU;
i 3minn y BaritHux B Il Ta panniit ¢azi Il Tpumectpy BariTHOCTI CHpHUSIOTH
MOPYIICHHIO  MPABWJIBHOTO  CIIBBIIHOIICHHS  CyONMOMyJSIIiA  JeIUayalTbHUX
makpodarie M1 ta M2 B mianeHTi Ha KOpucTh cyomomyisiii M1 (tomi sik y
3I0pPOBUX BariTHUX B IbOMY TE€PMiHI MOBUHHI MEpeBakaTu ACUUIyalbHI Makpodaru
cyononmymsamii M2). 3HaljieHi JOCTOBIpHI KOpesslii MDK IMJABUIIEHUM BMICTOM
MakpodariB cyomomyssiii M1 B mianeHTi )KiHOK 3 MPECKIAMIICIEI0 Ta 3POCTAHHAM
KOHIEHTpaLli B LEpBIKAIbHOMY CIIM3y mpo3ananbHoro mnurokiny INF-y (r=0,65;
P<0,05) ta imgymubensnoi NO-cunTazu (r=0,59; P<0,05). Takoxx BUSBHIHCH
JOCTOBIPHUMHM KOPEJIALllT MDK TMaJiHHAIM BMIicTy Makpodarie denotuny M2 B
IJIAIEHTI Y TaKuX JKIHOK 1 3HIDKCHHSM PIBHS MPOTH3anabHOTO HUTOKIHY [L-10
(r=0,49; P<0,05) Ta magiHHSIM aKTUBHOCTI apriHa3u B LepBikaibHOMY ciu3y (r=0,60;
P<0,02).

OG6rpyHTOBAaHI MOXIIMBICTH i JOIUIBHICTE BHKOpUCTaHHS B 18-207 TiokHiB
BariTHOCTI B SIKOCTI MapKepiB BUCOKOi BIpOTITHOCTI BUHUKHEHHSA B MOJAJbIIOMY
peeKsIaMIICli: aHaMHECTUYH1 (akTopu PU3MKY; HAJJIMIIKOBA Bara TiJ1a; BUSBIICHHS
mpu V3JI B 18-20" TwkHiB BariTHOCTI 3GiNBIIEHHS iHIEKCY PE3MCTEHTHOCTI B
CIIpaJbHUX apTepisix MATKU B 00JaCTi IJIAlEHTApHOI IJIOMaAKU 10 BeauyuHu 0,7 1
Ounbiie (B mojaibimioMy y 71% Takux KIHOK BHUHHMKAE IMPEEKIIAMIICIS); 3POCTAHHS
PIBHS IUPKYIIOIOYNX IMYHHUX KOMIUIEKCIB B KPOBI B I[bOMY 3K T€PMiHI BariTHOCTI
oinbmie 100 on/mit (BIpOTIAHICTE BUHUKHEHHS MpeEeKIaMIiCli CTaHOBUTH 67%));
3HWkeHHs piBHIB T-xemmepiB (CD4+) ta B-mimpomurtie (CD22+) B KpoBi
BaTriTHUX.

[laToreHeTH4HO OOTPYHTOBAHO 3aCTOCYBaHHS BTOPUMHHOI MNPOQIIAKTUKU
MPEeeKIaMIICli y JKIHOK TPYNH BHCOKOTO PHU3UKY MO 11 BHHUKHEHHIO HUIIXOM
BIJIHOBJICHHS TPaBWIbHOI AudepeHiiaii cyonomynsamii aenuayalbHuX Makpodaris

(mpurniueHHs: BupoOieHHs perorunmy M1 ta ctumyssiis audepeniianii GeHoTUIry



M?2) BonuBoM Ha BUpOOJEHHs (akTopiB ix iHAYKUii (mpurHiyeHHs npoaykuii iNOS
Ta mnposanagpbHoro I1uTokiHy INF-y nnms cyOmomymsmii M1 Ta  akTuBari
(YHKIIIOHYBaHHSI apriHa3u 1 BUPOOJEHHS MPOTU3anaibHOTO IUTOKIHY IL-10 — mis
cybmonysmsnii M2). st mporo, mounHaoun 3 18-20° TikmiB BaritHOCTI, Gymm
3aCTOCOBaHI: MET(QOpPMiH, SKMM MNPUTHIUYE TPAHCIOKAIIID HYyKJIeapHOro ¢akTopa
tpauckputmiii (NF-kB), mo npu3BoauTh 10 3MEHIIIEHHS BUPOOJICHHS MPO3amaibHAX
LUTOKIHIB Ta 3HIKeHHS audepenmiamnii M1-makpodaris; aktuBHa ¢opmMa BiTaMiHY
D; (1,25[OH]2D), sxuit He Tinpku crpuse audepeHmiamnii makpodarie M2, ane
TaKOXK TMpUTHIYye audepeHiioBaHHs Makpodarie MI1; KOpBITHUH, [1I0YOI0
PEUYOBHHOIO SIKOTO € KBEPIETHH, IO TaIbMy€ MPOAYKIIIO MPO3amajbHUX IUTOKIHIB
Ta 3MiHIOE OanaHC eHAOTENaNbHUX BAa30aKTHBHUX PEUYOBMH HAa KOPHUCTH
Ba30IMJIaTATOPIB, 32 PAXyHOK YOT0 3pOCTA€ PEriOHaIbHUI KPOBOIUIMH, B TOMY YUCII
B CITIPAJIbHUX apTePisIX MATKH.

JloBenieHo, 110 3aCTOCYBAaHHSI 3alPONIOHOBAHOTO HAMH METOJy BTOPUHHOI
npoiTaKTUKA BUHUKHEHHS TMPEEKIaMIICii Y BariTHUX T'PYMH BHUCOKOTO PHU3UKY TIO
JTAHOMY 3aXBOPIOBAHHIO MIPU3BEJIO /10 IO3UTUBHUX 3MIH Y POOOTI CUCTEMH IMYHITETY,
OOMIHY OKCHIYy a30Ty B IIEpBIKaJIbHOMY CIHM3y Ta HoOpMamizauii audepeHianii
JenuayanbHuX Makpodaris B IJIAIEHTI HA KOPUCTH cyomnomyJsiii M2 3 BiIMOBIAHUM
MOKpPAIIEHHSAM KIIHIYHUX HACHIJIKIB: TOMEPEIKEHHSI MOPYIIeHb KpPOBOIUIMHY B
MaTKOBO-TUIAIICHTAPHO-TUIOIOBIA  CHCTeMI, 3HIDKCHHs dYacToTh Masidecrarrii
MpEeeKJIaMIICii y BariTHUX TPYNH BHUCOKOTO PU3UKY B 1,4 pa3u, 3MEHIIICHHS YaCTOTU
neperyacHuX po3popKeHb B 2,2 pa3u Ta acikcii HOBOHApOIKEeHUX — B 4 pasw,
3MEHIIIEHHS HAPOHKEHHS Tl 3 eKCTpeMalIbHO HU3HKOIO Macoro Tija — B 2,1 pasm.

KarwuoBi cjgoBa: iMmyHITeT, JAenuayanbHi Makpodard, [UTOKIHH,
ingynmubensHa NO-cuHTa3a, apriHasza, 1HACKCH CYAMHHOTO OIOpY, MPEeKIIaMIICis,

BAriTHICTb.



SUMMARY

Vaschenko V.L. Clinical and immunological mechanisms of macrophagal
imbalance formation in preeclampsia and optimization of approaches to its
secondary prevention. — On the manuscript basis.

Thesis for the scientific degree Doctor of Philosophy in specialty 222 —
Medicine - Poltava State Medical University of the Ministry of Public Health of
Ukraine, Poltava, 2021.

The thesis is devoted to the study of the influence of polarization disorders of

decidual macrophages on the manifestation and severity of preeclampsia and the
development of effective measures for its secondary prevention.

Decidual macrophages play a significant role in both physiological and
pathological course of pregnancy due to their plasticity and immunosuppressive
properties, participation in tissue and vascular remodeling, and the ability to form
local adaptive immunity. However, at present, there are no sufficient data on the
features of levels of cytokines, nature of phenotypic and morpho-functional changes
of macrophages, the ratio of decidual macrophages subpopulations in physiological
and pathological course of pregnancy, which limits the understanding of the
pathogenetic role of M1 and M2 decidual macrophages in preeclampsia. This
determines the need to develop ways of secondary prevention of the disease, which
would allow us to develop effective management of pregnant women with
preeclampsia, aimed at normalizing the balance of subpopulations of decidual
macrophages to reduce maternal and perinatal morbidity and mortality.

The study specified the data on high risk factors for preeclampsia, which can
be assessed as early as 18-20"° weeks of pregnancy, long before the clinical
manifestation of the disease (anamnestic factors and decreased blood flow in the
spiral arteries of the uterus, located in the placental area).

It was found that pregnant women with preeclampsia demonstrated the effects
of immunosuppression and cell-humoral imbalance: a significant decrease in the
content of T-helpers with increasing concentrations of T-suppressors/killers, a
decrease in the number of B cells and the associated decrease in IgG (r=0.58;
P<0.01). There was a significant increase in the number of circulating immune

complexes.
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The study proved a significant increase in the levels of pro-inflammatory
cytokines INF-y (by 1.5 times) and TNF-a (by 2.6 times) with a significant decrease
in the concentration of anti-inflammatory cytokine IL-10 (by 1.9 times) as compared
to healthy pregnant women; these changes in pregnant women in the second and early
phase of the third trimester of pregnancy contribute to the disruption of the correct
ratio of decidual M1 and M2 macrophages subpopulations in the placenta in favor of
the M1 subpopulation (whereas in healthy pregnant women, this period should be
dominated by decidual macrophages of the M2 subpopulation). Significant
correlations were found between the increased content of macrophages of the M1
subpopulation in the placenta of women with preeclampsia and the increase in the

concentration of pro-inflammatory cytokine INF-y (r=0.65; P<0.05) and inducible
NO synthase in the cervical mucus (r=0,59; P<0.05). There were also significant
correlations between the decrease in the content of macrophages of the M2 phenotype
in the placenta of such women and the decrease in the level of anti-inflammatory
cytokine IL-10 (r=0.49; P<0.05) and the decrease in arginase activity in cervical

mucus (r=0.60; P<0.02).

The thesis substantiated the possibility and expediency of using the following
data in 18-20" weeks of pregnancy as markers of high probability of subsequent
preeclampsia: anamnestic risk factors; detection by ultrasound at 18-20" weeks of
pregnancy an increased resistance index in the spiral arteries of the uterus in the
placental area up to a value of 0.7 or more (subsequently, 71% of such women have
preeclampsia); an increase in the level of circulating immune complexes in the blood
in the same period of pregnancy more than 100 units/ml (the probability of
preeclampsia is 67%); a decrease in the levels of T-helpers (CD4+) and B-
lymphocytes (CD22+) in the blood of pregnant women.

The use of secondary prevention of preeclampsia in women at high risk of its
occurrence by restoring the correct differentiation of subpopulations of decidual
macrophages (inhibition of M1 phenotype production and stimulation of M2
phenotype differentiation) is pathogenetically substantiated by influencing the
production of factors of their induction (inhibition of iNOS and pro-inflammatory

cytokine INF-y for M1 subpopulation and activation of arginase function and
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production of anti-inflammatory cytokine IL-10 — for M2 subpopulation). For this
purpose, starting from 18-20"° weeks of pregnancy, the following agents were used:
metformin, which inhibits the translocation of nuclear transcription factor (NF-kB)
that decreases the production of pro-inflammatory cytokines and reduces the
differentiation of M1 macrophages; active form of vitamin D3 (1.25[OH]2D), which
not only promotes the differentiation of M2 macrophages, but also inhibits the
differentiation of M1 macrophages; corvitin, whose active substance is quercetin,
which inhibits the production of pro-inflammatory cytokines and changes the balance
of endothelial vasoactive substances in favor of vasodilators, thereby increasing
regional blood flow, including in the spiral arteries of the uterus.

It was proved that the application of the proposed method for secondary
prevention of preeclampsia in pregnant women at high risk for this disease has led to
positive changes in the immune system, nitric oxide metabolism in cervical mucus
and normalization of differentiation of decidual macrophages in the placenta in favor
of the M2 subpopulation with a corresponding improvement in clinical consequences:
prevention of blood flow disorders in the uterine-placental-fetal system, reducing the
incidence of preeclampsia in high-risk pregnant women by 1.4 times, decreasing the
incidence of premature births by 2.2 times and asphyxia of newborns — by 4 times,
reducing the birth of children with extremely low weight body — by 2.1 times.

Key words: immunity, decidual macrophages, cytokines, inducible NO-

synthase, arginase, vascular resistance indices, preeclampsia, pregnancy.
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