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Pesrome. OnieHKa OTIENBHBIX IMOKA3aTENEH CUCTEMBI HE
MOXET B IIOJIHOM Mepe OTpa3uTh e€ (PyHKIHOHAIBHOE CO-
CTOSIHUE, TIOITOMY LIEJIeCO00pa3sHO NMPHUMEHSTh CHCTEM-
HbIE XapaKTePUCTUKH, TAKHE KaK CBA3aHHOCTh KOMIIOHEH-
TOB U WX JuUHAMUKY. I]enb uccnedosanus: BHIABUTH UM-
MYHO(QH3HOJIOTHYECKUE KOPPEJIAThI y MAUEHTOK ¢ (pU3H-
OJIOTMYECKH BO3HHKIIEH OEPEMEHHOCTBIO U MPU DKCTpa-
KOPIIOPajIbHOM OIUIONOTBOpeHUU. Mamepuansl u memo-
0b1. OOBEKT UCCIeJ0OBAaHHS: KIMHUYECKU 310POBbIC KEH-
LIMHBI JI0 HACTYTUICHHUSI OEPEMEHHOCTH U B IEPBOM TpHUMeE-
ctpe (I-s rpyrmma), marueHTKH ¢ TPYOHO-TIEPUTOHEATHHBIM
OecruroreM Ha dTare TUTAHUPOBAHUS U TIociie 2 (EKTHB-
Hoit npouiexypsl KO (II-51 rpymma), sKEeHIUHBI ¢ Heyaad-
Hoit mombiTkoir DKO (Ill-a rpynmna). Beraucnsiuce kop-
PENSUOHHBIE MaTPULBI ISl (PU3UOTOTUUYECKUX HHJIEK-
COB M MMMYHOJIOTHYECKHX ITOKa3aTesieil, CpaBHUBAINCH
K03(pPHUIIMEHTHI KOPPETAUH IS KaXKI0M Mmaphl MpU3Ha-
KOB, U3y4aJIMCh UHTETPAJIbHbIC XaPAKTEPUCTUKU KOPPEIsi-
LUOHHBIX Marpull. Pezynomamer. Ilanuentku ¢ pu3nono-
TMYECKH BO3HUKLIEH OEpEeMEHHOCTBHIO OTIMYAIUCH CIIO-
KOMHBIM COCTOSIHEM CHCTEMBI B ITPErpaBUIapHOM MEPUO-
Jle 1 YMEPEHHOU akTUBauueu nociue 3adatus. [lanuenTku
II rpynms! Takke HE UMEJNIN IPU3HAKOB AKTUBALIMU CHCTE-
MBI Ha 3Tane moarotoBku k KO, omHako IuHAMHUKA II0-
KazaTeJiel BbIIBHIIA OoJiee BBIPAKCHHOE HANPSIKEHUE T10-
ciie HactymieHus: 6epemenHoctu. B 11 rpynne cpaBHeHus
3a()UKCUPOBAHO 3HAYMTEIHEHOE TIOBBILICHUE CBA3aHHOCTH
KOMIIOHEHTOB B cucTeMe a0 mporenypbl KO u Hapacra-
HH€ II0Ka3aTeJIel ocie OKOHYaHUs IPOrpaMMbl, YTO MOT-
JIO SIBUTHCSI OAHUM U3 (PaKTOPOB HEOIATONPHUSATHOIO HC-
xofa. 3HaUMMbIC B3aUMOCBSI3U MEXIY (PU3HOIOTHYECKH-
MU ¥ UMMYHOJIOTHYECKUMHU MTOKa3aTesIMH, OTpakaiu -
HaMUKY ¥ XapakTep U3MEHEHUIl B 3aBUCUMOCTH OT IEpH-
ofla o0cneoBaHus U criocoda HAacTyIIeHHsT OepeMeHHO-
cTH, a Takke oT pesynbrara DKO. [Ipeobramanne kommnde-
CTBa KOPPEJALMOHHBIX CBA3EH U CMEHA UX IMOJSIPHOCTH Y
nanueHToK ¢ HeaddekruBHOH nporpammoit DKO cBune-
TENbCTBOBAJIN O 3HAUYUTEILHOM UMMYHOJIOIHMUECKOM JTUC-
Oanance Ha (oHe cpbIBa afaNTaINU U BRIPAKEHHBIX TTapa-
CUMIATUYECKUX BIMSHAN.

Abstract. Evaluation of individual indicators of the
system cannot fully reflect its functional state. In this
regard, it is advisable to apply system characteristics, such
as the connectedness of components and their dynamics.
Aim: to identify immunophysiological correlates in
patients with a physiologically induced pregnancy and
in vitro fertilization. Materials and methods. Object of
study: clinically healthy women before pregnancy and in
the first trimester (I group), patients with tubal-peritoneal
infertility at the planning stage and after an effective in
vitro fertilization (IVF) procedure (II group), women with
an unsuccessful IVF attempt (III Group). Correlation
matrices for physiological indices and immunological
parameters were calculated. The correlation coefficients
for each pair of features were compared. The integral
characteristics of correlation matrices were studied.
Results. Patients with a physiologically induced pregnancy
were distinguished by a calm state of the system in the
pregravid period and moderate activation after conception.
Group II patients also had no signs of system activation at
the stage of preparation for IVF. However, the dynamics
of the indicators revealed a more pronounced tension after
pregnancy. Group III recorded a significant increase in the
connectedness of components in the system before the
IVF procedure and an increase in indicators after the end
of the program, which could be one of the factors of an
unfavorable outcome. Significant relationships between
physiological and immunological parameters reflected the
dynamics and nature of changes depending on the period
of examination and the method of pregnancy, as well as
on the result of IVF. The predominance of the number of
correlation bonds and a change in their polarity in patients
with an ineffective IVF program indicated a pronounced
immunological imbalance against the background of a
failure of adaptation and pronounced parasympathetic
influences.
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Beenenue

W3BecTHO, 4TO OpraHu3M OepeMEeHHOU JKEHIINHBI SBIIS-
€TCSl OJTHOW M3 CaMBIX CJIIOKHBIX OMOJOTHUYECKUX CUCTEM,
BO3HHKIIINX Ha 3emiie B mpolecce 3Bomonuu (A. Xopcr,
1967). IlomnmepskaHuwe TpaBHIAPHOTO TOMEOCTa3a OCY-
mecTBIsIeTCss Omaromapst (pyHKIMOHATHHOW TIEPECTpO-
Ke ¥ CIIaKeHHO! padoTe e€ KOMITOHEHTOB, a TaK)Ke HaIlps-
KCHHIO TIPUCTIOCOOHMTEIBHBIX MEXaHHW3MOB, aJallTaIluH,
HaNpaBJICHHON Ha JOCTIKCHHE TJIABHOTO pe3yJibTaTta —
poxieHue 3710poBoro pedéuka [ 1, 2]. OneHka OTAeIbHBIX
rokasarejicii He MOXKET B IOJIHOM Mepe OTpa3uTh (DyHK-
[IMOHATILHOE COCTOSIHWE, MOJTOMY IENecCO00pa3HO TMpH-
MEHSTh CUCTEMHBIE XapaKTePHCTHUKH, TaKue KaK CBs3aH-
HOCTb KOMIIOHEHTOB M UX AUHAMUKY [3]. B cBs3u ¢ aTum
OBLTH U3yUYCHBI KOPPEIISIIUOHHBIC CBSI3U Y JKEHIIUH UCCIIe-
JIyEMBIX TPYII B MPErpaBUIaPHOM MEPHOJIE U MOCIC Ha-
CTYIUICHUs OEPEeMEHHOCTH U MPOIEIYpPbl SKCTPAKOPIIO-
pansHOTO otutogoTBopeHus (DKO).

Lean uccjenoBanus: BbISIBUTH UMMYHO(MHU3UOIOTHYE-
CKHE KOPPEJSATHI y MAMEHTOK C PU3HOTOTHUECKU BO3HHK-
el OEpeMEeHHOCTH W TIPH IKCTPAKOPIIOPAIBHOM OILIO-
JIOTBOPEHUH.

MarepuaJjibl 1 MeTOAbI

OOBEKT HCCIeIOBAHNS: KIMHUYECKH 3/I0POBbIEC JKEHIIN-
HbI JIO HACTYIUICHUS OEPEMEHHOCTH U B TIEPBOM TpUME-
ctpe (I-s rpymma), marueHTKH ¢ TPYyOHO-TIEPUTOHEATHHBIM
OccruroareM Ha dTare TUIAHUPOBAHUS U TIociie 3P (EKTHB-
Hoit npouexypsl IKO (II-s rpymma), *KeHIUHBI ¢ Heyaad-
noit monsiTkoit DKO (I1I-51 rpynma). Ha nepBom 3tane unc-
ClIeIoBaHusl U3y4eHo QyHKIuoHanbHoe coctosinne CCC
OepeMeHHBIX C pacyeToM aJalTallMOHHOTO IMOTEHIIHaa
(AIT) mo P. M. baeBckomy; maHa OIIEHKA PETYISIIAN Be-
TeTaTUBHOW HEPBHOW CHCTEMBI, TTyTEM BBIYHCIICHHUS WH-
nexca Kepmo (MK); ompeneneHo cocTosHUE perynsTop-
HBIX CHCTEM C TIOMOIIbI0 nHAeKca crpecca (mo JI.X. [ap-
KaBH C coaBT.) [4, 5, 6, 7]. Bropoii sTan uccieaoBanus 3a-

Introduction

It’s known that the body of a pregnant woman is one of the
most complicated biological system that arose on the Earth
in the process of evolution (A. Horst, 1967). Maintaining
gravidar homeostasis is carried out thanks to the functional
restructuring and coordinated work of its components, as
well as the tension of adaptive mechanisms, adaptation
aimed at achieving the main result — the birth of a healthy
child [1, 2]. Evaluation of individual indicators can’t fully
reflect the functional state. Therefore it is advisable to
apply system characteristics, such as the connectedness
of components and their dynamics [3]. In this regard, we
studied the correlations in women in the pregravid period
and after pregnancy and the IVF procedure.

Aim of the study: to identify immunophysiological
correlates in patients with a physiologically induced
pregnancy and in vitro fertilization.

Materials and methods

Object of study: clinically healthy women before
pregnancy and in the first trimester (I group), patients
with tubal-peritoneal infertility at the planning stage
and after an effective IVF procedure (Il group), women
with an unsuccessful IVF attempt (III Group). At the
first stage of the study we studied the functional state of
CVS in pregnant women. We performed the calculation
of adaptive potential (AP) according to R. M. Baevsky.
We evaluated the regulation of the autonomic nervous
system by calculating the Kerdo Index (KVI). The state
of regulatory systems was determined using the stress
index (according to L.Kh. Garkavi et al.) [4, 5, 6, 7]. The
second stage of the study was an immunological survey.
We carried out immunophenotyping of peripheral blood
lymphocytes (Lf) using an expanded panel of monoclonal
antibodies (CD3+, CD4+, CDS8+, CDI16+, CD20),
determined the concentrations of antibodies of class A,
M, G by radial diffusion in gel according to Mancini,
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KIIIOYaJIcsl B yIIIYOJICHHOM HMMYHOJIOTHYECKOM o0ciie-
JIOBaHUH, BKIIIOYAIONIUM B ce0si MIMMYHO()EHOTUITUPOBA-
nue muMponnToB (JId) mepudepuyeckoir KpoBu ¢ MOMO-
B0 PACHIMPEHHON TMaHEeNH MOHOKJIOHATBHBIX aHTHUTEN
(CD3+, CD4+, CD8+, CD16+, CD20), onpeienieHre KOH-
LeHTpanuu aHTuTen kinacca A, M, G metonom paauaib-
HoOM nuddy3un B rene nmo MaHYMHY, U3YYCHUU KOHIICH-
Tpanuu mutokuHos (IL-1, IL-2, IL-4, IL-6, IL-10, IFNY,
TNFa). Craructudeckass oOpabOTKa TOITYYEHHBIX IaH-
HBIX TPOBOAMJIACH C WCIOJIH30BAHWEM TIaKeTa MPHUKIAL-
HBIX TIporpamm “Microsoft Office” u “Statistical0”, me-
TOJAAMU MapaMeTPUUECKON M HelapaMeTpUIecKol cTaTu-
CTHKH.

Ha Tperbem aTarne BBIYUCISUIUCH KOPPEISIIHOHHBIE Ma-
TPHUIIBI JUTST PU3HOIOTHUECKUX HHICKCOB U UMMYHOJIOTH-
YeCKHX MOKa3aTeNeH, CpaBHUBATUCH KOO PHUITMEHTHI KOp-
pemsiiiun Crimpmana ISl KaXKIOW Mapbl MPU3HAKOB, H3Y-
YaJIUCh WHTETPAIbHBIC XaAPAKTEPUCTHUKU KOPPEISIIHOH-
HbIX Marpull. Bcero usyuyeno 465 nap. PaccuutsiBanuch
nporeHT nocroBepHbix cBsized (I1JIC), xoadpdunment
tecHOTHI cBs3eit (KTC), cpeansss MHTEHCUBHOCTE CBSI3CH
(CHC). CHITbHBIMH CBSI3SIMH CIUTATHCH >0,6, B KOTOPHIX
napaMeTpsl ObuTH craTucTrdecku 3HadnuMo (p<0,05) B3a-
HMMOCBSI3aHBI.

Pe3yabTarsl

IlepBrlil 3Tan uccieqoBaHUs IOKa3al, 4TO HU3MEHE-
HUSl B OPraHM3ME >KCHIIMHBI, BBI3BAaHHbIE OEPEMEHHO-
CTbIO, — 3TO Pe3ylbTaT NPUCHOCOOICHHS, aJanTaluu
OpraHv3Ma K OKMJAIOIIMM €ro 3agadaMm. Y MalueHTOK
¢ (U3NONOTrHYecKoil OepeMEeHHOCTBIO OTMedaeTcsl Ha-
MPsKCHUE adallTalluMOHHBIX peaKI_[I/Iﬁ Ipyu BJIUAHUN Ha
CEPIEYHO-COCYIUCTYIO0 CUCTEMY CHMIIATHYECKOTO OTHE-
Jla BereTaTHBHOI HEPBHOW CHUCTEMbI, TOTIA Kak y Oepe-
MeHHBIX ¢ DKO ncromaercs npucnocoouTe bHAast aKTHB-
HocTh CO BHC, yTO npuBOAUT K 3HAYUTENILHOMY Hamlpsi-
KCHHUIO U JIaXKe CPBIBY aJianTaliu Ha QoHe npeodiaaro-
IIETO BJIUAHUA MapaCUMIIaTUYCCKOIo OTACIa BETr€TaTuB-
HOU HepBHOU cucTteMbl. IMMyHOIIOTHYECKOE 00CIIeI0Ba-
HUE BBISIBUIIO, YTO MCXOAHBIH MMMYHHBIH CTaTyC y >KCH-
IIMH OCHOBHOHM Ipylmbl HE MMEJ MaTOJIOTMYECKUX OT-
KJIIOHEHUH, a MPOU30LIEIINe TOCIe 3a4aThsi UMMYHOJIO-
THYeCKHe TIepecTpOHKN ObUIM HaIpaBlieHBl Ha obecre-
qeHrne (PU3NOJIOTHISCKOTO TEUCHHUS OepeMEeHHOCTH. BEI-
SIBICHHBIE CABUTU B pabOTe UMMYHHOW CHCTEMBI y JKEH-
LIMH ¢ 0eCIUIOAUEM, B 3aBUCUMOCTH OT UCXOJ0B BCIIOMO-
raTejbHBIX PENPOAYKTUBHBIX TEXHOJOTHH, HOCHIIN Pa3-
HOHAITPaBJICHHBIN XapaKTep U MOIJIH CIIYKUTh (PaKTOpOM
MPEBEHTUBHOTO MPOTHO3a C IENbI0 o0ecriedeHus Oosee
nuepeHITMPOBAHHOTO MOAX0a Ha 3Tale MOATOTOBKH
u BO Bpems nposeaeHust DKO.

AHaJIn3 MHTErpalbHBIX MOKa3zaTeed KOppensHOHHbIX
MaTpHIl B UCCIEIYEMbIX TPYIIax BBISBWI OTIMYMS B 3a-
BHUCUMOCTH OT IepHroJia 00CIeI0BaHus (JI0 U MMoclie 3ada-
tus u nporenypsl 9KO), a Taxke cmocoda HACTYTIIICHUS
OepeMeHHOCTH (Tabm. 1).

studied the concentration of cytokines (IL-1, IL-2, IL-4,
IL-6, IL-10, IFNy, TNFa). Statistical processing of the
obtained data was carried out using the software package
“Microsoft Office” and “Statistica 10.0”, using methods of
parametric and non-parametric statistics.

At the third stage we calculated correlation matrices
for physiological and immunological indices, compared
Spearman correlation coefficients for each pair of traits and
studied the integral characteristics of correlation matrices.
465 pairs of indicators were studied. We calculated the
percentage of reliable connection (PRC), the ratio of
intensity of connection (RIC), and the medium intensity of
connection (MIC). Strong connections were considered to
be >0.6 (p<0.05).

Results

The first stage of our study showed: changes in the
woman’s body caused by pregnancy is the result of
adaptation of the body to its goals. Stress of adaptive
reactions is noted in patients with physiological pregnancy
with an effect on the cardiovascular system (CVS) of the
sympathetic department (SD) of the autonomic nervous
system (ANS). While in pregnant women with IVF, the
adaptive activity of the SD ANS is depleted. This leads
to significant stress and even a breakdown of adaptation
against the background of the predominant influence of
the parasympathetic department (PD) of ANS.

As a result of an immunological study, we found that
the initial immune status in women of group I didn’t have
pathological deviations. At the same time, immunological
reorganization that occurred after conception were
aimed at ensuring the physiological course of pregnancy.
Immunological changes in women of groups II and III
were multidirectional and could serve as a preventive
prognosis factor that would provide a more differentiated
approach at the preparation stage and during IVF.

An analysis of the integral indicators of the correlation
matrices revealed differences in the groups depending on
the examination period (before and after conception and
the IVF), as well as the method of pregnancy (Table 1).

Table 1
Integral indicators of correlation matrices in patients of
compared groups

Integral indicators | | 500 n=70 | Il group, n=25 Il group,
of correlation n=45,
matrices before | after | before | after | before | after

Percentage

of reliable

connection (PRC), 8.60 11.61 | 6.67 | 13.09 | 10.32 | 16.13

%

Ratio of intensity

of connection 0.09 0.12 0.07 0.15 0.12 0.19

(RIC)

Medium intensity

of connection 0.12 013 | 0.19 | 0.20 | 0.14 | 0.18

(MIC)
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Tabnuua 1
MHTerpasbHble NOKasaTenm KoppenaumoHHbIX MaTpul,
Y NaLUMEHTOK rpynmn cpaBHeHUs

NHTerpanbHbIn Il rpynna
= :2

HOKa3aTENs I rpynna n=70 | Il rpynna n=25 n=4s,
KOppensaumoH-

HOW MaTPULLBI 4o | nocne 4o nocne | Ao nocne
MpoueHT
[,0CTOBEPHbIX 86 | 11,61 | 6,67 | 13,09 | 10,32 | 16,13
ceasen (NAC), %
KoadppuumeHt
TECHOTbI CBA3M 0,09 0,12 0,07 0,15 0,12 0,19
(KTC)
CpepgHan
MHTEHCUBHOCTb 0,12 0,13 0,19 0,20 0,14 0,18
csasu (CUC)

VY sxenmuH | Tpymer Ha 3Tare MOATOTOBKU K OepeMeH-
HOCTH OTMeUasics HEBBICOKHI YPOBEHb OOIIEH CBS3aHHO-
CTH TIapaMeTpoB M KO3(D(UIIMEHTa TECHOTHI CBSI3EH, KO-
TOpBIE HAIMPSIMYIO 3aBUCST OT CTENEHH aKTHBAIIUU CHUCTe-
MBI U CBUJETEIBCTBYIOT O €€ CIIOKOMHOM COCTOSHUH. Y
naruedTok Il rpynmel mepen BCTyIUIEHHEM B TTPOTpaMMy
OKO BbIsIBIEHA TEHIEHIUS YMEHBIICHHS COIPSYKEHHO-
CTH B cucTeMe (II0Ka3aTeib TECHOTHI CBSI3U U MPOLEHT J10-
CTOBEPHBIX CBA3EH), UTO TaKkKe OTPaKaJI0 OTCYTCTBHE aK-
tuBanuu. Y xeHiuH III rpynmnsl Ha 3Tane nperpaBuaap-
HOM TOATOTOBKM HAIpPSDKEHHOCTh CHUCTEMBI ObLTa 0OJb-
IIEH: MPOIIEHT CTATUCTUYECKH 3HAYMMBIX CBA3EH BO3pac-
tan B 1,2, TecHoTa B 1,3 1 cpeaHsisi MHTEHCUBHOCTD CBSI3EH
B 1,2 paza (Tabn.1). YBenuueHune KOIUIECTBA U CHIIBI B3a-
HMMOCBSI3€ CBUIETENBCTBYET O TIOBBIIIEHUH HAPSKEHHO-
CTHU CHUCTEMBI U SIBIISIETCS OTHAM U3 BO3MOKHBIX TIPOSBIIC-
HHAW 0OIIEro CHHAPOMA TEepPeHANPSDKEHUS MMMYHHON CH-
cteMsl (94,95).

[Ipocnenus muHaAMUKY (DYHKIIMOHHUPOBAHUS CHCTEMBI
IoCJIe HACTYIUICHHSI OEpEMEHHOCTH, Y XEeHINUH | rpym-
bl BBISIBJICHO MOBBIMICHUE COMPSIKEHHOCTH U KOdPHU-
[IHUEHTAa TeCHOTHI CcBs3eH B 1,4 pasa. JlaHHbIC H3MEHEHUS
MOJKHO TPaKTOBaTh KaK aJeKBATHYIO PEAKIIUIO CHCTEMBI
Ha Harpy304HbIE BO3JEHCTBUSA (B JAHHOM Clydae HacTy-
IJIeHUe OEpEeMEHHOCTH) M PACIIEHHBAaTh KaK Pe3yJbTar
aJanTaluyi OpraHU3Ma >KEHIUHBI K 03KUIAI0IIUM €ro 3a-
nadam (tabm. 1).

AHanu3 UHTErpajbHbIX Moka3zareneid mnanueHTok Il
TPYyTITBl BEIIBMJI OoJiee BBIpAKEHHOE HANpsDKEHHE B CH-
creme. OOmIast CBI3aHHOCTH TAapaMETPOB IOCIE HACTY-
IUICHUsT OEPEMEHHOCTH BO3pOCiia B 2 pasza W MpeBhIIIaia
JIAaHHBIN MMOKa3aTelib y xeHuH | rpymms (Tadm. 1).

VYV manmeHTok ¢ HeyaadHou mombITkol DKO muHammka
MHTETPAJIbHBIX TOKa3aTeslell OTpakana akTUBHYIO pabo-
Ty CHCTEMBI, YTO COTPOBOXKIAIOCH PE3KUM TTOBBIIIEHIEM
CBSI3aHHOCTH KOMITOHEHTOB, HEOOXOMMBIM JJISl HOpMaJTb-
HOTrO (yHKIMOHHUpOBaHus (Tabdm. 1).

Takum 00pa3oM, MaUEHTKH C (U3UOIOTHYECKH BO3-
HUKIIEH 6epeMeHHOCThIO0 OTIINYAINCH CTIOKOWHBIM COCTO-
SHAEM CHCTEMBI B NIPETPaBUIAPHOM IEPHO/C U YMEpEeH-
HOM aKkTHBAIWEH IMOCIe 3a4arsi, BEPOSTHO OOyCIOBIICH-

In women of group I, at the stage of preparation for
pregnancy, a low level of overall connection of parameters
and the index of tightness of connections was noted. These
indicators directly depend on the degree of activation of
the system and indicate its quiet condition. In patients of
group II before IVF, we revealed a tendency to decrease
the association in the system (PRC, RIC). This indicated a
lack of activation.

Group III women at the stage of pregravid preparation
had the greatest tension in the system: PRC increased
by 1.2, RIC by 1.3, and MIC by 1.2 times (Table 1).
An increase in the number and strength of connections
indicated an increase in system tension and was one of
the possible manifestations of the general immune system
overstrain syndrome (94.95).

In our study, we traced the dynamics of the functioning
of the system after pregnancy in women of group . At
the same time, we found that the association and index
of tightness of connections increased by 1.4 times. These
changes can be interpreted as an appropriate response of
the system to stressful effects (in this case, the onset of
pregnancy) and be regarded as a result of the adaptation of
the woman's body to the tasks awaiting it (Table 1).

When analyzing the integral indicators of patients
of group II, we revealed a more pronounced stress in
the system. The overall correlation of parameters after
pregnancy increased 2 times and exceeded this indicator
in women of group I (Table 1).

In patients of group 3, the dynamics of integral
indicators reflected the active work of the system. This
was accompanied by a sharp increase in the affixion of the
components necessary for normal functioning (Table 1).

Thus, patients of the I group were distinguished by
a calm state of the system in the pregravid period and
moderate activation after conception. This was probably
due to the processes of adaptation of the woman's body
to the onset of pregnancy. Group II patients also had no
signs of system activation at the stage of preparation for
IVFE. However, the dynamics of the indicators revealed a
more pronounced tension in the system after pregnancy. In
women of group III, we recorded a significant increase in
the affixion of components in the system before the IVF
procedure and an increase in indicators after the end of the
program. This could be one of the factors of the adverse
outcome.

The analysis of the correlation matrix in groups in the
pregravid period, after pregnancy and the IVF procedure,
revealed the most significant pairs of connections (Table 2).

Table 2 shows that in all groups the level of CD16+ Lf
significantly positively correlated with Body mass index
(BMI) (p=0.05). Despite the fact that the BMI was normal
and varied in the range of 21.41-22.48 kg/m? in all the
women studied, in patients with infertility there was a
tendency to increase it compared with clinically healthy
women. Recorded in group III. The presence of a direct
reliable relationship indicates a proportional increase in
the content of NK-Lf (CD16+ Lf) relative to BMI.

print ISSN 2073-9125
on-line ISSN 2500-0918

vestnikural.ru

JOURNAL OF URAL MEDICAL ACADEMIC SCIENCE 2019, Vol. 16, No. 3

405



Obuwas namonozus

DOI: 10.22138/2500-0918-2019-16-4-402-409

HOM MpoleccaMu afanTaluy OpraHu3Ma JKeHIUHBI K Ha-
crynusliel 6epemeHHocTH. [TatmenTku I rpymmer Takxe
HE MMeJH MPU3HAKOB aKTHBAIIMK CUCTEMBI Ha 3Tare Moj-
rotoBku kK DKO, ogHako TuHaAMHKA MTOKa3aTesiei BhIsIBUIIA
Ooee BEIpa)KEHHOE HANPSHKEHHE B CUCTEME TIOCIIE HACTY-
rieHust oepeMeHHocTH. Y xeHmmuH 1 rpynmnsl cpaBHeHUS
3a()UKCUPOBAHO 3HAYUTEIHLHOE TIOBBILICHUE CB3aHHOCTH
KOMIIOHEHTOB B cucTeMme 10 nporenypbl KO u Hapacrta-
HUE MTOKa3aTesei mocie OKOHYaHUs POTPAMMBI, YTO MOT-
JIO SIBUTHCS OMHUM M3 (paKTOPOB HEOIATONPHUATHOTO HC-
XoJ1a.

AHaJM3 KOPPENSMOHHOM MarpHlbl B HCCIEIYEMbIX
rpymnrnax B IperpaBuapHOM IEPUOIE MOCIIE HACTYIIIICHUS
O0epemenHocTH U niporieaypbl KO BhissBUI HanboIIee 3HA-
YUMBIC TTaphI CBsI3CH (Tabm. 2).

Tabnuua 2
KOppenﬂLl,VlOHHble CBAA3W 3HAYUMbIX NMOKasaTenem
| rpynna Il rpynna Il rpynna
ETEE] n=70, r n=25,r n=45, r
npu3HaKkos
o nocne o nocne no nocne

cbie- UMT | 0,811 | 0,524 | 0,915 | 0,833 | 0,706 | 0,737
CD16-AM 0,688 | 0,405 | 0,150 | 0,684 | 0,553 | 0,752
CD20-UMT | -0,083 | 0,624 | -0,088 | 0,845 | 0,090 | -0,767
CD20-AM -0,001 | 0,336 |-0,004 | 0,622 |0,006 |-0,715
IgM-BUK 0,122 0,101 {0,081 |0,166 |0,351 0,166
TNF-UMT 0,098 |-0,180 | 0,200 |-0,794 |0,699 | 0,915
TNF-AMN 0,076 -0,135 {0,740 |-0,596 |0,570 | 0,765
IL4-UMT 0,072 -0,177 | 0,005 |0,022 |-0,197 |-0,707
IL4-Al -0,030 |-0,224 | -0,152 | -0,002 |-0,227 | -0,643
IFNy-MMT | 0,064 |-0,027 | 0,326 |-0,018 |-0,105 | 0,626
IFNy-AT 0,077 -0,163 [ 0,326 | 0,062 |-0,020 | 0,520

MpumeyaHue: 0,811 — ypoBeHb CTAaTUCTUYECKOMN 3HAYU-
mocTtu p<0,05; r — KoadpdULMEHT Koppenauuun.

W3 Tabmuibl BUIHO, YTO BO BCEX HCCIEIYEMbBIX TPYII-
mmax ypoBeHab CD16+ muMdoIuToB cTarucTHYecKu 3HAYH-
MO TIOJOXHTENbHO KoppenupoBan ¢ UMT (p<0,05). He-
CMOTpS Ha TO, YTO Yy BCEX HCCIenyeMbIX xeHIIUH MMT
COOTBETCTBOBaJl HOpME M Koyiebascs B mpeaenax 21,41-
22,48 kr/M?, y TaIMEHTOK, CTPaJaioInuX OeCIIonnueMm,
OoTMedajach TEHICHIHS K €ro YBEIMYEHHIO B CpaBHE-
HUU C KIMHUYECKH 37I0POBBIMH JKEHIIUHAMH, TIPA 3TOM
camble BbICOKHE 3HaueHUs 3adukcupoBanbl B I rpym-
ne. Hannumne mpsMoii 3HaYMMOH CBSI3H CBHUIETEIbCTBYET
0 MPOMOPLHOHANTEHOM Bo3pacTtanuu cofepkanust NK-JIgp
(CD16+J1p) orHocutensHo UMT.

[Ipsimas monoxkurensHas koppessaust CD20+J1p c UMT
BeIsBIIeHA Yy xeHnwH | (1=0,624) u Il (r=0,845) rpynm mo-
CJIe HACTYIUICHHUsI OEPEMEHHOCTH, YTO TIOATBEPIKIAET T0-
JydeHHBIC paHee JaHHbIe 00 YCHIICHHH Y HUX T'yMOpaJib-
HOI HaIpaBJIICHHOCTU UMMYHHOro orsera. IIpu 3tom y
nanueHTok ¢ HeaddekruBHOl nporpammoit DKO nan-
Hasi KOPPEISIIMOHHAs CBA3b HOCHJIA OTPHIIATENbHBIA Xa-
pakrep (r=0,715), 9T0 CBUACTEIHCTBOBATIO 00 aKTHBAITHH

Table 2
Correlation of significant indicators
pairs of | group, n=70 Il group, n=25 11l group, n=45

connections | pefore | after | before | before | after | before
CD16- BMI 0.811 | 0.524 | 0.915 | 0.833 | 0.706 | 0.737
CD16-AP 0.688 | 0.405 | 0.150 | 0.684 | 0.553 | 0.752
CD20-BMI -0.083 | 0.624 | -0.088 | 0.845 | 0.090 | -0.767
CD20-AP -0.001 |0.336 |-0.004 |0.622 |0.006 |-0.715
1IgM-KVI 0.122 0.101 | 0.081 |0.166 |0.351 0.166
TNF-BMI 0.098 |-0.180 | 0.200 |-0.794 |0.699 |0.915
TNF-AP 0.076 -0.135 [ 0.740 |-0.596 |0.570 | 0.765
IL4-BMI 0.072 |-0.177 | 0.005 | 0.022 |-0.197 |-0.707
IL4-AP -0.030 |-0.224 | -0.152 | -0.002 |-0.227 | -0.643
IFNy-BMI 0.064 |-0.027 | 0.326 |-0.018 |-0.105 | 0.626
IFNy-AP 0.077 -0.163 | 0.326 | 0.062 |-0.020 | 0.520

Note: 0.811 — level of statistical significance p<0.05; r —
the index of correlation.

We found a direct positive correlation between CD20+
Lf and BMI in women of groups I (r=0.624) and II
(r=0.845) after pregnancy. This confirms our data that in
these groups there is an increase in the humoral orientation
of the immune response. Moreover, in patients with an
ineffective IVF, this correlation was negative (r=0.715).
This indicated the activation of the T-cell link and
inhibition of B-Lf.

We found a correlation between BMI and TNF and IFNy
levels in women of groups II and III. They had medium or
high strength, but they were multidirectional (Table 2). We
found a negative correlation of BMI with TNF (r=0.794)
in women with IVF+ after pregnancy. On the contrary, in
patients of group III there was a positive direct relationship
between these indicators before and after joining the IVF
program (Table 2). This dependence in women of group
III can be explained by the fact that TNF, together with IL-
6, plays a role in adipogenesis. It stimulate preadipocytes
and endothelial cells. These cells, in turn, are responsible
for the migration of macrophages into adipose tissue. A
number of authors assign these substances the role of the
most significant adipocytokines that affect fat metabolism
[8]. The statistically significant increase in IL-6 level
in patients with the IVF program, which we identified,
is consistent with this hypothesis. The absence of the
above correlation in women of group I and its negative
nature in patients of group II is probably due to a shift
in the cytokine balance towards immunosuppressive Th-2
cytokines. These cytokines have the ability to inhibit the
activity of cellular immunity and stimulate the production
of progesterone, chorionic gonadotropin, necessary to
maintain pregnancy.

Apositive direct correlation of IFN-y with BMI in women
of group III (r=0.626) indicated the maintenance of a high
level of IFN-y against the background of an increase in
body weight after an ineffective IVF program. In addition,
this relationship may be due to the fact that in the process
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General Pathology

T-kneToyHoro 3BeHa U yrHeTeHHH B-mumMQonuTos.

V sxenuuH II u III rpynn BeISBIEHHBIE KOPPENSILIUOH-
Hele cBs3u UMT ¢ ypoBaeMm TNF u IFN-y umenu cpen-
HIOIO U BBICOKYIO CHJLY, OZIHAKO HOCHJIN Pa3HOHAIPABIICH-
HBIH XapakTep (Tabmn.2). Y xernnwH ¢ DKO+ mocie HacTy-
wienust 6epemennoctu UMT orpunarensHo Koppenupo-
Ban ¢ ypoBHeM TNF (r=0,794), Torna xaxk y nanueHToK ¢
HerpexTruBHON porpammoii KO orMeuanach mojioxu-
TeNbHAs MpsMasi CBA3b MEXAY dTUMH ITOKa3aTeNIMU JI0 U
TIoCJIe BCTYIUICHUS B MporpamMmy (Tab:m.2). JlanHyto 3aBu-
cumocTh y skeHiwH Il rpynmsl MOXKHO OOBSCHUTH TEM,
yto TNF, coBmecTHO ¢ IL-6, urpaer poip B aauIoreHe-
3€, CTUMYJIUPYsI IPEAJUTIONUTHI U SHI0TETHAIbHBIE KIIET-
KM, KOTOpPBIE OTBETCTBEHHBI 32 MUTPAINI0 Makpodaros B
KUPOBYIO TKaHb. P57l aBTOPOB OTBOAST ATHM BELIECTBAM
posb HanOosee 3HAYMMBIX aJUIOLUTOKHHOB, BIMSIOMIINX
Ha J)KUPOBOI 00MeH [8]. BrissBNIeHHOE CTaTUCTUYECKH 3HA-
YMMO€ NOBbIIIeHNEe ypoBHs [L-6 y manueHTok mporpam-
MbI DKO cornacyercs ¢ 3T0il runote3oil. OTCyTCTBHE BbI-
LIEOMTUCAaHHON KOPPETISIIMOHHON CBSI3U Y JKEHIINH ¢ (PHU3H-
OJIOTMYECKUM TeYEHHUEM OEpEMEHHOCTH U €€ OTPHULIATENIb-
HBI xapakrep y nanmueHTok DKO+, BeposTHO, 00yCIIOB-
JICHBI CMEIIEHHEM [IUTOKMHOBOIO OajlaHca B CTOPOHY MM-
MyHOCynpeccopHbIX Th-2 HTUTOKMHOB, 00IaJarOIINX CIIO-
COOHOCTBIO MHTMOMPOBATh aKTHMBHOCTH KJIETOYHOTO HM-
MYHUTETa U CTHUMYJIHPOBATh BBIPAOOTKY IMPOTeCTEpOHa,
XOPHUOHUYECKOT0 FOHAJOTPONKHA, HEOOXOAUMBIX VISl CO-
XpaHeHus1 0epeMEHHOCTH.

ITonoxutensnas npsimas xoppensauus [FN-y ¢ UMT y
KEHIIMH ¢ HedpekTuBHOU nporpammoit IKO (1=0,626)
yKa3blBajla Ha MOJAJIEPKaHUE BBICOKOrO ypoBHs IFN-y Ha
(oHe yBeNMYEHUs] Macchl Teya Imocie HedPPEKTUBHOU
nporpammel DKO. Kpome 3Toro, 1anHas B3aUMOCBS3h MO-
XKeT OBbITh OOYCIIOBJIEHA TEM, YTO B NpoLEecce ObICTPOro
pocTa JKUPOBOM TKaHU AJMIOLUTHI UCTIBITHIBAIOT THITOK-
CHIO M YCWJINBAIOT BBIPAOOTKY BOCTIAJUTEIBHBIX [IUTOKH-
HOB, B yacTHOCTH [FN-y .

Taxum o0Opas3oMm, B HaIlleM HCCIIEOBAaHUH YBEITHYECHHE
Macchl Tesla MAlUEeHTOK COINPOBOXKIAIOCH AKTHUBALUEH
psila MMMYHOJIOTHYECKUX IOKa3aTesied, YTo MO3BOJISET
pacIIMpUTh MPEICTaBIECHUS O B3aUMOCBSI3U MEXaHU3MOB
MMMYHHOTO PearupoBaHusl U )KUPOBOro ooMeHa [9].

CD16+JI¢dh monoxuTenbHO KOPPETUPOBAIN C YPOBHEM
ATl y )XeHIIMH BCex uccieayembix rpyii. [Ipsmblie cBa3u
cpelnHel cuiibl oTpakayiu yBenuueHue ypoBHs NK — kie-
TOK IponopuuoHanbHo BennunHe All. Hanpsbkenue anan-
TalMK TIOCJIE HACTYIUICHHS OEpEeMEHHOCTH M TpOrpam-
Mbl OKO, nanbonee BopaxkeHHoe y mauueHTok III rpyn-
TIBI, COMTPOBOXKAArOIIeeCs: pocToM kKoimmaecTBa CD16+J1,
BEPOSITHO, CBSI3aHO C pealu3alyell KOMIIEHCATOPHBIX pe-
3€pPBHBIX MEXaHNU3MOB, HAIIPABJICHHBIX HA COXpaHEHHUE IO-
MeocCTasa.

Koppensmonnas cea3b Mexay TNF u All y sxenmun 11
IpyNIbl HOCWJIA pa3HOHAINpPaBIEHHBIH XapakTep 0  I10-
cie HacTyruieHusi O6epemeHHocTH. [lpsimas xoppemsanuns
CpeaHEeN CUIIbI, OTMEYAIOIIAsCS Ha ATarle MperpaBuIapHoi
ronrotoBkH (r=0,740), CBUIETEIHCTBOBAJIA O CTATHCTHYE-

of rapid growth of adipose tissue, adipocytes experience
hypoxia and enhance the production of inflammatory
cytokines, in particular [FN-y.

Thus, we found a combination of an increase in the
patient’s body weight and activation of a number of
immunological parameters. This allows us to expand our
understanding of the relationship between the mechanisms
of immune response and fat metabolism [9].

CDI16+ Lf directly correlated with the level of AP
in women of all groups. Medium strength connections
reflected an increase in the level of NK cells in proportion
to the AP value. We found that the tension of adaptation
after pregnancy and the IVF was most pronounced in
patients of group III. It was accompanied by an increase in
the number of CD16+ Lf. This increase is probably due to
the implementation of compensatory reserve mechanisms
aimed at maintaining homeostasis.

The correlation between TNF and AP in women of
group II before and after pregnancy was multidirectional.
A direct correlation of the average strength at the stage of
pregravid preparation (r=0.740) indicated a significant, in
comparison with group I, increase in TNF. It was detected
against the background of a mild adaptation strain. We
revealed an inverse correlation (r=0.596) associated with
an increase in adaptation stress with a significant decrease
in TNF level after pregnancy.

The concentration of IFN-y in the blood of patients of
group III after the end of the program directly correlated
with AP (r=0.520). This indicated an increase in the level
of this cytokine in the blood in proportion to the violation
of the adaptation processes.

Negative correlations between IL-4 with BMI and
AP in group III indicated a deficiency of IL-4 due to
increased body weight and poor adaptation. It is known
that IL-4 ensures the dominance of humoral immunity,
plays an important role in the processes that ensure the
onset and preservation of pregnancy. Thus, the identified
relationships can be risk factors for negative IVF results.

Thus, the correlation analysis revealed significant
relationships between physiological and immunological
parameters. Correlations reflect the dynamics and nature
of changes depending on the period of the examination
and the method of pregnancy, as well as on the result
of IVF. The predominance of the number of correlation
connections and a change in their polarity in patients of
group 1l indicated a pronounced immunological imbalance
against the background of a failure of adaptation and
pronounced parasympathetic influences. The results can
be used in clinical practice to assess and predict the onset
of pregnancy, including with IVF.
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CKM 3HAUUMOM, B cpaBHEHHH C | rpymnmoi, MmoBbILICHHN
TNF na ¢oHe cnabo BbIpaKEHHOTO HANPSHKSHUS aaanTa-
uuu. [locne HacTyieHns 6epeMeHHOCTH BBISBIIEHA OTPH-
narenbHas koppemsaus (1=0,596), cBsi3aHHAs ¢ YCHIICHU-
€M HamnpspKeHUs afanTaiui Ha poHe CTaTUCTHYECKH 3Ha-
yuMoro cHuxkeHus ypoBHs TNF.

Konuenrtpauusa IFN-y B kpoBu nannentok 9KO «—» no-
cJle OKOHYAHUS MPOTPaMMBbI MOJIOKHUTEIHLHO KOPPEIUpo-
Bazna ¢ All (r=0,520), uro ToBOpHUT 00 yBETUYEHUHU ypPOB-
HS TaHHOTO IIUTOKHMHA B KPOBH TMPOTIOPIIHOHAIBEHO Hapy-
IICHHIO MTPOIIECCOB aIaNTaIlny.

Hanuume oTpunarensHbIX KOPPENSLIUOHHBIX CBSA3EH
UMT u AIl ¢ IL-4 y xeHIUH ¢ HEAPPEKTUBHOU TIPO-
rpammoit KO roBopuT 0 ne(UIUTE JAHHOTO IIUTOKH-
Ha Ha (oHE MOBBINICHHSI MAacChl Tella ¥ HEYJIOBICTBOPH-
TEJILHOM ajanTauuu. YuuTtsiBas, uyto 1L-4, odeceunBaro-
W TOMHUHHPOBAaHNE TYMOPAIbHOTO MMMYHHTETA, UTPa-
€T BKHYIO pOJIb B Ipoleccax, 00eCneyNBaIOLINX HACTY-
IUIGHUE U COXpaHeHHEe OEpEeMEHHOCTH, JaHHBbIE B3aMMOC-
BSI3U MOTYT OBITh HHTEPIIPETHPOBAHBI KaK (JaKTOPBI pHCKa
OTPHIIATEIILHOTO pe3yibTaTel DKO.

TakuM 00pazoM, IPOBEICHHBIN KOPPEIAITUOHHBIN aHa-
JIU3 BBISBHJI 3HAYMMBIE B3aMMOCBS3H MEXIy (HDU3HOIIOTH-
YECKHUMHU U UMMYHOJIOTHYE€CKHMU MTOKa3aTeIsIMH, OTpaska-
IolIMe TUHAMUKY M XapaKTep W3MEHEHUI B 3aBUCUMOCTH
OT Tieprojia 00CiIeI0BaH s U CII0C00a HACTYIUICHUS Oepe-
MEHHOCTH, a Takxke oT pe3ynsrara JKO. [Ipeodbnamanme
KOJTMYECTBa KOPPEISIIMOHHBIX CBS3eH W CMEHa UX TOJISIp-
HOCTH Yy MaLMEHTOK ¢ Hea(dexTrBHON nporpammoit DKO
CBHUJICTEIILCTBOBAIIM O BBIPAYKEHHOM MMMYHOJIOTHYECKOM
nucOanance Ha ()OHE CphbIBa aJaNTallid U BBIPAKCHHBIX
napacuMIiaTideckux BiusHUA. [lomydeHHble pesysbTa-
THI MOTYT OBITH MCITOJTb30BaHbI B KJIMHUYECKON MPAKTHKE
JUTS OIIEHKH W TPOTHO3MPOBAHUS HACTYIUICHUS OepeMeH-
HOCTH, B TOM unciie mpu DKO.
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