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HecmoTps Ha JOCTMXKEHMA MeNLMHbI, OKONO 4 MITH ieTell B Bo3pacTe
[10 6 MeC. eXXerofHo yMM1patoT No BCEMY MUPY 13-3a MHOEKL MK, YTO CO-
cTtaBnaeT 450 cmepTelt B Yac (Mo AaHHbIM MeXXayHapoAHOro Ype3Bbl-
yanHoro pgetckoro ¢poHaa OOH — UNISEF). CreneHb pa3BuTiA UMMYH-
HOW CUCTEMbI JeTel, POAUBLLMXCA B CPOK, OnpeAensaeTcs MHOrMMun
baKkTOpamu, B TOM YnCie UMMYHOTEHETUYECKUM CXOACTBOM WY pas-
NNYNEM OpraHN3MOB MaTepPU 1 NNOAA, YTO, B CBOIO ouepeab, 06ycnoB-
NEHO reHoTUNaMM BpayHbIX Nap, a Takke NoL60POM CyppPOraTHbIX
MaTepen Npu 3KCTPaKopnopasbHOM ONIOAOTBOPEHUN. M3 npoBeaeH-
HOro HaMmu 0630pa NUTepPaTypbl ClefyeT, YTo Ha YCTOMYMBOCTb NMOTOM-
KOB K UHEKLMAM 1 annepreHamM 3HauMmoe BINSHNE OKa3blBaloT NM-
MyHOTreHeTnYecKne B3aMMogeNnCTBUA OPraHM3MOB MaTepu 1 Nioaa,
KOTOpble OCYLLEeCTBAATCA Ha BCEX Tanax npe- 1 NocTHaTasbHOro
pa3euTVA. [o UMNNaHTauny MMMYHHbIEe peakuum matepu Gopmnpy-
0TCA NoA BINAHNEM aHTUTEHOB, J'IeVIKOLlVITOB N UNTOKNHOB CeMeHHOoN
MKUOKOCTY, @ TaKXKe reHOB IMaBHOMo KOMMeKca rmcToCoBMECTMMOCTH,
KOTOpPbIE IKCMPECCUPYIOTCA B SMOPUOHAX YKe Ha CTaguu ABYX KNETOK.
CknafblBaloLWMNCA NPy STOM FyMOPasibHbI GOH Nporpammmpyet 3¢-
$EKTUBHOCTb BblHALIMBAHNA 1 BO MHOTOM npegonpegenset GpeHoTu-
nMyeckre cBONCTBa 6yAyLUMX MOTOMKOB, BK/IlOUYasA U X UMMYHOKOMIe-
TEHTHOCTb. [ocne MMnAaHTaLum CyLecTBEHHOe UMMYHOMOAENNPYIO-
LLiee 3HaYeHe nprobpeTaeT TPaHCMIALEHTaPHbIN NepPeHoC MMMYHO-
rnoGynMHOB 1 MIMMYHOKOMMETEHTHbIX KNEeTOK. BaXKHO NoauepKHyTb,
4TO, XOTA BeLLecTBa C BbICOKOW MOMEKYIAPHOM MacCoi 0OblYHO He
NPOXOAAT Yepe3 MaLeHTy, 3TO NPABUIO HE OTHOCUTCA K UMMYHOTJ10-
6ynuHy G (IgG), koTopblii Npu MonekynsapHou macce ~160 kA npe-
ofloNeBaeT TpaHCNNaLeHTapHbI 6apbep 6arogaps CBA3bIBaHMIO C
Fc-peuenTtopom nnoaa. MNpu 3Tom yposeHb |gG y HOBOPOXAEHHbIX
06bIYHO KOPPENNPYET C yPOBHEM MAaTEPUHCKNUX aHTUTEN. B nepriog
€CTeCTBEHHOMO BCKapMJIMBaHUA UMMYHHas 3al/Ta HOBOPOXAEHHbIX
obecneyrBaeTca MeXaH13MaMmn BPOXKAEHHOrO UMMYHMTETa U GpaKTo-
pamyi FyMopanbHOro MUMMyHWTeTa MaTepeii. lMokasaHo, YTo UMMYHO-
rno6GynrHbI N3 MONOKa MHOTX BYAOB »MBOTHbIX NMEePeHOCATCA Yepes
HeoHaTasbHbIN KNLIEYHbIA SNUTENTMI B KPOBOTOK. MOCKONbKY rpyAHoe
MOJOKO COLEPXKUT B 6O/NbLIOM KOTMYECTBE PasfivyHble UMMYHOAKT/B-
Hbleé KOMMOHEHTbI, BKNtoYasa 6eNiku, LMTOKMHbI, FOPMOHBbI, UMMYHOTJ10-
OYNMHbI, SK30COMbI, cofiepalyne MUKPoPHK, 1 )kn3HecnocobHble M-
MYHHbIe KNeTKN, TO UMMyHoMoaynupytowmne 3bdeKTbl rpysHOro Mosno-
Ka COXpPaHAKTCA 1 nocnie 3JIMMUHaUnN MaTePUHCKUX VIMMyHOFJ'IOGy-
NIMHOB 13 KPOBOOOPALLEHNA MOTOMKOB, BM/IOTb O 3PENoro Bo3pacTa.
AHanNn3 MHOroUYNCNEHHbIX SKCNeprmMeHTaNlbHbIX aHHbIX NOKa3bIBaeT,
YTO UCCNEefOBaHMA MEXaHU3MOB B3aUMOZENCTBUA MaTEPUHCKOrO opra-
HM3Ma C SMOPMOHAMUN U HOBOPOXAEHHbIMM GOPMUPYIOT 633y 3HaHUIA
LA NMoucKa CpefCcTB HamnpaBieHHON MOAYNALMY IMMYHHOTO cTaTyca
NOTOMKOB, KOTOPAsi MOXET COXPaHATb CBOE BIAHME Ha NMPOTAXKEHNN
BCel nocneaytoLen XnsHu.
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Despite the advances in medicine, about 4 million chil-
dren under the age of 6 months die annually around
the world due to infection, which is 450 deaths per
hour (UNISEF, 2009). The degree of development of the
immune system of children born in time is determined
by many factors, including the immunogenetic similar-
ity or difference of mother and fetus organisms, which,
in turn, is due to the genotypes of mating pairs, as well
as the selection of surrogate mothers during in vitro
fertilization. From our review of the literature, it follows
that immunogenetic interactions of mother and fetus
organisms, which occur at all stages of pre- and post-
natal development, have a significant effect on the
resistance of offspring to infections and allergens.
Before implantation, the mother’s immune responses
are formed under the influence of semen fluid anti-
gens, leukocytes and cytokines, as well as under the
influence of the genes of the major histocompatibil-
ity complex, which are expressed in embryos at the
stage of two cells. After implantation, transplacental
transfer of immunoglobulins and immunocompetent
cells becomes of immunomodulating importance. It is
important to emphasize that, although substances with
a high molecular weight usually do not pass through
the placenta, this rule does not apply to immunoglob-
ulin G (IgG), which, with a molecular weight of about
160 kDa, overcomes the transplacental barrier due

to binding to the fetal Fc receptor. The level of IgG in
newborns usually correlates with the level of mater-
nal antibodies. During the period of natural feeding,
the immune protection of newborns is provided by
the mechanisms of innate immunity and the factors
of humoral immunity of mothers. It has been shown
that immunoglobulins from the milk of many animal
species are transferred through the neonatal intestinal
epithelium to the blood. Since breast milk contains
large amounts of various immunoactive components,
including proteins, cytokines, hormones, immunoglo-
bulins, exosomes containing micro-RNA, and viable
immune cells, the immunomodulating effects of breast
milk persist even after elimination of maternal immu-
noglobulins from the blood of the offspring, up to
maturation. Analysis of a large body of experimental



KAK UUTUPOBATbD 3TY CTATbIO:

data shows that the study of mechanisms of “mother-

fetus” and “mother-newborn” interactions are the basis
of a knowledge base needed to find means of life-long
directed modulation of the descendants’immune status.

Key words: pregnancy; immunoregulatory mecha-
nisms; development programming; immune factors;
endocrine factors; transplacental transfer; immune
complexes; breastfeeding.
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PH BOCIIPOM3BOJACTBE MJICKOITUTAIONINX BO BCEX CIIy-
YasiX, UCKI0Uasi CKPEIINBAHUS BHYTPH HHOPEIHBIX
JMHUH, C MOMEHTa (epPTIIIN3AINHI U 10 POIOB B Opra-

HHU3ME MaTepH KUBYT U PA3BUBAIOTCS MIOABI (MIIH IUION), KO-

TOpbIE, HECMOTPS HA UMMYHOJIOTHUECKYIO UyKEPOIHOCTD, HE

TMIO/IBEPTalOTCsl OTTOPKEHUIO Ha MPOTSHKEHUH JUTUTEIHHOTO

BpeMeHHU. DToii mpobiiemMe, M3BECTHOM Kak «napaokc Mea-

Bapa» (Billingham et al., 1953), mocBsmeno 3HaUNTENHEHOE

YHCIIO HKCIIEPUMEHTAIBHBIX U 0030PHBIX PadOT, KOTOPHIE,

Haps1y ¢ 00bsCHEHHEM MEXaHU3MOB JIOJITOBPEMEHHOM COBMe-

CTUMOCTH IMMYHOJIOTHYECKH HECOBMECTHMBIX OPTaHU3MOB,

BBIBEJIM IIPOOJIEMY HMMYHOT€HETHYECKOTO JANAJIOTa 32 PAMKH

BHYTPUYTPOOHOTO pa3Butusi. B yacTHoCTH, OBLT OCTABIICH

BOIIPOC O B3aMMO/ICHCTBIH B CHCTEME MaTb—ILIOJ Kak 00 of1-

HOM M3 MEXaHU3MOB CTaHOBIJICHNSI MOP(HO(YHKIIMOHATBHBIX

CBOWCTB TOTOMKOB, BKJIIOUasi Ipe- U MOCTHATAIBHOE IPO-

rpaMMHPOBaHNE HX UMMYHHOTO cTaryca. Cpeiu MeXaHn3MOB

MMMYHOMOYJIHPYIOIIETO BIMSHUS Marepeil Ha (opMupoBa-

HUE UMMYHHOTO p€arupoBaHus IOTOMKOB MOXHO BBIICJIUTH

HECKOJIBKO HanboJiee BaXKHBIX HTAIOB!

* 3IUTCHETUYECKOE TPOrPaMMHUPOBAHNE OHTOTCHETHIECKOTO
Pa3BUTHS UMMYHHON CHCTEMBI, B TOM 4Hciie 00yCIOBJIEH-
HO€ UIMMYHOT€HETHYECKUMH PA3IHIUIMHI MaTh—IUION;

* TpaHCIUIAIICHTApHBIA IepeHOC K MOTOMKAaM MaTepUHCKUX
l/IMMyHOFJ'IO6yJ'll/IHOB 1 UMMYHOKOMIICTCHTHBIX KJICTOK;

* (opMupOBaHIE MACCHBHOTO U aKTHUBHOTO NIMMYHHTETA 3a
CUET COIEPIKAIINXCS B MATEPHHCKOM MOJIOKE UMMYHOKOM-
IIETCHTHBIX KJICTOK.

OKCIepUMEHTaIHFHO 000CHOBAHO, YTO MPEHATAIBHBIN TIe-
PHOJ — Upe3BbIYAiHO YyBCTBUTEIBHBIN K H3MEHEHHUSIM BHYT-
PHMaTOYHOM Cpeibl, KOTOPBIE CYLIECTBEHHBIM 00pa30M BIIHS-
10T Ha 3MOPHOHAIBHOE 1 [TOCTHATATIBHOE PA3BUTHE IIOTOMKOB
(Szekeres-Bartho, 2002; Mold, McCune, 2012). B cBoro oue-
peab, 3HAYUTEJIbHBIN BKJIaZl B MOAYJALNUIO I'YMOPAJbHOT'O
OKPY’KEHHS 3apOJIbIIIel BHOCUT UMMYHHOE PacliO3HaBaHUE
SMOPHOHANBHBIX AIJIOAHTUTEHOB, KOTOPOE MPU MMMYHOTE-
HETUYCCKUX pA3JIMYUAX MaTCpu U IJI0Ja aKTUBUPYET MHO-
THe UMMYHHbIE ¥ 3HIOKPHUHHBIEC TIPOIIECCHl B MATEPUHCKOM
opranusMe. B pesynbrare MMMYHO3HIOKPHHHOTO JHallora
MarepH U IUIojia OCYIECTBISIOTCS HOpMalIbHOE TeYeHue Oe-
peMeHHOCTH U (pOpMHpOBAaHME y MOTOMKOB MEXaHH3MOB
umMMmyHHOH 3amuThI (Szekeres-Bartho, 2002; Mold, McCune,
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2012; Erlebacher, 2013). EcTecTBeHHast akTHBalMsl MaTepHH-
CKHUX UMMYHOPETYJISITOPHBIX MEXaHW3MOB UTPAET TOJIOKH-
TEJIHYIO POJIb B PA3BUTHH MMMYHHOH CHCTEMbI TOTOMKOB,
TOTJa KaK upe3MepHas UMMYHHasi peakuus (BbICOKUI ypo-
BEHb MIPOBOCIIAIINTEIBHBIX IIATOKNHOB) MOJKET YBEITUUUBATD
PHCK BOZHHUKHOBEHUS ICHXOMOTOPHBIX PAaCCTPOICTB, ay TOUM-
MYHHBIX 3200JI1€BaHHI M TIPEIPACIIONIOKEHHOCTH K aIepIu-
s B mocnenytomeit xm3HA (Ellman, 2009; Bilbo, Schwarz,
2012).

HmMmyHHasi cucTeMa pa3BHBAIOIIMXCS TIOTOMKOB JIEMOH-
CTPUPYET BBICOKYIO UyBCTBHUTEIBHOCTh K BO3JICHCTBHIO He-
OnmaronpusTHBIX (DAaKTOPOB, B YaCTHOCTH MH(EKIIMOHHBIX
areHTOB, BO3CHCTBYIONIMX HA OPraHU3M MaTepH B IEPHO]
6epemennoctu. Kak npaBuiio, k Hanbosee 49yBCTBUTEIbHBIM
nepruojiaM OHTOTEHE3a OTHOCST MEPHOJIbI TOCTHMILIAHTA-
LIMOHHOTO Pa3BUTHS, POJIbI K MOJIOUHOE BCKapMinBaHue. Ot-
YacTH 3TO OOBACHSETCS TE€M, YTO B TKAHAX 3MOPHUOHOB U
HOBOPOXKJICHHBIX 0OHApY)KNBAIOTCS MPEIIIECTBEHHUKH HM-
MYHHBIX KJIETOK: B BO3pacte 4—7 Hell — KIIETKH MUEJIOUTHOTO
MIPOUCXOXKICHHS, a B Bo3pacTe 8—18 Henm — mumdongHbe
kietkn (Dietert R.R., Dietert J.M., 2008). 910 oOcTOsITETH-
CTBO OIIPEJEIIHIIO BEIOOP CPOKOB ITPOBECHUS MO/IABIISIOLIIE-
r0 OOJBIIMHCTBA MCCIIEIOBAHHM, TOCBSIIEHHBIX MpodIeMe
MOYJIMPYIOLIETO BIMSHUS yCIOBHHI Mpe- U ITOCTHATAIBEHOTO
pa3BuTHsI HA (POPMUPOBAHHNE UMMYHHBIX PEAKIHH TOTOMKOB.
B kadecTBe KIITOUEBBIX (PAKTOPOB MATEPHHCKOTO BIMSHUS HA
(hopMupoBaHUEe MEXaHN3MOB UMMYHHOH 3allIUThI TOTOMKOB
paccmaTrpuBaeTcs IepeHOC MATEPUHCKUX aHTUTEIN, IUTOKH-
HOB, IMMYHHBIX KJIETOK U, BO3MOXHO, JAPYTUX (paKTOPOB B
MecTa HMOPHOHAIBHOTO KPOBETBOPEHUS B ITIOCTHMILIAHTA-
LIUOHHBIN MEePHOJ (TPAHCILUIALEHTAPHBIN IEPEHOC) BO BpeMs
pomoB u MonogHoro BEIKapmimBanus (Williams et al., 2011;
Ghosh et al., 2016).

OnHaKo Me)KOpraHU3MEHHbIH ANAJIOT B CUCTEME MaTh—ILI0]]
Ha4YMHAETCs eIlle Ha CTaINH JOMMIUIAHTAIIMOHHOTO Pa3BUTHSI.
OKCIEPUMEHTAIBHO YCTaHOBJICHO, YTO JKU3HECIOCOOHBIC
SMOPHOHBI CEKPETHPYIOT POCTOBBIC (PAKTOPBI U IIUTOKHUHBI,
HauynHas C IBYXKIETOYHOH crammu pa3Butus (Guo et al.,
2010). PocToBbie hakTopbl SMOPHOHAIIBHOTO ITPOUCXOXKICHUS
00HapyKMBAIOTCS B MaTEPUHCKON LUPKYISLUKN TPHUMEPHO
yepes 72 4 mocne ¢peprunusanyn. JeficTere 3TuxX (hakTopoB
HaIpaBJIeHO Ha TaKWe MMMYHHBIC KJICTKH, KaK Makpodaru,
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MMMyHOreHeT1YeCKnin fruanor matepu 1 SM6POHOB
Kak $paKTop CTaHOBNEHVA IMMYHHOTO CTaTyca NOTOMKOB

HEHTPODUIIBI U JICHKOIUTHI, OHO TAKXKE CITOCOOCTBYET JOMH-
HUpOBaHMIO Th2 MUTOKMHOB B UMMYHHOM OTBETE, HO HE TIO-
JaBistet pu 3toM skenpeccuro Thl murokunos (Kyurkchieva
etal.,2010). DToT mapagoKkcaabHbIN pe3ysIbTaT yKa3blBaeT Ha
CH0CcOOHOCTH IMOPHOHAIBHBIX POCTOBBIX (DAKTOPOB MOIYJTH-
poBaTh MAaTepPUHCKUH IMMYHHBIH OTBET Ha aHTUTEHBI II0/Ia
IIpU COXpaHCHNHU aJICKBATHOT'O OTBCTA HAa MAaTOI'CHBI.

Takum 00pa3oM, UMMYHHBIE U SHAOKPHHHBIE PEaKINU
Marepy Ha I'yMOpaJbHbIE CUT'HAJIBI SMOPHOHOB ()OPMHUPYIOT
YCIIOBUSI SMOPHOHAILHOTO PAa3BUTHSI, KOTOPBIE CYLIECTBEH-
HBIM 00pa30M BIIMSIOT Ha CTAHOBJICHHE 3alUTHBIX (PyHKIIUH
MIOTOMKOB, YTO IPOSIBIISIETCSI B MX BOCIIPUUMUYUBOCTH K T1a-
TOTCHAM W aJUIepreHaM OKpysKaromieh cpeapl. Huxe Gosee
JIETabHO PAaCCMOTPEHBI MEXaHU3Mbl UMMYHHOIHIOKPHH-
HOTO JIMajiora B CHCTEME MaTh—III0/l HauMHAsi OT MOMCEHTa
(bepTymmauI/m 1 3aKaH4YMBasi 3aBCPHICHUCM BCKapMJIMBaAHUA
MaTepHUHCKUM MOJIOKOM.

a)aKTOpbl MMMYHHO3HOOKPUHHOIO
nporpaMmmMmmnpoBaHuAa nMmniaHTaunm

1N pa3BuUTUA NOTOMKOB

Wmrutantanust 0JaCTOUCTBI B MATCPUHCKUN OPraHU3M —
KJTIOYEBOM ATAIT B IPOLIECCE PA3MHOKCHHUS MIIEKOITUTAIOIIHX.
Yenex MMIUIaHTALMN 3aBUCHT OT peajIn3aliiy CIOKHOM rociie-
JIOBaTeJIbHOCTH CTPOTO KOOPAMHUPOBAHHBIX T'€HETHYECKUX,
T'YMOpPAaJIbHBIX U KIIETOYHBIX B3aUMOACHCTBHI MeXIy MaTe-
PHHCKUM M SMOPHOHAIBHBIM OpraHn3MaMu. JIBycTopoHHKE
B3aUMOJICHCTBHS OJIACTOLMCTBI U MATEPUHCKOTO OpraHu3Ma
aKTHBUPYIOT JIOKAJBbHBI IMMYHHBII OTBET MarepH H, Kak
CJIC/ICTBHE, 00ECIIEYNBAIOT ITOJOTOBKY MaTK/ K MMIUIAHTA-
LI1H, C APYTOH CTOPOHBI, MATEPUHCKUE IUTOKUHBI, TOPMOHBI 1
JpyrHe MeTaboIUTHI BOBIIEKAIOTCS B PETYILLIIIO SMOPHOHATb-
Horo pa3BuTHs. Hanbomnee npamaTndaHblii 3Tarn 6epeMeHHOCTH,
3aBUCSIIUI OT MMMYHOTCHETHYECKUX Pa3IM4YMii Marepu U
3apofbIIeld, — 3TO ATAINl MPEHMIUIAHTAMOHHOTO Pa3BHTHS
sm6puonoB (Choudhury, Knapp, 2001; Gerlinskaya, Evsikov,
2001; Szekeres-Bartho, 2002).

OTOT NepHoz YHHUKAJICH TEM, YTO OH OCYLIECTBIACTCS IPH
OTCYTCTBUH ITPSIMBIX KOHTAKTOB KJIETOK 3apOJIbIIICH ¢ KIIET-
KaMH PErpolyKTHBHOIO TPaKTa B TEUECHHE NPUMEPHO Hejle-
7 (B ciiydae dYeloBeKa) 10 MMIUIAaHTaluu B MaTtky. Coot-
BETCTBEHHO, SMOPHOH HE CBS3aH C MaTePUHCKON CHCTEMOM
KpOBOOOpAIlIeHHUs U CBOOOIHO NEPEMEIaeTCsi B U3MEHSIO-
Lieiicsi BHyTPUMATOYHOM TyMopalnbHOU cpeze. Jlo umIuiaH-
TAIMX KJIETKH 3apOJibIlIa PETEPIEeBAIOT ACICHUs, allONTO3
u nuddepeHunpoBKy. B ecTeCTBEHHBIX YCIOBUSX Ha ATH
HPOLIECCHI TPSAMOE BIMSIHUE OKa3bIBAIOT LIUTOKHHBI, (DaKTOPBI
pocTa, CeKpeTHpyEeMbIe AUTEIHATBHBIMH KJICTKAMH MAaTKH,
Y TOPMOHBI SIMYHUKOB. DMOPUOHBI, HAYMHAsI CO CTAJUH 3HU-
TOTHI, T. €. cpasy nocie GpepTHIN3ani, IKCIPECCUPYIOT pe-
LENTOPbl [IUTOKHHOB, KOTOPbIC BOCIPHHUMAIOT BHEIIHHE
peryjsTOpHbIE CHTHAJIbI, ONPEAEIISIONINE TEMIIbI JEICHUS
U JKH3HECIIOCOOHOCTh KIIETOK, a TAKXKe JKCIIPECCHIO TEHOB
smOpuronansHoro pazsutus (Robertson et al., 1994; Sharkey
et al., 1995). B atot nepuox Gakropbl OKpy»Karomien cpepl,
TaKHe KaKk HH(EKINH, BOCIaJIeHHe, TUTaHue U APYTHE, BIHs-
10T Ha COCTaB BHYTPUMATOYHOM T'yMOPaJIbHOW CPEabl U TEM
CaMbIM MOTYT OKa3bIBaTh MOAU(DUIMPYIOIINE BO3/ICHCTBUS
Ha peau3aliio HHAUBYUIYaIbHOH FeéHeTHYEeCKOI IIPOrpaMMBbl
SMOPHOHAIEHOTO Pa3BUTHS.
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JIroOble (akTopsl, BHI3BIBAIOIINE HAPYILIEHHs OajlaHca B
MMMYHHBIX B3aMMOOTHOIIEHHUAX MaTb—ILIO/] Ha TPEUMIIaH-
TAIMOHHOM CTa U1 PAa3BUTHSL, OKA3bIBAIOT 3HAYUMOE BIIMSTHHE
Ha 4yBCTBUTEJILHOCTB IIOTOMKOB K HH(eKLusM (Szekeres-Bar-
tho, 2002; Mold, McCune, 2012), a Takxe Ha BEpOSTHOCT pa3-
BUTHS HEHpOIereHepaTnBHbIX natosoruii (Susser et al., 2000;
Brown et al., 2004). B aToT nepuoj; MareprHCKasi UMMYHHast
CHCTEMa PACIIO3HAET NMPO(UIb CEKPETUPYEMBIX PAHHUMHU
9MOpHOHAMHU CUTHAJIBHBIX MOJICKYJI, KOTOPbIE BOBJIEKAIOTCS B
PEryIALUIO JOKAIbHOTO UMMYHHUTETA, COAEHCTBYIOT a/Ire3un
SMOPHOHOB ¥ KOHTPOIMPYIOT KJIETOUYHOE JAETIECHHUE U allONTO3
(Paidas et al., 2010; Barnea et al., 2012). B pe3ynsrare cra-
HOBJICHHSI IMMYHOT€HETHYECKOTO ¥ 9HJJOKPHHHOT'O IMaJiora
MaTepH U 1iofa GopMUpPYyIOTCS yCIOBHS, 00ECTIEINBAIOIIHE
HOpMaJIbHOE TeueHHe OepeMeHHOCTH 1 (hopMHUpOBaHHUE y TIO-
TOMKOB MEXaHU3MOB UMMYyHHOU 3amuThl (Szekeres-Bartho,
2002; Mold, McCune, 2012; Erlebacher, 2013). ITepemvu
MOJIEKYJIAMH, SKCIIPECCHST KOTOPBIX (PMKCUPYETCsl Ha MPOTS-
JKEHUH [IEPUO/IA PA3BUTHS OT PePTUIIN30BAHHOM SHIIEKIETKH
JI0 OJIaCTOIMCTBI, SIBIISIFOTCSI TOHA/I0TPOITHH-PEITM3UHT TOPMOH
(GnRH), pocToBble (hakTOpPBI M IUTOKHHBI.

T'opMoOHBI, KOHTPOJIb IMOPHOHAJBLHOTO PAa3BUTHS.
GnRH »skcnpeccupyercs, cyas mo MPHK, yxe Ha cTamun
JIBYX KJIETOK M jaajee, BIUIOThH g0 ummuiantanuu (Fishel et
al., 1984; Woodward et al., 1993; Seshagiri et al., 1994). ITo-
Ka3aHo, 4To MMMyHOpeakTuBHBIH GnRH mpucyrcTByeT B
MPEUMITIAHTAIIMOHHBIX SMOPHOHAX HA CTaJUsIX MOPYJIBI U
onacrormctsl (Francisco et al., 1999). Pesynbrarsl uMMyHO-
TUCTOXMMUYECKOTO HCCIIE0BAHUS MTPEUMINIAHTAIMOHHBIX
SMOpHOHOB MbImIel nokazanu, 4ro GnRH sokanu3oBaH B
6rmacToMepax KOMIAKTU30BAHHOM MOPYIIbI, BO BHYTpEHHEN
KJIETOYHOH Macce SMOPHOHOB U TPO(hIKTOAEpME OJTaCTOITHCTHI
(Seshagiri et al., 1994). Dxcrpeccuss MPHK GnRH n Genka
YBEJIMYMBACTCSI HAUMHAsI CO CTAJMM MOPYJIBI, U 3TO MO3BO-
nset paccmarpuBaTh GnRH B kauecTBe MOTEHIIHATHHOTO
MapakpUHHOTO (AKTOPa, YUACTBYIOIIETO B PEryJISIIUM TIpe-
MMILIaHTallMOHHOTO pa3BuTus U uMIutanTauuu (Casan et al.,
1998; Raga et al., 1998). MaKyOanus mpenMILUIaHTaIIMOHHBIX
aMOpHroHoB B ipucyTcTBrd GnRH no3utusHO Binsiet Ha 3M0-
PHOHAJIBHOE Pa3BUTHE, @ BHECEHUE B MHKYOAIIMOHHYIO CPey
anTaronucra GnRH nmoxasnser pazsutie smOopuoHoB. bonee
toro, aHtaroHucT GnRH, no0aBieHHBIN B HHKYOAIIMOHHYIO
cpeny B 1o3ax 5 u 10 MM, NOJIHOCTBIO OJIOKUPYET pa3BUTHE
smOpronoB. HeratneHoe BimstHue antaronucrta GnRH Ha pas-
BUTHE IPEUMIUIAHTAIMOHHBIX 3MOPHOHOB (YHCII0 SMOPHOHOB,
JIOCTUTIINX CTA/IUH OJIaCTOLHCTbI) HUBEJIMPYETCs YBEITMYCHH-
€M KOHIIEHTpAINX B MHKYyOalMOHHO cpejie arOHUCTa 3TOTO0
ropmoHna (Francisco et al., 1999).

[ToMuMO BIIMSIHUS HA PA3BUBAIOLIUICS IMOPHUOH, SMOPHO-
HanpHEIH GNRH BHOCHT BKJIaZ B IOATOTOBKY MaTKH K TPO-
1eccy MMIUTaHTanuu. [IpeamockuIkoi It ATOTO SIBISIETCS
GnRH-ycroiunBas sKkcrpeccus perentopa K JaHHOMY Top-
MOHY, KOTOpasi AETEKTUPYETCsI Ha BCEX CTaAUsIX MPEUMIIIaH-
TAIMOHHOTO Pa3BUTHS U 00ECIIEYNBACT B3aNMOCHCTBHE IMO-
puonanbHoro GnRH ¢ MaTrepuHCKUM TpyOUaThiM SIUTEITHEM
Y 3HAOMETPHUEM, CTUMYJIHUPYSI TEM CaMBIM BOCTIPHIMYHBOCTD
sHpomeTpus kK umrutanTanuu (Hearn et al., 1988; Asirvatham
et al., 1994; Das et al., 1994).

Kpome Toro, mpoxymupyemsrii Tpododiactom GnRH —
OZIMH M3 OCHOBHBIX PETyJIATOPOB CHHTE3a U CEKPELIUH XOPHO-
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Hu4eckoro roHagorpomnHoro ropmona (hCG) B npeumiuian-
TaIMOHHBIX SMOproHax (Seshagiri et al., 1994) u mmanenre
(Prager et al., 1992), u ero ocHOBHasi pOJIb 3aKJIIOYACTCS B
MOJICPI)KAHUU CUHTE3a U CEKPEIMHU IPOTeCTEPOHA KEIThIMH
TeNaMU SIMIHUKOB (Zimmermann et al., 2009; Singh, Krishna,
2010). Ha npenmrutanranuonnoii cragun hCG ctumynupyer
MPOIYKIMIO YHIOMETpUEM (hakTopa MOAaBICHHS JICHKEMUU
(LIF) 1 mpOaHTHOTEHHOTO COCYIMCTOTO YHIIOTEIHAIbHOTO
(hakTopa pocra, KOTOpBIE MTPAlOT KPUTHUECKYIO POJb B
npouecce umiuianranuu. OnuoBpemenHo hCG nHrudupyer
o0Opa3oBaHre MaKpO(araJIbHOTO KOJOHUECTHMYIHPYIONIETO
(bakTopa Oenka 1, CBA3BIBAIONIETO HHCYIMHOIIOAOOHBIH (hak-
TOp pocTa, NPOAYKIMI0 HHTepneiikuHa-6 (IL-6) snurenu-
anpHBIMH KieTkamu dH1oMeTpus (Licht et al., 2001, 2007).
OTH N3MEHEHHS Pa3BUBAIOTCS 03 CyIIECTBEHHOTO TOIbeMa
KOHIIEHTPAIIMH MPOrecTepoHa B KpoBH. DPPEKThI Hepeuuc-
JICHHBIX BBIIIE TTAPAKPUHHBIX ()aKTOPOB CBSA3AHBI C UX BIIHSA-
HHUEM Ha JICHUAYJSIINI0, aHTHOTEHE3 U MOATOTOBKY MaTKH K
UMIUIaHTanuu SMOproHoB (Strakova et al., 2000; Srisuparp
etal., 2001).

[TomuMoO TIpSIMOTO BO3/ICHCTBHSI Ha KIIETKU SHIOMETPHS U
pa3BUBAIOIIETOCS 3apojibiiiia, SMOpruoHanbHbI GNRH, kak u
THIOTAJIAMHYECKUH PEITM3HHT TOPMOH, 00J1a/1a€T SHIOKPHH-
HBIM 3 QEKTOM, HaNpaBJICHHBIM Ha CITACEHHE JKEIITOTO TeNa 1
MOCJICAYOIIEe BEICBOOMKIeHHE IporecTepoHa. CoOCTBeHHAs,
HE OINOCPE0BaHHAs Yepe3 FOHAJ0TPOIHbIE TOPMOHBI JIIO-
TeoTporHas aktTuBHOCTH GnRH Xopomro 1okymeHTHpoBaHa
(Duncan, 2000). BmecTe ¢ Tem apamMaTHueCKUil HOABEM IPO-
nykmd hCG TpogoOmacToM MPUBOIUT K MOBBIIICHUIO €T0
KOHILICHTPAIMH B ITa3Me KpoBH Matepu ot 5 710 > 1.000 y. e./mn
U CTUMYJUPYET CUHTE3 U ceKperuio rnporectepona (Carr et
al., 1982). HCG akTuBHpyeT ONOCPEI0BaHHBINA PErYIITOPHBIM
6exnxoM (StAR) TpancnopT xonecTepora, MpenecTBeHHUKA
CTEPOHIHBIX TOPMOHOB, U cuHTe3 IporecrepoHa (Pidoux et al.,
2007). OMOpHroHaTBHBIE CTBOIOBBIC KIIETKH SKCTIPECCHPYIOT
mporecTepoHoBslil penentop A. ITosTomy Bo3aelcTBIE IPo-
recTepoHa Ha KOJIOHUU 3M6pI/lOHaJ'IbH])lX CTBOJIOBBIX KJICTOK
4yeII0BeKa HHAYINPYEeT OPTaHN3aINI0 HEHPOIKTOAEPMATTBHBIX
KJIETOK B PO3ETKH, CXOXKHE ¢ HEHPOHAJIBHBIMU TPyOKaMH.
IlonaBienue NporecTepOHOBOrO CUTHAIBHOIO IIyTH YTHETA-
et auddepeHnranuio SMOPNOHATBHBIX CTBOJOBBIX KIIETOK
yenoBeka B aMOpuonanslie Tena u poserku (Gallego et al.,
2010). DT naHHBIE CBUAETEILCTBYIOT O KIJIIOYEBOW posn
TOHAIOTPOITHOTO TOPMOHA U ITporecTepona B auddepenima-
IIMH SMOPHOHAIILHBIX CTBOJIOBBIX KiIeToK. Kpome Toro, mpo-
recTepoH KOHTPOIUPYET (QYHKIIMIO SHJIOMETPHS 33 CUET yBe-
numueHus cexkpeuuu LIF n akTuBanuu SKCOpeccuy I'eHa MH-
tepneiiknHa-4 B T-kierkax (Herrler et al., 2003).

VY yenoBeka u JApYrux BUA0B MIICKOIIUTAIOIUX ITPOTreCTEPO-
HOBBIH CUTHAJIBHBII My Th SIBIISETCS KIIIOYEBBIM B IIPOLIECCAX
CTaHOBJICHHUS M MOJIIepKaHust OepemenHocTH. Kimaccnuecknit
B3IVISI/1 HA POJIb [IPOTeCTEPOHa ITPpY OEPEMEHHOCTH YacTo Orpa-
HUYMBAETCS €T0 (pyHKIMEH B pETIPOIyKINH, CBSI3aHHOI C TEM,
YTO OH CEKPETUPYETCs KIETKAMH I'paHyJe3bl B (DOIUIHKYIaxX
SIMYHUKA, YKEJTOM Telle OepeMEeHHOCTH M 1ocie 8-i Helenn
OGepeMeHHOCTH IPOAYIIHPYETCS Pa3BUBAIONICHCS IITAIIEHTOM.
Tem He MeHee XOpOIII0 U3BECTHO, YTO IIPOTeCTEPOH 00IaIaeT
MMMYHOMOAYJIUPYIOIIUMU CBONCTBAMU, KOTOPbIE BHOCST
CBOM BKJIaJ B MMMYHOCYIIPECCHIO, 00ECIEeUnBAIOIIyO 3a-
ATy SMOPHOHOB OT OTTOPKCHUS B MEPUOI OEPEMEHHOCTH.
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Bbicokue KOHIIEHTpaIMK POrecTepOHa MPOIEBAOT BHIKHU-
BAaE€MOCTh KCEHOTCHHOTO M AJUIOTEHHOTO TPaHCIUIAHTATOB,
a TaKKe BIMSIOT HA Pa3IUyYHbIC (a3bl UMMYHHOTO OTBETa
(Kyurkchieva et al., 2010). [IporectepoH OTHOCAT K YHCITy
MOIIHBIX PETYISTOPOB IMMYHHOTO OTBETA.

Bnusinue nporecrepona Ha addepeHTHOE 3BEHO UMMYH-
HOTO OTBETa IPHBOJHUT K COKPAILEHUIO KU3HEHHOTO IMKJIa
JICHIPHUTHBIX KJIETOK IyTeM YCUIEHHS nX i depeHInpOBKI
U MTOCJIEIYIOIIETO aromnTo3a, 8 TAKXKE K YCHICHHIO CEKPEIINT
IL-10. C npyroii cTopoHbl, aKTHBHOCTB 3 PEKTOPOB UMMYH-
HOHM CHCTEMBI, TAKUX KakK T-KJIETKN M HaTypasibHbIC KUILIe-
psl (NK), MoxynupyeTcsi mporecTepoHOM B HANpaBICHUU
CTUMYJIAIUM UMMYHHOTO OTBETa Th2—Tyma " IoAgaBJICHHUA
aktuBHocTH NK-kierok. [lon BiIusHHEM IporecTepoHa u3-
MEHsIeTCSl TPO(UITb CEKPETUPYEMBIX B-KileTkamMu aHTHTEN
3a cuet yBenuuenus npoaykiuu [gG (Kelemen et al., 1996).
Jpyroi BaykHBIM pe3ysbTaT UMMYHOMOZIYJISILIMM TPOTecTe-
POHOM 3aKJIIOYaeTCs B €r0 BIMSHUM HAa ME3CHXHMAaJIbHbIC
CTBOJIOBBIC KJIETKHU, B KOTOPBLIX MHAYHUPYIOTCA CHUHTE3 U
CeKperys cnenupIecKnx OeJIKOB, BIUSIONINX HA JESTENb-
HOCTb HECKOJIbKMX TUIIOB MMMYHOKOMITETEHTHBIX KJICTOK.

CJ'IGZ[yeT OTMETUTD, YTO MMOYTU HUYCTO HE U3BECTHO O POJIU
MMMYHOTEHETHUECKUX Pa3Inunii MaTepu W IJI0/a B PEry-
JSIUXA TTPOTeCTEPOHOBOM (PYHKIIMM HA JOMUMILIAHTAIMOH-
HOM CTaJuu SMOPHOHAJIBLHOTO Pa3BUTHS. 3HAYMMOCTh 3TOTO
(hakTOpa JTOKA3BIBAIOT HAIIM HCCIIEJOBAHMS, BBITIOJHEHHBIC
Ha JIMHUAX MBIIICH, KOTOpbIE Pa3IMYaloTCs O TeHaM IJIaB-
HOro KoMIuiekca ructocomectumoctd (MHC) BALB/cd u
C57BLb. Ha npuMepe BHYTPH- U MEKIMHEHHBIX CKPEIIUBa-
HHH ¥ BHYTPH- 1 MEKJIMHEHHBIX IEPecaIoK OJIacTonuCT ObLTO
YCTAHOBJICHO, YTO Yy CaMOK, BbIHAIIMBAOINUX AJIJIOTCHHBLIC
SMOPHOHBI, OTIIMYAIOIINECS 110 TeHaM IJIABHOTO KOMILIEKCA
THCTOCOBMECTHMOCTH, YPOBEHB IIPOI€CTEPOHA B TIIIa3Me KPO-
BU HA MATBIC CYTKU MTOCJIC ITOKPBITHUA 6])1.]'[ CYIIECTBEHHO BbI-
I1€, YeM y CaMOK, BBIHAIIUBAIOUINX CHHICHHOE ITOTOMCTBO
(Gerlinskaya, Evsikov, 2001). YuacTie ”UMMYHHBIX ()aKTOPOB
B MOJYJISIIH TIPOT€CTEPOHOBON (DYHKIIMHU Marepeil J0Ka3bl-
BAIOT PE3y/bTaThl HAIIMX 3KCIIEPUMEHTOB C OJHOKPATHOH
NMMYHHM3aIMEH CaMOK aJlJIOAHTUTCHAMH CaMIIOB, ITPOBECH-
HOH Ha BTOPBIE CYTKH [10CJI€ BHYTPHIMHEHHOTO (PepTHIBHOTO
cnapuBaHus. B 3TOM ciydae Habmonannch TOCTOBEPHOE
YBEIMYCHUE KOHIICHTPAIMU IIPOTeCTepOHa B KPOBHU B TIEPHO]]
UMIUTAHTAIH (TISIThIE CYTKH IOCJIE OKPBITHA) U yBETHUEHHE
KHM3HECTIOCOOHOCTH MOTOMKOB Ha CTaJlH SMOPHOHAIBEHOTO
pasButus. CieayeT OTMETHTh, YTO HIMMYHOCTHUMYJISLIUS Ca-
MOK Ha paHHUX CTaUusAX 6epeMeHHOCTl/I 3HA4YMUMO ITOBBIIACT
KauecTBO Marepeil. Hamm pe3ynbraTel OKa3bIBaIOT, YTO
NMMYHOCTHMYJIMPOBAHHBIE CAMKH BBIKAPMIIUBAIOT OOJIbIIICE
YHCIIO TOTOMKOB 3a CYET OTCYTCTBHS CIy4aeB MOJHOTO MU
YaCTUYHOTO OTKa3a OT BBIKapMIIHMBaHUS moToMKoB (Gerlin-
skaya et al., 2000).

L{uToKHHBI M POcTOBBIE (PAKTOPBI, KOHTPOJIb IMOPHO-
HaJIbHOTO pa3BUTHS. Pa3BuTHE SMOPHOHOB B IEPHUO NX CBO-
0O0THOTO TIepEMEICHHS B )KEHCKOM PEITPOyKTHBHOM TPAKTE
KOHTPOJINPYETCSI IIUTOKMHAMU U POCTOBBIMH (pakTopam,
KOTOPBIE CEKPETUPYIOTCS STNUTEINATBHBIMY KJIETKAMU MATKH
1 KOOPJMHHUPYIOT MPOCTPAHCTBEHHO-BPEMEHHbBIE B3aNMOOT-
HOIICHUS Pa3BUBAIOIEIOCs 3MOPHOHA U MPOLECCHl MOJT0-
TOBKM MaTK1 K IMIUIAHTAIN. DKCIIPECCUS SMOPHOHATBHBIX
IIUTOKMHOBBIX PELENTOPOB, KOTOpasi (GUKCUPYETCs YKe Ha
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MMMyHOreHeT1YeCKnin fruanor matepu 1 SM6POHOB
Kak $paKTop CTaHOBNEHVA IMMYHHOTO CTaTyca NOTOMKOB

craguu (Gepruimsanny, 00ecreunBaeT BIUsSHIE IMTOKHHOB
1 POCTOBBIX (PAKTOPOB Ha KOIWYECTBO U KU3HECTIOCOOHOCTH
smOproHanbHEIX Kinetok (Sharkey et al., 2008). Bmecte ¢
TEM CaMM Pa3BUBAIOLIMECS SMOPHOHBI TAKKE MPOLYLUPYIOT
IIUTOKHUHBI, KOTOPBIE IIPSIMO UM OMOCPEAOBAHHO YUaCTBYIOT
B MOP(OQYHKIIMOHATBHON MOATOTOBKE YHJIOMETPHS K HM-
ruiaHTanuy. L{UTokuHbI 1 pocTOBBIE PAKTOPBI, IIPOLYLIUpYeE-
MBbI€ Ha Pa3HBIX CTAJIUSIX PA3BUTHS MPEHMIUIAHTAIIHOHHBIX
9MOpHOHOB, BKMo4daroT IL-1, IL-6, KonmoHuecTuMyanpyommit
(axrop-1, paxrop Hekposa onyxonu (TNFa) u np. Pesyins-
TaThl KCIIEPUMEHTAIIBHBIX UCCIIENOBAHUM i Vitro U in vivo,
BBITIOJTHEHHBIE C MPUBIICUCHUEM Pa3HbIX METOIOB, BKJIIOUAs
TeHEeTHYECKHE, TPE/ICTABIISIOT YOS JUTEeIbHBIE JOKAa3aTeIbCTBA
JIONTOCPOYHBIX 3((PEKTOB paHHETO BO3JCHCTBUS IINTOKUHOB
1 (haKTOpOB poCTa Ha Pa3BUTHE II0NA. DTU 3PPEKTHI MPo-
SIBJISIIOTCS B TEUSHHE TIOCIIEPOJIOBOTO MEPUOAA, B TOM YHCIIE
B (hopMe HEOAMHAKOBOH BOCHPUUMUYHBOCTH K MH(EKIUSIM
(Robertson et al., 2011).

JeranbHoe u3yueHre BKIIaJia IpaHysIoluTapHO-MaKkpoda-
TaJIEHOTO KOJIOHHeCTHMYHpytoriero ¢akropa (GM-CSF) B
MPOTPaMMHPOBAHUE PA3BUTHS TTOKA3aJI0, YTO 3TOT IIUTOKUH
HEOOX0/IMM JJIsl HOPMAJIBHOTO Pa3BUTHS OJIACTOLMCTHI M 10~
CIIEAYIOIIETO MOAJIEPKAHNS BBHICOKON KU3HECTIOCOOHOCTH
TUTOZIOB ¥ HOBOpOKIIeHHBIX (Robertson et al., 1994; Robertson,
2007). Bimussnue GM-CSF Ha 5MOpHOH B IpeUMILIaHTAIMOH-
HBIA TIEPUO]] CIIOCOOCTBYET (POPMUPOBAHMIO ONACTOIMCTHI,
YBEIMYMBAs KOJIMUYECTBO KU3HECIIOCOOHBIX OJIACTOMEPOB 3a
CUET MHTMOMPOBAHUS AIONTO3a U O0JIErYeHUs! TTOTJIOICHUSI
rmoko3sl (Robertson et al., 2001). B pabortax mpyrux mc-
ciieioBaTesell Tak)Ke OTMEYaeTCs BayKHAs POJIb IUTOKHHOB
SMOPHOHAIBHOTO TIPOMCXOKACHUS B MPOTPAMMHUPOBaHUU
OHTOreHe3a. B yactHocTH, nokazaHo, uto TNFo yBepeHHO
9KCIPECCUPYETCsl SMOPHOHAMH B MHTEpPBAJIE OT YETHIPEX-
KJjetouHol cramuu 10 Mopyasl (Witkin et al., 1991). Ilpu
3TroM TNFo yMeHbIIaeT KOJIMUECTBO KJIETOK BHYTPEHHEH
KJIETOYHOW Macchl 0€3 3aMETHOTO BIMSHHUS Ha Pa3BUTHE TPOQ-
skrtonepmbl (Pampfer et al., 1994). CunxpoHusupoBaHHast
skcrpeccus IL-6 1 ero perienTopa perucTpupyercs Ha ypoBHE
MPHK u GenkoB Ha Ka)KIOH CTaIuu pa3BUTHS MIPEUMILIAHTA-
IUOHHBIX IMOpHOHOB. benok IL-6 0OHapyXuBaeTCs B IIUTO-
mra3me, a [L-6 perenrtop — Ha KieTogHoi MmemOpane (Zhao
et al., 2012). B npyrux uccrnenoBaHusx OBLIO IIOKA3aHO, YTO
(hakTOpB! POCTA YBEIUUUBAIOT YHCIIO KJIETOK OJIaCTOLMCTHI.
Tak, HHCYTMHOTIONOOHBIH (PaKTop, CrieTM(pUIECKN TeHCTBYS
Ha KJICTKH BHYTPCHHEH KJIETOYHON MaccChl, OBBIIIAET KO-
JIMYECTBO KJIETOK TPO(IKTOAEPMBI U CTUMYIUPYET CHHTE3
6enka (Hardy, Spanos, 2002). B menom BIusiHHE ITITOKHHOB
Ha TIPOIECCHI, TPOUCXO/SIINE B PEIPOAYKTHBHOM TpPAKTE,
BKJIIOUAs SMOPHOHAIbHOE pPa3BUTHE, MHBA3UIO Tpodoobiiacta B
SHJIOMETPHUH 1 IMIUTAHTALINIO, UIMEET KPUTHIECKOE 3HaUCHHE.
[Ipearnonaraercs, YTO MUTOKUHBI CTUMYIUPYIOT SKCIIPECCHIO
I'€HOB, BIMSIOUIMX BIIOCJICICTBUH Ha Pa3BUTUE U/UITU Ha DITU-
TEHETHYECKOE MPOrpaMMHUPOBAHNE MPEUMITIAHTAIIHOHHBIX
SMOPHOHOB M OTAAJCHHBIC ITOCIEICTBHS, TPOSBIISIOMINECS
B Pa3HBIX (JOpMax HEHACJEICTBEHHBIX maTtoiorui (Sjoblom
etal., 2002). Cremyet OTMETUTB, YTO POJIH ITATOKHHOB B Pa3-
BUTHH NTPEHMIUIAHTAIIMOHHBIX SMOPHOHOB HCCIIE0BAIACH
IJIaBHBIM 00pPa3oM B YCIIOBHSX in Vitro, TOTIa KaK BIIHSHUE
MU3MEHEHHUH 3KCIPECCHN IUTOKMHOB B (PU3MOIOTHUECKHUX
CUTyalusix (MaTepuHCKHEe MH(QEKIMH, BOCTAICHHUE, IHeTa,
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win OO0JIe3HH, TaKUe Kak 1uadeT) Ha pa3BUTHE SMOPUOHOB U
IIOTOMKOB OCTaeTCs HEU3BECTHBIM.

MaTtb-nnopg, MMMYHHbI guanor

NmMmyHHas cuctema MaTepH MIPAcT KPUTUYIECKYIO POIb B
CTaHOBJICHUH, TTOJJICPKAHUM M 00CCIICUCHNH 3710pOBOi Oe-
pemennoctu. [lockosabky SMOpHOHANbHAS U IUIALIEHTAPHAS
TKaHH 9KCIPECCUPYIOT OTLOBCKUE TE€HBI, yCIIeX OEPEMEHHOCTH
3aBUCHT OT YCJIOBHH, 00€CHEUNBAIOIINX COCYIIECCTBOBAHUE
U B3aUMOJICHCTBUE MEXIYy aHTUT€HHO OTIIMYHBIM OT MaTe-
PUHCKOTO OpraHusMa IIJIOJOM U MAT€PUHCKONM MMMYHHOH
CHCTEMOM, HECMOTPSI Ha MPUCYTCTBHE JICWKOIITOB B PETIPO-
JIYKTHBHOM TpaKkTe 1 HOPMaJIbHOI KIMMYHOKOMIIETEHTHOCTH B
MecTax UMIUIaHTalu|. DTOT MPOLECC UMMYHOT€HETHUECKOTO
JIajiora B CHCTEME MaTh—ILIOJ] HAYMHAETCS OT MOMeHTa (hep-
TWIN3AIMM U 3aKaHYMBAETCS POAAMHU U BBIKAPMIIMBAHHEM
MOTOMKOB.

Marepunckuii HIMMYHHBII oTBeT. [Ipo0Oneme ¢popmupo-
BaHHUSI UIMMYHHOTO OTBETa Marepu, 0OyCJIOBIEHHOIO COCY-
IIECTBOBAHNUEM M PAa3BUTHEM B MAaTEPUHCKOM OPTaHU3ME aH-
TUTCHHO OTIIMYHOTO TUIO/IA, SIBIISIOMIEIOCS aHAJIOIOM KCEHO-
TpaHCIUIaHTaTa, mocasiieHo 6osee 5000 pador (6a3a aHHBIX
PubMed), u exxerogHO YMCIIO MyONMKAN yBETHIHUBACTCS
oT IByX paboT B 1963 . mo 299 B 2016 . OqHO U3 TEPBBIX
0OBSICHEHHH JUTMTEIILHOTO CYIIECTBOBAHHS TII0/IA B IPSIMOM
KOHTAaKT€ C MAaTEPHHCKUM OPTaHU3MOM OBIJIO HPEIOKEHO
R.E. Billingham ¢ komneramu (1953), koTopble BBIABHHYIIN
KOHIICTIIIMIO UMMYHHOHU TOJIEPAHTHOCTH BO BpeMsi OepeMeH-
HocTH. COMIacHO TUIOTE3€ TOJIEPAHTHOCTH, AaHTUTEHHO OT-
JIMYHBIN 11J10]T CHOCOOEH BEDKUTH B MATEPUHCKOM OPTaHU3ME
B pe3ynbrare (POPMUPOBAHUS 0COOBIX MEXaHU3MOB, PETYIIHU-
PYIOIINX UMMYHOJOTUYECKUE B3aUMOACHCTBUS MEXIYy Ma-
TEpBIO U TJI0I0M. Takoe perylnmpoBaHUE MOXET OBITh BBI-
3BaHO OTCYTCTBHEM DKCIIPECCUH IIOZ0BOIO aHTUIeHA U/WITN
(DYHKIIMOHATBHBIM HO/IaBICHHEM MAaTEPUHCKOTO IMMYHHOTO
OTBeTa.

BeposiTHO, HanboIiee BayKHOIT cTpareriuel 00xona UMMYH-
HOTO PacHO3HAaBaHMSA MAaTEPUHCKUM OPTaHM3MOM 3MOpHO-
HaJIbHBIX aHTUTCHOB SIBIISICTCS OTCYTCTBHE SKCIIPECCHH KIac-
cuueckux antureHoB MHC na Tpodobnacre. Brian mexa-
HU3MOB 3Kcnipeccnn reHoB MHC B kieTkax Tpodobmacta
MpeJICTaBISIET OONBIION HHTEPEC U3-3a TOTEHIMAIBHON POIIH,
KOTOPYIO OTCYTCTBHE SKCIPECCUH 3TUX aHTUTCHOB UTPAET B
3allUTE IJ10Ja OT aTAKU MaTEPUHCKOM UMMYHHOM CUCTEMOM.
TpodobaacT yenoBeka, Kak H3BECTHO, BHIIOIHSCT (DYHKITHIO
MMMYHOJIOTHYECKOTO Oapbepa Mex1y MaTepblo M ILIOAOM
U XapaKTepU3yeTCs OTCYTCTBHEM 3KCIIPECCHU aHTUTEHOB
MHC knacca II, a Takke 0TCYTCTBUEM DKCIPECCUH KIIACCH-
yeckux aHturenoB kinacca MHC I, neiixonurapasix HLA-A
n HLA-B anturenos (Chatterjee-Hasrouni, Lala, 1981; Hunt,
Orr, 1992). Kimaccuueckne mosexyinsl MHC I kimacca urpatot
KJIFOYEBYIO POJIb B ITpe3eHTaluu aHTUreHoB T-kinetkam u NK-
KJIETKaM, ¥ 3TO 00CTOSTENBCTBO MOIEPKUBAET TEOPHIO O TOM,
yro orcyrcrue mosieky’r MHC I kiracca B tpodpoOnacte 3arm-
IIIaeT ero OT MaTEePUHCKON UIMMYHHOMH aTaku. O THAKO XOPOIIIO
M3BECTHO, YTO KIETKH TpodobiacTa IKCIPECCHPYIOT Kiac-
cuyeckue MHC knacca I HLA-C u neknaccuueckue MHC
HLA-E, HLA-F u HLA-G monexysnsi (King et al., 2000a, b;
Hunt, 2005). YenoBeuecknii neiikomurapHbiii anturen C
(HLA-C) — enuHCTBEHHBIN TOJIUMOP(HBIA KIIACCHYECKUH
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AQHTUI'eH TMCTOCOBMECTHMOCTH, KOTOPBII 3KCIIpeccupyercs
B KJIETKaX TpodoOiacTa Ha TpaHHIIEe MEXTy IIOAaMHU U Ma-
TepuHCcKuM opranuzmoM. Baaumoneiictsue HLA-C ¢ geuu-
JlyaJIbHBIMH T-KJI€TKaMM SHIOMETPHUSI MOXKET CLIOCOOCTBOBAThH
yCIeNTHOW WHBa3uu TpodobiacTta B SHAOMETPUN MAaTKH.
[Tokazano, 4To Mpu OEPEMEHHOCTH C HECOBIAAAIOIINMH T10
knaccuueckum reram MHC kinacca [ sMOproHaIbHBIMU U
marepuackuMa HLA-C oTMedaeTcs yBenmueHne KOMU9IecTBa
aKTHBHUPOBAaHHBIX Treg m T-KIETOK B IenuayaIbHOM TKaHU
1o cpaBHeHuto ¢ HaOonaembiM ipu HLA-C cxoxect ma-
TEPHUHCKOTO 1 SMOpHoHanbpHOT0 opranm3MoB (Tilburgs et al.,
2009). ITpn HEocnO)XKHEHHON OEPEMEHHOCTH JACHH/TyaIbHbIE
T-knerku pacrnosnatot smopuonansublii HLA-C ¢enorun B
MECTaX MEKXKJIETOUYHBIX KOHTAKTOB MaTh—IUIONA, HO OHH HE
BCET/Ia BBI3BIBAIOT JIECTPYKTUBHBIM MaTePUHCKUH NMMYHHBIH
oreet (Chen et al., 2012). DmOpuonansubie HLA-C Monexysibt
B3aHMOJICHCTBYIOT C TIOBEPXHOCTHBIMH KIJIIEP-HHCYIUHOMO-
no6uevu perienrtopamu (KIR) NK-knerok. [ToBepxHOCTHBIE
KIR-penenropsl, cea3biBatomuecs ¢ HLA-C monexynamu,
skcrpeccupytorcst B NK matku co 3HaunTenbsHO OONBIIEH
4acToToH, yeM B nepudepnuecknx xrerkax NK, n nx mak-
CUMaJIbHasl 9KCIIpeccusi, HaboiaeMast y )KEeHIIUH Ha paHHEeH
cTaznu OEpEeMEHHOCTH (710 6 HEex), IMOCTETIEHHO CHUKACTCS
K KOHITy TepBoro TpuMectpa Oepemennoctr (Verma et al.,
1997; Sharkey et al., 2008). Kiterku NK Matku omnugarorcs
ot nepudepraecknx NK-KIeTok mOHMKEHHOH TH3UPYIOMEeH
aktuBHOCTHIO (King et al., 2000a, b; Apps etal., 2011). B no-
NYJSALUK TeUUIYISAPHBIX JeHkouToB 1ot NK, umeromumx
KIR-penenropsl, apamaruuecku nosimaercs 10 20-30 % Ha
3-ii— 5-i nHuU nocne oByisuK U gocturaet 70 % B nepuon
nMmiutanranun. B3anmoperictsusgs HLA-C-KIR ¢ knetkamu
Tpohobmacta u NK-kireTkaMu MaTky peryimupyioT TTyOnHy
MHBA3MHU KJIETOK TpodobiacTa B MaTKy ¥ KPOBOTOK B IIPO-
CTpaHCTBE MEX/y BOPCHHKaMH TpodobiacTa myTemM TpaHc-
(hopmanmuu cMpanbHEIX apTepuit Tpodobmacta (Moffett,
Loke, 2006).

MMMyHOnOruueckoe B3auMoACHCTBUE MaTb—ILIO, IIPOUC-
XOJISIIIEE B MECTE MMIUIAHTAINH, BKIIIOYAET JBE MOIUMOpPh-
HBIE TeHHBIE cucTeMbl, MaTepuHckre KIR n aMOproHanbHyro
HLA-C. ®opMupoBaHue yCcIOBUIM A YCHEIIHONW MHBAa3UU
KJIETOK TpodobiacTa, B 4aCTHOCTH BHYTPUYTPOOHOTO KpO-
BOTOKa, 3aBUCHT OT komOuHarmu MarepuHckoro KIR NK u
smOpuonansHoro HLA-C renorumnos (Moffett, Loke, 2006).
I'eneTnyeckue nccae 0BaHNs TTOKa3bIBAIOT, YTO KOMOMHAIINT
MaTE€pPUHCKUX U OTLOBCKUX reHoTunoB o HLA-C, nposiBisito-
1IeMy 3aMeTHBIH nomuMopdusm, a rakxke KIR denorurm (ak-
TUBUPYIOMUH/MHrHONpytomuit) NK-K1eTok MaTKH, BIHSIOT
Ha PETPOAYKTUBHBIA yCIeX, B YaCTHOCTH 3Ta KOMOMHATOpHKa
OTBEYAEeT 32 IPUBBIYHBIC BHIKUJIBIIINA U TE€CTO3, @ TAKXKE MO-
qynapyet poct u passutue mwiona (Hiby et al., 2004, 2010).

Ot apyrux monekyn HLA knacca I HLA-G otnuuaer Hu3-
KUH oJMMOp(H3M IIPOMOTOPHOIT 00JIaCTH M OTpaHUYEHHOE
pacmipenienienue B TkaHu. PactBopumas m3zodopma s-HLA-G
WICHTH(UIMPOBaHA Ha ITOBEPXHOCTH (PETOIUIAIICHTApHOTO
KOMIIJIEKCA U, KaK ObLJIO YCTaHOBJICHO, MH/IyLIUPYET arlonTo3
CD8+T-knetoxk 1 NK-KJIETOK M IETEKTHPYETCS B TCUCHHE
BCETO reproaa OepeMEeHHOCTH B KPOBH MaTepell U aMHHOTH-
yeckoit sxuakoctu (Mallet et al., 2000; Contini et al., 2003).
HLA-G momasmisieT qenuayiapHble aHTUT CHITPE3EHTHPYTOIITHE
kietkn (dAPC), NK-kinetkn u CD8+T-kieTku. Monekysibt
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HLA-G knerok Tpodobiacta MOTYT IOAABIATH HMMYHOT€H-
HBIA (PEHOTHIT IEHAPUTHHIX KIeTOK MaTku (Pazmany et al.,
1996). PactBopumble monekynst HLA-G supomutupyorcs
uMMyHoMTo0ynnH-11o100HbIMK perenitopamu (KIR2DL4)
N-KJIETOK ¥ MHIYIUPYIOT CEKPELHIO MPOBOCIATUTENbHBIX/
MIPOAHTMOTEHHBIX (DAKTOPOB. DTOT YHHKAIBHBIH MEXaHU3M
ctuMyssiimu noxosmxcs NK-knerok pactsopumoit HLA-G
obecrnieunBaeT BO BpeMsl paHHEH OEpEeMEHHOCTH BaCKYIAPH-
3aruro snomerpust Matku (Rajagopalan et al., 2006, 2010).
Takum 00pazoM, MaTka He SIBJISIETCS UMMYHO-TIPUBHIIETHPO-
BaHHBIM OPTaHOM, HO 00Ja1aeT (0COOEHHO ee MyKO3aJIbHBIN
CJIOM) YHUKaIbHBIMH HMMYHOJIOTHYECKUMH CBOWCTBAMH, KO-
TOpbIE CTUMYIIUPYIOT BHYTPUYTPOOHBIN KPOBOTOK, obecre-
YMBAIOIINI JOCTaBKYy HyTPHEHTOB, HEOOXOIUMBIX JISI HOP-
MaJIbHOTO POCTa M Pa3BUTHS TUIO/A.

YernenrHoe BpIHAIIMBaHHE aHTUI€HHO OTIIMYHOTO OT MaTe-
PHHCKOTO OpTaHHW3Ma IIJ10/1a ¥ POJKAEHHE 37I0POBOTO MOTOM-
CTBa TECHO CBSI3aHBI C AKTHBAIMEH MMMYHOCYITPECCHBHBIX
MEXaHU3MOB, 00ECIEYMBAIONINX MATEPHUHCKYIO TOJIEPAHT-
HOCTB K 9yXepogHoMy 3MOpuony. C Ipyroii CTOpOHEI, MaTh
JIOJDKHA TTOJIEP>KUBATh NMMYHHYIO ()YHKIIHIO HA YPOBHE, I10-
3BOJISIFOLIIEM OOeCTIeynBarh 3auTy oT HHMeKmil. MexaHusm,
00yCITaBIMBAIONINN yCTIEX MMIIIAHTAINH W TOJACpP)KaHUE
HOPMAJIBHOTO TEUECHHsI OEPEMEHHOCTH, CBSI3aH C HEPEKITIO-
yenueM Th1/Th2 npo¢uiist IMTOKMHOB B HAIIPaBJICHUH TIpe-
obmamganus Th2 murokuHOoB. CornacHo rumnotese (Wegmann
et al., 1993), npeobmagarne Th2 npoduist TUTOKHHOB TTOA-
JIep )KUBaeTCs 3a cueT Kak akkymy sinnu Th2 kietok B renm-
Ty, TaK 1 MHAYKIWAN POoNTUQepanuy HauBHBIX T-KIETOK B
HarpasiieHHH oopazoBanus Th2 kinerok. CieryeT OTMETHTB,
YTO ATH M3MEHEHHs HE OKa3bIBAIOT 3HAYMMOIO BIMSHHS Ha
CHCTEMHBIN IMMYHHBIH 0TBeT (Sykes et al., 2012).

KiroueBble MOJIEKYIIbI, KOTOPBIE BOBJICKAIOTCS B PETYIISILIHIO
MO/I/IPIKAHHsST HEOOXOANMOTO JUIs YCTICIIHON OEPEMEHHOCTH
6amanca Th1/Th2 kieTok, — mporecTepoH U IPOTHBOBOCIAIH-
TenpHbIe TUTOKUHEI [L-4 1 [L-10. B nefikonnTax OepeMeHHBIX
JKCHIIMH 00HAPY)KEHO HAJTMYHUE CIICIIM(PUICSCKUAX MECT CBSI3bI-
BaHMS NPOTECTEPOHA M OTCYTCTBHE TAKOBBIX B JICHKOLIUTAX
HeOepeMEeHHBIX JKeHIMH. [IporecTepoH BOBIEKaeTcsl B pe-
TYJSIIUIO TTOMysiuun Treg KIIeTOK M UrpaeT OCHOBHYIO POJIb
B CHCTEMHOM M MecTHOM (Mmartka) yBenmueHnu CD4CD25
Treg knerok (Mao et al., 2010). IIporectepon Onokupyet
K+xkananst T-mumdounToB 1, TakuM 00pazoM, ormocperyer
JIOKaJIM30BaHHOE W 00paTuMoe MoaBIeHHE TPOoTu(epaIiu
IIUTOTOKCHYECKUX KJICTOK. DTOT MEXaHHM3M Pealli3yeTcsl TOMb-
KO TPH OY€Hb BBICOKMX KOHIIEHTPALMSIX FOPMOHA, KOTOPbIE
XapaKTEepHBI I MECT KOHTAKTa aJuToreHHbIX KieTok (Ehring
et al., 1998). I3MeHeHne KOHIIEHTPALUH ITPOTECTEPOHA TIPH
OepeMEeHHOCTH HOCHUT BUAOCTICHU(DUIECKUI XapaKTep, HO y
BCEX BUIOB OHA BO3PACTAeT Ha cTaquu uMIutanTanuu (OcTrH,
opr, 1989), mpruem Gosee 3aMeTHO ITPU AJUTOTCHHON Oepe-
MEHHOCTH, 4yeM ipu cuHrenHol (Gerlinskaya, Evsikov, 2001).
B npucyrcTBuM mporectepoHa, Kak ObLIO MMOKa3aHO BBIIIE,
MOJIyIUPYIOTCS Tpeodiiajanne UMMyHHOT0 oTBeTa Th2 THra,
oJiaBIeHue aKTUBHOCTU NK-KIIETOK U yBEJIMYEHUE IIPOLYK-
i [gG, crmocoOCTBYIONMX HOPMATEHOMY TEUSHHUIO OepeMeH-
HocTH. [IporecTepon rmogassieT NpoayKIHio HHTEphepoHa-yY
(IFN) B MOHOHYKJICApHBIX KJIETKaX MepugepruuecKkoi KpoBy,
KyJIBTHBHPYEMBIX B IPUCYTCTBHH KIIETOK Tpodobiacta (Choi
et al., 2000) u TNF-a, B To Bpems kak nossiiieHue 1L-4 B
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MMMyHOreHeT1YeCKnin fruanor matepu 1 SM6POHOB
Kak $paKTop CTaHOBNEHVA IMMYHHOTO CTaTyca NOTOMKOB

CTUMYJIMPOBAaHHBIX (PUTOreMarrItOTHHHHOM MOHOIIUTOB I1e-
pudeprnieckoii KPOBH MPUBOIUT K CYIIECTBEHHOMY CIBUTY
B coorHomennu Th1/Th2 (Raghupathy et al., 2005). Ummy-
HOIIOOYJIMHBI CIIOCOOHBI TaKke u3MeHsTh 6ananc Th1/Th2,
YTO IPUBOINT K CHIKEHHUIO OTHOIIeHNs TuMpormros CD4 +
IFN-y +/CD4 + IL-4 + (Yamada et al., 2003). B cBoto ouepenp,
9HJIOT€HHBIH 0€JI0K (MHAYLIMPOBAHHBIH TPOTeCTEPOHOM 0J10-
KAPYIOMHN (aKTOp) CIIOCOOCH YBEMUYNTH poayKiuio 1L-4
n IL-10 B MoHomuTax neprgepruueckoil KpoBU U HE BIUATH
Ha uTokuHbl Th1 IFN-y u TNF-a (Raghupathy et al., 2009).

BuinsiHMe MPeMMIJIAHTAIMOHHOTO MATEPUHCKOI0 UM-
MYHHOIO CTATyca HA pa3BHTHe HMMYHHOI CHCTeMBbI MO-
TOMKOB. Kak Ob10 OTMEUEHO BBIIIE, KIIIOYEBbIE MOJIEKYJIIbI
MPOTrPaMMHUPOBAHUSI PAHHETO OHTOTE€HE3a MOTYT BIMSTH Ha
JKM3HECHOCOOHOCTh MOTOMKOB, B TOM YHCJIE U HAa ()OPMHUPO-
BaHUE UX UMMYHHOMU cucteMbl. Bmecte ¢ TeM, HeCMOTps Ha
00BIIIOE YMCIIO UCCIIENOBAHNH, KOTOPBIE MOCBSIIEHBI (pak-
TOpaM, BIHSIONIMM Ha MPOTPaMMy Pa3BUTHSI SMOPHOHOB B
neproJi 0epeMEeHHOCTH, 00 UX OTJaJICHHOM BIIMSHUU HA 3710~
POBBE MOTOMKOB M3BECTHO HEMHOTO. Pe3ynbraTel KIIMHHYE-
CKHX HCCIIIOBaHHM, B KOTOPHIX OBIIO 00ciienoBaHo Ooiee
7000 manMeHToOK M UX IOTOMKOB, OKAa3aJld, YTO (hepTUIIU-
3anus B MPUCYTCTBUH BO30OyAHUTENEH MOTOBBIX MH(EKINI
MOBBIIIACT PUCK PA3BUTHS MIN30(PEHUH U IPYTHX, ACCOLMHU-
POBaHHBIX ¢ MO3roM, Oosie3Heit (Brown et al., 2004; Babulas et
al., 2006). Ha6mronaembie 3¢ G eKTsI MOTYT OBITH 00YCIIOBICHBI
KaK COOCTBEHHBIM BIIMSIHHEM ITaTOI€HOB, TaK M BIUSHHUEM
(hapMaKoIOrMuecKuX IpenapaToB, MPUMEHSIEMbIX JUIS JIeue-
HUSI Ha 9TOW cTagnu OEpeMEHHOCTH.

[IpsiMble OKA3aTENBCTBA JIOJATOBPEMEHHBIX MOYIIUPYIO-
mux 3 PeKToB IMMYHHOTO CTaTyca Marepeii Ha penMILIaH-
TAIMOHHOH CTauN OEPEMEHHOCTH Ha UMMYHUTET B3POCIIBIX
MTOTOMKOB MBI HAaIIUTH TOJBKO B ofHOH padote (Williams et al.,
2011). ABTOpBI AJ1sl IPOBEPKHU BIUSHUS (PAaKTOPOB, MOJLYJIHU-
PYIOIINX UMMYHHBII OTBET MaTepel, CaMKaM MBbIILIEN BBOAH-
JIM BHYTPUOPIOIIMHHO HU3KYIO 103y OaKTEepUabHOTO HJI0-
TokcuHa (tunonomnucapun, JIIIC) yrpom nocne capuBaHus,
T.e. uepe3 10-12 u mocne ¢eprmnusanym. Bregenne JIIIC
CONPOBOXATIOCH ITPOSIBIICHUEM THITHYHOTO CHHIpOMa OoJie3-
HEHHOT'O ITOBEICHHS U YBEINYEHHEM COJIep KaHMs IPOBOCTIA-
JIUTENBHBIX IUTOKWHOB B IUIa3Me KPOBU OEPEMEHHBIX CaMOK.
OHJIOTOKCHH MUHUMAJIBHO BIIHMSUT Ha KpOBOOOpaIeHue, 00MeH
BEILECTB U MOBEJICHNE, HO CYLIECTBEHHO — Ha BPOXKICHHYIO
UMMYHHYIO CHCTEMY TIOTOMKOB. B3pociioe moTomMcTBO Mare-
peii, noyuasmux JIIIC, nokasano ocinabiaeHHyI0 peaknnuio
MPOBOCIIAJIUTENLHBIX IUTOKWHOB B OTBET Ha BBEJICHHE DH/I0-
TokcuHa. CTeTeHb MOJaBICHUS] INTOKUHOBOTO OTBETA OblIa
B oOparHo# 3aBucumocty ot 10361 JITIC, nomy4yenHoi Ma-
TEpsIMH B IIepBbIe CyTKH rocie Geprmmsannu (Williams et
al., 2011). OTr pe3ynpTaThl MO3BOISAIOT MPEIIOIOKUTH, YTO
BHEIITHSST MUKPOOHOJIOTHMYECKasl Cpesia ¥ BHYTPUMATOUHBIH
0aJiaHC IPO- U NPOTHUBOBOCHAIUTEIBHBIX [INTOKUHOB UMEIOT
0O0ITBIIIOI MOTEHIMAIT JOJITOCPOYHOTO BINSHNUS HA TIPOTPAMMy
Pa3BUTHSI NMMYHHOH CHCTEMBI.

TpaHcnnaueHTapHbI NepeHoc

MMMYHHDbIX KOMIJIEKCOB

TpancniianeHTapHblii nepeHoc kierok. Kposb miona u
IUTALlEHTa COJEpXkKAaT Pa3HOOOpPa3HBIC CTBOJOBBIE KIETKH,
BKJIIO4asi FeMOoIosTH4Yeckre. [Ipy 3ToM TpaHCIuIaleHTapHbIi
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MEPEeHOC, MaThb—IIJIOA, U OOpaTHbIH, MJI0A—MaTh, MHOTHX
THUITOB KJIETOK OTHOCSTCS K YHCIy OOBIUHBIX SIBICHUIL. YCTa-
HOBJICHO, YTO KJETKH 3MOPHOHAILHOTO NMPOHUCXOXKICHHS
JETEKTUPYIOTCSl Y HEKOTOPBIX JKEHUIMH B MOCJIEPOIOBOM
MEPHOJ] HA MPOTSHKEHUN JUINTETBHOTO BPEMEHH, BIIJIOTH /10
necatwietnid (Bianchi et al., 1996). Bosnukaromuii Takum
00pa3oM MHUKPOXHUMEPHU3M PAacCMaTpPUBAETCSl B KaueCTBE
(haxTOpa puCKa pa3BUTHUS ayTOUMMYHHBIX 1 IMMYHOJIOTHYe-
CKHUX 3a0oneBanui y poxasumx skenmuH (Klonisch, Drouin,
2009). HamHOTO pexe cooOmaercsi 0 MUKPOXUMEPHU3ME Y
IUIO/IOB, XOTSI 3HAUUTENBHOE YUCIIO MATEPUHCKUX KIIETOK
MIPOHUKAET B AMOPHOHBI 3I0pPOBBIX Jitoziei 1 Mmblmreit (Lou-
biere, 2006; Su et al., 2008). DT KJIETKH JEMOHCTPUPYIOT
UMMYHOJIOTHYECKYI0 KOMIIETEHTHOCTb, BBITTOHSIOT BAKHYTO
(DYHKIMIO TIPU ayTOMMMYHHBIX PacCTPONCTBAX, B PEAKIUH
TpaHCIUIAHTaTa MPOTUB XO35MHA, OIyXOJEBOM Ipolecce U
HEKOTOPBIX THMaxX pereHepanuu Tkanei (Bianchi, 2007).
B MBIIMHBIX SMOpHOHAX MaTEpPUHCKHE KJICTKH BIICPBBIC
MOSIBIISIIOTCSL B TUMYCE Ha cTaguu 12.5 qHeit OepeMeHHOCTH,
B 18.5 nHE#l OHM KONOHHW3UPYIOT MHOTHE JTHUM(OUIHBIC U
HenuMdonaHbIe opransl. B 16.5 nHei nepBble MaTeprHCKUE
KJIETKHU IONaJal0T B SMOPUOHAIIBHBIA KOCTHBIM MO3T U CO-
XPaHSAIOTCSI B HEM B TEUEHHUE MPOIOJIKUTEILHOTO BPEMEHU
nocie poxjaenus (Marleau, 2003). MarepuHCKHE KIICTKH,
OKKyTHpYoUe MOpHOHaIbHbIE JTUM(AaTHUYECKHE Y3IIbI,
OIIOCPEYIOT TOJIEPAHTHOCTh K HEHACIIEyeMBbIM MAaTEPUHCKUM
ajutoaHTureHam nyrteM uHAykuuu T-kierok CD4+CD25 u
FOXP3+Tregs, mogapistomuX I010BbII aHTUMATEPUHCKUH
UMMYHHUTET, COXPaHSAIOMINICS BIUIOTh 1O COBEPIICHHOICTHUS
(Mold et al., 2008). Mukpoxumepusm, oOHapyKHBaeMBbIi y
MIOTOMKOB I10CJI€ POXKACHHSI, TECHO CBSI3aH C IOBSHUJIbHBIMU
W/INOTIaTHYECKUMH BOCTIAIMTENbHBIMA MHonatusiMu (Reed
et al., 2000). IudhepenHunpoBanHble MAaTEPUHCKHE KIETKH,
AKCIPECCUPYIOLINE CEPICYHBIN allb(a-aKTHH, IPUCYTCTBYIOT
Yy HOBOPOX/ICHHBIX C ayTOMMMYHHBIM CHHIPOMOM HEBPOTH-
YeCKOW BOJTYaHKH M BPOXK/ICHHBIM ITOPOKOM cepana (Stevens
et al., 2003). OTu pe3yabTarhl NOKA3bIBAIOT OJHY M3 (hopm
AHTUTEH-CIeH(PUIECKOI TOIEPAHTHOCTH Y JTFOAEH, HHTy LU~
POBaHHYIO B IIEPHOJT BHY TPHYTPOOHOTO pa3BUTHS U, BEPOSITHO,
UTPAIONLYI0 3HAYUMYIO POJIb B PETYIMPOBAHMHM MUMMYHHBIX
peakuuii y IOTOMKOB.

TpaHcianeHTapHBIH MEPeHOC MMMYHOITI00yJIHHOB.
MornekynspHble KOMIUIEKCBL, IUPKYJIUPYIOLIUE B MATEPUHCKON
KPOBH, OTJEJICHBI OT IIOAO0BOH IUPKYISINHN TUTALIEHTApPHBIM
6apbepoM, KOTOPBIIl COCTOUT M3 JIBYX CIIOEB MHOTOSIIEPHBIX
KJICTOK CHHIIUTHOTPO(OOIACTa U IHIOTEIHUATBHBIX KICTOK
TUTOTOBBIX KanmmiutapoB. Kpome Toro, ¢pubpobracTsr u miia-
[eHTapHble MaKpo(aru, HaXOAAMINECs B CTPOME BOPCHHOK,
YUYaCTBYIOT B 3aXBare M CBS3bIBAHHMHM HMMYHHBIX KOMIUIEKCOB
(Simister, 1998). Tem He MeHee OOTBITMHCTBO COSTUHEHHUH C
HU3KOH MosteKyisipHoi Maccolt (<500 JIA) muddynmupyior
Yyepes IUIAaleHTapHylo TKaHb. BelecTBa ¢ BEICOKOH MOJIEKyY-
JISIPHOW Maccoif OOBIYHO HE MPOXOIAT Yepe3 IUIAIeHTY, HO
€CTb HECKOJIBKO UCKITIOUEHUH, Takne Kak [gG, KoTopslii numeeT
MOJICKYJIIPHYO Maccy npubiusutensHo 160 kJIA. Yeranos-
JIeHO, uTo crienududeckuil nmepenoc IgG ocymecTisercs
IyTEM CBSI3bIBAHUSI UMMYHOIIIOOyMHa Fe-penenrropom miona
(Simister, 1989). DTOT UMMYHHBI KOMIUIEKC UHIYLHPYET
HaTypajbHbIE KUIIEPHI, KOTOPBIE AaKTHUBUPYIOT IKCIIPECCHIO
npoBocnaauTenbHbXx TUTokHHOB IFN 1 TNFa (Anegon et
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al., 1988). ¥Yposens IgG y HOBOPOXICHHBIX OOBIYHO KOppe-
JHpYeT ¢ ypOBHEM MaTepHHCKUX aHTHTeN. KomaecTso nepe-
JITaBaeMOT'0 IMMYHOTJIOOYIMHA 3aBHCHUT OT YHMCIA KJICTOYHBIX
PELIENITOPOB, OCKOJIbKY HeCBsA3aHHbIE MOJeKy: bl 1gG nepe-
BapHBAIOTCS TH30COMATBFHBIMU (pepMEeHTaMH BH3HUKYH (Saji
et al., 1994). Tpancropt MaTepUHCKUX UMMYHOTJIOOYJIHHOB
B [IEpHOJ1 OEPEMEHHOCTH BaPbUPYET B 3aBUCUMOCTH OT YPOB-
Hell obmero u crieruduueckux 1gG u, Takum o6pazom, OT
MIPUPOJIBI AHTUTEHA, CTaIUH OEPEMEHHOCTH M LEIOCTHOCTH
rtanenTsl (Palmeira et al., 2012). B nenom MoxxHO nipenmo-
JIOKHUTB, YTO XOPOIas peakiys MaTepeil Ha BaKLIMHALUIO 1
CIOCOOHOCTB K IEPEHOCY CBOETO perepTyapa aHTUTE K TII0-
JlaM TMMOBBIIIACT 3alIUIIIEHHOCTE ITIOTOMKOB BO BPpEM BHYTPH-
YTPOOHOTO Pa3sBUTHS H IIOCIE POXKICHHS.

MmmyHOoMoaynupytoliee BnuaHne

eCTeCTBEHHOIro BCKapmMinBaHuA

'Y HOBOPOXKAEHHBIX NMMYHHas 3all[UTa 00 CIIEINBACTCS TOIb-
KO MEXaHM3MaM{ BPOXKJCHHOTO UMMYHHUTETa U (GakTopamu
TYMOpaJILHOTO HMMYHHTeTa Matepeil. YacTnaro 3Ty (yHK-
IIUFO BBIMOJHAIOT MMMYHOTJIOOYJIMHBI, TIOCTYTIHUBIINE ITyTEM
TPaHCIUIAIIEHTAPHOT'O IIEPeHOCa B IIEPHOJ OEPEMEHHOCTH, KO-
TOpBIe PUKCHPYIOTCS HA TTPOTSHKEHUH MTEPBBIX 6—12 Mec. Ku3-
HU YenoBeka. OKoHuareslpHOe (hOPMUPOBAHUE MEXaHM3MOB
UMMYHHOU 3aIIUThI IPOMCXOANT TOJ] BIUSIHUEM UMMYHHBIX
(hakTOpPOB, MOCTYMAIOIINX B OPTaHU3M C MOJOKOM MaTepHu.
I'pyHOE MOJIOKO YEIOBEKa COAEPKUT B OOJIBIIOM KOJIMYe-
CTBE Pa3IM4YHbIe UIMMYHOAKTHBHBIE KOMIIOHEHTBI, BKIIIOUasI
0enKu, IUTOKUHBI, TOPMOHBI, UMMYHOIJIOOYTNHBI, PELIENTOPbI
6axrepuanbsnoit JITIC, sx30comsbl, coneprkamiie MukpoPHK,
1 JKU3HECNOCOOHbIE UMMYHHBIE KJIETKH. Pojb UMMyHOIJIO-
OyJIMHOB IPYAHOTO MOJIOKA B TACCHBHOM Iepejaue MIMMyHHUTe-
Ta oOmenpunsaTa. [Tokazano, 4To0 UMMYHOTTIOOYJIMHBI U3 MO-
JIOKa MHOTHX BHJIOB JKUBOTHBIX MEPEHOCSTCS Yepe3 HeoHa-
TaJBHBIN KUIIEYHBIH smmTenuii B KpoBoTok (Van de Perre,
2003). Tem HE MeHEEe IMMYHOMOIYUpYIOIIHE 3 HeKTh TpyI-
HOTO MOJIOKA COXPAHSIIOTCSI IOCIIE MPEKPAILIeHUs] TPYIHOTO
BCKapMJIMBAHUS, HECMOTPS HA TUMHMHAINI0 MaTEPUHCKUX
NMMYHOIJIOOYIMHOB U3 KPOBOOOPAIIICHNS TOTOMKOB, BIIOThH
JI0 3peJIoro BO3pacTa.

YenoBedeckoe IpyAHOE MOJIIOKO M OCOOEHHO PaHHEE MOJIO-
3UBO COJIEPIKUT U3MEPUMBIEC YPOBHH JIEHKOIUTOB 5 X 100 Kite-
TOK/MJI, UX YUCJI0 yMeHbIaetces B 10 pa3 B 3pesiom mosioke. Ho
3TH KJIETKU NPOHMUKAIOT B OPTaHU3M PEOCHKA U BBDKHBAIOT,
B YAaCTHOCTH, B TIeliepoBbIxX Oistmrkax (Jackson, Nazar, 2006).
V B3pocibix Mbluei auauii CS7BL/6J (CD45.2+CD45.12),
koHreHHoi B6-SJL-Ptprca Pepcb/BoylJ (CD45.1+CD45.22),
¢ Hokaytom no MHC II (B6.129-S2-H2dlAb1-Ea/J) u Tpanc-
rennbix UBI-GFP/BLO6GFP, BbIKOpMIIEHHBIX MPHEMHBIMU
KOPMWJIMI[AMH, KOTOPbIE OBUIM MMMYHH3HPOBAHBI 32 CEMb
JIHEH JI0 criapuBaHusl yOUTOW MHKOOaKTepuen TyOepKyiesa
(Mycobacterium tuberculosis H37 Ra), yBenmuuBaercst ynciio
CD8+T-KkIeToK 1Mo CpaBHEHUIO ¢ TIOTOMKAMH KOHTPOJIBHON
TPYIIIBI MBIIIEH, BBIKOPMIICHHBIX COOCTBEHHBIMH HEHMMY-
HusupoBanHbiME Matepsimu (Ghosh et al., 2016). Bonee Toro,
PE3yIbTATHI 3TOTO UCCIIEA0BAHNS OKA3aIIH, UTO U3 BCETO pa3-
HOOOpa3nsi UMMYHHBIX KJIETOK MaTEpHHCKOTO MOJIOKa B TKa-
HSIX TIOTOMKOB OOHAPY>KUBAIOTCSI TOJILKO T-KIIETKK MaTrepe.
‘YcTaHOBIIEHO, UTO B IEPHOJ] BBIKapMIIMBaHUs T-KIIETKH MaTe-
pH, 3HaUUTENbHAs YacTb KOTOpbIX oTHOcHuTcs k CD4+ MHC
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kiacca II+, HakarIMBaroTCs B TUMYCE U CEJIE3EHKE BbIKAPM-
JUBaeMOTo 1moToMcTBa. B Bo3pacre 12 Hen cpenu T-kieTok
notoMkoB ~10 % nMMenn MaTrepHHCKOE MPOMCXOXKICHHE, a
qyBCTBUTENbHBIC K UMMyHOreHy CD8+T-K1eTKH COXpaHsTICh
y TIOTOMKOB U B Bo3pacte oxnoro rona (Ghosh et al., 2016).
Ora nepBas paboTa, MOKa3bIBAIOIIAs, YTO ClIapUBaHuE U (ep-
TUJIU3alus, IPOUCXOAAIIHNC MTOCIIC OJIHOKpaTHOﬂ AHTUTCHHOMN
UMMYHHOU CTUMYIISIIIMHU, OKa3bIBAIOT 3HAYMMOE BIMSHHUE HA
(hopMupoBanne GpeHOTHIIAa MATEPUHCKIX HIMMYHOKOMITCTCHT-
HBIX KJIETOK B Ieproj] 0epemeHHoCcTH. B cBOO ouepenp, cdop-
MHUPOBAaHHBII B 3TOT OHTOTCHETHUYECKHH Mepnoj; PeHOoTUI
MaTepUHCKUX HMMYHOKOMITCTEHTHBIX KIIETOK, OCTYTIAIOIIHX
B OpraHM3M [TIOTOMKOB C MOJIOKOM MaTepH, UTPAeT KIFOUEBYIO
POJIb B Pa3BUTUH 3pEIOH UMMYHHON cHCTeMBI. B yacTHOCTH,
Ppe3yJbTaThl, IPE/ICTaBICHHBIC B 3TOH paboTe, MOKa3bIBAIOT,
4qTo q)eHOTl/IH MAaTCPUHCKUX UMMYHOKOMIIETCHTHBIX KJIETOK,
c(hOpMHUPOBaHHBIH B Pe3yIbTaTe MPEUMMYHHU3AINH TPUEMHBIX
Marepeii, B 0oJbIIel CTeneH! CTUMYIUpyeT popMHupoBaHue
IMPOBOCHAJIMTCIIBHOTO TUIIAa UMMYHHOTO OTBE€TA Yy B3POCJIIbIX
MTOTOMKOB, 00€CIEUNBAIOIIETO UX JTyUIIyIO 3alIUTy OT HaTo-
TeHOB. ABTOPBI IPUXO/IAT K 3aKITIOYCHHUIO, YTO TPEUMMYHH3a-
U KaK CpeACTBO HaHpaBJ’leHHOﬂ MOAYJIAIUU MaTCPHUHCKOTO
UMMYHHTETA MOXKET TOCITYKHTh OCHOBOH 7151 ONTHUMHU3ALNHT
CTpareruii BakIMHAIIMK NPOTHB 3a00JIE€BaHNH, TPEOYIOMNX
AKTUBALlMU KJICTOYHOT'O MMMYHHOI'O OTBETA.

3aknioyeHune

MHorouncieHHble KIMHUYECKHE U SKCIIEpUMEHTAIbHbIE UC-
CJIeI0BaHMsI 000CHOBBIBAIOT MCKIIOYUTENIBHYIO 3HAYNMOCTb
UMMYHOT€HETHYECKHX B3aMMO/IEHCTBUI OPraHU3MOB MaTepu
1 SMOpPHOHOB B (POPMHUPOBAHMHU 3ALIUTHBIX (YHKIHH I10-
TOMKOB. CllelyeT OTMETUTD, YTO OOJIBINIAS YACTh UCCIIEA0BA-
HUM, BBITIOJIHEHHBIX B 3TOH 00JIaCTH, MOCBSIICHA N3YYECHHIO
POJM TPAHCIUIAIIEHTAPHOTO U MOJIOYHOTO MEPEHOCOB MaTe-
PUHCKHUX MMMYHHBIX KOMIIJIEKCOB M MMMYHHBIX KIIETOK B
(hopMHpOBaHNM MEXaHN3MOB UMMYHHOH 3allIUTHL, T. €. POIH
MOCTUMIUIAHTALMOHHOTO ¥ PAaHHETO OCTHATAIBHOTIO MEPUO-
JIOB pa3BuTHs. BMecTe ¢ TeM ryMOpaibHBIN AUAJIOT MATEPH U
roaa GopMHUpYeTCs yKe Ha MTPEUMITIAHTAlMOHHOM CTaany,
obecrieurBasi IMMYHOJIOTHUECKYO TOJIEPAHTHOCTh MaTePHH-
CKOTO OpraHM3Ma K SMOPHOHAJIBHBIM aHTHUTeHaM. B cBoro
odepeib, MOJIEKYIISIPHBIE AaTTEPHBL, ONPEIEIAIONIIE Pa3BUTHE
HMMMYHOCYIIPECCUBHBIX MEXaHU3MOB B OpraHHM3Me MaTepH,
OKa3bIBAIOT 3HAYMMOE BIMSIHUE Ha YCIIEITHOCTh SMOPHOHAIb-
HOTO Pa3BUTHUS, a TaKXKE aJalNTHBHBIE CBONCTBA MOTOMKOB.
DOMOpHOHANIBHOE Pa3BUTHE B YCJIOBHSIX NpeoOiiafanusi BO
BHYTPUMATOYHON CpeJie TOPMOHOB, POCTOBBIX (haKkTOpoOB,
LOUTOKMHOB M UMMYHHBIX KJIETOK UMMYHOCYIPECCHBHOIO
JIeICTBHS, a TAK)KE 3aBEPIICHHOCTh CTAHOBJICHUS UMMYHHOM
CHCTEMBI B IPEHATAIBHBIN IIEPUOJ PA3BUTHS 00y CIOBINBAIOT
0CO0YIO YSI3BUMOCTh HOBOPOXK/JICHHBIX K ITATOT€HaM CpEIbl,
C KOTOPOH MX OpraHU3M CTaJKHUBAETCA MOCIE POXKACHHUS.
B stux ycnoBusax ¢opmupoBaHue (peHOTHIIA MAaTEPHHCKIX
T-mmdonnToB, 00ycI0BICHHOE IMMYHOTCHETHIECKUM JTHa-
JIOrOM MaTb—3MOPHOH, Y ITOCIIETYIOINH TPAHCIIALeHTAPHBIN
1 MOJIOYHBII IEPEHOC ITUX MOJIEKYISPHBIX UMMYHHBIX KOM-
TIeKcoB 1 T-KIJIeTok 00ecTieynBaroT KOMIEH Ao qeduimTa
IUTOTOKCHYECKUX T-TUMQPOIUTOB y HOBOPOXKICHHBIX. He-
CMOTps Ha (DyH/TAMEHTAIBbHYIO U IPAKTHYECKYIO 3HATUMOCTb
9TUX HCCIEAOBAHUM, MPEACTABIECHHBIX OIPOMHBIM YHCIOM
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MMMyHOreHeT1YeCKnin fruanor matepu 1 SM6POHOB
Kak $paKTop CTaHOBNEHVA IMMYHHOTO CTaTyca NOTOMKOB

nyonukauuii (PubMed), HaMm eie penCTOMT OTBETHTH HA

MHOTHE BOIIPOCHI, B TOM YHCJIE H3yYHTb:

— BIUSTHUE TEHETHYECKONH M3MEHYMBOCTH MOJIEKYJISIPHBIX
(haxTOpOB BPOXKICHHOTO MUMMYHHUTETAa MaTePH M IMHAMUKHI
UX IKCIPECCHU NPHU OEPEMEHHOCTH Ha YyCTOHYMBOCTBH K
MH(EKINSIM HOBOPOXKICHHBIX;

— B3aUMOCBSI3b MEXK/Y [T0Ka3aTeISIMU I'YMOPAJILHOTO U KJIe-
TOYHOTO HIMMYHHUTETa HOBOPOXKACHHBIX ¥ BIMSHUE (HU3HO-
JOTMYECKUX MEIHATOPOB Ha KJICTOYHBIC PEaKIUU B ITOCT-
HaTaJIbHBII IEPHOJ] Pa3BUTHS;

— (opMHpOBaHHE HMMYHHOH IMAMATH U €€ MOAepiKaHie Ha
TIPOTSHKEHUN BCEH JKU3HH;

— DIHICHETUYECKUE MEXaHNW3MBbI IIPEHATaIbHOH UMMYHOMO-
JYJSILUH TIOTOMKOB.

bnarogapHocTn

Uccnenosanue nonnep:xano GoH10M EPCIIEKTUBHBIX HCCIIE-
noBanuii (mpoext Ne 6/099/2017as.), PODU (Ne 18-34-00493
MoJI_a), Oro/pkeTHBIM rpoekToM (Ne 0324-2018-0016) u BbI-
MOJTHEHO ¢ ucmonb3oBaHueM obopymosanus LIKIT «Llentp
TEHETHYECKNX PECypCcOB JIAOOPATOPHBIX KUBOTHBIX» DUIL]
WIul" CO PAH, nomnepxannoro MunoopHayku Poccnu (yHu-
KaJbHBIN naeHTudukarop npoekta RFMEFI62117X0015).

KoH)NuKT nHTEepecos
ABTOPEI 3a5BIISIOT 00 OTCYTCTBUH KOH(IMKTAa HHTEPECOB.

Cnucok nutepaTypbl / References

Ocrun K., Iopt P. [opmonanbHast perysius pa3MHOKEHHS Y MIIEKO-

nurarmux. M., 1989.
[Austin K., Short R. (Eds.) Reproduction in Mammals. Vol. 3. Hor-
monal Control of Reproduction. London, Cambridge University
Press, 1984. (Russ. ed.: Ostin K., Short R. (Eds.) Hormonal Control
of Reproduction in Mammals. Moscow, 1989.)]

Anegon M., Cuturi C., Trinchieri G., Perussia B. Interaction of Fc re-
ceptor (CD16) ligands induces transcription of interleukin 2 receptor
(CD25) and lymphokine genes and expression of their products in
human natural killer cells. J. Exp. Med. 1988;167(2):452-472.

Apps R., Sharkey A., Gardner L., Male V., Kennedy P., Masters L., Far-
rell L., Jones D., Thomas R., Moffett A. Ex vivo functional responses
to HLA-G differ between blood and decidual NK cells. Mol. Hum.
Reprod. 2011;17(9):577-586. DOI 10.1093/molehr/gar022.

Asirvatham A L., Johnson G.A., Belden E.L., Van Kirk E.A., Moss G.E.,
Murdoch W.J. Immunization of mice against a synthetic N-terminal
extracellular domain gonadotropin-releasing hormone receptor pep-
tide: evidence for a direct uterine effect. Am. J. Reprod. Immunol.
1994;32(2):95-100. DOI 10.1111/j.1600-0897.1994.tb01099..x.

Babulas V., Factor-Litvak P., Goetz R., Schaefer C.A., Brown A.S.
Prenatal exposure to maternal genital and reproductive infections
and adult schizophrenia. Am. J. Psychiatry. 2006;163:927-929. DOI
10.1176/ajp.2006.163.5.927.

Barnea E.R., Kirk D., Paidas M.J. preimplantation factor (PIF) promot-
ing role in embryo implantation: increases endometrial Integrin-
02B3, amphiregulin and epiregulin while reducing betacellulin
expression via MAPK in decidua. Reprod. Biol. Endocrinol. 2012;
10(50). DOI 10.1186/1477-7827-10-50.

Bianchi D.W. Fetomaternal cell trafficking: a story that begins with pre-
natal diagnosis and may end with stem cell therapy. Robert E. Gross
Lecture. J. Pediatr. Surg. 2007;42(1):12-18. DOI 10.1016/j.jpedsurg.
2006.09.047.

Bianchi D.W., Zickwolf G.K., Weil G.J., Sylvester S., DeMaria M.A.
Male fetal progenitor cells persist in maternal blood for as long as 27
years postpartum. Proc. Natl. Acad. Sci. USA. 1996;93(2):705-708.
DOI 10.1073/pnas.93.2.705.

MeguumHCcKas reHeTrKa

2018
228

J1.A. TepnuHckasn, A.B. Bapnaues
. Kpotos, I"B. KoHuesas, M.M. MowKnH

Bilbo S.D., Schwarz J.M. The immune system and developmental
programming of brain and behavior. Front. Neuroendocrinol. 2012;
33(3):267-286. DOI 10.1016/j.yfrne.2012.08.006.

Billingham R.E., Brent L., Medavar P.B. Actively acquired tolerance of
foreign cells. Nature. 1953;172(4379) 603-606.

Brown A.S., Begg M.D., Gravenstein S., Schaefer C.A., Wyatt R.J.,
Bresnahan M., Babulas V.P., Susser E.S. Serologic evidence of pre-
natal influenza in the etiology of schizophrenia. Arch. Gen. Psychia-
try. 2004;61(8):774-780. DOI 10.1001/archpsyc.61.8.774.

Carr B.R., MacDonald P.C., Simpson E.R. The role of lipoproteins in
the regulation of progesterone secretion by the human corpus lu-
teum. Fertil. Steril. 1982;38(3):303-311. DOI 10.1016/S0015-0282
(16)46511-8.

Casan E.M., Raga F., Kruessel J.S., Wen Y., Nezhat C., Polan M.L. Im-
munoreactive gonadotropin-releasing hormone expression in cycling
human endometrium of fertil patients. Fertil. Steril. 1998;70(1):102-
106. DOI 10.1016/S0015-0282(98)00125-3.

Chatterjee-Hasrouni S., Lala P.K. MHC antigens on mouse trophoblast
cells: paucity of la antigens despite the presence of H-2K and H-2D.
J. Immunol. 1981;127:2070-2073.

Chen S.J., Liu Y.L., Sytwu H.K. Immunologic regulation in pregnancy:
from mechanism to therapeutic strategy for immunomodulation. Clin.
Dev. Immunol. 2012;2012:258-391. DOI 10.1155/2012/258391.

Choi B., Polgar C., Xiao K.L., Hill J.A. Progesterone inhibits in-vitro
embryotoxic Thl cytokine production to trophoblast in women with
recurrent pregnancy loss. Hum. Reprod. 2000;15(1):46-59. DOI
10.1093/humrep/15.suppl_1.46.

Choudhury S.R., Knapp L.A. Human reproductive failure II: Imunoge-
netic and interacting factors. Hum. Reprod. Update. 2001;7(2):135-
160. DOI 10.1093/humupd/7.2.135.

Contini P., Ghio M., Poggi A., Filaci G., Indiveri F., Ferrone S., Pup-
po E. Soluble HLA-A,-B,-C and -G molecules induce apoptosis in
T and NK CD8+ cells and inhibit cytotoxic T cell activity through
CD8 ligation. Eur. J. Immunol. 2003;33(1):125-134.

Das S.K., Wang X.-N., Paria B.C., Damm D., Abraham J.A., Klags-
brun M., Andrews G.K., Dey S.K. Heparin-binding EGF-like
growth factor gene is induced in the mouse uterus temporally by the
blastocyst solely at the site of its apposition: a possible ligand for
interaction with blastocyst EGF-receptor in implantation. Develop-
ment. 1994;120:1071-1083.

Dietert R.R., Dietert J.M. Potential for early-life immune insult in-
cluding developmental immunotoxicity in autism and autism spec-
trum disorders: focus on critical windows of immune vulnerabil-
ity. J. Toxicol. Environ. Health. Part B. 2008;11(8):660-680. DOI
10.1080/10937400802370923.

Duncan W.C. The human corpus luteum: remodelling during luteolysis
and maternal recognition of pregnancy. Rev. Reprod. 2000;5:12-17.
DOI 10.1530/r0r.0.0050012.

Ehring G.R., Kerschbaum H.H., Eder C., Neben A.L., Fanger C.M.,
Khoury R.M., Negulescu P.A., Cahalan M.D. A nongenomic mecha-
nism for progesterone-mediated immunosuppression: Inhibition
of K* channels, Ca’* signaling, and gene expression in T lympho-
cytes. J. Exp. Med. 1998;188(9):1593-1602. DOI 10.1084/jem.188.
9.1593.

Ellman L.M. The promise of epidemiologic studies: Neuroimmune
mechanisms in the etiologies of brain disorders. Neuron. 2009;
64(1):25-27.

Erlebacher A. Immunology of the maternal-fetal interface. Annu.
Rev. Immunol. 2013;31:387-411. DOI 10.1146/annurev-immunol-
032712-100003.

Fishel S.B., Edwards R.G., Evans C.J. Human chorionic gonadotro-
pin secreted by preimplantation embryos cultured in vitro. Science.
1984;223(4638):816-818.

Francisco R., Casan E.V., Kruessel J., Wen Y., Bonilla-Musoles F., Po-
lan M.L. The role of gonadotropin-releasing hormone in murine pre-
implantation embryonic development. Endocrinology. 1999;140(8):
3705-3712. DOI 10.1210/endo.140.8.6899.

Gallego M.G., Porayette P., Kaltcheva M.M., Bowen R.L., Vadakka-
dath Meethal S., Atwood C.S. The pregnancy hormones human

BaBunoBCKuMI )KypHan reHeTuKn n cenekuyun - 2018228 1017



Mother-fetus immunogenetic dialogue
as a factor of progeny immune system development

chorionic gonadotropin and progesterone induce human embryonic
stem cell proliferation and differentiation into neuroectodermal ro-
settes. Stem Cell Res. Ther. 2010;1(28):2-13. DOI 10.1186/scrt28.

Gerlinskaya L.A., Evsikov V.I. Influence of genetic dissimilarity of
mother and fetus on progesterone concentrations in pregnant mice
and adaptive features of offspring. Reproduction. 2001;121:409-417.

Gerlinskaya L., Moshkin M., Evsikov V. Allogenic stimulation in early
pregnancy improves pre- and postnatal ontogenesis in BALB/cLac
mice. J. Reprod. Dev. 2000;46(6):387-396. DOI 10.1262/jrd.46.387.

Ghosh M.K., Nguyen V., Muller H.K., Walker A. Maternal milk T cells
drive development of transgenerational Thl immunity in offspring
thymus. J. Immunol. 2016;197:2290-2296. DOI 10.4049/jimmunol.
1502483.

Guo G., Huss M., Guo Q.T., Wang C., Sun L., Neil D. Resolution of cell
fate decisions revealed by single-cell gene expression analysis from
zygote to blastocyst. Dev. Cell. 2010;18:675-685. DOI 10.1016/j.
devcel.2010.02.012.

Hardy K., Spanos S. Growth factor expression and function in the human
and mouse preimplantation embryo. J. Endocrinol. 2002;172:221-
236. DOI 10.1677/joe.0.1720221.

Hearn J.P., Gidley-Baird A.A., Hodges J.K., Summers P.M., Web-
ley G.E. Embryonic signals during the peri-implantation period in
primates. J. Reprod. Fertil. 1988;36:49-58.

Herrler A., Von Rango U., Beier H.M. Embryo-maternal signalling:
how the embryo starts talking to its mother to accomplish implanta-
tion. Reprod. BioMed. 2003;6(2):244-256.

Hiby S.E., Apps R., Sharkey A.M., Gardner L., Mulder A., Claas F.,
Walker J., Redman C., Morgan L., Tower C., Regan L. Maternal
activating KIRs protect against human reproductive failure medi-
ated by fetal HLA-C2. J. Clin. Invest. 2010;120(11):4102-4110. DOI
10.1172/1C143998DS1.

Hiby S.E., Walker J.J., O’Shaughnessy K.M., Redman C.W., Car-
rington M., Trowsdale J., Redman C., Moffett A. Combinations
of maternal KIR and fetal HLA-C genes influence the risk of pre-
eclampsia and reproductive success. J. Exp. Med. 2004;200(8):957-
965. DOI 10.1084/jem.20041214.

Hunt J.S. HLA-G and immune tolerance in pregnancy. FASEB J. 2005;
19:681-693. DOI 10.1096/1].04-2078rev.

Hunt J.S., Orr H.T. HLA and maternal-fetal recognition. FASEB J.
1992;6:2344-2348.

Jackson K.M., Nazar A.M. Breastfeeding, the immune response, and
long-term health. J. Am. Osteopath. Assoc. 2006;106:203-207.

Kelemen K., Bognar 1., Paal M. A progesterone-induced protein in-
creases the synthesis of asymmetric antibodies. Cell Immunol. 1996;
1(67):129-134.

Khosla S., Dean W., Brown D., Reik W., Feil R. Culture of pleimplan-
taion mouse embryos affects fetal development and expression of
imprinted genes. Biol. Reprod. 2001;64:918-926. DOI 10.1095/
biolreprod64.3.918.

King A., Allen D.S., Bowen M., Powis S., Joseph S., Verma S., Hiby S.,
McMichael A., Loke Y., Braud V. HLA-E is expressed on tropho-
blast and interacts with CD94/NKG2 receptors on decidual NK
cells. Eur. J. Immunol. 2000;30:1623-1631. DOI 10.1002/1521-
4141(200006)30:6.

King A., Burrows T., Hiby S., Bowen J.M., Joseph S., Verma S.,
Lim P.B., Gardner L., Le Bouteiller P., Ziegler A. Surface expres-
sion of HLA-C antigen by human extravillous trophoblast. Placenta.
2000;21:376-387. DOI 10.1053/plac.1999.0496.

Klonisch T., Drouin R. Fetal-maternal exchange of multipotent stem/
progenitor cells: microchimerism in diagnosis and disease. Trends
Mol.Med.2009;15(11):510-518.DOI10.1016/j.molmed.2009.09.002.

Kyurkchiev D., Ivanova-Todorova E., Kyurkchiev S.D. New target cells
of the immunomodulatory effects of progesterone. Reprod. Biomed.
Online. 2010;21(3):304-311. DOI 10.1016/j.rbmo.2010.04.014.

Licht P, Fluhr H., Neuwinger J., Wallwiener D., Wildt L. Is human cho-
rionic gonadotropin directly involved in the regulation of human im-
plantation? Mol. Cell. Endocrinol. 2007;269:85-92. DOI 10.1016/j.
mce.2006.09.016.

1018 Vavilov Journal of Genetics and Breeding - 201822 - 8

L.A. Gerlinskaya, A.V. Varlachev
G.l. Krotov, G.V. Kontsevaya, M.P. Moshkin

Licht P, Russu V., Wildt L. On the role of human chorionic gonado-
tropin (hCQ) in the embryo-endometrial microenvironment: impli-
cations for differentiation and implantation. Semin. Reprod. Med.
2001;19(1):37-47. DOI 10.1055/5-2001-13909.

Loubiere L.S. Maternal microchimerism in healthy adults in lympho-
cytes, monocyte/macrophages and NK cells. Lab. Invest. 2006;
86(11):1185-1192.

Mallet V., Proll J., Solier C., Aguerre-Girr M., DeRossi M., Loke Y.W.,
Lenfant F., Le Bouteiller P. The full length HLA-G1 and no other
alternative form of HLA-G is expressed at the cell surface of trans-
fected cells. Hum. Immunol. 2000;61:212-224. DOI 10.1016/
S0198-8859(99)00166-4.

Mao G., Wang J., Kang Y., Tai P., Wen J., Zou Q., Li G., Ouyang H.,
Xia G., Wang B. Progesterone increases systemic and local uterine
proportions of CD4TCD25" Treg cells during midterm pregnancy
in mice. Endocrinology. 2010;51(11):5477-5488. DOI 10.1210/en.
2010-0426.

Marleau A.M., Greenwood J.D., Wei Q., Singh B., Croy B.A. Chi-
merism of murine fetal bone marrow by maternal cells occurs in
late gestation and persists into adulthood. Lab. Invest. 2003;83(5):
673-681.

Moffett A., Loke C. Immunology of placentation in eutherian mam-
mals. Nat. Rev. Immunol. 2006;6(8):584-594. DOI 10.1038/nri1897.

Mold J.E., McCune J.M. Immunological tolerance during fetal deve-
lopment: from mouse to man. Adv. Immunol. 2012;(115):73-111.
DOI 10.1016/b978-0-12-394299-9.00003-5.

Mold J.E., Michaélsson J., Burt T.D., Muench M.O., Beckerman K.P.,
Busch M.P,, Lee T.H., Nixon D.F., McCune J.M. Maternal allo-
antigens promote the development of tolerogenic fetal regulatory
T cells in utero. Science. 2008;322(5907):1562-1565. DOI 10.1126/
science.1164511.

Paidas M.J., Krikun G., Huang S.J., Jones R., Romano M., Annunzi-
ato J., Barnea E.R. A genomic and proteomic investigation of the im-
pact of preimplantation factor on human decidual cells. Am. J. Obs-
tet. Gynecol. 2010;202(5):459. DOI 10.1016/j.ajog.2010.03.024.

Palmeira P., Quinello C., Silveira-Lessa A.L., Zago C.A., Carneiro-
Sampaio M. IgG placental transfer in healthy and pathological
pregnancies. Clin. Dev. Immunol. 2012;2012:985646. DOI 10.1155/
2012/985646.

Pampfer S., Wuu Y., Vanderheyden 1., De Hertogh R. Expression of
tumour necrosis factor a (TNFa) receptors and selective effect of
TNFa on the inner cell mass in mouse blastocysts. Endocrinology.
1994;134:206-212.

Pazmany L., Mandelboim O., Vales-Gomez M., Davis D.M., Rey-
burn H.T., Strominger J.L. Protection from natural killer cell-medi-
ated lysis by HLA-G expression on target cells. Science. 1996;274:
792-795. DOI 10.1126/science.274.5288.792.

Pidoux G., Gerbaud P., Tsatsaris V., Marpeau O., Ferreira F., Meduri G.,
Guibourdenche J., Badet J., Evain-Brion D., Frendo J.L. Biochemi-
cal characterization and modulation of LH/CG-receptor during hu-
man trophoblast differentiation. J. Cell Physiol. 2007;212:26-35.
DOI 10.1002/jcp.20995.

Prager D., Weber M.M., Herman-Bonert V. Placental growth factors
and releasing/inhibiting peptides. Semin. Reprod. Endocrinol. 1992;
10:83-91. DOI 10.1055/5-2007-1018864.

Raga F., Casan E.M., Kruessel J.S., Wen Y., Huang H.Y., Nezhat C.,
Polan M.L. Quantitative gonadotropin-releasing hormone (GnRH)
gene expression and immunohistochemical localization in human
endometrium throughout the menstrual cycle. Biol. Reprod. 1998;
59:661-669. DOI 10.1095/biolreprod59.3.661.

Raghupathy R., Al-Mutawa E., Al-Azemi M., Makhseed M., Azi-
zieh F., Szekeres-Bartho J. Progesterone-induced blocking factor
(PIBF) modulates cytokine production by lymphocytes from women
with recurrent miscarriage or preterm delivery. J. Reprod. Immunol.
2009;80(1-2):91-99. DOI 10.1016/j.jri.2009.01.004.

Raghupathy R., Al Mutawa E., Makhseed M., Azizieh F., Szekeres-
Bartho J. Modulation of cytokine production by dydrogesterone in
lymphocytes from women with recurrent miscarriage. Brit. J. Obset.

Medical genetics



MMMyHOreHeT1YeCKnin fruanor matepu 1 SM6POHOB
Kak $paKTop CTaHOBNEHVA IMMYHHOTO CTaTyca NOTOMKOB

Gynecol. 2005;112(8):1096-1101. DOI 10.1111/5.1471-0528.2005.
00633.x.

Rajagopalan S. Endosomal signaling and a novel pathway defined by
the natural killer receptor KIR2DL4 (CD158d). Traffic. 2010;11(11):
1381-1390. DOI 10.1111/j.1600-0854.2010.01112.x.

Rajagopalan S., Bryceson Y.T., Kuppusamy S.P., Geraghty D.E., van
der Meer A., Joosten 1., Long E.O. Activation of NK cells by an
endocytosed receptor for soluble HLA-G. PLoS Biol. 2006;4(1):e9.
DOI 10.1371/journal.pbio.0040009.

Reed A.M., Picornell Y.J., Harwood A., Kredich D.W. Chimerism in
children with juvenile dermatomyositis. Lancet. 2000;322(356):
2156-2157. DOI 10.1016/S0140-6736(00)03500-5.

Robertson S.A. GM-CSF regulation of embryo development and
pregnancy. Cytokine Growth Factor Rev. 2007;18:287-298. DOI
10.1016/j.cytogfr.2007.04.008.

Robertson S.A., Chin P.Y., Glynn D.J., Thompson J.G. Peri-conceptual
cytokines — setting the trajectory for embryo implantation, preg-
nancy and beyond. Am. J. Reprod. Immunol. 2011;66(1):2-10. DOI
10.1111/.1600-0897.2011.01039.x.

Robertson S.A., Seamark R.F., Guilbert L.J., Wegmann T.G. The role of
cytokines in gestation. Crit. Rev. Immunol. 1994;14:239-292. DOI
10.1615/CritRevimmunol.v14.i3-4.30.

Robertson S.A., Sjoblom C., Jasper M.J., Norman R.J., Seamark R.F.
Granulocyte-macrophage colony-stimulating factor promotes glu-
cose transport and blastomere viability in murine preimplanta-
tion embryos. Biol. Reprod. 2001;64(4):1206-1215. DOI 10.1095/
biolreprod64.4.1206.

Saji F., Koyama M., Matsuzaki N. Current topic: human placental Fc
receptors. Placenta. 1994;15(5):453-466.

Seshagiri P.B., Terasawa E., Hearn J.P. The secretion of gonadotropin-
releasing hormone by peri-implantation embryos of the rhesus mon-
key: comparison with the secretion of chorionic gonadotropin. Hum.
Reprod. 1994;9(7):1300-1307.

Sharkey A.M., Dellow K., Blayney M. Stage-specific expression of
cytokine and receptor messenger ribonucleic acids in human preim-
plantation embryos. Biol. Reprod. 1995;53(4):974-981.

Sharkey A.M., Gardner L., Hiby S., Farrell L., Apps R., Masters L.,
Moffett A. Killer Ig-like receptor expression in uterine NK cells is
biased toward recognition of HLA-C and alters with gestational age.
J. Immunol. 2008;181:39-46.

Simister N.E. Human placental Fc receptors and the trapping of immu-
ne complexes. Vaccine. 1998;16(14-15):1451-1455. DOI 10.1016/
S0264-410X(98)00107-8.

Simister N.E., Mostov K.E. An Fc receptor structurally related to MHC
class I antigens. Nature. 1989;336(6203):184-187. DOI 10.1038/
337184a0.

Singh P., Krishna A. Effects of GnRH agonist treatment on steroidogen-
esis and folliculogenesis in the ovary of cyclic mice. J. Ovarian Res.
2010;3(26). DOI 10.1186/1757-2215-3-26.

Sjoblom C., Wikland M., Robertson S. Granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF) acts independently of the beta
common subunit of the GM-CSF receptor to prevent inner cell mass
apoptosis in human embryos. Biol. Reprod. 2002;67:1817-1823.
DOI 10.1095/biolreprod.101.001503.

Srisuparp S., Strakova Z., Fazleabas A.T. The role of chorionic go-
nadotropin (CG) in blastocyst implantation. Arch. Med. Res. 2001;
32(6):627-634. DOI 10.1016/S0188-4409(01)00330-7.

MeguumHCcKas reHeTrKa

2018
228

J1.A. TepnuHckasn, A.B. Bapnaues
. Kpotos, I"B. KoHuesas, M.M. MowKnH

Stevens A.M., Hermes H.M., Rutledge J.C., Buyon J.P., Nelson J.L.
Myocardial tissue-specific phenotype of maternal microchimerism
in neonatal lupus congenital heart block. Lancet. 2003;362:1617-
1623. DOI 10.1016/S0140-6736(03)14795-2.

Strakova Z., Srisuparp S., Fazleabas A.T. Interleukin-1beta induces the
expression of insulin-like growth factor binding protein-1 during
decidualization in the primate. Endocrinology. 2000;141(12):4664-
4670. DOI 10.1210/en.141.12.4664.

Su E.C., Johnson K., Tighiouart H., Bianchi D. Murine maternal cell
microchimerism: analysis using real-time PCR and in vivo imaging.
Biol. Reprod. 2008;78:883-887. DOI 10.1095/biolreprod.107.063305.

Susser E.S., Schaefer C.A., Brown A.S., Begg M.D., Wyatt R.J. The de-
sign of the prenatal determinants of schizophrenia study. Schizophr.
Bull.  2000;26(2):257-273. DOI 10.1093/oxfordjournals.schbul.
a033451.

Sykes L., Maclntyre D.A., Yap X.J., Teoh T.G., Bennett P.R. The Thl:
Th2 dichotomy of pregnancy and preterm labour. Mediators In-
flamm. 2012;967:6-29. DOI 10.1155/2012/967629.

Szekeres-Bartho J. Immunological relationship between the mother and
the fetus. Int. Rev. Immunol. 2002;21(6):471-495. DOI 10.1080/
08830180215017.

Tilburgs T., Scherjon S.A., van der Mast B.J. Fetal-maternal HLA-C
mismatch is associated with decidual T cell activation and induction
of functional T regulatory cells. J. Reprod. Immunol. 2009;82(2):
148-157. DOI 10.1016/}.jri.2009.05.003.

Van de Perre P. Transfer of antibody via mother’s milk. Vaccine. 2003;
21:3374-3376. DOI 10.1016/S0264-410X(03)00336-0.

Verma S., King A., Loke Y.W. Expression of killer cell inhibitory recep-
tors on human uterine natural killer cells. Eur. J. Immunol. 1997;27:
979-983.

Wegmann T.G., Lin H., Guilbert L., Mosmann T.R. Bidirectional cyto-
kine interactions in the maternal-fetal relationship: is successful preg-
nancy a TH2 phenomenon? Immunol. Today. 1993;14(7):353-356.

Williams C.L., Teeling J.L., Perry V.H., Fleming T.P. Mouse maternal
systemic inflammation at the zygote stage causes blunted cytokine
responsiveness in lipopolysaccharide-challenged adult offspring.
BMC Biol. 2011;19(9):49. DOI 10.1186/1741-7007-9-49.

Witkin S., Liu H.-C., Davis O.K., Rosenwatz Z. Tumor necrosis fac-
tor is present in maternal sera and embryo culture fluids during
in vitro fertilization. J. Reprod. Immunol. 1991;19(1):85-93. DOI
10.1016/0165-0378(91)90008-E.

Woodward B.J., Lenton E.A., Turner K. Human chorionic gonadotro-
phin: embryonic secretion is a time-dependent phenomenon. Hum.
Reprod. 1993;8(9):1463-1468.

Yamada H., Morikawa M., Furuta I. Intravenous immunoglobulin
treatment in women with recurrent abortions: increased cytokine
levels and reduced Th1/Th2 lymphocyte ratio in peripheral blood.
Am. J. Reprod. Immunol. 2003;49(2):84-89. DOI 10.1034/j.1600-
0897.2003.01184.x.

Zhao X.A., Cang M., Yuan J.L., Wang Z.G., Yang M.L., Gao X.Y.
Interleukin-6 and its receptor in the development of in vitro fertil-
ized ovine embryos. Small Ruminant Res. 2012;102:43-50. DOI
10.1016/j.smallrumres.2011.09.011.

Zimmermann G., Ackermann W., Alexander H. Epithelial human chori-
onic gonadotropin is expressed and produced in human secretory en-
dometrium during the normal menstrual cycle. Biol. Reprod. 2009;
80(5):1053-1065. DOI 10.1095/biolreprod.108.069575.

BaBunoBCKuMI )KypHan reHeTuKn n cenekuyun - 2018-22-8 1019



