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PE3IOME. IlnanenTa sSBIsIeTCS BaXKHEHIITIM CBS3YIONTUM 3BEHOM MEXKIY OPTaHH3MOM MaTEpH U
TIJI0a |, CJIE0BATEIbHO, IIEHTPATBFHBIM OPTaHOM, MOJJIEKAIINM U3yYSHHUIO B KOHTEKCTe (eTab-
HOTO TTPOrPaMMHUPOBAHMS METa0OINYECKOTo CHHAPOoMa. OKUpEeHHe BBI3bIBACT TUCHYHKIIHIO T1J1a-
HEHTHI 32 CUET Pa3JINYHBIX MEXaHU3MOB, BKII0UYasl HAPYIIEHHE SKCIIPECCHH T'€HOB — TIePEeHOCYH-
KOB XHPHBIX KUCIIOT, (pepMEHTOB 3TepupUKaANK U ACTIOHNPOBAHUS JIUIHI0B. DOpMHpyIOIIasics
MIPH ATOM JIUTIOTOKCUYHAS CPEa 3a CUET MOBBIIICHHS yPOBHS PsAZla MPOBOCTIATUTEIHHBIX MapKe-
POB KaK B MaTepHUHCKOM TTa3Me, TaK U B IJIANIEHTE, aKTUBAINH TIAIIEHTAPHON TTepeiayyl CHTHAIOB
BOCTIAJICHNU S, @ TAKXKE YCUIICHUS PETYISIINHU MMPOBOCIAINTEIHHBIX T€HOB, ONPEEIAeT BHY TPHUTILIA-
HeHTapHble (QyHKIIMOHATbHBIE HApYIIEHUS W MPOrPAMMHUPYET IOJITOCPOUYHBIE METaOOIMYeCcKHe
HapyIIeHHs y 1iofa. PerucTpupyrorcs JaHHBIE O TOBBIIIEHUN yPOBHS IIANEHTAPHBIX aKTHBHBIX
¢dopm kucnopoma (ADK), HUTPO3WIMPOBAHUN OCITKOB, M3MEHEHWH KOHIICHTPAIIUU ITHTOKWUHOB,
YCHUIJIEHUW TIEPEKHCHOTO OKWCJICHHS JUIHUJIOB C TOCIEAYIOMEeH AHAOTENHAIBHON TUCHYHKIIHEH
TIalleHTApHOU cocyiucTON ceTu. Pe3ynbTaThl UCCIEI0BaHUM IO ONPEEIEHHUIO YPOBHSI TOPMOHOB
KaK B TKAHAX IUIAIIEHTHI, TaK U B MTyTIOBUHHOM KPOBH TUIO/IA Y KEHIIUH C O)KUPEHUEM JEMOHCTPH-
PYIOT pa3inumdHble MeTaboaudeckue caBuru. OcoObI HHTEPEC MPEICTABIISET PACCMOTPEHHE I10-
JIOBOTO TUMOp(H3Ma B KOHTEKCTe (eTaIbHOTro MporpaMMupoBaHus. [lokazaHo, 9To CyIiecTByeT
OTIpeAeNIeHHBIN KacKaJ pa3Indnii TeHETHUECKOT0, MeTabOoIMIeCcKOr0, BOCTIAIIUTEIFHOTO MTPOQHIIS
B 3aBHCHMOCTH OT T10J1a IJT0/[a. DTH U3MEHEHH S MPEACTABIISIIOT COO0H MEXaHU3MBI, CIOCOOCTBYIO-
M€ TUTAlEHTapHOH ANC(YHKIINN U TPOrPAaMMHUPOBAHHIO Y TUIONA OKUPEHUS U METa0OINIECKUX
3a00JIeBaHM, KOTOPBIE peanu3yIoTcs B Oojee mo3nHeM Bo3pacte. [Ipr aToM MHOTHE acTieKThI AHC-
(GYHKIHMH TIIANEHTH TPA OKUPEHUH Y MaTepu TPpeOyIoT TalbHEHIIIero n3yyeHus.

KJIFOUEBBIE CJIOBA: matepuHcKkoe o)kupeHue, GeranbHoe MporpaMMIpOBaHHe, IIAICHTA,
JKUPHBIE KUCIIOTHI, BOCIIAJICHHE, II0JIOBOH AUMOPHU3M
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ABSTRACT. The placenta is a critical link between the maternal and fetal bodies and is
therefore a central organ to be studied in the context of fetal programming of the metabolic
syndrome. Obesity causes placental dysfunction through a variety of mechanisms, including
impaired expression of fatty acid transporter genes, esterification enzymes and lipid deposition.
The resulting lipotoxic environment, by increasing the levels of a number of proinflammatory
markers in both maternal plasma and placenta, activation of placental inflammatory signaling,
and upregulation of proinflammatory genes, determines intraplacental functional abnormalities
and programs long-term metabolic disorders in the fetus. Evidence of increased placental reactive
oxygen species (ROS) levels, protein nitrosylation, altered cytokine concentrations; increased
lipid peroxidation with subsequent endothelial dysfunction of the placental vascular network
is recorded. The results of studies on the determination of hormone levels in both placental
tissues and fetal cord blood in obese women demonstrate various metabolic shifts. Of particular
interest is the consideration of sexual dimorphism in the context of fetal programming. There
is a definite cascade of differences in the genetic, metabolic, inflammatory profile depending
on the sex of the fetus. These changes represent mechanisms that contribute to placental
dysfunction and programming of obesity and metabolic diseases in the fetus, which are realized
at a later age. However, many aspects of placental dysfunction in maternal obesity require
further investigation.

KEY WORDS: maternal obesity, fetal programming, placenta, fatty acids, inflammation, sexual
dimorphism

BBEMEHUE

Merabommuecknii cuaapom (MC) kak mpo-
01eMa MHMPOBOTO 3[paBOOXPAHEHMs Ha CEroi-
HSITHUN JCHb JIOCTUTAET MacIiTaboB NaHIEMUH,
0COOCHHO B Pa3BHBAIONIUXCSl CTpaHax, 00beH-
Hsisl B ceOe Takue naTtoGU3noJOrnYeCKUe aceK-
ThI, KaK a0JJOMHHAIBHOE OXHpPEHUE, HHCYIHHO-
PE3UCTEHTHOCTh, apTepuajbHas TUIEPTEH3US
n areporeHHas aucaunuiaemus [1]. BcemupHas
(dbenepanus 60pHOBI ¢ OKUPEHHEM TTPOTHO3UPY-

eT, uto K 2030 . BO BceM MHUpE OIUH MUJLIUAP]
mofeit OyzeT cTpajaTh OKUPEHUEM, B TOM YHCIIE
KaXkas IsITast )KEeHIMHA, a Ul )KeHIIUH CTaTyc
INUTAHUS SIBISIETCS Ba’KHBIM I1apaMETPOM 3710pO-
BbsI, KaK MaTepu, Tak u 11 pebenka [2]. Jlanasie
IKCMEPUMEHTAIBHBIX W KPYIHBIX DITHIEMHOIO-
THYECKUX HCCIIEeIOBAaHUI IO3BOJISIOT TPEAro-
JIOHTh, YTO BHYTPUYTPOOHOE BO3/ICHCTBUE Ma-
TEPUHCKOTO OKHPEHUS yBEIMUYMBAET PUCK pas-
BUTHUSl KapAMOMETAa0OJMYECKHX 3a00JieBaHU,
OJTHAKO MEXaHW3MBI, JieXKalllue B OCHOBE IMpoO-
rpaMMUPOBaHU MeTabO0IM3Ma IJI0/1a, OCTAIOTCS
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HE TOJHOCTHIO u3ydeHHbIMU [3]. Bce Ooubiie
JAHHBIX CBUACTEIBLCTBYET O TOM, YTO MaTCpHUH-
CKO€ OXKHPEHHUE SBJISIETCS OCHOBHOW NMPHYMHOM
OOIMPHBIX (PYHKIIMOHATHHBIX W3MEHEHHU IIja-
LEHTHI, KOTOPBIMU MTPEUMYIIECTBEHHO OOBSICHS-
eTcs HeOIaronpusTHOE BO3ZEHCTBHE MaTephH-
CKOTO OKMPEHHS Ha pa3BUTHE 1uiona [4].

IlimaneHTa — 3TO OpraH, sBJISIOLIUICS CBA3Y-
FOIIIMM 3BE€HOM MEXK]Ty MaTepbhio U TUIOJOM, UTpa-
IOIIUN KIFOYEBYIO POJIb B OOMEHE MHUTATEIbHBIX
BEIIECTB U Ta30B IS MOJJACPKaHUs U obecre-
YeHUs ycremHou OepemenHoctu [5]. MarepuH-
CKOE OXXHPEHHE IMOABEPraeT IUIALCHTY BO3JECH-
CTBUIO JIUTIOTOKCUYHOW CpeNbl, KOTOpask MOXET
W3MEHHUTHh (YHKIMH IUIANEHTHI, a TAaK)Ke TOBIU-
SITh Ha 37J0POBBE TIOTOMCTBA 33 CYET W3MEHEHUU
IKCIIPECCUH TUIANEHTAPHBIX MEePEHOCYUKOB ITH-
TaTeIbHBIX BEIMICCTB, (PYHKIIUA MUTOXOHIPHHA,
JIUTIAIHOTO MeTa0oim3Ma W yPOBHEH OKHUCITH-
TEeIBHOTO cTpecca. bomee TOro, OmMMCaHbl BHY-
TPUILIAIICHTAPHBIC HW3MEHEHHUS, CHEIUPUIHBIC
JUIS Tloia Tuiofa [6]. DTo HampaBiIeHUE UCClen0-
BAaHUH MOKA3bIBAECT, UTO IUIALICHTHI MIOAOB MYXK-
CKOTO W JKEHCKOTO T0jla MOTYT MMETh pa3HbIC
CTPYKTYpPHl U (PYHKIIHH B OTBET Ha CTPECCOBHIC
(bakTOpBI paHHETO BO3pacTa, TaKUe KaK OCIIOXK-
HEHHS OEpPEeMEHHOCTH B OXKupenue [7].

®deranpHOEC TPOrpaMMHUPOBAHHE, IPOUCKOIS-
niee B yCJIOBHSX M30BITOYHOTO CHAOXKEHHS HM-
OpHOHA MUTATETHLHBIMU BEIIECTBAMH, TIPUBOIUT
K Pa3BUTHIO UHJINBUYATbHON CKIIOHHOCTH K Me-
TabOIMYECKOMY CHHIPOMY, CaxapHOMY IHa0eTy
2-ro tuma, oxxupernnto u CC3 [13]. M30brTounas
Macca Tejla MaTepy MOXKET ONPEACIATh PEHOTHIT
I0/1a, @ MMEHHO — MIPEOINPEENATh Pa3BUTHE
MaKpOCOMHH, MPUYEM HE TOJIbKO BHYTPHYTPOO-
HO, HO U B 0oJjiee B3pocioMm Bo3pacte [13]. Orto
00BsICHSETCS TEM, YTO BBICOKOKAJIOpUITHAS Tue-
Ta BO BpeMsl OEpEMEHHOCTH C COMYTCTBYIOIIUMHU
MeTabOIIMYECKUMHI HAPYLICHUSIMH MPUBOAUT K
TUTICPJIUITUACMUN, THIIEPTIIMKEMUN ¥ TUIICPUH-
CYJIMHEMUH, KOTOPbIC OTPUIIATEIBHO BIHUSIOT HA
pasButHe U (HyHKIUIO ianeHTs [13]. Bo3nuka-
oniasi 1aneHTapHas JUCOYHKIHS OKa3bIBaeT
JIOJITOCPOYHOE HEeTaTHBHOE BO3/ICHCTBUE HA pas-
JUYHBIC TKaHH, OpraHbl (TOMKEITyIOTHAs JKee-
34, JXUpoOBasgd TKaHb, MO3I, ICYCHbL U CKEJICTHBLIC
MBIIIB) U o0mue (QyHKOuM opraHu3ma [14].
Takum o0OpazoM, MialeHTa sBISETCS Ba)KHEH-
IIMM CBSA3YIOUIMM 3BEHOM MEXIy (U3NOJIOTHEH
Marepu U Pa3BUTHEM IUIONA, & CJIEJOBATEIIBHO,
U IICHTPAIBHBIM OPTaHOM, MOUICKAIINM H3yde-
HUIO B KOHTEKCTE (PETATBHOTO MPOrpaMMHUpOBa-
HUST MeTabOJIMIECKOTO CHHJIPOMA.

®ETANIbHOE NPOTPAMMUPOBAHUE
METABOJTMYECKOr 0 CHHPOMA

W3MEHEHVE OBLLEN CTPYKTYPbI MNALIEHTDI
MPW 0XXUPEHWM N METABOTMYECKOM CH/IPOME

TepMuH «IporpaMMHpOBaHUE Pa3BUTHUS 000-
3Ha4YaeT HabOp MEXaHU3MOB, KOTOPBIE MPUBOIAT
K IOCTOSHHBIM H3MEHEHUSM B MOJCKYJISPHBIX,
KIJIETOYHBIX, METa0OINIECKUX, HEUPOIHJOKPHUH-
HBIX U (PU3UOJOTHYECKUX CHCTEMaX, BHI3BAHHBIM
HeOIaronprUATHOMN MUTIIEBON H/FITH TOPMOHATHLHOM
cpemoii [7, 8]. [lapagurma derambHOTO MpOTpam-
MHUpOBaHMA ObuTa BriepBbie onrcana B 1980-x ro-
nax /Isunom bapkepoM Ha mpumMepe 3MUAECMU-
OJIOTHUYECKUX HaOJIOIeHUH, TOKa3aBIIMX OoJjee
BBICOKYIO YacTOTY DPa3BUTHUS CEpIeYHO-COCYIU-
cTbix 3a0oneBanuii (CC3) y null, UMEBIIUX HH3-
Kyl0 Maccy Tejla IpU POKICHUM U POAMBIIUXCS
y SKEHUIMH C HEeJOCTATOYHBIM NUTaHueM [9].
OmnpeneneHHo, BHYTPHYTPOOHBIN TIEpUOJ Xapak-
TEpPHU3yeTCs OTPOMHOM ITUTACTUYHOCTBIO M CIIO-
COOHOCTBIO TUTIOA pearupoBaTh Ha 00pa3 KU3HU
marepu [10], a mutanue urpaet GyHIaMCHTATb-
HYyIO POJIb Ha 3TOM JTare, MOCKOJIbKY OHO BBI3BI-
BaeT snureHeTnyeckue mamenenus [11]. Ognako
Ha 3MUTE€HOM BJIHSET HE TOJBKO HEJAO0CTaTOYHOE,
HO ¥ M30BITOYHOE MUTAHKUE, KOTOPOE TAKXKe Mpe/l-
CTaBIsieT COOOH BapHaHT METa0OIMYECKOTO MPO-
rPaMMHPOBAHUSI U COIMPOBOXKAACTCS IMOBBIICH-
HBIM PHUCKOM pa3BHUTHUs 3a0oneBanuii [12].

MarepuHCKOe OXHPCHHUE OKa3bIBAaCT HETraTHB-
HOE BJIMSHUE HA IUIAllCHTaNui. J{efcTBUTENbHO,
MOJICTIM OXKMPEHHUS Y MBIIICH ¢ MATEPUHCKUM OXKH-
pEHHEM JIEMOHCTPUPYIOT HapylIieHne popMUpOBa-
HUS ICIUTyaIbHON TKaHU C MEHBIIIMMH yJaCTKaMHt
VUMIUTAHTAIlUA Ha paHHEW CTaguu OepeMEeHHOCTH
[15]. Oxkupenne Taxke acCCOIUUPYETCS C KPaeBBIM
MPUKPEIJICHUEM ITYIIOBUHBI ¥ (hOPMUPOBAHUEM
MEKBOPCHHYATHIX TPOMOOB B mapenxume [16].

[IperpaBugapHoe OXHPEHUE COMPOBOXKIA-
eTCsl 0YaroBOM HE3PEIOCThI0 BOPCHUHYATOTO
JIepeBa U aHTMOTEHHBIMU aHOMAJIUSIMHU TUIAIICH-
Tl [17]. B panee npoBeAeHHBIX HCCIEIOBAHUIX
Ha TpbI3yHaxX HaONromasach BBICOKAas 4YacToTa
0UYaroBEIX CyOXOpHaJBHBIX TPOMOO30B B I'pyIIe
C OXKHPEHHEM, a TAK)KE OTMEYAIHNCh CyOXoprab-
HBIE OTJIOXKEHUs (HUOpHUHA B TPYIIIE KUBOTHBIX
¢ oxupernuem [18]. Jlpyroe wmcciemoBaHHE TIO
M3YYCHHIO THCTOMATOJOTUYECKUX 0COOCHHOCTEH
IJIAIICHTBI TT0KA3aJ10, YTO Y JKEHIIUH ¢ OXKUPEHU-
eM HaOIroIaIuCch MajablepPy3un MIalCHTapHON
cocyauctoii cetu [19]. bonee Toro, BEISICHUIOCH,
410 (OpMUpPYIOWIAsACS ACIHayalbHas apTepUoO-
naTus W IJIalleHTapHbIe HH()APKTHl YBEINYUBA-
I0T PUCK MepTBOpoxkAeHuUM [20].
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W3BecTHO, YTO OXUPEHUE ACCOLMUPYETCS C
MOBBIIICHHBIM PHUCKOM XPOHHUYECKOTO BOCMHa-
JIEHUs, XapaKTepu3ylolerocs WHOUIbTpanuen
JTUM(OITUTOB ¥ MOHOIINTOB B BOPCHHBI ILIAIICH-
ThI, YTO TAK)X€ IMOTEHITMAIBHO MOXKET CTaTh IPHU-
YUHOW HEBBIHAIMBAHUN W HEOIarOMpPHUSATHBIX
HUCX0A0B OepemeHHocTH [21].

AHTHOTEHE3 U PEeMOJEeIUPOBAHUE COCYIOB
SIBIITIOTCST KJIFOUEBBIMHM TIPOIIECCAMU B Pa3BH-
TUHU TUJIALEHTapHO-MAaTOYHOTO KPOBOTOKA, IO-
S9TOMY CBSI3aHHBIC C OXHUPCHUEM HapyIICHUS
B ATHUX MPOIECCax MOTYT BIUITH Ha TEUCHUE
oepemenHocTtu [22]. Onnako TouHble d(dek-
THl OXUPEHUS Ha pa3BUTHE IUIANEHTapHBIX
COCYIOB BCE€ €Ill€ OCTAlTCS IOJHOCTHIO HE
BBIICHEHHBIMH. V3BECTHO, YTO THIEPBACKYJIS-
pr3anus TUIAeHThl TPOUCXOIUT B KOHTEKCTE
TUTIEPTIAUKEMHAN U THUTICPUHCYIUHEMHH, HO SIB-
JISIETCS JIX 9TO MPUIUHOU — HesicHO. OIHOM U3
OCHOBHBIX NPUYUH AHTHOTCHHBIX HAPYIICHUU
MOTCHIIUATBFHO MOXET MOCIY>XUTh THUIOKCHUS
[22]. Takum oOpa3om, HEOOXOAUMBI JaTbHEMH-
LK€ HCCICAOBAHUSA OTHOCHUTEIBHOTO BKJala
9TUX (PAKTOPOB B Pa3BUTHE IUIAIEHTHI U ATHO-
JIOTUH TUIANIEHTAPHBIX HAPYIICHUH B KOHTEKCTE
MaTEepUHCKOTO OKHPEHHUS.

W3MEHEHWE METABOJTU3MA TTTHOKO3bI

I'moxo3a — OCHOBHOM YHEPreTUYECKUN CyO-
CTpat, HEOOXOAMMBIN JUIsl pocTa IJIoja W Ija-
ueHtsl [23]. OyHKIUS TUTAIlCHTHl MOXKET 3aBH-
CEeThb OT YPOBHS IJIIOKO3bl B KPOBU Y MarepH, 4To,
B CBOIO OYepe/lb, UMEET pellarollee 3HaueHue
JUISL OTIpEIeJICHUsI TPACKTOPUH POCTa Pa3BUBALO-
merocs miaona [24].

[TorpebHOCTH 11042 U MIIALEHTHI TOJIHOCTHIO
YIOBJICTBOPSIIOTCS 3a CUET NMONIOIEHUS IIFOKO3bI
MJIAIEHTOH M3 MaTEePHHCKOTO KPOBOOOpaIeHUS
nyteM oOserdeHHod auddy3uu mo rpagueHty
KOHIICHTpalluu uyepe3 OelKu ceMelcTBa TpaHc-
noptepoB maoko3sl (GLUT) [23]. Dxcopeccus
GLUTI 6»bina yBennueHna B 6azanpHOl MemMOpa-
He (BM) nepBuYHBIX KJIETOK TpodobiacTa yeno-
BEKa, MOJyYEHHBIX NpU OEpPEeMEHHOCTH, OCIIOXK-
HEHHON MaTEepPUHCKUM O)KMPEHHUEM, a TAaK¥kKe Kop-
penupoBaia ¢ Maccoi Tena mpu poxaeHuu [25].
3TO MOATBEPKAAET, YTO CIIOCOOHOCTD IIIALEHTHI
[IEPEHOCUTH IVIIOKO3y MOIYJIHUPYET POCT ILIoJa
TIpu Takoi OepemMeHHocTH ¢ oxkupennem [4]. I1o-
Mo0Has TpaHCIOPTHAs NWHAMHUKA OblIa TaKkKe
CMOJIeIMPOBaHa Ha MbIIIaX, MOJYyYaBIIUX MHIILY
C BBICOKHMM COjIepKaHHEeM JKHPOB B Kaue€CTBE MO-
nenu oxupenus. [lo cpaBHEHUIO ¢ KOHTPOJEM, Y
MBIIICH, MOMyYaBIIMX BBICOKOKUPOBYIO THETY,
HaOIoancs yBEIMYEHHBIH BeC IUIONA, MOBBI-

HICHHAs! CKOPOCTh KJIMPEHCA TIIIOKO3bI U TOBBI-
menHas skcnpeccust GLUT1 B mmanente [23].

Eme onmuoit u3 Hamboiiee BaxHBIX MeTaboO-
JUYECKAX TEPEeCTPOeK BO BpeMs OepeMeHHO-
CTH SIBISIETCS BPEMEHHas aJanTaius 4YyBCTBH-
TETbHOCTH W BBIPAOOTKHM HWHCYIWHA [26]. DTta
ajanTamnys Merabonm3ma TUIIOKO3bl Yy Marepu
MOXET TaKXXe BIIUSATH Ha METa0OJIM3M JIMIINJIOB
U TOBBIIIATE YPOBEHb OKHUCIMTEIHHOTO CTpeC-
ca, 0COOCHHO €CJIM 3TH U3MEHEHHs, CBSI3aHHbIE
¢ OepeMEHHOCTBIO, TPEBBIMLAIOT HOPMAJIbHYIO
TOJIEPAaHTHOCTh K INIOKO3e [26]. Dkcmpeccus
u tpanciokauuss GLUT4 B BM npu oxupenun
MaTepyd OIOCPENOBaHA WHCYJIWHOM, 4YTO MO-
JKET YCHIIUBATh TPAHCIIOPT TIIOKO3bI B OTBET Ha
MOCTIPAHINATFHYI0 TUIMIEpUHCYIHHEeMHIO [27].
DTO MPUBOIUT K MOCTHATAIHFHON PE3UCTEHTHO-
CTH K MHCYJIMHY y TIOTOMCTBA U OXXKHpeHHIO [4].
B cBowo ouepenp, 0oiiee BBICOKHE YPOBHHU IIO-
CTHpaHAMAIBHON TIIOKO3bl, a TaK)XKe IMOBBIIICH-
Hasl CIIOCOOHOCTbH IJIAIICHTHI TPaHCIIOPTUPOBATh
IJIIOKO3Y TPU O)KMPEHHH y MaTepu BeIyT K pas-
BHUTHIO THIIEPINIMKEMHUH Yy T1oaa [4].

Takum oOpa3om, OepeMEHHOCTh, acCOIU-
WPOBaHHASI C OKUPEHHEM, CIIOCOOCTBYET TOBHI-
MICHUIO psiia TPAHCTIOPTEPOB TIIFOKO3BI M B He-
KOTOPBIX CIIy4astX KOPPEIHPYyeT C yYBEIUUECHUEM
Macchl Tejia mioga. Hapymienue TonepaHnTHOCTH
K TJIFOKO3€ BO BpeMs OEpEeMEHHOCTH MOXKET W3-
MEHSTh META00JIM3M JIMITUOB U MOTCHIIUPOBATh
OKHMCJIMTEIIbHBIN CTpecc.

W3MEHEHWE METABO/TU3MA XWPHBIX KUCIOT

Ha mpeHaranbHOM W MOCTHAaTajJbHOM 3Tare
pa3BUTHUS IUIOAA CBOOOIHBIC >KUPHBIE KHCIIOTHI
(CKK) craHOBATCSA CBOETO poja MeTaboimde-
CKHMH CEHCOPaMH, KOTOPbIE y4acTBYIOT B peTy-
TSN TEHOB, OTBEYAIOMINX 3a OHWOJIOTHYECKOoe
OKHCJIeHHe U XpaHeHue sHepruu. [loatomy cuu-
TaeTCs, 4YTO Ype3MepHOe MOTpeOIeHne KUPHBIX
KHCJIOT Ha paHHUX CTaJusAX pPa3BUTHUS MOXKET
CrocoOCTBOBaTh METa0OJIMYECKOMY MpOrpam-
MUpPOBaHHIO, GOPMUPYs pa3BUTHE Tunepdaru,
MHCYJIMHOPE3UCTEHTHOCTH M OXXUPEHHS y IUIO-
na [28].

VY KEeHUIMH, BCTYNAIOUIMX B OEPEMEHHOCThb
C yX€ HMEIOIIMMCS O)XHPEHHEM, IPU3HAKaAMU
MEeTab0JINYECKOr0 CHUHAPOMA U HENpPaBUIIbHBIM
MUTaHWEM, WHCYJIMHOPE3UCTEHTHOCThIO Oepe-
MEHHOCTH, (OPMHUPYETCS BHYTpPHILIAIICHTapHAS
neperpy3ka M30BITKOM MHUTATENbHBIX BEIICCTB,
B ToM uncie Tpuruunepugamu (TI'L), kotopsie
TUAPOIM3YIOTCS TUTALIGHTAPHBIMU JIUTIa3aMH 10
CXK [29], a 3aTem 3axBaThIBalOTCS CHHIIUTHO-
tpoobaacrom (CT), oTKyna OHH MOTYT MOCTY-
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nate B KpoBb 1uioaa [30, 31]. HenaBuue uccie-
noBaHus 20 mMarepeil ¢ OKUpEeHHEM, Y KOTOPBIX
mmepsanu TT'L], CXKK, riroko3y n MHCYIHH Ha
14-16-it m 26-28-ii Hemensix OEPEMEHHOCTH,
MOKa3alld, YTO aKTHBHOCTH IJIAIlEHTaApHOW IH-
nonporenrumasel  (JITIJI) 3maunMo koppenu-
pPYeT C IPOIEHTHBIM COJIEp)KaHWEM JKHpa y HO-
BOPOXIEHHOTO [32], 94TO yKa3bpIBaeT HA TO, YTO
MaTepUHCKAsl AUCIUIUACMUS MOXKET MOBBIIIATH
JOCTYIMHOCTD JUMUIOB s mionaa [33].

3a mormomenne CXKK TkansmMu mianeHTh
OTBETCTBEHEH psiJi MeMOpaHHbIX OenkoB. K HUM
OTHOCATCST OCIIOK, CBSI3BIBAIOLINI KUPHBIEC KHUC-
notel (FABPpm), TpaHcmokasza >KUPHBIX KHCIOT
(FAT), Taxxe n3BectHas kak CD36, u cemelicTBO
OCIIKOB-TPAHCTIOPTEPOB KUPHBIX KucioT (FATP
1-6), xoTOpBIE pacronararoTcs kak Ha bM, Tak u
Ha MukpoBopcuakax CT [30].

OxupeHue Marepd MOXKET OKa3bIBaTh pas-
JINYHOE BIMSHUE HA IKCIPECCHUIO MEPEHOCUNKOB
JKUPHBIX KUCJIOT B IUIAIICHTE. Y KCHIIUH C TTOBBI-
IMIEHHBIM UHAeKkcoM Macchl Tena (MMT) nabiro-
nanock cHmkenue skcrpeccun MPHK FATPI
u FATP4, HO mOBBIIIEHHAs] SKCIIPECCUs OEIKOB
FATP6 u FAT/CD36 B mnaneHTe o CpaBHEHHIO

¢ keHIuHamMu ¢ HopMmaiabHbiM UMT [34]. Peru-
CTPUPOBAJINCH TaKXe BbICOKHE ypoBHH FATP2
u FATP4 B BM CT no cpaBHEHHIO ¢ MUKPOBOp-
cuHKamu, a coxepxkanue Oenka FATP2 B BM
KoppenupoBaio ¢ marepunckuM UMT, yto yka-
3bIBACT Ha IOBBIIIEHHYIO CIIOCOOHOCTH Iepena-
Batb CXKK mnomy [35].

B 1o xe BpeMsa B maleHTax >KEHIIWH C
OKUpEeHHEM OOHapyXHBaitach 0Oojee BhICOKAs
JKcIpeccusi OENKOB — PETyIsSTOPOB ITepUPH-
KalluKd KUPHBIX KHciaoT. HaGmrogamach MmoBbI-
LI€HHAs PETyJsus aKTUBHUPYEMOTO JIMHAAMU
TPAaHCKPUIIIMOHHOTO (paKkTopa peLenrtopa, ax-
tuBupyeMoro PPARYy, B mnaneHTax >KEHILIHH C
OKMPEHHEM, PaBHO KakK U coiepxkaHue ocdo-
JUNUAOB, TPUIIHLEPUIOB U 3GUPOB XoJecTe-
puna [36].

B uccnenoBaHusAx Ha MbllIax IMJalleHTapHAs
aktuBanus PPARy mpuBoguma x 0osiee BBICOKO-
My noromennio CKK manenToi, Ho MEHbIIeH
nepejradye UX IUIOAY M3-3a YBEJIIWYEHHUS 3aIacoB
nmunuaoB B maneHte [37]. JlelcTBUTENBHO, OC-
HOBBIBASICh HAa JJAHHBIX O TOM, YTO 00JIee BHICOKOE
coJlep>)KaHHEe JUMHUAOB B IJIALEHTE KOPpeIupyeT
¢ Ooree HU3KOW HEOHATAIBHON JKHPOBOM Maccoit

HapyweHue pa3sutus
1 (DYHKLMOHNPOBAHMS LIEHTPaNbHOI
HEepBHOIl cMCTEMbI y nnofa /

MarepuHckoe oxupenue /
Maternal obesity

T Aaunokubl / T Adipokines

T Nentun / T Leptin

4 Anunonektu / 4 Adiponectin

1 FATP4

T CXKK /T FFA

T runepnunuaemus / T Hyperlipidemia
MeTa6onmyeckuin ctpecc /

T Metabolic stress

Xuposas Tkaub / Adipose tissue

 3Kcnpeccus nnaueHTapHoro

TpaHcnopTepa MFSD2a /

4 Expression of the placental

transporter MFSD2a
[nauyeHTapHbIil TpaHCNopT

OUMHXK / 4 Placental transport

of LC-PUFA

Impaired development and functioning
of the central nervous system
in the fetus

activation signal

{ Pa3BuTne nanoyek

1 Kon6o4ek / 4 Development
of rods and cones

 Curan aktvsauun
H poponcuHa / & Rhodopsin

MnayeHTa

Puc. 1. BinusiHue MaTepuHCKOro OXHPEHHs Ha pa3BUTHE LIEHTpaslbHOW HepBHOU cuctemsl y mioga. JUITHXK — mnun-
HOIICTIOYCYHbBIC MOJMHEHACHIIICHHBIC KUupHbIe KUCIoThl, CXKK — cBoOOmHBIC *MpHBIC KHCa0Th; FATP4 — Ge-
JIOK-TpaHcropTep KHUpHbIX Kuciaor,; MFSD2a — yenoBeueckuil IuialleHTapHbBIN SHIOTEIUANBHBIA TpaHCIIOPTEP

nu30¢ochaTHINIXONTHHA

Fig. 1.

Effect of maternal obesity on the development of the central nervous system in the fetus. LC-PUFA — long-chain

polyunsaturated fatty acids; FFA — free fatty acids; FATP4 — fatty acid transporter protein; MFSD2a — human
placental endothelial lysophosphatidylcholine transporter
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REVIEWS

U MPOLEHTOM JKHpa B OPraHU3Me, MOXKHO IMpes-
MOJIOKHTD, YTO OOJIee BHICOKHE 3aIachl JTUIHI0B
B IUTALIEHTE YaCTUYHO 3aLIMIIAIOT IO OT U30bI-
TOYHOT'O TOCTYTIJICHUS JIUIHUIOB CO CTOPOHBI Ma-
TEpU NpU OEPEMEHHOCTH C OXKUPEHHEM. Takum
00pa3oM, HHTHOMPOBAHUE MYTEH dTepUDUKAIINN
MOJKET MOJBEPrHYTh IO BO3ACHCTBUIO U30BIT-
Ka MaTepUHCKUX JTumuaoB [38].

OxupeHne Ha paHHUX CpPOKax OepeMEHHOCTH
CBSI3aHO C TIOJIaBICHHOMN 3KcIpeccrel TeHOB Kak
B nyTax okucieHus KK (FAO), tak u B myTax
srepudukanuu (FAE) B mnanente [39], a Takxke
C HapyLIECHUEM CIIOCOOHOCTH IUIALEHTHI JOCTAB-
JATh TUIOAY JUIMHHOLICNIOYEYHBIE MOJIMHEHACHI-
meHHble kupHble kucioTsl  (JILITHXKK) [29].
3a makomrenue JIITHXK, a mmenHo moko3a-
rekcaroBoit kuciotel (JII'K) y mmoga orsedaer
YEJOBEUYECKMI IUIalleHTapHbIM  SHIOTENIHANb-
HBIII  TpaHcroprep Jn3odocharuanIxoanHa
(MFSD2a) [40]. Dxcopeccusi JaHHOTO ILIAIICH-
TapHOTO TPAHCIOpPTEpa CHMKAJach M KOppesu-
poBana co cuukeHueM yposHs JI'K B mynoBuH-
HOM KPOBH KCHILUH C T€CTAMOHHBIM J1a0eToM,
yTO onpezenser 3Hauumocts MFSD2a B TpaHc-
nopre JI'K ot matepu k miony [41]. CHukenue
skcnpeccun MFSD2A, kimroueBoro nepeHocymuka
omera-3 >XKUpHbIX KucloT, B yactHoctu JI'K, B
IUTALIEHTE OEPEMEHHBIX C OXXUPEHUEM MOXKET
OBITh CBSI3aHO C paHee OTMEUYCHHBIM CHHIKE-
HUEM aKTHBHOCTH MyTe, cBsa3aHHBIX ¢ PPARa
[39]. Umenno JII'K oka3biBaeT 3HAYMTEIBHOE
BIIMSIHME Ha MEMOpaHbl (POTOPEENTOPOB U HEH-
POTPAaHCMHUTTEPHI, YYacTBYIOIIME B THepejrade
CUTHAJa, aKTUBAllMM POAOIICHHA, Pa3BUTHUU Ta-
JI0YEK U KOJIOOYEK, CBA3AX ACHAPUTOB HEHPOHOB
U (YHKUMOHAJIHLHOM CO3PEBAHMU LIEHTPAIbHOM
HepBHOI cuctemsl (LIHC), mosTomy amexkBatHOE
cuadxenue JIKI' B meprHATAIBHBIN TTEPHOT TME-
€T Ba)KHOE 3HaueHUue Ul Pa3BUTHUS U QYHKLNO-
nuposanus LIHC (puc. 1) [30].

OxupeHne Marepu OKa3bIBaeT IIHpPOKOMAac-
mTaOHeId pdekT Ha (QYHKUIUIO IJIAeHTHI 3a
CYeT HapyLIeHUs OKCIPECCUU MEPEHOCUYUKOB
KUPHBIX KHCJIOT, TEHOB 3TepU(HUKALNU U ACTo-
HUPOBAHUS JIMIUAOB. DTO MOXKET CHOCOOCTBO-
BaThb YCHJICHHIO BOCIAJCHHUS, HAOIIOAaEMOMY B
IUTALIEHTAX Yy JKCHIIUH C OKUPEHUEM, U IMPHUBO-
JUT K IPOrpaMMHUPOBAHHUIO META00INYECKUX Ha-
pyuIeHui y mioza.

BOCMAJITENbHBIE NSMEHEHWA B NNALLEHTE

Bce Gonbliee KOJIMYECTBO IKCIIEPUMEHTAIb-
HBIX ¥ KJIMHUYECKUX JaHHBIX CBUICTEIbCTBYIOT
0 TOM, YTO O)KHpEHHE MaTepu 10 U BO BpeMs Oe-
PEMEHHOCTH CIOCOOCTBYET OOPa30BaHUIO IMPO-

BOCIAJUTEIBHON BHYTPUYTpOOHOH cpensl [42],
(dbopMuUpysl B TOM YHUCIJI€ BOCIHAJICHUE TUTAIICHTHI,
MPUBOJIAIIEe K HEOMArOMPUATHBIM TOCIIEICTBU-
SIM JIJTSL pa3BUTHS IIJI0/]a U, KaK MPEAIONIaraeTcs,
SBIIAETCS MPUYUHOMN JOJATOCPOYHOTO MeTaboIn-
YECKOTO TMPOrpaMMHUPOBAHUS Y TOTOMCTBA [43].

B nccnenoBanuu mo u3y4eHUIO CBS3H MEXKIY
UMT u ypoBHEM NPOBOCHAIUTEIBHBIX LIUTOKH-
HOB OblJIa BBISIBJICHA MPsAMAasi KOPPEJSAIUS MacChl
Tega y MaTepud M ypPOBHS NPOBOCHAIUTEIBHBIX
LIUTOKMHOB B KPOBU MaTepu U mioga. B miazme
KPOBH JKCHIIUH C OXHPEHUEM ObLIO BBISIBICHO
NoBbINIeHUEe KoHIeHTpanuii [L-6 (interleukin-6,
uHTepnelkuHa-6) u  C-peakTuBHOro Oenka
(CPBb) [44]. MarepuHCKOE O)KHpPEHHE CBS3aHO C
TOBBIMIEHHBIM YPOBHEM MapKEpOB BOCHAJICHHS
KaK B IJIa3M€ KPOBH, TaK U B TUTALIEHTE, BKIIIOYAs
IL-6, IL-8, IL-1B 1 MOHOUMTApHBIA XEMOTaKCH-
geckuit 6emok-1 (MCP-1) [45]. Peructpupona-
JIOCh TaK)Ke€ MOBBIIIEHNE aKTUBAILUH TUIalleHTap-
HBIX MPOBOCHATUTEIBHBIX MyTel [46], BKItOUas
aKTHBALUIO PEHENTOPOB KOHEUHBIX MPOIYKTOB
rmukupoBanusi (RAGE) u akruBanmro Toll-mo-
nobHoro peuentopa 4 (TLR4), akruBupyemoro
CXK [47], u BEIpakeHHas MakpodarainbHas WH-
¢bunpTpanus mianeHTs [42].

WNunexc maccel Tema Marepu CBA3aH C aKTH-
BallMel IUIAllEeHTapHOM mepejadyu CUTrHaJoB I0-
cpenctBoM P38 mMuTOreH-aKTHBHpPYEMO mpoTe-
nHknHa3el (p38-MAPK), curnanpHoro 6enka u
aktuBaropa Tpanckpunuuu (STAT3) 6e3 u3me-
HEHHUI B KJIACCUUYECKUX BOCMAIUTEIBHBIX MyTSIX
anepHoro ¢akropa kanmna B (NFxB), sayc-kuna3
(JNK), xacma3pl-1 ¥ CHCTEMHOM BOCIIAJIMTEIIb-
HOM Tpoduie miofa. ITU pe3ylabTaThl MPEAIo-
JIararoT, YTO BOCHAJICHHWE, CBS3aHHOE C OXHpe-
HUEM Yy MaTepH, MOXET BIHATh Ha ILIOJ ITyTeM
M3MeHEeHHsT (DYHKIIMW TUIANEHTHI, a HE 3a CYeT
BO3JEHCTBUSI Ha IUIOJl TOBBIIICHHBIX YPOBHEH
MPOBOCIIAIUTEIFHBIX ITUTOKWHOB, a HWMEHHO,
MCP-1 u ¢akropa HEKpo3a Omyxoju o (tumor
necrosis factor a — TNFa) [46]. [delicTBUTE/Ib-
HO, noBbIlIeHHas 3kcnpeccuss TNFa, cBsi3aHHas
C aKTHBHOW MakpodaraabHOW WHUIBTPAIU-
el CTpOMaJbHOIO sipa IUIAICHTHI, ObUIa TOJ-
TBEpXKJICHA Y )KCHIIUH C OXKUPEHHUEM, I10CKOIIbKY
kosnuecTBO CD68+ nu CD14+ kneTox B miianeH-
T€ y HUX BblLIE B 2 pa3a [48, 49]. Umenno TNFa
SBIIAETCS aKTHBATOPOM ayTodaruu ¥ amonTo3a
M MOXET YCHJIMBATh Ipolecc ayTodaruu B IJia-
[eHTe Tpu OEpEMEHHOCTH C OXXUpeHueM [47].

TpodobracTbl MOTYT yCHIIMBATh SKCIIPECCHIO
6enxka RUBICON — Genok nomena RUN, B3au-
MojelicTByrommii ¢ Beclinl B xauectBe 3amur-
HOro Mmexanusma npotuB TNFo-onocpenoBaHHO-
ro BocniaieHus [47]. JlaHHBII OeoK caep>KuBaet
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BOCIIaJICHUE, 4TO, OE3yCJIOBHO, JeJIaeT ero LeH-
HOH TepaneBTUYECKOW MUIICHBIO, OJJHAKO HMMe-
eTCs O4YeHb Majo WH(OpPManud O MaTOPU3NO-
norudeckux mumeHsx RUBICON, 3a wuckiro-
YEHUEM €r0 POJIM BO BPOKJIEHHOM HUMMYHHOM
orBeTe [50] M KapaAUONPOTEKTUBHOM NEHCTBUU
[51]. B aToii cBsI3M pa3paboTka KOMOWMHUPOBAH-
HBIX METOJIOB JICUCHHsI IIyTeM BO3JCHCTBHUS Ha
KJIETKM ITUTAIICHTBl €CTECTBCHHBIMU OCITKOBBIMHU
MOJICKYJIAMH SIBJISIETCS TIEPCIICKTHBHBIM Tepa-
MEBTUYECKUM HAINpaBICHUEM, KOTOpoe TpeOyeT
JnanpHeiero uzyueHus [47].

Takxum o0Opa3om, MperpaBUIaPHOE OKUPECHHE
MaTepy TMPHUBOAUT K PA3BUTHIO JUIIOTOKCUYHOMN
Cpenbl 3a CYET TOBBINICHHS] YPOBHS psifa Mpo-
BOCITAJTUTEIHHBIX MapKEepPOB KaK B TIa3Me KPOBHU
MaTepH, Tak ¥ B IUIAIICHTE, aKTHBAIMH TIAlleH-
TapHOW Mepeayd CUIHAJIOB BOCIHAICHHMSI, & TaK-
JKE YCHUJICHHUIO PETYJSALUUA MPOBOCIAIUTEIBHBIX
TeHOB, GOpMHUPYSI BHYTpHILIAllCHTapHbIE (QyHK-
LUOHAJIBHBIC HAPYIICHUS U MPOTPaAMMUPYS J10JI-
rOCPOYHBIC META0OIMYECKUE HAPYIICHHS TUIOJIA.

OKCMAATHBHbBIE NI3MEHEHWA B NNALIEHTE

OKCHAATUBHBINA CTPECC SBISIETCS OYEPEAHBIM
3BEHOM, JIEKAIIUM B OCHOBE MPOTPAMMHBIX
CBA3EH MEXJy HEeOMaronpusTHBIM pPa3BUTHEM
[JI0JIa W TIOBBIIIEHHBIM PHUCKOM XPOHUYECKHUX
3aboneBanuii. VHTEpecHO, YTO MaTEpPHHCKOE
OKMpEHUE CIOCOOCTBYET pa3BUTHUIO OKHUCIH-
TEJIBHOTO cTpecca B IUIalleHTe yxe B I Tpume-
ctpe Oepemennoctu [52]. B pesynbrare 3TOTrO0
coJiepkaHKe OOIIero OKMCICHHOTO Oenka (Map-
Kepa OKHCIUTEIHHOTO ITOBPEKICHHS) YBEIHU-
yuBaeTcsa Ha 31% 1o cpaBHEHHIO C IMJIALEHTOU
OepeMEeHHBIX JKCHIIWH, HE CTPAJAIONIUuX OXKH-
perueM [53]. OkupeHue MaTepH yBEIUINBACT
OKCUJATHBHBIA CTPECC B IUIAIIEHTE 3a CYET IO-
BBIIICHUSI YPOBHSI aKTUBHBIX (OPM KHCIOpOAa
(ADK), Bxitouast 6oJsiee BHICOKHE YPOBHU MaJlo-
HOBOTO JUAalblIETHua, KapOOHUIbHBIX OEIKOB,
OKCHJIa a30Ta W CYIEpPOKCHI-aHHOHa c Oonee
HU3KUMH KOHUEHTPAUMUSAMH TIyTaTHOHA W aK-
TUBHOCTBIO cynepokcuaaucmytasbl (CO/) [4].
MarepuHCKOE OXHpPEHHE TakKe HapyIaeT
(hyHKIHIO MUTOXOHIpHH [54].

Bricokne ypoBHM UUPKYIHPYIOMIMX Mare-
PUHCKHX JAMHAIOB W 0OoJiee BBICOKHE YPOBHHU
A®K B mranente ¢ JuChYHKIIMOHAIBHBIMHU
MUTOXOHJPUSIMH TIPU MATEPUHCKOM OKHPEHUU
MPHUBOAAT K BBIPAOOTKE OKUCIICHHBIX JIUITHIHBIX
MPOJYKTOB, BKJIIOYAs MEPEKUCH JIUMUIO0B, OKHC-
JICHHBIE JIUMIOMPOTENHBI U OKCHCTEPOJIBbl, KOTO-
pBIe MOTYT OTPHIATEIBHO BIMATH HAa (PYHKIUIO
tpodobiacra [4]. [loBbIIICHHBII OKCUAATUBHBIN

CTpecc, BBI3BAHHBIH MAaTEPUHCKUM OXHUPEHUEM,
MOXET 3aMeJIUTh Pa3BUTHUE IJIALECHTAPHON CO-
CYAMCTOH CETH BO BpeMs OEpPEeMEHHOCTH. ITO
00yCIIOBIIEHO TeM, YTO MOBBINIEHHOE KOJHWYe-
ctBo ADK BEI3BIBaeT ayrodaruro, TUCHyHKIIHIO
1 aItorTo3 dHIO0TETHATBHBIX KICTOK [54].
[TnamenTa BeIpadareiBaeT okcun azora (NO),
KOTOPBIM IIPU B3aUMOJICHCTBUU C CYNEPOKCUAAH-
MOHOM MOXKET 00pa30BBIBATh MEPOKCUHUTPHUT [4].
DTO MOIIHBIN MPOOKCHUIAHT, KOTOPBIM CIOCOOCH
OKa3bIBaTh NaryoHOE BO3/ICHCTBUE HA IJIAIICHTY 3a
CYET HUTPO3WIUPOBAHUS OCIIKOB, 00pa3yst OCTaTK!
HUTPOTUpO3MHA [52]. JlaHHBIN Mapkep yBeIH4H-
BaeTCS Y KCHIIUH C OKUPEHUEM U MPECTABIISET
c000if ToTeHIMaIBHYO0 CBsI3b Mex Ty ADK, okuc-
JUTEITFHO-BOCCTAHOBUTENILHOW UChYHKIMEH U
BHYTPHUKJICTOYHBIMU CUTHAJILHBIMU Ty TsIMHA [4].
Dopmupyromasicss MUTOXOHIpPHUATbHAS HC-
(GYHKIUS, TMOBBIIICHUE YPOBHS ILIAllCHTapHBIX
ADK, u3MeHeHHE KOHIICHTPAIUU IUTOKWHOB,
MEePEeKNCHOE OKMCIEHHUE JINIUJ0B U MOCIenyIo-
masi dHI0TeNnanbHas AUCHYHKIUS TUIAleHTap-
HOW COCYIMCTOM CETH — BCE 3TH KOMIIOHEHTHI
OKCUJATUBHOTO CTpEecca pa3BUBAIOTCA YXKe Ha
paHHUX CpOKax OEpPEeMEHHOCTH Y JKEHIIWH C
OKHUPEHHEM M OKa3bIBaIOT MIUPOKHHA CIIEKTp He-
OJIarOTIPHUATHBIX BO3ACHCTBHUHA Ha TIIO.

HAPYLUEHWE 3HOKPUHHON dYHKLAN MNALEHTDI

O6o06maronye ganHbie 00 YHAOKPUHHBIX U3-
MEHEHMSIX IUTaLEeHTHl IPUBECHBI B Taduie 1.

W3MEHEHWA, CNELLUDUYHBIE ANA NONA

Bce Oomnbie 1aHHBIX CBUICTEIBCTBYIOT O TOM,
YTO IJIAllEHTa pearupyeT Ha CPeay, BHI3BAaHHYIO
0XXHMPEHHEM Yy MaTepH, B 3aBHCHMOCTH OT MO
miona [5]. Oka3zanock, 9TO CYIIECTBYIOT TCHBI
MOJIOBOTO JUMOp(QH3Ma, TO €CTh I'eHbl, OTBEYa-
IOLIKE 3a CTENeHb MPUCIIOCOOICHHOCTH TIIoa K
HEeOIaronpusiTHBIM (PakTopaM BHYTPUYTPOOHOM
cpenst [60]. Bbuto mokazaHo, 4TO MIaLEHTHI TUI0-
JIOB MYCKOTO TI0JIa 3KCIIPECCUPYIOT OoJiee HU3-
KHe YpOBHU X-CBSI3aHHOTO I'€HA, KOAWPYIOIIETO
tpanchepazy O-GlcNAc (dbepmeHT, cBS3BIBaIO-
MU pa3nudHble OeNKN). DTO MPUBOIUT K TOMY,
YTO MYJXKCKas IUTAlleHTa UMeeT MEHBIIe penpec-
cuBHOU MeTkH TucTOHOB H3K2me3 [5] u, Takum
o0pasoM, siBisieTcst Ooliee ysI3BUMOH K MOTU(U-
KalusiM BHYTPUYTPOOHOH cpensl [5, 61, 62].

Oxka3zajock, YTO TIOJbI JKEHCKOTO U MY>KCKOTO
1ojia UMEIOT pa3Hble CTPAaTeruu pocTa: caMku 60-
Jee aJanTHBHBI K HEOIArompHATHBIM YCIOBHUSIM
Cpezbl, TAKMM KaK MaTepUHCKasi BBICOKOKUPOBAs
JIeTa, MYKCKHE IUIO/BI, HAlPOTHB, BBI3BIBAIOT
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Tabnuya 1
DHJIOKPUHOJIOTMYECKIE U3MEHEHHUS B TUIALIEHTE
Table 1
Endocrinologic changes in placenta
HcTounuk
Topmon / W3amenenne /
Dddexr / Effect JUTEPaTypsI /
Hormone Change :
Source of literature
[TnanenTapHbIi ) CrocoOCTBYET Pa3BUTHIO OKUPCHUS Y MATCPH U CHIDKACT [55]
JIaKTOTeH / YyBCTBHUTEILHOCTh BCETO OpraHu3Ma K HHcynuHy. Hapymaercst
Placental YTHIN3AIHS TTI0KO3bI, 0COOCHHO 3a CUeT HapyIICHHS
lactogen KOMITOHEHTOB CUTHAJIBHOTO ITyTH MHCYIHHA (30(opMBbI
(dochorHO3UTON-3-KNHA3BI) B CKEJIETHBIX MBIIIIAX U
6eroit xxupoBoii Tkanu / Contributes to the development of
maternal obesity and reduces the sensitivity of the whole
body to insulin. Glucose utilization is impaired, especially
by disrupting components of the insulin signaling pathway
(phosphoinositol-3-kinase isoform) in skeletal muscle and
white adipose tissue
Jlentun / Leptin 1 Pa3BuTHe MHCYIMHOPE3UCTEHTHOCTH Y Marepu. Poxienue [24], [26]
KPYITHOTO JIUIsl TeCTAallMOHHOTO BO3pacTa pebeHka /
Development of insulin resistance in the mother. Birth of a
child large for gestational age.
Wucynun/ i UpesmepHbIi pocT U TUnokcus mioza. [ToBbIIeHHbIH puck [56]
Insulin MeprtBopoxaeHus / Excessive fetal growth and hypoxia.
Increased risk of stillbirth.
AIWTIOHEKTHH / i Hapymenue peryasiunu nepeHoca MUTaTeNbHBIX BEIIECTB [57]
Adiponectin yepes MIaleHTy. Pa3BuTHe pe3sucTeHTHOCTH K HHCYIHHY
M TITIOKO3€ Y MaTepH. 3aJepKKa BHYTPUYTPOOHOTO pa3BUTHUSA
u Makpocomus mioza / Disruption of the regulation of nutrient
transport through the placenta. Development of resistance
to insulin and glucose, in the mother. Delayed intrauterine
development and fetal macrosomia
Kuccnentun / 1 CocynocyxuBaroliee AeiiCTBUE Ha TIIaJKOMBIIIEUHbIE KIETKN [58]
Kisspeptin COCY/I0B IJIaleHThl. II0BBIICHHBII PUCK HEBBIHAIIUBAHUS /
Vasoconstrictive effect on smooth muscle cells of placental
vessels. Increased risk of miscarriage
OcTporeH / 1 Hapy1ieHne 4yBCTBUTEIBHOCTH TKaHEH K MHCYJIHHY Yy MaTepu / [59]
Estrogen Impaired tissue sensitivity to insulin in the mother
IIporectepon / 1 Hapy1ienne 4yBCTBUTEIBHOCTH TKaHEH K MHCYIHHY y MaTepu / [59]
Progesterone Impaired tissue sensitivity to insulin in the mother

U3MEHEHUS B MHUHUMAJILHOU OKCIIPECCHUU T'€HOB
U OMOJOTUYECKUX MPOIECCOB, UYTO MPUBOIUT K
IJIOXOH ajanTaiuu u 0oiee pacxosieiicss Kpu-
BOH pocra [62].

IToMHMO 3TOTO, y MJIOJIOB KEHCKOTO MOJIa Ha-
OII01a7I0Ch MOBBINNICHHOE HAKOTUICHUE JTUMTUI0B
M0 CPABHEHUIO C TUTALICHTAMH TUIOJIOB MYMKCKO-
ro 1oJia, Y KOTOPBIX pa3BUBANACH JIUCITHITHIC-
mus [62]. beuto oOHapykeHO, YTO MaTepruHCKOE
OKMPEHUE BBI3bIBACT OO0JIee HU3KYIO IUIallCH-
TapHyI Tepeaady J10K03areKCaHOBOM KUCIOTHI
TOJIBKO Y ILIOJIOB MYKCKOTO 110J1a, 00JIee HU3KYIO
IJIAIEHTAPHYI0 JOCTYIHOCTh CyOCTpaToB st
B-okuciieHus, 0COOCHHO CBOOOJHOIO KapHH-
THHA, U OONBIIYyI (EPMEHTATUBHYIO AaKTHB-

HoCTh dTepudukannu KK ¢ momopo auanui-
DIUIEPUH-0-anuATpaHchepasbl 2 B )KSHCKUX TTa-
1eHrax [63].

Kpome u3meHeHuid nunupHoro mnpoduis, B
IJIALEHTE YCUJIMBAJIOCh BOCHAJICHUE Ha MO3J-
HUX CpOKax OepeMeHHOCTH, MPUYEM CaMIIbI
JIEMOHCTPUpPOBAIN Oo0Jee CHIBbHYIO BOCIANN-
TEIBHYIO PEaKIWI0 W aKTHUBAIUI0O Makpoda-
roB, uem camku [64]. CoobOmmanocs Takxke, 9To
IiateHTapHbldi ypoBeHb TNFo aHOMalibHO BbI-
COK B IUIAIIEHTE IIO/OB JKEHCKOTO I0Jia, HO HE
MYKCKOTO y JKCHIIUH C O)KUPEHUEM; OTISITh K€,
9TO OPEANnojaraeT HajJuyue MOJOBBIX Pa3Iuuui
IJI01a B BOCHAJIMUTEIBHON PEaKIUU IJIALECHTHI
Ha oxupeHue [5].
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CyliecTByeT Tak)Ke OIpe/CIICHHAs B3auMO-
CBsI3b MATCPUHCKOTO OXHUPEHHSI C TOBPEKJIC-
HUEM MHUTOXOHJPHUHA B TMJIAIICHTAPHONH TKaHHU.
B HenaBHO MPOBEJICHHOM KOTOPTHOM HCCIIEIO-
BaHUU OBIJIO TMPOJEMOHCTPUPOBAHO CHIKCHUE
perynsiiun  OeTa-oOKHUCICHHUS B IJIAICHTaX Y
KCHIUH C OKUPEHUEM, YTO IMO3BOJWIO IpE[-
MOJIOKUTh MUTOXOHAPUATIbHYIO TUCHYHKIHUIO H,
BO3MOXKHO, JAC(UIUT TIepOKcUcoM [63].

B wuccnenoBanuu Ha rphI3yHaX ypOBEHb OK-
CUJIATUBHOI'O CTpecca ObUI BBINIC y CAMIIOB 10
CPaBHEHUIO C CaMKaMH, a KIIMHUYECKHE U DKC-
MepUMEHTaIbHbIC JaHHBIC JEMOHCTPUPYIOT, YTO
JKCHIUHBI 00Nafar0T OOJIBINNM aHTHOKCHIAHT-
HBIM MTOTCHIHAJIOM, YeM MYKYHHBIL. [10-BUAMMO-
MYy, YACTHYHO 3TO OOYCJIOBJICHO MPOTCKTHBHBIM
JeHCTBUEM DCTPOTCHOB [65].

[T10/161 MY’KCKOTO IT0JIa TAKXKE pearupoBaju
Ha MaTepPUHCKOE OKUPEHUE TUIAIICHTAPHOH ayTo-
(darueli, XoTs U C HapylIeHueM ayTodaruiecko-

ro TOTOKAa, HA YTO yKa3bIBa€T MHTUOUpPOBaHUE
JeTpajaluy ayTOJIM30COMHBIX OEJIKOB U JTH30CO-
MajbHOTrO OnoreHesa. CpopmMupoBaHHasi, B CBOO
ouepenb, AedekTHas ayrtodarus B IUIALEHTaX
MaTepell MOXET MPEICTaBIsATh COOOW OMWH W3
MEXaHH3MOB, CIIOCOOCTBYIOIINX IUIAIICHTAPHOMN
TUC(YHKIMA W TPOrPaMMHPOBAHUIO Yy TIONA
OXXKHPEHHS W METa0OJWYeCKUX 3a00JIeBaHUI B
Ooinee mo3aHEM Bo3pacte (puc. 2) [66].

Takum 00pa3oM, paccMaTpuBasi MOJIOBON U~
MOp(pHU3M B KOHTEKCTE (ETaJbHOTO MpOrpam-
MUPOBaHUsI, MOKHO YOEAHMTHCS, UTO B JICHCTBU-
TEJIBHOCTH CYIIECTBYET ONpPEAETICHHBIN KacKa]
pasIuYMii TEHETHYECKOTO, METa0OIU4eCcKOro,
BOCITAJIUTEIFHOTO MPOQWIST B 3aBUCHMOCTH OT
moJia TuIoia. JTH U3MEHEHUS MPECTaBISIOT CO-
00¥ MeXaHW3MBI, CITOCOOCTBYIONINE IIAIICHTA-
HOM AMCOHYHKIINN U MPOTPAMMHUPOBAHHUIO Y TUIO-
Jla OKUPECHUS U META0OIMIECKUX 3a00JIeBaHUH,
npuYeM U B 6osiee Mo3IHEM BO3pacTe.

MarepuHckas cpepa = JiunoTokcu4Has cpepa ans nnoga / Maternal environment = Lipotoxic environment for the fetus

JGLUTs
MuToxoHapuansHas

Mitochondrial dysfunction Oxidative stress

AHTMOKCHZAHTHbIE
hepmenTsl 4 /
Antioxidant enzymes <
VMGD¢GHH08
Bocnanexue /
—> Moderate
inflammation
B

MNALEHTA / PLACENTA

Copepxanue HXK { /
Content of UFA

1I3mMeHeHHas CTpyKTypa COCYA0B NnaLeHTbl /
Altered structure of placental vessels

Mepepaya XK (ArK) 4 /
Transfer of FA (DHA)

HebnaronpusTHble MCXombl
Pa3BUTIS HEPBHOI CUCTEMbI /

JFATPs / L FABPs

P T A — OKcnpaTueHbIi cTpecc /

TFAT / CD36

MwutoxoHapuanbHas
ANCOYHKUNS /| <>
Mitochondrial dysfunction

B-okucnexne XK 4 /
B-oxidation of FA

OKcnaaTtnBHbIN cTpece /
Oxidative stress

Bocnanetue T (TNFa) /
Cogzz’fean'l”:f 'I'fF'i\K j ! \nflammation 1 (TNFa)
Stupucpmkaums XK 4 / .
Esterification of LCD 4

113MeHeHHan CTPYKTypa COCYL0B NNALEHTbI /
Altered structure of placental vessels

Oxupenue / Obesity

Adverse neurodevelopmental
outcomes

[lonrocpoyHbIn pUCK PasBuUTUS METABONNYECKMX U CEPLEYHO-COCYANCTbIX 3a60MeBaHNil /

Long-term risk of developing metabolic and cardiovascular diseases

Puc 2.

BnusHue MaTepuHCKOrO OKMPEHUS Ha BHYTPUIUIALEHTApHBIN MeTa00IM3M B 3aBUCUMOCTH OT nona mioga. 'K —

noko3arekcanoBast kucnora; JKK — xupHbie kucnors;; HXKK — HestepuduunpoBaHHble >KHUPHbBIE KHUCIOTHI;
FABPs — Geinok, cBs3bIBatomuii sxupHble kuciotsl; FAT/CD36 — Tpanciiokasa xupHbsix kuciot; FATPs — Ge-
JIOK-TpaHcroprep KUpHbIX Kucior; GLUTs — Genku cemeiicTBa Tpancnoprepos nmoko3bl; TNFa — dakrop He-

KpoO3a OITyXOJIH o

Fig. 2.

Effect of maternal obesity on intraplacental metabolism in relation to fetal sex. DHA — docosahexanoic acid,;

FA — fatty acids; UFA — nonesterified fatty acids; FABPs — fatty acid binding protein; FAT/CD36 — fatty acid
translocase; FATPs — fatty acid transporter protein; GLUTs — glucose transporter family proteins; TNFa — tumor

necrosis factor o
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SAKNHYEHNE

NONOIHNTENbHAA MHDOPMALIMA

BricokokanopuiiHas nuera mMaTepu BO Bpe-
MsI OEpEeMEHHOCTH, a TaKXe yKe HUMEIIIHecs
CONYTCTBYIOIINE MeTabOoIN4YeCKie HapyIIeHHs
OKa3bIBAIOT HETIOCPEICTBEHHOE BIMAHIE Ha pa3-
BUTHE METAa0OJINYECKOTO CHHJIPOMA, CaXapHOTO
nuabera 2-ro tuna, oxupenus u CC3 y mio-
na. VM3MeHeHHs B JKCIPECCHH MEPEHOCYUKOB
DJIFOKO3BI B MEPBHYHBIX KlIeTKax Tpodobnacta
KEHIIUH C OXUPEHUEM IMPHUBOIAT K HapyIle-
HUIO POCTa, MOCTHATAIBHON PE3UCTEHTHOCTH K
WHCYIIMHY y TOTOMCTBA U OXKHPEHHIO. A HElO-
CTaTOYHOE CHAOKeHWEe JIOKO3areKCaHOBOU KHC-
JIOTOW B TIEpUHATAIBHBIA MEPUOJ OTpEeeseT
HeOIarompusiTHBIE TOCIEACTBHS B Pa3BUTHHU
n pyskumonmpoBannu [IHC moma. Jlumorok-
CHUYHas cpejla B OpPraHU3Me MaTepH IMPEJCTaB-
JiseT co00H BHYTPHUILIALICGHTAPHYIO HEPETrpy3Ky
TI'H u CXKK, 4to, B CBOIO 0ouepenb, MPUBOIUT
K MHAYKIIUU DKCIPECCUU MPOBOCIATUTEIBHBIX
LIUTOKWHOB, TIOBBINICHUIO AKTUBAI[UW IUIAICH-
TapHBIX TPOBOCHATUTEIBHBIX MYTEH W BBIpa-
KEHHOU MakpodaraabHONW WHMIBTPALIUN TLIa-
ueHThl. [loBbIIEHHBIA OKCUAATUBHBIN cTpecc,
BBI3BAHHBIH MaTEePHHCKHM OXHPEHUEM, MOXKET
3aMeUINTh pa3BUTHE TUIAIICHTAPHON cocyau-
CTOH ceTH BO BpeMsi OepeMeHHOCTH. DTO 00yc-
JIOBJICHO TEM, 4YTO IMOBBIIICHHOEC KOJUYECTBO
A®K BeI3pIBaeT ayrodaruto, TUCHYHKIUIO U
arnoTTO3 COCYIUCTBIX IHIOTCIHAIBHBIX KICTOK.
HaOntomaercss  MOJIOKUTEIbHAS — KOPPEJISIIIHS
MKy YPOBHSIMU JICITHHA ¥ WHCYJWHA, OIpe-
JeseTCsl CHIDKCHHE KOHIICHTPAIIUU 3CTPOreHa
Y TpOrecTepoHa B ILIa3Me JKEHIUH, CTpaaaro-
mux oxupenueMm. Ompenensercs psa pasiu-
YUH TEHETHYECKOro, MeTa0OINYecKOro, Mop-
(hOTOTHIECKOTO, BOCHAUTEIHFHOTO PO
B 3aBHCHMOCTH OT moja ruioga. Hapymenus B
nepenade CXKK, akTuBanms nepenadu CUTHAIOB
BOCIAJICHUS, MUTOXOHIpUAJIbHAS JUC(YHKIIHS,
TUCTOJIOTHYCCKUE H3MCHCHUS, TPOUCXOJSAIINE
B IUIALCHTE, SIBJISIOTCS CHECHH(PUIHBIMH IS
nona. JledekTHas ayrodarus B miianeHTax 1io-
JIOB MY)KCKOTO II0JIa 3alycKaeT MporpamMMu-
pOBaHHE OXHpPEHHS U MeTaboimueckue 3a00-
JIeBaHMS y TuIoAa B Ooliee MO3IHEM BO3pacTe.
OpHako MHEHHUS aBTOPOB HE CTOJIb OJHO3HAY-
HBI, ¥, 0€3yCIIOBHO, HEOOXOIMMO IPOBEIACHUE
JIeTallbHBIX UccaenoBanuil. [lepcnekTuBHOM Te-
paIreBTHYECKON MHILIEHBIO MOXKET 0Ka3aThCs Oe-
nox RUBICON, nozBonsironuit Tpododmactam
caepxuBatb TNFa-onocpegoBaHHoe Bocraye-
HUE B YCJIOBUSAX MaTEPUHCKOTO OXKHPCHHS, OJl-
HAaKO ATOT acCHeKT TaKkxe TpeOyeT AanbHeHIIero
W3y4YCHHUS.

Bkuiag aBropoB. Bce aBTOphl BHECIH Cylle-
CTBEHHBIH BKJIAJ B pa3paboOTKy KOHLEIIIUH, TIPO-
BEJICHUE HCCIEJOBaHUS M TOATOTOBKY CTaThH,
MIPOYIN B OOOpHIIN (HHATBHYIO BEPCHUIO TIEPE]
myOIUKaIueH.

Konpaukt unTepecoB. ABTOPHI I€KJIapUpy-
I0OT OTCYTCTBHE SIBHBIX M TNOTEHIIMAJIBbHBIX KOH-
(IIMKTOB MHTEPECOB, CBSA3aHHBIX C MyOIHKaIMen
HACTOALIEH CTaThH.

HUctounnk ¢(puHaHCHpoOBaHHUs. ABTOpHI 3a-
ABIISIIOT 00 OTCYTCTBHM BHEIIHEro (MHAHCUPO-
BaHUs MPU MIPOBEJICHUN HCCIIET0BAHUS.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors
made a substantial contribution to the conception
of the study, acquisition, analysis, interpretation
of data for the work, drafting and revising the
article, final approval of the version to be pub-
lished and agree to be accountable for all aspects
of the study.

Competing interests. The authors declare
that they have no competing interests.

Funding source. This study was not supported
by any external sources of funding.

JIMTEPATYPA

1. Babenko A.Yu., Balukova E.V., Baryshnikova N.V.
Metabolic syndrome. Saint Petersburg; 2020.

2. Lima B.S., Sanches A.P., Ferreira M.S. et al. Mater-
nal-placental axis and its impact on fetal outcomes,
metabolism, and development. Biochim Biophys Acta
Mol Basis Dis. 2023;1870(1):16685.

3. Shook L.L., James K.E., Roberts D.J. et al. Sex-spe-
cific impact of maternal obesity on fetal placental
macrophages and cord blood triglycerides. Placenta.
2023;140:100-108.

4. Kelly A.C., Powell T.L., Jansson T. Placental function
in maternal obesity. Clin Sci. 2020;134(8):961-984.

5. Santos E., Hernandez M., Serazin V. et al. Human
placental adaptive changes in response to maternal
obesity: sex specificities. Int J Mol Sci. 2023;24(11):
9770.

6. Reynolds C.M. Don't sugar coat it: The indepen-
dent and synergistic impacts of obesity and gesta-
tional diabetes on placental parameters. J Physiol.
2023;601(7):1155-1156.

7. Padmanabhan V., Cardoso R.C., Puttabyatappa M. De-
velopmental programming, a pathway to disease. En-
docrinology. Endocrinology. 2016;157(4):1328-1340.

8. Sanli E., Kabaran S. Maternal obesity, maternal over-
nutrition and fetal programming: effects of epigenetic

UNIVERSITY THERAPEUTIC JOURNAL

VOLUME7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



0630Pbl

21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

mechanisms on the development of metabolic disor-
ders. Curr Genomics. 2019;20(6):419-427.

Lesseur C., Chen J. Adverse maternal metabolic intra-
uterine environment and placental epigenetics: impli-
cations for fetal metabolic programming. Curr Environ
Health Rep. 2018;5(4):531-543.

Chango A., Pogribny I.P. Considering maternal dietary
modulators for epigenetic regulation and programming
of the fetal epigenome. Nutrients. 2015;7:2748-2770.
Moreno-Fernandez J., Ochoa J.J., Lopez-Frias M. et al.
Impact of early nutrition, physical activity and sleep
on the fetal programming of disease in the pregnancy.
J Nutr. 2020;12(12):3900.

Zheng J., Xiao X., Zhang Q. et al. DNA methyla-
tion: The pivotal interaction between early-life nu-
trition and glucose metabolism in later life. J Nutr.
2014;112:1850-1857.

Marciniak A., Patro-Matysza J., Kimber-Trojnar Z.
et al. Fetal programming of the metabolic syndrome.
Taiwan J Obstet Gynecol. 2017;56(2):133—138.
Fernandez-Twinn D.S., Constancia M., Ozanne S.E.
Intergenerational epigenetic inheritance in models of
developmental programming of adult disease. Semin
Cell Dev Biol. 2015;43:85-95.

Rhee J.S., Saben J.L., Mayer A.L. et al. Diet-induced
obesity impairs endometrial stromal cell decidualiza-
tion: A potential role for impaired autophagy. Hum Re-
prod. 2016;31:1315-1326.

He M., Curran P., Raker C. et al. Placental findings
associated with maternal obesity at early pregnancy.
Pathol Res Pract. 2016;212:282-287.

Loardi C., Falchetti M., Prefumo F. et al. Placental mor-
phology in pregnancies associated with pregravid obe-
sity. ] Matern Fetal Neonatal Med. 2016;29(16):2611—
16.

Nogues P., Dos Santos E., Couturier-Tarrade A.
et al. Maternal Obesity Influences Placental Nutri-
ent Transport, Inflammatory Status, and Morphology
in Human Term Placenta. J Clin Endocrinol Metab.
2021;106(4):e1880—e1896.

Beneventi F., Bellingeri C., De Maggio 1. et al. Pla-
cental pathologic features
2023;144:1-7.

Avagliano L., Monari F., Po’ G. et al. The Bur-
den of Placental Histopathology in Stillbirths As-
sociated With Maternal Obesity. Am J Clin Pathol.
2020;7(154(2)):225-235.

Brouwers L., Franx A., Vogelvang T.E. et al. Asso-
ciation of maternal prepregnancy body mass index
with placental histopathological characteristics in un-

in obesity. Placenta.

complicated term pregnancies. Pediatr Dev Pathol.
2019;22:45-52.

Wallace J.G., Bellissimo C.J., Yeo E., Fei Xia Y.
et al. Obesity during pregnancy results in maternal
intestinal inflammation, placental hypoxia, and al-
ters fetal glucose metabolism at mid-gestation. Sci

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rep. 2019;9(1):17621. DOI: 10.1038/s41598-019-
54098-x.

Brett K.E., Ferraro Z.M., Yockell-Lelievre J. et al.
Maternal-fetal nutrient transport in pregnancy pa-
thologies: the role of the placenta. Int J Mol Sci.
2014;15(9):16153-85.

Howell K.R., Powell T.L. Effects of maternal obesity
on placental function and fetal development. Repro-
duction. 2017;153(3):R97-R108.

Acosta O., Ramirez V.I., Lager S. et al. Increased
glucose and placental GLUT-1 in large infants of
obese nondiabetic mothers. Am J Obstet Gynecol.
2015;212(2):227.e1-7.

Stern C., Schwarz S., Moser G. et al. Placental endo-
crine activity: adaptation and disruption of maternal
glucose metabolism in pregnancy and the influence of
fetal sex. Int J Mol Sci. 2021;22(23):12722.

Dumolt J.H., Powell T.L., Jansson T. Placental Func-
tion and the Development of Fetal Overgrowth and
Fetal Growth Restriction. Obstet Gynecol Clin North
Am. 2021;48(2):247-266.

Kabaran S., Besler H.T. Do fatty acids affect fetal pro-
gramming? J Health Popul Nutr. 2015;33:14.

Fattuoni C., Mando C., Palmas F. et al. Preliminary
metabolomics analysis of placenta in maternal obesity.
Placenta. 2018;61:89-95.

Duttaroy A.K., Basak S. Maternal Fatty Acid Metabo-
lism in Pregnancy and Its Consequences in the Feto-Pla-
cental Development. Front Physiol. 2022;12:787848.
Heerwagen M.J.R., Gumina D.L., Hernandez T.L. et al.
Placental lipoprotein lipase activity is positively asso-
ciated with newborn adiposity. Placenta. 2018;64:53—
60.

Innis S.M. Fatty acids and early human development.
Early Hum Dev. 2007;83(12):761-766.

Schaefer-Graf U.M., Meitzner K., Ortega-Senovilla H.
et al. Differences in the implications of maternal lipids
on fetal metabolism and growth between gestational
diabetes mellitus and control pregnancies. Diabet Med.
2011;28:1053-1059.

Segura M.T., Demmelmair H., Krauss-Etschmann S.
et al. Maternal BMI and gestational diabetes alter pla-
cental lipid transporters and fatty acid composition.
Placenta. 2017;57:144-51.

Lager S., Ramirez V.I., Gaccioli F. et al. Protein ex-
pression of fatty acid transporter 2 is polarized to the
trophoblast basal plasma membrane and increased in
placentas from overweight/obese women. Placenta.
2016;40:60—-66.

Calabuig-Navarro V., Haghiac M., Minium J. et al. Ef-
fect of maternal obesity on placental lipid metabolism.
Endocrinology. 2017;158:2543-2555.

Moore G.S., Allshouse A.A., Fisher B.M. et al. Can
Fetal Limb Soft Tissue Measurements in the Third Tri-
mester Predict Neonatal Adiposity? J Ultrasound Med.
2016;35:1915-1924.

UNIVERSITY THERAPEUTIC JOURNAL

TOM7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



28

REVIEWS

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Saben J., Lindsey F., Zhong Y. et al. Maternal obesity
is associated with a lipotoxic placental environment.
Placenta. 2014;35(3):171-7.

Rasool A., Mahmoud T., Mathyk B. et al. Obesity
downregulates lipid metabolism genes in first trimester
placenta. Sci Rep. 2022;12(1):19368.

Prieto-Sanchez M.T., Ruiz-Palacios M., Blanco-Car-
nero J.E. et al. Placental MFSD2a transporter is related
to decreased DHA in cord blood of women with treated
gestational diabetes. Clin Nutr. 2017;36:513-521.
Sanchez-Campillo M., Ruiz-Palacios M., Ruiz-Al-
caraz A.J. et al. Child head circumference and placen-
tal MFSD2a expression are associated to the level of
MFSD2a in maternal blood during pregnancy. Front
Endocrinol. (Lausanne). 2020;11:38.

Saben J., Lindsey F., Zhong Y. et al. Maternal obesity
is associated with a lipotoxic placental environment.
Placenta. 2014;35(3):171-7.

Saben J., Zhong Y., Gomez-Acevedo H. et al. Early
growth response protein-1 mediates lipotoxicity-asso-
ciated placental inflammation: role in maternal obesity.
Am J Physiol Endocrinol Metab. 2013;305(1):E1-14.
Challier J.C., Basu S., Bintein T. et al. Obesity in preg-
nancy stimulates macrophage accumulation and in-
flammation in the placent. Placenta. 2008;29(3):274—
81.

Brombach C., Tong W., Giussani D.A. Maternal obe-
sity: new placental paradigms unfolded. Trends Mol
Med. 2022;28(10):823-835.

Aye I.LL.M.H., Lager S., Ramirez V.I. et al. Increasing
maternal body mass index is associated with systemic
inflammation in the mother and the activation of dis-
tinct placental inflammatory pathways. Biol Reprod.
2014;90(6):129.

Simon B., Bucher M., Maloyan A. A primary human
trophoblast model to study the effect of inflammation
associated with maternal obesity on regulation of auto-
phagy in the placenta. J Vis Exp. 2017;127:56-84.
Linnemann K., Malek A., Sager R. et al. Leptin produc-
tion and release in the dually in vitro perfused human
placenta. J Clin Endocrinol Metab. 2000;85:4298—
4301.

Levine B., Mizushima N., Virgin H.W. Auto-
phagy in immunity and
2011;469(7330):323-335.
Yang C-S. et al. Autophagy protein rubicon mediates
phagocytic NADPH oxidase activation in response to
microbial infection or TLR stimulation. Cell Host &
Microbe. 2012;11(3):264-276.

Zi Z. et al. Rubicon deficiency enhances cardiac auto-

inflammation. Nature.

phagy and protects mice from lipopolysaccharide-in-
duced lethality and reduction in stroke volume. J Car-
diovasc Pharmacol. 2015;65(3):252-261.

Santos-Rosendo C., Bugatto F., Gonzalez-Domin-
guez A. et al. Placental adaptive changes to protect
function and decrease oxidative damage in metaboli-

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

cally healthy maternal obesity. Antioxidants (Basel).
2020;9(9):794.

Pereira R.D., De Long N.E., Wang R.C. et al. Angio-
genesis in the placenta: the role of reactive oxygen
species signaling. Biomed Res Int. 2015;2015:814543.
Hu C., Yan Y., Ji F. et al. Maternal obesity increases
oxidative stress in placenta and it is associated with
intestinal microbiota. Front Cell Infect Microbiol.
2021;11:671347.

Parrettini S., Caroli A., Torlone E. Nutrition and me-
tabolic adaptations in physiological and complicated
pregnancy: focus on obesity and gestational diabetes.
Front Endocrinol (Lausanne). 2020;11:611929.
Hufnagel A., Dearden L., Fernandez-Twinn D.S. et al.
Programming of cardiometabolic health: the role of
maternal and fetal hyperinsulinaemia. J Endocrinol.
2022;253(2):R47-R63.

Aye 1.L.M.H., Rosario F.J., Powell T.L. et al. Adi-
ponectin supplementation in pregnant mice prevents
the adverse effects of maternal obesity on placental
function and fetal growth. Proc Natl Acad Sci U S A.
2015;112(41):12858-63.

Matjila M., Millar R., Van Der Spuy Z. et al. Eleva-
ted placental expression at the maternal-fetal inter-
face but diminished maternal circulatory kisspeptin
in preeclamptic pregnancies. Pregnancy Hypertens.
2016;6(1):79-87.

Sferruzzi-Perri A.N., Lopez-Tello J., Napso T. et al.
Exploring the causes and consequences of maternal
metabolic maladaptations during pregnancy. Placenta.
2020;98:43-51.

Beetch M., Alejandro E.U. Placental mTOR Sig-
naling and Sexual Dimorphism in Metabolic Health
across the Lifespan of Offspring. Children (Basel).
2021;8(11):970.

Bale T.L. The placenta and neurodevelopment: sex dif-
ferences in prenatal vulnerability. dialogues clin. Neu-
rosci. 2016;18:459-464.

Tarrade A., Panchenko P., Junien C. et al. Placental
contribution to nutritional programming of health and
diseases: epigenetics and sexual dimorphism. J Exp
Biol. 2015;218(Pt1):50-8. DOI: 10.1242/jeb.110320.
Powell T.L., Barner K., Madi L. et al. Sex-Specific
Responses in Placental Fatty Acid Oxidation, Este-
rification and Transfer Capacity to Maternal Obe-
sity. Biochim Biophys Acta Mol Cell Biol Lipids.
2021;1866:158861.

Kim D.W.,, Young S.L., Grattan D.R. et al. Obesi-
ty during pregnancy disrupts placental morphology,
cell proliferation, and inflammation in a sex-specific
manner across gestation in the mouse. Biol Reprod.
2014;90(6):130.

Tozour J., Hughes F., Carrier A. et al. Prenatal hyper-
glycemia exposure and cellular stress, a sugar-coated
view of early programming of metabolic diseases. Bio-
molecules. 2020;10(10):1359.

UNIVERSITY THERAPEUTIC JOURNAL

VOLUME7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



0630Pbl

29

66.

Muralimanoharan S., Gao X., Weintraub S. et al. Se-
xual dimorphism in activation of placental autophagy
in obese women with evidence for fetal programming
from a placenta-specific mouse model. Autophagy.
2016;12(5):752-69.

REFERENCES

10.

11.

12.

13.

14.

Babenko A.Yu., Balukova E.V., Baryshnikova N.V.
Metabolic syndrome. Saint Petersburg; 2020.

Lima B.S., Sanches A.P., Ferreira M.S. et al. Mater-
nal-placental axis and its impact on fetal outcomes,
metabolism, and development. Biochim Biophys Acta
Mol Basis Dis. 2023;1870(1):16685.

Shook L.L., James K.E., Roberts D.J. et al. Sex-spe-
cific impact of maternal obesity on fetal placental
macrophages and cord blood triglycerides. Placenta.
2023;140:100-108.

Kelly A.C., Powell T.L., Jansson T. Placental function
in maternal obesity. Clin Sci. 2020;134(8):961-984.
Santos E., Hernandez M., Serazin V. et al. Human pla-
cental adaptive changes in response to maternal obesi-
ty: sex specificities. Int J] Mol Sci. 2023;24(11):9770.
Reynolds C.M. Don’t sugar coat it: The indepen-
dent and synergistic impacts of obesity and gesta-
tional diabetes on placental parameters. J Physiol.
2023;601(7):1155-1156.

Padmanabhan V., Cardoso R.C., Puttabyatappa M. De-
velopmental programming, a pathway to disease. En-
docrinology. Endocrinology. 2016;157(4):1328-1340.
Sanli E., Kabaran S. Maternal obesity, maternal over-
nutrition and fetal programming: effects of epigenetic
mechanisms on the development of metabolic disor-
ders. Curr Genomics. 2019;20(6):419-427.

Lesseur C., Chen J. Adverse maternal metabolic intra-
uterine environment and placental epigenetics: impli-
cations for fetal metabolic programming. Curr Environ
Health Rep. 2018;5(4):531-543.

Chango A., Pogribny I.P. Considering maternal dietary
modulators for epigenetic regulation and programming
of the fetal epigenome. Nutrients. 2015;7:2748-2770.
Moreno-Fernandez J., Ochoa J.J., Lopez-Frias M. et al.
Impact of early nutrition, physical activity and sleep
on the fetal programming of disease in the pregnancy:
J Nutr. 2020;12(12):3900.

Zheng J., Xiao X., Zhang Q. et al. DNA methyla-
tion: The pivotal interaction between early-life nu-
trition and glucose metabolism in later life. J Nutr.
2014;112:1850-1857.

Marciniak A., Patro-Matysza J., Kimber-Trojnar Z.
et al. Fetal programming of the metabolic syndrome.
Taiwan J Obstet Gynecol. 2017;56(2):133—138.
Fernandez-Twinn D.S., Constancia M., Ozanne S.E.
Intergenerational epigenetic inheritance in models of
developmental programming of adult disease. Semin
Cell Dev Biol. 2015;43:85-95.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Rhee J.S., Saben J.L., Mayer A.L. et al. Diet-induced
obesity impairs endometrial stromal cell decidualiza-
tion: A potential role for impaired autophagy. Hum Re-
prod. 2016;31:1315-1326.

He M., Curran P., Raker C. et al. Placental findings
associated with maternal obesity at early pregnancy.
Pathol Res Pract. 2016;212:282-287.

Loardi C., Falchetti M., Prefumo F. et al. Placental mor-
phology in pregnancies associated with pregravid obesi-
ty. J Matern Fetal Neonatal Med. 2016;29(16):2611-6.

Nogues P., Dos Santos E., Couturier-Tarrade A.
et al. Maternal Obesity Influences Placental Nutri-
ent Transport, Inflammatory Status, and Morphology
in Human Term Placenta. J Clin Endocrinol Metab.
2021;106(4):¢1880—-e1896.

Beneventi F., Bellingeri C., De Maggio I. et al. Pla-
cental pathologic features in obesity. Placenta.
2023;144:1-7.

Avagliano L., Monari F., Po’ G. et al. The Bur-
den of Placental Histopathology in Stillbirths As-
sociated With Maternal Obesity. Am J Clin Pathol.
2020;7(154(2)):225-235.

Brouwers L., Franx A., Vogelvang T.E. et al. Asso-
ciation of maternal prepregnancy body mass index
with placental histopathological characteristics in un-
complicated term pregnancies. Pediatr. Dev. Pathol.
2019;22:45-52.

Wallace J.G., Bellissimo C.J., Yeo E., Fei Xia Y. et al.
Obesity during pregnancy results in maternal intesti-
nal inflammation, placental hypoxia, and alters fe-
tal glucose metabolism at mid-gestation. Sci Rep.
2019;9(1):17621. DOI: 10.1038/s41598-019-54098-x.
Brett K.E., Ferraro Z.M., Yockell-Lelievre J. et al.
Maternal-fetal nutrient transport in pregnancy pa-
thologies: the role of the placenta. Int J Mol Sci.
2014;15(9):16153-85.

Howell K.R., Powell T.L. Effects of maternal obesity
on placental function and fetal development. Repro-
duction. 2017;153(3):R97-R108.

Acosta O., Ramirez V.I., Lager S. et al. Increased
glucose and placental GLUT-1 in large infants of
obese nondiabetic mothers. Am J Obstet Gynecol.
2015;212(2):227.e1-7.

Stern C., Schwarz S., Moser G. et al. Placental endo-
crine activity: adaptation and disruption of maternal
glucose metabolism in pregnancy and the influence of
fetal sex. Int J Mol Sci. 2021;22(23):12722.

Dumolt J.H., Powell T.L., Jansson T. Placental Func-
tion and the Development of Fetal Overgrowth and
Fetal Growth Restriction. Obstet Gynecol Clin North
Am. 2021;48(2):247-266.

Kabaran S., Besler H.T. Do fatty acids affect fetal pro-
gramming? J Health Popul Nutr. 2015;33:14.

Fattuoni C., Mando C., Palmas F. et al. Preliminary
metabolomics analysis of placenta in maternal obesity.
Placenta. 2018;61:89-95.

UNIVERSITY THERAPEUTIC JOURNAL

TOM7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



30

REVIEWS

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Duttaroy A.K., Basak S. Maternal Fatty Acid Metabo-
lism in Pregnancy and Its Consequences in the Feto-Pla-
cental Development. Front Physiol. 2022;12:787848.
Heerwagen M.J.R., Gumina D.L., Hernandez T.L. et al.
Placental lipoprotein lipase activity is positively associ-
ated with newborn adiposity. Placenta. 2018;64:53-60.
Innis S.M. Fatty acids and early human development.
Early Hum Dev. 2007;83(12):761-766.

Schaefer-Graf U.M., Meitzner K., Ortega-Senovilla
H. et al. Differences in the implications of maternal li-
pids on fetal metabolism and growth between gestatio-
nal diabetes mellitus and control pregnancies. Diabet.
Med. 2011;28:1053-1059.

Segura M.T., Demmelmair H., Krauss-Etschmann S.
et al. Maternal BMI and gestational diabetes alter pla-
cental lipid transporters and fatty acid composition.
Placenta. 2017;57:144-51.

Lager S., Ramirez V.I., Gaccioli F. et al. Protein ex-
pression of fatty acid transporter 2 is polarized to the
trophoblast basal plasma membrane and increased in
placentas from overweight/obese women. Placenta.
2016;40:60—66.

Calabuig-Navarro V., Haghiac M., Minium J. et al. Ef-
fect of maternal obesity on placental lipid metabolism.
Endocrinology. 2017;158:2543-2555.

Moore G.S., Allshouse A.A., Fisher B.M. et al. Can
Fetal Limb Soft Tissue Measurements in the Third Tri-
mester Predict Neonatal Adiposity? J Ultrasound Med.
2016;35:1915-1924.

Saben J., Lindsey F., Zhong Y. et al. Maternal obesity
is associated with a lipotoxic placental environment.
Placenta. 2014;35(3):171-7.

Rasool A., Mahmoud T., Mathyk B. et al. Obesity
downregulates lipid metabolism genes in first trimester
placenta. Sci Rep. 2022;12(1):19368.

Pricto-Sanchez M.T., Ruiz-Palacios M., Blanco-Car-
nero J.E. et al. Placental MFSD2a transporter is related
to decreased DHA in cord blood of women with treated
gestational diabetes. Clin Nutr. 2017;36:513-521.
Sanchez-Campillo M., Ruiz-Palacios M., Ruiz-Al-
caraz A.J. et al. Child head circumference and placen-
tal MFSD2a expression are associated to the level of
MFSD2a in maternal blood during pregnancy. Front
Endocrinol. (Lausanne). 2020;11:38.

Saben J., Lindsey F., Zhong Y. et al. Maternal obesity
is associated with a lipotoxic placental environment.
Placenta. 2014;35(3):171-7.

Saben J., Zhong Y., Gomez-Acevedo H. et al. Early
growth response protein-1 mediates lipotoxicity-asso-
ciated placental inflammation: role in maternal obesi-
ty. Am J Physiol Endocrinol Metab. 2013;305(1):E1-
14.

Challier J.C., Basu S., Bintein T. et al. Obesity in preg-
nancy stimulates macrophage accumulation and in-
flammation in the placent. Placenta. 2008;29(3):274—
81.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Brombach C., Tong W., Giussani D.A. Maternal obe-
sity: new placental paradigms unfolded. Trends Mol
Med. 2022;28(10):823-835.

Aye I.LL.M.H., Lager S., Ramirez V.I. et al. Increasing
maternal body mass index is associated with systemic
inflammation in the mother and the activation of dis-
tinct placental inflammatory pathways. Biol Reprod.
2014;90(6):129.

Simon B., Bucher M., Maloyan A. A primary human
trophoblast model to study the effect of inflammation
associated with maternal obesity on regulation of auto-
phagy in the placenta. J Vis Exp. 2017;127:56-84.
Linnemann K., Malek A., Sager R. et al. Leptin produc-
tion and release in the dually in vitro perfused human
placenta. J Clin Endocrinol Metab. 2000;85:4298—4301.
Levine B., Mizushima N., Virgin H.W. Autophagy in im-
munity and inflammation. Nature. 2011;469(7330):323—
33s.

Yang C-S. et al. Autophagy protein rubicon mediates
phagocytic NADPH oxidase activation in response to
microbial infection or TLR stimulation. Cell Host &
Microbe. 2012;11(3):264-276.

Zi Z. et al. Rubicon deficiency enhances cardiac auto-
phagy and protects mice from lipopolysaccharide-in-
duced lethality and reduction in stroke volume. J Car-
diovasc Pharmacol. 2015;65(3):252-261.
Santos-Rosendo C., Bugatto F., Gonzéalez-Domin-
guez A. et al. Placental adaptive changes to protect
function and decrease oxidative damage in metaboli-
cally healthy maternal obesity. Antioxidants (Basel).
2020;9(9):794.

Pereira R.D., De Long N.E., Wang R.C. et al. Angio-
genesis in the placenta: the role of reactive oxygen
species signaling. Biomed Res Int. 2015;2015:814543.
Hu C., Yan Y., Ji F. et al. Maternal obesity increases
oxidative stress in placenta and it is associated with
intestinal microbiota. Front Cell Infect Microbiol.
2021;11:671347.

Parrettini S., Caroli A., Torlone E. Nutrition and meta-
bolic adaptations in physiological and complicated
pregnancy: focus on obesity and gestational diabetes.
Front Endocrinol (Lausanne). 2020;11:611929.
Hufnagel A., Dearden L., Fernandez-Twinn D.S. et al.
Programming of cardiometabolic health: the role of
maternal and fetal hyperinsulinaemia. J Endocrinol.
2022;253(2):R47-R63.

Aye I.L.M.H., Rosario F.J., Powell T.L. et al. Adi-
ponectin supplementation in pregnant mice prevents
the adverse effects of maternal obesity on placental
function and fetal growth. Proc Natl Acad Sci U S A.
2015;112(41):12858-63.

Matjila M., Millar R., Van Der Spuy Z. et al. Eleva-
ted placental expression at the maternal-fetal inter-
face but diminished maternal circulatory kisspeptin
in preeclamptic pregnancies. Pregnancy Hypertens.
2016;6(1):79-87.

UNIVERSITY THERAPEUTIC JOURNAL

VOLUME7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



0630Pbl

31

59.

60.

61.

62.

63.

Stferruzzi-Perri A.N., Lopez-Tello J., Napso T. et al.
Exploring the causes and consequences of maternal
metabolic maladaptations during pregnancy. Placenta.
2020;98:43-51.

Beetch M., Alejandro E.U. Placental mTOR Sig-
naling and Sexual Dimorphism in Metabolic Health
across the Lifespan of Offspring. Children (Basel).
2021;8(11):970.

Bale T.L. The placenta and neurodevelopment: sex dif-
ferences in prenatal vulnerability. dialogues clin. Neu-
rosci. 2016;18:459-464.

Tarrade A., Panchenko P., Junien C. et al. Placental
contribution to nutritional programming of health and
diseases: epigenetics and sexual dimorphism. J Exp
Biol. 2015;218(Pt1):50-8. DOI: 10.1242/jeb.110320.
Powell T.L., Barner K., Madi L. et al. Sex-Specific
Responses in Placental Fatty Acid Oxidation, Este-

64.

65.

66.

rification and Transfer Capacity to Maternal Obe-
sity. Biochim Biophys Acta Mol Cell Biol Lipids.
2021;1866:158861.

Kim D.W.,, Young S.L., Grattan D.R. et al. Obesi-
ty during pregnancy disrupts placental morphology,
cell proliferation, and inflammation in a sex-specific
manner across gestation in the mouse. Biol Reprod.
2014;90(6):130.

Tozour J., Hughes F., Carrier A. et al. Prenatal hyper-
glycemia exposure and cellular stress, a sugar-coated
view of early programming of metabolic diseases. Bio-
molecules. 2020;10(10):1359.

Muralimanoharan S., Gao X., Weintraub S. et al. Se-
xual dimorphism in activation of placental autophagy
in obese women with evidence for fetal programming
from a placenta-specific mouse model. Autophagy.
2016;12(5):752-69.

UNIVERSITY THERAPEUTIC JOURNAL

TOM7 N2 2025

ISSN 2713-1912 (PRINT) ISSN 2713-1920 (ONLINE)



