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Pe3tome

Ha cerogHAWHWA JeHb CHopMMpoBaHa BHYLUINUTENbHASA [l0Ka3aTefbHas 6a3a HeraTMBHOrO BJIMSHWSA TUNEProMOLUUCTENHEMUN
(I'TLL) npu GepemMeHHOCTW Ha BHYTPUYTPOOHOE pasBMTWE NNOMA: YBENIMYEHUE PUCKA BPOXIAEHHbIX Ae(PEKTOB HEPBHOW TPYOKH,
BPOXX[EHHbIX NOPOKOB CepAL, HECUHAPOMHbIX PACLLENNH NooCTh pTa. TakKe MHOrOYUCIEHHbIE UCCNEA0BaHMS NOKasanu, 4To
ITL aBnseTca (PakTopom pucka peannsaunin Takux Cepbe3HbIX akyLLIEPCKNX OCNOXHEHMUIA, KaK NMPUBbIYHOE HEBbIHALLWBAHWE Gepe-
MEHHOCTU, NPeXAeBPEMEHHbIE POAbI, NPE3KNAMMNCUS, NPEXLEBPEMEHHAsA OTCMONKA NaLeHTbl, 3aepXKKa pa3BuTusa nnoja, recra-
LMOHHbIA CaxapHblil anabet. B ToxXe Bpems, HECMOTPS HA MHOXECTBO K/MHUYECKUX W 3KCMEPUMEHTaNbHbIX UCCef0BaHUiA,
3HAYNMOCTb U MHOrOrpaHHoCTb 3dppekToB [TL npomomkaer noOLAepXuBaTb WHTEPEC MCCnejoBaTeneil K npobremartuke.
B nocnefHue rofibl Nony4eHsbl AaHHbIE 0 ManoU3BECTHbIX ABMEHMSAX, aCCOLMUPOBAHHbIX ¢ TLL maTepu npu 6epemMeHHOCTU, TaKUX
KaK «3nnureHeTU4ecKoe CTapeHne nnoja» u «nnofoBbli aTeporeHes». ANUreHeTNYecKkoe CTapeHne — 3T0 UHAMBUAYANbHbIA NOKa-
3aTefib CTapeHUs, KOTOPbIA (PUKCUPYET MEeXWHAMBMOYaNbHbIE Pas3nuyus BO BPEMEHW Havana Kakoro-nmbo 3abosieBaHus Ha
MPOTSKEHUMN BCEI XWU3HW, OHO UMEET MECTO BO BHYTPUYTPOOGHOM Pa3BUTUMN U BbIPXAETCH B runomeTunupoBanumn OHK. YmepeH-
Has [TL, npu 6epeMeHHOCTH BbI3bIBAET runomeTununposanue HK y nnoaa, 4To, cOrnacHo peaynsratam NoCcnenHNX CCReaoBaHNi,
MOXET ABJIATLCA OCHOBHbLIM MEXaHU3MOM, ONpefenstowmmM 300p0Bbe B IETCKOM U B3POCIIOM BO3pacTe. «[1n0[0BbIi aTeporeHes»
— 370 eLle OAWH ManomayyeHHblit ekt IML. [aHHbIA TEPMUH NOAYEPKUBAET, 4TO (DOPMUPOBAHUE ATEPOCKNEPOTUHECKMX
ONALLIEK HAYMHAETCA He BO B3POC/IOM BO3PACTE, @ BHYTPUYTPO6HO. CyLLIeCTBYET pAZ UCCNEL0BaHMIA, KOTOPbIE NoKa3anu, 4To o6pa-
30BaHNe YTOSLLEHUA 1 XXNPOBbIX MPOXMIOK UHTUMbI COCYAOB, YHACTBYIOLLMX B NATOreHe3e aTepoCcKieposa, HaYnHaeTcs aHTeHa-
TaNbHO. OTKPbITUE HOBbIX aCMEKTOB HEraTMBHOro BAUAHKUA L npu 6epeMeHHOCTI Ha pa3BuTie nnoga 06ycnasnneaer HeobxoLu-
MOCTb NOAPOBHOro N3yyeHus npuyuH ML kak Hemognduumpyembix (reHeTn4eckne AedekTbl PEPMEHTHbLIX CUCTEM), 1 4TO eLLle
60ree BaXHO, YCNOBHO-MOLUULMPYEMBIX MPUHNH (HEJOCTATOK KOHAKTOPOB, U36bITOYHOE NOTPE6NeHNe METUOHUHA, NpUem
NEKapCTBEHHbIX NMPenaparos) s CBOEBPEMEHHOr0 UX HUBENUPOBAHWA. Takke NpPeaCcTaBnsaeTca BOXHbIM U3y4eHUe NOAXO0LO0B
K Koppekuuu [TL, Ha nperpasugapHoM 3Tane peann3awum penpoayKTUBHOM (YHKLMMN XEHLLMHBI Ans (DOPMUPOBAHUS KOPPEKTHON
«NporpamMmbl» Pa3BUTUA N0Aa U HOBOPOXAEHHOTO.
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Abstract

Today, a whole body of evidence base has been formed showing the negative effect of hyperhomocysteinemia (HHC) during
pregnancy on the intrauterine fetal development: risk factors associated with development of congenital neural tube defects,
congenital heart defects and non-syndromic oral facial clefts. In addition, numerous studies have shown that HHC is a risk factor
for serious pregnancy complications such as repeated pregnancy loss, preterm birth, preeclampsia, placental abruption, intrauterine
growth restriction, gestational diabetes mellitus. At the same time, despite multiple clinical and experimental studies, the
significance of HHC effects continues to support the interest to this issue. In recent years, new data were revealed about little-
known phenomena pregnancy-associated maternal HHC such as "epigenetic fetal aging" and "fetal atherogenesis". Epigenetic aging
is an individual indicator of aging that captures interindividual differences at disease onset throughout life occurring during
intrauterine development being reveaked as DNA hypomethylation. Moderate HHC during pregnancy causes fetal DNA
hypomethylation, which, according to recent research, may represent the main mechanism underlying health in childhood and
adulthood. "Fetal atherogenesis" is another understudied HHC effect emphasizing that the formation of atherosclerotic plaques
begins not in adulthood, but in utero. A body of studies has shown that the formation of thickening and fatty streaks in vascular
intima involved in the pathogenesis of atherosclerosis begins antenatally. The discovery of new aspects of negative intrauterine
HHC impact on fetal development necessitates a detailed study of HHC causes as non-modifiable (genetic defects in enzyme
systems), and more importantly, conditionally modifiable causes (lack of cofactors, excessive methionine consumption,
medications) for their timely leveling. It is also important to study approaches to HHC correction at the preconception stage of
a female reproductive function in order to correctly "program" fetus and newborn development.
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Beegenue / Introduction

@eTanbHOE NPOrpamMupoBaHNe — 3T0 HanpasfieHne
NepuHaToONoOrun, KOTOPoe N3y4aeT BCE BOSMOXHbIE Hera-
TUBHbIE 1 MO3UTUBHbIE (PAKTOPbI, BO3LAEICTBYIOLNE B Ne-
pUOS BHYTPUYTPOOHOTO Pa3BUTUA HA SMOPUOH W1 MI0L.

MmnepromoumctemHemus (ITL) npu 6GepemeHHOCTH
C03JaeT onpefeNieHHbIA «MUKPOKNUMAT» 4515 Nioja, pe-
ANN3YIOLWNIA paL HEeraTMBHbIX 3DEKTOB Ha Pa3HbIX CPO-
Kax recrauum u onpeaenstoLnii ero NpuBeP>KEHHOCTb KO
MHOrM 3a6051€BaHKUSAM BO B3POCNOM BO3pacTe.

Ha paHHuXx cpokax 6epeMeHHOCTU, KOrga npomcxo-
ONT 3aKnagka opraHos, ymepeHHas [TL, noBbiwaeT puck
BPOXEHHbIX MOPOKOB Pas3BUTUSA, TakWX KaK Aed)eKTbl
HEpPBHOM TPYOKM, BPOXKAEHHbIE NMOPOKM Cepaua, HecuH-
APOMHbIe pacLlenuHsl nonoctu pra [1].

MocneaHne OaHHble YKa3blBAKT HA KPUTWYECKMIA ne-
pUOz NMO3AHNUX CPOKOB 6ePEeMEHHOCTN U HEraTUBHOE BHYT-
puyTpobHOE BNUAHME romoumctemHa (ML) Ha cocygpl
niofja, 4To acCoLMMPOBAHO C PAHHUMM NPU3HaKaMu aTe-
pOCKNepo3a y feteid. bbino nokasaHo, 4To 60N€e BbICO-

Kne KOHLEeHTpauun 'Ll B nynoBUHHOI KPOBW, B3STbIE MPK
POXKAEHUN, ObITN CBA3aHbI C MEHbLLEA PaCTIXKMUMOCTbIO
COHHbIX apTepuil B LUKONbHOM Bo3pacTe [2]. Tak nosBu-
nacb 1es o «nyjof0BOM aTeporeHese».

[MnepromoLncTenHEMMS BIINSIET HA ANUTEHETUYECKYIO
Perynsunuio 3KCNpeccun reHoB MNOCPeJCTBOM BMelLLa-
TeNbCTBA B METab0/IM3M METUIbHOW FPYNMbl, BbI3biBas
npu atom runometunuposanue [HK, 4to obycnasnnea-
BT «3MUreHETNYECKOE CTAapeHne nnoaa». Pa3HOCTb Mex-
[y SMUreHEeTUYECKUM M XPOHONOrMYECKUM BO3PACTOM
Ha3bIBAETCSA BO3PACTHLIM yCKOpeHueMm. MonoxutenbHoe
BO3pACTHOE YCKOPEHWe yKa3blBaeT Ha 6Gonee crapLuui
3MUreHeTMYECKUIA BO3PACT. Y B3POCTbIX NONOXUTENbHOE
YCKOpeHWe Bo3pacTta CBA3aHO CO CMEPTHOCTbIO OT BCEX
MPUYKH, a TAKXXE CO CMEPTHOCTbID OT paka U CepaeyvHo-
COCYLMCTbIX 3a6051eBaHuUi [3-5].

i3ameHeHus B meTunuposaHum OHK nnoga moryt 6bITh
OCHOBHbIM MEXaHW3MOM, CBS3aHHbIM C MOC/EACTBUAMU
AN 300P0OBbA B JETCKOM 11 B3POCNOM Bo3pacTe [6]. bbiin
HalileHbl HEKOTOpble [0Ka3aTenbCTBa, MNOATBEPXKAAHD-
e cBA3b ymepeHHoi [TL, matepn ¢ NONOXUTENbHbIM
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ANuUreHeTUHECKNe MeXaHU3Mbl BHYTPUYTPOBHOIO «CTapeHus» NioAa: Manon3BecTHble 3 MeKTbl TUneproMoLUCcTeMHEMUN

npu 6epemMeHHOCTH

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToin Teme?

» Ha paHHuMX cpokax 6epemMEHHOCTW, KOrfa MNpOWUCXOANT
3aKJafika opraHos, runepromoumcrenHemus (ML) okasbiBaet
HeraTBHOE BAWSIHWE HA BHYTPUYTPOOHOE Pa3BMTWE MIOAA:
YBENNYNBAET PUCK BPOX/EHHbIX A6(DEKTOB HEPBHOI TPYOKM,
BPOXAEHHbIX MOPOKOB CEpALa, HECUMHAPOMHbLIX PaCLUeNvH
nosiocTyn pra.

» [TLl aBnfeTca (PakTopOM puUcKa peanu3aunuy Takux Cepbes-
HbIX aKyLLEPCKIX OCMOXHEHUIA, KaK MPUBbIYHOE HEBbIHALLNBA-
HIe 6epeMeHHOCTY, MPEXAeBPEMEHHbIE POAbI, NPE3KIaMncus,
npexAeBpeMeHHas 0TCII0MKA NNALEHTbI, 3aepXXKa pa3BuTus
Mny104a, reCTaunoHHbIN CaxapHbIi Anaber.

» YMepeHHOe MOBbILEHNE YPOBHs romoumctenHa (ML) — ato
MOLLHbIA He3aBUCKUMbIN (haKTOp puUcKa pasBUTMS aTepocKIie-
po3a. YCTaHOBNEHO, 4TO YMepeHHyto [TL| cpean reHeTn4ecKmnx
NPUYNH YaLLe BbI3bIBAIOT NonuMopduamsl B rede MTHFR.

Y70 HOBOrO f1a€T cTaTbhAA?

» [ocnegHue uccnesoBaHns nokasanu, 410 06pasoBaHue yTon-
LLIEHUI U XXMPOBBIX NMPOXWUIIOK UHTUMbI COCYL0B, Y4aCTBYHOLLIMX
B NnaToreHe3e atepockriepo3a, Ha4MHAeTCa aHTeHaTanbHO.

» llocnefHue JaHHble YKasblBalOT Ha KPUTUYECKWUI nepuop
MO3AHUX CPOKOB GEPEMEHHOCTI U HeraTUBHOE BHYTPUYTPOG-
Hoe BnusiHMe TL| Ha cocymbl Mnoja, 4T0 accoLMMpoBaHO
C PaHHUMM NpU3HAKaM aTepocKNepo3a y JeTeil.

P> OnUreHeTN4eckoe CTapeHne — 310 MHAMBUAYANbHBIA NoKa3a-
TeNb CTapeHusi, KOTOPbIN PUKCUPYET MEeXWHAMBUAYaTbHbIE
pasnnyns BO BPEMEHM Hayana Kakoro-nnbo 3abosieBaHNs Ha
NPOTSXKEHUMN BCEN XIU3HU, OHO BbIPAXAETCA B FMMOMETUINPO-
BaHun [OHK. YmepeHHas ITL, npu 6epeMeHHOCTN BbI3blBAET
runometunmposanne OHK y nnoga, 4To MOXeT SBAATHCA
MEXaHU3MOM, OMpejensiolnM  3[0pOBbe B [ETCKOM
11 B3pOC/IOM BO3pACTE.

Kak 3aT0 MOXET NOBAUATb HA KIIMHNYECKYH) NPAKTHKY
B 0603pumom byaywem?

P> B pOCCUICKUX KITUHUYECKUX PeKOMeHAaumusax ymepeHHas ITL|
He VYMOMMWHAETCd Kak (PAaKTOp aKyLIepCKUX OCMOXHEHWI:
MPUBLIYHOrO HEBbIHALLMBAHNA GEPEMEHHOCTH, NPEXAEBPEMEH-
HbIX POLOB, MPE3KIAMNCUM, MPEXLEBPEMEHHOA OTCHOMNKN
MAALEHTHI, 3a4ePXKKN Pa3BUTUSA N0AA, FeCTAUMOHHOMO caxap-
Horo Aua6erta. OfHaKko pes3ynbTathl HEAABHWUX UCCNELOBAHMIA
NOATBEPXJAIOT B3aMMOCBSA3b YMepeHHOM [TLL u akyLepckux
OCNOXHEHNIA.

» Ha CerofHsWHNA [eHb HET OouuUManbHbIX [JOKYMEHTOB,
(huKcupytoLLmx HopManbHbIA ypoBeHb [Ll Ha nperpasupap-
HOM aTane peanu3auum penpomykTUBHON (OYHKLMK, a TaKxKe
BO Bpems 6epeMeHHOCTW. MOCKOMbKY 3[eCb MpefcTaBeHbl
CCNeS0BaHNS, KOTOPbIE MPUBOAAT HOPMabHbIA YpoBeHb 'L,
0630p OyAeT None3eH A1 COBEPLUEHCTBOBAHNA KITMHUYECKUX
peKomeHaumi.

» [laHHbIA 0630p pacKpbIBaeT NPUYKUHLI yMepeHHo L, 3HaHne
KOTOPbIX MOMOXXET CGHOPMMUPOBATL FPYMMbl PUCKA HA Nperpa-
BUZAPHOM 3Tare Ans CBOEBPEMEHHOr0 BbISIBMEHUS U NIEYEHUS.

YCKOPEHMEeM recTalOHHOro BO3pacrta nnoja, 4to CBu-
LeTenbCTBYET 0 60/1ee BbICTPOM 3MUrEHETUHECKOM, YeM
KJIMHWYECKOM TecTauOHHOM CTapeHum [6].

YmepeHHas [TL — 370 MHOroakTopHOe COCTOSIHME,
00YCIIOBNIEHHOE HAC/IEACTBEHHOCTbIO M 06Pa30OM XM3HU,
KOTOPOE MOXET 6bITb CKOPPEKTUPOBAHO LaXe Y Hacnen-
CTBEHHO MpeSpacroNOXeHHbIX XeHwuH. CerofHa oc-
HOBHbIE MOAXOAbl K KOPPEKLMN — 3TO NPUMEHEHUE Npe-
naparos honnNeBoil KNCNOTbI, BUTAMUHOB By, By, 1 Bu-
TamuHa D.

What is already known about this subject?

» At early stages of pregnancy, when organ laying occurs,
hyperhomocysteinemia (HHC) has a negative impact on fetal
intrauterine development: increased risk of congenital neural
tube defects, congenital heart defects, non-syndromic clefts
of the oral cavity.

» HHC is a risk factor for serious pregnancy complications such
as repeated pregnancy loss, preterm birth, preeclampsia,
placental abruption, intrauterine growth restriction, gestational
diabetes mellitus.

» A moderate rise in homocysteine (HC) level is a powerful
independent risk factor for atherosclerosis. It was found that
among the genetic causes of moderate HHC, it more likely
results from polymorphisms in the MTHFR gene.

What are the new findings?

» Recent studies have shown that the formation of thickening
and fatty streaks of vascular intima involved in the
pathogenesis of atherosclerosis begins antenatally.

» Recent data point to the critical period of late pregnancy and
negative intrauterine HC effect on fetal vessels, which is
associated with early signs of atherosclerosis in childhood.

» Epigenetic aging is an individual indicator of aging that
captures interindividual differences at disease onset through-
out life being revealed as DNA hypomethylation. During preg-
nancy, moderate HHC causes fetal DNA hypomethylation,
which may be a mechanism that determines health in child-
hood and adulthood.

How might it impact on clinical practice in the foreseeable

future?

» In Russian Federation clinical guidelines, moderate HHC is not
mentioned as a factor of pregnancy complications: repeated
pregnancy loss, preterm birth, preeclampsia, placental
abruption, intrauterine growth restriction, gestational diabetes
mellitus. However, the results of recent studies confirm the
relationship  between moderate HHC and obstetric
complications.

» Today, no official documents establishing the normal HC level
at the preconception stage of reproductive function, as well as
during pregnancy are available. Since local and international
studies are presented here providing a normal HC level,
current review will be useful for improving clinical
recommendations.

» This review uncovers the causes of moderate HHC, the
knowledge of which will help to form risk groups at the
preconception stage for timely detection and treatment.

TomouucrenH

U I'HIIEPIOMOIIUCTEHHEMUA /
Homocysteine and
hyperhomocysteinemia

[MnepromoumcTenHeMns NOAPA3LENsaeTCcs Ha THXKENyo
(> 100 mkmonb/n), npomexxyTouHyro (31-100 MKMonb/)
1 ymepeHHyo (16-30 Mkmonb/n) popmbl. MpomexxyTouy-
Has 1 ymepeHHas [TLL He MMEKT KNUHWYECKUX MpPU3Ha-
KOB, Habogaemblx npu TsHxenoi ML, 3a ncknioYeHnem
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NOMOXUTESIbHOW accounaum ¢ pa3BuUTUEM OKKITHO3NOH-
HOro 3a6oJieBaHNA cocyaos [7].

B 90-x rr. XX Beka KoHueHTpaums 'Ll B 15 MKkMonb/n
06LLENPUHATO CYUTanacb BEPXHEN rpaHuLei Hopmalb-
Horo yposHs Tl [8-13]. OgHako BnoCneAcTBMK CTa-
N0 M3BECTHO, 4TO PUCK PasBUTWS COCYAWCTOM MaTo-
NOTUM yBENMYMBAETCA NpU KOHueHTpauuu Tl cBbiwe
10 mkmons/n [14].

[aHHble OIBY «Poccuincknit Hay4Ho-Uccnef0BaTeNb-
CKWit MHCTUTYT rematonorum u TpaHcgysuonorun defe-
panbHOr0 MefMKO-61onoruyeckoro areHtctea» (MY
PocHUWUTT ®MBA Poccun) npuBofaT cnegytoline Bo3-
pacTHble HOpMbI ['Ll; BHE 6epeMEHHOCTM AN XKEHWMNH <
30 net — 4,6-8,1 Mmkmonb/n, ans »exwuH ctapuie 30 net
—4,5-8,0 MKMOnb/N 1 Ansg My»4uH — 4,6-11,2 MKMOb/N
[15]. Mo paHHbIM nuTepaTypbl, 3Ha4eHne Ll y MyX4uH
B CPefHeM Ha 2—4 MKMOJb/N BbILLE, HYEM Y XKEHLUUH [16].

OpHako, HECMOTPS HA MHOroneTHee u3yyeHue L, go
CMX MOP 0CTAETCA OTKPbITbIM BOMPOC 0 €70 ONTUMaNbHOM
YPOBHE Y XEHLUMH B PENPOAYKTMBHOM BO3PaCTe C TOYKU
3peHus akyLlepcKoro Barnsaga.

B nccneposaHum K. Rasmussen ¢ COaBT. KOHLIEHTpa-
ums T 4,5-7,9 MKMONb/N cTana onTUManbHON ANs XKeH-
LLMH penpoayKTuBHoro so3pacra [17].

Ecnvn yposeHb 'Ll 60siblue 7,9 MKMOMb/N, TO PUCK He-
BblHALIMBAHMA 6EPEMEHHOCTU YBENIMHNBAETCA B 2,2 pasa
(oTHOWeHwe waHcos (OL) = 2,2; 95 % [0BepuUTeNbHbIN
uutepsan (OW) = 1,4-3,5) [18].

Mo cpaBHeHUIO ¢ Heb6epeMeHHbIMU 3HaveHus 'L npw
HOpPMasnbHOW GepeMeHHOCTM HWXKe. bonee HU3KMIA ypo-
BeHb 'Ll o6ycrnoBfieH remoanntoumneil, BbI3BaHHON yBe-
NuYyeHnem o6bEMA KPOBM, MOBbILEHHOW CKOPOCTbIO
Kny604koBON ounbTpauunm n notpeérneHuem vactu 'L
nnogom [19]. Ha yposeHb 'Ll BO Bpems 6epeMeHHOCTH
TaKXXe MOXET BJIMATb rOpMOHarbHas cpefa. KoHueHTpa-

ums TLL HYXKe y XXeHWWH B NpeMeHonayse, YeM B NoCT-
meHonayse [20-22].

KoHueHTpauus Ll B mocTmeHonayse CHuXanacb no-
CNe 3aMeCTUTENbHOI ropMoHanbHoit Tepanumn. Coaepxa-
HUE 3CTPOreHa JIMHEMHO BO3PACTaNIO B CbIBOPOTKE KPOBM
marepu BO Bpems 6epeMeHHOCTM ¢ 92 no 642 nmons/n,
ananasoH Il Tpumectpa coctasnan 275-367 nmosb/n
[23]. NokasaHo, 4TO ropmoHanbHas cpefa Bo Bpems 6e-
PEMEHHOCTI MOXET CNOCOOCTBOBATbL CHUKEHMIO YPOBHSA
'l B nnasme [24].

YpoBeHb 'Ll CHUXaeTca Ha paHHUX Cpokax GepemMeH-
HOCTU, LOCTMraeT CBOEro CamMoro HW3KOro 3Ha4yeHus BO
Il TpumecTpe, Mmocrie 3TOM0 HEYKNOHHO HapacTaeT Ha
NO3LHMX CPOKAX, MOKA He AOCTUTHET YPOBHS PAHHMX CPO-
KoB [25]. OfHaKO CYLLECTBYIOT pasnnyns B Nonynsunax:
TaK, cpefn GepemMeHHbIX a3natckoi monynauuu copep-
XaHue 'L yMeHbLIAeTCs Ha PAHHMX CPOKAX U HEYKJTIOHHO
pactet Bo Il v [ll TpumecTpax [26].

HopmanbHble 3HavyeHus 'Ll Bo Bpems 6epemMeHHOCTH
cnepytowme: 3,9—7,3 mmonb/n 0o 16-i Heienu recrauuu,
3,5-5,3 mmonb/n mexay 20-n n 24-in Hegensamu n 3,3
7,5 Mmons/n nocne 36-i Hegenu [25]. B Tabnuue 1 npu-
BefieHbl YPOBHM 'L, B pasHbIX TpUMECTpax HOpMasbHON
6epeMeHHOCTU. HeCMOTPSA Ha TO YTO HOpPMalibHOE 3Haye-
Hue 'Ll Ha no3aHNUX cpokax 6epeMeHHOCTU MeHbLUE, YeM
[0 6epeMeHHOCTI, 6epeMeHHble 60J1ee BOCMPUAMYMBBI
K TL [25, 27], TaKk Kak [TL, cHmxaeT KpoBoobpaLLeHune
Ha rpaHuue pasfena Matb—nioj W yMmeHbluaeT nepgy-
3110 nnaLeHTol [25].

B oTeyecTBeHHOW NuTepaType NpencTaBlieHbl Creayto-
LLMe faHHble (Tabn. 2).

MeTtabonuam romonuctenmna / Homocysteine metabolism

FOMOLMCTEMH — CepocOAepKaLias aMUHOKICNOTa, KO-
TOpas cama no ce6e ABNALTCA NPOMEXYTOUHBIM 3BEHOM

Tabnuua 1 (Hayano). HopmanbHbli ypoBEHb FOMOLIMCTEMHA B Pa3HbIX TPUMECTpax 6epeMeHHOCTH [25].

Table 1 (beginning). Normal homocysteine levels in different trimesters of pregnancy [25].

n Yucno 3popo- YpoBeHb roMouucTENHA (MKMOJb/N)
WUcTounuk gl:gsm::ﬂ BbIX N Homocysteine level (umol/L)
Reference P Number of | TpumecTp Il TpumecTp Il fpumecTp
subjects . h . .
normal subjects Trimester | Trimester Il Trimester Il
56+1,6 43+1,0 56+23
Walker et al KaHaga 155 (8—16 Hep recTauun) (20-28 Hep rectauuu) (32-42 Hep recTauun)
' Canada (gestational age 8-16 (gestational age 20-28 (gestational age 32-42
weeks) weeks) weeks)
47+14 53+18
Hogg et al. Vtanusa 63 _ (26 Hen .I'eCTaLl,VIVI) (37 Heg reCTauMM)
[taly (gestational age (gestational age
26 weeks) 37 weeks)
, Henan
Bondevik et al. Nepal 382 9,9 (9,1-10,6) 9,3 (8,6-10,1) 9,4 (8,5-10,3)
6,48 + 1,30 5,22 +1,29 516+ 1,32
Murphy et al. |/|CI'IaI‘-IVIF| 54 (8 Heq reCTaumm) (20 Hen .I'eCTaLl,VIVI) (32 Hep reCTauMM)
Spain (gestational age (gestational age (gestational age
8 weeks) 20 weeks) 32 weeks)

N
(=]
N
(O})
°
5
=
—
~
°

¢o

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn




05

INUreHeTUYECKNEe MEXaHU3Mbl BHYTPUYTPOGHOTO «CTapeHNs» NA0AA: Manon3BecTHbIe 3(MEKTbl rMNeproMoLucTenHeMin
npu 6epemMeHHOCTH

Ta6nuua 1 (okoH4aHue). HopmanbHbIid ypOBEHb FOMOLMCTENHA B Pa3HbIX TPUMECTPAX 6epeMeHHOCTH [25].

Table 1 (ending). Normal homocysteine levels in different trimesters of pregnancy [25].

Yucno 3popo-

YpoBeHb roMoLucTeNHA (MKMOJIb/N)

[ ]
>~
—
2
=
[ ]
g Monynsauus :
g WcTouHuk Group of BbIX N1 Homocysteine level (umol/L)
N References suhj:cts Number of | TpUmecTp Il TpumecTp Il Tpumectp
normal subjects Trimester | Trimester Il Trimester Il
& | | cotter et al. Vipnaiaus 142 70715 - -
= Ireland
= 7,28 (95 % PU/RI: 6,89 (95 % PU/RI:
N4 4,28-12,40) 3,93-12,06)
> (16 Hep recrayum) (28 Hep rectaunu)
<« (gestational age gestational age
@)
16 weeks) 28 weeks)
o
= 9,42 (95 % PU/RI: 7,33 (95 % PU/RI: 7,17 (95 % PU/RI:
Y Velzina-Aarts 3anagHas 5,50-16,12) 4,25-12,64) 4,38-11,73)
m g Adpuka 50 (9 Hepn recTauum) (20 Hep recTauun) (32 Hep recTaumm)
etal
N ' West Africa (gestational age (gestational age (gestational age
= 9 weeks) 20 weeks) 32 weeks)
= 7,11 (95 % PU/RI: 7,60 (95 % PW/RI:
é 4,03-12,55) 4,46-12,96)
< (24 Hep recrayum) (36 Hepn rectauuu)
estational age estational age
@) @ g (9 g
N4 24 weeks) 36 weeks)
) 6,61 (3,93-11,10)
m (32 Hep rectauuu)
N (gestational age
Ll 32 weeks)
(o}
@] Nanus 6,06 (3,6-9,4) 7,78 (4,72-12,81)
M Milman et al. 434 - (18 Hep recTauuu) (39 Hepn rectauum)
1= Denmark . .
3) (gestational age (gestational age
o 18 weeks) 39 weeks)
o 10,99 (5,85-20,64)
E (8 Hep nocne pofoB)
;u (8 weeks post-delivery)
< Ceiiensl ?224H((313r2;::u33)) 124 (591-2317)
Wallace et al. 226 5,83 (4,03-10,38) . (nocne poaos)
Seychelles (gestational age (after delivery)
28 weeks)
4,7 (4,5-4,9)
CkaHauHasus (17-19 nHep recrauuu)
Hay et al. Scandinavia 364 B (gestational age -
17-19 weeks)
5,5 (4,5-6,7)
Hupepnanabl _ (30-34 nep recrauuu) B
Hogeveen et al. Netherlands 366 (gestational age
30-34 weeks)
HOxHas NHaus
Samuel et al. South India 360 9,22 (5,74-15,08) - -
10,6 (8,9-15,7) 10,6 (8,2-13,9) 10.2 (7,9-14,0)
Choi et al Kopes 978 (5—13 Hep recTauun) (14-26 Hep recTauuu) (27-40 Hep rectauum)
' Korea (gestational age (gestational age (gestational age
5-13 weeks) 14-26 weeks) 27-40 weeks)
4,7+2,08
Maged et al. Ernner 453 _ (15-19 HeA recraum) _
Egypt (gestational age
15-19 weeks)
Yang et al. *ém: 354 5,79-11,86 5,79-11,86 6,13-16,75

Tpumeyanne: PV — peghepeHcHbI nHTEpBal.
Note: RI - reference interval.
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Tabnuua 2. JuHamnka 3Ha4yeHnin rOMOLMCTENHA Y XKEHLLH NPW BbIHALLWBAHUM 6@PEMEHHOCTI 1 Nocse poAoB [28].

Table 2. Dynamics of female homocysteine magnitude during pregnancy and after childbirth [28].

FomouuncTeuH, Hepenu rectauun / Gestational age, weeks
MKMONb/N nr nP
Homocysteine PS 8 12 18 292 28 32 37 PP
umol/L

MepmnaHa
Median 9,7 6,8 6,1 5,6 5,2 5,3 5,2 58 9,6
HwXHWit npeaen
Lower limit 6.1 3,4 34 35 29 32 3,0 32 5,7
Max—min 5,6-6,5 3,4-4,3 3,0-3,7 3,3-3,8 2,5-3,1 3,9-3,4 2,6-3,3 3,3-3,9 5,1-6,1
BepxHuit npegen
Upper limit 13,0 10,8 9,1 78 78 7,4 7,8 8,1 13,44
Max—min 12,0-134 | 104-113 | 8,794 7,6-8,1 7,5-8,1 7,2-1,7 7,0-8,7 7,8-8,4 12,9-13,9

lpumeyanne: [ — nperpasugapHbivi nepuog; 1P — nocneposoBbii nepuog.
Note: PS — preconception stage; PP — postpartum period.

B METMOHWHOBOM LMKNe. 13-3a2 CBOEro TUOJI0BOTO KOM-
noHeHTa 'Ll MOXeT reHepupoBaTb BbICOKOPEAKTUBHbIE
BOCCTAHOBMNEHHble (DOPMbI KUCOPOLA, KOTOPble 3HA4M-
TeNbHO NMOBPEXAAOT KNETOYHbIE CTPYKTYPbl. B COBOKYyN-
HOCTM 3TO U3BECTHO KaK OKUCINTESbHbIN CTPECC.

B ocHoBHOM, MmeTab6onuam [Ll npoTekaer B neye-
HU, MeHbLUAsA ero 4actTb MeTabonuanpyercs 4Yepes nou-
Ku. B opranuam yenoseka Ll nonagaet B Buae MeTmo-
HUHA C 6enkamu >XWBOTHOro npoucxoxgeuus. Metumo-
HUH B CBOK 04epefb MOCTYNaeT B LWKN METUIMPOBAHNUS,
B pesynbrarte kKotoporo o6pasytotes 'L m SAM (S-age-
HO3UIMETUOHWH) — YHUBEPCATIbHbIA METUMbHBIA [OHOP.
LIMKN METMOHMH-TOMOLIMCTENH ABNAETCA UCTOYHUKOM
OZHOYIMEPOAHbIX (PParMeHToB (MeTUNbHLIX rpynn -CH,),
ucnonbaytowmxes ansa metunuposanus OHK, PHK, 6en-
K0B, hOCCONNUMINLOB 1 CUHTE3A HYKIe0TU0B.

OCHOBHbIM MCTO4HMKOM TLL B nna3me KpoBu sBNS-
I0TCA NponudepupytoLLe KneTku, Tak Kak pocT u pe-
reHepauns TKaHel pes3Ko YBEeNM4YuBalT NOTPe6HOCTDL
KIeTOK B METW/bHbIX Tpynnax, MCnosib3yembix Ans
CUHTe3a HykneoTmgos. MoyTn Becb 'Ll meTabonmanpy-
eTCS BHYTPU KJIETOK, W NIWLUb Masias ero 4actb nonaga-
eT B KDOBOTOK.

B nnasme kposu npumepHo 80 % I, Haxogutcs
B CBSI3AHHOM C anbOyMWHOM COCTOSIHUU, OKONMo 1 % —
B cB060AHOI hopme. OcTanbHas 4acTb NPUCYTCTBYET
B BUAE AMCYNbQMLOB C LMCTEMHOM, TOMOLMCTENHOM
(roMOLMCTUH) 1 apyrumu coefuHeHusmu. Bee romoun-
CTeUH-CoAep>Kalline Mpon3BOAHbIE ONpPEAEnstoTCcsa Kak
«06LLmMi romoumncTenH» (aurn. total homocysteine, tHcy)
nna3mbl KPOBMW.

fomouucTenH MmeTabonu3npyetcs [OBYMA OCHOBHbI-
MW NYTAMW: NEPBbINA MYTb — PEMETUINPOBAHUSA, BTOPOI —
TPaHCCYNbMUPOBAHMA. AT MeXaHWU3Mbl NOALEPXKMBAIOT
KOHLeHTpaumto I Ha OTHOCUTESIbHO MOCTOSHHOM YpOB-
He B Myia3me KpoBw.

Lnanokob6anamuH (ButamMuH By,) perynupyetr nytb
PEMETUNMPOBAHNA MPU Y4acTUN (PepMeHTa METUOHMH-
cuHTasbl (MTR); OaHHbIA MyTb TECHO COMPSXXeH ¢ ¢o-
natHbIM LUMKNOM. buonoruyecku aktueHas cgopma go-
NNEBOI KUCNOTbl — S5-MeTunTeTparngpodonar npu yya-

CTUM (pepMeHTa MeTWSIeHTeTparnapodonaTpeaykrasbl
(MTHFR) oTnaet MeTunbHyto rpynny sutamuy By, 1 Boc-
CTaHaBnuBaeTcs [0 TeTparnapodonata. C nomoLlbto
(hepmeHta MTR metunbHag rpynna nepegaercs I, Ta-
KM 06pa3omM 06pasyetcs METUOHMH.

CyliecTByeT anbTepHaTUBHbIA BapuaHT MeTUANPO-
BaHua [, Tak HasbiBaemas HeuuaHokobanasaBmcmmas
TpaHcgopmaums, Kotopas B OCHOBHOM MPOMCXOANT
B MEYEHN 1 PerynnpyeTcs KoNM4ecTBOM X0nnHA. [JaHHbINA
NyTb NPOTEKAET C y4acTuem hepmeHTa — 6eTanH-romoLm-
CTenH-MeTunTpaHcepasbl (aHm. betaine homocysteine
methyltransferase, BHMT). Tak kak nocnefHas peakums
He BCTpeyaeTcs B rofioBHOM mo3re, [TL, B HEpBHOW cu-
CTeMe MOXET pa3BMBaTbCA ObICTPEe, YeM B JpYrux op-
raHax u TKaHsx.

LucratnonnH-B-cuHtasa  (aHrn.  cystathionine-p-
synthase, CBS), nupupgokcanb-5-chocchat 3aBuCUMBIN
(bepMeHT, KaTanuampyet peakuut TpaHccynbdupoBa-
HUA C 06pa3oBaHNeM LMCTenHa, KOTOPbIA B CBOK 04e-
pefib OKUCNAETCA O TaypuHa W HEOPraHWYecKUX Cysb-
(hatoB, BOCTPEOOBAHHbIX B CMHTE3E MPAMbIX aHTMKOA-
YNSHTOB — renapuHa, renapaH-cynbgara, a TakKe XOH-
JIPOUTUH cynbparTa.

Takum o6pasom, ans ytunusaumm Ll mcnonb3yoT-
ca 4 ocHoBHbIX dhepmeHTa: MTR, MTHFR, BHMT, CBS,
a TaKxe sutamunbl Bg, By 1 By, [25].

Mpu4nHbl rUnepromouucTenHemun / Causes
of hyperhomocysteinemia

MMnepromoLncTENHEMUS — 3TO MHOrO(DAKTOPHOE CO-
CTOSIHME, MPUYNHBI KOTOPOro AENAT HAa BPOXAEHHbIE (re-
HEeTUYecKne 4edekTbl PEPMEHTHbLIX CUCTEM) W Npuobpe-
TEHHble (HeJOCTaTOK KO(aKTOpOB, M30bITOYHOE MOTpe-
O/IeHNe METMOHWHA, HEKOTOpble 3ab60JsieBaHUsA W MpUeM
ONpefeneHHbIx NekapcTs) [29-32]

Kak npasuno, ymepeHHas ML — 3T0 coyeTaHue He-
CKONTbKMX (DAKTOPOB, OJHUM W3 KOTOPbIX MOXET ObIThb
HacreCTBEHHAs cocTaBnawowas. bnarogapa moandu-
LUMpyembIM (pakTopam, Y >KeHWUH ¢ ymepeHHon [TL
BO3MOXHa Koppekuus yposHs Ll B nnasme Kposu Ao
ONTUMANbHOTO.
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ANuUreHeTUHECKNe MeXaHU3Mbl BHYTPUYTPOBHOIO «CTapeHus» NioAa: Manon3BecTHble 3 MeKTbl TUneproMoLUCcTeMHEMUN

npu 6epemMeHHOCTH

leHeTnqeckne fechexTbl hepMEHTHbIX cucTem / Genetic
defects in enzyme pathways

Hanbonee noapo6bHO u3yyeHbl reHbl CBS, MTHFR
1 METUOHUH-CUHTA3LI (IMS).

edekTbl B reHe CBS npuBOAAT K AePULNTY aKTUBHO-
CTW UMCTATUOH-B-CUHTA3bI — KNOYEBOro (hepmMeHTa MeTa-
60n13Ma OPraHNYeckom cepbl U PeAKON BPOXAEHHON na-
TONOMW, Ha3bIBAEMOM KNaCcCM4YeCKOM rOMOLMCTENHYPUER
(FLY). Mpu 3TOM COCTOAHWUM KOHUEHTpaums obuiero
npesbiwaet 100 mkmonb/n. FLY OTHOCUTCS K ayTOCOMHO-
peLeccuBHbIM 3a6onesaHuam [33]. len CBS pacnonoxeH
B Cy6TesIoMepHoil 06nacT xpomMocombl 21922.3 [34].

VIHTepecHbIn thakT: B 1977 . 66110 NOKA3aHO, YTO CO-
CyZbl NMALMEHTOB C 60/1e3HbI0 [layHa He CKITOHHbI K 06pa-
30BaHWI0 atepockneposa. [laHHoe ABNeHNe 06bACHAETCS
Ha/IMYMemM Tpex Komnuii xpomocomsl 21, 410 o6ycnasnu-
BAET MOBbILLIEHHYI0 akTUBHOCTL GBS [35].

basa panHbix Clinically relevant variation (ClinVar)
COAePXUT MHopmaunio o 894 BapuaHtax nosmMmop-
huamoB reHa CBS, 67 M3 KOTOPbIX OTHECEHbI K NaTo-
FeHHbIM, 29 — K BEPOATHO naTtoreHHbIM [36]. Mpumepbl
naToreHHbIX nonumopuamos GBS, BeayLUX K Knaccu-
veckoin LY, cneayrowme: ¢.1330G>A (p.Asp444Asn);
c.1152G>C (p.Lys384Asn); ¢.1150A>G (p.Lys384Glu) -
YYBCTBUTENEH K MNPUOOKCHUHY.

CumnTombl 3a60neBaHNs MaHUECTUPYIOT Ha nep-
BOM TOLY XW3HU W NPOABNAKTCA Kak OT JIerkux, Tak
n 0o Tsenbix dopm. LY, 06bI4HO AnarHoctTupyemas
B [ETCKOM WJIM MOAPOCTKOBOM BO3PACTe, MpPOSBIAETCS
TPOMO0IMOONMEN, SKTONWEH XpyCTanuka, O0CTeonopo-
30M, YMCTBEHHOI OTCTaNOCTbi0 W APYTMMU HEBPONOIU-
YECKUMU W NICUXNATPUHECKUMI OTKNIOHEHMAMM [37]. Bbl-
LensioT Bg-4yBCTBUTENLHYIO 1 Bg-PE3NCTEHTHYIO (DOPMBbI.
Bg-uyBCTBUTENBHAA hopMa MMeeT Gornee MArkuin ge-
HOTUMN 1 6onee no3gHee Hadano. Mpu Bg-pesncTeHTHoN
hopme KNnHMYecKas KapTuHa MaHUQUCTUPYET paHblue,
1 nposiBrieHns 60ne3Hn 6osee TsHxenble [39].

CBS 4yeroBeka aKCrmpeccupyeTcs B MeYeHu, noykax,
MbILLLIAX, FONOBHOM MO3re W INYHMKAX, a TaKXXe BO Bpe-
MS paHHEero amopuoreHesa B HEpPBHOM U CepLeYHON Cu-
cTemax, 4to 1 obycnaennsaeT 6051ee arpecCMBHOE U paH-
Hee nposBsneHne 6onesHn [39].

OpHako He Bce nonumopduamsl CBS npusogaT K ML;
Hanpumep, 6bino 06HapyXeHo, 410 ¢.699C>T n ¢.1080C>T
CBSI3aHbl CO CHUXEHMEM PUCKA ULLIEMWUYECKON 60J1e3HU
CepAua 1 C NoBbILEHHOW YyBCTBMTENbHOCTBIO K adhddek-
Tam (DONNEBOIA KUCNOTbI, CHKatoWmm ypoBeHb 'L [40].

FeHbl MTHFR n MS ¢cnoco6CTBYOT PEMETUNNPOBAHUIO
I'l. B 6a3e naHHbix ClinVar npeactasneHo 698 sapuawuii
OAHOHYKNEOTUAHbIX nonumopduamos B reHe MTHFR; n3
HUX — 120 natoreHHbIx 1 50 — BEpOATHO MaToreHHbIX [36].
[TaToreHHble BapuaHTbl ABNAOTCA npuymHamm L u TLY.
KnuHn4eckue nNposBIIeHUs BapbUPYIOT OT THXENbIX A0
nerkux ¢opm B 3aBUCUMOCTU OT KOHKpPeTHbIXx SNP-mo-
numopdusmos (aHrn. Single Nucleotide Polymorphism)
UK UX COYETAHUA.

Mpumepbl 0LHOHYKNEOTUAHBIX NATOTEHHbLIX MOAUMOp-
tusmos MTHFR: ¢.1808C>G (c.Ser603Cys); ¢.1883T>C
(p.Leu628Pro); ¢.1530G>A (p.Lys510 =).

CornacHo KnMHWMYeCKUM pekoMeHpaumsm «Hapyuie-
H1e 06MeHa cepocofiepxaLlimx aMmHokucnoT» ot 2022 r.,
'Y, o6ycnosneHHas aecouumtom MTHFR, umeer cneny-
toLue npossneHus [41]:

e 1PN pPaHHeil MaHuecTaumn — Mmukpoledanus, Ha-
PYLIEHMs BCKapMJIMBaHMA, 6J1IEAHOCTb KOXHbIX MO-
KPOBOB, Nnoxas npubaBka B BeCe, HapylleHWe Cco-
3HaHMA, anHoa, AU dYy3Has MbllleYHas rTMNOTOHMS,
3aJepXXKa MOTOPHOTO U MCUXOPEYeBOro pasBuTUS,
CYAOPOTK, HUCTArM;
npu no3fHein MaHuecTauuu — HapyLlueHue nose-
JEHNS, KOTHUTUBHbIA LeuunT, ncuxmaTpuyeckue
HapyWeHus, atakcus, CnacTM4eckuii napanapes/
TeTpanapes, 9KCTpanupamMuiHble HapyLlleHus, o4a-
roBas CUMMNTOMATWKA Kak MOCAEACTBMS MHCYNbTA,
nporpeccupytoLas cnaboctb KOHEYHOCTEN (Horu >
PYKK), napecTe3unun, OHEMEHWE 1 NoKasnbiBaHUe B py-
Kax 1 Horax; ypoBeHb o6uiero 'l > 50 mkmonb/n
1 > 100 MKMOIL/N B 60J1€€ TSKESbIX CIy4asX.

Tsxensle cnydan [TL, B 0CHOBHOM, 06YCNOBMEHbI [ie-
thektamu B reHax CBS n MTHFR v Tpe6ytoT HEMEeANEHHO
Koppekumn. Mpun oTcyTcTBUM NeveHuns Tsxxenon ML getu
C TaKUMU TEHETUYEeCKUMN AeeKkTamn yMUpawT OT 0C-
NOXXHEHWUIA KapOTMAHOIO aTepockneposa, Tpom603a 1 MH-
(hapkra rosioBHOro Mo3sra B paHHem Bo3pacte [42—-44].

YmepeHHoe noBbilleHne yposHa Ll — 310 puck cep-
JIe4HO-COCYAUCTbIX 3aboneBaHWi. 10 JaHHbIM MHOTO-
NETHUX PETPOCMEKTUBHbIX W MPOCMEKTUBHbIX Habnwma-
TENbHbIX UCCNELOBAHUA HA JIOAAX OblI0 YCTAHOBMEHO,
yto ITL ABNAETCH MOLLHBIM HE3aBUCUMMbIM (PaKTOPOM
pucka passutus atepockneposa [34]. [aHHble OTKPbITHA
NPUBNEKNN BHUMaHWE COOBLLECTBA aKyLLEepPOB-rMHEKONO-
roB M0 BCEMY MUPY, TaK Kak COCyAUCTbIe 3a60N1eBaHNS —
3TO PUCK MHOTWX aKYLUEPCKUX OCMOXHEHWUA 1 NaToNoru-
4yeckoro BnusHus Ha nnoA. CerogHa ¢ ITL cBaA3biBatOT
Cnejytoline O0CNOXHeHUs 6epeMEHHOCTU: MPUBbIYHOE
HEeBblHALLIMBAHME, MNPE3KNaMncus, npexneBpeMeHHas
OTCJIONKA NNALEHTbI, NPEXAEBPEMEHHbIE POLbl, 3afePX-
Ka pas3BuTnA Nnoja, LedekTbl pa3BuTMs HEPBHOM TPYOKN
11 TeCTaLMOHHbIA caxapHbln guabet [15, 18, 45-53]. Co-
OTBETCTBEHHO, YCWJINNOCH U3Y4EHUE LeTepMUHAHT yMe-
peHHoi L.

YCTaHOBIIEHO, YTO ymMepeHHyr [TL Yawe Bbi3blBaAOT
nonumopuambl B rene MTHFR [54-56].

B 1988 r. S.S. Kang ¢ coaBT. co06LWMAN 0 BapuaHTe
hepmenTta N(5,10)MTHFR, koTOpbIA OTNMYanNca 0T HOp-
MaribHOro (hepmeHTa CBOeN 60JIee HU3KOI aKTUBHOCTbIO
1 YYBCTBUTENbHOCTLIO K Tenny [54]. BnocnencTeun Bbl-
ACHUNKN, 4TO TepmonabunbHbid N(5,10)MTHFR Bbi3biBa-
eTCA MUCCEHC-MYyTaLMeN anaHuH-BanuH [55].

B 1991 r. S.S. Kang ¢ coaBT. NpoAeMOHCTPMPOBany,
470 ypoBHU 'L, B mnasme 6binu Bbille Yy NUL, C TEPMO-
nabunbHbim MTHFR [56]; 0fHaKO y HEKOTOPbLIX NOAEN,

m http://www.gynecology.su
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Y KOTOPbIX 6blN 06HAPYXXEH TePMONabunbHbIA (PEPMEHT,
He 6bino BbisBneHo TL. [JaHHoe HecoBnageHue o6yc-
NaBNMBANU HU3KNE KOHLEHTpauuu ¢onatos [57]. Takum
06pa3omM, YonatHblil CTaTyC MrpaeT peLlaoLLy0 pofb
B passutuu ymepeHHon Ly nuy ¢ TepMonadunbHbIM
thepmeHTOM.

[Ba Hamboniee W3y4eHHbIX NonuMMopcuaMa B TeHe
MTHFR — ¢.665C>T 1 ¢.1286A>C sBn0TCA NpUYMHamu
ymepeHHoi [TL B ycnosusx geduumra onneBon Kiuc-
notel [57, 58], UMEHHO NO3TOMY AaHHble NOAUMOPU3-
Mbl IBNAOTCA J0OPOKAYECTBEHHbIMU.

[TokasaHo, 4TO cpeam NuL ¢ ypoBHeM dhonara B nas-
Me HIKe Meanadbl Bbl6opkn (15,4 HMOMbL/N) cpeaHas
KOHLeHTpaumsa 'L} HaToLaK y roMo3uroT ¢ TepMoabusib-
HOM MyTaumen 6bina Ha 24 % sbiwe (p < 0,05), 4em y Hop-
MaJibHbIX WA TeTePO3UrOTHLIX UHANBUAYYMOB. TakKXe He
Ha6J1I04an0oCch HUKAKOI CBA3UM MEXAY FeHOTUNOM U KOH-
LieHTpauuen 'L HaToWaK y nuL, ¢ coaepxaHnem dponara
B N71a3Me Ha YpOBHE MeAnaHbl unu Boiwwe [57].

Lpyrune npu4nHel runepromoyuctenHemmy / Other
causes of hyperhomocysteinemia

VYposeHb Tl nnasmbl yBENWU4YMBAETCA W Y MYXHUH
1 Y XEHLWMH C BO3PAcTOM, NPWU 3TOM Y XXEHLUWUH OH ac-
COLMMPOBAH C MeHonay3oi. 06pa3 XM3HW, a UMEHHO,
KODeuH, KypeHue, cuasayqnini 06pas »XusHu, n3bbIToYHOE
ynoTpe6/ieHne ankorosf noBbILIAKT KOHUeHTpaumo L.
OpHako HefocTaTok (hONNEBOM KNCNOTbI, BUTAMUHOB By,
B 1 BuTaMuHa D, XpOHWUYECKME KONWUTbI, NMOYEYHAA HeLo-
CTaTOYHOCTb, TMMNOMYHKLUNS WNTOBUAHO Xenesbl 1 ne-
pecafka opraHoB yBenu4mBatoT ypoBeHb I'L nnasmel.

K nekapCTBeHHbIM CPeACTBAM, BNNUSIOLLMM HA YPOBEHb
I'Ll, oTHOCATCA MeTOTpeKcar u Kap6amasenuH — MHr1bu-
TOPbI (DOSIATOB, TAKXKE XOJIECTUMON WM XONEeCTUPAMUH,
KOTOpbIe ABNAKTCA aHTaroHucTamMm aéeopbLum onatos
B KULLKe. K aedpuumnty BuTamuHa B npusogut npuem Hu-
aumHa unu TeounnmHa. Kak aHTaroHucT kobanammHa
JleiicTByeT okcua a3oTa. [1oYeyHblii MeTabonusm Hapy-
LIAET MPUEM LIMKNOCMOPUHOB, 4TO BedeT K [TL. Mpuem
MeT(OPMMUHA B OTCYTCTBME 3K30reHHbIX A06aBOK (honn-
€BOi1 KNCNOTbI MM BUTAMWUHOB IPynnbl B 4OCTOBEPHO no-
BbILLAET YpOBEHb [Ll.

MexaHnu3m nospexaeHns KneTok npu
runepromouuctentemun / Mechanism of cell damage
in hyperhomocysteinemia

TMNeProMoLMCTENHEMUS  UHAYLIMPYET  OKUCANTENb-
Hblil CTPECC, 9HAO0TeNWanbHyK AMCHYHKLMIO, BOCnane-
Hue, Nponudepaunio rMaakoMbILLEYHbIX KNETOK M CTPecc
9HA0NNA3MaTNYECKOro peTukynyma [59].

JHpoTenmanbHasa AUCMYHKLMA, onpeaensemas Kak Ha-
pyLLEHME 3JHOTENNIA3aBUCMMOro paccnabnieHnst KpoBse-
HOCHbIX COCY0B, AB/SETCA XapaKTEPHOM YepTOi MHOMUX
CepAeYHO-COCYANCTBIX (haKTOPOB PUCKa, BKItOYAs runep-
TOHWIO, TUnepxosiectepuHeMuto 1 guabet [60, 61]. Hapy-
LUEeHNe Ba30MOTOPHON hyHKUMM aHpoTenmsa npum ML Ha-

O/110aN0Ch B 3KCMEPUMEHTANIbHbIX MOZENAX Y 00e3bsH
[62], MuHu-cBuHeRn [63], Kpbic [64] n Mbiwen [65, 66].
AHomManbHas 3HA0TeNNUA3aBUCMMAn Ba3opesiakcauns Tak-
)Ke BO3HUKaeT y nofen ¢ octpoii ML, BbI3BaHHON nepo-
PanbHOI Harpy3koi MeTUoHWHOM [67, 68]. CTeneHb Ha-
pyleHns qoyHKumn aHaoTenma npu L aHanornyHa Ton,
KoTopas Habngaetca npu Apyrux pakropax pucka, Ta-
KNX KaK runepxonecTepuHeMns u runeptonus [99].

OCHOBHOW MexaHW3M WHAyuuposaHHOW [TL aHgoTe-
NUaNbHON ONCHYHKLUMW, NO-BULMMOMY, CBA3AH CO CHU-
XeHnem 6uofocTynHocTn okeuaa asota (NQ), nonyyae-
MOro u3 aHgotenus [69]. MpuynHa HapyLienus 61ogo-
ctynHocTn NO npu TLL, BeposTHO, MHOrodakTopHa [69],
HO 60MbLAsA 4aCTb JAHHBIX, MOMY4YEHHbIX HA XWUBOTHbIX
MOJLEeNAX, CBWUAETESIbCTBYET O TOM, Y4TO FOMOLMCTEUH-
WHOYLUMPOBAHHbLIA OKUCAUTENbHbIA CTPECC, NPUBOASALLNA
K YCKOPEHHOI OKMcnuTeNnbHOM nHaktueauumu NO, ssnset-
€Sl OCHOBHbIM MEXaHWU3MOM.

BbicOoKOpeakTuBHass TUOMOBas rpynna romMouucTen-
Ha JIerkKo OKMCIAeTCs ¢ 06Pa30BaHMEM aKTUBHbIX (DOPM
Kucnopofa, BKIK0Has Cynepokcuz aHuoH, Nepekuch Bo-
[00poja 1 ruapoKcUnbHbIA pagukan. ViccnenoBanus in
vitro npofemoHcTpuposanu, 4to 'L MoXeT cTumynupo-
BaTb 06pa3oBaHMe aHMOHOB CYNepOKCKAA U NEPOKCUHNT-
puTa, KOTOPble WHAYLMPOBANM OKUCNEHMe Ccynbdrua-
PUMbHBIX TPYNN B 3HAOTENIMANIbHON CUHTA3e OKMCKU a30-
Ta (aHrn. endothelial nitric oxide synthase, eNOS). [dau-
HbIA NPOLIECC NPUBOANT K CHIKeHN0 NO-reHepupytoLen
akTuBHoCTM (pepmeHTa [70]. Takxe cooblianacb, 470
NePOKCUHUTPUT MHULMMPYET anonTo3 in Vitro nocpej-
CTBOM aKTMBALMW MUTOTEH-aKTUBUPYEMbIX MNPOTENHKM-
Ha3 (aHrn. mitogen-activated protein kinases, MAPK)
1 c-Jun N-koHueBbIX KuHa3 (aHrn. c-Jun N-terminal
kinases, JNKs) [71]. MokasaHo, 4to [TL uHrnéupyer aH-
TUOKCMIAHTHYIO aKTMBHOCTb KJIETOK, CHMXas 9KCMpec-
cuto remokcureHassl-1 (aHrn. heme oxygenase-1, HO-1)
1 rnyTaTtuoHnepokcmaassl (aHrn. glutathione peroxidase,
GPX) — 0CHOBHbIX (DepPMEHTOB, 3aLLMLLAIOLLNX KNETKN OT
OKMCNUTENbHOr0 NoBpexXaeHus [72].

[MNeproMoLMCTeMHEMUS KOPPENPYeT C MOBbILLIEH-
HbIM YPOBHEM BOCMASIUTENbHbIX LUTOKUHOB, XeMOKMHOB,
MONEKYN afre3vn NeiikoumToB, KOTOpble CNOCO6CTBYIOT
BOCMaJIEHNI0 COCY0B U aTeporeHesy [73].

OmHO M3 Hanbomnee WHTEPECHbIX KNETOYHbIX MOCNeA-
CTBUIA, UHAyUMpoBaHHbIX 'L, npoucxogut B 3HAOMIA3-
maTtuyeckom petukynyme (3P). Korma BHYTPUKNIETOYHOE
cofepxxanue Tl noBbilLAeTCs, OH MOXET y4acTBOBaTb
B peakumsax aucynbuaHoro oémeHa ¢ 6enkamm 3P, 4To
NPMBOAMUT K HENpPaBMbHOMY CBEPTbIBAHWIO BHOBb CUH-
TE3POBAHHbIX CEKPETOPHbIX 11 MEMOpPaHHbIX 6ENKOB, Ta-
KX Kak TpoM6oMOAynuH U dhaktop poH BunnebpaHga
(aurn. von Willebrand factor, VWF) [74, 75]. KneTo4Hble
NOCNeSCTBUSA 3TOM0 COCTOAHMSA, U3BECTHOMO KaK CTpecc
9P, BKNIOYAtOT HapyLUeHWe perynauum nunuaHoro 06-
MEeHa, aKTMBALMKO BOCMANUTENIbHbIX MyTeli W HapyLue-
HUE nepefadn CUrHaNOoB WHCYNUHA [76]. TsXenblin uim
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ANuUreHeTUHECKNe MeXaHU3Mbl BHYTPUYTPOBHOIO «CTapeHus» NioAa: Manon3BecTHble 3 MeKTbl TUneproMoLUCcTeMHEMUN

npu 6epemMeHHOCTH

ANUTENbHbIA CTPecc AP MOXET MPMBECTU K anonToTuye-
CKOW rnéenu KneTok [77].

[OMOLMCTENH B YMEPEHHbIX M BbICOKMX KOHLEHTpa-
LMAX KOHKYPUPYET ¢ S-afieHo3nunmMeTnoHnHom (SAM) 3a
cailTbl cBA3bIBaHMA Ha [HK-metuntpaHcgepasax n mo-
XKET CTaTb NPUYMHOI NACCUBHON NOTEPW METUNNPOBAHUS
B pennuumpytoLeics OHK. TunomeTunupoBaHue aenset-
CA XapakTepHOW 4epTol npoLecca cTapeHns opraHusma
(TOTanbHOE rMNOMETUNNPOBAHNE TEHOMA) M (PAKTOPOM
06pa30BaHNs OMyXoneBbIX KMETOK, MOCKOMbKY CBA3AHO
C pa3BUTUEM XPOMOCOMHOW HECTAOMITBHOCTN.

[ToBblIWEHHbI ypoBeHb 'Ll oTpuuatensHo BNUSeT Ha
PENPOAYKTUBHYIO (DYHKLNIO, 4TO OOBACHAETCH €ro BO3-
LenCcTBMeM Ha MUKPOTPOM6006pa30oBaHue 1 HapyLleHue
MUKPOLMPKYNAUMN. [aHHbIA MeXaHu3M Wrpaet 3Hadqu-
MYI0 pO/ib B Pa3BUTUU aKYLLIEPCKUX OCSIOXKHEHWIA, CBS-
3aHHbIX C W3MEHEHMEM MaTO4HO-M/ALEHTAPHOIO KPOBO-
o6pawenus [77].

ManousydeHHsbI€e 3(PHeKTh yMEPEHHOH
THIIEPTOMOIIMCTEMHEMHH: BIMSTHHE HA
wrox / Under-studied effects of moderate
hyperhomocysteinemia: effects on

the fetus

ATepocknepos 1 CBI3aHHbIE C HUM CEepAeYHO-COCYaN-
CTble 326051eBaHMA, NO-BUAUMOMY, BOSHUKAIOT HYaCTUYHO
B paHHeM [ieTCTBe, U Jaxe y nnoga [78-80].

O6pasoBaHue YTONLEHUA U XXUPOBbIX NMPOXMUIIOK WH-
TUMbl COCYAO0B, Y4aCTBYIOLMX B NAaTOreHe3e aTtepockie-
p03a, Ha4YuMHAETCA BHYTPUYTPOOHO. YBENMYeHHas TOJ-
NHA WHTUMbI-MEANa COHHOW apTepun M MeHblUas ee
PaCTSHKUMOCTb PAaCCMaTPMBAKOTCS Kak PaHHME NPU3HAKM
aTepockneposa [81-83].

CerofiHs M3BECTHO, YTO NWTaHWe U POCT nyoja MoryT
ObITb KPUTUYECKUMU (haKTOpami ateporeHesa [84].

[laHHOM Teme NOCBALLEHO MccnenoBaHue «[Tokone-
HUg R» — MHOrougHTpOBOE MNONYNALMOHHOE NPOCMEeK-
TUBHOE KOFOPTHOE MCCeAoBaHue, KOTOPOE NpoBOAWUT
MOWUCK PaHHMX 3KOJIOTUYECKUX, IHJOKPUHHbIX, TeHeTu-
YECKUX, 3MUTEHETUYECKUX, MUKPOOBUOMHbLIX (DaKTOPOB,
BO3[ENCTBYIOLLMX HA NNOA W BeAyLWNUX K NPOSBAEHUIO
00/1e3Hel B AETCTBE M BO B3pOCOi Xu3Hu [85]. B uc-
CNefloBaHN (POKYCUPYETCS BHUMAHWE HA HECKONbKMX
acneKTax 340pOBbA: MOBEAEHNE, MO3HAHNE, UMMYHUTET,
pas3BuUTUe TeNla, OpraHoB 3peHus, ciyxa, NnosiocT pra,
nuua, cepaeyHo-coCcyaucTon 1 pecnupaTtopHOn CUCTEM,
WHMDEKLNOHHbIE, annepriuyeckne 1 KoXHble 3aboneBa-
HMS. B 06LLel i CNOXHOCTI B KOropTy 6biNI0 BKOYEHO
9778 marepein ¢ gaton pomos ¢ anpens 2002 r. no fH-
Bapb 2006 r. CeroaHs aetam «[okonexnus R» okono 20
NET, 1 OHM A0 CUX NOP NPOAOIKAKT Y4acTBOBATL B UC-
crnenoBaHuu. HekoTopble pesdynsTaTbl JaHHOTO UCCeao-
BaHUSA YXX& OCBELLEHbI B My6NUKaLnsx.

bbino nokasaHo, YTO 60/ee BbICOKME KOHLEHTpaLuu
'L B NynoBUHHOW KPOBM, B3ATble NMPU POXKAEHUN, ObIIN

CBA3aHbl C MEHbLUE PacTKUMOCTbIO COHHbIX apTepuil
B LUKOJ/IbHOM BO3pacTe. B poTTepaamckom mccrefoBaHmm
cpeau 3826 nap maTb—Pe6eHOK Oblna M3y4yeHa accouu-
aums mapkepoB OAHOYIIIEPOAHOr0 06MeHa C TOMLLMHON
1 PaCTHKMMOCTbIO UHTUMA-MEANa COHHOI apTepun y ae-
Ten B Bo3pacte 10 net. Cofep>xaHune 06LIEro 1 akTMBHO-
ro ButamuHa By, onuesoit kucnotsl 1 I oueHnsanu
Ha PaHHMX CPOKax 6EPEMEHHOCTI 1 B MYMOBWHHOW KPOBK
npu poxaeHum [2].

PesynbTaTbl NOKa3anu, 4T0 HU3KUE 06LLNE KOHLEHTpa-
uum By, y MaTepemn Ha paHHUX CpoKax 6epeMeHHOCTH CBA-
3aHbl C 60nee BbICOKOW TOMLMHOW MHTUMA-MeANa COH-
HOW apTepun y [eTeil LUKOMbHOrO BO3pacTta, a HU3KMe
KOHLEHTpauuu ¢poniata Ha paHHUX cpokax 6epeMeHHOCTH,
no-BUAMMOMY, CBA3aHbI C 60J1e€ HU3KON PaCTAXMMOCTbIO
COHHOI1 apTepuu. bonee BbicOKUe KOHUeHTpauun L ny-
NOBUHHOW KPOBM, 0TOBPaHHbIE NPY POXAEHUM, BbINN CBS-
3aHbl C 60J1e€ HU3KOI PaCTKMMOCTBIO COHHOW apTepuu.

JlaHHble YKA3bIBAKOT HA KPUTUYECKWIA Mepuoj nosj-
HUX CPOKOB GEPEMEHHOCTW W HEraTMBHOE BHYTPUYTPOO-
Hoe BnnaHme 'Ll Ha cocynbl nnoga. [JaHHoe nccnenosa-
HUEe ABNIAETCA NMEepBbIM, B KOTOPOM OLiEHMBANIaCb CBA3b
OAHOYIMePOAHbIX MapkepoB MeTabofiM3ma BO Bpems
0EPEMEHHOCTM C PaHHUMI NPU3HaKaMmn aTepockrieposa
y nerei [2].

113BeCTeH eLLe 0AuH aHanm3 Koroptbl «[TokoneHne R»,
r4e OUEHWBaNK CBA3b LMPKYIMPYIOLWNX KOHUEHTpauum
thonara, sutamuna By, n I'll ¢ kapanomerabonuyecknmm
nokasarenamu y aeten B Bospacte 10 net [86]. OT60p
npo6 KpoBW NPOBOAMN BO BpeMs 6EPEMEHHOCTI W MpK
POXIEHNI 13 NYNnoBUHHON KPOBW. B AaHHOM uUccnenosa-
HUW NpuHano y4vactue 4449 nap matb—pe6eHok. K kap-
ANOMETaboNMYECKUM NOKa3aTeNnsiM OTHOCATCA: WHAEKC
maccel Tena (MMT), pacnpefenieHne xupa B opraHusme,
4acToTa CepheyHbIX COKpaLLeHWiA, apTepuanbHoe [assie-
HUe, COAepXXaHne WHCYNNHA, rKo3bl U nunuaos. Cta-
N0 N3BECTHO, 4TO 60NEe BbICOKME KOHLEHTpaLuK honara
B Nnyia3me MaTepu Obinu cBi3aHbl ¢ 6onee HU3KUM UMT,
COOTHOLLEHMEM aHAPOWA-TUHOWAHOBOMO XXMpa, CUCTONN-
YECKUM apTepuanbHbIM [aBJIEHUEM, PUCKOM W36bITOY-
HOM Macchl Tena U Kfactepusaunein cepaevHo-CoCcyam-
CTbIX (hakTopoB pucka. bonee Bbicokas 06Las KOHLEH-
Tpaums By, B MartepuHcKoi CbIBOPOTKe 6blna CBA3aHa
¢ 60nee HU3KUM YPOBHEM [JIHOKO3bl U 60MEe BbICOKUMU
KOHLIEHTPaLMAMM IMNONPOTENHOB BbICOKON NNOTHOCTW.

IHTEPECHO, YTO KOHLEHTpALMW MapKepoB OfHOYre-
poAHoro o6mMeHa B MynoBUHHOW KPOBW He 6binn CBA3A-
Hbl C KapanoMeTabonuyeckumun nokasatensamu y AeTen
10 net. Takxxe B AaHHOM WCCIE0BaHUN HE BbISBIIEHO
HUKaKWUX NPUYMHHO-CIIEACTBEHHbIX CBA3EHA MEeXAYy KOH-
LeHTpaumein TLL ¢ kapanomeTtabonnyeckumm nokasare-
namu y ferei [86].

OAHoIi N3 OCHOBHbIX LiENen repoHayyHbIX NccneaoBa-
HUN ABNIAETCA OnpenesieHne 61uoMapkepos crapenus [87,
88]. A ofjHMM K3 NOTeHUMaNbHbIX 6UOMApPKEPOB, K KO-
TOPOMY B MNOCHeAHNEe oAbl NPOABUICH 3HAYUTESIbHbINA
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nHTepec, asngaetca metunuposaHne OHK (DNAm), ko-
TOpoe onpenenser G6MoNorMYecKnii BO3pacT YesoBeka.
BbIno nokasaHo, 4T0 XPOHOIOMNYeCKOe BPEMS Bbi3bIBAET
npeAckasyemMble W3MEHEHUs T1No- 1 runepMeTuInpoBa-
HWS BO MHOTUX 06nacTax reHoma [89-93].

Pa3HOCTb MeXay ANUreHeTUYeCKUM U XPOHOMOornye-
CKMM BO3PACTOM Ha3blBAETCA BO3PACTHLIM YCKOPEHUEM.
MosoXnTeNbHOe BO3PACTHOE YCKOPEHME YKa3blBaeT Ha
60onee CTapLUMI 3NUTEHETUYECKMIA BO3PACT; OTpMLATeSb-
HOEe BO3PACTHOE YCKOPEHWe YKasblBaeT Ha 6onee crap-
LUMA XPOHONOTMYECKMiA BO3pacT. Y B3POCIbIX MONOXN-
TeJIbHOE YCKOPeHWe BO3pacTa ObINo CBA3AHO CO CMepT-
HOCTbIO OT BCEX MPUYMH, @ TAKXKE CO CMEPTHOCTbH OT
paka n cepAie4Ho-CoCyancTbIX 3abonesaHun [3-5].

IHTepecHO, 4TO MOMOXUTENIbHOE BO3PaCTHOE YCKO-
peHue MMeeT MEeCTO M BO BHYTPMYTPOOHOM pPasBUTUM.
[laHHOe fBNIEHME MOXKHO paccmaTpuBaTth Kak WHAWBM-
JyanbHbIli NoKasaTesib CTapeHWs, KOTOpbIA (PUKCMpyeT
MEXWHOMBUIYaNbHbIE PA3NM4Ns BO BPEMEHI HadYana Ka-
KOro-nn6o 3abonesanuns, QPYHKLMOHANBHOIO CHUXEHNS
11 CMEepPTMN Ha NPOTSHXKEHUU BCEN XXU3HK [5].

HefaBHO Ha OCHOBE JaHHbIX MeTunupoBanus JHK Ho-
BOPOX/EHHbIX Obln pa3paboTaHbl 2 3MUreHEeTUHECKUX
yaca Ans rectaynoHHOro sospacta [94, 93].

13meHeHuns B meTunuposaHun HK nnoga moryT 6bITb
OCHOBHbIM MEXaHW3MOM, CBA3AHHbIM C MOC/IEACTBUAMU
Ans 340p0BbA B [IETCKOM BO3pacTe [6]. CyLlecTByHOT Mo-
NyNALUMOHHbIE UCCNES0BAHNSA, KOTOPbIE YCTAHOBWIIN B3a-
MOCBA3b Mexay mogenamm metunuposanns OHK, Heil-
POPa3BUTUEM W CTEMEHbID OXXMPEHWUS B MOCTHATANbHOM
nepuoge [96].

bblm HalmgeHbl HeKOTOpble [0KasaTenbCTBa, Moj-
TBEpPXJatoLne CBA3b 60/ee BbICOKOW KOHLeHTpauum 'L
(> 19 MKmOnb/n) B nna3me KpoBW MaTepu C MOJIOXKU-
Te/NbHbIM YCKOPEHMEM recTalMOHHOro BO3pacrta nnoga
(0,07 Hepenu; 95 % AW = 0,02-0,13), 4t0 CcBUAETEND-
CTBYET 0 60/1ee ObICTPOM IMUIEHETUYECKOM, YEM KNUHU-
YECKOM recTauOHHOM cTapeHum [6].

®ornunesas kucnota, ButamuH By, u L aBnatorca va-
CTbO OZHOYINIEPOAHOr0 MeTaboinM3ma, KoTopble BIUAIOT
Ha KIMeTOYHbIA pocT, AnddepeHLIMPOBKY, a Takxe 6mo-
CWUHTE3, penapauuto n metunuposadue JHK [97].

BHYTpUyTpO6HOE NONOXUTESIbHOE YCKOpPEeHMe recta-
LLMOHHOr0 BO3pacTa HeraTMBHO BIMSET HA HEMpPOpPa3Bu-
TWe W CTeneHb OXMPeHUs B AETCKOM Bo3pacTe [6, 59].
KoHueHTpaums sButamuua By, (= 145 nmonb/n) B CbiBO-
POTKE KPOBU MyMOBUHbI Oblf1a CBA3AHA C OTPULIATESTbHBIM
YCKOPEHWeM recTalmoHHOro Bo3pacra.

CoBpeMEeHHBIE ITOIXO0BI K KOPPEKITHHA
runeproMonucrenaeMu / Current
approaches for correction of
hyperhomocysteinemia

HazHa4eHne afekBaTHbIX NPOPUNAKTUYECKNX UnN Ne-
4e6HbIX 403 (DONNEBOI KUCIOTbI, BUTAMUHOB By 1 B, [0

11 BO Bpems 6epeMeHHOCTN ABSIAETCA OCHOBHbIM Matore-
HeTudeckum neveHuem [TLU. Oueta, 6oratas onuneson
kucnotoit (1 mr/cyt), ButammHamn By (12 mr/cyT) u By,
(50 mKr/cyT) LenecoobpasHa B Ka4eCTBe NpodnUIaKTUKK
TOJIbKO B CNy4ae MCXOLHOr0 ONTMManbHOro yposHs I
B Nnasme KPOBM.

donnesas Kucnota Npeacrtasniser co60M CUHTETUYe-
CKYI0 hopmy chonara, KoTopas 4OJIXKHA OblTb BOCCTAHOB-
neHa gurngpodonarpelykrason B guruapodonar, a 3a-
TeM B TeTparuapodonar nocpeacTteoM (oepMeHTaTuB-
HOro BOCCTaHOBNeHMS. locnefHne AaHHble CBUAETESb-
CTBYIOT 0 TOM, 4TO MAKCKUManbHas CnocoO6HOCTb K 3TOMY
MpoLeccy orpaHnyeHa, n B KpoBOOOpaLLeHUN 06HapYxXe-
Ha HemeTabonM3npoBaHHasa donnesas kucnorta. buono-
ruyeckue apdexTbl HeMeTaboNN3NPoOBaHHON DONNEBON
KNCNOTbl HEN3BECTHbI.

Metadponuu — npenapar, Co3LaHHbIA HA 0CHOBE 5-Me-
Tun-TeTparngpodponara. MetadponuH B otnnyme ot ¢oo-
NNeBON KUCNOTbl HEMOCPEACTBEHHO MOCTynaeT B opra-
HU3M B OMOSIOrMYECKU aKTUBHOW dhopme. [penapat ad-
(beKTUBEH HE3aBWUCKUMO OT HanUyuMsa Yy nauueHTa romo-
3UrOTHOr0 W/WNK reTepo3nroTHOro reHoTunos 677C—T
nonumopdguama MTHFR. B cBA3K C 3TUM C LIeSIbi0 Kop-
peKkuumn honaTHoro cratyca Bo BpeMst 6epeMeHHOCTY Me-
TadhONMH MOXKET CTaTh MOJIHOW ANIbTEPHATUBOIA, 6CNN -
(beKTMBHOCTb JaHHOr0 npenapara 6yaeT fokasaHa [98].

MocnefHue WCCNefOBaHWUA MOKA3bIBAKT, YTO HOP-
Ma/bHbIA YPOBEHb BUTaMUHA D MOXXET CHU3UTHL naTo-
noruyeckoe Bo3aenicteue ML Ha cocynbl. OgHaKo faH-
Has runoTesa HyXJaeTcs B fanbHelemM NoATBepXie-
HUK B 60JIee KPYMHbIX PaHAOMU3UPOBAHHbLIX WCCIEa0-
BaHuax [99].

bbI10 06Hapy>XeHO, YTO CyllecTByeT obpaTHas 3a-
BucumocTb Mexay 25(0H)D w T, cpean nny ¢ ypoBs-
Hem 25(0H)D < 21 ur/mn. Ho He Habno4anoch Kakoro-
N0 CTaTUCTUYECKOro cHxeHua L, korga KoHUeHTpa-
ums 25(0H)D nogHumanacs Bbiwe 21 Hr/mn [100].

3axarouenue / Conclusion

B naHHom 0630pe npuBeaeHHas UHgopmalus 0 ponn
Ml npu 6GepemMeHHOCTW CBUAETENbCTBYET O BAXKHOCTU
CBOEBPEMEHHON KOppPeKLumn ero ypoBHA. I MeEKTbI yme-
peHHon ITL| 3amackupoBaHbl U HE3aMeTHbI, 0HAKO CMo-
COOHbI OnpejensTb BOCIPUMMYMBOCTL B3POCIIOrO Yeno-
BEKA K XPOHUYECKUM W OCTpbIM 3abonieBaHnam. [103To-
My O BOMpOCe «(heTasibHOro NporpammMmpoBaHns» Bax-
HO MHCHOPMUPOBATH XEHLLWH Ha NPerpaBmaapHoM aTane
peanu3auny penpoayKTMBHOM PYHKLMN.

CBOeBpemMeHHast Koppekums ymepeHHOR [TL, cHukaet
PUCKW aKYLIEPCKNUX OCNOXHEHWA (MPUBbLIYHOE HEBbIHA-
LWIMBaHWE, NPE3KNAMNCus, NpexxaeBpemMeHHas 0TCIoNKa
MnyiaueHTsbl, NPexXaeBpemMeHHble POAbl, 3afepXKa pas3su-
TV N0MA U TeCTAUMOHHbINA CaxapHblii OUa6beT), BPOXKLeH-
HbIX MOPOKOB PasBUTUA (OeCDeKTbl HEPBHOW TPYOKM,
BPOX[EHHbIE NMOPOKM CepALa, HECUHLPOMHbIE paCLUenut-
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INUreHeTUYECKNEe MEXaHU3Mbl BHYTPUYTPOGHOTO «CTapeHNs» NA0AA: Manon3BecTHbIe 3(MEKTbl rMNeproMoLucTenHeMin
npu 6epemMeHHOCTH

Hbl MONIOCTY PTa), @ TAKXXe HEraTUBHOrO BAUAHMS Ha 310-
POBbE B [IETCKOM 11 B3POC/IOM BO3PacTe (BHYTPUyTPOGHO-
ro «CTapeHnsi» NNofa U «MN0A0BOr0 aTepOreHe3a).

n

Mpenaparbl ONMEBOI KUCNOTbI, BUTAMUHbI Bg, By,
D aBnA0TCA OCHOBHBIM NMOAX0A0M K Tepanum L. Tak-

)K€ CerofiHs CyLLeCTBYOT HOBbIE NEPCMNEKTUBHbIE HAMpPaB-
NeHUs B NeYeHnn ymepeHHon ML B 3aBMCUMOCTU OT Ha-

nn4ans nonumopdu3ma B reHax onaTtHoro Lukna, 4o,

BO3MOXHO, 3(P(heKTUBHEE CHIXKAET YpoBeHb L] B nnas-

Me KPOBMW.

NH®OPMALINSA O CTATHE

ARTICLE INFORMATION

Moctynuna: 20.06.2023. B gopabotaHHom Bupe: 08.09.2023.

Received: 20.06.2023. Revision received: 08.09.2023.

MpuHaTa K neyaru: 25.09.2023. Ony6nukoBaua: 30.10.2023.

Accepted: 25.09.2023. Published: 30.10.2023.

Bknap aBTopoB

Author’s contribution

Bce ABTOPbI BHEC/IN PABHbIV BKMAZ B HANUCaHUE U MOArOTOBKY PyKONUCH.

All authors contributed equally to the article.

Bce aBTOpbI NPOYMTANM U YTBEPANAN OKOHYATENbHbIN BAPUAHT PYKOMUCH.

All authors have read and approved the final version of the manuscript.

KoHhIMKT nHTEpECcoB

Conflict of interests

ABTOPbI 3a7BASAIOT 06 OTCYTCTBUN KOH(NNKTA MHTEPECOB.

The authors declare no conflict of interests.

®duHaHCUPOBaHue

Funding

Pab6oTa nogrotoBneHa B paMkax BbINOAHEHUS MOMCKOBOW HAy4HON TeMbl —
rocyapCTBEHHOr0 3aaaHns MUHNCTEPCTBA HAyK U BbICLLIEr0 06pa30BaHMs
Poccuiickon ®egepauun No 1022040700837-4-3.2.2-1-11 «PazpaboTka
TEXHOMOMAW PaHHEro MPOrHO3MPOBaHMA U NPOMUNAKTUKM BPOXAEHHbIX
NOPOKOB Pa3BUTUSA NN0AA U NepuHaTanbHOM NaToNOrMu Ha OCHOBE OLIEHKM
HYTPUEHTHOr0 cTaTyca, GMOXUMUYECKUX W MONEKYNAPHO-TEHETNYECKINX
MapKepoB Ha aTane nperpasuAapHON NOATOTOBKW 1 Npu 6EPEMEHHOCTI».

The study was prepared within the framework of the research topic - state
assignment of the Ministry of Science and Higher Education of the Russian
Federation No. 1022040700837-4-3.2.2-1-11 "Development of technology for
early prediction and prevention of fetal congenital malformations and perinatal
pathology based on assessed nutritional status, biochemical and molecular

genetic markers at the stage of preconception preparation and pregnancy".

TMponcXoXAEHUE CTaTbi U PELEH3UPOBAHNE

Provenance and peer review

JKypHan He 3akasblBan CTaTbi; BHELLHEE PeLeH3MpOBaHue.

Not commissioned; externally peer reviewed.

10.

11.

12.

JIureparypa:

buuagae B.0., Cambyposa H.B., Makauapus H.A, Muwienko A.J1. ®onat-
NeULMTHbIE COCTOSIHUS B aKyLIEPCKOW NPaKTUKe 1 Npobaema nx
Koppekuuu. Akyiuepctso, luHekonorus v Penpogykuns. 2016;10(1):38—
48. https://doi.org/10.17749/2313-7347.2015.10.1.038-048.

Monasso G.S., Felix J.F., Heil S.G. et al. Vitamin B12, folate and
homocysteine concentrations during pregnancy and early signs of
atherosclerosis at school-age. Clin Nutr. 2021;40(9):5133-40.
https://doi.org/10.1016/j.cInu.2021.08.001.

Chen B.H., Marioni R.E., Colicino E. et al. DNA methylation-based
measures of biological age: meta-analysis predicting time to death. Aging
(Albany NY). 2016;8(9):1844. https://doi.org/10.18632/aging.101020.
Perna L., Zhang Y., Mons U. et al. Epigenetic age acceleration predicts
cancer, cardiovascular, and all-cause mortality in a German case cohort.
Clin Epigenetics. 2016;8:64. https://doi.org/10.1186/s13148-016-0228-z.
Levine M.E., Lu A.T., Quach A. et al. An epigenetic biomarker of aging for
lifespan and healthspan. Aging (Albany NY). 2018;10(4):573-91.
https://doi.org/10.18632/aging.101414.

Monasso G.S., Kiipers L.K., Jaddoe V.W.V. et al. Associations of
circulating folate, vitamin B12 and homocysteine concentrations in early
pregnancy and cord blood with epigenetic gestational age: the Generation
R Study. Clin Epigenetics. 2021;13(1):95. https://doi.org/10.1186/
$13148-021-01065-x.

Perry D.J. Hyperhomocysteinaemia. Baillieres Best Pract Res Clin
Haematol. 1999;12(3):451-77. https://doi.org/10.1053/beha.1999.0036.
D’Angelo A., Selhub J. Homocysteine and thrombotic disease. Blood.
1997;90(1):1-11. https://doi.org/10.1182/blood.V90.1.1.
Bolander-Gouaille C. Focus on homocysteine and the vitamins involved in
its metabolism. Springer Science & Business Media, 2013. 262 p.
D’Angelo A., Coppola A., Madonna P. et al. The role of vitamin B12 in
fasting hyperhomocysteinemia and its interaction with the homozygous
C677T mutation of the methylenetetrahydrofolate reductase (MTHFR)
gene. Thromb Haemost. 2000;83(4):563-70. https://doi.
org/10.1055/s-0037-1613864.

Carmel R., Jacobsen D.W. Homocysteine in health and disease.
Cambridge University Press, 2011. 536 p.

Van der Griend R., Biesma D.H., Banga J. Postmethionine-load
homocysteine determination for the diagnosis hyperhomocysteinemia

13.

14.

15.

16.

17.

18.

19.

20.

21.

and efficacy of homocysteine lowering regimens. Vasc Med. 2002;7:29-
33. https://doi.org/10.1191/1358863x02vm407ra.

Fiskerstrand Y., Refsum H., Kvalheim G., Ueland P., Homocysteine and
other thiols in plasma and urine: automated determination and sample
stability. Clin Chem. 1993;39(2):263-71. https://doi.org/10.1093/
clinchem/39.2.263.

Malinow M.R., Bostom A.G., Krauss R.M. Homocyst(e)ine, diet and
cardiovasculare diseases: A statement for healthcare professionals from
the Nutrition Committee, American Heart Association. Circulation.
1999;99(1):178-82. https://doi.org/10.1161/01.CIR.99.1.178.
Becnanosa 0.H. lmnepromouncTenHemMmus Npu HeBbIHALLMBAHUM Bepe-
MEHHOCTI: BUOXUMUNYECKIE U TEHETUYECKIE acneKTbl. XKypHan akyluep-
cTBa v xeHckux 6onesren. 2015;64(5):22-31. https://doi.org/ 10.17816/
JOWD64522-31.

NiJ., Zhang L., Zhou T. et al. Association between the MTHFR C677T
polymorphism, blood folate and vitamin B12 deficiency, and elevated
serum total homocysteine in healthy individuals in Yunnan Province,
China. J Chin Med Assoc. 2017;80(3):147-53. https://doi.org/10.1016/j.
jcma.2016.07.005.

Rasmussen K., Moller J., Lyngbak M. et al. Age and gender specific
reference intervals for total homocysteine and methylmalonic acid in
plasma before and after vitamin supplementation. Clin Chem.
1996;42(4):630-6. https://doi.org/10.1093/clinchem/42.4.630.
Lmenesa B.M., ManasH J1.M., Kanyctuu C.W1. n ap. Tunepromouuncrente-
MU — HE32BUCUMbIIA 1 3HAYUMbIA (HAKTOP pUCKa NPUBBIYHOMO
HeBblHALLMBaHUs 6epeMeHHOCTU B CeBepo-3anagHom pernoHe Poccun.
XKypHan akywepctsa v xeHckux 6onesHen. 2011;60(3):169-75.

Cikot R.P., Steegers-Theunissen C.M., Thomas T.M. et al. Longitudinal
vitamin and homocysteine levels in normal pregnancy. Br J Nutr.
2001;85(1):49-58. https://doi.org/10.1079/BJN2000209.

Chiantera V., Sarti C. D., Fornaro F. et al. Long-term effects of oral and
transdermal hormone replacement therapy on plasma homocysteine
levels. Menopause. 2001;10(4):286-91. https://doi.org/10.1097/01.
GME.0000054762.94658.B4.

Giri S., Thompson P., Taxel P. et al. Oral estrogen improves serum lipids,
homocysteine and fibrinolysis in eldery men. Atherosclerosis.
1997;137(2):359-66.https://doi.org/10.1016/S0021-9150(98)00022-7.

http://www.gynecology.su


https://doi.org/10.1186/s13148-021-01065-x
https://doi.org/10.1186/s13148-021-01065-x
https://doi.org/10.1055/s-0037-1613864
https://doi.org/10.1055/s-0037-1613864
https://doi.org/10.1093/clinchem/39.2.263
https://doi.org/10.1093/clinchem/39.2.263
https://doi.org/ 10.17816/JOWD64522-31
https://doi.org/ 10.17816/JOWD64522-31
https://doi.org/10.1016/j.jcma.2016.07.005
https://doi.org/10.1016/j.jcma.2016.07.005
https://doi.org/10.1097/01.GME.0000054762.94658.B4
https://doi.org/10.1097/01.GME.0000054762.94658.B4

becnanosa 0.H., Mayynusa 0.B., CasoHosa A.T., MuntoTtuna H0.11., KopHiowuna E.A., KopeHnesckuil A.B.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

Mijatovic V., Netelenbos C., Mooren M.J. et al. Randomized, double-blind,
placebo-controlled study on the effects of raloxifene and conjugated
equine estrogen on plasma homocysteine levels in healthy
postmenopausal women. Fertil Steril. 1998;70(6):1085-9. https:/doi.
0rg/10.1016/S0015-0282(98)00381-1.

Bonnette R.E., Caudill M.A., Boddie A.M. et al. Plasma homocyst(e)ine
concentrations in pregnant and nonpregnant women with controlled
folate intake. Obstet Gynecol. 1998;92(2):167-70. https://doi.
0rg/10.1097/00006250-199808000-00002.

Walker M.C., Smith G.N., Perkins S.L. et al. Changes in homocysteine
levels during normal pregnancy. Am J Obstet Gynecol. 1999;180(3 Pt
1):660-4. https://doi.org/10.1016/S0002-9378(99)70269-3.

Dai C., Fei Y., Li J. A novel review of homocysteine and pregnancy
complications. BioMed Res Int. 2021;2021:6652231. https://doi.
0rg/10.1155/2021/6652231.

Yang Y., Jiang H., Tang A., Xiang Z. Changes of serum homocysteine
levels during pregnancy and the establishment of reference intervals in
pregnant Chinese women. Clin Chim Acta. 2019;489:1-4. https://doi.
0rg/10.1016/j.cca.2018.11.026.

Tsen C.-M., Hsieh C.-C., Yen C.-H., Lau Y.-T. Homocysteine altered ROS
generation and NO accumulation in endothelial cells. Chin J Physiol.
2003;46(3):129-36.

Mowmot A.MN., Monyaxosa 1.B., Cemenosa H.A. u gp. [JuHamnka nokasa-
Teneii CUCTEMbI TEMOCTa3a Y XKEHLLH NPX BbIHALIMBAHNN GEPEMEHHOCTY
1 nocne pofos. JlaboparopHas cryxo6a. 2015;4(2):3—11. https://doi.
0rg/10.17116/labs2015423-11.

Fowler B. Homocysteine — an independent risk factor for cardiovascular
and thrombotic diseases. Ther Umsch. 2005;62(9):641-6. (In German).
https://doi.org/10.1024/0040-5930.62.9.641.

Wierzbicki A.S. Homocysteine and cardiovascular disease: a review of
the evidence. Diab Vasc Dis Res. 2007;4(2):143-9. https://doi.
0rg/10.3132/dvdr.2007.033.

Asfar S., Safar H.A. Homocysteine levels and peripheral arterial occlusive
disease: a prospective cohort study and review of the literature.

J Cardiovasc Surg. 2007;48(5):601-5.

Humphrey L.L., Fu R., Rogers K. et al. Homocysteine level and coronary
heart disease incidence: a systematic review and meta-analysis. Mayo
Clin Proc. 2008;83(11):1203-12. https://doi.org/10.4065/83.11.1203.
Bublil E.M., Majtan T. Classical homocystinuria: From cystathionine beta-
synthase deficiency to novel enzyme therapies. Biochimie. 2020;173:48-
56. https://doi.org/10.1016/j.biochi.2019.12.007.

Munke M., Kraus J.P., Ohura T., Francke U. The gene for cystathionine
beta-synthase (CBS) maps to the subtelomeric region on human
chromosome 21q and to proximal mouse chromosome 17. Am J Hum
Genet. 1988;42(4):550-9.

Murdoch J.C., Rodger J.C., Rao S.S. et al. Down’s syndrome: An
atheroma-free model. Brit Med J. 1977; 2(6081):226-8. https://doi.
0rg/10.1136/bmj.2.6081.226.

Landrum M.J., Lee J.M., Benson M. et al. ClinVar: public archive of
interpretations of clinically relevant variants. Nucleic Acids Res.
2016;44(D1):D862-8. https://doi.org/10.1093/nar/gkv1222.

Mudd S.H., Levy H.L., Kraus J.P. et al. Disorders of transsulfuration.

In: The metabolic and molecular bases of inherited disease. Eds.

C.R. Scriver, A.L. Beaudet, W.S. Sly, D. Valle. New York: McGraw-Hill,
2001. 2007-56.

Hoss G.R.W., Sperb-Ludwig F., Schwartz |.V.D, Blom H.J. Classical
homocystinuria: a common inborn error of metabolism?

An epidemiological study based on genetic databases. Mol Genet
Genomic Med. 2020;8(6):e1214. https://doi.org/10.1002/mgg3.1214.
Quere I., Paul V., Rouillac C. et al. Spatial and temporal expression of the
cystathionine beta-synthase gene during early human development.
Biochem Biophys Res Commun. 1999;254(1):127-37. https://doi.
0rg/10.1006/bbrc.1998.9079.

Kruger W.D., Evans A.A., Wang L. et al. Polymorphisms in the CBS
gene associated with decreased risk of coronary artery disease and
increased responsiveness to total homocysteine lowering by folic acid.
Mol Genet Metab. 2000;70(1):53-60. https://doi.org/10.1006/
mgme.2000.2993.

KnuHnyeckne pekomeHgaumn — HapyLueHne o6mMeHa cepocofepxatinx
aMUHOKNCNOT (romoLmcTuHypus) — 2022-2023-2024 (04.02.2022).

M.: MurnctepcTBo 34paBooxpaHenns Poccniickon ®egepauynm, 2022.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

55 ¢. Pexxum poctyna: http:/disuria.ru/_ld/11/1174_kr22E72p1MZ.pdf.
[Hara o6patieHus: 15.06.2023].

McCully K.S. Homocysteine and the pathogenesis of atherosclerosis.
Expert Rev Clin Pharmacol. 2015;8(2):211-9. https://doi.org/10.1586/17
512433.2015.1010516.

McCully K.S. Vascular pathology of homocysteinemia: implications for
the pathogenesis of arteriosclerosis. Am J Pathol. 1969;56 (1):111-28.
McCully K.S. Hyperhomocysteinemia and arteriosclerosis: historical
aspects. Clin Chem Lab Med. 2005;43(10):980-6. https://doi.
0rg/10.1515/CCLM.2005.172.

Raziel A., Friedler S., Schachter M. et al. Hypercoagulable thrombophilic
defects and hyperhomocysteinemia in patients with recurrent pregnancy
loss. Am J Rep Immunol. 2001;45(2):65-71. https://doi.
org/10.1111/j.8755-8920.2001.450201 .x.

Nelen W.L., Blom H.J., Steegers E.A. et al. Homocysteine and folate
levels as risk factors for recurrent early pregnancy loss. Obstet Gynecol.
2000;95(4):519-24. https://doi.org/10.1016/S0029-7844 (99)00610-9.
becnanosa 0.H. leHeTMyeckme hakTopbl pucka HeBbIHALLNBAHNA Gepe-
MeHHOCTI: ABTOped. JOKT... Meg. Hayk. Cr16., 2009. 40 c.

Serrano N.C., Quintero-Lesmes D.C., Becerra-Bayona S. et al. Association
of pre-eclampsia risk with maternal levels of folate, homocysteine and
vitamin B12 in Colombia: a case-control study. PLoS One.
2018;13(12):e0208137. https://doi.org/10.1371/journal.pone.0208137.
Ota K., Takahashi T., Han A. et al. Effects of MTHFR C677T polymorphism
on vitamin D, homocysteine and natural killer cell cytotoxicity in women
with recurrent pregnancy losses. Hum Reprod. 2020;35(6):1276-87.
https://doi.org/10.1093/humrep/deaa095.

Goddijn-Wessel T.A., Wouters M.G., van de Molen E.F. et al.
Hyperhomocysteinemia: a risk factor for placental abruption or infarction.
Eur J Obstet Gynecol Reprod Biol. 1996;66(1):23-9. https://doi.
0rg/10.1016/0301-2115 (96)02383-4.

Maru L., Verma M., Jinsiwale N. Homocysteine as predictive marker for
pregnancy-induced hypertension-a comparative study of homocysteine
levels in normal versus patients of PIH and its complications. J Obstet
Gynecol India. 2016;66(1):167-71. https://doi.org/10.1007/513224-015-
0832-4.

Seghieri G., Breschi M.C., Anichini R. et al. Serum homocysteine

levels are increased in women with gestational diabetes mellitus.
Metabolism. 2003;52(6):720-3. https://doi.org/10.1016/S0026-0495
(03)00032-5.

Onalan R., Onalan G., Gunenc Z., Karabulut E. Combining 2nd-trimester
maternal serum homocysteine levels and uterine artery Doppler for
prediction of preeclampsia and isolated intrauterine growth restriction.
Gynecol Obstet Invest. 2006;61(3):142-8. https:/doi.
0rg/10.1159/000090432.

Kang S.S., Zhou J., Wong P.W. et al. Intermediate homocysteinemia:

a thermolabile variant of methylenetetrahydrofolate reductase. Am J Hum
Genet. 1988;43(4):414-21.

Frosst P., Blom H.J., Milos R. et al. A candidate genetic risk factor for
vascular disease: a common mutation in methylenetetrahydrofolate
reductase. Nat Genet. 1995;10(1):111-13. https://doi.org/10.1038/
ng0595-111.

Kang S.S., Wong P.W., Susmano A. et al. Thermolabile
methylenetetrahydrofolate reductase: an inherited risk factor for coronary
artery disease. Am J Hum Genet. 1991;48(3):536-45.

Jacques P.F., Bostom A.G., Williams R.R. et al. Relation between folate
status, a common mutation in methylenetetrahydrofolate reductase, and
plasma homocysteine concentrations. Circulation. 1996;93(1):7-9.
https://doi.org/10.1161/01.cir.93.1.7.

Ma J., Stampfer M.J., Hennekens C.H. et al. Methylenetetrahydrofolate
reductase polymorphism, plasma folate, homocysteine, and risk of
myocardial infarction in US physicians. Circulation. 1996;94(10):2410-6.
https://doi.org/10.1161/01.cir.94.10.2410.

Zhou J., Austin R.C. Contributions of hyperhomocysteinemia to
atherosclerosis: Causal relationship and potential mechanisms.
Biofactors. 2009;35(2):120-9. https://doi.org/10.1002/biof.17.

Cai H., Harrison D.G. Endothelial dysfunction in cardiovascular diseases:
the role of oxidant stress. Circ Res. 2000;87(10):840-4. https://doi.
0rg/10.1161/01.res.87.10.840.

Schachinger V., Britten M.B., Zeiher A.M. Prognostic impact of coronary
vasodilator dysfunction on adverse long-term outcome of coronary heart

N
(=]
N
(O})
°
5
=
—
~
°

¢o

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn



https://doi.org/10.1016/S0015-0282(98)00381-1
https://doi.org/10.1016/S0015-0282(98)00381-1
https://doi.org/10.1097/00006250-199808000-00002
https://doi.org/10.1097/00006250-199808000-00002
https://doi.org/10.1155/2021/6652231
https://doi.org/10.1155/2021/6652231
https://doi.org/10.1016/j.cca.2018.11.026
https://doi.org/10.1016/j.cca.2018.11.026
https://doi.org/10.17116/labs2015423-11
https://doi.org/10.17116/labs2015423-11
https://doi.org/10.3132/dvdr.2007.033
https://doi.org/10.3132/dvdr.2007.033
https://doi.org/10.1136/bmj.2.6081.226
https://doi.org/10.1136/bmj.2.6081.226
https://doi.org/10.1006/bbrc.1998.9079
https://doi.org/10.1006/bbrc.1998.9079
https://doi.org/10.1006/mgme.2000.2993
https://doi.org/10.1006/mgme.2000.2993
https://doi.org/10.1586/17512433.2015.1010516
https://doi.org/10.1586/17512433.2015.1010516
https://doi.org/10.1515/CCLM.2005.172
https://doi.org/10.1515/CCLM.2005.172
https://doi.org/10.1111/j.8755-8920.2001.450201.x
https://doi.org/10.1111/j.8755-8920.2001.450201.x
https://doi.org/10.1016/0301-2115 (96)02383-4
https://doi.org/10.1016/0301-2115 (96)02383-4
https://doi.org/10.1007/s13224-015-0832-4
https://doi.org/10.1007/s13224-015-0832-4
https://doi.org/10.1016/S0026-0495 (03)00032-5
https://doi.org/10.1016/S0026-0495 (03)00032-5
https://doi.org/10.1159/000090432
https://doi.org/10.1159/000090432
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1161/01.res.87.10.840
https://doi.org/10.1161/01.res.87.10.840

05

INUreHeTUYECKNe MEXaHU3Mbl BHYTPUYTPOGHOTO «CTapeHns» nioja:
npu 6epemMeHHOCTH

Masion3BeCTHbIe 3D(EKTbI TUMNEProMOLUCTENHEMIN

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PUArAEE Ve v

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

disease. Circulation. 2000;101(16):1899-906. https://doi.org/10.1161/01.
cir.101.16.1899.

Lentz S.R., Sobey C.G., Piegors D.J. et al. Vascular dysfunction in
monkeys with diet-induced hyperhomocyst(e)inemia. J Clin Invest.
1996;98(1):24-9. https://doi.org/10.1172/JCI118771.

Rolland P.H., Friggi A., Barlatier A. et al. Hyperhomocysteinemia-induced
vascular damage in the mini pig: captopril-hydrochlorothiazide
combination prevents elastic alterations. Circulation. 1995;91(4):1161-
74. https://doi.org/10.1161 /01.cir.91.4.1161.

Ungvari Z., Pacher P., Rischak K. et al. Dysfunction of nitric oxide
mediation in isolated rat arterioles with methionine diet-induced
hyperhomocysteinemia. Arterioscler Thromb Vasc Biol.
1999;19(8):1899-904. https://doi.org/10.1161/01.atv.19.8.1899.
Eberhardt R.T., Forgione M.A., Cap A. et al. Endothelial dysfunction in

a murine model of mild hyperhomocyst(e)inemia. J Clin Invest.
2000;106(4):483-91. https://doi.org/10.1172/JCI8342.

Lentz S.R., Erger R.A., Dayal S. et al. Folate dependence of
hyperhomocysteinemia and vascular dysfunction in cystathionine
B-synthase-deficient mice. Am J Physiol Heart Circ Physiol.
2000;279(3):970-5. https://doi.org/10.1152/ajpheart.2000.279.3.H970.
Chambers J.C., McGregor A., Jean-Marie J., Kooner J.S. Acute
hyperhomocysteinaemia and endothelial dysfunction. Lancet.
1998;351(9095):36-7. https://doi.org/10.1016/S0140-6736(05)78090-9.
Bellamy M.F., McDowell I.F., Ramsey M.W. et al. Hyperhomocysteinemia
after an oral methionine load acutely impairs endothelial function in
healthy adults. Circulation. 1998;98(18):1848-52. https://doi.org/10.1161
/01.cir.98.18.1848.

Faraci F.M. Hyperhomocysteinemia: a million ways to lose control.
Arterioscler Thromb Vasc Biol. 2003;23(3):371-3. https://doi.
org/10.1161/01.ATV.0000063607.56590.7F.

Zhang X., Li H., Jin H. et al. Effects of homocysteine on endothelial nitric
oxide production. Am J Physiol Renal Physiol. 2000;279(4):671-8.
https://doi.org/10.1152/ajprenal.2000.279.4.F671.

Levrand S., Pacher P., Pesse B. et al. Homocysteine induces cell death in
HIC2 cardiomyocytes through the generation of peroxynitrite. Biochem
Biophys Res Commun. 2007;359(3):445-50. https://doi.org/10.1016/j.
bbrc.2007.05.147.

Upchurch G.R., Welch G.N., Fabianet A.J. al. Homocyst(e)ine decreases
bioavailable nitric oxide by a mechanism involving glutathione
peroxidase. J Biol Chem. 1997;272(27):17012-17. https://doi.
org/10.1074/jbc.272.27.17012.

Zeng X., Guan Y., Remick D.G. et al. Signal pathways underlying
homocysteine-induced production of MCP-1 and IL-8 in cultured human
whole blood. Acta Pharmacol Sin. 2005;26(1):85-91. https://doi.
org/10.1111/j.1745-7254.2005.00005.X.

Lentz S., Sadler J.E. Inhibition of thrombomodulin surface expression
and protein G activation by the thrombogenic agent homocysteine. J Clin
Invest. 1991;88(6):1906—14. https://doi.org/10.1172/JCI115514.

Lentz S.R., Sadler J.E. Homocysteine inhibits von Willebrand factor
processing and secretion by preventing transport from the endoplasmic
reticulum. Blood. 1993;81(3):683-9. https://doi.org/10.1182/blood.
V/81.3.683.683.

Austin R.C., Lentz S.R., Werstuck G.H. Role of hyperhomocysteinemia

in endothelial dysfunction and atherothrombotic disease. Cell

Death Differ. 2004;11 Suppl 1:5S6-64. https://doi.org/10.1038/s;.
cdd.4401451.

Kaufman R.J. Orchestrating the unfolded protein response in health and
disease. J Clin Invest. 2002;110(10):1389-98. https://doi.org/10.1172/
JCI16886.

Allen N.B., Krefman A.E., Labarthe D. et al. Cardiovascular health
trajectories from childhood through middle age and their association with
subclinical atherosclerosis. JAMA Cardiol. 2020;5(5):557-66. https:/doi.
org/10.1001/jamacardio.2020.0140.

Raitakari 0.T., Juonala M., K&honen M.et al. Cardiovascular risk factors
in childhood and carotid artery intima-media thickness in adulthood.
JAMA. 2003;290(17):2277-83. https://doi.org/10.1001/
jama.290.17.2277.

Li S., Chen W., Srinivasan S.R.et al. Childhood cardiovascular risk factors
and carotid vascular changes in adulthood. JAMA. 2003;290(17):2271-6.
https://doi.org/10.1001/jama.290.17.2271.

Van Popele N.M., Grobbee D.E., Bots M.L. et al. Association between

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

arterial stiffness and atherosclerosis: the rotterdam study. Stroke.
2001;32(2):454-60. https://doi.org/10.1161/01.str.32.2.454.

Yuan C., Wang J., Ying M. Predictive value of carotid distensibility
coefficient for cardiovascular diseases and all-cause mortality: a meta-
analysis. PLoS One. 2016;11(4):0152799. https://doi.org/10.1371/
journal.pone.0152799.

Epure A.M., Rios-Leyvraz M., Anker D. et al. Risk factors during first
1000 days of life for carotid intima-media thickness in infants, children,
and adolescents: A systematic review with meta-analyses. PLoS
Medicine. 2020;17(11):e1003414. https://doi.org/10.1371/journal.
pmed.1003414.

Bergen N.E., Schalekamp-Timmermans S., Jaddoe V.W. et al. Maternal
and neonatal markers of the homocysteine pathway and fetal growth: the
Generation R Study. Paediatr Perinat Epidemiol. 2016;30(4):386-96.
https://doi.org/10.1111/ppe.12297.

Kooijman M.N., Kruithof C.J., Duijn C.M. et al. The Generation R Study:
design and cohort update 2017. Eur J Epidemiol. 2016;31(12):1243-64.
https://doi.org/10.1007/s10654-016-0224-9.

Monasso G.S., Santos S., Geurtsen M. L. et al. Associations of early
pregnancy and neonatal circulating folate, vitamin B-12, and
homocysteine concentrations with cardiometabolic risk factors in
children at 10 y of age. J Nutr. 2021;151(6):1628-36. https://doi.
org/10.1093/jn/nxab039.

Kennedy B.K., Berger S.L., Brunet A. et al. Geroscience: linking aging to
chronic disease. Cell. 2014;159(4):709-13. https://doi.org/10.1016/j.
cell.2014.10.039.

Burch J.B., Augustine A.D., Frieden L.A. et al. Advances in geroscience:
impact on healthspan and chronic disease. J Gerontol A Biol Sci Med Sci.
2014;69 Suppl 1(Suppl 1):S1-3. https://doi.org/10.1093/gerona/glu041.
Fraga M.F., Esteller M. Epigenetics and aging: the targets and the marks.
Trends Genet. 2007;23(8):413-8. https://doi.org/10.1016/.
tig.2007.05.008.

Rakyan V.K., Down T.A., Maslau S. et al. Human aging-associated

DNA hypermethylation occurs preferentially at bivalent chromatin
domains. Genome Res. 2010;20(4):434-9. https://doi.org/10.1101/
gr.103101.109.

Teschendorff A.E., Menon U., Gentry-Maharaj A. Age-dependent DNA
methylation of genes that are suppressed in stem cells is a hallmark of
cancer. Genome Res. 2010;20(4):440-6. https://doi.org/10.1101/
gr.103606.109.

Jung M., Pfeifer G.P. Aging and DNA methylation. BMC Biol.
2015;13(1):7. https://doi.org/10.1186/512915-015-0118-4.

Zheng S.C., Widschwendter M., Teschendorff A.E. Epigenetic drift,
epigenetic clocks and cancer risk. Epigenomics. 2016;8(5):705-19.
https://doi.org/10.2217/epi-2015-0017.

Bohlin J., Haberg S.E., Magnus P. et al. Prediction of gestational age
based on genome-wide differentially methylated regions. Genome Biol.
2016;17(1):207. https://doi.org/10.1186/s13059-016-1063-4.

Knight A.K., Craig J.M., Theda C. et al. An epigenetic clock for gestational
age at birth based on blood methylation data. Genome Biol.
2016;17(1):206. https://doi.org/10.1186/s13059-016-1068-z.

Paquette A.G., Lester B.M., Lesseur C. et al. Placental epigenetic
patterning of glucocorticoid response genes is associated with infant
neurodevelopment. Epigenomics. 2015;7(5):767-79. https://doi.
org/10.2217/epi.15.28.

Dominguez-Salas P., Cox S.E., Prentice A.M. et al. Maternal nutritional
status, C1 metabolism and offspring DNA methylation: a review of
current evidence in human subjects. Proc Nutr Soc. 2012;71(1):154-65.
https://doi.org/10.1017/S0029665111003338.

Cochrane K.M., Mayer C., Devlin A.M. et al. Is natural (6S)-5-
methyltetrahydrofolic acid as effective as synthetic folic acid in
increasing serum and red blood cell folate concentrations during
pregnancy? A proof-of-concept pilot study. Trials. 2020;21(1):380.
https://doi.org/10.1186/s13063-020-04320-3.

Verdoia M., Nardin M., Gioscia R. et al. Association between vitamin D
deficiency and serum Homocysteine levels and its relationship with
coronary artery disease. J Thromb Thrombolysis. 2021;52(2):523-31.
https://doi.org/10.1007/s11239-021-02391-w.

100. Amer M., Qayyum R. The relationship between 25-hydroxyvitamin D and

Homocysteine in asymptomatic adults. J Clin Endocrinol Metab.
2014;99(2):633-8. https://doi.org/10.1210/jc.2013-3262.

m http://www.gynecology.su



https://doi.org/10.1161/01.cir.101.16.1899
https://doi.org/10.1161/01.cir.101.16.1899
https://doi.org/10.1161 /01.cir.98.18.1848
https://doi.org/10.1161 /01.cir.98.18.1848
https://doi.org/10.1161/01.ATV.0000063607.56590.7F
https://doi.org/10.1161/01.ATV.0000063607.56590.7F
https://doi.org/10.1016/j.bbrc.2007.05.147
https://doi.org/10.1016/j.bbrc.2007.05.147
https://doi.org/10.1074/jbc.272.27.17012
https://doi.org/10.1074/jbc.272.27.17012
https://doi.org/10.1111/j.1745-7254.2005.00005.x
https://doi.org/10.1111/j.1745-7254.2005.00005.x
https://doi.org/10.1182/blood.V81.3.683.683
https://doi.org/10.1182/blood.V81.3.683.683
https://doi.org/10.1038/sj.cdd.4401451
https://doi.org/10.1038/sj.cdd.4401451
https://doi.org/10.1172/JCI16886
https://doi.org/10.1172/JCI16886
https://doi.org/10.1001/jamacardio.2020.0140
https://doi.org/10.1001/jamacardio.2020.0140
https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1371/journal.pone.0152799
https://doi.org/10.1371/journal.pone.0152799
https://doi.org/10.1371/journal.pmed.1003414
https://doi.org/10.1371/journal.pmed.1003414
https://doi.org/10.1093/jn/nxab039
https://doi.org/10.1093/jn/nxab039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.tig.2007.05.008
https://doi.org/10.1016/j.tig.2007.05.008
https://doi.org/10.1101/gr.103101.109
https://doi.org/10.1101/gr.103101.109
https://doi.org/10.1101/gr.103606.109
https://doi.org/10.1101/gr.103606.109
https://doi.org/10.2217/epi.15.28
https://doi.org/10.2217/epi.15.28

becnanosa 0.H., Mayynusa 0.B., CasoHosa A.T., MuntoTtuna H0.11., KopHiowuna E.A., KopeHnesckuil A.B.

References:

Bitsadze V.0., Samburova N.V., Makatsariya N.A., Mishchenko A.L. Folate
deficiency in obstetrics and the problem of its correction. [Folatdeficitnye
sostoyaniya v akusherskoj praktike i problema ih korrekcii]. Obstetrics,
Gynecology and Reproduction. 2016;10(1):38-48. (In Russ.). https:/doi.
0rg/10.17749/2313-7347.2015.10.1.038-048.

Monasso G.S., Felix J.F., Heil S.G. et al. Vitamin B12, folate and
homocysteine concentrations during pregnancy and early signs of
atherosclerosis at school-age. Clin Nutr. 2021;40(9):5133-40. https:/
doi.org/10.1016/j.clnu.2021.08.001.

Chen B.H., Marioni R.E., Colicino E. et al. DNA methylation-based
measures of biological age: meta-analysis predicting time to death. Aging
(Albany NY). 2016;8(9):1844. https://doi.org/10.18632/aging.101020.
Perna L., Zhang Y., Mons U. et al. Epigenetic age acceleration predicts
cancer, cardiovascular, and all-cause mortality in a German case cohort.
Clin Epigenetics. 2016;8:64. https://doi.org/10.1186/s13148-016-0228-z.
Levine M.E., Lu A.T., Quach A. et al. An epigenetic biomarker of aging for
lifespan and healthspan. Aging (Albany NY). 2018;10(4):573-91.
https://doi.org/10.18632/aging.101414.

Monasso G.S., Kiipers L.K., Jaddoe V.W.V. et al. Associations of
circulating folate, vitamin B12 and homocysteine concentrations in early
pregnancy and cord blood with epigenetic gestational age: the Generation
R Study. Clin Epigenetics. 2021;13(1):95. https://doi.org/10.1186/
$13148-021-01065-x.

Perry D.J. Hyperhomocysteinaemia. Baillieres Best Pract Res Clin
Haematol. 1999;12(3):451-77. https://doi.org/10.1053/beha.1999.0036.
D’Angelo A., Selhub J. Homocysteine and thrombotic disease. Blood.
1997;90(1):1-11. https://doi.org/10.1182/blood.V90.1.1.
Bolander-Gouaille C. Focus on homocysteine and the vitamins involved in
its metabolism. Springer Science & Business Media, 2013. 262 p.
D’Angelo A., Coppola A., Madonna P. et al. The role of vitamin B12 in
fasting hyperhomocysteinemia and its interaction with the homozygous
C677T mutation of the methylenetetrahydrofolate reductase (MTHFR)
gene. Thromb Haemost. 2000;83(4):563-70. https://doi.
0rg/10.1055/s-0037-1613864.

. Carmel R., Jacobsen D.W. Homocysteine in health and disease.

Cambridge University Press, 2011. 536 p.

Van der Griend R., Biesma D.H., Banga J. Postmethionine-load
homocysteine determination for the diagnosis hyperhomocysteinemia
and efficacy of homocysteine lowering regimens. Vasc Med. 2002;7:29—
33. https://doi.org/10.1191/1358863x02vm407ra.

Fiskerstrand Y., Refsum H., Kvalheim G., Ueland P., Homocysteine and
other thiols in plasma and urine: automated determination and sample
stability. Clin Chem. 1993;39(2):263-71. https://doi.org/10.1093/
clinchem/39.2.263.

Malinow M.R., Bostom A.G., Krauss R.M. Homocyst(e)ine, diet and
cardiovasculare diseases: A statement for healthcare professionals from
the Nutrition Committee, American Heart Association. Circulation.
1999;99(1):178-82. https://doi.org/10.1161/01.CIR.99.1.178.
Bespalova 0.N. Hyperhomocysteinemia in miscarriage: biochemical and
genetic aspects. [Gipergomocisteinemiya pri nevynashivanii
beremennosti: biohimicheskie i geneticheskie aspekty]. Zhurnal
akusherstva i zhenskih boleznej. 2015;64(5):22-31. (In Russ.).
https://doi.org/10.17816/J0WD64522-31.

Ni J., Zhang L., Zhou T. et al. Association between the MTHFR C677T
polymorphism, blood folate and vitamin B12 deficiency, and elevated
serum total homocysteine in healthy individuals in Yunnan Province,
China. J Chin Med Assoc. 2017;80(3):147-53. https://doi.org/10.1016/j.
jcma.2016.07.005.

Rasmussen K., Moller J., Lyngbak M. et al. Age and gender specific
reference intervals for total homocysteine and methylmalonic acid in
plasma before and after vitamin supplementation. Clin Chem.
1996;42(4):630-6. https://doi.org/10.1093/clinchem/42.4.630.
Shmeleva V.M., Papayan L.P., Kapustin S.I. et al. Hyperhomocysteinemia
is common and independent risk factor for recurrent pregnancy loss in
north-western Russia. [Gipergomocisteinemiya — nezavisimyj i znachimyj
faktor riska privychnogo nevynashivaniya beremennosti v Severo-
Zapadnom regione Rossii]. Zhurnal akusherstva i zhenskih boleznej.
2011;60(3):169-75. (In Russ.).

Cikot R.P., Steegers-Theunissen C.M., Thomas T.M. et al. Longitudinal

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

vitamin and homocysteine levels in normal pregnancy. Br J Nutr.
2001;85(1):49-58. https://doi.org/10.1079/BJN2000209.

Chiantera V., Sarti C. D., Fornaro F. et al. Long-term effects of oral and
transdermal hormone replacement therapy on plasma homocysteine
levels. Menopause. 2001;10(4):286-91. https://doi.org/10.1097/01.
GME.0000054762.94658.B4.

Giri S., Thompson P., Taxel P. et al. Oral estrogen improves serum lipids,
homocysteine and fibrinolysis in eldery men. Atherosclerosis.
1997;137(2):359-66.https://doi.org/10.1016/S0021-9150(98)00022-7.

Mijatovic V., Netelenbos C., Mooren M.J. et al. Randomized, double-blind,

placebo-controlled study on the effects of raloxifene and conjugated
equine estrogen on plasma homocysteine levels in healthy
postmenopausal women. Fertil Steril. 1998;70(6):1085-9. https://doi.
org/10.1016/S0015-0282(98)00381-1.

Bonnette R.E., Caudill M.A., Boddie A.M. et al. Plasma homocyst(e)ine
concentrations in pregnant and nonpregnant women with controlled
folate intake. Obstet Gynecol. 1998;92(2):167-70. https://doi.
0rg/10.1097/00006250-199808000-00002.

Walker M.C., Smith G.N., Perkins S.L. et al. Changes in homocysteine
levels during normal pregnancy. Am J Obstet Gynecol. 1999;180(3 Pt
1):660—4. https://doi.org/10.1016/S0002-9378(99)70269-3.

Dai C., Fei Y., Li J. A novel review of homocysteine and pregnancy
complications. BioMed Res Int. 2021;2021:6652231. https://doi.
org/10.1155/2021/6652231.

Yang Y., Jiang H., Tang A., Xiang Z. Changes of serum homocysteine
levels during pregnancy and the establishment of reference intervals

in pregnant Chinese women. Clin Chim Acta. 2019;489:1-4. https://doi.
org/10.1016/j.cca.2018.11.026.

Tsen C.-M., Hsieh C.-C., Yen C.-H., Lau Y.-T. Homocysteine altered ROS
generation and NO accumulation in endothelial cells. Chin J Physiol.
2003;46(3):129-36.

Momot A.P., Molchanova I.V., Semenova N.A. et al. Dynamics of
hemostatic parameters on pregnant women and after delivary. [Dinamika
pokazatelej sistemy gemostaza u zhenshchin pri vynashivanii
beremennosti i posle rodov]. Laboratornaya sluzhba. 2015;4(2):3-11.
(In Russ.). https://doi.org/10.17116/labs2015423-11.

Fowler B. Homocysteine — an independent risk factor for cardiovascular
and thrombotic diseases. Ther Umsch. 2005;62(9):641-6. (In German).
https://doi.org/10.1024/0040-5930.62.9.641.

Wierzbicki A.S. Homocysteine and cardiovascular disease: a review of
the evidence. Diab Vasc Dis Res. 2007;4(2):143-9. https://doi.
org/10.3132/dvdr.2007.033.

Asfar S., Safar H.A. Homocysteine levels and peripheral arterial occlusive
disease: a prospective cohort study and review of the literature.

J Cardiovasc Surg. 2007;48(5):601-5.

Humphrey L.L., Fu R., Rogers K. et al. Homocysteine level and coronary
heart disease incidence: a systematic review and meta-analysis. Mayo
Clin Proc. 2008;83(11):1203-12. https://doi.org/10.4065/83.11.1203.
Bublil E.M., Majtan T. Classical homocystinuria: From cystathionine beta-
synthase deficiency to novel enzyme therapies. Biochimie. 2020;173:48-
56. https://doi.org/10.1016/j.biochi.2019.12.007.

Munke M., Kraus J.P., Ohura T., Francke U. The gene for cystathionine
beta-synthase (CBS) maps to the subtelomeric region on human
chromosome 21q and to proximal mouse chromosome 17. Am J Hum
Genet. 1988;42(4):550-9.

Murdoch J.C., Rodger J.C., Rao S.S. et al. Down’s syndrome: An
atheroma-free model. Brit Med J. 1977; 2(6081):226-8. https://doi.
org/10.1136/bm;.2.6081.226.

Landrum M.J., Lee J.M., Benson M. et al. ClinVar: public archive of
interpretations of clinically relevant variants. Nucleic Acids Res.
2016;44(D1):D862-8. https://doi.org/10.1093/nar/gkv1222.

Mudd S.H., Levy H.L., Kraus J.P. et al. Disorders of transsulfuration.

In: The metabolic and molecular bases of inherited disease. Eds.

C.R. Scriver, A.L. Beaudet, W.S. Sly, D. Valle. New York: McGraw-Hill,
2001. 2007-56.

Hoss G.R.W., Sperb-Ludwig F., Schwartz 1.V.D, Blom H.J. Classical
homocystinuria: a common inborn error of metabolism? An
epidemiological study based on genetic databases. Mol Genet Genomic
Med. 2020;8(6):e1214. https://doi.org/10.1002/mgg3.1214.

N
(=]
N
(O})
°
5
=
—
~
°

¢o

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn



https://doi.org/10.17749/2313-7347.2015.10.1.038-048
https://doi.org/10.17749/2313-7347.2015.10.1.038-048
https://doi.org/10.1016/j.clnu.2021.08.001
https://doi.org/10.1016/j.clnu.2021.08.001
https://doi.org/10.1186/s13148-021-01065-x
https://doi.org/10.1186/s13148-021-01065-x
https://doi.org/10.1055/s-0037-1613864
https://doi.org/10.1055/s-0037-1613864
https://doi.org/10.1093/clinchem/39.2.263
https://doi.org/10.1093/clinchem/39.2.263
https://doi.org/10.1016/j.jcma.2016.07.005
https://doi.org/10.1016/j.jcma.2016.07.005
https://doi.org/10.1097/01.GME.0000054762.94658.B4
https://doi.org/10.1097/01.GME.0000054762.94658.B4
https://doi.org/10.1016/S0015-0282(98)00381-1
https://doi.org/10.1016/S0015-0282(98)00381-1
https://doi.org/10.1097/00006250-199808000-00002
https://doi.org/10.1097/00006250-199808000-00002
https://doi.org/10.1155/2021/6652231
https://doi.org/10.1155/2021/6652231
https://doi.org/10.1016/j.cca.2018.11.026
https://doi.org/10.1016/j.cca.2018.11.026
https://doi.org/10.3132/dvdr.2007.033
https://doi.org/10.3132/dvdr.2007.033
https://doi.org/10.1136/bmj.2.6081.226
https://doi.org/10.1136/bmj.2.6081.226

05

INUreHeTUYECKNe MEXaHU3Mbl BHYTPUYTPOGHOTO «CTapeHns» nioja:
npu 6epemMeHHOCTH

Masion3BeCTHbIe 3D(EKTbI TUMNEProMOLUCTENHEMIN

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PUArAEE Ve v

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Quere I, Paul V., Rouillac C. et al. Spatial and temporal expression of the
cystathionine beta-synthase gene during early human development.
Biochem Biophys Res Commun. 1999;254(1):127-37. https://doi.
org/10.1006/bbrc.1998.9079.

Kruger W.D., Evans A.A., Wang L. et al. Polymorphisms in the CBS gene
associated with decreased risk of coronary artery disease and increased
responsiveness to total homocysteine lowering by folic acid. Mol Genet
Metab. 2000;70(1):53-60. https://doi.org/10.1006/mgme.2000.2993.
Clinical guidelines — Disturbances of the metabolism of sulfur-containing
amino acids (homocystinuria) — 2022-2023-2024 (04.02.2022).
[Klinicheskie rekomendacii — Narushenie obmena serosoderzhashchih
aminokislot (gomocistinuriya) — 2022-2023-2024 (04.02.2022)].
Moscow: Ministerstvo zdravoohraneniya Rossijskoj Federacii, 2022.

55 p. (In Russ.). Available at: http://disuria.ru/_ld/11/1174_
kr22E72p1MZ.pdf. [Accessed: 15.06.2023].

McCully K.S. Homocysteine and the pathogenesis of atherosclerosis.
Expert Rev Clin Pharmacol. 2015;8(2):211-9. https://doi.org/10.1586/17
512433.2015.1010516.

McCully K.S. Vascular pathology of homocysteinemia: implications for
the pathogenesis of arteriosclerosis. Am J Pathol. 1969;56 (1):111-28.
McCully K.S. Hyperhomocysteinemia and arteriosclerosis: historical
aspects. Clin Chem Lab Med. 2005;43(10):980-6. https://doi.
org/10.1515/CCLM.2005.172.

Raziel A., Friedler S., Schachter M. et al. Hypercoagulable thrombophilic
defects and hyperhomocysteinemia in patients with recurrent pregnancy
loss. Am J Rep Immunol. 2001;45(2):65-71. https:/doi.
org/10.1111/.8755-8920.2001.450201 .x.

Nelen W.L., Blom H.J., Steegers E.A. et al. Homocysteine and folate
levels as risk factors for recurrent early pregnancy loss. Obstet Gynecol.
2000;95(4):519-24. https://doi.org/10.1016/S0029-7844 (99)00610-9.
Bespalova O.N. Genetic risk factors of miscarriage. [Geneticheskie
faktory riska nevynashivaniya beremennosti: Avtoref. dokt... med. nauk].
Saint Petersburg, 2009. 40 p. (In Russ.).

Serrano N.C., Quintero-Lesmes D.C., Becerra-Bayona S. et al. Association
of pre-eclampsia risk with maternal levels of folate, homocysteine and
vitamin B12 in Colombia: a case-control study. PLoS One.
2018;13(12):0208137. https://doi.org/10.1371/journal.pone.0208137.
Ota K., Takahashi T., Han A. et al. Effects of MTHFR C677T polymorphism
on vitamin D, homocysteine and natural killer cell cytotoxicity in women
with recurrent pregnancy losses. Hum Reprod. 2020;35(6):1276-87.
https://doi.org/10.1093/humrep/deaa095.

Goddijn-Wessel T.A., Wouters M.G., van de Molen E.F. et al.
Hyperhomocysteinemia: a risk factor for placental abruption or infarction.
Eur J Obstet Gynecol Reprod Biol. 1996;66(1):23-9. https://doi.
0rg/10.1016/0301-2115 (96)02383-4.

Maru L., Verma M., Jinsiwale N. Homocysteine as predictive marker for
pregnancy-induced hypertension-a comparative study of homocysteine
levels in normal versus patients of PIH and its complications. J Obstet
Gynecol India. 2016;66(1):167-71. https://doi.org/10.1007/s13224-015-
0832-4.

Seghieri G., Breschi M.C., Anichini R. et al. Serum homocysteine

levels are increased in women with gestational diabetes mellitus.
Metabolism. 2003;52(6):720-3. https://doi.org/10.1016/S0026-0495
(03)00032-5.

Onalan R., Onalan G., Gunenc Z., Karabulut E. Combining 2nd-trimester
maternal serum homocysteine levels and uterine artery Doppler for
prediction of preeclampsia and isolated intrauterine growth restriction.
Gynecol Obstet Invest. 2006;61(3):142-8. https:/doi.
org/10.1159/000090432.

Kang S.S., Zhou J., Wong P.W. et al. Intermediate homocysteinemia:

a thermolabile variant of methylenetetrahydrofolate reductase. Am J Hum
Genet. 1988;43(4):414-21.

Frosst P., Blom H.J., Milos R. et al. A candidate genetic risk factor for
vascular disease: a common mutation in methylenetetrahydrofolate
reductase. Nat Genet. 1995;10(1):111-13. https://doi.org/10.1038/
ng0595-111.

Kang S.S., Wong P.W., Susmano A. et al. Thermolabile
methylenetetrahydrofolate reductase: an inherited risk factor for coronary
artery disease. Am J Hum Genet. 1991;48(3):536-45.

Jacques P.F., Bostom A.G., Williams R.R. et al. Relation between folate
status, a common mutation in methylenetetrahydrofolate reductase, and

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

plasma homocysteine concentrations. Circulation. 1996;93(1):7-9.
https://doi.org/10.1161/01.cir.93.1.7.

Ma J., Stampfer M.J., Hennekens C.H. et al. Methylenetetrahydrofolate
reductase polymorphism, plasma folate, homocysteine, and risk of
myocardial infarction in US physicians. Circulation. 1996;94(10):2410-6.
https://doi.org/10.1161/01.cir.94.10.2410.

59. Zhou J., Austin R.C. Contributions of hyperhomocysteinemia to
atherosclerosis: Causal relationship and potential mechanisms.
Biofactors. 2009;35(2):120-9. https://doi.org/10.1002/biof.17.

Cai H., Harrison D.G. Endothelial dysfunction in cardiovascular diseases:
the role of oxidant stress. Circ Res. 2000;87(10):840-4. https://doi.
org/10.1161/01.res.87.10.840.

Schachinger V., Britten M.B., Zeiher A.M. Prognostic impact of coronary
vasodilator dysfunction on adverse long-term outcome of coronary heart
disease. Circulation. 2000;101(16):1899-906. https://doi.org/10.1161/01.
cir.101.16.1899.

Lentz S.R., Sobey C.G., Piegors D.J. et al. Vascular dysfunction in
monkeys with diet-induced hyperhomocyst(e)inemia. J Clin Invest.
1996;98(1):24-9. https://doi.org/10.1172/JCI1118771.

Rolland P.H., Friggi A., Barlatier A. et al. Hyperhomocysteinemia-induced
vascular damage in the mini pig: captopril-hydrochlorothiazide
combination prevents elastic alterations. Circulation. 1995;91(4):1161-
74. https://doi.org/10.1161 /01.cir.91.4.1161.

Ungvari Z., Pacher P., Rischak K. et al. Dysfunction of nitric oxide
mediation in isolated rat arterioles with methionine diet-induced
hyperhomocysteinemia. Arterioscler Thromb Vasc Biol.
1999;19(8):1899-904. https://doi.org/10.1161/01.atv.19.8.1899.
Eberhardt R.T., Forgione M.A., Cap A. et al. Endothelial dysfunction in

a murine model of mild hyperhomocyst(e)inemia. J Clin Invest.
2000;106(4):483-91. https://doi.org/10.1172/JCI8342.

Lentz S.R., Erger R.A., Dayal S. et al. Folate dependence of
hyperhomocysteinemia and vascular dysfunction in cystathionine
B-synthase-deficient mice. Am J Physiol Heart Circ Physiol.
2000;279(3):970-5. https://doi.org/10.1152/ajpheart.2000.279.3.H970.
Chambers J.C., McGregor A., Jean-Marie J., Kooner J.S. Acute
hyperhomocysteinaemia and endothelial dysfunction. Lancet.
1998;351(9095):36-7. https://doi.org/10.1016/S0140-6736(05)78090-9.
Bellamy M.F., McDowell I.F., Ramsey M.W. et al. Hyperhomocysteinemia
after an oral methionine load acutely impairs endothelial function in
healthy adults. Circulation. 1998;98(18):1848-52. https://doi.
org/10.1161/01.cir.98.18.1848.

Faraci F.M. Hyperhomocysteinemia: a million ways to lose control.
Arterioscler Thromb Vasc Biol. 2003;23(3):371-3. https://doi.
org/10.1161/01.ATV.0000063607.56590.7F.

Zhang X., Li H., Jin H. et al. Effects of homocysteine on endothelial nitric
oxide production. Am J Physiol Renal Physiol. 2000;279(4):671-8.
https://doi.org/10.1152/ajprenal.2000.279.4.F671.

Levrand S., Pacher P., Pesse B. et al. Homocysteine induces cell death in
H9C2 cardiomyocytes through the generation of peroxynitrite. Biochem
Biophys Res Commun. 2007;359(3):445-50. https://doi.org/10.1016/j.
bbrc.2007.05.147.

Upchurch G.R., Welch G.N., Fabianet A.J. al. Homocyst(e)ine decreases
bioavailable nitric oxide by a mechanism involving glutathione
peroxidase. J Biol Chem. 1997;272(27):17012-17. https://doi.
0rg/10.1074/jbc.272.27.17012.

Zeng X., Guan Y., Remick D.G. et al. Signal pathways underlying
homocysteine-induced production of MCP-1 and IL-8 in cultured human
whole blood. Acta Pharmacol Sin. 2005;26(1):85-91. https://doi.
org/10.1111/j.1745-7254.2005.00005.x.

Lentz S., Sadler J.E. Inhibition of thrombomodulin surface expression
and protein C activation by the thrombogenic agent homocysteine.

J Clin Invest. 1991;88(6):1906—14. https://doi.org/10.1172/JCI115514.
Lentz S.R., Sadler J.E. Homocysteine inhibits von Willebrand factor
processing and secretion by preventing transport from the endoplasmic
reticulum. Blood. 1993;81(3):683-9. https://doi.org/10.1182/blood.
V/81.3.683.683.

Austin R.C., Lentz S.R., Werstuck G.H. Role of hyperhomocysteinemia

in endothelial dysfunction and atherothrombotic disease. Cell

Death Differ. 2004;11 Suppl 1:5S6-64. https://doi.org/10.1038/sj.
cdd.4401451.

Kaufman R.J. Orchestrating the unfolded protein response in health and

m http://www.gynecology.su



https://doi.org/10.1006/bbrc.1998.9079
https://doi.org/10.1006/bbrc.1998.9079
http://disuria.ru/_ld/11/1174_kr22E72p1MZ.pdf
http://disuria.ru/_ld/11/1174_kr22E72p1MZ.pdf
https://doi.org/10.1586/17512433.2015.1010516
https://doi.org/10.1586/17512433.2015.1010516
https://doi.org/10.1515/CCLM.2005.172
https://doi.org/10.1515/CCLM.2005.172
https://doi.org/10.1111/j.8755-8920.2001.450201.x
https://doi.org/10.1111/j.8755-8920.2001.450201.x
https://doi.org/10.1016/0301-2115 (96)02383-4
https://doi.org/10.1016/0301-2115 (96)02383-4
https://doi.org/10.1007/s13224-015-0832-4
https://doi.org/10.1007/s13224-015-0832-4
https://doi.org/10.1016/S0026-0495 (03)00032-5
https://doi.org/10.1016/S0026-0495 (03)00032-5
https://doi.org/10.1159/000090432
https://doi.org/10.1159/000090432
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1038/ng0595-111
https://doi.org/10.1161/01.res.87.10.840
https://doi.org/10.1161/01.res.87.10.840
https://doi.org/10.1161/01.cir.101.16.1899
https://doi.org/10.1161/01.cir.101.16.1899
https://doi.org/10.1161/01.cir.98.18.1848
https://doi.org/10.1161/01.cir.98.18.1848
https://doi.org/10.1161/01.ATV.0000063607.56590.7F
https://doi.org/10.1161/01.ATV.0000063607.56590.7F
https://doi.org/10.1016/j.bbrc.2007.05.147
https://doi.org/10.1016/j.bbrc.2007.05.147
https://doi.org/10.1074/jbc.272.27.17012
https://doi.org/10.1074/jbc.272.27.17012
https://doi.org/10.1111/j.1745-7254.2005.00005.x
https://doi.org/10.1111/j.1745-7254.2005.00005.x
https://doi.org/10.1182/blood.V81.3.683.683
https://doi.org/10.1182/blood.V81.3.683.683
https://doi.org/10.1038/sj.cdd.4401451
https://doi.org/10.1038/sj.cdd.4401451

becnanosa 0.H., Mayynusa 0.B., CasoHosa A.T., MuntoTtuna H0.11., KopHiowuna E.A., KopeHnesckuil A.B.

disease. J Clin Invest. 2002;110(10):1389-98. https://doi.org/10.1172/
JCI16886.

78. Allen N.B., Krefman A.E., Labarthe D. et al. Cardiovascular health
trajectories from childhood through middle age and their association with
subclinical atherosclerosis. JAMA Cardiol. 2020;5(5):557-66. https:/doi.
0rg/10.1001/jamacardio.2020.0140.

79. Raitakari 0.T., Juonala M., K&honen M.et al. Cardiovascular risk factors
in childhood and carotid artery intima-media thickness in adulthood.
JAMA. 2003;290(17):2277-83. https://doi.org/10.1001/
jama.290.17.2277.

80. LiS., Chen W, Srinivasan S.R.et al. Childhood cardiovascular risk factors
and carotid vascular changes in adulthood. JAMA. 2003;290(17):2271-6.
https://doi.org/10.1001/jama.290.17.2271.

81. Van Popele N.M., Grobbee D.E., Bots M.L. et al. Association between
arterial stiffness and atherosclerosis: the rotterdam study. Stroke.
2001;32(2):454-60. https://doi.org/10.1161/01.str.32.2.454.

82. Yuan C., Wang J., Ying M. Predictive value of carotid distensibility
coefficient for cardiovascular diseases and all-cause mortality: a meta-
analysis. PLoS One. 2016;11(4):e0152799. https://doi.org/10.1371/
journal.pone.0152799.

83. Epure A.M., Rios-Leyvraz M., Anker D. et al. Risk factors during first
1000 days of life for carotid intima-media thickness in infants, children,
and adolescents: A systematic review with meta-analyses. PLoS
Medicine. 2020;17(11):e1003414. https://doi.org/10.1371/journal.
pmed.1003414.

84. Bergen N.E., Schalekamp-Timmermans S., Jaddoe V.W. et al. Maternal
and neonatal markers of the homocysteine pathway and fetal growth: the
Generation R Study. Paediatr Perinat Epidemiol. 2016;30(4):386-96.
https://doi.org/10.1111/ppe.12297.

85. Kooijman M.N., Kruithof C.J., Duijn C.M. et al. The Generation R Study:
design and cohort update 2017. Eur J Epidemiol. 2016;31(12):1243-64.
https://doi.org/10.1007/s10654-016-0224-9.

86. Monasso G.S., Santos S., Geurtsen M. L. et al. Associations of early
pregnancy and neonatal circulating folate, vitamin B-12, and
homocysteine concentrations with cardiometabolic risk factors in
children at 10 y of age. J Nutr. 2021;151(6):1628-36. https://doi.
0rg/10.1093/jn/nxab039.

87. Kennedy B.K., Berger S.L., Brunet A. et al. Geroscience: linking aging to
chronic disease. Cell. 2014;159(4):709-13. https://doi.org/10.1016/j.
cell.2014.10.039.

88. Burch J.B., Augustine A.D., Frieden L.A. et al. Advances in geroscience:
impact on healthspan and chronic disease. J Gerontol A Biol Sci Med Sci.
2014;69 Suppl 1(Suppl 1):S1-3. https://doi.org/10.1093/gerona/glu041.

CsefieHus 06 aBTopax:

89. Fraga M.F., Esteller M. Epigenetics and aging: the targets and the marks.
Trends Genet. 2007;23(8):413-8. https://doi.org/10.1016/j.
tig.2007.05.008.

90. Rakyan V.K., Down T.A., Maslau S. et al. Human aging-associated
DNA hypermethylation occurs preferentially at bivalent chromatin
domains. Genome Res. 2010;20(4):434-9. https://doi.org/10.1101/
gr.103101.109.

91. Teschendorff A.E., Menon U., Gentry-Maharaj A. Age-dependent DNA
methylation of genes that are suppressed in stem cells is a hallmark of
cancer. Genome Res. 2010;20(4):440-6. https://doi.org/10.1101/
gr.103606.109.

92. Jung M., Pfeifer G.P. Aging and DNA methylation. BMC Biol.
2015;13(1):7. https://doi.org/10.1186/s12915-015-0118-4.

93. Zheng S.C., Widschwendter M., Teschendorff A.E. Epigenetic drift,
epigenetic clocks and cancer risk. Epigenomics. 2016;8(5):705-19.
https://doi.org/10.2217/epi-2015-0017.

94. Bohlin J., Haberg S.E., Magnus P. et al. Prediction of gestational
age based on genome-wide differentially methylated regions.

Genome Biol. 2016;17(1):207. https://doi.org/10.1186/s13059-016-
1063-4.

95. Knight AK., Craig .M., Theda C. et al. An epigenetic clock for gestational
age at birth based on blood methylation data. Genome Biol.
2016;17(1):206. https://doi.org/10.1186/s13059-016-1068-z.

96. Paquette A.G., Lester B.M., Lesseur C. et al. Placental epigenetic
patterning of glucocorticoid response genes is associated with infant
neurodevelopment. Epigenomics. 2015;7(5):767-79. https://doi.
0rg/10.2217/epi.15.28.

97. Dominguez-Salas P., Cox S.E., Prentice A.M. et al. Maternal nutritional
status, G1 metabolism and offspring DNA methylation: a review of
current evidence in human subjects. Proc Nutr Soc. 2012;71(1):154-65.
https://doi.org/10.1017/50029665111003338.

98. Cochrane K.M., Mayer C., Devlin A.M. et al. Is natural (6S)-5-
methyltetrahydrofolic acid as effective as synthetic folic acid in
increasing serum and red blood cell folate concentrations during
pregnancy? A proof-of-concept pilot study. Trials. 2020;21(1):380.
https://doi.org/10.1186/s13063-020-04320-3.

99. Verdoia M., Nardin M., Gioscia R. et al. Association between vitamin D
deficiency and serum Homocysteine levels and its relationship with
coronary artery disease. J Thromb Thrombolysis. 2021;52(2):523-31.
https://doi.org/10.1007/s11239-021-02391-w.

100. Amer M., Qayyum R. The relationship between 25-hydroxyvitamin D and
Homocysteine in asymptomatic adults. J Clin Endocrinol Metab.
2014;99(2):633-8. https://doi.org/10.1210/jc.2013-3262.

becnanosa Onecsi HukonaeBHa — A.M.H., 3aM. AupekTopa no HayyHon pa6ote ®OIEHY «Hay4Ho-uccneaoBaTenbCKUA UHCTUTYT aKyLIepCTBa, FMHEKONornu
n penpogyktonorun umenn 1.0. OtTa», Cankt-TMetepbypr, Poccus. ORCID: https://orcid.org/0000-0002-6542-5953.

Ma4ynusa Onbra BnaguMmMpoBHa — K.M.H., BpaY akyLLIep-TUHEKONOr, y4eHblit cekpetapb OIBHY «HayyHo-1ccnesoBaTenibCkuil MHCTUTYT akyLLepceTBa, FTMHEKoorny
u penpogyktonorun umexn .0. Otta», CankT-Metepbypr, Poccus. ORCID: https://orcid.org/0000-0003-4116-0222.

Ca3oHoBa AHactacus MasnosHa — opanHatop @IBHY «Hay4Ho-nccneaoBaTenbCKuii MHCTUTYT akyLIepcTBa, MMHEKO0rui u penpoayktonorum nmenn .0. 0TTa»,
CankT-leTep6ypr, Poccus. E-mail: nastenka.sazonova.97@mail.ru. ORCID: https://orcid.org/0009-0007-4567-7831.

Muntotuxa H0nus MNaBnoBHa — K.6.H., CTapLUMIA HAYYHbIA COTPYAHNK rpynnbl 6uoxumun OIEHY «Hay4Ho-1ccnea0BaTeNbCKMin MHCTUTYT akyLIepcTBa, FTMHEKoorm
n penpogyktonorum umenn 1.0. OtTa», Cankt-NeTtepbypr, Poccus. ORCID: https://orcid.org/0000-0003-1951-8312.

Kopurowuna Exkatepuna AMMPOBHA — K.M.H., CTApLUWMIA HAYy4HbIA COTPYAHMK, BPpay |l akyllepckoro otgeneHws naronornn 6epemeHHoctn ®IBHY «HayyHo-
CCNE0BATeNbCKNA MHCTUTYT aKyLLIEPCTBa, FMHekonoruy u penpoayktonoruy umenu [1.0. Otta», CankT-Metepbypr, Poccus.

KopeHesckuii AHapen BaneHTUHOBUY — [1.6.H., BeAYLUWIA HAay4HbIli COTPYAHNUK rpynnbl 6uoxumun ®IBHY «Hay4Ho-nccnenoBatenbCkmnii MHCTUTYT akyLwepcTsa,
ruHekonoruu u penpogyktonoruy umenn [.0. Otta», Cankt-Metepbypr, Poccus. ORCID: https://orcid.org/0000-0002-0365-8532.

About the authors:

Olesya N. Bespalova — MD, Dr Sci Med, Deputy Director for Research, Research Institute of Obstetrics, Gynecology and Reproductology named after D.0. Ott, Saint
Petersburg, Russia. ORCID: https://orcid.org/0000-0002-6542-5953.

Olga V. Pachuliia — MD, PhD, Obstetrician-Gynecologist, Scientific Secretary, Research Institute of Obstetrics, Gynecology and Reproductology named after D.0.
Ott, Saint Petersburg, Russia. ORCID: https://orcid.org/0000-0003-4116-0222.

Anastasiia P. Sazonova - MD, Intern, Research Institute of Obstetrics, Gynecology and Reproductology named after D.0. Ott, Saint Petersburg, Russia. E-mail:
nastenka.sazonova.97@mail.ru. ORCID: https://orcid.org/0009-0007-4567-7831.

Yuliya P. Milyutina — MD, PhD (Biology), Senior Researcher, Biochemistry Group, Research Institute of Obstetrics, Gynecology and Reproductology named after
D.0. Ott, Saint Petersburg, Russia. ORCID: https://orcid.org/0000-0003-1951-8312.

Ekaterina A. Kornyushina — MD, PhD, Senior Researcher, Physician, Il Obstetric Department of Pregnancy Pathology, Research Institute of Obstetrics, Gynecology
and Reproductology named after D.0. Ott, Saint Petersburg, Russia. ORCID:

Andrey V. Korenevskiy — MD, Dr Sci Biol, Leading Researcher, Biochemistry Group, Research Institute of Obstetrics, Gynecology and Reproductology named after
D.0. Ott, Saint Petersburg, Russia. ORCID: https://orcid.org/0000-0002-0365-8532.

N
(=]
N
(O})
°
5
=
—
~
°

¢o

poxdoy pue A301000uAix) ‘so111918qQ)

uonoNn



https://doi.org/10.1172/JCI16886
https://doi.org/10.1172/JCI16886
https://doi.org/10.1001/jamacardio.2020.0140
https://doi.org/10.1001/jamacardio.2020.0140
https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1001/jama.290.17.2277
https://doi.org/10.1371/journal.pone.0152799
https://doi.org/10.1371/journal.pone.0152799
https://doi.org/10.1371/journal.pmed.1003414
https://doi.org/10.1371/journal.pmed.1003414
https://doi.org/10.1093/jn/nxab039
https://doi.org/10.1093/jn/nxab039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.cell.2014.10.039
https://doi.org/10.1016/j.tig.2007.05.008
https://doi.org/10.1016/j.tig.2007.05.008
https://doi.org/10.1101/gr.103101.109
https://doi.org/10.1101/gr.103101.109
https://doi.org/10.1101/gr.103606.109
https://doi.org/10.1101/gr.103606.109
https://doi.org/10.1186/s13059-016-1063-4
https://doi.org/10.1186/s13059-016-1063-4
https://doi.org/10.2217/epi.15.28
https://doi.org/10.2217/epi.15.28



