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AnHoTtauus. Metunuposanue JJHK urpaer BakHyro posib B pa3BUTHH IUIALICHTHI
1 (pU3MONOrMYHOM NPOTEKaHUK OEPEMEHHOCTH. AHOMAIIMU METUIIOMA IUIAlleHTapHBIX
TKaHEei MOTyT IPUBOAUTH K PA3JIMYHBIM 1aTOJOIMYECKUM COCTOSIHUSIM M, B YACTHOCTH,
OBbLIM TIOKA3aHBI IIPU CHOHTAHHOM a0opTe, NPE3KIAMIICHH U T'eCTAllMOHHOM CaXapHOM
nuabere. B nanHoit pabote ObLI IPOBEICH CPAaBHUTEIBHBIH aHAIH3 PO UIICH METHITH-
poBanust JIHK Mexny paccMaTpruBaeMbIMU MATOJIOTHSIMU B KJIETKaX BOPCHH XOpHUOHA
I'u 1I tpumectpoB. Cpeau auddepeHunanbHo-MeTHIpoBaHHbIX renoB (M) mpu
CIIOHTAHHOM a0opTe, MPEIKIIAMIICUH U TECTAIIMOHHOM CaXapHOM JuadeTe ObLIn 0OHa-
pyxenst 7 IMI, o0umx [yisi BceX paccMaTpHBAeMbIX HO30JIOrHH (3 FHIIOMETHIHPO-
BaHHbIX, 3 MIEPMETHINPOBAHHBIX U | C PAa3JIMYHBIM HAIIPABICHUEM METHIMPOBAHUS
B pa3HbIX HacTsAX reHa). Kpome Toro, mpu CHOHTaHHOM abopTe ObUIO BBISBICHO
114 ynukansueix JIMI', He BCTpeyaromuXcsi IpU APYTUX MATOJOTHSIX OEpeMEHHOCTH
(33 runomeTunupoBaHHbIX U 81 runepMeTUINpPoBaHHbIN). DyHKIMOHANIBHAS AHHOTA-
LSl BBIABJICHHBIX YHMKaJIbHBIX JIMI' yka3plBaeT Ha MX HOTCHIMAJIbHYIO BOBJICYEH-
HOCTb B I1aTOI'€HE3 HEBbIHALIMBAHKS OEPEMEHHOCTH, a HEKOTOPbIE 3 HUX MOT'YT ObITh
HAMpPSIMYIO CBsI3aHbl C IMOpHOHANBHOM rubensio — LRRC8A, HDLBP, HICI wn ST14.
JlanpHeiye uccieloBaHus BBISBICHHBIX NU((epeHIalbHO-METHINPOBAHHBIX I'e-
HOB MOT'YT MMETh Ba)KHOE IPOrHOCTHYECKOE U JMarHOCTHYECKOE 3HaYCHHE B 0071aCTH
AKyLIEepPCTBa U PEPOLYKTUBHBIX TEXHOJIOTHH.

KioueBblie cioBa: merunupoBanue JJHK, xopuoH, crioHTaHHbBI abopT, mpedK-
JIAMIICHS, TECTAI[MOHHBIM caxapHblii auaber, aupQepeHIralIbHO METUIIUPOBAHHbIC
T'eHbI

Hcrounuk ¢unancupoBaHusi: paboTa BBINOJIHEHA Mpu moanepxke rpanra PHO
Ne 23-15-00341.

s uurtupoBanus: 3yeB A.C., Ulesnos /I.I'., BacunseBa O.1O., [lemeneBa B.B.,
CaxenoBa E.A., Tonmauesa E.H., Hukutuna T.B., Bacunses C.A. CpaBHHUTENBHBII
aHaJM3 aHOMAaJMH METHUIIOMa XOPUOHA TIPU Pa3IMYHbIX MATONOTUsIX OepeMeHHOCTH //
Bectauk Tomckoro rocyaapcTBeHHoOro ynusepeurera. buomorus. 2025. Ne 69. C. 93—
102. doi: 10.17223/19988591/69/11

© 3yes A.C., lllenos /I.T'"., Bacunbesa O.10., [lemeneBa B.B., CaxenoBa E.A., Tonmauesa E.H.,
Huxkuruna T.B., Bacunses C.A., 2025



Knemounasa ouonozus u zenemuxa / Cell biology and genetics

Original article
doi: 10.17223/19988591/69/11

94

Comparative analysis of chorionic methylation abnormalities
in various pregnancy pathologies

Andrew S. Zuev', Daniil G. Shevtsov’, Oksana Yu. Vasilyeva®,
Victoria V. Demeneva*, Elena A. Sazhenova®, Ekaterina N. Tolmacheva®,
Tatiana V. Nikitina’, Stanislav A. Vasilyev?

1.2.3,4.5.6.7.8 Rosearch Institute of Medical Genetics, Tomsk National Research
Medical Center, Tomsk, Russian Federation
2 8 National Research Tomsk State University, Tomsk, Russian Federation
I https:/forcid.org/0000-0001-9474-9335, andrew.zuev@medgenetics.ru

Summary. The development of normal pregnancy at early stages is conditioned by
epigenetic programs and is impossible without proper formation of the placenta and
embryo. In the first trimester, epigenetic mechanisms are involved in these processes,
one of which is DNA methylation. DNA methylation is involved in the regulation of
various biological processes, such as cell differentiation and development, regulation
of gene expression (as a rule, genes with reduced methylation levels in promoters are
expressed), X-chromosome inactivation, genome imprinting, maintenance of chromo-
some stability, and others. Disruption of this process can lead to the formation of path-
ologic phenotypes such as spontaneous abortion (SA), pre-eclampsia (PE), and gesta-
tional diabetes mellitus (GDM). Currently, researchers have found many methylation
abnormalities in these pathologies: for example, 54 differentially methylated regions
(DMRs) associated with blood pressure, 1703 differentially methylated sites (DMSs)
in early-onset pre-eclampsia, more than 200 DMRs in gestational diabetes mellitus, and
4 differentially expressed genes associated with spontaneous abortion have been iden-
tified in the trophoblast of chorionic villi. The emerging findings in such studies indi-
cate that some epigenetic abnormalities and gene expression disorders may be involved
in the development of gestational pathologies, affecting the cause of their formation -
abnormal placentation. The methylation abnormalities observed in the considered pa-
thologies of pregnancy may be particular cases of more general placental methylome
disorders, the severity of phenotypic manifestation of which may vary from embryo
death at early stages of development to term delivery. Given this and current theories
of the pathogenesis of these diseases based on disorders of trophoblast development, it
can be assumed that these pathologies may share common DNA methylation altera-
tions. On the other hand, differences in the severity of clinical manifestations suggest
the presence of unique methylation patterns, particularly in spontaneous abortion as an
extreme manifestation of the phenotype. Detection of such abnormalities will have im-
portant diagnostic value for prognosis and preservation of pregnancy. In this study, we
comparatively analysed differential DNA methylation data in chorionic villi from PE,
GDM and SA. Methylation data in PE and GSD were obtained from the publicly avail-
able Genome Expression Omnibus (GEO) data repository - GSE200659, GSE100197,
and GSE98224 datasets. Data for SA were obtained using reduced representation bisul-
fite sequencing (RRBS) on spontaneous abortus material with normal karyotype (n =
7) compared to medical abortus (n = 7). Methylation data were analysed in R 4.3.0.,
using function packages in R (dplyr,data.table,tibble,tidyr,stringr, tibble) and function
packages in UNIX (bedtools) and BMIQ and NOOB normalisation methods (function
packages in R - ChAMP, minifi). Thus, 7 differentially methylated genes (DMGs) com-
mon to SA, PE and GDM were obtained: 3 hypomethylated genes - WDRS, TMC4,
MIR4533; 3 hypermethylated genes - ADARB2, INPPPSE, TUBB4A; and 1 gene with
different methylation differences in different parts of gene - PRDM16. There were 114
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DMGs unique to SA: 32 hypomethylated and 81 hypermethylated genes. Enrichment
analyses were performed using the DAVID v2024q2 database (https://da-
vid.nciferf.gov/home.jsp). Common DMGs were found to be involved in pathways re-
lated to transmembrane transport processes, regulation of transcription and differentia-
tion, RNA processing, cell adhesion, lipid metabolism and mitotic cycle regulation.
DMGs unique to SA have been implicated in processes related to the regulation of tran-
scription, translation, mitotic cycle, histogenesis, migration, cell proliferation and dif-
ferentiation. Some of the unique DMGs, according to the mammalian phenotype data-
base (https://www.informatics.jax.org/batch), were found to be associated with the em-
bryolethality phenotype - LRRC84, HDLBP, HICI and ST14, while others were in-
volved in the process of placenta development - BOK, BOK-AS]I.

The analysis showed that the pathologies under consideration have common and
unique patterns of differential DNA methylation. We identified 7 common (3 hypo-
methylated, 3 hypermethylated and 1 with different methylation patterns) and 114 dif-
ferentially methylated genes unique to SA (33 hypomethylated and 81 hypermethyl-
ated). However, the effects of methylation disruption of the identified genes remain
unclear, and further studies at the transcriptional level in larger samples are needed.

The article contains 15 References.
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BBenenne

OnureHeTHYeCcKre MO (PUKALINI TeHOMA UTPAIOT KIIFOUEBYIO POJIb HA PAHHIX
3Tamnax 3MOpHOreHe3a, peryJmpys MpoIecchl NelieHus, TuddepeHIIUPOBKH, MHU-
rpammy, anonTo3a U MMIDIAHTAINN TOCPEICTBOM W3MEHEHUS KCIIPECCHHU OIIpe-
neneHHbIX TeHoB. Metunuposanue JIHK siBisieTcs Kimro4eBbIM MEXaHU3MOM, OCY-
MIECTBIIIOMIAM KOHTPOJb 3THX IIPOLIECCOB Ha PAHHUX CTAIHUAX OHTOreHesa. Me-
tunupoBanne JJHK sBasieTcst ntnaamMumdecknm mporeccoM, M3MEHSIIONIMCS B 3a-
BHCUMOCTH OT Au(PepeHIIMPOBKH KISTKH U MPONOIDKUTEIFHOCTH KU3HEHHOTO
[MKJIa, OJJHAKO B HEKOTOPBIX CIydasX MOXET UMETh CTaOMIIbHBIA Xapaktep [1].
Hapymenue storo mpomecca ObIIO MOKa3aHO NMPH BO3HUKHOBEHHH HEKOTOPBIX
MaTOJIOTHi OEPEeMEHHOCTH, TAKUX KaK TeCTallMOHHbIA caxapHbiid auader (I'CJT),
npeskiamicus (I19) u cnonTannsknii adopt (CA).

XoTs JTaHHBIE TATOJIOTHH TaBHO OIHACAHBI B MEAUIIMHCKON JTUTEpaType, IOHH-
MaHHE HX MMATOreHe3a OCTAETCs HEMOMHBIM, a JHAaTHOCTHKA OCHOBBIBACTCS Ha yiKe
KIIMHAYEeCKH MaHU()ECTHPOBaHHEIX (heHOTHIIAaX. TeM He MeHee COBpEeMEHHBIE HC-
CIIEIOBAHMS ITOKA3BIBAIOT, YTO IIATOr€HE3 PACCMATPUBACMBIX TATOJIOTUH OCHOBEI-
BaeTCs Ha HAPYIICHUAX TUTAI[CHTAINN — TATOJIOTHH aHTHOTeHe3a M YHI0TeITHAIb-
HOW AUCOYHKIMH TUTAIIEHTAPHBIX COCYIOB C MOCIEAYIONIEH HealeKBaTHOH Tep-
¢y3ueii TkaHel, ctpeccoM Tpodobdiacta u pa3HOOOPa3HBIMU KICTOUHBIMU PEaK-
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nusimu [2—4]. OCHOBBIBAsICh Ha TAHHOM TEOPHH 1 MICCIECAOBAHMIX METHIIOMA TIjTa-
[EHTAPHBIX TKAHEH MPH TeCTAIIMOHHBIX TATOJIOTHUAX, MOXKHO MPEIITOI0KHUTh, YTO
anoManuu MeTripoBanust JTHK MoryT ObITh CBS3aHBI ¢ TIATOJIOTHYECKOM ITJia-
[EHTAINEN.

B cBs13u ¢ 3THM IIETIbI0 JAHHOM paOOTHI SBIISAETCS CPABHUTEIBHBIN aHATN3 aHO-
Manuii MetriupoBanus [JHK B BopcHHax XOpHOHa MPH CIIOHTAHHOM abopTe,
MIPESKIIAMIICHH U TECTAIlMOHHOM CaXapHOM JMa0eTe U BBISBJIICHUE OOIUX U YHU-
KaJIbHBIX JUTsI CIOHTAHHOTO abopTa Mud dhepeHITHaIbEHO METHIMPOBAHHBIX TCHOB.

MarepuaJibl H METOABI

Jannbie 0 quddepeHITnaIEHOM METHIMPOBAHUN ObUIH TIOJIYYEHBI U3 00IIIe-
JOCTYITHOTO XpaHmiuIna naHHbIX Genome Expression Omnibus (GEO) — HaGopsI
maHapIx GSE200659 mns I'CII m GSE100197, GSE98224 mns I19. OnbiTHEIS
TPYIIIBI BceX JaTaceToB BKIr0oUamy oopasubl JJHK mronHbIX yacTel MmiamneHT, mo-
JY9EeHHBIX OT XEHIIWH 0e3 IPEeAIIeCTBYIOMNX MATOIOTHH OepeMEHHOCTH B OTO-
OpaHHBIX 110 CIIEIUATEHBEIM KPUTEPHIM B KOKIOM cirydae. KOHTpoIbHBIE TPYIIIHI
BKIItoyas oopasnbl JJHK 1mmoqHpIx yacTelt TUIaleHT, MOydeHHBIX OT KESHIUH
0e3 matosorud. Beero B aHaim3 ObUIM BKIIFOYEHBI JAHHBIE O 73 ONBITHBIX U
68 KOHTPOJIIBHBIX 00pasmax s [19 u mo 30 06pa3moB ONMBITHON W KOHTPOJIBHON
rpymmbl st ['CJl. Ananu3 npodwuneir metmimupoBanus a1 GSE100197 u
GSE98224 mpoBomwiics ¢ HCIoIb30BaHWEM MeTwiounrioB [llumina Human
Methylation 450K BeadChip, ans GSE200659 — ¢ ucnonb3oBaHHEM METHIIOUH-
moB [llumina Infinium Human Methylation 850K BeadChip.

Jst rpynimer CA Obuta BeiieneHa reHomHas JIHK w3 BopcuH XoproHa CITOH-
TaHHBIX a00PTYCOB IEPBOT'0 TPHUMECTPa OEPEMEHHOCTH ¢ HOPMAJIBHBIM KapHOTH-
oM (n = 7). Jyia rpymmbel koHTpoIst Obuta BeAeeHa reHomHas JTHK u3 Bopcun
XOpHOHA MEIUITMHCKUX a0OpTYyCOB ¢ HOPMAJIBHBIM KapuotutioM (n = 7). JTHK
o0eux rpyri 6buta 00padoraHa OHCYTHLGUTOM HATPHUS C HCIIOIB30BAHHEM Habopa
EZ DNA Methylation Kit (Zymo Research, USA). Ananm3 npoduiieii MeTHim-
poBanust JIHK mpoBoanIICs ¢ MOMOIIBIO MacCOBOTO MapauieIbHOTO OMCYIIb(OHT-
HOT'O CEKBCHHPOBaHHMsI OrpaHMYEeHHOro Habopa Jokyco (reduced representation
bisulfite sequencing — RRBS).

AHanm3 JaHHBIX MeTHIMPOoBaHUsI TpoBouics B R 4.3.0. Jlist aHanm3a faHHBIX
MukpountioB (Illumina Infinitum Human Methylation 850K BeadChip, Illumina
Human Methylation 450K BeadChip) ucnonb3oBaics maker ¢yHkmwid Chip
Analysis Methylation Pipeline for Illumina (ChAMP). uddepennmansao Metr-
nmupoBaHHble caiTel (JIMC) ObUM UACHTU(DHUIIMPOBAHEI C UCIOIH30BAHHEM I10-
MPaBKU HA MHOKECTBEHHOCTDH cpaBHeHHH (FDR < 0,05) u otnuunii ypoBHS Me-
THJIMPOBAHUS 110 CPABHEHUIO ¢ KOHTPONBHOM rpymmoi 6omee 10%. 3atem mud-
(hepeHIIMaNEHO METHIIMPOBaHHBIE CAaHTHl ObLTH TpaHCHOPMHUpPOBAHBI B MU de-
PEHIIHATILHO METHUIMpoBaHHbIe perruoHbl (JIMP) amunoit 1000 m.H. B xauecTBe
CTaTUCTUIECKUX METOMOB JUISI HOPMAIIN3AIINH JAHHBIX UCIIOB30BAIICH METOIBI
BMIQ nopmanu3zaru 1 NOOB HopMmanu3armu (nakeTs! GpyHkmmid B R — ChAMP,
minifi). CratucTrueckas oOpabOTKa JaHHBIX POBOANIIACH C IIOMOIIIBIO ITAKETOB
¢yukmmii B R (dplyr, data.table, tibble, tidyr, stringr, tibble) n makeToB ¢yHKIMA
B UNIX (bedtools).
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AHnanu3 oboranieHust Tu(QepeHIHaTPHO METHIMPOBAHHBIX T'€HOB IIPOBO-
JIWJICS C UCTIONB30BaHUEeM 0a3bl JaHHBIX JJIsl AHHOTAIMH, BU3YaJIH3al[id U KOM-
MmiIeKcHbIX OTKpbITHiE DAVID v2024q2 (https://david.ncifcrf.gov/home.jsp).
AHann3 pu3ndeckux U QYHKIIMOHALHBIX OSIKOBBIX B3anMoneicTeuil JIMI mpo-
BoauJcs ¢ ucnonb3oBanueM nHcTpyMeHTa STRING version 12.0 (https://string-
db.org/).

Pe3yabTarhl ncciiefoBaHNus U 00Cy:KIeHUE

Boutn ycraHoBNeHBI TpoHiIM METHIMPOBAHHS B TKAHSX BOPCHH XOpPHOHA
maneHT I (B cimygae CA) u 111 (I19, 'C) TpumectpoB 6epemenHocTy. [Tnamenta
B HOpPME XapaKTepH3yeTcsl IMUPOKOH BapraOeTbHOCTHIO0 TPO(HIIs METHIIHPOBA-
HUS TeHoMa. [lodToMy sl nanpHEWIero aHaimm3a ObUTH B3STHI TONbKO CpG-
caifThI ¢ BaprabenbHOCTRIO MeHee 50% B KOHTPOIBHBIX TPYIINaX U3 BCEX MCIIOb-
30BaHHBIX JaTaceToB. beutn ortoOpansl JIMC, KOTOpbIE MMENTH OIUHAKOBOES
HaIpaBJIcHHE W3MEHEHNST METHIIMPOBAHI BO BCEX nmaTacerax. s xakmoro m3
MOTYYEHHBIX PETMOHOB B JAIBHEHIIIEM OBIJIO ONPENENICHO ero MepeKphIBaHne C
MTOCIICAOBATENBHOCTSIMA T€HOB C TOMYYEHHEM CIUCKOB An((epeHIHaNEHO Me-
THJIMPOBAHHBEIX TEHOB. B pe3ynbraTe OblI0 BBIABICHO 7 00mux JIMI' mis Bcex
WCCIICIOBAHHBIX TMATONOTHH (3 THUIOMETHIUPOBaHHBIX — WDRS5, TMC(CH4,
MIR4533; 3 runepmerunupoBanubix — ADARB2, INPPSE, TUBB44 n 1 ¢ pas-
JIUYHBIM HAIlpaBIICHHEM METHIHUPOBAHUS B Pa3HBIX YacTsX reHa — PRDM6).

Oo6mwue JIMI" cBsi3aHBI ¢ IpolieccaMu TPAaHCMEMOPaHHOT'O TPAHCIIOPTa, Pery-
JAUA TpaHcKpumun 1 auddepennnporku, mporeccuara PHK, aaresun xie-
TOK, JINTUTHOTO 0OMEHa U PETyIAIINH MUTOTHIECKOTrO HKIa. HeKoTophie BBISB-
nennsie TeHbl — INPPSE, TUBB44A u WDR5 — oka3anuch acCOIIMMPOBAHBI C pa-
0oTOl muiMapHoro ammapata [5—7]. Pa3Butie U QyHKIIMOHUPOBAHKUE PECHUYCK
HEOOXOINMO ISl TIPaBIIIFHONH MHTpAIAH, a[Are3nd, NHBa3UH BHEBOPCHHYATOTO
Tpodobaacta B JeHUAyalbHYIO TKaHb, a TAKKE PETYISIHUH KICTOYHOTO IIHKIIA
[8]. BoBrmeueHHOCTh TEHOB B TIPOIIECCHI, CBS3AHHBIE C IFIIMOMATHSIMH, MOXET
00yCIIOBIINBATh aHOMAJIMU TUCTOTeHE3a IUTAIICHTAPHBIX TKAaHEeH ¢ JaibHEHIINM
(dbopMUpOBaHHEM IUIAICHTAPHONH HEIOCTATOYHOCTH M MATOJIOTHYECKUX (DEeHOTH-
noB. [lomumo storo, TUBB4A n WDR5 y4acTBYIOT B PETYNSIIUNA SKCIPECCUU
oenkoB cemerictea FOX (forkhead box) — (hakTopoB TpaHCKPHUTIITHH, YIaCTBYIO-
mx B pocre, nponrdepannd U audepeHInpPOBKe KIETOK, B TOM YHCIE BO
BpeMs SMOPHOHAIIEHOTO Pa3BUTHSL.

YHukanpHble natTepHbl MetuaupoBanus JJHK Obmu onpenenenst st CA.
Criermudpuueckre, cBoicTBeHHbIE TONbKO rpynmne CA JIMIT Obutn 0oToOpaHbI Ha
OCHOBAaHWH Pa3IMYHOTO HampaBieHus n3MeHeHui meTrmmpoBanns JJHK B cpas-
Hennu ¢ [19 u T'C/l. beino BeisiBieHo 32 rHmoMeTIMpoBaHHBIX U 81 runepme-
TunupoBanHbii J[MT.

VYuaukaneabie [IMI" pu CA ObUTH BOBJICYCHBI B pa3HOOOPa3HBIE MPOIECCHI,
cpean KOTOpPBIX OOINbIIas 9YacTh OKa3anxach 3alcCTBOBaHA B PETYJSIHUU TPaH-
CKPHIIIIH, TPAHCISINN, MUTOTHYECKOT O IIUKJIA, THCTOTCHE3a, MUTPALIHH, TTPOJIH-
¢depannu n quddepeHnrpoBkr KieTok. HekoTopsie U3 HUX, COrJIacHO 0a3e naH-
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HbIX mammalian phenotype (https://www.informatics.jax.org/batch), 61111 Hemo-
CPEICTBEHHO acCOIMUpOBaHbl ¢ (eHoturoM sMOpuoneTanbHOCTH (LRRCSA,
HDLBP, HICI n ST14), B TO BpeMsl Kak Apyrue ObIIIN BOBJICUYCHBI B ITPOIIECC pa3-
Butus miareHTsl (BOK, BOK-ASI). AHann3 GeNKOBBIX B3aUMOJICHCTBUI ITOKa-
3aJ1 PYHKIMOHAIBHYIO Kiactepusanuto it 40 yHukanbHbIX JIMI.

B HenmaBHEX nccnenoBaHUIX OBLITO TIOKa3aHO, YTO a0eppaHTHOE METIIINPOBa-
Hue JJHK B BopcnHax xoproHa BCTpedaeTcs Mpy pa3IuYHBIX TATOJIOTHSIX TEpHU-
ona 6epemennoctu — CA, 19, I'CJI. beuto BeIsBiIeHO 54 muddepeHuansHo Me-
THJIMPOBAHHBIX PETHOHOB, CBSI3aHHBIX C N3MEHEHUSIMH apTEPUATBHOTO TAaBICHUS
[9]. Wilson et al. coobmanm 06 naentudukanuu 1 703 muddepeHuaibHo MeTh-
JUPOBaHHBIX caiiToB npu 1150 ¢ panauM Hadasiom [10]. IIpu I'CJ/l oOHapyxwIn
ooiree 200 IMC, onpenenus uist HUX 17 renos [11]. 4 muddepeHnnanpHo Kc-
MpeccupyeMbIX TeHa Obln acconuupoBanubl ¢ CA [12]. [Tpu 3ToM aHOManu Me-
THJIOMa MOTYT BCTPEYATHCS B Pa3HOOOPA3HBIX MO (PYHKIMSAM T'€HaX — CyIPEcco-
pax M aKTHBATOPax OMYyXOJeH, TeHaxX CHTHAJIBHBIX MyTeH, PEeryIsaTOpOB MeTabo-
JIU3Ma, aHTHO- ¥ opraHorenesa, MUKpoPHK u ap. [3]. Takum 06pazom, aHOMauu
MetmimpoBanus JJHK Moryt ObITh CBsAI3aHBI ¢ OPMHUPOBAHUEM CIIETUPUICCKAX
(heHOTUTIOB MATONOTHI TIeproaa 6epemeHHocTH [13—15].

B a710if pabote MBI cpaBHIIIN PO METHIMPOBAHHSI B BOPCHHAX XOPHOHA
npu CA ¢ maronorusmu neproaa oepemennoctr — [19 u I'C/]. Ananu3 nmokasain,
9TO paccMaTpUBaEMBIC MATOJNOTMH MMEIOT KaK OOIIWe, TaK M cHenn(pHIecKue
THIIO- ¥ TUIIEPMETHIINPOBAHHBIE TeHbl. OTHAKO OCTAIOTCS HESCHBIMH d(PQEKTHI
HapyIICHUS METHJIMPOBAHUS BELIBICHHBIX T€HOB, B CBSI3H C YeM HEOOXOIUMBI
JTaTbHEHIINEe UCCIeNOBAaHM ¢ 0oliee KPYIIHBIMH H XOPOIIO OXapaKTepH30BaH-
HBIMHU BBIOOpPKaMU UTS JTYYIIETO TIOHUMAaHUS CBSI3M AIIUTEHETHICCKUX MOAN(H-
KAl TUTAIIEHTAPHBIX TKaHEH W MaTOJIOTui OepeMEeHHOCTH.

3akiouenne

CpaBHuTenbHBIN aHanu3 AaHHBIX MeTuupoBanus JIHK B BopcrHax xoproHa
MU Pa3IUYHBIX TECTAIIMOHHBIX ITATOJOTHSAX BBIBII 7 oOmuX mudgepeHiu-
QIIbHO METWIIMPOBAaHHBIX T€HOB IS PACCMATPHBAEMBIX MATOJOTUH OEpeMeHHO-
cti U 114 yHuKanpHbIX AU depeHnaibHO METHIUPOBAaHHBIX TeHOB i CA.
Bonpimas gacTe BEIBICHHBIX T€HOB BOBJICUEHA B IMPOIECCH PETYISIUN TPaH-
CKPHIIIIH, TPAHCILSIAN, MUTOTHYECKOT O IIUKJIA, THCTOTCHE3a, MUTPALIHH, TTPOJIH-
¢depanuu u nud GepeHIUPOBKH KIIETOK, HEOOXOIMMBIC JUTS pa3BUTHS Tpodhobiia-
cra. Yacth 00HApY)KEHHBIX YHUKAIBHBIX JIMI" Obliia cBs3aHa C JIeTAIBHBIM (e-
HotunoM — LRRCEA, HDLBP, HICI n ST14.
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