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XEMOTPAHCKPUMNTOMHbIM AHAAU3 CUHEPTU3MA D-XMPOUHO3UTOAA U
MNUOUNHO3HNTOAA B KOHTEKCTE NMOCTTEHOMHOW ®APMAKOAOIMNU
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Axmyaavnocmo: Boszoelicmeue muounozumonra (MHU) u D-xupounozumona (AXH) na mpanckpunyuio eenoé
UCKAIOYUMENbHO BANCHO 045 OUEHKU MOAEKYAAPHbIX MEXAHU3MO8 CUHEepeU3MA IMUX MUKPOHYMPUEHMO8,
Heobxo0umbvix 0ns NPOPUAAKMUKU UHCYAUHOPE3UCIEHMHOCMU, NPOSAGACHULL CUHOPOMA NOAUKUCHO3HBIX
AUYHUK OB, 8POACOCHHBIX AHOMAAUN PA3BUMUS U MAKPOCOMUU NA00A, OCOOEHHO Y DePeMeHHbIX C UHCYAUHOpe-
3UCMEHMHOCMbIO, OUcAunudemueil, u30blmoYHoi MAccoll mead.

Mamepuaavt u memodoi: B pabome npedcmasnenvi pe3yabmamovl XeMompaHCKPURIMOMHO20 UCCAe008AHUS
agpgpexmose MU u JIXU, ouenenvt dozozasucumoie 3¢ppexmot eozdetcmeus MU u JXHU na mpanckpunyuio
12 716 annomuposaHHblX 2eH08 4en08eKa 8 IHOOMEeAUANbHbIX KAemKaX NYNO4HOU 6eHbl HenogeKa (AUHUSL
HUVEC, cmumyaayus kaemok MHU/J[XHU 6 6 pazauunbix KoHUeHmMpayusx ¢ meuerue 24 u).

Pezysvmamot: Yemanoeaeno, umo MH evi3vi6an docmoseprbie UdmeHeHUss MpancKkpunyuu (8 cpedHem 6oaee
50% na 10 mxmons) 6516 eenos, max umo sxcnpeccus 4085 2enos nogvicunacsy, a sxcnpeccus 2431 eenos cHu-
sunace. XU cmumyauposan uzmenenus mpanckpunuyut 6087 eenoe (3xcnpeccus 4364 eenos nogvicunace,
sxcnpeccus 1723 eenoe cuusunace). XU senrsemces sasucnvim cunepeucmom MU 6 6 hyHKUUOHANbHBIX 2pyn-
nax eenos: (1) obmen xcupos, (2) yeneeoousiii 0omer, (3) @yuKkuus wumosuornoil xceaesol, (4) mopgpoeenes,
dughgepenyuposka u gviacuganue Kiemok, (5) Heiliponpomexyus u Heipompoguunocms, (6) cmpykmypa u
@yukyus cocydos. MU u JIXH uzmensnu sxcnpeccuro eeHog, 8061e4eHHbIX 8 OMKAUK Opeanu3ma Ha 49 nexap-
CMBEHHbIX NPEenapamos.

Saxkarouenue: [Iposedennbill anaiu3 no3eoaun YCmanogums uHOUBUAYaabHblil nammepH Oelicmeus JXH u
MU u evidesumpv moaekyaspHble MEXAHUIMbL CUHEPRU3MA IMUX 08YX (POPM UHO3UMOA08 HA YPOBHE MPAHC-
Kpunmoma venoeexa.

Karouesvie caosa: D-xupouno3umon, MuOUHOIUMONL, XeMOMPAHCKPUNMOMUKA, MAWUHHOe o00yueHue,
JukupoeeH.

Bkaan aBropos: TopuinH U.1O. — cbop u 06paboTka MmaTepuraa, HanucaHue Tekcta; [pomoBa O.A. — uaes ucciaenoBaHus,
Hanucanue Tekcra; Terpyamsuian H.K. — pemakrupoBaHue TeKcTa.

KoHhIMKT HHTEpecoB: ABTOPHI 3asIBJISIOT 00 OTCYTCTBUU HEOOXOMMMOCTH PACKPBITH ST KOH(MIMKTAa UHTEPECOB B OTHONICHUU
MaHHOM MyOJIMKAIIMHU.

Dunancuposanue: VcciaenoBaHue BulNoJHEHO 3a cueT rpaHTa Poccuiickoro Hayunoro @onaa (nmpoekt Ne 20-12-00175),
HUTXTY.

OOMeH Hccea0BaTe bCKHME JaHHbIME: [laHHbIe, TTOATBEPXK AaIOIIMe BBIBOILI 3TOI0 UCCIEAOBAHUS, TOCTYITHBI IO 3aIIpOCY Y
aBTOpa, OTBETCTBEHHOTO 3a MEPEIHCKY, ITOC/IE ON00PEHUS BELY UM UCCIeI0BATEIEM.
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Xemompanckpunmomuolii anaau3 curepeusma D-XxupouHozumona u MUouHo3umonda é
KOHmMeKcme nocmeeHOMHOU hapmaKosouu.
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CHEMOTRANSCRIPTOME ANALYSIS OF SYNERGISM BETWEEN
D-CHIROINOSITOL AND MYOINOSITOL IN THE CONTEXT OF
POSTGENOMIC PHARMACOLOGY
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Background: The effect of myoinositol (M1) and D-chiroinositol (DCI) on gene transcription is of great importance
Jor assessing the molecular mechanisms of synergism between these micronutrients. Such micronutrients are
necessary for the prevention of insulin resistance, manifestations of polycystic ovary syndrome, congenital
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malformations and fetal macrosomia, especially in pregnant women with insulin resistance, dyslipidemia, and
overweight.

Materials and methods: The paper presents the results of a chemotranscriptome analysis of the effects
of myoinositol (M) and D-chiroinositol (DCI). The dose-dependent effects of MI and DCI on the transcription
of 12716 annotated human genes in human umbilical vein endothelial cells (HUVEC line, stimulation of cells with
MI/DCI at 6 different concentrations for 24 h) were evaluated.

Results: M1 was found to cause significant transcription changes (more than 50% per 10 umol on average) of
6516 genes: the expression of 4085 genes increased, and the expression of 2431 genes decreased. DCI is an
important M1 synergist in six functional groups of genes: (1) fat metabolism, (2) carbohydrate metabolism, (3)
thyroid function, (4) morphogenesis, cell differentiation and survival, (5) neuroprotection and neurotrophicity,
(6) structure and function of blood vessels. MI and DCI changed the expression of genes involved in the human
body’s response to 49 drugs.

Conclusion: It was possible to establish an individual pattern of DCI and M1 action<and to identify the molecular
mechanisms of synergism between these two forms of inositol at the level of the human transcriptome. The results of
the study suggest a higher efficiency of the combined administration of MI and DCI for the correction of disorders

of carbohydrate and fat metabolism in pregnant women and for the prevention of abnormal fetal morphogenesis.

Keywords: D-chiroinositol, myoinositol, chemotranscriptomics, machine learning, Dikirogen.
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ITpodunakTrka BpPOXAEHHBIX MOPOKOB PasBUTUS
(BITP) Tonbko dosatamu He Bcerna 3(pdeKTUBHA; Tak
Kak ¢onaTel — JaIeKO He eAWHCTBEHHBIM MUKPOHYT-
PUEHT, HEOOXOOUMBIN IS MOMIEepPKaHUS KJIETOYHOTO
romeocrtasa [1]. BIIP Bo3HuKaIOT KaK pe3yabTaT Hapy-
IIIEHUS MPOILIECCOB Pa3MHOXKEHUS, MUTpauuu, 1udde-
pPEeHIMAMU U allONTO3a KJIETOK BO BPEMS pOCTa SMOpU-
oHa. MHosuTonbl (BUTaMUH Bg), B T.4. MHOMHO3UTON
(MW) u D-xupounosuroa (AXHN), okaspiBaoT cylie-
CTBEHHOE BO3ICHCTBUE HA (DYHKUUOHUPOBAHUE KAEMOK
U mKaHeil 6ce20 OpeaHU3MA TOCPEICTBOM YJacCTHSI BO
BHYTPUKJICTOUHOI Mepenaye CUTHajlia OT PElLENTOpPOB
MHCYJIMHA, KaTeX0JaMUHOB U IPYrux HEiHpoMeanaro-
poB, (HaKTOPOB POCTa, B PACIICILUIEHUM XUPOB U CHU-
>KeHMU YPOBHSI X0JIECTEpUHA B KPOBU U 1p. [2].

MM u XU Takxe BaxkKHbI 1J1I TPODUIAKTUKUA MAKPO-
comuy Tioga (Mmacca tena pebenka 6osee 4000 r wam
npepbineHrne 90-1o MepLUeHTWIS 0 pa3MepamM), KOTO-
pasi -accollMMpoOBaHa C IMOBBIIIEHHBIM PUCKOM MEpPTBO-
poxneHus [3]. PakTophl pricKa MaKpOCOMUM BKJIIOYA-
IOT MOBBIIIEHHBIN YPOBEHb IIOKO3bI U TPUTIULEPUAOB
B. KPOBU MaTepHu, OXWpPEHHE y MaTepH, HapyIIeHUs
MEHCTPYaJIbHOTO IIMKJIa, paHHEE WIM ITO3IHEe MEHapXe,
paHHue moTepu OepemeHHOCcTU [4]. Ucmonb3oBaHue
koMbuHanuu MHU+IAXHU crnocoOCTByeT BOCCTaHOBIIE-
HMIO OBYJSTOPHOIO MEHCTPYaJIbHOIO ILIMKJIA, MOBbIIIE-
HUIO Ka4eCTBa OOIIUTOB, CHAKEHUIO U30BITOYHON MacChl
TeJda y XCHIIWH PeIpOoAyKTHBHOIO Bo3pacTa, Mpodu-
JIAKTUKE TecTallMOHHOro auabera y OepeMeHHBIX [5].
B 1e1oM MHO3MTONM3aBUCUMBIC OCIKM BOBJICYCHBI B
MOAAEPXKKY (DYHKIIMOHUPOBAHUS CEPAEYHO-COCYIUCTOM
CHUCTEMbI, UMMYHUTETA, CTPYKTYPbl COEAUWHUTEIbHOM
TKaHU, (YHKIWOHUPOBAHUS IIEHTPAIbHOM HEPBHOU
CHCTEMBI 1 B IIPOIIECCH POCTa U Pa3BUTHUS SMOpPHOHA.

https://dx.doi.org/10.18565/aig.2022.9.

MM u AXHU otnnyarorcs 1Mo 6MOJ0rM4eCcKUM CBOMCT-
BaM U (hapMakoJiornueckum 3pdexkram. BaxxHbIM 0TI -
yueM XU or MU gasnsierca Hanuuue XM B cocTaBe
MHO3UTOJIOBBIX (POCHOTIMKAHOB, OIIOCPEAYIONINX Ieii-
cTBUe MHCynMMHa Ha KieTku. JIXU 6onee adexkTrBeH,
yeM MW, B cHUXeHUM pucKa (HOJATPE3UCTEHTHBIX
nedekToB HepBHOU TpyOoku [5]. XeMopeaKTOMHBIN
aHaJIU3 B3aUMOJEWCTBUS CTEPEOU30OMEPOB MHO3UTOJIA
c OenrkamMu npomeoma 4YeloBeKa yKasal Ha pas3jind-
Hble mpodunau dapMakojoruyeckoro aeiictsus MU
u AXW, BkiIoyass OTAMYUS B BO3ACUCTBUM HaA IIPO-
lIecChl MeTaboM3Ma aMMHOKHUCIOT C Pa3BETBJICHHOM
Henpio, Merabonusm ¢onaros, BuramuHos PP, B, un
MarHusi, akTUBAIlMIO pelierTopa UHCYJIMHOMOA0OHOIO
(akropa pocra-1 (M®P-1), uHrubmpoBaHue mpoBo-
CITAINTENbHBIX 3G GEKTOB NHTEpAeKnHa-1 [6].

OpHako (dapMakosorndeckue 3PdeKThl JIeKapcTB U
HYTPULIEBTUKOB 3aBUCAT HE TOJBKO OT BO3IEHCTBUS
Ha aKTUBHOCTb OEJKOB NMpPOTEOMa, HO M OT MX BIIM-
SHUSI Ha TIpOLIeCChl TPAHCKPUIILIMU TEHOB, T.e. Ha
mpanckpunmom (coBokynHocTh Bcex MPHK TpaHc-
KPUIITOB, CUHTE3UPYEMBIX B XOI¢ 3KCIIPECCUU TeHO-
Ma). TpaHCKPUIITOMHBIC HMCCIEIOBAHUS BaXXHBI IS
paciMpeHus TOHUMaHUS BpEMEHHBIX paMOK IeHCTBUS
JIeKapCTB M HYTPULEBTUKOB: Belb BO3IEHCTBUE Ha
TPAHCKPUIIIMIO Te€HOB OOycJIaBIMBaeT 0oJjiee MOJTOB-
peMeHHbIe 3(DdEeKTH BellecTB (HECKOJIBbKO CYTOK) [7].

XOTSI TPaHCKPUNTOMHEIE MCCIEIOBAHUS MOJEKYII
in vitro TpeOYIOT KOMIUIEKCa CIIEeIMAJIbHOTO0 000pyI0-
BaHMS [UISI aHAIHU3a SKCIIPECCUU TeHOB, C UCITOIb30Ba-
HUEM HOBEHIINX METOA0B UCKYCCTBEHHOTO MHTE/JIEKTa
IJI aHalu3a «CBepXxOoJblIMX AaHHBIX» (big data) B
HNucrturyre dapmakoundopmatuku npu OUIL NY
PAH 6b11 pa3paboTaH METOI XeMOTPAHCKPUIITOMHOTO
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aHanm3a 3G @PEKTOB MOJIEKYJI, OCHOBAaHHHEINI Ha COBpE-
MEHHBIX METOAAaX MaIlMHHOTro o0ydeHus [8—10].

B HacTosieir paboTe mnpeacTaBlieHbl pPe3yabTaThbl
XeMOTPAHCKPUIITOMHOTO HCCIEIOBAHUS T0303aBUCH -
MbIX 3(ppekToB Bo3aeiicTBust MU u JIXU Ha TpaHCcKpUII-
muio 12 716 aHHOTMPOBAaHHBIX TEHOB YeJIOBEKa B 9HIO-
TeJNaTbHBIX KJIIETKAX IYIIOYHOM BEeHHI YeIoBeKa (JIMHMUSI
HUVEC, crumynsuus kierok MU/IXW B 6 pasnuu-
HBIX KOHIICHTpaUMsIX B TeueHue 24 4). Kiletku auHuun
HUVEC — MopenbHasg cucteMa W3y4yeHUsS (YHKLUKU
SHIOTENMS, KOTOPbIN COCTaBIsIeT BHYTPEHHIOK KJIETOU-
HYIO BBICTWJIKY apTepuii, BEH U KalUJIJISIPOB U TTOITOMY
HaxXoAUTCSl B HEMOCPEICTBEHHOM KOHTAaKTe C KOMIIO-
HEHTaMM U KJIETKaMU KPOBU. 3aMETUM, UYTO SHIOTEITNI
SIBJIIETCSI HE TOJIBKO 0aphepOM MEKIY KPOBBIO U TKaHSI -
MM, HO U SHIOKPUMHHBIM opraHoM. Hacrosiiee uccie-
JIOBaHME TI03BOJMUJIO YCTAaHOBUTb MHIAMBUIYaJIbHbBIN
naTTepH TpaHCcKpunTomHoro aeiictBusg XU u MU u
BBIIEIUTH MOJIEKYJISIPHbIE MEXaHU3MbI CUHEPTU3Ma 3TU
IBYX (hOpM MHO3HUTOJIOB.

MaTepraAbl 1 MCTOADBI

Hcxoonvie oannvie. Pe3ynbraTbl TPaHCKPUITOMHBIX
9KCIIEpUMEHTOB (Hampumep, B 0a3e maHHbIX Gene
Expression Omnibus, https://www.ncbi.nlm.nih.gov/
geo/) mpencTaBiIeHbl B BUIE TAOIUII, CTOIOIAM KOTO-
PBIX COOTBETCTBYIOT T€HBI, a CTPOKaAaM — COOTBETCT-
BYIOILIIME BO3MEHCTBUS Ha KJIETKY (Hampumep, Te WUIu
WHBbIE MOJIEKYJIbI). DJeMEeHTaMu TaOJUIIbl SIBJSIOTCS
U3MEHEHUS 3KCMPECCUU TeHa MpPU COOTBETCTBYIOLIEM
BozaeiicTBun. Kaxmoil Takoil «rabiulie TpaHCKPUII-
TOMHOTO 3KCIIEPUMEHTa» COOTBETCTBYIOT (1) mun xae-
MoK, ISl KOTOPBIX U3YYaINCh UBMEHECHMS SKCIIPECCUN ,
(2) unmencuenocmo 603deiicmeuss (MPEXIAe-BCETO KOH-
LIEHTpallMU BO3ACHCTBYIOIIMUX MOJEKYdX) U (3) epems
6o3deiicmeus (6, 12, 24 4 u ap.). U3MeHeHNs sKcnpec-
CHU OIICHWBAIOTCSI OTHOCHUTEIBHO KOHTPOIS (Kak Ipa-
BWJIO, TUMETHIICYTB(OKCHI).

Memoo xemompancKpunmomHo20 anHaiu3a TakKux Taod-
JINL], OCHOBAaHHBIA HA TONOJOTUYECKON TEOPUU XEMO-
rpadoB M TMO3BOJSIONIAM I10Jy4aTh BHICOKOTOUYHBIE
aJITOPUTMBI I OUEHKW WU3MEHEHWH TPaHCKPUIIIUMU,
ObL1 _JeTaIbHEHIIMM  00pa3oM OIKUCaH paHee U Ipo-
TeCTMpOBaH 0ojice YeM Ha | MIJIH MOJIEKYJI B pabo-
tax [8=10]. B mukie padoT 1o XeMOTPaHCKPUIITOMHO-
MYy aHaJIM3y ObLIM OMUCAHBI BCE MPUMEHSIEMbIE METO-
JUKHU-TOJYYeHUs] U1 00pabOTKM MaTepUasoB.

Cmamucmuveckasn 3nauumocms TOBBIIIEHNST/CHIXE-
HUS SKCIPECCUU TEHOB OLIEHMBAJACh MOCPEACTBOM
HenapaMmeTpraeckKux TecToB Konmmoroposa—CMmupHOBa
TaK, 9YTO 3HAYMMBIM CUUTAIUCh 3HaUeHne P<0,05.

buoungpopmayuonnsiii anaauz. B pesynapraTe mpume-
HEHMSI METOJ0JIOTUM XeMOTPAHCKPUIITOMHOTO aHaln3a
K KOHKPETHOW MoJieKyJe MoJiyyaeTcsl CIUCOK TeHOB,
JUIS KOTOPBIX MMOKa3aHO JOCTOBEPHOE MOBBIIIEHUE IKC-
npeccun («Crmmcok+»), U CIIMCOK TeHOB CO CHUXKEH-
Hoi1 3kcmpeccueil («Crrcok-»). K 1ByM mosrydeHHBIM
CIMCKaM T€HOB IIPUMEHSIOTCS METOIBI CUCTEMHO-01MO0-
JIOTUYECKOTO aHaju3a MeToAoM (YyHKIIMOHAJIbHOIO
CBSI3bIBaHUS. AHaIMU3 MPOBOAUTCS C UCIOJIb30BAHUEM
AHHOTAIIMM T€HOB B COOTBETCTBUM C MEXAYHApOITHOW
HomeHkJatypoir Gene Ontology (GO), onuceiBatoniei
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¢dusznosornyeckue (QyHKIUM TE€HOB U COOTBETCTBY-
omux 6enkoB [7].

Pe3yAbTaTbl M1 OOCYKACHUE

HeiictBue MU Ha sHAoTenManbHble KJIETKU TMyIMOY-
Hoit BeHsl HUVEC 0Obl10 CBSI3aHO C ITOCTOBEPHBIMU
M3MEHEHUIMU TpaHcKpumiuu (6onee 5% Ha 1 MKMOJIb
BelllecTBa, KoadduimeHT Koppemsiauu Oojee 0,40)
o 6516 reHoB: skcmpeccuss 4085 TeHOB TOBBICH-
nack, a 2431 reHoB — cHusuiack. Haa XMW mocto-
BEpHbIe U3MEHEHUSI TPAHCKPUMIIUK YCTAHOBIEHBI IS
6087 reHoB (akcmpeccusis 4364 reHOB MOBLICUIACD,
1723 TeHOB — CHU3UIACH).

TpanckpunuonHeie 2dhdextet MU IXU konu-
YECTBEHHO OIIEHUBAINCH KaK MOJISL U3MEHEHMST TpaHC-
KpUINLUMM Ha 1 MKMOJb BellecTBa (Hampumep, «0,1»
cootBeTcTBYET 10% M3MeHeHNI0). COBMECTHEIN aHAIIN3
atux 3pdexroB mag monekyad MU u XU (puc. 1)
[O3BOJIN/I BBIAEHUTH 6 KIACCOB TPAHCKPUIITOMHOTO
cunepruzma’‘MUW u AXM: (I) rensr, sKkcrpeccus KOTo-
pPBIX YBeTUuYMBaeTcs Mo Bo3neiictsueM u MU, u IXU
(n=1809), (IT) reHbl, dKcIpeccHsi KOTOPHIX CHUXAETCS
o Bo3aeiictBrueM 1 MU, u IXU (n=626), (111) reHsr,
skernpeccrio KoTopbix XM cylllecCTBEHHO yCUJIMBAaeT
o cpaBHeHmio ¢ MU (n=2113), (IV) reHsl, axcmpec-
cuio KOTopbix JIXHU cyliiecTBEHHO CHUXAET MO CpaBHE-
Huto ¢ MU (n=830), (V) reHbl, CHUXXEHUE KCIIPECCUU
KOTOpbix mop BosaeiictBuemM MW nusenupyer AXHU
(n=302), (VI) reHbl, MOBBILLIEHUE IKCITPECCUUN KOTOPHIX
non BosneiicteBueM MU Hupenupyet AXU (n=200).

Cob6ctBeHHO cuHepru3m Mexay MU u IIXU onucsi-
BaeTcs rpynnamu reHoB B kjactepax III-VI, tak kak
reHbl B kuactepax | u Il onmuchiBalOT TpaHCKPUITLIM-
oHHbIe 3¢ dekThl, obmue mia MU u IXW. Ilpu Bo3-
JNEeUCTBUM 00euX MOJIEKYJ] TOCTOBEPHO YBEIUUYMBAETCS
SKCIPECCHST TEHOB, BOBIICYCHHBIX B aKTHBALINIO ITH(D-
(bepeHIIMPOBKYU KIJIETOK, PETYJSIUI0 CEKPEeIUU MHCY-
JIMHA ¥ apTepUaJIbHOTO HaBJIeHUS, MOp(OTeHe3 IJI01a,
CUTHAJIbHBIC MYTU psiia HEMPOIENTHIOB. DKCIIPECCHS
ObLIa JOCTOBEPHO CHUXKEHA JJISI TeHOB, O€JIKU KOTOPBIX
BOBJICUEHBI B JE€TPaHYJSILIMI0 HEUTPODUIOB, XeMOTaK-
CHC, TOPMOXEHHUE aHTMOreHe3a, armonTo3 HEeHPOHOB,
cruaiicuir PHK u pemapauuio JHK, metabonusm
TPUTIULIEPUIOB, TOPMOXEHNE TPAHCISIIUN (T.C. CUH-
Te3a 0enkoB). B menom skcmpeccHsl TeHOB, y4acTBY-
IOIIMX B MOIAEPXKE CEPACUYHO-COCYIUCTON CHUCTEMBI,
HEPBHOI CUCTEeMBbI, pocTa U AUG@GEepeHLIMPOBKU KJe-
TOK U YTJIEBOIHOTO MeTaboJM3Ma MOBBIIIAETCS C BO3pa-
cranueM KoHueHTpauuu MU u XU (puc. 2).

HMHuTepecHo ormeTuth, yto 1 MU, n IXU usmeHsniu
SKCIIPECCHIO TCHOB, BOBJICYCHHBIX B OTKJIMK OpTaHMU3Ma
Ha 49 mpemapaToB; OTHEIbHBIC IPUMEPHI IPUBEIE-
Hbl B Tabnuue 1. MU/AXW moBblIagyM 3KCIPECcCUIo
T€HOB, omnocpeayrlux 3¢¢GeKTh aHKCUOJIUTUKOB,
AHTHUIETIPECCAHTOB, CENaTUBHBIX cpencTB. [ToBBIIIEHNE
SKCIPECCUN COOTBETCTBYIOIIMX T€HOB MOXKET ITOBBI-
math 3¢G(MEeKTUBHOCTh TepallMy 3THMU IIperapaTamu
Ha ¢oHe mpuema MU /IXU.

IIpu paccmoTrpenuu cuHepruzma MU u XU oue-
BUAHO, 4To kKjactepbl reHoB | u Il (B koTopeix MU u
JAXHW nposiBasioT conoctaBUMble 3P @EKThl HAa TpaHC-
KPUIIIIAIO) MOTYT MCIIOJIB30BAaThCS B KauyeCTBE TPYIII
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cpaBHeHud 114 kaactepos [11-VI, uto mo3Bossier pac-
CUUTATh 00wuil 6asn cunepeusma I KaxXIoW paccMa-
TpuBaeMoOi (PYHKIIMOHAJILHOM KaTeropuu. Pe3ynbTaTsl
pacyeToB 0a/UIOB CHHEpPTH3Ma IJis BCEX aHaJIU3UPO-
BaHHBIX (DYHKIMOHAJbHBIX KaTeropuii reHOB MoKasa-
JIM, 9TO, HECMOTpPS Ha OOJIbIIOEe KOJUYECTBO PaccMo-
TPEeHHBIX (PYHKIIMOHATBHBIX KaTeTOpUil TeHOB (Ooiee
1000), tonpko mepBbie 40—50 KaTeropmii XxapakTepH-
30BaJIMCh CYIIECTBEHHO 00Jiee BRICOKMMH 3HAYCHUSIMU
0ajia «TPaHCKPUIITOMHOTO CHMHepTru3Ma» mexay MU
u AXU. K 3TUM «CUHEPTUAHBIM» KaTerOpUsIM OTHOCH-
JIUCh T€HbI, CBSI3aHHbIE C MopgoeeHezom (MopdoreHes
KOCTHO-MBIIIEYHOM CHUCTEMbI, SMOPUOHAIBHEIN MOD-
(oreHe3 KoHEYHOCTel, MOp(oOTeHe3 apTepuii, Mop-
(¢oreHe3 BosocssHOrO GosuTuKyna, tuddepeHInpoBKa
MMO0JACTOB, PETYNSLUs aKCOHOTeHe3a, Mpojudepa-
LIMS1 HelipoOJ1acTOB, aKTUBHOCTb PELENTOpa rajlaHuHa,
peryasguusa auddbepeHIIMpoBKU T-KJIETOK, CUTHAIBI
mTOR), B T.4. anonmo3om (BHYTPEHHUIl amoNTOTU-
YeCKMU CUTHAIBHBIM NTyTh MeAMaTtopa Kjacca p33,
HEeTaTUBHAS PETYJSINS alONTOTHYECKOTO CHUTHAJb-
HOTO TyTH), AURUOHbIM 0bMeHoM (AKTMBHOCThH OelKa-
NepeHOCUYMKa JUMKUI0B, CHUHTE3 JUIOMPOTEUHOB BBICO-
KO TIJIOTHOCTH, MO3UTWUBHAS PETYJISILUS 3TepudUKa-
MU XOJIeCTeprHa, OeTa-OKMCIEHUE XUPHBIX KHUCIOT
¢ UcrnoJyib3oBaHueM aluii- KoA-ngeruaporeHasnl) u ap.
B tabaume 2 um Ha pucyHKe 3 TMpUBEACHBI IIPUMEPHL
T€HOB, TPAaHCKPUIMLUS KOTOphIX peryaupyercs AXHU B
cuHepruzme ¢ MU. DT reHbl OTHOCATCS K 6 GYHKIIMO-

HaJIbHBIM TPYIITIAM: 00MeH JHCUpos, yenesooHblili oOMeH,
paboma wumosuoHoil xceneswvl, Oupgepenyuposka u
8bliICUBAHUE KAEMOK, HeliponpomeKyus u Heipompoguu-
HoCcmb, cmpykmypa u @yHKyus cocydoé. BoabIIMHCTBO
IreHOB OTHOCUTCS K KjaccaM cuHeprusma III (reHsl,
akcnpeccuto Kotopbix XM cylllecTBEHHO YCHJIMBaeT
1o cpaBHeHU1o ¢ MU) u V (reHsl, CHUXeHNe dKCIpec-
CUM KOTOPBIX oA BosaeiictBueM MU HuBenupyercs
monekynoir JIXW). Ianee mociemoBaTelbHO paccMoO-
TPEHBI OTAEIbHbIE TPUMEPBI ITUX TEHOB.

Tpanckpunmomnotit cunepeusm MH u JIXH ¢
HOPMAAU3AuUU HCUP0BO20 00MeHa

C nykineotugHbeiMu nedekramu reHa APOE accomu-
WpOBaHA TUIICPIUIOIPOTeHHEMNS | 3-F0 THIA (Xapak-
TePU3YIOIIAsIC HAKOTUIEHMEM JUIOIPOTEUHOB IIPOMe-
JKYTOYHOM TUIOTHOCTH3 OOraThiX X0JIeCTEPUMHOM, KCaH-
TOMaMM, atepockiiepo3oM) [Ll]. Anoaunonpomeun CI
(ren APOCI) uHruGupyet cBI3bIBaHE JIUITOIIPOTENHOB
C pelenTOpaMU JINTIONIPOTEMHOB HIU3KOM 1 OYeHb HU3-
kot mmotHocty (JIFTHIT w JITTOHII), cBa3piBaeT cBo-
0OIHBIC XXUPHBIC KUCIOTHI ¥ YMEHbIIIAET UX BHYTPUKIIC-
TOYHYIO. 3Tepuukauuio [12]. Peuenmop aunonpomeu-
Hos/(TeH LSR) ocyliecTBIsIET KIMPEHC JUMONTPOTEUHOB,
GoraTeIX TPUITMIlEpUAaMU, U3 KpoBu. [loBbIleHME
axcnpeccun renoB APOE, APOCI, LSR nocpenctsom
JXW Oymer criocoOCTBOBATH YIYUYIICHHUIO JIMITUIHOTO
npodunsa. XU, no cpaBHeHuto ¢ MU, cyuiecTBeHHO
ycunmBall skcnpeccuio anojunomnporenHoB E, Cl u

0.3

V. [eHbl, CHMXEHME 3KCNpeccum
KOTOPbIX MO, BO3OENCTBMEM

MU nusenvpyeT AXW (n=302) sy

-
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Puc. 1. Knaccel cuHeprusma MU n XU

— lll. TeHbl, akcnpeccuio koTopbix AXU e
| cyuwecteenro ycunmeaet (n=2113) * * » .,

I. FeHbl, aKCNpeccus KOTOPLIX YBENNYNBAETCS
nog sosgenctanem n MU, n XM (n=1809)

-0.2
Il. FeHbl, akcnpeccusa KOTOPbIX

CHWXaeTcs Nod, BO3AeNCTBNEM
1 MU, n OXU (n=626)

TpaHCKpUNUUOHHbLIY 3 dekT D-xnponHosmTona, 1/MmMonb
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VI. FeHbl, NOBbILLEHWE 3KCNPECCUN KOTOPbIX MNOA,
Bo3aerictBuem MU Husenupyet OXW (n=200)

TpaHCKPUNUMOHHBIN 3pdekT MrmonHosnTona, 1/Mmonb
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Puc. 2. ®yHKuUMOHanbHbIE rPynibl FEHOB, 3KCMPECCUIO KOTOPbIX CHUXAIOT unu noebiwaioT MU n XU (no pe3ynbtatam
XEeMOTPaHCKPUMNTOMHOIO aHann3a SHAO0TEeNNaNbHbIX KNIETOK Nyno4Hoii BeHbl iMHun HUVEC). (A) konuyecTea reHos,
(B) cpaBHMTENbHbIE KONIMYECTBA FEHOB CO CHMXXEHHO 1 C NOBLILLEHHO 3KCnpeccuen

A) 901
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MeTabosIM3m TOPMOXEHne ) Heﬁponenjm,uubfv;g
nerpaHynaums Topmoerme18 anonTos TPUrMMLEePUIoB: 1 nepexoga GO/G1; 1 CUrHaNbHBbIN nyTh;
HEeNTPpo VNOB; 80 aHrmoreHesa; < . . ﬂOTeHLlVI?TI aencreuna
HEeipoHOB; 8 aKcoHoreHes; 1 HelipoHa,
MeTa6onanam petuHona; 1 ”enonﬂagizgﬂiﬂg
. CRNaNCUHE pemonT ZIHK; 7 - . b depeHLMPOBKN
PHK: 47 cnnavcuHr PHK; 8 - Knetok; 9
B anonTo3 HeMpOHOB; 2 W NoTeHUMan3aBsncu-
TOPMOXEHIE Mble Na-kaHanbl; 7
xemoTakcuc; 32 anrvorenesa; 6 ‘/m?
AerpaHynsauus 3 mviokapaa; 7
PeNai HeTPOdUNOB; 46 )
QHK: 42 pod i XONMHEPruieckme

curHansl; 6
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martpukc; 41

aKCOHOreHes; 7

i . XeMoTaK-

CUTHaNbHBIV MYTb r 4 passuTue nuua; 7 cuc; 19
nt; 13 MeTabonnam

i o TpUrnnuepuaos; 7
mopdoreres; 13 TOPMOXEHMe TpaHcaumm; 12

TOPMOXEHMeE nepexona BHEK/IETOYHbI
GO MaTpukc; 25

BrocuHTe3 Kepa-
TaHcynbdara; 10

cekpeuusi
VHCYNUHa; 8

perynauus aptepuansHoro
naeneHus; 6

perynauus cekpeuum
VHcynuHa; 6 perynsLms HeVIpOI'IeI'ITVI,EleIM curHanbHbii nyts Wnt; 23 MopdoreHes; 23

perynsums cekpeuum
vHcynuHa; 15

perynsiuus apTepuanbHOro

nasnenus; 14

XONVHE| I'Vl"leCKl/Ie curHansl; 0
a; 1

CeKpeLys UHCYnHa; 2 CepaeyHoro CUrHaNbHBIN NyTh; 2
Basoavnaraums; 0 putma; 0

Ta6nuua 1. Bospeitcteue MU n XU Ha TPaHCKPUNLLMIO FEHOB, ONMOCPEeAYIoLUX AeiCTBUE Pa3/INYHbIX

JIeKapCTBEHHbIX CPeAcTB

ATX Mpumepsbl nekapcTe n+ n-
FTAMK-A aroHUCTbI: XI0pAVa3enokcua, Avasenam, ranasenam, okcasenam,
HKCUOINTUKN 4 1
6pomazenam
AHTMAO0DAMUNHHBI aMOKCanuH, aHTU eHeprmyeckmii MmpTasanmH, MMaHCEPWH,
NOGAA AHTMaenpeccaHTbl nod ’ anp P P ’ P 12 1
VIMUNPAMWUH, aMUTPUNTUIIVH, TPUMUNPAMWUH
NO5C MnHoTUYeckne n cegatuBHbIE FTAMK-A aroHUCTbI: FIOTETUMKA, METUNPUIOH, 930MMKIIOH, TEMasenam, Tpuasonam, 5 0
cpeacTtea HUTpasenam, TanbyTtan, MMaasonam, 3cTa3onam
Bnokatopsl anbda-Na-kaHanoB: 30HMcCaMua, Tonupamat, npummnaoH; FAMK-A
NOBA lNMpoTrBoanunenTuyeckmne P P A P 1P A 10 1
aroHWCTbI: KNoHa3enam, MeTapbuTtan
C10A AreHTbl, MOanduUmpyoLme
U e 93eTMnb, posyBacTaTuH, NMTaBacTaTuH 1 5
obmMeH nMnnaos
GO3C ScTporeHbl SCTpoH 0 5

N+ — YUCNO rEHOB C MOBbILLEHHOW 3KCMPECCUEN; N- — YNCIIO FTEHOB CO CHWXXEHHO akcnpeccueit. NprBeaeHbl TONLKO 3HAYMMblE Pasnnyms
B yumcnax reHoB (P<0,05 no kputepuio MupcoHa).
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peuenrtopa gunonporeuHoB LSR (kiacc cuHeprus-
Ma III). Anoaunonpomeun E (reH APOFE) omocpemyer
CBSI3bIBAHUE, MHTCPHAIU3ALMIO U KaTabOJIU3M JIUIMO-
MIPOTEMHOBBIX YACTUII, SIBJISICTCS JIMTAHIOM pelienTopa
JITTHIT u peuentopa APOE B TKaHSIX MeYeHU.

Anoaunonpomeunvr A-II (renH APOA2) un C-1V
(res APOC4) crabunusupyoT ctpyktypy JIIIBII n
Bius0oT Ha MeTtabonusMm JITIBII. Jlunonpomeunaunaza
(ren LPL) rumponusyer tpuriaunepunsl JIITHIT u
JITTIOHII, ycTpaHssg ux u3 KpoBeHOCHOro pycia. MHaue
ropopsi, uMmeHHO XM BaxeH MIs MOBBIIIEHUS 3KC-
npeccuu reHoB APOAI, APOA2, APOC4w LPL.

MM cHuxan 3KCIpecCcUIo arnoJauMnonpoTeuHoB A-I,
II, C-1IV u nunmomnpotewniumnassl, a JXW HuBenn-
poBan 3t 3(Ppdektst MU (kmacc cuHeprusma V).
Anoaunonpomeurn A-I (ren APOAI) y4acTByeT B 3KC-
KpeLMu XoJeCTeprHa, CIIOCOOCTBYSI TPAHCIIOPTY XOJie-
CTepVWHA M3 TKaHEW B IeUYeHb M BBICTYIIasg B KaueCTBE
KodakTopa I JEUUTUH-XOJeCTEPUH-alUATpaHCche-
pas3bl. Hykneotumabie nedexrsl reHa APOAI acconum-
POBAaHBI C TIPEXKICBPEMECHHOM UIIEMUYECKOM O0JIE3HBIO
cepala, CHUXKEHUEM OTTOKAa BHYTPUKJIETOUYHOTO XOJe-
cTepuHa U3 KJIETOK, Nepudepnieckoil HeBponaTuei u
aMuJounHou Hedponatueit [13].

Tpanckpunmomnotii cunepeusm MH u JIXH
6 noddepicanuu y2aee00H020 oOmeHa

HMmMeroTcs maHHBIE O MO3UTUBHOM Bo3aeiictBuu MU
u XM Ha oOMeH XupoB u yriaeBomoB. Ilpuem MU
u IXMU (B cooTHoumeHuun 5:1, B cocTaBe .cpeacTBa
«JIukuporeH») B TeyeHue 180+3 nHeit mauMeHTKaMU
23—37 ner ¢ HeperyasapHbBIM MEHCTPYaJIbHBIM AIMKIOM
MIPUBOIMII K YMCHBIICHUIO OKPYKHOCTHM TaJIMH, BBIpa-
KEHHOCTH aKHEe, CHHU3WIOCHh{ KOJIMYECTBO OAIJIOB II0
mkane IaMmmibToHa M onpocHUKY SF36-[14]. TIpuem
JduxuporeHa He TOJbKO CIIOCOOCTBOBAJ HOPMaIU3alMU
a0HOPMaJIbHO UIMHHOTO MEHCTPYaJBHOIO IIMKJIa, HO
A CONPOBOXIAJICS CHUXEHUEM Macchl Tena (-3 Kr),
YMEHBIIEHUEM OKPYXXHOCTU Tannu (-2,5 cM), CHUXe-

|

HUEM YpOBHS TIJIIOKO3BI, CBOOOTHOTO TECTOCTEpPOHA,
yBeIUUYCHUEM YPOBHS (DOJIUKYIOCTUMYITUPYIOIIETO
TOPMOHA M CHIDKEHHEM YPOBHS JIIOTCMHHU3MPYIOIIETO
TOpPMOHA B CBIBOPOTKE KpoBu [15].

B HacroseM uccnegosanuu XU, B otnnure or MU,
CYIIECTBEHHO IOBBIIIAN KCIPECCUIO Psiia TEHOB, BJIU-
SIOIUX Ha 3(PDEKTH MHCYJIMHA U META0O0JIU3M TJTIOKO3BI
(xmacc cuaeprusMma I1I). Moaexyra CD38 (komupyemast
reHoM CD38) cuHTe3UpyeT BTOPUIHBIE MECCEHIIKEPhI-
MoJIeKynbl (IuKiandeckyo A ®-pnbo3y, HUKOTUHAT-
aleHUHANHYKIeoTuabocdaT) I CeKpeluu UHCYJIMHA
MOJ BO3IECTBUEM IIIOKO3bl. Kunasa nupysamoecuopo-
eenaswl 2 (reH PDK2) peryaupyeT MeTab0JM3M TJI0KO3bI
¥ XUPHBIX KHUCJIOT W IOBBIILICHIE €€ SKCIPECCUN IO
BosneiictBueM XU yexopsger unki Kpebca, ynydiaer
KJIETOYHbIE peaKklMu Ha MHCYJUH, CITOCOOCTBYs IOM-
JIepXKaHWIO HOPMaJbHOTO YPOBHS MIIOKO3bI B CHIBOPOT-
K€ KPOBM U TIPeI0TBPalle HUIO HAKOTIEHUSI KETOHOBBIX
npou3BoAHLIX [16]. Berok- |5, cesasviearomuil uncyaurno-
nodobuutii haxmop pocma(UDP) (ren IGFBPS), cBsi3bI-
BaeT U®P & mipomneBaeT €ro mepuo MOJIyBbIBEICHUS.
Kopenenrop pelienropa uncynuHa (redH /NSRR) akTu-
BUPYETCSl TTOBBILICHUEM BHeKJIeTouHoro pH, BKitouaer
curHanbHbl TyTh IRS1/AKT1/PKB [17]. OnucanHbie
3((deKThI YKa3bIBAIOT HAa TPAHCKPUIITOMHBIE BO3IEMUCT-
Bus JAXU, cyimiectBeHHO nononHsomue 3pdextst MU
Ha YFJI€BOITHEIN OOMEH.
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Tpanckpunmomnotii cunepeusm MH u JIXH
6 noodoepicanuu yHKUUU WUMOBUOHOU Hceae3bl
Tupeoudnas nepoxcuodaza (ren TPO) iionupyeT THPO-
3MH ¢ 00pa3oBaHMEM TOPMOHOB IIMTOBUIHON XeJe-
31 T3 u T4. Hoomuponun deiiodunasa-2 (ren DIO2)
ocymecTBuseT meiommpoBanue T4 (3,5,3°,5’-terpaii-
oatuponuHa) B T3 (3,5,3’-TpuiiogTUpOHUHA) U HEOO-
XoJuMa JJIsi o0ecreyeHrsl Mo3ra J0CTaTOYHbIMU YPOB-
HaMu T3 Ha TPOTSIKEHWM BCETO TEpUOma Pa3BUTHS
mwioga. Takum obpasom, XU cTumynupyeT TpaHC-
KPUIIINIO TCHOB, BOBJICUYCHHBIX B CHHTE3 TUPCOUTHBIX
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Puc. 3. Npumepsbl 40303aBUCUMbIX USBMEHEHUIT TPAHCKPUNLMK OTAENIbHbIX FEHOB Npu aHanu3e Bo3pencteus MU u XU
Ha 3HAOTEeNManbHble KJIETKN Nyno4Hou BeHbl nmHmn HUVEC (no pesynbTaTam XeMOTPaAHCKPUMNTOMHOIO aHanu3a)
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Ta6auua 2. NMpumepbl reHOB, TPAHCKPUNLMS KOTOPbIX B 3HA,0TE/INalIbHbIX KJIeTKaX Nyno4YHOWU BEHbI

nnHnm HUVEC perynupyetcsa [1XU B cuHeprusme ¢ MU

lFen Benok DyHKUNA MU AXU KC
O6MeH XupoB
APOE AnonunonpotevH E MeTab0n13m nMnonpoTeMHoOB 0,000 | 0,081 1]
APOA1 AT O O6paTHbIi Tpchnogﬂ);o;Eé::sgS:Ma 13 TKaHeW B NeYyeHb -0,059 | 0,070 v
APOC4 AnonunonpoTteunH C-IV MeTtabonnam nMnonpoTenHoB -0,072 | 0,054 \Y
LPL JlnnonpoTtenHnnasa Tmaponua Tpurnuuepuaos JIMHMA v JINOHM -0,045 | 0,462 Vv
DHCR7 7-pernpgpoxonecreposipenykrasa CuHTE3 xonecrtepmHa 0,034 | -0,098 | VI
YrneBoAaHbIvi 0OGMEH
CD38 Monekyna CD38 CuHTes AQD-prnbo3bl 4J19 CeKPELMN MHCYNHA 0,000 | 0,051 ]
PDK2 KuHasa nupysataoerngporeHassl 2 Perynauma metabonuama rmoko3bl 1 KUPHBIX KNCAOT 0,045 | 0,122 1]
IGFBP5 Benok 5, ceasbiBatowmint UOP YBenuyeHune nepuona nonyesiseaeHus UPP 0,000 | 0,119 ]
INSRR KopeuenTop peuenTtopa MHCYAnHa AkTuBaLma curHanbHoro nytu IRSA/AKT 1/PKB 0,000 | 0,124 I}
Pa6orta wurosngHoi xenessbl

DUOX1 JBoiiHas okcnpasa 1 CWHTE3 rOPMOHOB LLTOBUAHO XXenesbl 0,063 | 0,125 1]
DIO2 MNopTnpoHuH peliognHasa-2 BuocuHTed T3 na T4 -0,04 0,06 \
TPO TupeouaHas nepokcunpasa MopyposaHue TMpo3uHa ¢ 0bpasosaHvem T3 n T4 -0,03 0,09 \Y

AnddpepeHunpoBka n BbDkBaHNE KJ1€TOK

DDX5 Asp-Glu-Ala-Asp nonunenTtug, 5 AnddepeHUmpoBka MUOLNTOB, 0CTE061aCcTOB 0,000 | 0,061 1l

FGFR2 Peuentop daktopa pocta dnbpobnacrtos 2 OMOpUOHanLHOe paseuTme 0,000 | 0,076 I

MeTa60o18M AMNnA0B, XeN4HbIX KUCIIOT, BCacbiBaHWe

FGFR4 Peuentop daktopa pocta dpubpobnactos 4 N TET 0,102 | 0,476 1l
RAD51 Benok penapaunn JHK RAD51 Penapaunsa AHK, mutoxongpuansHon AHK 0,000 | 0,155 ]
MTHFR MeTtuneH-4-rugpodonarpesykrasa CuHTes 5-meTuntetparuapodonara 0,091 | 0.162 1l
AKT1 MpoTenHkuHaza B Perynauusi neneHns 1 BbiXXMBaHWS KIIETOK, BCacbliBaHWe 0,000 | 0,050 m
IOKO3bl
OXTR PeuenTop okcuToumHa e R D ST e ATO VL e 217 0,000 | 0,105 1l
3MOBPUOHANBHOM Pa3BUTUM
DYRK1A KnHasa georiHol cneunduriHoct 1A Perynauuns peneHus 1 BbXMBaHUS KNeETOK 0,000 | 0,107 1l

HGF ®dakTop pocTa renatouMToB (FenanoadtnH A) | dakTop pocTa renaTtoumToB U LUMPOKOro cnekTpa knetok [ 0,000 | 0,099 1]

IL7 WNHTepneliiknH 7 FemonoaTnyeckuii pakTop pocTta 0,099 | 0,182 1]

HMOX1 lemookcureHasa 1 PacLuenneHve n3bbIToOHHOro rema, LMTonpoTeKums 0,000 | 0,094 LI}

Heriponporekumns n HeripoTPOoPUYHOCTL

DISC1 HapyweHHb!i npu wusodppeHun 1 HerporeHe3 amM6proHa 1 y B3pOC/IbIX B rMNNokamne 0,000 | 0,072 1]
GALR2 PeuenTtop ranaHuHa 2 PeuenTtop ranaHnHa 0,000 | 0,050 1]
GAL @ nponenTin BbICBO60)K,£I,eHVIevFOpMOHa pOCTa 1 MHCYNNHA, 0,000 | 0,178 I
HenponpoTekuuns
EZD9 PeienTop FZD9 dopmMrpoBaHME HEPBHO-MbILLIEYHbLIX CUHAMNCOB, 0,087 | 0.158 I
rmnnokamna
GABRB2 Peuentop FAMK-A, 6eTa 2 Peuentop NAMK, arnasennHoB 0,107 | 0,166 1
MT3 MeTannoTnoHenH 3 0O6e3BpexmBaHMe TAXENbIX METANNOB 0,051 | 0,139 1}
PeuenTtop, aktuBMpyemslii HeripoTpoduHamm NGF,
NGFR PeuenTtop ¢akTopa pocTta HepBOB BDNE, NT-3 1t NT-4 -0,082 | 0,088 \Y
CTpykTypa n pyHKuns cocysos
PTGIS MpocTtarnaHavH 12 cuHTasa CuHTE3 npocTaumnkinHa 0,000 | 0,099 11
PLG MnasMuHoren PacTtBopeHue GprbprHa TPOMOOB, 3IMOPUOHASIbLHOE 0,096 | 0,178 m
passuTne

THBD TpombomoaynunH PacuienneHnne npokoarynsHTHbIx paktopos Va u Villa 0,000 | 0,078 1]
HAMP lencnonH [TOpPMOH-perynaTop nocTynieHns xenesa B TKaHn 0,000 | -0,104 | IV
S100A8 Benok S100A8, cBa3bIBaOLLMIA KaNbLMIA BocnaneHue, akTMBMPYET TON-pPeLEenTopbl, anonTo3 0,065 | -0,073 | VI
EDN1 OHpoTenuH 1 Ba3okoHCTpuKuns 0,075 | -0,09 VI

B konoHkax «MW» n «AXW» npuBeneHbl 3Ha4eH1s1 A0S1eh U3SMEHEHUS TPAHCKPpUNumun Ha 1 MKMOJIb BeLLLeCTBa.
KC - knacc cuHepruama (knactepsi l1-VI).
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ropMoHOB. JIXW CcylecTBEHHO YCUJIUBAI SKCIPECCUIO
deoiinoil okcudasel 1 (ren DUOXI), HeoOXOomUMOM IS
AKTUBHOCTU TUPEOTIEPOKCHUIA3BI, YUACTBYIOIIEH B CUH-
Te3¢ TOPMOHOB IIUTOBUIHOM Xese3bl [18]. XU Huse-
JIUpOBaJl CHUXeHUE 3Kkcrnpeccuun reHoB TPO u DIO2,
npoucxonsuiee mnon Bo3medctBueM MU (kmacc V
CUHEPIru3ma).

Tpanckpunmommnouii cunepeuzm MH u JIXH 6 npoyeccax
oughghepenuuposru u eviyCUCAHUA KAEMOK
IIpakTnyeckn Bce TeHBI B 3TOi Trpynme (Tadm. 2)
OTHOCWIUCHh K kjaccy cuHeprusma III (reHsr, skc-
npeccuto Kotopbix XM cyiliecTBeHHO ycuauMBaeT Mo
cpaBHeHUl0 ¢ MH). XM crocoOGCTByeT MOBBIIIE-
HUIO 3KCIIPECCUM TEHOB, KOIMPYIOIIUX PEICITOPHI
(akropoB pocra pubpodnacroB (PPD). Peyenmop-2
DPPD (ren FGFR2) perynupyer penenue, nuddepeH-
LIMPOBKY, MUTPALIMIO M alloNTO3 KJIETOK, HEOOXOIUM
I HOpMajibHOro (opMupoBaHUS dMOpHUOHA, (YHK-
1y Tpodobiracta, pa3BUTHUSI 3a4aTKOB KOHEYHOCTEH,
MopdoreHe3a nerkux, kKocrteii m koxu [19]. C Hyk-
JneoTuaHbIMU nOedekTamMu reHa FGFR2 accounuupoBaH
cunapom Kpysona. Peyenmop-4 ®PD (ren FGFR4)
peryiupyet aeneHue, nubdepeHIIMpOBKY, MUTPALUIO
KJIETOK, METabOoJIM3M JIMMUI0B, OMOCHHTE3 XKEeTIHBIX
KHCJIOT, BCAachlBaHHWE TIJIIOKO3BI, METa0O0JM3M BUTa-
MuHa D u docdaroB yepe3 curHaabHble TTyTH RAS,
MAPKI1/ERK2, MAPK3/ERKI1, AKTI1 [20]. AXH
TakXe HUBEJUPOBaJI CHUXKEHUE SKCIIPECCUM peyenmo-
pa ©OPP-1 (ren FGFRI), He0OX0OUMOTO TSI HOPMaJTb-
HOrOo (hOPMUPOBAHUS ME30JAePMAaJbHOTO JIaTTepHa U
MIPaBUJIBHON OCEBOM OpTaHU3allMM, CKeJIeTOLeHe3a U
HeliporeHe3a BO BpeMsI 3MOPHOHATIBHOTO Pa3BUTHS,
CeKpeluy TOHaIOTPONMUH-PUIN3UHI-TOPMOHA Yepe3
yuacTtue B curHajabHbIX Kackagax GRB2, PIK3R1, RAS,
MAPKI1/ERK2, MAPK3/ERK1, AKT1, CREB1 [21].
JOXW TO3UTUBHO BIWSI HA 9KCHPECCUI0 U IPYTUX
reHOB, YYaCTBYIOIIMX B TOMEOCTa3¢ POCTOBBIX (DaKTO-
poB: HGF, IL7, OXTR. AXWU (Ho He MU), moBbImaI
BKCIIPECCUIO pakmopa pocma eenamoyumog (remarmo-
9TUH A, reH HGF) — MUTOTr¢Ha 3pejbiX T'enaToLUTOB
U psifa APYTUX TUHOB KIeToK [22]. C HyKJIeOTUIHBIMU
nedexkramu feHa HGF accoumupoBaHa MpeJMHTBasb-
HasloHeMpOCEHCOpHasl TYroyxoctb-9. Humepaeiixun-7
(rer IL7) — reMomneaTHYeCKil (haKTOp pocTa, CTUMY-
JIMPYIOIINA JeIeHUe TUMGOUIHBIX KIETOK-IIPEIIIeCT-
BEHHUKOB 1. co3peBaHue B-kietok. Oxcumoyunosuiil
peyenmop (teH OXTR) ocyiuiecTBisieT 3hEeKTbl OKCU-
TOIMHA, HE TOJBKO CTUMYJIMPYIOIIETrO0 BhIIEIEHUE
MOJIOKA MpU JIAKTallMM, HO U CONeUcTBYIoNIeTO nudde-
PEHIIMPOBKE KapAMOMUOIIUTOB TPU 3MOPUOHATHLHOM
Pa3BUTUU, yIy4lllasl pereHepanuio Meri [23].
[MoBeimieHne  aKcmpeccuu  npomeuHKuHaszwvl B
(ren AKTI) nox Bo3neiicTBruem JAXW BaxkHO 1181 peryiu-
pOBaHUST MeTaboM3Ma, AeJCHUST U BbBDKUBAHUS KIIETOK,
pocta TKaHeii u anruorene3a. AKT1 perynupyet Bcachl-
BaHMeE TIIIOKO3BI, OTIOCPEAYS] MHAYIIMPOBAHHYIO MHCYIIU-
HOM TpPaHCJIOKAIIMIO TpaHCIopTepa TmoKo3sl SLC2A4/
GLUT4 Ha xeTouHyl0o MeMOpaHy, perylimpyeT XpaHe-
HUE TINIIOKO3bl B (popMe rmuKoreHa myteM ¢dochopuin-
poBaHus KuHa3 rukoreHcuHTeTasbl GSK3A u GSK3B.
[MpoBeneHHBIN aHANNU3 TIO3BOJUI CHOPMYIMPOBATH
elle OOMH MEXaHU3M CHHEPIu3Ma MeXIy MHO3UTOIaMU
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u donsatamu B npodpuinaktuke BITP. Tak, IXW moBsi-
Ial 3KCIIPECCHUI0 Memusenmempazuopogorampedyk-
ma3zwt (reH MTHFR), Tpancdopmupyoomieit 5,10-mMeTn-
JeHTeTparuapodosar B OMOJOTMYECKH aKTHBHYIO
dopMy S-metunrerparuapodonaTr sl MpeBpallleHUs
TOMOLIMCTeNHA B METUOHMH.

AHTHoKcuaaHTHbIe 3dekThl XM MoryT ObITH CBSI-
3aHBI C TTOBBIIICHUEM SKCIIPECCHU TE€HA eeMOKCUeeHa-
3bi-1 (HMOXI). AKTUBHOCTb TeMOKCHUTEeHAa3bI- 1 Hanbo-
Jiee BBICOKA B CeJIe3eHKE, Ille IMPOMCXOISAT CeKBeCcTpa-
LIMST U pa3pylIeHUE CTapeloluX 3puTpounToB. C HyK-
JeoTuaHbIMU Aedektamu reHa HMOXI accouuupoBa-
Hbl HapyllIeHusi KpOBETBOPEHMS TpHU cTpecce, ¢par-
MEHTAIUsI 9PUTPOIIUTOB, BHYTPUCOCYTUCTHIN T€MOJTHU3,
HapyIIeHUs KOAaryJISgiluy, TIOBPEXIACHUS] SHAOTCIUS U
OTJIOXKEHUS Xejie3a B TKaHSIX MOYeK W MeYeHH, 3aaep-
KKa pocra pebeHKa-M remaromeranus [24]. MoxHO
npeanojoxurb, uto XM cnocobcTByeT yaydllleHUIO
KPOBETBOPEHUsI W' HOPMaJM3alMy TIPOILIECCOB POCTa
TKaHel M101as

Ipanckpunmommnotii cunepeusm MH u JIXH
6 ocyujecmeneHuu HeluponpomeKmopHo2o u
Helipompoghuyecko2o deiicmeus UHO3UMO0.108

OTMETHM, \UTO ONMCAHHBIN HIKE IOTCHIIMAIbHBIN
HEUPOIPOTEKTOPHBIH U HEHpOTpOoUYECKUI CUHEP-
ru3aM. MU u XM, ycTaHOBIEHHBIM B HACTOSILIEM
HMCCAeTOBAHUM C HCIIOJIb30BAHMEM XEMOTPAHCKPUII-
TOMMKHU KJIETOK SHIOTEIUs] BEHBI ITyIOBMUHBI, Iieje-
Cc000pa3HO MOATBEPAUTh B COOTBETCTBYIOLIMX aHAIU-
3aX HEWPOHAJIBHBIX KJIETOK-MPEeIIeCTBEHHUKOB. TeM
He MEHee M3BECTHO, YTO MHO3UTOJBI JeHCTBUTEIHHO
MIPOSIBIISIIOT BBIPAXXEHHOE HEUPOIPOTECKTOPHOE Heii-
ctBue. Hampumep, B Momenud IIyTaMaTHOTO CTpecca
Ha 3epHUCTBHIX HelipoHax Mo3xkeuyka MW moBbliman
BBIKMBaHUE HEWPOHOB Ha +17%, 4TO CyLIECTBEHHO
BbIlIE 3(DPEKTOB IPYTUX CPEACTB, KOTOPBIE OOBIYHO
HCITOIB3YIOTCS IUIST HEUPOIIPOTEKINHY (TTIENTUIHEIC KC-
TpakThl: +10%, xonuHoBbIe Ipenapathl: +3%) [25].
HeiiponporekTopHoe neiicTBUe MHO3UTOJOB YKa3biBa-
€T Ha BaXXHOCTb MX MCIIOJb30BaHUS C ILIEJIbIO HEpo-
MPOTEKIIMU TOJOBHOIO MO3ra ILIoAa BO BpeMs Oepe-
MEHHOCTH JJII TPOPUIAKTUKHA TOPOKOB €r0 Pa3BUTHS.
HeiiponporektopHoe neiictBue AXM Takxke MoOXeT
OCYIIECTBISITBECSA dYepe3 IOBHIICHUE OSKCIPECCUU
peuenmopa TAMK-A u nomenyuanzasucumozo Kaiueeoeo
kaHnana <«uweiikep-1» (reH KCNAI), KOTOpBI mpeno-
TBpalllaeT IMIepBO30yIMMOCTh HEPOHOB [26], peuen-
mopa-2 eanranuna (reH GALR2) v caMoOro earanuna
(ren GAL) [27] u peyenmopa ¢akmopa pocma Hepeoe
(rer NGFR) — peuenTtopa, akTUBUPYEMOI'O HEHPOTPO-
¢dunamu NGF, BDNF, NT-3 u NT-4 [28].

Eme omHMM BaXXHBIM MEXaHM3MOM TPaHCKPUIITOM-
Horo cuHeprusMa MU u JIXU gBnsieTcsa moBbIllie-
HME DKCIIPECCUM T€HOB, BOBJICYEHHBIX B CUTHAJIbHBII
kackanm Wnt/AKT1/GSK3B/mTOR, wurpatommii Bax-
HEHUIIyI0 PoJib B BBDKMBAHUM HEHPOHAIBHBIX KJICTOK-
MPEIICCTBEHHUKOB, MO3MUNOHUPOBAHNN HEHPOHOB,
(opMUpPOBaHUM LIUTOAPXUTEKTOHUKHU KOPBI, Pa3BUTHU
JEeHIPUTOB U 00pa30BaHUM CMHANCOB [29]. YTouHeHuUe
HEHPOMPOTEKTOPHBIX U HelpoTpodudyeckux adbdex-
ToB XM TpebOyeT mpoBemeHUs OTOEIbHOTO XEMO-
TPAHCKPUIITOMHOTO MCCJIEIOBAHNS Ha HEMPOIMTAX.
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Tpanckpunmommuwtii cunepeuzm MH u JIXHU 6
nododepiycanuu cmpyKmypot u (pyHKuuu cocydos

PanHue nmorepu 6epeMeHHOCTU U MO3AHUE TecTalu-
OHHBIE OCJIOKHEHUS OEPEeMEHHOCTH 3a4acTyIO CBSI3aHbI
C JHAOTEIUANTbHON AuchHYHKIUEH M TpoMOoDuIn-
eif. DHIOTeU, SBISSICh KOMIUIEKCHBIM PETryJIITOPOM
COCYIUCTOM (hYHKIINMH, BIUSIET Ha BCE TPY KOMITOHEHTA
Tpuanbl BupxoBa (moBpeXIeHUE COCYIMCTOM CTEHKMU,
TUTIePKOaryiIsnus, Ba3okoHcTpukmus). XU, mo cpas-
HeHuo ¢ MU, cyliecTBEeHHO IOBBIIIAT 3KCIIPECCUIO
nPOMUBOBOCNANUMENbHOU NPOCMAUUKAUHCUHMEMA3b
(reH PTGIS) v aHTUKOAryJIsiHTHBIX IJIa3MUHOTE€Ha W
TpoMbomoayauHa. Ilrazmunoeen (reH PLG) pacTBOpsIET
¢GubpuH TPOMOOB M NEHUCTBYET KaK MPOTEOIUTHYE-
CcKMii (haKTop IpU 3MOPHOHATBLHOM Pa3BUTUU, TAKXKe
pacimeruisiss ¢GubprH, TpPOMOOCITIOHAMH U (hakTop (OH
Bunneopanna [30]. Tpombomoodyaun (ren THBD) —
peuenTop S3HIOTENUAaNbHBIX KJETOK, OOpa3yloluii
KOMILJIEKC ¢ TPOMOMHOM U aKTUBMPYIOUIMU TIpoOTe-
nH C, KOTOPBIA pacHIeIIAeT IPOKOATYASHTHEIE (haK-
Topel Va u VIlla, TeM caMbIM yMeHbIlIasi KOJIUYECTBO
aKTUBUPOBaHHOTro TpoMbuHa [31].

Kpome toro, IXWM crmocoOGCTBOBal CHUXEHUIO 3KC-
MpecCuu TeHOB, CBSI3aHHBIX C OOMEHOM Xeje3a U
BazokoHcTpukiuei. XM cHUXal 3KCIpeccuio reHa
HAMP, xonupyoniero rencuiuH — HeraTUBHBIN TOp-
MOH-PETYJISITOP BCAaChIBAaHUS Keje3a B TKaHSAX, KOTO-
PBIfi CTUMYIHPYET SHIOLIMTO3 M Jerpagamuio dpeppo-
noptuHa. [locnenHee MpuBOAUT K pacriagy epporop-
THHa B JIM30COMaXx, K 3aJepXKKe Xejie3a B 9KCIIOPTUPY-
IOIIUX XeJe30 KJIEeTKaX W K CHUXXKEHUIO MOCTYMJICHMS
Xejie3a B IUIa3My KpoBU. B sHTepommTax rencHInH
MpeaoTBpallaeT IMOCTYIUICHUE Kele3a B IMOpPTaJbHYIO
CHCTEMY IeYeHHM, TeM CaMbIM CHHXas BcaChIBaHUE
Xeje3a ¢ IUIleit, Mo3TOMY. N30BITOUHAS aKTHBHOCTD
rercuIrHa MOXeT MPUBOAUTL.K XeJe30AeUuIIMTHON
a”HeMuu. C HyKJI€OTUOHBIMU ‘HedexkTamm, reHa HAMP
accouuupoBaH remoxpomaro3 [32]. Takmm oOpaszom,
XMW ygacTByeT B yCBOGHMU Kejie3a W MOXET CII0co0-
CTBOBAaTh NMPOGMIAKTHKE XKeTe304eULIMTHON aHEMUH.

JAXH crmocoOCTBYET CHMXEHMIO SKCIIPECCUU TeHOB
npoBocnaauTeabHoro 6eaka S100A8 U Ba30KOHCTPUK-
Topa saHpotenrHa- 1. besok S100A8, ceaszviearouuil Karb-
yuii (ren S10048), akTUBUPYET BOCIAJUTEIbHBIEC TTPO-
LIeCCHI, MHAYIMPYST XeMOTaKCHC M aATe3Ui0 HeNTpohu-
J0B. BAYTpUKIETOUHbIC (DYHKIIMHU BKJIIOYAIOT IIEPEHOC
M MeTaO0ONM3M apaxXUIOHOBOM KMCJIOTHI JIEHKOLMTA-
MU, akTuBaluio HeliTpodunbHoit HAJID®H-okcuaassl.
BHekneTouHbie PYHKUMY BKIIOYAIOT aKTUBALMIO JIei-
KOIIMTOB, CTUMYIMPOBAHWE TIPOAYKIIMUA ITUTOKUHOB 1
XEMOKMHOB, PETYJISIINUI0 aATre3ud U MUTPAIIUM JEHKO-
IIUTOB, aKTUBAlMIO TOJUI-pelienTopoB TLR4 u peuen-
TOPOB KOHEYHBIX IMPOAYKTOB YCHUJIEHHOIO TJIMKHMPOBA-
Husg AGER, aktuBamuio curHanbHbix myteir NF-kB.
S100A8 MoxeT BBI3BIBATH TMOEIb KJIETOK MOCPEACTBOM
ayroarud M amomnTo3a Yepe3 TeHepaluio aKTUBHBIX
dopM kucimopona [33].

Audomeaun-1 (reH EDNI1) — Ba30OKOHCTPUKTOPHBIM
MEeNTUA SHAOTEJIMAJbHOIO IpOMCXOXaeHus. Takxke
aKTUBHOCTb JHIOTEJMHA BaxXHa [Js MopdoreHesa.
C nedexramu reHa EDNI accouuupoBaHa aHOMAaus
CTPOEHHUS YINEeHl, XapakTepusywoulasicsd paculeIUHON
MEXIy MOYKON M HIKHEW YacThblo 3aBUTKa, WHOTIA
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COIIPOBOXOAIOIIASICS BBICTYMHAIOIIE MM HEIOCTATOU-
HO BBIpaXXeHHOI BEpXHE# YaCThIO 3aBUTKA, CHHIPOMOM
YepeInHO-JIUIIeBOM Majb(hopMallnu, B T.4. aHOMAIUSIMU
CTPOCHHUS HMXHEH YealoCcTH, aHKMJIO30M BUCOYHO-
HUXXHEYETIOCTHOTO CycTaBa, paculeJuHoi Heba [34].

TakuM o00pa3oM, XeMOTPAaHCKPUIITOMHBIN aHa-
3 MU u JXW ykazan Ha xapakTepHble U3MEHEHUS
TPAHCKPUIIIIUN TEHOB, CIIOCOOCTBYIONINX HOPMAaJIM-
3aluy oOMeHa XHUPOB, YIJIEBOAHOTO oOMeHa, paboThI
IIUTOBUAHON Xeye3bl, nTuddepeHIMPOBKU U BbIXKMBA-
HUS KJIETOK, HEMPOMPOTEKIIMU U HEMPOTpOoPUUHOCTH,
CTPYKTYpPhI U GYHKIIMU cocynoB. [IpoBeaAeHHbI aHATN3
TakXe IMO3BOJIWJI BBHINEIUTh MEXaHU3MBI «TPaHCKPUII-
TOMHOro» cuHeprusma MU u JIXHU.

3aKAIOYCHMUC

Uccnenoanue TpaHCKpUNTOMHBIX 3¢ dheKTOB hapma-
KOJIOTUYECKU 3HAYMMBIX MOJIEKYJ MPEACTaBISET COOOM
«TepenoBoil  (POHT» COBPEMEHHOW MOJEKYJISIPHOU
dbapmakomoruyt. TpaHCKPUNTOMHBIE WCCICTOBAHMUS
MO3BOJISIIOT YCTAHOBUTHh MEXaHU3MBI I€ICTBUS MOJIEKYJI
U eTaJbHO OYEPTUTh CIIEKTP HAPYIICHUI, Ha KOTOphIE
MOXET OJIAarONMPUATHO BO3JAEWCTBOBATH MCCeAyeMast
MoJsiekyna. IloaToMy B MOCTTeHOMHOM (hapMakosoruu
YYAUTBIBaeTCS BO3ICHCTBUE BEIIECTB HE TOJIBKO Ha Tap-
TeTHBIC 0€IK1, HO M Ha TPAHCKPUIIIIMIO TCHOB.

Hacrosiee wuccienoBaHue IO3BOJMIO TONYIUTH
3HAYUTEIbHBIA MaccuB (EHOMEHOJOTMYECKMX daH-
HbIX o BiaussHuu MU u IXWM Ha TpaHCKpUIILMIO.
HccnenoBaHue mokas3ajo, 4YTO KOMOWHUPOBAHHOE
npumeHenre MU u JIXU BaxHO 1711 TOHKOUW HaCcTpOTi-
K{ IIPOIIECCOB Te€HHOI TpaHCKpuUmninu. B wacTHOCTH,
OBLIM BBIACJICHBI T'PYIIIBI TEHOB, BOBICUYEHHBIX B OCY-
IIECTBJICHNE TPAHCKPUIITOMHOIO CUHEPrM3Ma MeXIy
MU u XU B oOMeHe XUPOB U YIJIEBOAOB, MOIAEP-
XKe (DYHKIIMM IIUTOBUIHOW XeJe3bl, MopdoreHese
IUTOJa, HEUPOMPOTEKTOPHBIX, HEHPOTPODUUECKUX,
AHTHOIIPOTEKTOPHBIX 3P dekTax. [ToayueHHBIE Pe3yib-
TaThl IO3BOJISIIOT OXHAATh, YTO HYTPUIIEBTUUECKAS
noanaepxkka OEpeMEHHBIX C MHCYJIMHOPE3UCTEHTHO-
CThbIO, JUCIUNUIEMHUEH, M30BITOUYHOM Maccoil Tena
oynet 6onee 3¢pGEeKTUBHOM UMEHHO MPU COBMECTHOM
ucrnoyib3oBaHuu gotauuit MU u IXW. Takue norauuu,
KaK IIPaBUJIO, OCYIICCTBIISIOTCS IOCPEACTBOM IIpHeMa
CPECTB C oIpeaeJeHHbIM cooTHoleHueM MU u IXU.

B nenoM, mpoBeneHHBIN aHAIU3 YKa3bIBaeT Ha Iep-
CNHEKTUBBI coyeTaHHoro npuMeHeHust MU u XU nng
HYTPUILIEBTUYECKOM TOMIEPXKU OEpeMeHHBIX, B T.4.
IUISI CHUXXEHMS PUCKAa WHCYJIMHOPE3WCTEHTHOCTU WU
CBSI3aHHBIX C HEM OCJIOKHEHMI, MAKpOCOMMU 1 aHOMa-
NI pa3BUTHS TUIOMA.
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