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IHdopmaLia npo nikapcbKi 3acobu nprsHayeHa Ansa NpodecinHol AiANBHOCTI MeANYHYMX Ta GapmaLIeBTUYHKX NpaLiBHUKIB. [ToBHa iHGopMaLisa npo nikapcbKi 3acoby Ta NOBHWI nepenik
MOX/IMBIMX NOGIUHUX peaKLiii BKa3aHi B iHCTPYKLIAX A58 MeAUYHOro 3aCTOCyBaHHS NiKapCbKnX 3aco6iB.

Jimpomiosor H, p-H ana in'exuiir. P1. Ne UA/2054/01/01 Big 17.10.2019. Cknap: Araneus diadematus D6, Calcium phosphoricum D12, Equisetum hiemale D4, Ferrum iodatum D12, Fumaria
officinalis D4, Gentiana lutea D5, Geranium robertianum D4, Levothyroxinum D12, Myosotis arvensis D3, Nasturtium officinale D4, Natrium sulfuricum D4, Pinus sylvestris D4, Scrophularia
nodosa D3, Smilax D6, Teucrium scorodonia D3, Veronica officinalis D3. Mo6iuHi peakLii: y TOOAVHOKMX BUMaAKaX MOXYTb BUHUKATIL PeaKLii rinepyyTMBOCTI.

Jimdpomiosor, kpanni opanbHi. PI. N2 UA/6673/01/01 Big 25.07.2017. Cknag: Araneus diadematus D6, Calcium phosphoricum D12, Equisetum hiemale D4, Ferrum iodatum D12, Fumaria officinalis
D4, Gentiana lutea D5, Geranium robertianum D4, Juglans regia ssp. regia D3, Levothyroxinum D12, Myosotis arvensis D3, Nasturtium officinale D4, Natrium sulfuricum D4, Pinus sylvestris D4,
Scrophularia nodosa D3, Smilax D6, Teucrium scorodonia D3, Veronica officinalis D3. Mo6iuHi peakuii: y fiy»<e piakux BunagKax MOX1Bi peakLii rinepuytnmsocTi. BupobHuk: «bionorilue Xainbmirrens
Xeenb [M6X» / Biologische Heilmittel Heel GmbH (Bapen-BageH, HimeuunHa). Makert 3aTeeppkeHo 3amoBHukom TOB «YKPAIHCbKA AKAZEMIA BIOJIOMNYHO!I MEAULIHI» 22.02.2024 p.
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Pestome. Moz 6epe y4acTs y CUHTE3i FOPMOHIB LUMTONO[IGHOI 3251034 i Bifirpae HaiBaX/MBILLY POSTb Y XUTTI Jito-
AVHN. 5K BeqbiuynT, Tak i Hag/IMLLIOK VoAy € NOLUMPEHUMMU rpobrieMamv cepes neBHMX rpyrn HACes1eHHs. Won Takox
YUHUTb EKCTPaTUPEOIZHy Ait0 Ha opraHu, ki MOXYTb MOMTIMHATU MOro HE3as1eXHO Bif BIMBY FOPMOHIB LMTOMOAI0-
HOI 3a5103u. HelonasHi YACeHHI KNiHIYHI JOCTIIKEeHHS oKa3asin 38’ 30K MK CrIOXVBaHHSM Viogy | MeTabostidyHUMmn
po3sniafgamu, TakuMm ik MeTabostiYHN CUHAPOM, OXUPIHHS, LIyKpOBWMY fiabeT, apTepiasibHa rinepTeHsis 1a Auciri-
Aewmisi. OgHak pe3ynbTatv Unx JOCTIOXEHb BUSBUIINCS CYNEPEYsIMBUMU, | MEXaHI3MU, LLJO OOYMOBJIHOIOTL BUSBIIEH
acouiayii, goci HegocTatHbo 3po3ymini. OTXXe, MeTa [4aHoro orfisay — fpoaHasni3ysaty pesybTaTi HeLoaBHIxX
LOCHiIKeHb LLOAO0 B3aEMO3B'I3KY MK OL4OM | MeTabosliYHUMU OPYLUEHHAMM, & TAKOX BiaroBIgHI MexaHiamu.
Knrou4oBi cnoBa: viog; MeTa6osiam; oXupiHHs; AUCinigemis; aHTMoOKCU[aHTH

Bctyn

HWon € 6a30BIM MiKpOEIEMEHTOM LTS KUTTS TIOIVHH.
BiH icHye B opraHi3Mi JIOAWHU B pi3HUX (popmax, HATIpu-
KJ1aa Takux, gk atom ony (I7), monexkynsapuuii iton (I,),
tpuitonun (I,), anion itony (HI,O") i flon3p’si3ytoui MoJe-
Ky (Taxi 1K iopofimiau) [1]. I € cBoro poay BiTHOBIIOIO-
YUM areHTOM, SIKUI MOKe OKMCHIOBATUCS IEPOKCUTAZHUMU
depmeHTaMu i OpaTH yyacTh B reHepallil THPEOiTHUX Top-
MoHiB (TT). Tpuitoaruponis (T,) i TupoxcuH (T,) € Baxuiu-
BUMM PETYJISITOpaMu eHepreTuayHoro ooMiny [1]. HenaBHi
IOCJiIKEHHsI MoKa3alu, 110 Mo, OKPiM CBOEI pOJIi 11010
IIUTOIOAIOHOT 3aJ103U, TaKOX (DYHKIIIOHYE SIK aHTMOKCH -
JaHT, iIMyHOMOJYJISITOP i ArepeHLiaTop Y pi3HUX OpraHax
i TKaHnHax [2].

Metaboniunuit cunapom (MC) BU3HAYAETbCS SIK KOM-
OiHallis MeTaboiuHUX PO3JIa/liB, BKIIOUYHO 3 a00MiHaIb-
HUM OXHUpPIiHHSIM, apTepiajibHOO rinepreHsieto (Al'), auc-
JimigeMiero Ta rinepriaikemieto [3]. MC 3HauHO mouMpeHui
Y BCbOMY CBITi Ta CIIPUUMHSIE CEPIIO3HI MPOOIEeMU, TaKi SIK
CepLEBO-CY/IMHHI 3aXBOPIOBAHHS, MTyXJIMHU i MiABUILIEHHS
3arayibHoi cMepTHOCTI [4]. Po3Butok MC BKioyae 6arato
dakTOpiB, NOCTIIKEHHS BKa3ylOTh Ha Te, 1110 OKUCHIOBAJIb-
HUI CTpeC i XpOHiYHi 3amajabHi CTAaHM BidirparoTh XUTTEBO
BaxXJIMBY poJib [5]. 3MiHM B XapuoBUX 3BUUYKAX € IIIe OMHUM
daxTopoM, 110 crpuse nomupeHHio MC. OTxe, hakropu,
noB’s3aHi 3 MC, Taki SIK CITOXXUBaHHS MOy, MOXYTb YaCT-
KOBO MOSICHUTY BUHUKHEHHs1 MC.

YV oMy OIS MU 30CepemKyEMOCS Ha Mol Ta i1oro
3B’SI3Ky 3 METa0OJIYHUMHU MOPYIIEHHSIMU, a TAKOX Ha
MOB’SI3aHUX 3 HUM MexaHizmax. OTpuMaHi gaHi 10IMOMO-

KyTh HAaM OTpUMAaTH BceOiuHe po3yMiHHS poJii ilony i Hama-
IYTh IMiATBEPIKYIOUi TOKa3M IIOA0 BiIIIOBITHMX i Oe3rmed-
HUX CTaH/IapTiB CITIOXMBaHHS OMy.

MoAeKyAsapHO OCHOBA
eKCTPATUPEOiAHUX ePEKTIB NOAY

Cummoprep toguny Hatpito (NIS) € Hait6inbm edex-
TUBHUM i crielindiyHuM TpaHcropTepoM I-, 110 ekcripecy-
€ThCSI Ha eMiTeliaTbHUX KITUHAX (OJIIKYJIiB IMUTOIIOLI0-
HO1 3ay1031. baraTo iHIIIMX OpraHiB TAaKOX MOXYTb aKTUBHO
HAaKOIMUWYYBaTHU MO/, Y TOMY YMCJIi CJIMHHI 3aJ103U, IILTYHOK,
MOJIOYHA 3aJ103a B TepioJ JaKTallii, SEYHUKHU, TIpocTaTa
i mimntyHkosa 3ano3a. Ha nogatok no NIS i neHapuHy He-
1IOJIABHO OYJ10 BUSIBJIEHO, 110 B LIMX OpPTaHaxX eKCIPECYIOTh-
Cs1 HOBI TpaHCIIOPTEPU MOy, BKIIOYHO 3 TPAaHCMEMOpaHHUM
PeryJIsITOpOM IPOBiAHOCTI KicTo3HOro ¢idopo3y (CFTR),
aHoktamiHoM 1 (ANO1) i moJiBiTaMiHHUM TPaHCTIOPTEPOM
Hatpito (SMVT) [2]. OTxe, caMm o YUHUTH EKCTPaTUPEO-
imHy n1it0 Ha OpraHu, SIKi MOXYTb HOTO MOTJIMHATH.

AXxepeAa n 6esneyHa
KOHLeHTpALisi UOAY

3 MeTol0 JiKkBimalii ogoaedilUTHUX 3aXBOPIOBAHb
y OiBIIOCTI KpaiH 3alpoBaIXeHO 3arajbHe OIyBaH-
Hs cosi. OgHak yepe3 CIoXMBaHHS MOA0BaHOI coJli abo
MUTHOI BOAM, TBAPUHHOTO MOJIOKA, 30arayeHuX MomoMm,
MEBHUX BUIiB MOPCHKUX BOLOPOCTEN, HONOBMICHUX Hi€-
TUYHUX 100aBOK, a TAKOX iX KOMOiHaIlii MOXe BUHUKHYTHU
HaaMipHe CIIOXMBaHHS iony. Jlesiki hapmalieBTUYHI TIpe-
napatu (HampukiIad, amiogapoH), ae3iHgdikylodi 3acoou
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Ta MOMOBMICHI KOHTPACTHI 3aCO0M TaKOX MOXKYTb OyTHU
IKepeiaamu ooy [6]. Y Hopmi 3acBoroeTbest moHan 90 %
Xap4yoBoro iony [7]. PekomeHnnoBaHe criOXMBaHHS OOy
3 xeto craHoBuTh 150—299 mxr/nens [8, 9]. I BinmosinHo,
niana3oH cepeHboi KoHIeHTpallii ony B ceui (mUIC) mae
craHoButu 100—299 mkr/n. CepenHe crioxkMBaHHS omy
B fInonii cranoBuTh 1200 MKr/neHs, 1110 B 7,2 pa3a BUlle,
HiX y OpuTaHLiB, i B 5,7 pa3a Oiiblle, HiXX B aMepuKaH-
uiB [10]. Hapnuioxk iiomy Moxe 30iIbIIMTH PU3UK Tirep-
TUpeo3y i cyOkyiHiyHOoTO Timotupeosy [11]. IIpote monu
3 HOPMAaJIbHOIO (DYHKIII€0 IMUTONOMIOHOI 321031 3a3BUYAil
TOJIEpPaHTHI 10 3aXBOPIOBaHb IIIUTOINONI0OHOI 3371031, BUKJIM-
KaHUX MOIOM, OCKUIbKM (PYHKIIis IIATOIOAIOHOI 321031
B HUX HIBUIKO HOPMaJTi3yEThCS MiCsl MPUMTMHEHHS Hall-
MipHOTO CrIOXUBaHH Hony [8, 12]. [leski emigeMioIoriuyHi
TOCITIDKEHHS TT0Ka3ajiu, 110 TTOMipHO BUCOKE CTIOXKMBAHHS
101y € KOPUCHUM JUIsSl 3HVDKEHHST 3aXBOPIOBAHOCTI Ha pak
MOJIOYHOI 3aj1034 i mipocTtatu [13—15].

KAiHiYHi AOCAIAXKEHHS KopeAsuii
Mi)X MOAHUM CTATYCOM
i META6OAIYHUMU NOPYLLUEHHSIMU

OcraHHi DOCIiIXKEHHs BUBYWIM BILUIMB CAMOTO Oy Ha
MOIIMPEHICTh MeTabOIIYHMX po3JadiB. BiablIicTh KTiHiU-
HUX JIOCJiIXKEeHb OYyJIM OMyOIiKoBaHi MPOTSITOM OCTaHHIX
5 pokiB. JIJ1s1 OLIiHKM cTaHy MOMHOTO 3a0e3MeYeHHsI BUKO-
PUICTOBYBAJIM Pi3Hi TOKA3HUKH, BKIIOUHO 3 KOHILIEHTPALIIEIO
itony B ceui (UIC), koHueHTpatieto iioay y Boni (WIC) i no-
0OBUM CMOXMBAaHHAM Homy. OmHaK yepe3 BUKOPUCTAHHS
Pi3HUX MOKA3HUKIB IJISI OLIIHKYW CITOXXMBAaHHS MOy, Pi3Hi
IiarHOCTUYHI KpuTepil MeTa0O0IiYHUX pO3JadiB, a TAKOX
PI3HMIIIO ¥ Billi Ta cTaTi Cy0’ €KTIB JOCTIIKEHHST HE IaJlk
y3roIKeHUX pe3yJibTaTiB. Perpe3eHTaTUBHI AOCTiIKEeHHS
B3a€EMO3B’ 13Ky MK HOIOM i METa0OIiYHIMU TTOPYIIEHHIMM
nigcyMoBaHi B Ta0J. 1.

NoaA i MeTaboAiYHUIN CUHAPOM

V nepexpecHux OOCTiIKEHHSIX OYJ10 BCTAHOBJEHO, 1110
3B’s130K MixX UIC i momupenictio MC obGepHEHO TTOB’sI-
3aHuil a00 neMoHcTpye U-momiOHy KpUBY 3 HAMHMKYOIO
TOUKOI0, 1110 crtoctepiraetbest mpu UIC 300—499 mxr/n [24,
26]. TTpocrieKTUBHE AOCIIIXKEHHS ITOKA3aJI0, 10 CHOXU-
BaHHS M0y Ta MOPCHKMX BOIOPOCTE 3 ixkero Oysio obep-
HEHO TOB’si3aHe i3 3axBoproBaHicTio HA MC y KopelchbKuX
KiHOK y mocTtMeHomnay3si [19]. Kpim Toro, crioxxuBaHHs Be-
JINKOT KiJIBKOCTI MOPCHKUX BOJOPOCTEN OYJ10 HETaTUBHO
MoB’si3aHe i3 3axBopioBaHicTio Ha MC y YOJIOBIKiB 3 FTeHOTHU-
namu TG i TT rena nimonporeinimasu (LPL) rs17482735
[31]. OnHak iHIIe TepexpecHe JTOCIiIKEHHSI, TIPOBeIecHE
B JiTel IIKiJILHOTO BiKY Ta IXHiX 0aThKiB, BUSBWJIO acollia-
mito Mix Bucokoro UIC i MC [30].

NoA T OXXUPIHHS

V BenukoMy enigemionoriunomy nociimkeHHi (TIDE),
npoBenseHoMy B Kwurai, momupeHicTh HEHTPaJIbHOTO
OXUpiHHS 3HauHO 3MeHInyBanacs, konu UIC craHoBuia
300 mkr/n a6o Buiie. CriBBinHoleHHs maHciB (OR) ms
neHTpaibHoro oxupinus 3 UIC > 800 MKr/i1 cTaHOBUIO
0,797 (p < 0,05) [24]. Cepen miTeit mKiabHOTO Biky B Kui-
Tal JiTW 3 HaAMIipHOIO Barow aeMoHcTpyBaym Hikuy UIC

IMOPIiBHSHO 3 OiThbMM 3 HOpMajbHOIO Barow [32]. 2Kinkn
3 OXKUPIHHSM TaKOX MPOAEMOHCTPYBAJIM BipOTiTHO HMX-
gy UIC nopiBHSIHO 3 HUMU CaMMMM IIicJIsT OapiaTpu4IHO1
Xipyprii Ta XiHKaMM 3 HOpMaJIbHOWO Baroto [33]. ¥V paH-
JIOMi30BaHOMY KOHTPOJIbOBAaHOMY IOCJIIXXEHHi B 0Ci0,
SIKi BXXMBaJIU TaOJIETKM, 1110 MiCTSITh TTOPOIIOK JlaMiHapil
3i 3HMXKEHUM BMICTOM oy, BiICOTOK XHUPOBO1 TKAHUHU
BipOTiTHO 3MEHIIIYBaBCsI MTOPiBHSIHO 3 TUMU, XTO MPUIIMaB
miare6o [34]. Y 4-tukHeBoMYy T1J1a11€00-KOHTPOJIHOBAHO-
MY IOCHiIKeHHi mogaBaHHs (PYKOKCAHTUHY 3 MOPCHKUX
BojopocTeit (1 Mr/meHb) 3MEHIITyBajlo OKPYXHIiCTb TaJil
i Macy Xupy B SITIOHIIB 3 oxupiHHaM. Kpim Toro, npu npu-
iiomi (pykokcaHTUHY (3 MT/meHb) 3MEHIIUINUCS KiJIbKiCTh
BicliepaJIbHOTO XUpY, iHAeKc Macu Tiia (IMT) i Bara [35].
IIpore mUIC 0Oyna mo3uTUBHO MOB’sI3aHA 3 OXKUPIHHIM
cepeln KOyMOiChKIX 3KiHOK PeMpPOIyKTUBHOTO BiKy [36].

Moa i rinepraikemis

38’30k Mix UIC i momupeHicTio niadeTy mokasas
U-noniony xpusy B nociimkerHi TIDE [24]. ¥ koropt-
HOMY OOCJIIKeHHi 3a yyacTio 71 264 XiHOK GyJ10 BUSIB-
JICHO, 110 JIIOJIM 3 BUCOKUM PiBHEM CITOXXMBAHHS MOIy
MaloTh BUIIUI PU3UK PO3BUTKY LiyKpoBoro aiadety (L)
2-T0 TUMY IOPiBHSIHO 3 0CO0AMU 3 HEAOCTATHIM CITOXU-
BaHHsM Hony [18]. dopoci, siKi poXuBaiTh B perioHax
3 noctaTHiM (IS, mUIC 200—-299,99 mkr/n) i HaIMipHUM
(IE, mUIC > 300 mkr/n) fiono3ade3rne4eHHsIM, IEMOHCTPY -
BaJIM BUILI PiBHI IJTIOKO3U B KPOBi MTOPiBHSIHO 3 TUMU, XTO
MPOXMBAE B PETiOHI 3 aJleKBAaTHUM 10103a0€3MeUYeHHSIM
(IA, mUIC 100—199,99 mkr/n) [23]. Takox noBigomsi-
nocs, mo Huzbka UIC moB’s3aHa 3 MigABUIIEHUM PU3MKOM
rinepriikemii HaTIIe B 3KiHOK [27]. JlocaimkeHHs TToKas3aso,
1O TMALIIEHTH i3 LIYKPOBUM J1iabeTOM 2-I0 TUITY MaJld HUXKYi
piBai UIC mopiBHSHO 3i 3mopoBumu mogbMu. Kpim Toro,
UIC npoaeMoHCTpyBajia HEraTUBHY KOPEJISILIiIo 3 pe3uc-
TEHTHICTIO 10 iHCymiHy B oci6 i3 LI1 2-ro Tumy [37]. OnHak
y 4-TU>KHEBOMY KITIHIYHOMY JOCJIiIXKeHHI T01aBaHHSI MOp-
CbKMX BOIOpPOCTEei (48 I/AeHb) 3HU3WIO PiBEHb [IIIOKO3U
B KpOBi B Kopeiicbkux maitieHTiB i3 LI/ 2-ro Tumy [38].

Bumuii piBeHb iiony MoOXe MOTEHILIIHO 3aXUCTUTH Bifl
rimepriikemii Imig gac BariTHOCTi. JlocimKeHHST moKa3ao,
1110 BariTHi Ta XiHKU, sIKi TOAYIOTb TPYAIIO, Y 30Hi 3 Ha-
MipHUM itogo3abe3neyeHHsAM (mMWIC > 300 mkr/m1) manu
HWKYMI piBeHb TJIIOKO3UM B KPOBi Ta MEHIITY MOIIMPEHICTh
rinepriikemii [29]. KpiM Toro, y nochimkeHHi 3a yyactio 471
BariTHOI XiHKM OLJIbIII BUCOKA KOHLIEHTpALlisl ioay B Tja-
LIEHTi OyJ1a MOB’sA3aHa 3i 3HVXKEHHSIM YaCTOTH TecTalliitHO-
ro umykposoro miadety [20]. IIpote Bell et al. He BusBUIN
xxonHoi Kopessiiii Mixk UIC i mommpeHicTio rectauiitHoro

LU 39].

HNoa irinepteHsia

VY nocnimxenni TIDE Bueni crioctepiranu U-moni6-
HY KpuBy 3B’s13Ky Mixk UIC i momupeHicTio TinepToHii.
Haitaimkya Touka Oyzna BusiBiaeHa B miamaszoni UIC 300—
499 mkr/n [24]. ABa nocnimxeHHs, rpoBeaeHi B Kurai,
MoKa3aJju, 110 JOPOCIi B perioHax 3 J1OCTaTHIM i HaaMip-
HUM o103a0e3MeYeHHSIM JEeMOHCTPYBaJIM BUILUI piBEHb
apTepiaJlbHOTO TUCKY IOPiBHSIHO 3 TUMU, XTO MEIIKaB
B perioHi 3 agekBaTHUM iogo3abesrneyeHHsIM [23, 29].
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TuMm yacom gediuuT ftomy OyJio BU3HAYEHO SIK (DaKTOp pU-
3UKY MpeeKIaMIICii Ta TinepTOHiYHOI XBOPOOU y BariTHUX
[40]. IIpoTe pangOMi3oBaHe OOCIIIXKEHHS TUIY «BHUIIa-
JIOK — KOHTPOJIb», MPOBeIeHE V 36-TiTHIX AMOHLIB 3 AT,
rnokasajo, 1o crnoxubaHHst Bakame (Undaria pinnatifida)
(5 r/neHb) y ckiaai Oypux BogOpOCTe# BipoOTrinHO 3HUXY-
BaJIO apTepiadbHUii TUCK [41].

Noa i AUCAiniaemis

HauionanpHe mociimKeHHs 300pOB’Sl Ta XapuyBaHHSI
(NHANES) 2007—2012 nmoxa3zaso, 1110 0cobu 3 HalHKIUM
neruieM UIC GiibIll cXUIbHI 10 pU3UKY MiABUILEHHS PiBHS
3araJIbHOTO XO0JIeCTepUHY (CKOPUTOBaHE CITiBBiIHOIICH-
Ha maHciB (aOR) = 1,51) i xonecTtepuny Jinmornporeinis
Hu3bKoi minpHocTi (JITTHII) (aOR = 1,58) mopiBHSIHO
3 TUMHU, XTO Ma€ HaiiBumuii gemwrs UIC [21]. YV CIHA
nimriTky 3 Hu3bkoto UIC Manm BiporimHo BUIIIMI PU3UK
rinepxosiecTepyuHeMil, MiIBUILEHOTO PiBHSI JIMONPOTEiNiB
HU3bKOI Ta Ty>Ke HU3bKOI IIiIIbHOCTI MOPiBHSIHO 3 IiUTiITKa-
mu 3 HopMmaibHO UIC [22]. ¥ panmoMizoBaHUX KITIHIYHMX
TOCIIXKEHHSIX MOBIIOMJISLIOCS, 1110 J0OaBKM oMy 3HUKY-
BaJIM YacTOTY TillepxoyiecTepruHeMii B 3KiHOK 3 HaIMipHOIO
Macoro Tija [42], a TaKoX 3HUKYBaJIM PiBEHb XOJECTEPUHY
JIITHIIIL y cupoBartiii KpoBi B 1OPOCIMX SITOHIIIB 3 HAAMip-
HOI0 Macolo Tina [34]. JogaBaHHS MOPCHKUX BOIOPOCTEit
HiaBUIIWIO piBeHb XoaecTtepuny JITIBIL i 3HU3MI0 piBeHb
TPULILEPUIIB Y KOpeiichKuX MauieHTiB i3 LIJI 2-ro Tumy
[38]. MeTaaHani3 BUSBUB, 110 CITOKUBAaHHSI OypUX MOp-
CHKMX BOJOPOCTEM BipOTiZHO 3HMU3WIO PiBHI 3araJbHOI0
xosecTepuny (cepemts pizauusg (MD): —3,001; 95% no-
Bipunii intepBain (J1): Binm —5,770 mo —0,232) i XoecTepuHy
JIMHIL (MD: —6,519; 95% A1: Bim —12,884 no —0,154)
[43]. OnHak icHye CIiOCTepeXXHe AOCHIIKEHHS 3 MPOTH-

JIEXXKHUM BUCHOBKOM [23]. [IBa moCTiIKeHHs TOKa3ajIu, 110
3B’SI30K MiXX IOJIHUM CTaTyCOM i AMCIIIITiAEMi€I0 Ma€ BUTJISII
U-noni6Hoi [24] abo o6epHeHoi U-noaioHoi kpusoi [28].

HNoa i rinepypukemia Ta noaarpa

Ha choroaHi nmpo B3aeM03B’s130K OyJI0 MOBiTOMJIEHO
JIMIIE B OMHOMY €MiIeMioJIOTiYHOMY OCiIXKEHHI, SIKe BU-
SIBUJI0 00epHeHu 3B’ 130K Mixk UIC i mommmpeHicTio rirmep-
ypuKeMii Ta mogarpu. ['pymnu oci6 3 mocTaTHIM i HAIMipHUM
1iom03a0e3neYeHHSIM Mali HYDKYY UMOBIpHICTD Tillepypu-
KeMii Ta 1oiarpu ImopiBHSIHO 3 TPYIIOI0 OCi0 3 aeKBaTHUM
iono3ade3neyeHHsIM [25].

Noa i pn3uk cmepri

JlaHi TO3MOBXHIX TOCIiIKEHb BKa3yIOTh Ha ITiABUIICHY
cMepTHicTh B oci6 3 iiogonedinurom (UIC < 100 Mkr/)
ITiCJIs1 TMOTpaBKU Ha 3MimnaHi ¢akTopu. CIiBBiIHOIIEHHS
pusukiB (HR) mist emepri Bin ycix npuuuH craHoBuio 1,29
B oci6 3 UIC 50—99 mkr/ni 1,71 B oci6 3 UIC meHIe 3a
50 mkr/n. Hannuiok fiony He MiABUIILYE pU3UK CMEPTi
[17]. Onnak nocaimkenHss NHANES 111 moBinomuiio mpo
CyIlepeuInBi pe3yabTaTu. Y CepemHill Imepioa crocrepe-
KeHHS, sikuii TpuBaB 19,2 poky, HasBHicTs UIC moHan
400 MKT/n BKasyBasia Ha minBuinenunit pusuk (HR = 1,19)
cMepTi Bif ycix mpuyuH. He criocrepiraiocst KopeJsiiii Mixk
Hu3sbkoto UIC i migBuiLeHM pu3uKoM cMmepti [16].

OCHOBHiI AOCAIAYXEHHS KopeAsuii
MiDK MOAOM i MeTaboAi3MOM

KuiHiuHi gocaigkeHHs oKasaJju, 1110 XapyyBaHHsI, 0a-
raTe Ha o, BIUIMBA€ Ha OOMiH pe4yoBUH. OgHAK MeXaHi3M
1UX eeKTiB 11Ie HeIOCTaTHHO BUBYEHUI i TTOTpeOye T0-
TaJbLIMX J0CTiIKeHb. Yepes pi3Hi 103U iody, 1110 MpU3Ha-

Ta6nnys 2. Kopensyis mix viogom i Bugamu PPAR

- . . . Pik, nocunauus
Wopn ta PPAR Marepianu gocnifgxeHHs MexaHizmu Ha CIMCOK NiTepaTyph
AroHict PPARY (po3urmnita3oH) [TauieHTn 3 KapLUMHOMOLO NigsuweHa excnpecis PPARy 2008 [65]
— 3axBaT PaAioakTUBHOrO oAyt | WKUTONOAI6HOI 32103 Y TUPEOIAHiN TKAHWHI
JlikyBaHHs |, reHepye 6-1L-noxigHi
[, — PPARy? Knituuu niii MCF-7 paky apaxifoHoBOI Ku1cnoTw, 6-IL cneundivHo 2009 [62]
[, — PPARa| MOMNOYHOI 321031 B NOAEN 3B’13aHUIA | 3 BUCOKOO aqpiHHICTIO
no PPAR
L1 —> PPARy? MeTun-HiTpo30ce40BNHA- HasBHicTb apaxifoHOBOi K1cnotu Ta i
i v iHAYKOBaHI MyX/1MHN MONOYHOI CKNafoBnx — noxigHux 6-IL y nyxnuHax 2009 [66]
|, — PPARal
2 3a03u B LLypiB MOMOYHIX 3an03
[umetnnéeHsarpaseH- 3ano6irae ecTporeH-iHayKoBaHum
[,7 a6o I'T — PPARy? iHLYKOBAHWIA pak MONO4HOI annykram [HK 4epes wnsxu PPARy/ 2011 [67]
3a/1031 B LLYypiB Kacnasa
. Snailt; MMP-91;
[Henpusauis iiogy — PPARy?T TpodpobnacTu GCM-1: hGC|: PAPP-A{: E-kagrepiH] 2016 [68]
HelLa i SiHa knituHu uepsikanbHoro | CD49f, CK17, OCT-4, NANOG, SOX2
l,T — PPARYT paky: Muuwi NOD/SCID i KLF4 2018 [69]
ik 3 paHHboto (I1) i Ni3HbOO
[, — PPARy (Il cTapieto paky Mono4Hoi 2019 [70]
3anosu

TMpumitkn: PPAR — peyentopu, Lo aKTUBYIOTbCS ripoJiighepatopom nepokcucom; 6-IL — 6-rogo-5-rigpokcu-
eliKo3aTpieHoBa kucsota i 6-iogonakToH; RXRs — peruHoigHi X-peyentopn; ROS — aKTuBHI (hopMu KUCHIO;
MMP-9 — matpukcHa metanonpoTteiHasa 9; GCM-1 — Btpara rnianbHux KnitnH-1; PAPP-A — nna3moBuii npo-

TeiH A, acoyirioBaHn¥i 3 BariTHICTIO.
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Yamcs, pi3Hy TPMBAIiCTh BTPYYaHHS, eKCIIEPUMEHTATbHI
JOCJTI/DKeHHSI Ha TBApMHAX i piBHi TOPMOHIB IIIUTOMNOAIOHOT
3aJI03M IIOAO0 Pe3yabTaTiB Pi3HUX IOCIIIXKEHbD in vivo He
BIA0Cs NOCSTTU KoHceHcycy. Kroupova et al. BusiBuiu,
1110 CIIO>KMBAHHSI MOy MOKe TPU3BECTH 10 J0303IEXKHOTO
MiIBUIIECHHS PiBHSI XOJIECTEPUHY B KpoBi Kypeii [44]. Ho-
CJIIKEHHS TI0KA3aJ10, 110 HAUTMIIOK Hony (2,4 i 4,8 mr/n)
MOXe BUKJIMKATU cTeato3 rneviHku B muieit BaLB/c 3a-
JIeXXHO Bin no3u [45]. TIpore 6y0 BUSIBIIEHO, 11O OiTBIIT
BUCOKE CIIOXXMBAHHS MOMY CIIPUSIIO METa0O0Ii3My JilTiIiB
y MuIIel 6e3 iCTOTHUX BiIMiHHOCTEH y PiBHSIX TUPEOITHUX
TOPMOHIB i Maci Tisa Mix pisHumu rpymamu [46]. Hedi-
LIUT oty 301IbIIIMB BHECOK XXUPY Y BUTPATU €HEPTii uepe3
nigBuieHuii Tupeorporid (TTT) y camuiB muieit [47].
JocnimkeHHs MeTa00J1i3My ITOBTOPHOTO BBEICHHS MOIUIY
KaJlito B JOPOC/IMX CaMUIB 1ypiB NOKA3a10 META0OTiuHMIA
3CYB y IIMTOMNOMiOHI 3am03i. Lleit 3cyB TakoX crocTepiraB-
csl B TIJ1a3Mi Ta cedi, i MeTaboJTiTH Oy 3alydeHi 10 yJacTi
B LIUISIXaX PeryJisiiii MeTaboi3My, aMiHOKMCIIOT 3 po3ra-
JIY)KEHUM JIAaHIIOTOM, OKCUJIAHTHOTO CTPECy i BiAMOBizi,
MOB’A3aHo1 i3 3anajgeHHsIM [48].

EKCTPATUPEOIAHI MEXOHI3MU NOAY

Hon e MikpoeneMeHTOM, SIKUil Mae MPOTUMIKPOOHi Bia-
ctuBoCTi. JIiKyBaHHS 10J0OM MUIILIEH 3 OXXUPIHHIM IIPOIe-
MOHCTPYBaJIO e(PeKT 3HUXKEHHS Barv i 3MiHUJIO KUIIKO-
BY MiKpoOioTy, 110 TTPU3BEJIO 10 301IbIIEHHS KiTbKOCTI
NaTOreHHMX OaKTepiil i 3SMEHIIeHHST KiIbKOCTi KOPUCHUX
OakTepiii. | HaBmaku, y MuIleil 3 HOpMaJbHOIO Baroo CIio-
cTepirajincst KOHTpacTHi Mozei Binmosini [49]. IHie no-

CJTIIKeHHST BUSIBUJIO 3HAYHUU 3B’ 130K MiXK BUKOPUCTAHHSIM
MOBiAOH-MOAHOI Ae3iH(eKIlil ByJIbBM i KOJOHI3alli€0 Mi-
KpoO0ioTH MOPOXKHUHU poTa HOBoHapomkeHux [50]. Kpim
TOTO, MiKpO0OioTa KMIIIEYHUKA TaKOX CIIPUSIa BCMOKTY-
BaHHIO iomy [51]. Tomy iiMOBipHO, 1110 10/ BILUIMBAE Ha
MeTaboJTi3M, 3MIiHIOIOUM MiKpOoOioTy.

IcHye GaraTo nokasiB TOro, 1110 10 Ma€e eKCTpaTUPEOi-
HY IO SIK aHTMOKCHUIAHT, OCOOJIMBO MPU 3aXBOPIOBAHHSIX
MOJIOUHOI 3aJ1031 Ta esIKUX MyxjiuHax [14]. BusiBieHo, 1o
omnua nyxe eeKTUBHUI y MOTJIMHAHHI aKTUBHUX (DOPM
KHUCHIO, TAKMM YMHOM 3MEHIIYE IIKOY, CIIPUINHEHY BiJlb-
HUMU pagrKaaaMu KUCHIO [52]. Y XiHOK, sIKi TOYIOTb Ipy/I-
10, BMICT O/Ty B TPYITHOMY MOJIOLIi IEMOHCTPYE HETaTUBHY
KOPEJISILiI0 3 aKTUBHICTIO KaTajla3u, CyNepoOKCUIIUCMYTa3u
(SOD) i rmyrarionmnepoxkcuaasu (GSH-Px), a Takox 3 piB-
HSIMU aIUTTOHEKTUHY [53]. SIK rOpMOH, MOB’sI3aHU 3 0XU-
PiHHSIM, aAUMIOHEKTUH TaKOX Bifirpa€e BUpilaabHy POJIb
Y peryJisiilii Yy TJIMBOCTI 10 iHCYTiHy. JlomaBaHHSI MOPCHKUX
BOJIOPOCTEN MiABUIIMIO aKTUBHICTh aHTMOKCUIAHTHUX
(bepMeHTIB y KJTIiHIYHOMY JOCTiIKEHHI KOPENChKUX Talli-
eHTiB i3 LIJ1 2-ro Tumny [38].

BxxuBanHs no6asok oy Bin 100 o 300 MKxr/neHb mia-
BUIILYBAJIO 3arajlbHUil aHTUOKCUIAHTHUIA CTaTyC y cUpoBa-
THi KpoBi moauHu [54]. OpHaK HeIloIaBHO OMyOIiKOBaHe
TMOCJIIKEHHSI TTIOKa3aJio, 110 HaIMipHi piBHI iony mpu-
3BOIATD 10 MPUTHIUEHHS POCTY KJIiTUH, OKMCHIOBAJILHOTO
cTpecy i KJIITUHHOTO arorTo3y B 6eTa-KJIiTHHAX MiAIUTyH-
KOBOI 3aj1031 [55]. 3a paxyHOK peryJisiiiii OKUCHIOBAJIbHOTO
CTaTyCy MO ITOB’sI3aHMI 3i 3MiHAMU YyTIIMBOCTI 10 iHCYJIiHY
abo MeTaboJtizmy.

Mikpo6iomu

MeTaboniqHni cuHopoM

[HCYyniHOpeanCTEHTHICTL
OXWpiHHA
j

[ XpoHi4He 3ananeHHs ] 2

J

I—t MeTaboniyHi poznagm

Mon

ﬂo.ﬂ KEAP1 —NRF2_, SOD 1

RS
ﬂ\q&' &
SYPNY
S
&
\‘\ QQJ [uchepeHujioBaHHs
aaunoLuMTiB

T4 y 6ioakTueHwit T3 3axsar XvpHAX KACTOT
ARanTvBHWI TepMoreHes | | dyrveicti po ikcyniy T
MigTpvmka Macy Tina Metatoniam rriokoan T

PucyHok 1. Pe3tome mexaHiamiB meTaboniamy viogy
Mpumitkn: KEAP1 — KeLch-nogi6nmi ECH-acouivioBanmi npoteiH 1; NRF2 — NF-E2-crniopigHeHuii ¢pakTop 2;
SOD — cynepokcuaancmytasa; Cat — katanasa; GSH-Px — rnyratioHnepokcunaasa; ROS — akTusHi ¢popmu
kucHo; COX-2 — yuknookcureHasa-2; iNOS — iHgykoBaHa cuHTa3a okcupgy asoty; MAPK — mopgyntoro4a mito-
reH-akTMBoBaHa nporeiHkiHaza; NF-kB — HyKkneapHui ¢haktop Kanna-B; PPARy — y-peuenTop, Lo aKTUBYETbCS
nposnicgheparopom nepokcucom; D2 — pgeviognHasa tuny 2; T4 — TMPOKCUH; T3 — TPUHOATUPOHIH.
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XpOHIUHMIA 3aMaJIbHUI CTaH MPOKIAIAE LIISIX 10 PO3-
BUTKY MeTaGOJTIYHNX MOPYLIeHb. o1 TaKoX Mae 1o6pe Bi-
IIOMi ITpOoTU3anaiabHi i iMyHOMOIY/II0104i epekTh. K meH-
npuH, Tak i NIS ekcripecyoThcsl Ha TIOBEPXHi JICHKOIIUTIB
JoauHu. 3acTocyBaHHs Hoauay Hatpito (Nal) momo neii-
KOILIMTIB MPUBEJIO 10 BipOTiIHOTO MiIBUILIEHHST BUPOOICHHS
SIK TIPO-, TaK i MPOTU3aNaJIbHUX LIMTOKIHIB [56]. BxkuBaHHS
M00aBOK 1Oly MaJIo HE3HAUYHUI BILJIMB Ha IJIa3MOBY KOH-
LeHTpallilo MapKepiB 3anajieHH i OiJIKiB rocTpoi dasu [54].
TlepopanbHuii mpuitom iioaumy Kajito (15 Mr/Kr/neHs mpo-
TSITOM 3 IHIB) BipOTiIHO IPUTHIYYBaB XeMOTAaKCHUC HEUTPO-
¢iniB y nepudepuyHiii kposi [57]. Fernando et al. Hananu
KOPOTKMI BUKJIA[l ITOTOYHOTO PO3YMiHHSI MOTEHUIHHUX
MPOTU3aNaJbHUX BJACTUBOCTEH MOXiIHUX MOPCHKUX BO-
nmopocteii [58]. ITokazaHo, 1110 BOHM 3MEHIITYIOTh 3amajieH-
Hsl, BIUTMBAIOYM Ha Pi3Hi KJIITUHHI MEXaHi3MM, 30KpeMa
iHriOyBaHHS Mpo3amnajbHUX (PEPMEHTIB, TAKUX SIK IIUKIJIO-
okcureHasa-2 (LIOI'-2) ta ingynmbenbHa CMHTa3a OKCUILY
azoty (iNOS), MomyaoBaHHS IUISIXiB MPOTEIHKIHA3M, 1110
aKTUBYETHCS MiTOT€HOM, i 0JI0KyBaHHS aKTUBAIlil IIIEPHOTO
daxropa kanna-B (NF-«xB) [59]. LLLnsx npoTeinkiHaszu, 1110
AKTUBYETHCSI MITOT€HOM, KOHTPOJIIOE TTPOLIECH KITITUHHOTO
pocTty i MiTo3. Kpim Toro, 1ie Ma€e BupillajbHe 3HaUYEHHSI
JUTS cTiliKoCTi 10 iHcyminy [60]. TTepenaua curnanisa NF-xB
0CO0JIMBO aKTyajbHa TPU 3aXBOPIOBAHHSX, OB’ SI3aHUX
i3 3alajeHHsIM, BKJIIOUYHO 3 MeTa0OJiYHUMM pO3JIalaMU.
Otxe, iIMOBIpHO, 110 101 MOXe BIIMBATA Ha MeTa0O0JIi3M
LIJTSIXOM MOJIYJISIIT XPOHIYHOTO 3aIajJeHHsI.

1, BusiBnsAB aHTUIpOiDepaTUBHY i alIONTOTUYHY il0
Ha MOJEJISIX paKy MOJIOUHOI 3a1031 [61] yuepe3 yTBOpeH-
Hs HomoBMicHUX ninimiB (6-IL) i 36iablIeHHs eKcmpecii
Y-pelernTopa, 10 aKTUBYETbCSI TIPOTiDepaTOpOM MepoK-
cucom (PPARY) [62, 63]. PPARY, 110 eKcIipecy€eThes
MepeBaXkKHO B XXMPOBIi TKaHUHI, CIIpusae audepeHIialii
aIUMOLMTIB, MOMIMHAHHIO XKUPHUX KUCJIOT, 30epiraHHI0
TPUTJILEPUIiB y JiMigHUX Kparurix. Lle migBuinye ayT-
JIUBIiCTB A0 iHCYJiHY i MeTaboni3M rioko3u [64]. PPARaq,
PPARB/d i PPARY € TpboMa ineHTH(iKOBaHUMU i30(hOp-
mamu PPAR. Y Ta6n. 2 momaHo y3arajabHEHi BiIMoOBiaHI
JOCITIKeHHS 3B’513Ky MixX iiogom i PPAR. Kpim Toro, Hai-
MipHe BBEJICHHS MOy BipOTiIHO MEPEIIKOAXKAIO aKTUB-
HocTi neftonnuasu 2-ro tuny (D2) y pizHMX opraHax, Takux
SK Tinmodis, meuinka i Hupku [71—73]. D2 BinmoBinae 3a
nepeTBopeHHs T4 Ha GioaktuBHUI T3, sIKUiA, y CBOIO Yepry,
CIIpUSIE alalITUBHOMY TepMOTreHe3y i Oepe yJacThb y Iia-
Tpumi Baru [74]. Ha puc. 1 momaHo orjsia moTeHUiitHuX
MeXaHi3MiB BILIMBY oAy Ha MeTabOoJIi3M.

BucHoBKMU

Lleit orsin miaTBepaKyeE, 11O MO BIUIMBAE HA MeTabO-
JIi3M TJTIIOKO3M, JTiMiniB i 0XXKupiHHs. Briius flony MokHa mmo-
SICHUTU OTO aHTMOKCUAAHTHUMU 1 iMyHOMOYTIOIOUMMU
BJIACTUBOCTSIMU. X04a 3B 30K MixX HOI0M i MeTab0J1i3MOM
cynepeunBuil, K AediluT omy, Tak i TPUBAJIMI HaIJIU-
IIOK oy € aKTOPOM pU3UKY PO3aadiB IIUTOIIOAIOHOI
3aJ1031. BaxkiMBo minTpuMyBaTH HOIHUI CTATyC HaceICHHS
B ONTUMAaJIbHOMY nmiana3oHi. [1oTpiOHi mogablii mpocexk-
TUBHI JOCJIIDKeHHS i TOCIiIKeHHSI MeXaHi3MiB JIJIsI BCTa-
HOBJICHHSI 0€3MeYHOT0 CTaHIAPTy MOJHOIO XapuyBaHHS,
3aCHOBAHOTO Ha JI0Ka3ax.
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The correlation between iodine and metabolism:
areview

Abstract. lodine is involved in the synthesis of thyroid hormones
and plays a crucial role in human life. Both iodine deficiency and
excess are common issues in certain populations. Iodine also has
extrathyroidal effects on organs that can uptake it independently of
thyroid hormones. Recently, multiple clinical studies have shown
a connection between iodine intake and metabolic disorders, such
as metabolic syndrome, obesity, diabetes, hypertension, and dyslipi-

demia. However, the results of these studies have been inconsistent,
and the mechanisms behind these associations are still not well
understood. Therefore, in this review, we aim to examine the recent
research progress regarding the relationship between iodine and
metabolic disorders, along with the relevant mechanisms.
Keywords: iodine; metabolism; obesity; dyslipidemia; antioxi-
dant
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/\bBIBCbKUW HALIOHAABHU MEANYHN YHIBEpCUTET iMeHi AQHUAQ [QAMLIKOrO, M. /AbBIB, YKpQIHQ

BitamiH B,
i Ala6eTnYHi Hemnponarii

Pe3stome. Bitamin B,, (LiaHoko6anamiH, kobanamiH) € Heo6XigHUM KOhaKTOPOM [BOX BAX/INBUX GIOXIMIHHUX
LLTISXiB: MeTaboslisMy MEeTU/IMasioHOBOI KUC/IOTU Ta CUHTE3Y METIOHIHY 3 romouymncTeiHy. [degiunt kobanamidy,
KpiM remaTtonioriyHnx aHomanivi (Meranob1acTHoi aHemii abo HaBiTb NaHUUTOMNEHIi), MOXe BUKIMKATA HEBPO-
JIOriYHI cUMTOMU, CXOXIi Ha piabeTn4Hy Heviponarito ([H). OcHoBHI MonekynspHi mexaHiamu po3sutky [H Bce
e 3anmLaroTbCsl He 3'iICOBaHUMM. BinbLUICTb [OCTIAXEHb BUSBUIIN BHECOK XPOHIYHOrO 3anasieHHs HU3bKoi
iHTeHenBHocTi (X3HI) i okeugaHTHoro ctpecy (OC) B possutok [H. IMyHoricToxiMidHi BocnigkeHHs 6ionTaTtis
HepBIB JIMTKOBUX M’13iB, OTPUMAaHUX y XBOPpUX Ha LyKkpoBuii giabet i [H, BkasyloTe Ha akTusauito Lunsxis X3HI,
3YMOBJIEHY MMiABULLEHUM BMICTOM KiHLEBUX MPOoayKTIB HEGhepMeHTaTUBHOIO IIliKyBaHHS, LLJO NpuU3BOAUTL [0 NOCU-
neHHs1 OC. lNogi6Hi pe3ynetatv BUsIBNEHI y nayieHTiB 3 gegiumntom BitamiHy B,,. OTXe, KiiHi4YHI 3MiHW y naLieHTIB
3 [H MoxyTb 6yTy CripyYnHEHi KIITUHHUM gegiunTtom kobanamiHy. In vitro Ta in vivo npogeMoHCTpoBaHo, Lo
BiTamMiH B,, BUABNAE BHYTPILLHIO aHTUOKCUAAHTHY akTUBHICTb. TakuM YMHOM, KobasiaMiH, He3asiexHo Big vioro
Knacu4Hoi (hyHKLii KoghakTopa, MOXe LiATH 5IK BHY TPILLHbOKIIITUHHWM, 30KpeMa K BHY TPILLIHbOMITOXOHAPIaIbHUM,
aHTnokeugaHnT. Lje moxe cryrysatn o6rpyHTYBaHHAM 4719 BUKOPUCTaHHS BiTamiHy B,, B nikyBaHHi [JH, HaBiTb
Ha paHHix cybKniHiYHux ctagisax. Metoro Lboro ornsagy 6yno o6roBoput posib BiTaMmiHy B,, y npoginaktiyi ta
nikyBaHHi [H, a Takox npoaHaniayBatv HOBI TeHAEHUII Ta HarpsamMKu MarbyTHIX gocnigxeHs. oLy nposoavs-
cs B Scopus, Science Direct (Big Elsevier) i PubMed, Bkto4Ho 3 6a3amu gaHux Medline. BukopuctaHi Kiito4oBi
csioBa «BiTaMiH B,,», «kobanamiH», «LykpoBuii [iabet», «Herponartis», «kapgiasbHa aBTOHOMHa Hevponaris».
[na BusiBrieHHs1 pe3yrnbTaTtiB AOCIAXEHHS, SIKi He BAAI0CS 3HaVTU i Yac OHaviH-roLLYyKY, BUKOPUCTOBYBAaBCS
PY4HWUI OLLIYK 6i6niorpacpii ny6ikayin.

KntoyoBi cnoBa: sitamit B,,; LyKpoBuii giabeT; giabeTuqHa nepugepuyHa Hevponaris; kapgianbHa aBTOHOMHa
Heviponarisi; ornsg nirepatypu

Bctyn

Bitamin B,, (niaHoKoOanaMiH, KoOanaMiH) € BaXJIu-
BUM KO(aKTOpoM 151 1BOX (DEPMEHTIB: METIOHIHCUHTA-
3u (Methionine synthase, MTR) i L-metunmanonin-KoA-
mytas3u (methylmalonyl-CoA mutase, MUT), 1o kaTaiizye
peaxiiito mepeTBopeHHs MeTuiMaaoHiI-KoA (methylmalo-
nyl-CoA) Ha cykuuHiin-KoA (succinyl-CoA) [1]. Cnianko-
Buil nedext MUT BUKIMKAE METUIMAJIOHOBY allMAYypilo,
a TSKKUI HaOyTuii nediuuT Bitaminy B,,, 31e6inb1uoro ye-
pe3 3HMKEHE MOTIMHAHHS KobalaMiHy, CyTTPOBOIKYETHCS
PO3BUTKOM MepHiio3Hoi aHemii [2, 3]. Lle Takox moxke
BUKJIMKATU HEBPOJIOTiUHI CUMIITOMM, HaliyacTillle CEHCOp-
Hi, Ta MOTOPHY a00 XpOHiIUHY CEHCOPHO-MOTOPHY MOJIi-
HelpomnarTito, CHMIITOMU, SIKi TAKOX YacTO 3yCTPidatoThCs

npu niabeTuyHiii nepudepuuniit Heitponatii (JITTH) [4, 5].
Hapemri, niaHokoOamaMiH HeOOXiTHMIA IJ1sT ITPOMYKITii MO-
HOaMiHiB, IK-0T n1odaMiH i cepoToHiH. Bimomo, 1110 HecTaua
BiTamiHy B,, cripusie nemieniHizauii akcoHiB i, 3peuITolo,
3arubeni KiTuH [6, 7].

PesynbpraTy uncneHHux myOJiikalliii BKa3yloTh Ha 3Ha-
YHUI CIPUSITIIMBUI BILIMB BiTaMiHy B,, Ha nepeobir nia-
6eTuuHoi Hevipornarii (JIH), Toxi siK iHIIi qOCTiIKeHHS He
BUSIBUJIM CYTTEBUX NO3UTUBHUX edeKTiB [8, 9]. [Ipore moci
HEe BCTAHOBJICHO XOJIHOI'0 €AMHOTO(-1X) MOJICKYISIPHO-
ro(-nx) MexaHi3My(-iB) BIUIMBY KoOajlaMiHy Ha Ipodigak-
Ky a6o nikyBaHHs JITTH. Kpim Toro, HeBimomo, siki piBHi
BiTaMiny B, ctix po3risinatu K BKa3iBKy Ha AedilluT 1ia-
HokoOanaminy. JilicHo, KoHUeHTpauil BiTamiHy B,, B cupo-
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BaTIIi KPOBi, 110 CITOCTEPIraloThCs Mpu pisHux ctaHax JIH,
MOXYTb OYTH HE3HAYHO 3HMKEHUMHU a00 He 3MiHIOBaTHUCS.
Kpim Toro, miaBuiiieHi piBHi romouucTeiny (homocysteine,
Hcy) ta meTunmanonoBoi kuciaotu (methylmalonic acid,
MMA) — 6ioMapkepiB KJIiTUHHOTO AedilluTy BiTaMiHy B,
4acTo BUSIBJISIIOTHCS Y JIITHIX JIOJAEi 3 HEBPOJOTIYHUMU
3axBoploBaHHsIMU [10]. BucioBieHo npumnyiieHHs, 1110
Yy IUX Mali€HTiB, He3BaXa4yu Ha (i3ionoriyHuil piBeHb
KoOaJlaMiHy y CUpOBAaTIIi KPOBi, MPUCYTHIi (DyHKIIOHAJb-
Huii nediuut Bitaminy B,. OTxXe, BHYTPIlIHBOKJTITUHHUMI
BMICT KoOalaMiHy He 3aBX/IM BioOpaxkae piBeHb BiTaMiHy
B cupoBaTii kpoBi. Ciin 3a3Ha4uTH, 1110 namieHTu 3 JIH He
3aBXK/IM BUSIBJISIIOTh O3HAKU KJIACUYHOTO AeilluTy BiTaMi-
Hy B,, (Hanpuknian, npu nepHiuiosHiit anemii). Otxe, IH
MOX€ PO3BUHYTHUCS TP HIKIMX KIITUHHUX (i He 000B’s13-
KOBO y CHPOBATIIi KpOBi) piBHSIX Kobanaminy. Cria min-
KPECJUTH, 110 CYOKJiHIUHMUI nediuut BitTaMiHy B,, Moxe
pPO3BUBATHUCS AYXKe MOBIILHO, OCKIJIBKM TeYiHKa MiCTUTh
BEJIMKY KiJbKiCTh KOOajaMiHy i, TAKMM YMHOM, KJIiHi4Hi
03HAaKH 9aCTO PO3BUBAIOTLCS MOBUIBHO [11, 12].

MeTo10 1IHOTO OTJIsSIAy OyJ0 OOGrOBOPUTHU POJb BiTaMi-
Hy B,, y npodinaktuui ta nikyBanni JIH, a Takox mpo-
aHaJli3yBaTU HOBi TEHIEHIIii Ta HANMPSIMKU MalOyTHiX
JOCTIIKEHb.

MNoTeHuinHa POAb BiTAMIHY B,
NPV HENPO3ANCAAEHHI, peryAsuii
LUTOKIiHIB T XPOHIYHOrO 3CNAAEHHS
HMU3bKOT IHT@EHCUBHOCTI

MonekynsipHi MexaHizmu po3BuTKy JIH akTuBHO 1n0-
clIimkytoTbes [13, 14]. 3okpeMa, BaxkiuBe 3HAUYCHHS Bil-
BOJIMUTHCSI aKTUBALIil MiIHOPHUX 1UISIXiB OOMiHY TJIIOKO3H,
301JIbILIEHHIO YTBOPEHHS KiHLIEBUX MPOJAYKTIB IIiKyBaHHS
(KIIT'), 1o, MOXIMBO, IIPU3BOAUTH A0 aKTUBAIIil OKCH-
nanTHoro crpecy (OC) Ta iHAYKIii HUISIXiB XPOHIYHOTO
3arajieHHsl Hu3bKoi inteHcuBHocTi (X3HI) [15, 16]. On-
HakK OJHO3HAYHUI MPUUYMHHO-HACTIAKOBUI 3B 130K MixX
3MiHAMU IUX LIUIIXiB i po3BuTtkoM JAH He moBemenuit. Ha
CbOTOJTHi, OKPIiM KOHTPOJIIO TTiKeMii, He iCHY€E XOIHOI J10-
Ka30Boi Tepartii, sika Morjia 6 3ano6irtu JIH [17, 18]. KoH-
TPOJIb IJIiKeMii Bimirpa€e BUpilllaJbHy pOJib y 3aro0iraHHi
nporpecyBaHHIo 1ykpoBoro niadety (LIJ1), ane Hemocrat-
Hii ais aikyBanHg JH [19]. CyBopuii KOHTpPOJIb IJliKe-
Mii MOXe ynoBiIbHUTH TIporpecyBaHHs JIH y nmanieHTiB i3
11 1-ro tumy, ajie ioro BIIUB € MOMIpHUM y XBOPUX Ha
LJI 2-ro Tumny [20]. Xoua aesKi pocaigkeHHsS! BKa3ylOTh
Ha MOJIIIIEeHHsI MiKPOCYIUHHMX YpaXXeHb i HelponaTuy-
HUX NTapaMeTpiB, €MHA lyMKa 11010 ONITUMATbHOTO PiBHS
IJ1iKEMiYHOTO KOHTPOJIIO, HEOOXiTHOTO JIJIs1 3ar100iraHHs
HelipogiszionoriuHoMy noripmeHHo pu L/ 2-ro Tumy,
BincytHs. Kpim Toro, crporuii riikeMiuyH1it KOHTPOJIb TSt
IOCSITHEHHSI 3HAYHMX KJIIHIYHUX TepeBar HeoOXiaHO Imii-
TPpUMYBATHU MPOTIToM 3—5 pokiB [21, 22].

ITponeMoHCTpOBaHO, 1110 KOMIUJIEKC BiTaMiHiB rpynu B
(B,, B,, B,, B, B¢ i B,,) MOXe YMHUTU POTU3ANIAIBHY [0
Ha TJianbHi KiIiTuHu BV2 (Tun MikporiiaabHUX KJIiTHH,
oTpuMaHux y muieii ainii C57/BL6), akTnBoOBaHi Jiirmo-
nojicaxapunamu (lipopolysaccharides, LPS). Lle cynpoBo-
JDKYETHCS iHIYKITIE€IO 3MiH MiKpOTJii B podii (heHOTUIY
Bim M1- mo M2-tumy. Pesynbratu aHamnisy in silico mo3-

BOJIVUIY TIPUITYCTUTH, 110 BUCOKa adiHHICTD 3B’ I3yBaHHS
KoOaylaMiHy 3 pelenTopoM IiaiKo3uiadocdaTnanIiHO3 -
TOJI-«3asIKOpeHOro» y MeMOpaHi 6inka (CD14, CD14 mo-
lecule) Moxke MPUTHIYYBATH TPAHCITOPT JliTNoIoicaxapuiiB
i, TAKMM YMHOM, YHUKATU akTuBaliii Toll-moxioHux pe-
unenrropiB 4 (Toll-liked receptor 4, TLR4) [23]. LlikaBo, 110
IMyHHI KJIITUHU, IK-OT MIiKpOTLJIist Ta Makpodaru, rmepexo-
IISITh Bill OKMCHOTO pocopumaioBaHHs (XapaKTepHOTO IS
(benoTumnmy M2), 1110 BiINoBigae HEaKTUBHOMY CTaHy, JIO ae-
PpOOHOTrO ITiKOJi3y (XapakTepHoro mist heHotuny M1), 1o
BiZIITOBia€ TIpo3anajbHOMY CTaHy. Taka BUpakeHa 3MiHa
MeTabo0J1i3My, KMOBIpHO, MOXe OyTH IMOB’s3aHa 3 Aedilu-
ToM cykuMHiN-KOA sk Haciinkom nediuuty Bitaminy B,
[6]. Pe3yabTaTul iHIIMX AOCTiIXKEHb BKa3ylOTh Ha TiICHUIA
3B’S130K MiX Helpo3amnajaeHHsIM i Je(illuToM KobalaMiHy.
3okpema, MOBiTOMIISIETLCS, 1110 BiTaMiH B,, LU1Ix0M BILTUBY
Ha 1y S-ageHo3mwiIMeTioHiH (S-adenosyl-L-methionine,
SAM) MoXe MOJIyJTIOBaTH CTaTyC METWIIFOBAHHSI IPOMOTOpPA
npeceHuwtiny-1 (presenilin 1, PSEN1), k1royoBoro rpaBiist
y Y-CEeKpeTa3HOMY KOMILJIEKCi, po3IeIuIioe OiJIoK-Tomne-
penHuk aminoinmy (amyloid beta precursor protein, APP)
3 YTBOpeHHsIM Itentuny B-aminoiny (AR) [3].

3’IBISIETBCS BCe OiJIbIIIe JOKa3iB TOTO, 110 KOHIIEHTpa-
11is BiTamiHy B, moB’s3aHa 3 MapkepaMu 3amnajeHHs. 30-
Kpema, TOBiIOMJISIETbCSI, 1110 TIALlIEHTH 3 BULITUMHU PiBHSIMU
KoOaJlaMiHy Ta JOBI'MMU TeJIOMEepaMu MalOTh 3HAYHO HUKYi
piBHi MapKepiB 3anajeHHs, 30kpema iHtepieiikiny (1J1)-6.

BkopouenHs Tenomep 3a Mexy [eiidika (Hayflick
limit) — MeXy KiJIbKOCTi MOMiIiB COMAaTUYHUX KIITUH —
ACOIIIIOETHCS 3 XBOPOOOIO AJlblireiiMepa, AenpecuBHUMU
po3sianamMu, piBHEM CTPECy TOLIO, a TAaKOX 3 MpoliecaMu
crapiHns [24]. 1. Pusceddu et al. (2019) npunycTtuiu, 1o
IIPUCKOPEHEe BKOPOUEHHsI TeJIOMEep BilMNOBinae 3a MiaBu-
IIeHWI PU3UK CMEPTIi Yy TAIli€HTIB 3 BUICOKMM pPiBHEM BiTa-
MiHy B, i cucteMHUM 3anajieHHsIM [24].

PesynbpTaTil mepexpecHoro 10oCiiakeHHs mokKa3aiu, 1110
HU3bKi piBHI KoOajiaMiHy B CMPOBaTIIi KPOBi y Malli€eHTIB
3 BUCOKUM PU3UKOM CEPLEBO-CYAMHHUX 3aXBOPIOBAHb
KOpeJIIoBajy 3 IMiIBUILEHHSIM PiBHIB MapKepiB 3arayeH-
Hsl, SIK-OT Mpo3anaJbHuil LUTOKiH 1JI-6 Ta C-peakTMBHUI
oinok. Lupkynorounii BitamiH B, 06epHeHO KopetoBas
3 1JI-6 i C-peakTMBHUM OiJIKOM, IO CBiIYUTH MPO TE, IO
KoOalaMiH MOXe BUSIBJISITU CBOIO IIPOTU3AMaIbHYy [il0 IIIs-
XOM MOJYJISALIT KX 3armajibHUX MoJieKy [25]. [TinBuieHHst
KoHUeHTparii IJT-6 acowiloeThes 3 MiABUIIIEHOIO CMEPTHi-
CTIO Bill yCiX TPUYMH Y JIFOJIEH JIITHOTO BiKy. Lle Moxe Oyt
MOB’SI3aHO 3 PO3BUTKOM CEKpPETOPHOro (heHOTUITY, acolli-
OBaHOTO 3i cTapiHHAM (senescence-associated secretory
phenotype, SASP), To6TO cTapitoui KJIITUHU CEKPETYIOTh
BUCOKIi PiBHi 3amaJIbHUX [IUTOKiHIB, iIMyHOMOMIYJISITOPIB,
(akTopiB pocTy Ta mpotea3 [26]. Kpim Toro, 1JI-6 € oc-
HOBHMM KOMITOHEHTOM CEKPETOPHOIo (peHOTHUIIY, ITOB’s13a-
HOTO 3i CTapiHHAM, i IUTOKIHOM, SIKWIA Billirpa€ HeraTUBHY
poJib y KaHlieporeHesi [27].

Bitamin B,, 6epe yyacTb B iHriOyBaHHi SIIEPHOTO TpaH-
ckpurnuiiHoro ¢akropa NF-kappa-B (nuclear factor
kappa-light-chain-enhancer of activated B cells, NF-kB),
CHHTa3M oKcuy a3oTy (nitric oxide synthase, NOS) Ta cTu-
MyJisie oKMcHe (ochopuiroBaHHs [28] i, TAKMM YMHOM,
Ma€ TMpoTu3anaibHi BIacTUBOCTi. OCHOBHUM LIMTOKIHOM,
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mo 3anyckae nursix NF-kB, € ¢akrop Hekpo3y myxium-
Hu o (PHII-a, tumor necrosis factor a). IlinBuieHuit
piBeHb KOOaJlaMiHy B KPOBi aCOLIIOETHCS i3 3amaIbHUMU
3axBoproBaHHAMHU Ta piBHeM D HIT-a. PiBeHb KoOamaMiHy
TakoX perynoe piBeHb @HII-a y CHUHHOMO3KOBIi piguHi.
Lle miaTBepIKXy€ETHCS pe3yabTaTaMu KiJIbKOX eKCTIepUMEH-
TaJIbHUX AOCJIIKEHb, SIKi TOKa3aJIu MiABUILEHUN piBEHb
®DHII-0 y cnMHHOMO3KOBI# pianHi 1IIypiB 3 nedinuroM
Kobamaminy. Bimomo, o @HII-o Bimirpae BaxiIuBy poJib
y 3amnajJbHUX PeakllisIX i poliecax CTapiHHS, a TAKOX B aK-
TUBALIil MPOrpamMu CEKPEeTOPHOTO (PeHOTUITY, OB’ I3aHOTO
3i crapiHHaM [29].

ITponemoHcTpOBaHO, 110 BiTaMiH B,, 3MeHIlIy€e iHTEH-
cuBHicTh X3HI y ntozeit TiTHBOro BiKy i iHIITUM IIIJISIXOM.
Itakonar (itaconate), mOOIYHMI MPOMYKT LHUKITY TPUKapP-
OOHOBMX KHUCJIOT, € MJIOIO MOJIEKYJIOI0, SIKa €KCIIPECY€ETh-
cs1 TIepeBaXkHO B Makpodarax i peryiioe MmakpodarajibHe
3anajieHHs. BHYTpIIIHbOKJIITHHHA KOHLIEHTPALIisT iTaHO-
1un-KoA (itanocyl-CoA), mponyKTy iTakoHaTy, 30i/IbIITy-
€ThCS, KOJIU KIIITUHU iHKYOYIOTh Y CepeIOBUILIi, 110 MiCTUTh
iTakoHOBY KuciaoTy. ToMmy kucia ¢opMa iTakoHaTy € mpo-
HUKHOIO 11 KiniTuH. ITanommin-KoA Ta nutpamin-KoA
(citramyl-CoA) 3amilnytoTh MeTUIMaNIOHII- KOA B akTUBHI I
nirstHii MitoxoHapiaabHol MUT i HE0OOPOTHO TMOIIKO-
JOKYIOTb afieHo3uiIKobanamid (kodepmeHT B,,, adenosylco-
balamin, AdoCbl), 3B’s13aHui1 3 MiToxoHapiaabHOIO MUT
[30]. HecripomoxkHicTh BimHOBUTH MiToxoHApiansHy MUT
Ta aJeHO3MWJIKOOagaMiH BUCHAXY€ BHYTPIIlIHbOKJIITUHHI
3amacu KobajaaMiHy Ta IpUTHIYye MeTabo1i3M. ITakoHO-
Ba KMCJIOTa MOXE TTPOHMKATHU Yepe3 KIITUMHHY MeMOpaHy
i HAAXOOUTU B CYCiAHI KIIITUHU, 1110 IPU3BOAUTD IO JIO-
KaJIbHOTO BHYTPIllTHbOKJIITUHHOTO 3HUXEHHS afeHO3MJI-
kobGanaminy [31].

HieTnuHi 1o0aBKU 3 BiTamMiHOM B,, pa3oM 3 iHIIMMHU He-
O00XiTHMMU MiKpOeJIeMeHTaMM 3MEHIYIOTh iHTEHCUBHICTh
X3HI [32]. X3HI moxe nocuiioBaTi a0 HaBITh YaCTKOBO
3YMOBJTIOBAaTH HACJIIKKM KIITMHHOTO AedilluTy Kobanami-
Hy. Y CyKyINHOCTI Lii JaHi cBimyaTh Mpo Te, 1o BiTaMiH B,
MOJIYJTIOE eKCIIPECito MeBHUX IIMTOKIHIB Ta (hakKToOpiB poCTy
[32, 33].

BitamiH B,, 1K BHYTPILLULHbOKAITUHHUN
COHTUOKCUACOHT

Ex30reHHi aHTMOKCHIAHTU BUKJIWKAIOThH 3pOCTAIOUy
3alliKaBJIeHiCTh y 3amobiranHi abo 3meHmeHHi OC [34,
35]. CripaBni, B 6araTbox eriaeMiooTiYHUX TOCTiIKEHHSIX
BCTaHOBJIEHO, 1110 BXXUBAHHS MPOAYKTIB, SIKi MiCTATb aHTH-
OKCUIAHTHU Ta MOMIMHAYI aKTUBHUX (popM KucHIO (ADK),
Ma€e MOTEeHUIMHWI 3aXUCHUI edeKT pu posiafaax, Crpu-
yuHeHux OC [36]. IlnxsgaxoM migBUIEHHS TTPUPOIHOTO
AHTHMOKCUIAHTHOTO 3aXMCTy OpraHi3mMy abo TOMOBHEHHS
palioHy XapuyBaHHSI aHTUOKCHIAHTaMU MOXHa 3aIl00irTu
PiI3HUM XPOHIYHUM 3aXBOPIOBAaHHSIM a00O CITOBUILHUTH X
nporpecyBaHHs [36, 37].

In vitro npogeMoOHCTPOBaHO, 110 BiTaMiH B, BusiBisie
CYNEPOKCUANUCMYTAa3HY aKTUBHICTh, TOOTO IIBUAKICTb,
3 SIKOI0 KoOanaMiH pearye 3 cyrnepokcuaom (O,”) 3 yTBO-
peHHsiM niepokeuay BoaHio (H,0,), 6ausbka no diziono-
TiYHO1 IIBUIKOCTI aKTUBHOCTI CYNMEPOKCUIIAUCMYTA3U.
V wiii peakuii cynepokcun okucHioe Co'* o Co**, a Co**

BiZHOBIIOEThCS 10 Co**, yTBOPIOIOUM KATATITUMHUMA LIUKIIL.
Kpim Toro, BiTaMiH B,, Ma€ HUTOMPOTEKTOPHI BIACTUBOCTI
Ta 3aXMIIAE€ eHAOTETIOUMUTHU Bill CYyIIEPOKCHUIOIIOCEePEIKO-
BaHoro (O,") nowkomkeHHs [1]. JocainkeHHs in vitro Ta
in vivo TIoKazaju, 1110 KodasaMiH (PyHKIIIOHYE SIK €HIOTeH -
HUIl aHTUOKCUJAHT y HEMPOHAIbHUX KiiTuHaxX [38], 110
MiATBEPKYE POJIb BiTaMiHy B, 1K BHYTPilIHBOKJTITUHHOTO
aHTHoKcumaHrty [39].

[ToTeHIIiliHI aHTUOKCUAAHTHI BJACTUBOCTI BiTaMi-
HY B,, MOXyTb BUSBISITUCH LIJISIXOM TPSIMOI eJiMiHaii
A®DK; 36epeskeHHST BUCOKHMX PiBHIB IIyTaTiOHY; 3MeH-
meHHs akTuBHOCTI mpoueciB OC i Mmoaysiiii TpoayKiii
HUTOKIiHIB. LliTkoM HMOBIpHO, 110 11i HIISIXU MOXYTb Hi-
SITU, IPUHANMHI 4acTKOBO, cIiJibHO [12]. ¥ cykymHoOCTi
OTpUMAaHi Pe3yabTAaTH CBiMYATh IIPO BaXKIUBICTh AePIIUTY
BiTamiHy B,, y maTtoreHesi pisHux ¢hbopM HEBPOJOTiUYHUX
po3naniB, 3okpema JIITH. OrpumMani naHi miaTBepaXylOTh
MOXJIMBICTh TOTO, IIO KOOaIaMiH MOXe IisITH SIK KJIITUH-
HUI aHTUOKCUIAHT MPU CYOKITiHIYHUX hopMax (PyHKILiO-
HaJibHOTO nediuuty BitaMiny B ,, He3ayexxHo Bin Kjacuy-
HOTO MEXaHi3My, 3a SIKUM BiH ()YHKIIOHYE SIK KOdaKTop.
Lle miaTBepmXy€eThcs TUM (PAaKTOM, IO IPUIIOM J0OABOK
BiTamiHy B, moninuye kiiniyHi nposBu JI1H, He3anex-
HO Bil (paKTMYHOTO PiBHS KoOajaMiHy B CUPOBATIIi KPOBi
[40]. B. Wolffenbuttel et al. (2019) npunyckatoTs, 1110 «B,,
MOX€ OYTHU He JIMIIEe BiTaMiHOM Yy 3araJlbHOMY CeHCI, a paj-
1IIe 3araJbHUM (paKTOPOM 3aXUCTY i pereHepallii HepBiB,
oco6auBo nipu AITH» [40]. OgHak, He3Baxkalouu Ha Te, 110
YUCJIEHHI acCTIeKTH BKa3yl0Th Ha CIIPUSITIIMBY J1it0 Kobasa-
MiHY 3 METO0 MpodiTakTUKK a00 JIiKyBaHHS CYOKJTiHiYHOT
ta kiiHiuHoi JITTH, y niTepatypi BiacyTHi moBimoMIeHHS,
SKi 6 OTHO3HAYHO OB’ I3yBaJIU JIIKyBaHHS BiTaMiHOM B,
3 J10ro nNo3uTUBHUM BIUIMBOM Ha JITTH Ha MoJiekyasipHO-
MY piBHIi.

BitamiH B,, — npunuunHn pediuuty

Bitramin B, (niaHoKoOanaMiH, KobagaMiH) — 1ie BOAO-
PO3UYMHHMI BiTaMiH 3i CKJIaIHOIO CTPYKTYpPOIO. YHiKajabHa
XapaKTepHCTHKa KobaaMiHy TOJIATaE B TOMY, IIIO HABKOJIO
LIEHTPATBHOTO aTOMa KOOAIBTY 3HAXOASTHCS YOTUPU aTOMU
HITPOTEHY 3 YOTUPHOX TETPATipOJEHUX KOPUHOBUX KiJleIlb.
®dizionoriyHMMHU JiraHaaMu BitaMiny B, € metun- (—CH,),
rimpokcu- (—OH) a6o aneHo3unko6anamin [41]. Iiopokcu-
KobaylaMiH € OisbIl cTabiIbHO0 (DOPMOIO i BUKOPUCTOBY-
€TbC, SK i LiaHOKOOaMaMiH, y (hapMaKOJIOTiUHil ramy3i
B €Bpomi ta CIIIA.

Bitamin B,, — enuHuii BitaMiH, SKUH BiACYTHill y HpyK-
Tax i oBouax. lle Bogopo3unHHMIA BiTaMiH, SIKMI HE BUPO-
OJISIETHCS JTIOJCHKUM OPraHi3MOM, OCKIJIBKM CUHTE3YETHCS
MiKpOOopraHi3MaMy TOBCTOTO KUIIIeYHNKA. TOMy OCHOBHUM
JKepesioM KobaJlaMiHy € ika TBApMHHOTO IMOXOIKEHHSI, SIK-
OT M’$ICO, MOJIOYHI TTPOAYKTH Ta 0coOnmBo rnevinka (80 %
Bim 3aranmpHOTO 3amacy) [41, 42]. PekomenmoBaHa q060-
Ba nmoTpeba BiTamiHy B, 3amexuTs Bia ctati. Jlopocium
XKiHKaM MoTpioHO 2,4 MKT KoOaraminy/mo0y. Llg morpe-
6a 30iIpImyeThCS 10 2,8 MKT Ha D00y ITiJ Yyac BariTHOCTI
Ta romyBaHHs Ipyano. Jopocianm 4ojoBiKkaM HEOOXiTHO
CTITOXUBATU 2,6 MKT/mo0y [43, 44|. [lediuut Bitaminy B,
BUHMKAE, KOJIM 3aIlacH B IeUiHIli 3MEHIITYI0Thcs 10 300 MKT
KobanaMiny/nooy [43].
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1o OCHOBHUMX 3aXBOPIOBaHb i/a00 CTaHiB, sIKi MOXYThb
npusBecTu 10 AediluTy Bitaminy B,,, cain BinHectu [13,
45, 46]: 1) HemocTaTHE HAIXOIKEHHS KobOallaMiHy uepe3
CYBOpY BEraHCBKY Ji€Ty a00 MOPYIIEHHS XapyoBOi MOBe-
IiHKM; 2) 3MEHIIEeHHSI KUCJIOTHOCTI B IIUTYHKY BHAC/iT0K
MPOLIECiB CTapiHHS OpraHi3My ab0 BXXKWBAHHSI JIIKApChKUX
3ac00iB (iHribGiTOpiB MPOTOHHOI MOMIMY a00 AaHTArOHICTiB
H2-peuenTopiB), 1110 MOXKe IMIPU3BECTH A0 3HUKEHHS BU-
BiJIbHEHHS BiTamiHy B, [47]; 3) ManbabcopOllist eK30reHHOTO
KoOaJlaMiHy, 11O MOIIMpPEeHa Cepell oS JTITHBOTO BiKY,
y sikux nediuuTt BitaMiny B,, y 6araTbox BUMagKax € «Cyo-
KJIiHIYHUM», 30KpemMa, IIpu MerajobacTHill aHeMil [48];
4) HEAOCTATHICTb MapieTAIbHUX KJIITUH, SIKi 3pyiiHOBaHi
aBTOIMYHHUMM (bakTopamMu abo BUAaJeHi BHACIIIOK pe-
3eKIIii IUTYHKA; 5) hopMu MambabCcopOIIii, IKi MOXKYTh OyTH
CIIPUYMHEHI XipypriYHUM BTPyYaHHSIM a00 3allaIbHUMU
3aXBOPIOBAHHSIMM KUIlIeYHUKa (xBopoba KpoHa, Bupasko-
BMiA KOITiT) [49]; 6) BpomkeHi ne(heKTH TpaHCTTOPTHHX OLTKIB
BiTaMiHy B,, (TpaHcKobanamiHiB (transcobalamin, TCN?2));
7) BpomKeHi IeeKTH BHYTPIITHbOKIIITUHHOTO TPAHCIIOPTY
kobanaminy [12, 50]; 8) meTdopmiH, 30KpeMa, BAUOKPEMJICHO
SIK OIVH i3 TOJIOBHUX (haKTOPIB, TIOB’SI3aHUX i3 Ae(illnTOM
kobGanaminy y nauieHTi i3 JIH [51, 52]. [ToBinomnsieThb-
cs, 110 TpUBaje 3aCTOCYBaHHs OiryaHimy, 0COOJIMBO ITiC/IsI
YETBEPTOTO POKY JIIKyBaHHS, MOXE TTPU3BECTH 0 HecTadi
LiaHoKobanamiHy nmpakTuaHo y 30 % narienTis [21]. 3okpe-
Ma, pe3yJIbTaTh JOCIiIKeHHs, ImpoBeneHoro I. Rojbi et al.
(2023), mokasanu, 1110 y MaLi€HTIB, SIKi BXUBaOTh MeT(HhOpP-
MiH, 9aCTO CIIOCTepiraerbcs aedinuT kobdamaminy ta JH
[53]. loBrorpusase 3acTocyBaHHsS MeT(GOPMiHY ITOB’s13aHe
3 PO3BUTKOM aHeMii. [le MoxkHa MOSICHUTY HU3bKUM PiBHEM
reMOrJIO0iHY B TTOEMHAHHI 3 BUCOKMM CepeaHiM 00’€eMOM
€PUTPOLIUTIB, 1110 YAaCTO CIIOCTepiraeTbes y XxBopux Ha LIJT
2-ro tury 3 aediuuToM BitamiHy B,,, aKi npuiiMaloTh MeT-
(opmiH. Lli BUCHOBKM MiATBEPIUKYIOTH PO3YMiHHS TOTO, 11O
HU3bKUIi piBeHb BiTaMiHy B,, MoXe rpusBecTu 10 MaKpoLu-
TapHoi aHeMil [54]. 3acTocyBaHHs MeTHOPMiHY CITPUUYNHSIE
I0303a/IeXXHMI nediuuT KobajaMiHy, SIKMiA 3a3BUYail BU-
HUKa€ 1IoHaliMeHIIIe Yepe3 4—5 pokiB itoro nmpuitomy [21].
BBaxaeTbcs, 1110 MeT(OpMiH 3HIKYE MOMIMHAHHS Kobasa-
MiHY Y TepMiHAJIbHOMY BiImiJTi KJTyOOBOI KUIIKM [55], omHaK
TOYHUI MOJIEKYJISIDHUI MeXaHi3M, 3a JOIMOMOTOI0 SKOTO
TpUBaJe JiKyBaHHS MEeT(GOPMiHOM MOXKe BUKINKATHU nedi-
LIUT BiTaMiHy B,,, 3a1111a€Thest HE3PO3yMiTUM. 3aMPOMOHO-
BaHi pi3Hi MexaHi3Mu: a) MeTopMiH ropyinye Ca**-3aexHe
3B’s13yBaHHSI KOMILJIEKCY «BHYTpilIHil pakTtop Kactma —
KobajaMiH» 3 peLenTopoM KyOijliHy Ha eHTepoluTax, 1110
MepelKoIKae BCMOKTYBAaHHIO BiTaMiHy B,,; 6) MeTdopmin
3MaTHUUN MTOCWJINTU HAKOMWYEHHS KoOajaMiHy B MEYiHIl i,
OTK€, 3MiHUTU MOTO PO3MOIiJ i MeTabOoJIi3M Yy TKaHMHAX;
B) IesIKa KiJIbKiCTb BiTaMiHy B, BU#insieThes 3 )XOBYIO i MOXe
He peabcopOyBaTucs, a MeTHOPMiH 3TaTHUI MepeIKOIKaTI
peabcopOI11il XKOBUHMX KUCIIOT Y KUIITKOBO-TIEUiHKOBIi1 crC-
TeMi KpoBoobiry [56]. BpaxoByrouwu, 1110 Maiike BCi MallieHTH
3 LI/ 2-ro Tty nmpuitMaioTh MeTOpMiH, a 6araTo 3 HUX
TaKOX BXXMBAIOTh iHTiOITOPY MPOTOHHOI MOMITH, HE AUBHO,
110 nediluT KobasaMiHy € IMOIIMPEHUM Y XBOPUX Ha AiadeT
[12, 57]. [ToBimoMJISIETBCS, 1110 MOMIUPEHICTh AeDIlIUTY Bi-
Taminy B,, y xBopux Ha LI/ 2-ro Ty Moxe nepeBuILyBaTH
50 % [21, 58, 59].

IHmuBigyanbHI XapaKTepUCTUKM (BIK, CTaTh) i 1032 MET-
(bopMiHy TaKOX MarOTh 3HAYEHHS JIJISI PO3BUTKY Ie(illUTy
kobanaMiHy [60]. Y XiHOK CIoCTepira€ThCs OiIbIIA MO~
peHicTh nedinuTy Bitaminy B, [61], a TeMHwMIA KoJTip IKipu
MOXe HisITH SIK 3aXUCHU akTop [62]. OTKe, MOETHAHHS
KJIiHIYHUX i femorpadiuHux hakTopiB CYyTTEBO BILJIMBAE HA
nedinuT Bitaminy B,, y xBopux Ha LIJI [63].

PesynbTaTit poCNeKTUBHUX IOCTIIKEHb MPOJIEMOH-
CTPYBaJIM, 110 y TMAIIE€HTIB, SIKi BXXKMBAIOTh METPOPMIH,
He TUIbKW HUXXYi piBHI BiTaMiHy B,,, aje i1 BuIlla yacTtoTa
NUCTAIBHOT CUMETPUYHOI MOJIiHeiponaTii Ta KapaiaabHOi
aBTOHOMHOI Hevpormarii (KAH) [64]. ToMy peKOMeHIy-
€TbCS1 NEPIOJUUHUIT MOHITOPUHT PiBHSI BiTaMiHy B, y BCix
XBOPHUX, SIKi 3aCTOCOBYIOTh MET(HOPMiH, OCOOIUBO SIKIIO
1Ieii OiryaHim 3aCTOCOBYETBCS TTIOHAI 5 POKIB, OCKIJIbKM Ha
LIbOMY €Tarli 3aracu KodajaMiHy B IeviHIli, UMOBIpHO, Oy-
IyTh BUCHaXeHi [9].

S Bxe 3ragyBajioch, BitaMiH B, € kodakropom meTio-
HiHcuHTa3u i MUT. MeTioHiHCHMHTa3a HeOOXinHa AJIsI YyTBO-
peHHs MeTioHiHy. Lleit hepMeHT KaTamizye niepeHeceHHs
METUJIBHOI TpyIu 3 MeTUJI-TeTpariagpodonary (methyl-tet-
rahydrofolate, methyl-THF) no Hcy, yrBoproioun MeTioHiH.
Ockinbku nediuut kodasaMiHy TPU3BOIUTH A0 MOPYIIEH-
Hs niepeTBopeHHsT Hey B MeTioHiH, minBuiieHi piBHi Hey
B IJIa3Mi MOXYTb BKa3yBaTH Ha (DyHKIIOHAJbHUI 1ehilluT
BiTaMiHy B,,. [IpurniuenHs aktuBHocti MUT, Hanpukan,
BHACIIIIOK CITaIKOBUX Ae(EKTiB CMHTE3y alloIpoTeiHy abo
nedinuty BiTaMiHy B,,, CyIpOBOIKYETHCS YTBOPEHHSIM
TokcnyHoi MMA, a Hammmmok MMA BUBOIMTHCH i3 ce-
qero [65]. Y 6ynb-sIKoMy BUMAIKY MiABUIIEHA eKCKPeLlis i3
ceuero abo migBuileHuit piseHb MMA B cupoBaTiii KpoBi
€ crietiiyHUMHU JabopaTOpHUMU OioMapkepaMu (hyHK-
HioHaabHOrO nedinuty B, [65].

AiabetnyHi Hemponarii Ta BiTamiH B,

3amponoHOBaHi YMCIeHHI MOJIEKYISIPHI MeXaHi3Mu
PO3BUTKY HiaOeTUYHOI aBTOHOMHOI Ta XpOHIYHOI CEHCOop-
HO-MOTOPHOI mostiHepomnarii [15, 66]. L1i matodiszionaoriyni
MeXaHi3MH1 BKJIIOYAIOTh aKTUBAILiIO MMOJII0JIOBOTO HIJISIXY
OOMiHYy IJTI0KO3U, MOPYILIEHHSI peTyJisilii TJiKoJi3y, MeH-
To30(ocdaTHOro NUISIXY Ta MITOXOHIPiaIbHOTO OKMCHOTO
(hocoputoBaHHS B HEPBOBIii TKAHWHI, 1110 TPU3BOIUTD J0
MITOXOHIpiabHOI AUCHYHKIIIT, 30inbieHHs BMicTy ADK
ta aktuBauii OC [15, 67]. OC € omHuM i3 TPOBiTHMX (HaKTO-
piB, 1110 MPU3BOAUTH A0 XPOHIUHUX YCKIIAAHEHb LIyKPOBOTO
niabety [68, 69]. XpoHiuHa rirmepriikeMis, ToAiGHO 10 YTBO-
penHst HbAlc, nocumioe npoiecu HepepMeHTaTUBHOTO
[JIiKyBaHHA iHIIMX O0inKiB 3 yrBopeHHsaM KIIT'. INneprpo-
nykiig KITT mpu3BoauTh 10 MTOCUIIEHOTO 3B’ SI3yBaHHS Ta
ctumyJistnii crierudivnoro peuentopa mis KIII (receptor
for AGE, RAGE) i Tum camum aktuBye uuissxu X3HI [15,
67]. ITIponemMoHcTpoBaHO poJjib Oiika High Mobility Glo-
bulin Box 1 (HMGBI1) npu roctpiii ceHcopHiii (00Ib0Bii1)
HeliponaTii. 30KpeMa, BUKOPUCTAHHS y Nia0eTUIHUX MU-
1reit abo IIypiB IIiMUPU3NHOBOI Kuciiotu (iHriditopa High
Mobility Globulin Box 1) cnipusijio MmO3UTUBHUM 3MiHaM
IMOKA3HUKIB ITOPOTY YYTJIMBOCTI MEXaHIYHOTO Ta TEPMiUHOTO
ooumo [70, 71]. Lli maTodizioyoriudi MexaHi3MH1 CIIPUSIOTh
nocuwieHHIo curHanbHux nuisixiB X3HI ta npouecis OC
y HelipoHax [15].
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OpmHax 1eil TIIOKOIEHTPUYHUM ITiaXia He IIOBHICTIO IT0-
sicHI0€, YoMy [IH Moxke BUHMKATH Ha CTail mepeamiadbety
[72]. BBaxaeTncs, 1o aediuut Bitaminy B, Moxe OyTtu ofi-
HUM i3 cyTTeBUX (DaKTOPiB B 11 MaroreHesi. 3oKkpemMa, rpsmi
JIOKa31 MPUYMHHO-HACIiIKOBOTO BILIMBY HecTadi Kobajia-
miny ripu JITTH nponeMoHCcTpoBaHO B €KCITEPUMEHTATbHUX
nochimkeHHsx. [lokazaHo, 1110 y Mullieit 3 MyTali€to (Bin-
cytHicTio) reHa CD320 (Mem6paHHOTO OiNlKa, pelenTopa
TpaHCKoOajaMiHy Ha IJla3MaTUYHili MeMOpaHi), SKUi Bil-
MOBifa€ 3a MONIMHAHHS KJIITUHAMU TOJIOTpaHCKOOaIaMiHy
(holotranscobalamin, HoloT'C), Haii6iibI akTUBHOI (hopmu
KobOanaMiHy, po3BUBa€eThCs nediuut Bitaminy B,,. Lli 3MiH1
nomiOHi M0 KIIiHIYHOTO (PEHOTUILY, IKMIl CIIOCTePIira€ThCst
npu AITH y mamienTis 3 LI/, i 11e 103BOJISIE IPUITYCTUTH,
mo nediunT KobajaMiHy B HEPBOBill TKAaHMHI MOXe OyTH
npuyetHuii no po3sutky JAITH [73].

OnHuM i3 dakTopiB aediuuty BiTaMiHy B,,, po skuii
4yacTo 3a0yBaloTh, € BXXUBAHHS aJIKOTOJIIO0. AJIKOTOJTb MOXe
cripuunHUTA OC, MOIIKOIXEHHST BUILHUMM paauKania-
MU, aKTUBAllil0 METaOOTPOITHUX TJIyTAMATHUX PELIeNTOPiB
5 (metabotropic glutamate, mGlu5) y CIMHHOMY MO3KY,
a TakoX cripusitu nediuuty Bitaminy B,. Lli dhakTopu pazom
CIPUSIIOThH MOLIKOIKEHHIO TTepruepuIHUX HEPBIB [9].

PesynapraTi HU3KM HOCIiIXeHb BKAa3yIOTh Ha CITiJIb-
Hi matodi3iosoTiyHi MexaHi3MM pO3BUTKY AedillUTy Bi-
taminy B, i ATTH. 3okpemMa, npoaeMOHCTPOBaHO, 11O
y mauieHTiB 3 L] 2-ro Tuny ta JAITH BusBieHo HU3bKUiA
piBeHb MeTwntoBaHHsa JIHK, 1o He cnioctepiranocs npu
IiabeTU4Hiil peTUHOIaTii a00 miabeTUYHii XBOpPOOi HU-
pok. OTxe, 3HUXKeHUI piBeHb MeTUOBaHHS JIHK mMoxe
OyTHu BiZHOCHO crenudiuHuM dakTopom pusuky JITH
[74, 75]. AnanoriuyHo, aHaji3 pe3yJbTaTiB 0COOJMBOC-
teil MmetumoBaHHs JJHK Ta excrpecii reHiB y 6ionraTtax
cypaJbHUX HEPBIB JIIOAWHU MOKa3aB, 110 METUJIIOBAHHS
JHK perymoe ekcripecito reHis ipu JAITH [76]. Bpaxosy-
1oun, 110 3HKeHe MeTnoBaHHs JIHK moxke OyTu omHuM
i3 HacxainkiB aedinuty B,,, 11i aHi 1aI0Th MeXaHiCTUUHE
MOSICHEHHS TOro, sIK aediuut B,, Moxe OyTu 3amyyeHuit
no matorenesy JITTH [76]. OnHak Ha CbOTOIHI TOYHO-
o MOJIEKYJSIPHOTO MeXaHi3My, 1110 TIPUYMHHO OB SI3y€
nopymeHHs MetwtioBanHs JJHK 3 JIITH, He BusBieHo.
JlonatkoBi 10Ka3u TOro, 1110 Aediuut BitaMiny B,, Mmoxe
MIPU3BECTU OO0 MITOXOHIpPiaJbHOI TUC(YHKIII Ta aKTUBa-
uii OC, HagaHo B gociimkeHHi A. Luciani et al. (2020).
ABTOpPU MPOAESMOHCTPYBaIH, 1110 AePillUT MITOXOHIPIi-
anbHO1 MUT BuKIIMKae MeTabOJiYHI Ta MiTOXOHIpiadbHi
3MiHM, SIKi MOCUTIOIOTBCS aHOMaJlisIMM B I'€Hi ToMoJjiora
docdara3u Ta TeH3uH (phosphatase and tensin homolog,
PTEN)-inaykoBanoi kiHazu 1 (PTEN-induced kinase 1
(PINK1)/y6ikBiTun E3 nirazu (Parkin RBR E3 ubiquitin
protein ligase)-orocepenkoBaHiii MiTodarii, 1110 mpu3Bo-
IUTh 10 HAKOMMUYEHHSI I1UCHYHKIIIOHATBHUX MiTOXOHIPIA,
SIKi BUKJIMKAIOTh emniTenianbHuit ctpec (epithelial stress) i,
3pEIITO0, MOIIKOMXKEHHS KJIiTUH. 3HUXeHA aKTUBHICThb
MUT i, 9Kk Hacximox, migBuIeHHS piBHIB MMA B KJTiTUHI
CIIPUYMHSIIOTh 3HAUHY MITOXOHApiaJibHY AUCOYHKILIO,
nuchyHKIioOHaIbHY OioeHepreTuky Ta minBuineHuin OC,
Mpo IO CBimunTh migBuieHe BupooseHHs ADK. 11i pe-
3yJIbTaTU BKA3yIOTh Ha 3B’SI30K MiX MEPBUHHUM Aediln-
TOM MitoxoHapianbHOoi MUT, ypaxkeHMMU MiTOXOHIPisi-

MU, TUCGYHKIIIEI0 MiTodarii Ta emiTeriaIbHUM CTPECOM
i BiIKpMBalOTh MOTEHIiMHI TepalneBTUYHI MepCIEeKTUBU
s MMA [77].

Hespousoriuni cumnromu aedinuty Bitaminy B,, mo-
nioHi 1o Tux, 1o BuHUKawTh npu JAH. Ognak nedpiuut
KobaJaMiHy TaKOX MOKe CITPUIMHUTUA MOTOPHY ab0 Xpo-
HiYHY CEHCOPHO-MOTOPHY MOJIiHeiponaTiio, CUMIITOMU, SIKi
yacTo 3ycTtpivaiotbes mpu JAITH. Hait6inbm mommpeHnMmu
dopmamu JIH € nepudepuunHa, BereraTuBHa Ta XpOHiYHA
CEHCOpHO-MOTOpHAa nosiHelponaris [78, 79]. [1pumiTtHo,
o JIH miarHocTyeTbest Ha MoMeHT MaHidecranii LTy 10—
18 % mnaliieHTiB i BAHMKAE HABITh y MepeaniabeTHIHOMY
crani [80]. Hecraua BitamiHy B,, 1ocuTh nourpeHa y xBo-
pux Ha L1 2-ro TuIy, BUKJINKA€ HEBPOJIOTIYHI CUMITTOMU,
noxioni mo JAITH, moxe cnpumunuautu AITH a6o mpocTo
MPUCKOPUTH ii IporpecyBaHHs [52].

HediuuT BiTaminy B,, Mmoxe O0ytu nos’s3anuii 3 KAH
y nauieHTiB 3 /I 2-ro tuny [79]. C. Hansen et al. (2017)
MPOBEJIU BUMPOOYBAHHS 3 METOIO BCTAHOBJIEHHST OCOOJIM -
BOCTe 3B’413KiB MiX piBHEeM BiTaMiHy B,, y cupoBaTLii KpoBi
ta KAH y 469 amGymatopHux mamieHTis 3 L1 2-ro tuiy.
BcranoBneHo, 1mo piBeHb KOOajaMiHy B CMPOBaTIi KPOBi
OyB 3HAUHO HIXYMM Y XBOPHUX, SIKi OTpUMYBaIu MeThOp-
MiH Ta/a60 iHri6iTOpY MPOTOHHOI ToMIK. TTinBUILIEHHS
piBH BiTaMiHy B, Ha 25 nMmosb/n1 acouitoBaiocs 3 Mo-
Ka3HUKOM BigHOIIeHHs 1aHciB (odds ratio, OD = 0,94)
niarnoctyBanHs KAH (95% nosipunii intepsan 0,88; 1,00,
p =0,034), 30i1bIIEHHSIM CITiBBIIHOILLIEHHST aMIUTITYIM XBU-
ni E/ammnitymn xsuii A (E/A) Ha 0,21 % (95% nosipunit
intepsan 0,01; 0,43, p = 0,038) i 3HMKEHHSIM TTOKa3HUKIB
5-XBWJIMHHOI YaCTOTU CEPLIEBUX CKOPOUYEHb Y CTaHi CIIO-
koro Ha 0,25 yn/xB (95% nosipuuii intepsan —0,47; —0,03,
p =0,025). Otxe, BiTaMiH B,, MO3Xe MaTu 3BOPOTHUI 3B’S1-
30K 3 KAH y mamienTiB 3 LI 2-ro Tumy [81].

biomapkepu pediuuty BiTamiHy B,,

VY Bunaaxkax cyOkjiHiyHoro pediuuty B,, KiIiHiuHi
03HaKM Ta CUMIITOMM MOXYTb OYTH MaJio IOMIiTHUMU abo
BiICYTHIMM, i 1iaTHO3 TTOBUHEH OYTHU MiATBEpIKEHU J1a-
6oparopHuMu Giomapkepamu [40]. JIyis OLIiHKY ajeKBaT-
HocTi a0o nediuuty Bitaminy B,, 1ocTymnHi Taki napameTpu:
cupoBatkoBuil (3aranpuuit) B,,, HoloTC, HCys i MMA.
Bwmict xobanaminy Ta HoloT'C y cupoBariii KpoBi € IIpsiMu-
MU GioMapKepaMu [UIsl OLIHKM HAJIXOIKEHHS BiTaMiHy B,
B opraHizM. KoHueHTpaliist KobaiamiHy B CMpOBaTIli KpOBi
HaANOIBII TMPOKO BUKOPUCTOBYETHCSI B PYTUHHIN KITi-
HiuHil npakTuui ans Bepudikailii nediuuTy Bitaminy B,,.
OpnHak 3arajibHa KOHIIEHTpallisl KoOajdaMiHy y cMpOBaTIIi
KpOBi aeKBaTHO He BimoOpaxkae paKTUIHE HaIXOIKEHHS
BiTaMiHy B,, B opraniam monunu. HatomicTh HaliGinbIin
YYTJIUBUM OioMapKepoM paHHbOTO Ae(illuTy KobatamiHy
€ HoloT'C, sxuii BimoOpakae 6ioyoTiuHy (pOpPMY CITOXMU-
BaHHs BitaMiHy B, [3]. OnHak aesiki jitepaTypHi axepesa
cBimyaTh 1po Te, mo HoloTC He € KpallluM NOKa3HUKOM,
HiX 3arajpHuii Bitamin B,, [25].

BBaxkaeThCs, 110 MiABUILIEH] PiBHI MTPOMYKTIB MeTa0O0i3-
My HCys Ta MMA BinoOpaxkaroTh KIIITUHHUIN 1e(illuT BiTa-
MiHy B,,, Takox Binomuii sk ¢hbyHKUioHanbHUit nediuut B ,.
OmHakK BOHM He BUKOPHUCTOBYIOTHCS SIK CKPUHIHTOBi TECTH.
HoloT'C € 6inbin 9yTauBuM GioMapKepoM ISl BUSIBIICHHS
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nediuuTy croxupaHHs BiTamiHy B,. [ToMipHe 3HMXXEHHS
piBHs1 HoloTC Moxe Takox BKa3yBaTW Ha HasIBHICTb paH-
HbBOI'O KJIITUHHOTO ab0 (pyHKIioOHaNbHOTO nediuuty B,,.
PiBni MMA ta HCys Tex KopucHi st iudepeHuiartii ne-
diuuTty BiTaMiny B,, Ta donieBoi kucnotu: dizionorivHuit
piBeHb MMA Tta migBumenuit BMict HCys BinmoBimaioTh
nediuuty ¢oieBoi KUCIOTH, TOMI K MiIBUILEHUI PiBeHb
MMA 6e3 30iIbIIeHHST KOHLIEHTpallii (oJIi€BOI KUCIOTHA
BKa3ye Ha aediunT Kobanaminy [82, 83].

OueBUAHO, 1110 XKOAEH OKpeMUii bioMapKep He 3TaTHUI
OXOIMUTU BCi MOXJIUBI acnieKTH Aediuuty B,, (CKpUHIHT,
CYOKJIHIYHMI/KIITUHHUI OediluT, KIiHIYHO IBHUI 1e-
¢imut). KpiMm TOT0, BiICYyTHIii1 KOHCEHCYC IIIOJ0 ITOPOTOBUX
3Ha4YeHb T KOXXHOTO 3 LIMX OioMapkepiB. [ToBinomiseTbest
PO IIMPOKi Aiamma30HU MeX NPUUHATTA pimeHHs: 100—
350 nmMoJIb/71 17151 3arajbHOTO BiTaMiHy B,, y cupoBarili kpo-
Bi; 20—50 nmonsb/a st HoloTC; 0,21—0,47 MKMOJIb/JT Uist
MMA; 10—21,6 MKMOJIB/J1 1ist roMoLucTeiny. Tomy He
NUBHO, 1110 IJIs1 CKpUHIHTY nediuuty B,, Oynu po3pobieHi
ynciaeHHi anroputmu [84]. Ockinbku HoloT'C € HaitbinbIn
cneluiYHUM i YyTIIMBUM J1abopaTOpHUM OioMapKepoM
1151 BUsiBNIeHHST nediuuty B,, ioro citig BUKOpUCTOBYBaTH
IUIS1 CKpUHIHTY. [1pOnoOHY€EThCSI HACTYITHUI aJITOPUTM Jlia-
rHocTuKH aediuuTy Bitaminy B, [12]:

— piBenb HoloT'C y cuposariii kposi > 50 iMoJib/J1
Jy>kKe MaJIOUMOBIpHO BKa3ye Ha aediluT B,,;

— nediuut BiTaminy B, iiMOBipHUH, SIKILIO PiBEHb
HoloT'C y cupoBatiii KpoBi < 35 nMMoJb/1, a piBeHb MMA
> 271 HMoOIb/7;

— OauaHc BiTaMiny B,,, miBHaLIE 32 BCe, HEraTUBHUM,
sakio piBeHb HoloT'C y cupoBatiii KpoBi < 35 MoJIb/JI,
a piBeHb MMA < 271 HMOJb/J1, TOOTO NedillUTy KITITHH-
Horo BiTaMiHy B, HeMae, ajie HaaAXOMXKeHHsI KobalaMiHy
B OpraHi3M HEIOCTATHE;

— piBeHb HoloT'C B cupoBariii KpoBi B giana3oHi 35—
49 imonb/11, a piBeHb MMA > 271 HMOJIb/J BKa3ye Ha Jie-
¢inur Bitaminy B,,, Toni sik piBeHb MMA < 271 HMOJIb/1
HaBpsIA YU CBiIMUUTH PO AePIilIUT;

— y OyAb-sIKOMY BUTIAJKY CJIi/l BUKITIOUYUTU HUPKOBY
TUCOYHKIIIIO.

KAiHiYHi acnekTtn aAediuunty BitTamiHy B,
Hediuut BiTaminy B,, MoXe BUSBISTUCH TeMaTOJIOT Y-
HUMU TIOPYLIEHHSIMU Ta HEBPOJIOTIYHUMU CUMITTOMaMH.
KnacnuHoro reMaTos10riyHoO0 KapTUHOIO TP 1eilluTi KO-
OanamiHy € MeranobsactHa aHeMis. Lli mopyiieHHs MoBHi-
CTIO MOSICHIOIOTHCS (Di3i00riuHOI0 poJUIIO BiTaMiHy B, K
KoakTopa MeTioHiHcuHTa3u [85, 86]. Hecraua kobanaMiHy
CYMPOBOJIKYETHCSI HAKOITMUEHHSIM METUII-TeTparinpodosa-
Ty B IIUTO301i, 1110 CIIPUSIE 30LTBIIIEHHIO BMICTY 5-METUII-Te-
Tparigpodonary B siapi KIiTMHA. MeTun-TeTparinpodosat
He MOXe TIepeTBOPUTHCH 3BOPOTHO Ha METHJIEH-TeTpari/-
podonat (methylene-tetrahydrofolate, methylene-THF),
OCKIJIbKM 1151 peaKlilis He € 000poTHOIO0. TakuM YyrHOM 0J10-
KY€ETBCS (POIATHUI LIUKII i PO3BUBAETHCS (DYHKIIIOHATIBHIIM
nediuut donatiB («posatHa mactka») [45]. BigHoBaeHMit
METWJIeH-TeTpariapo@oiaT mopyurye mpouecu 0ioCuHTe-
3y TUMinuHy. JediunT TUMITUHY CIIpUse HeCTabILHOCTI
TeHOMY Ta YIOBUIbHEHHIO i/a00 6J10Kali KIIITUHHOI TTPOJTi-
deparii, 1110 HaOUIBII BUPaXkKeHO B KJIITHHAX KiCTKOBOI'O

Mo3Ky. Lleit MexaHi3M € OCHOBOIO /IS PO3BUTKY SIK Mera-
JI0GJIaCTHOI/TIepHillio3HOI aHeMii, Tak i JeMKOUMUTONeHil
Ta TpoMOouuToneHii [45]. Hu3bki 3HaueHHs Bitaminy B,
OB s13aHi 3 BUCOKUM piBHeM Hcy 3i 3MeHIIIeHHM KiCTKO-
BOI MacHM Ta IiABUILIEHOIO0 KPUXKICTIO KicToK. OTXe, Joau
JIITHBOTO BiKY i3 TAKMM TUIIOM TIEPEJIOMiB CTAHOBJISITH TPYITY
PUBUKY 11070 nedinuty kodbanaminy [87, 88].

Ha BimMiHY Bin reMaTOJIOTiYHUX ITOPYIIEHb HEMPOIICHUXi-
aTpU4Hi cUMITOMU nedilMTy BiTaMiny B,, He MOXyTb OyTH
MOBHICTIO MOSICHEHi (QYHKIIi€I0 KoOanmaMiHy SIK KO(paKTo-
pa metioniHncuHTasu i MUT. V¥V 3B’43Ky 3 UM HOBI JaHi
PO BHYTPIIIHbOKIITUHHUN OKMCHIOBAJbHO-BiTHOBHUM
LMK BiTaMiHy B,, Ta 10ro MOXJIMBY Hil0 K KJIITUHHOTO
AHTUOKCHUIAHTY MOXYTb Kpalle MOSCHUTHA HEBPOJIOTiYHiI
cuMmnToMu nedinuTy Bitaminy B,, [12, 89].

3a nanumu J. Karedath et al. (2022), nauieHnrtu, siKi
OTPUMYBAJIU BiTaMiH B,,, MpoaeMOHCTPYBaIu 3HAUHE 3MEH-
LIEHHSI HEBPOTIATMYHKUX CUMITTOMIB ITOPiBHSIHO 3 KOHTPOJIb-
HOIO TPYIIOI0, 110 MiIKPECIIOE BaXKJIUBY POJb KoOaJaMiHy
B nikyBaHHi JIH. [Moninmenns nmepediry H moxe Oyt
OB s13aHe 3i 30iIbIIEHHSIM e(heKTUBHOCTI Ta TOCTYITHOCTI
HellpoMeniaTopiB, IK-OT CEPOTOHIH (5-TiIpOKCUTPUIITAMIiH)
i HopagpeHaJiH [8].

Ha yxpaincbkomy papMarieBTMMHOMY PUHKY JTOCTYITHI
npenaparu iiaHokobajiaMmiHy. 3pydyHUM Ta e(heKTUBHUM
€ MpU3HAYEHHSI BUCOKOI030BaHOIO JIiIKapChKOTO 3aco0y,
wo Mmictutb 1000 Mkr BiTaminy B,,, sikuii He 3B’s13aHuil i3
XapyoBMMM OiIKaMu. Y TakoMy BUITaJKy Ha BCMOKTYBaH-
HSI KoOajaMiHy He BIUIMBAIOTh IIpernapaTti, SIKi OJIOKYIOTh
CEeKpeELIi0 XJIOPUCTOBOIHEBO1 KMCJIOTU. Bucoke 103yBaHHS
LiaHOKOOaJIaMiHy 103BOJISIE €(PEKTUBHO KOMIIEHCYBaTU He-
cTavy BiTaMiHy B,,.

IIpodinakTuuHi 3axoau 11040 HecTadi KoOajaMiHy
BKJIIOUAIOTh TIPUIOM JIiIKapChKUX TIPETNapaTtiB Kajbllilo Ta
BiTamiHy B,,, BinMiHy MeT(hOpMiHYy, MOTTOBHEHHS 3ana-
ciB BiTamiHy B, 32 101TOMOrow0 BHYTPilIHLOM SI30BO1 00
repopaibHOI Teparlii KodajaMiHOM, a TaKOX PeTyJIsSIpHUiA
MOHITOPUHT PiBHS BiTamiHy B,, Ta BXXUBaHHS JliKapCbKUX
3aco0iB BiTaMiHy B,, y BUnanky nponoBxXeHHs JiKyBaHHS
MeTdopminom [9, 90]. OnHak no6aBku GhoiEBOT KUCIO-
TH HE CJIiI IpUMaTH 10 IpU3HAYCHHS JIIKyBaHHS BiTaMi-
HoM B ,. @otieBa KUCI0Ta MOXKE MOJIETHIUTH JIesIKi reMaTo-
JIOTIYHI po3/Iagu, CIpUIMHEHI Ae(hilluToM KobajlaMiHy, aje
HE Ma€ TaKoro X BIUIMBY HA HEPBOBO-TICUXiYHi CUMIITOMU,
noB’s13aHi 3 gediurom BiTaminy B, [91, 92].

BucHoBKkM

Bitamin B, € BaxJiuBUM KOGhAKTOPOM JBOX BAXJIMBUX
depmeHTiB. HellogaBHi BiZKpUTTS CBigyaTh Mpo Te, 110
LIEHTPaJbHUI aTOM KOOAJIbTy Y CKJIali KobajaMiHy IIPOXO-
IIATH KiJIbKa eTariB BiTHOBJIEHHS/OKMCHEeHHs Bin 17 mo 3*
SIK Y 1IUTO30J1i, TaK i B MiToxoHapisix. O1xe, BitamiH B,, Mmae
BHYTPIIIIHIO aHTUOKCUIAHTHY aKTUBHICTb, 1110 BUXOAUTh 32
paMKU Oro KJIaCMYHOI i 106pe BimoMoi (yHKIlii Kodak-
TOpa i CBiMYUTH IIPO HOBY POJIb KOOAJaMiHy B KIITUHHOMY
MeTaboJTi3Mi.

OcHOBHI MOJIEKYJISIpHI MexaHi3Mu po3BUTKY JIH Bce 111e
3JIMILIAI0THCS HE 3’SICOBAHUMU. BiIbIIiCTh NOCTiKEeHb BU-
s BHecok X3HI i OC B po3Butok JIH. AHTHOKCHUIAHT-
HUIA TOTeHIIiaJl KoOaJlaMiHy CBiTYUTH IIPO TeE, IO 3aCTOCY-
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BaHHSI BiTaMiHy B,, Moxe OyTy BUIIpaBIaHUM He JIMLLE ISt
JIIKyBaHHSI CYOKJTiHIYHMX i KJIIHIYHUX (POPM, ajie HaBiTh LIS
npodinakruku JIH. BigcyTHiCTh KITiHIYHOTO ITOJIITIIIEHHS
He BUKJTIIOYA€ MOXJIMBOIO CIIPUSATIMBOIO e(PeKTy Kobaja-
MiHy, ockibku OC € uiie oOqHUM i3 0araTbox MexaHi3MiB,
110 BukiaukatoTth JH.

[ns1 minTBepAKEeHHS 1LIMX BUCHOBKIB i BU3HAUYEHHS
ONTUMAJIBHOTO I03YBaHHSI, TPUBAJIOCTI JIIKyBaHHSI Ta MOX-
JIMBUX MOOIYHUX eeKTiB HeOOXimHi OB MacIITaOHi KiTi-
HiYHi BUTIpOOYBaHHS Ta TOBrOTpUBaIi qocaimkeHHs. Kpim
TOTO, HA/I3BUYAIHO BaXKJIMBO Kpallle 3p03yMiTH 0i0JI0TiuHi
MeXaHi3MU, 3aBAsIKU SIKUM BiTaMiH B,, 31ilicHI0€ Helipo-
IpOoTeKTOpHY mifo. Li maxoau MoXyTh 3pOOUTH 3HAYHUIA
BHECOK B ONTUMI3allilo 3aCTOCYBaHHS BiTaMiHy B, y npo-
dimakTHIi Ta JiKyBaHHI AiaOeTMYHOI Helipomarii.

Konduikr inTepeciB. ABTOpu 3asIB/ISIIOTH IIPO BiZICYTHICTh
KOHJIIKTY iHTepeciB i BjacHOI (piHaHCOBOI 3alliKaBJIEHOCTI
MpU MiArOTOBIIi 1aHOI CTaTTi.

Indopmauis npo dinancyBanns. CtaTTsl ninrotose-
Ha B paMKax OromxkeTHoro (iHancyBanHss MOH VYkpai-
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Ti MaToreHe3y, AiarHOCTUKMU Ta JIIKYBaHHSI 3aXBOPIOBaHb
CeplLeBO-CyIMHHOI, TpaBHOI, EHIOKPMUHHOI Ta AMXaJIbHOI
CUCTeM B KJIiHilli Ta eKCIepuMeHTi» Kadenpu eHI0KpH-
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Vitamin B,,
and diabetic neuropathies

Abstract. Vitamin B,, (cyanocobalamin, cobalamin) is an essential
cofactor in two important biochemical pathways: methylmalonic
acid metabolism and methionine synthesis from homocysteine. In
addition to hematologic abnormalities (megaloblastic anemia or even
pancytopenia), cobalamin deficiency can cause neurologic symptoms
similar to diabetic neuropathy (DN). The underlying molecular
mechanisms of DN are still unclear. Most studies have identified the
contribution of low-grade chronic inflammation (LGCI) and oxida-
tive stress (OS) to the development of DN. Immunohistochemical
studies of calf muscle nerve biopsies obtained from patients with
diabetes mellitus and DN indicate activation of the LGCI pathway
caused by increased levels of advanced glycation end products, which
leads to increased OS. Similar results were found in patients with
vitamin B,, deficiency. Thus, clinical changes in patients with DN
may be caused by cellular cobalamin deficiency. /n vitro and in vivo

studies have demonstrated that vitamin B, has intrinsic antioxidant
activity. Thus, cobalamin, regardless of its classical function as a co-
factor, can act as an intracellular, in particular intramitochondrial,
antioxidant. This may serve as a rationale for the use of vitamin B,
in the treatment of DN, even in the early subclinical stages. The
purpose of this review was to discuss the role of vitamin B,,in the
prevention and treatment of DN, as well as to analyze new trends and
directions for future research. The search was conducted in Scopus,
Science Direct (from Elsevier) and PubMed, including MEDLINE
databases. The keywords used were vitamin B,,, cobalamin, diabetes
mellitus, neuropathy, cardiac autonomic neuropathy. A manual
search of the bibliography of publications was used to identify study
results that could not be found during the online search.
Keywords: vitamin B,,; diabetes mellitus; diabetic peripheral neu-
ropathy; cardiac autonomic neuropathy; literature review
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Oontumisauia Tepanii
ACOLINOBAHNX 30XBOPIOBOHDb
€HAOKPUHHOI cucremu™

Pestome. Cratrs npucssideHa ornsgy pesysnbTatis OCigXKeHb LWo[o onTumisalii 6a3ncHoi Tepariii acouivioa-
HUX 3aXBOPOBaHb €HAOKPUHHOI CUCTEMMU i3 3aCTOCYBaHHAM KOMIMIEKCHUX 6ioperynayivinnx npenaparis (KBI)
TM Heel. BkrtodeHHs KBl y ctaHgapTHi cxemu Teparii XBopux orTuMIsye JliKyBaHHs, Lo MifBULLYE Moro 6e3rneky
Ta eQPeKTUBHICTL. KOMMIEKCHUV BB 6ioperynauiviHoi Tepanii Ha TMnoBi NaTosnoriyHi npoLecy He Tiflbku nigsu-
Lye eqbeKTUBHICTb NPOBEAEHOI Tepanii, a vi 3arnobirae po3BUTKY 3aXBOPIOBAHHS Ta MOro XpoHisawii, (popMyBaHHIO
acowyjivioeaHux i KOMOPOIAHWUX CTaHIB, 3HUXYE PU3UK BUHUKHEHHS YCKaAHeHb, 3arnobirae asuLyam nosinparmasii

Ta 3MEHLLIYe TEPMIHU JIiKYBaHHS.

KnroyoBi cnoBa: acoyivioBaHi 3axBoptoBaHHs eHOOKPUHHOT CUCTeMU; naToreHeTn4Ha Teparnis; 6ioperynsyiiiHa
Tepanisi; KOMIAEKCHI 6ioperynayiviHi npenapaty; KOMOpOiaHi cTaHu; rnoaiMop6igHi cTaHu, PU3NK BUHUKHEHHSI
YyCKnaaHeHb; TUMOoBI NaTosoriYHi NpoLyecu; LiyKpoBui fiabeT,; aBTOIMyHHUI TUPEOIANT; CYOKITIHIYHWM rinoTpeos;

KeToaumnos

Cepen miTeii i MiUTITKIB Bil3HAYAETHCS 3HAUHE 3pOCTaH-
HSI PiBHSI MTOIIMPEHOCTI ITOETHAHOI ITATOIOTii — IIyKPOBOTO
niadety (LI1) Ta aBToimyHHOoro Tupeoinuty (AIT). Lle npu-
3BOJUTH 10 3HAYHOTO MOTipIIEHHS Mepediry Ta MporHo3y
3axBoproBaHHs. He3Baxkatloun Ha BaXJIMBICTh MpoOOJIeMU,
Ha ChOTOJIHI BiICYTHi 1OCTaTHHO ¢(DEKTUBHI CXeMHU Ta METO-
IIW JIIKyBaHHS 1Ii€l maTosorii. ToMy BUHMKaE HEOOXiTHICTh
MOLIYKY HOBUX MAaTOM€HETUYHMX ITiIXOAIB 1I0J0 KOPeKIIil
1IMX 3aXBOPIOBaHb.

I1poGireMa eHIOKPMHOJIOTIYHOI ITATOJIOTii MA€ BasKJINBE
coliaJbHO-MeAUYHe 3HaueHHs. Lle moB’s13aHo 3 TUM, 1110
BHACJIiTOK 3aXBOPIOBAHHS €HJAOKPUHHUX OPraHiB pO3BUBa-
I0ThCSl YCKIaAHEHHSI, SIKi 3 yacoM (hOpPMYIOTh LIiIMIA T1acT
MO€EIHAHOT MAaTOJIOTil.

Ha cphoronHi HailOiIbIIMIA BiICOTOK XBOPHUX i3 MATOJI0-
Ti€l0 eHIOKPMHHOI CUCTeMU CTaHOBJISITh JiTU Ta ITiIJIiTKU,
xBopi Ha LI/ [8]. [TommpeHictb craHoBUTH 9,81 BUNaaky Ha
10 000 HaceneHHs. [Tpu LIbOMY BigMiYa€ThCS TEHACHLIS 1O
MOIAJIBIIIOTO 3pOCTaHHS 3aXBOpIoBaHOCTI. Tak, B YKpaiHi
3a MomnepeaHi 5 pokiB 3axBoproBaHicTh Ha LI/ cepen miteit
TOLIKIJIBHOTO BiKy 3pocia B 1,5 pa3a.

JlocuTh 4acTo B KJIiHIYHIN MTpaKTUILi Jikapi 3ycTpivya-
I0ThCS 3 TIOENHAHOIO maToiorieto, Koau L/ cynmpoBomkye
AIT, 1m0 MpU3BOAUTH OO0 3HAYHOTO ITOTipIIeHHS SIKOCTI
JKUTTS MaLi€HTIB.

[Tommpenicts AIT cepen AUTSYOro HaceIeHHS CTaHO-
Buth 0,1—1,2 %. Ilepebir 3aXxBOpiOBaHHS MTOCTYIIOBO IIPH-
3BOJIUTD 0 3HMKEHHS (DyHKILil IMTOIOAIOHOT 3371031, 1110
Bapilo€ Bill eyTUPEOITHOIO CTaHy IO SIBHOIO TillOTUPEO3Y,
a 11e HETaTUBHO MO3HAYAETHCSI HA POCTi, CTATEBOMY J03Pi-
BaHHI Ta iHTEJEKTyaJIbHOMY PO3BUTKY AiTeH i MiTiTKiB.

MexX0oBy MO3U1IiI0 MixK HOPMOIO i KJIIiIHIYHO BUPaxKEeHOIO
(opmoto rinotupeosy 3aitmae CyOKITiHIYHUIM TiMOTUPEO3 —
CTaH, 3a SIKOTrO B KPOBi BU3HAYAETHCS HOPMAJIbHUI BMiCT
3araJibHOTrO i BiibHOTO TMpOKCUHY (T4) Ha T1i MiABUIIIEHOTO
piBHs TUpeoTponHoro ropmony (TTT) rimogiza [7]. diar-
HOCTHKA CYOKJIiHIYHOTO TillOTUPEO3y He BUKIMKAE TPYI-
HouiB. [Ipote myxe yacTo JiKapi pi3HUX ClelialbHOCTEN
CTHKAIOTHCS 3 TIPOOJIEMOIO «MAaCKyBaHHSI» 1Ii€1 MATOJIOTiI.
CyOxJTiHiYHUI TiMOTUPEO3 MOXKHA 3aIliZ03pUTH 3a BiICYT-
HOCTi e(eKTy Tepallii 3aXBOpIOBaHHS, KJIiHIiYHO He ITOB’sI-
3aHOTO, Ha MEPUINI MOTJS, i3 MOPYIIEHHIMU (DYHKIIIT
UTonoaioHoi 3ay103u (Tadn. 1).

[NaToreHeTM4HI 3MiHU B IIUTOIMOMIOHI i ITiAIIUTYHKOBI
3aj103ax, 1110 po3BuBatoThes 3a AIT i LI 1-ro Tumy, mpoxo-
NISITh Y CBOEMY PO3BUTKY HU3KY CTalii:

— BIUIUB iHIYKTOPiB aBTOIMYHHOTO MOXO/XKEHHST TKa-
HUH i3 IIIUTONOAI0OHOI 321031 Ta 6€Ta-KJIiTUH ITiIIUTyHKOBOI
31031 TIPU3BOAUTD JI0 MTOSIBU aBTOAHTUTILN i CEHCUOiTi30Ba-
HUX JiM(OLUTIB (IOKIiHiYHA (Da3a 3aXBOPIOBAHHS);

* Mepeknap ny6nikauii Mysb B.A. OnTummsaums Tepannm acCoLMMpoBaHHbIX 3a60neBaHuin SHOOKPUHHON cucTeMbl. bBruonornyveckas

Tepanus. 2012. Ne 2. C. 26-29.
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Ta6bnuys 1. «MacKkyBaHHs1» Cy6KNiHiYHOIo rinoTupeosy

Fany3b meguumHU KniHiyHi nposiBu
lnepxonecTtepuHeMis (CTilKa [0 AIETUHHOrO Ta MEAMKAMEHTO3HOrO JliKyBaHHS)
Kapgionoris ApTepianbHa rinepTeHsisa (pedpakTepHa A0 riNOTeH3MBHUX Npenaparis)
HabpskoBui cMHOPOM Yy BUrNSAi nepiopbiTanbHMx abo 3aranbHnX HabpsaKiB HE3'ACOBaHOro reHeay
MyneMoHororis Moxnmeuii NposiB 6POHX006CTPYKTUBHOIO CUHAPOMY
IMyHonoris BTopuHHUI imyHOOEILNT
MactpoeHTeponoria | AucbakTepiod, auckiHesia LUKT
lNHekonoris MopyLUeHHs MeHCTpyanbHOro Lmnkny, 6e3nnigaa, MactonaTis, NepcucTyoYa nakrTopes
HeBponoris Peungneytoye niom6aro, LUMNHWA, FPYOHUIA OCTEOXOHOPO3 i3 KOPIHLEBUM CUHOPOMOM,
P napecTtesiaMmn i M’a30BMM 6051eM Y KiHLiBKax

— 3anajeHHs B TKaHWHAX IIMTOMOAIOHOT Ta MiAILTyH-
KOBOI 3aJI03 Yepe3 HaKOMWUYEeHHST iIMyHHUX KOMILJIEKCIB,
1110 MPU3BOIUTD 10 MOJATBIINX N€CTPYKTUBHUX TMPOLIECIB
Yy TKAHUHAX;

— MeTabosiyHa 0Ji0Kaaa KJIiTHH i, SIK HacigoK, HaKO-
NUYEeHHS TPOAYKTIB BHYTPIITHLOKJIITUHHOTO MeTa00JIi3-
My Ta ypaKeHHS KJIITUHHUX CTPYKTYp, IO MPU3BOIUTH 10
3MiHM (yHKIi opraHa (IIUTOMOMIOHOI Ta MiAIUIyHKOBOI
3aJ103) i OpTaHi3My B LIIJIOMY.

B ocHogi 6a3ucnoi tepamii AIT i LIJI nexxuth 3amicHa
Tepariisi opraHoctrieliuGiYyHUMU TOPMOHAMHU, SIKa, Matouu
Oi7IBIIIOI0 MipOI0 CUMOTOMATUYHUM XapakTep, He nependa-
Yyae BIUIMBY HA OCHOBHI JIAHKU TIATOTEHE3y 3aXBOPIOBaHb.
Iloni6Ha Teparniss YNHUTH NPUTHIYYBaIbHY i OJIOKYIOUY Iit0
(TIpuUTHIYY€E MPOAYKIIilo aBTOAHTUTLT, YnHUTh TTT-cympe-
CUBHY [Iif0), III0 B OUIBIIOCTI BUMAAKIB pOOUTDH JTiKYBaHHS
Hee(eKTUBHUM.

TakuM ynHOM, He3BaXkalOUM Ha BaXJIMBICTh MpoOJIe-
MU, Ha CbOTOMHI BiICYTHi JOCTATHHO Mi€Bi MaTOreHETUYHI
METOIU JIIKyBaHHS IIi€i maTosorii. Takox HeMae €qnMHOI
MyMKM (paxiBIIiB 111070 3MEHILIEHHS iMyHOJIOTIYHUX TMOpY-
1eHb B yMoBax po3BuTKy AlT Ta mpodinakTrku rimotTupeo-
3y B TaKUX XBOpUX. TOMy BUHUKAE HEOOXIIHICTD MOIIYKY
HOBUX JIIKyBaJIbHUX ITiIXOMiB, sIKi Oy/1 O HE TUIbKY Ti€BUMU
B MaTOTEHETUYHOMY Ta CUMIITOMATUYHOMY TIJIaHAaX, a i He
Mayiu 6 HeraTUBHMX HACJIiKiB MPU iIXHbOMY 3aCTOCYBaHHIi,
110 0COOJIMBO BaXKJIMBO B JIIKYBaHHI AiTell Ta MiITITKIB.

Ha cyyacHoMy eTami ciocTepiratoTb TEHICHILIO Jenati
OLIBIIOL iHTeTpallii HeTpaaUIIiiHOI Ta aKaAeMiqYHOI Meau-
IIMHU. Y PO3BUHEHUX EBPOIEMCHKUX KpaiHax MeTou 0io-
JIOTIYHOI MEIMLIMHMU, 1O MOJISITAI0Th Y BIUIMBI HA CUCTEMU
peryJisiiii Ta peaKTUBHOCTI OpraHi3My JiKapCbKMMM Tperia-
paTtamu IMIPUPOIHOTO MOXOMKEHHS i hizioTeparneBTUYHUMU
MeToAaMu, Jiefalli yacTillle BUKOPHUCTOBYIOTh Y KOMITJIEKCI
3 aJIONAaTUYHUM JIIKyBaHHSIM, IIPOTOKOJIaMU JTiKyBaHHS.

OcobnMBHMii iHTEPEC y Cy9aCHOTO JliKapsi BUKJIMKAE OIUH
i3 MeTOIiB 0i0JIOTiYHOI MEIULIMHY — MATOreHeTH4Ha Oiope-
ryJsiiiiHa Tepanmisi, 1110 IPYHTYEThCS Ha MPUHIIMIIAX LITICHO-
TO TAXOMY 10 1iarHOCTUKHU (30Kpema, TUTTOBUX MaToJIOT v -
Hux npoueciB (TIIIT)) Ta nikyBaHHS Nalli€HTa i BIUIMBAE Ha
Pi3Hi eTany po3BUTKY ITaTOJIOTIYHOTO IIPOLIECY B OPTaHi3Mi.

[TaToreHeTUYHUI TIPUHILIMIT Peasi3yeThCs IIISIXOM
KOMILJIEKCHOTO BIUIMBY OioperyisiiiiHoi Tepamii Ha TIIII,
1110 JIeXKaTh B OCHOBI PO3BUTKY BCiX 3aXxBopioBaHb. Lle Hamae
MOXKJIMBICTb 3/1iiICHIOBATU MPULIILHUI BIUIMB Ha MAaTOTeHE3
3aXBOPIOBAHHS, a HE TUIBKM Ha MOT0 KJTiHIYHI ITPOSIBH.

[purHiueHHs CUMIITOMATUKU, TIPUTAMaHHE 3aco0am
KJIAaCUYHOI (ITPOTOKOJIBHOT) MEIUIIMHU, YaCTO € MYCKOBUM
a00 00TSKyBaJbHUM (haKTOPOM IOAAIBIIOTO PO3BUTKY 3a-
XBOPIOBAaHHSI, 1110 MOKE MPOSIBJIITUCS HE TITBKM PO3BUTKOM
YCKJIaJHEHb, a i1 (hOpMyBaHHSIM acolliiioBaHUX i KOMOpPOia-
HUX CTaHiB.

OmHUM i3 HOBUX NTATOTEHETUYHUX TTIAXOIIB 10 KOPEKIIii
€HIOKPMHHUX 3axBopioBaHb € 3acTocyBaHHsI KBIT TM Heel
y TIO€IHAHHI 3 Oa3ucHOM Tepamnieto. EQeKTUBHICTb 1IbOTO
IMiIX0ay TOBeAeHa HU3KOIO TOCIiIKEHb.

Hanpuxuan, nig kepiBHuuTBoMm A.JI. Pe3HikoBoi Ha
0a3i 3aropi3bKoro AepKaBHOI0 MEIMYHOIO YHiIBEPCUTETY
OyJ10 IpoBeaeHO poOoTy 3 BuBUYeHHS eekTuBHOCTI KBII
Yy KOMIUTIEKCHOMY JIiKyBaHHi aiTei i miamiTkiB 3 AIT [1]. Ak-
TYaJIbHICTb LIbOTO IOCTi/I)KEHHs BU3HaUeHA HEOOXiTHICTIO
MOIIYKY OiTbII e(DEKTUBHUX Ta O€3IMEUHUX CXEeM JIiIKYBaHHS
AIT y niteit. KoMruiekcHa Teparris i€l maToJorii MOBUHHA
rependoayaT BUKOPUCTAHHS HE JIUIIIE 3aMiCHOI TOPMOHAJTb-
HOI TepaItii, a i mpu3HaYeHH:I 3aC00iB 3 iIMyHOKOpPeryBasb-
HOIO Ta MPOTU3ATNATBHOIO Ti€l0, TAM CAMUM BUPIlllyBaTH
OCHOBHI MMaTOTeHETUYHI 3aBIaHHS.

MerToio 11i€i po6oTH OYy10 BUBYEHHS €(PEKTUBHOCTI 3a-
crocyBaHHs KBI1 Tupeoinea koMno3sutym y KOMIIJIEKCHOMY
nikyBaHHi AIT. IIpenapar peryntoe QyHKIL1 IIUTONOAIOHOL
3aJ1031, CIIPUSIE HOpMaJIbHOMY Tr(epeHITiloBaHHIO KITITHH,
ONTHMi3y€e MeTaboIi3M y 3pinnx kiitnHax L3, cipuse di-
3i0JIOTIUHIl pereHepallii TKAaHMHU IIATONOMIOHOI 3371031,
ycyBae Gsiokany (hepMEHTIB i BiTHOBJIFOE HOPMaJIbHY LIIBU/I-
KiCTh BHYTPIIIHBOKIITUHHMX OiOXiMIiYHMX peakiiil. Yce 11e
JajIo TMiACTaBU MPUITYCTUTH, 1O 3acTocyBaHHST Tupeoinea
KOMIIO3UTYM J03BOJIUTH peaidyBaTy BaXKJIMBi MaTOreHe-
TUYHI 3aBIaHHS Tepartii.

PesynbraTi mpoBeaeHoi poOOTH IMOKa3aiu, 10 NpU
BUKOpUCTaHHI Tupeoinea KOMIO3UTYM 3HAYHO 3MEH-
yoThest cy6’ekTrBHI mposiBu AIT. Takox BUKOpUCTaH-
Ha Tupeoigea KOMIO3UTYM Y CKJIaldi CTAaHAAPTHUX CXEM
JIIKyBaHHSI MPU3BOAUTH 10 HOpMastizallii pyHKIii M-
TOMOJAIOHOT 321031, TUM CAMMM iCTOTHO JOIMOBHIOIOUN
6asucHe jikyBaHHs1 AIT. ¥V xoni nikyBaHHS y maliieHTiB
OyJIM BiICYTHI MOOGiYHi e(peKTu (BKIIOYHO 3 aJlepridyHUMU
peaKkiisiMu).

HaykoBa po6ora «Jlimdorepanist niabeTnaHoi mosi-
HelipormaTii — MpakTUIHe JOCTiMKEeHHS Tepallii MaTpUKCy
TpY LyKPOBOMY HiabeTi» HiMelbKoi nocaigHuili A.-P. JIiTig
y 1999 poui Oyna BinzHaueHa MiXHapoaHOIO MpeMie0
im. I'.-T". Pexxesera [2].
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JiabeTnyHa ITOJIiHEHpOMIATisa € HANTSKIMM Ta HAUTIO-
MIMPEeHIUM ycKaaaHeHHsM LIJL, 1o Bene 1o paHHbOI iHBa-
nmigu3amnii nauieHTiB. Cepen KIiHIYHUX MPOSIBiB HA paHHIX
CTajisIX MoIiHepoIaTii MopsiJl i3 MOPYIIEHHSIMU Yy TJIMBO-
CTi Bil3HAYal0Th HAOPsSIK ToMisIoK i cTor. Tomy 3acTocyBaH-
Hs1 KBIT JlimdomiosoT, 1110 akTUBYE J1iMGOBINTIK i3 TKAHWH,
MaTOreHETUYHO OOTPYHTOBAHE.

V cBoiii po6ori A.-P. [litT BuB4ana e(peKTUBHICTh 3a-
cTtocyBaHHs mpenapaty JIiMm¢pomMio30T y KOMIJIEKCHOMY
JIiKyBaHHI giabeTu4yHOI mojiHelporarii. Pe3ynbraTu wiei
pob6otu nokaszanu, 1o 3actocyBaHHsi KBIT Jlimbomiozor
y cTaHIapTHil cxemi JikyBaHHs LI/ ontumisye npodi-
JIAKTUKY Ta JIIKYBaHHSI 1Or0 HEMPOTEHHUX YCKJIaJIHEHb,
OCKIJIbKM CIPUSIE 3HXKEHHIO PU3UKY BUHUKHEHHS Ta T0-
JIIIIIEHHIO TIPOTHO3Y Mepediry CyIMHHUX, JTiMGaTUIHUX
i HelipOreHHUX MOpPYILIEeHb [2].

O.1. KonapatbeBa 3 rpyIoro Kojer-HayKoBIIiB BUBYAIN
edekTuBHICTb peadiniTauii aiteit i3 LIJI 1-ro Tumny 3 BUKoO-
puctanusim KBIT [3]. Binomo, 1110 nevinka Bimirpae rnpo-
BiHY poJib B OOMiHi BYIJICBOIIB Ta iHCYJIiHY, TOMY BKpaii
BaXXKJIMBUM € MiATpUMaHHS ii QYHKILi1 11s1 KomrieHcartii LLJT
i IpodiTaKTUKM OO0 YCKIIaTHEHb.

MeToro 1iei pob6oTu O0y10 BUBYEHHS BIIMBY Pi3HUX
CXEeM relmaTOTPOITHOI Tepallii Ha KIiHiYHU nepeoir i ctaH
MpOLIeCiB MEPEeKMCHOTO OKUCHEHHS B aiteit i3 LIJI 1-ro
Tuny. B omHiii 3i cxeM BuKopucToByBaiu I'emap kommo-
3uTym (cydyacHa Ha3Ba — ['enap komr. Xeesb) i Xenenb —

KBII 3 aHTMOKCUAAaHTHUMU Ta T€MaTONMPOTEKTOPHUMU
BJIACTUBOCTSIMU.

V mocnigkeHHi 0yJ10 BCTAHOBJIEHO, 11O 3aCTOCYBAaHHSI
I'ermap koMITO3UTYM i Xemneb Crpysie cTadiTi3alil KIITUHHIX
MeMOpaH i YMHUTb BUPaXKEeHY aHTUOKCUAAHTHY Aito. Hay-
KOBIIi TiATITM BUCHOBKY, 1110 BKItoueHHs imx KBIT 1o cran-
MapTHUX cxeM Teparii xBopux i3 LIl 1-ro Tumy ontumisye
MOTo JTiKyBaHHS, 3a0e3Meuy0un 0e31eKy Ta e(DEKTUBHICTh.

Ha 6a3i KuiBcbKOro iHCTUTYTY €HIOKPUHOJIOTI1 Ta 00Mi-
Hy pedoBuH iM. B.I1. Komicapenka HAMH Yxkpainu 0yno
MPOBEACHO NOCIIIKEHHS [4], T/ yac SIKOro BUBYAIU MOXK-
nmBocTi 3actocyBaHHst KBIT YoixiHoH koMno3uTym y Teparii
KeToaluao3y B aiteit, xgopux Ha LIJI 1-ro Tury, ocKiibku
ICHYI0Yi CXeMM JIiIKyBaHHS IOCUTb MOBIJIbHO BILJIMBAIOTh HA
YCYHEHHsI KETOalMI03y Ta BiTHOBJIEHHS METa00JIi3MYy.

Y pesyabTati NpoBeaeHoi podoTH 0yJIo 3p00JIEHO BU-
CHOBKM, 110 3 METOIO IIPUCKOPEHHS TePMiHiB YCYHEHHS
KeToalua03y Ta 3arodiraHHs MoAabIIMM YCKIaaHEH-
HSIM pallioHaJIbHO 3aCTOCOBYBAaTH Y0iXiHOH KOMITIO3UTYM,
ockinbku 1eit KBIT mpuckopioe iikBigaliio MeTaboiaHIX
MOpYIIeHb (3MEHIIEHHS [IiKeMii, TJII0KO3eMil, alleTOHYpil
crocTepirasocs Bxe micisd 2—4 iH’€KIIiit), CIIPUsE OJII-
IIEHHIO BYIJIEBOAHOTO OOMiHY, 3HUXXYE PU3UK PO3BUTKY
YCKJIamHEHb [4].

3 ornsiay Ha pocBia npusHayeHHs: KBIT npu LJI 1-ro
tumy Ta AIT Oys10 3anporoHOBaHO 3arajibHi MPakKTUYHI pe-
KOMEHAIIil IIOJ0 ONTUMi3allii JTiKyBaHHSI.

Ta6nuuys 2. PekomeHgoBaHa Tepanisi sBignosigHo go ¢popmun AIT

PyHKUIT Ta iIMyHOMOAY AL

®dopma MeTa Tepanii KBIN Jo3yBaHHSA
JlimdbomiozoT PBL 3 p/geHb cybniHreansHoO
EyTupeos Ctumynsuisa neTokcukauinHoi | EHricton PB[L 1 p/peHb cybniHreansHo

Kypc nikyBaHHa — 1 Micsiub
MoBTOpHI Kypcu 4epes3 3—6—12 micsauis

JlikBigauis aBToarpecii,

CYOKTIHI4HMA HopMmanizaLis perynsTopHux

JlimcbomiozoT
EHricTon

PB[ 3 p/peHb cybniHreanbHo
PBI 1 p/aeHb cybniHreansHo
Kypc nikyBaHHA — 1 micsup

TKaHWH LWMTONOAIGHOT 3203y,
npoTmsananbHa gis

rinotTnpeos U :
MPOLECIB, IMyHOMOAYNALIA Tupeoigea komnosntym | PB B/M 1 pa3 Ha 3 gHi Ne 10
[MoBTOpPHI Kypcu Yepes 3—6—12 micsauis
JlimcbomiozoTt PB[ 3 p/neHb cybniHreanbHo
EHricTon PBL, 1 p/neHb cybniHreansHo
ﬂp%"ijﬁgmﬁ:ﬂi:’ ereHepaldlisi Kypc niikyBarHs — 1 micsup
[inoTnpeos Y . P P

Tupeoigea KOMNO3UTYM
lenap komn. Xeenb

PBL 8/m 2 p/Tvxpg Ne 10*
PBL B/m 2 p/Tvxg Ne 10*
[MoBTOpHI KypcK 4epesd 3—6—12 micsuis

TMpumitkn: PBJ] — pa3oBa BikoBa fo3a; * — peKOMeHAYETbCS1 BBOAUTU B Pi3Hi AHi.

Ta6nnys 3. Tepanisi ycknagHeHs L[

YcknagHeHHs U4

Kbn

Jlo3yBaHHSA

MikpoaHrionarisi HYXHIX KiHLIBOK
(3 NopyLUEHHAM BEHO3HOrO BiATOKY)

Eckyntoc komnosntym

PB[ (mopocnum) 3 p/aeHb 4 TVXHI
MoBTOpHI Kypcu Yeped 3—6—12 micsuis

HiabeTn4yHa eHuedanonaris

Llepe6pym komnoauntym H

PB[ B/M 2 p/Tuxa Ne 10
MoBTOpHI Kypcu Yepes 3—6—-12 micauis

JlimcpomiozoT

HiabeTn4Ha Heponaris Tpaymens C

PBL 3 p/geHb 4 TVXHI
MoBTOpHI Kypcu 4epes3 3—6—12 micsauis

LiabeTn4Hmin renatos

enap komn. Xeenb

PB[ B/M 2 p/Tmxa Ne 10
lMoBTOpHI Kypcu Yepes 3—6—12 micsuis

TMpumitkn: PB[] — pa3oBa BikoBa fo3a.
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V pesynbrari 3acrocyBans KBIT mpu AIT (Ta6. 2) mpu-
MUHSIETBCS PYHHYBaHHS (DOJIKY/IiB IMTOMOAIOHOT 3a7103U.
AKTUBAallisI TYMOpPaJIbHUX iIMYHOJIOTIYHUX peaKlliil CIIpusie
MPUTHIYEHHIO peakiliii KJIITUMHHOTO iIMYHITeTy (peBepcis
iMyHHOI BianoBini), xapaktepHux 1js1 AIT, 1110 Beae 10 3HU-
JKEHHS aBTOIMYHHOI arpecii i, SIK HaCJioK, 10 TTPUTHIYEHHS
MPOLIECiB yTBOPEHHS PisHUX e(heKTOPiB IMyHHMX peakiiiii [4].

Takox epextuBHUM € 3acTocyBaHHsa KBII ms teparmii
Ta npodinakruku yckiagHeHs LI (tab6u. 3). Lle s3ymonie-
Ho TuM, o KBII nmocuiiotoTe 4yTIUBICTb 10 Mpenaparin
cra”naptHoi Tepamnii LIJI, 1o Bege 10 3HMXKEHHSI MeIuKa-
MEHTO3HOTO HaBaHTaXXEHHsI i MiABUILEHHS e(PEeKTUBHOCTI
Tepartii [5].

AKTyaJbHICTb PAHHBOI MiaTHOCTUKM Ta IMOIIYKY Haii-
ONTUMAJIBHIIIMX MeTOmiB JiKyBaHHs LI/] 1-To Ty, acoiri-
itoBaHoro 3 AIT, y miteii i miaTiTKIB HE MiATAETHCSI CYMHIBY,
OCKIJIbKM € BEJIMKWI PU3UK PO3BUTKY IMOPYILIEHb iHTEJIEKTY-
aJIbHOTO Ta CTATEBOT'O PO3BUTKY, PEITPOAYKTUBHOI (DYHKIILI1.

BucHoBKU

B ocHOBI 6inbIIOCTI 3aXBOPIOBaHb, HE3aJIEXKHO Bill
CTPYKTYPHO-(MYHKIIIOHAJIbHUX OCOOJIMBOCTE TKAHUHMU,
Jiexxuth ieBHui Ha6ip TIII, sKi peani3ytoTbes B OiIbIIOCTI
BUIMAIKIiB yepe3 MeXaHi3MU 3amajeHHs i nuctpodii. Me-
TOIO MATOTEHETUYHOI OioperyssiiitHOI Tepariii € BIUIMB Ha
MEeXaHi3M PO3BUTKY 3aXBOPIOBAHHS, & HE YCYHEHHS CUMII-
TOMAaTHKH, 110 3a100ira€ BAHMKHEHHIO acollilioBaHUX CTa-
HiB. BoHa BIJIMBa€e Ha Bech OpraHi3M 3arajom, a He TiJib-
KU Ha OJIUH OpraH abo OJIHY CUCTEeMY, B JaHOMY BUMAAKY
€HJOKPUHHY, 1110 HAJa€ MOXKJIUBICTb 3aM00IIrTH PO3BUTKY
YCKJIAIHEHb i BAHMKHEHHIO MOJIiMOPOiMHMX CTaHiB.

OTXe, 3aCTOCYBaHHSI TaTOTeHETUYHOI OiopeTyJIsiiiitHOl
Teparii y cKJIali CTaHAAPTHUX CXeM CHpPUSIE MiABUILIEHHIO
e(eKTUBHOCTI Ta Oe3IeK! ITPOBEICHOTO JIIKYBaHHS. 3 OIJISI-

V.A. Muz

Iy Ha BCE BUIIEBUKIIAJCHE OYeBUIHO, 110 3aCTOCYBAHHS
y ckaani 6asucHoi Tepamii AIT i LIl komruiekcHux 6io-
perynsuiiinux npemapatiB TM Heel no3Bossie ontumisy-
BaTH Teparito eHITOKPUHOJIOTIYHUX 3aXBOPIOBaHb Y JIiTEH.
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Optimization of the therapy for associated diseases
of the endoctrine system

Abstract. The article reviews the results of research on the optimi-
zation of the basic therapy for associated diseases of the endocrine
system using combination bioregulatory drugs of Heel™. The in-
clusion of combination bioregulatory drugs into standard regimens
optimizes treatment, which increases its safety and effectiveness.
A comprehensive impact of bioregulatory therapy on typical patho-
logical processes not only increases the effectiveness of treatment,
but also prevents the development of the disease and its chronicity,

the formation of associated and comorbid conditions, reduces the
risk of complications, prevents the phenomenon of polypharmacy
and decreases the duration of therapy.
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T AHIMPOBCHKNM ASDIKABHUM MEANYHU YHIBEPCUTET, M. AHINPO, YKpAiHO
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3 HauioHanbHm meamdHm yHisepcuteT imeHi O.O. boromonbLst, M. Kuis, YkpaiHa

EdeKTUBHICTb AIKYBOHHS AlQGETUYHOT peTUHONATII
PiSHUX CTOAIN NPU LYKPOBOMY AiabeTi 2-ro tuny

Pe3tome. AktyanbHictb. O6’ekTvBI3aLis BUGOPY METOAIB JliKyBaHHS Ha MifCTaBi KOMIIEKCHOI OLJiHKM iX €QOeKTUBHOCTI
3arnexHo Big cragii piabetnyHoi petuHonarii (JP) Ta 6ioMapkepis, L0 XapaKTepU3yHOTb CTaH OKa, MeTabos1i3M Ta iHLLI
rapameTpy roMeocTasy, € akTyaslbHUM Cy4acHUM 3aBLAaHHAM rpeuynsiviHoi meguumHn. MeTta: BctaHoBUTY eqheKTuB-
HicTb MeTogIB NiKyBaHHs [P pi3HuX cTagivi Ta BUSHaYNTY NPOrHOCTUYHI MOKA3HUKN PUSUKY iT LUBMAKOIO NporpecyBaHHs
MPOTAroM A4BOX POKIB sliKyBaHHs1. MaTepianm Ta metogun. O6¢cTexeHo 358 navjieHTis (358 o4eri) 3 LyKpoBuM giabeTom
2-ro uny (4A2) Ta piabetn4yHoto petuHonarieto ([P), skux 6yr1o po3nogineHo Ha rpynu: nepLua — 3 Herposigpepatms-
Horo AP (HINAP, 189 ouent), Apyra — 3 npenponighepatusHoro AP (MINAP; 96 o4eri) Ta Tpetsi — 3 npornichepatmsHoto P
(MAP; 73 oka). MNavieHTv 6ym 06CTEXEHI i3 3aCTOCYBaHHSM 0QOTasIbMOSIONYHMX METOLIB — 3a AaHUMM ONTUYHOI Kore-
PEHTHOI ToMorpaghii Bu3Ha4am LeHTpasibHy ToBLUmHY ciTkiBku (LITC, MkM) Ta LeHTpasibHui o6’em citkisku (LLOC, MMP).
AHarnia peaynbtatis nposoanscs B naketi EZR v.1.54 (AscTpis), knacuepikavis mofenesi — B naketi Statistica Neural
Networks v. 4.0C (StatSoft Inc.). [nsa aHani3y BrnvBy ¢hakTOPHUX O3HaK, NOB’3aHNX 3 PU3VKOM rporpecysanHs P,
BUKOPUCTAHO MeToZ rnobyL[oBu NiHIVIHNX HeVipoMepexeBux Mogesievi knacvgikadii. Peaynbrarun. Y 16,9 % navuieHTis
3 HIMNAP, wo otpumyBain KoOHcepBaTUBHE JliKyBaHHSI, NPOTAroM ABOX POKIB BiA3HA4a/10Cs LUBUAKE MPOrpecyBaHHs,
pn3uK sikoro 6yB rnos’sizaHui 3 BenndHoto LJOC (p < 0,001). [nisi KoHCepBaTUBHOIO Ta JIa3epHOro JliKyBaHHs BUSIB-
JIEHO MEXOBIi Mopory HeratTMBHOro nporHo3y 3a sesmunHoro LIOC (GinbLue Hix 0,285 i 0,180 mm® BigrosigHo). nsa
aH™M-VEGF Tepariii i KoM6IHOBaHOro fikyBaHHs MPorHo3 e(heKTUBHOCTI 6yB HeratuBHUM. LLIBuake nporpecyBaHHs
MrA4P BigsHadanocs y 69,5 % nauieHTiB. 3 1ioro puamnkom 6y ros’sa3aHi Bug nikysaHHs Ta senmanHa L|TC, 3a sikoro
A5 aHTn-VEGF Teparnii Ta KOMGIHOBaHOIo NiKyBaHHS BCTAHOB/IEHO MEXOBI 0POry HeratMBHOIo MPOrHo3y (BinbLue HXK
345 i 185 mkm BigriosigHo). [porHo3 egheKTUBHOCTI NIa3epHOro Ta XipypridHoro sikysaHHs ripy MNP 6ys nosutueHuM.
LLIBuake nporpecyBaHHs AP npoTsirom ABoX poKiB Bia3Ha4asiocsi y 69,9 % nawjieHTiB. 3 vioro pyuavkoM 6ynu ros’sidaHi
BuA JiKyBaHHs1, MOKa3HWK MPoTPoMOIiHoBOro Yacy 1a BermymHa LJOC, siki BU3Ha4anm eqbekTBHICTb pu 3aCTOCyBaHHI
Xipyprid4Horo Ta KOM6iHoBaHoro sikysaHHs. [nisi isoneoBaHoi aHTu-VEGF Tepanii nporHo3 eqhekTuBHoCTi 6yB Heratuns-
HuM. BucHoBKu. NpoBeneHe JOCTimKEHHS O3BONIIO OLiHUTY ebeKTUBHICTb MeTogiB NikyBaHHA [P pisHux ctagivi Ta
BCTaHOBUTU (baKTopu, NoB’3aHi 3 HeratMBHUM PU3UKOM Pe3ysibTaTy ABOXPIHHOMO JliKyBaHHS.

Knrou4oBi cnoBa: wykposuii giabet 2-ro tury; giabetmdHa peTUHONarisi; naHpeTuHaibHa 1asepHa Koarynsyis;
aHTu-VEGF Tepanisi; BITpeKTOMIs; e(beKTUBHICTb JliKyBaHHS

Aopesiatypu. LIJI — uykposuii giadet; LIJA2 — my- BCTYI'I
KpoBuii giabet 2-ro tumy; [P — niaGetnuyHa peTnHOMNAa- JlikyBaHHs niadetuyHoi petuHonarii (JIP) nHacamme-
tist; [1AP — nponicdeparuBHa niabeTryHa peTUHOINATISI;  pej BKIIIOYAE ONTUMI3Allilo PiBHS TJIIOKO3U Ta KOHTPOJIb
HITAP — HemnponidepatuBHa niabeTUYHA pEeTUHOTNATISI;  apTepialbHOIO TUCKY: LiTbOBUIA PiBEHb IJTIKOBAHOTO FeMO-
TP — npenponaideparuBHa giabetuuyHa perrHomnaris;  nobiny (HbAlc) nuskue 3a 7,0 % Ta apTepialbHOrO TUCKY
L TC — uenrpanbHa ToBirHa citkiBku; [IOC — neHntpans-  (AT) Hmkue 3a 130/80 mwm pr.cT. [1, 2]. KoHTposb rikemil
Huit 06’eM citkiBku; BIII — BigHomenHs manciB; Il — no-  ta AT Moxe ynoBiibHUTU nporpecyBaHHs [P Ha paHHii
Bipui iHTepBamu; OKT — onrrnyHa KorepeHTHa TOMorpadis.  cTamii, Ha Mi3Hill cTamii 3MEHIIIEHHIO BTPaTU 30pY CIIPUSIE
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3aCTOCYBaHHS Ja3epHOTO JIiIKyBaHHs ((hoTOKOoAaryJsiii) abo
iHTpaBiTpeaibHOI iH €KIlii MOHOKJIOHAJIbHUX aHTUTIJI 10
BacKyJoeHIoTeianbHoro ¢axkropa pocry (VEGF) uu iioro
peuentopiB (aHTu-VEGF Tepamis) [3, 4].

InTpaBiTpeanbHa antu-VEGF tepanist € BU3HaHUM Jli-
KyBaHHSIM Tiepiioi JiHii mist nponidpepatusnoi AP (TTP)
Ta LEHTPAJILHOIO Mia0eTUYHOIO MaKyJSIpHOTO HaOPsIKY
|5]. IIpenapatu antu-VEGF Teparmii (panioizyma0, agai-
Oepuent, 6eBalu3ymad, 6posonuzymao, dapinumad) pe-
KOMEHIOBAHO 3aCTOCOBYBATHU 3a HASIBHOCTI TiaOETUIHOTO
MaKkyJIIpHOTO HaOpsiky (Ha Oynb-skiit cranii JAP), TP
3a HasIBHOCTiI HEOBaCKyJIsipu3allii a00 11s1 mpodiJlaKTUKKU
reMoparigyHuX yCKJIaaHeHb MicJIsI XipypTidyHMX BTpy4YaHb
rpu 1ykposomy niabeti (L) [4, 6]. CriocTepeskeHHsI i
yac peecTpaniitnux sunpodyBanb aHTu- VEGF rtepamii
nokasaJii, 1110 BOHa MOXe IMPU3BECTU 10 3HAYHOTO 3MEH-
IIEHHS TSIXKOCTi HelmpojidepaTuBHOI AiaOeTUUHOI pe-
tuHomnarii (HITAP), 1o Oyno miaTBepaXeHO B OCTaHHIX
MPOCHEKTUBHUX KIiHIYHUX mocaimkeHHsx [7, 8]. Hocmi-
mxeHHs: Protocol W mokazano, mo antu-VEGF Tepamnis
npu HITAP moxe 3amo6irtu BuHukHeHHIo [1JIP i Maky-
JIIPHOTO HAOPSKY [9].

KombiHoBaHe JIiKyBaHHS i3 3aCTOCYBaHHSIM BiTPEOPETH -
HaJIbHOI Xipyprii Ta MaHpeTUHAIbHOI JJa3epHOi (poToKOary-
Jsuii npuzHaueHe nepeBaxHo as [P 3 kpoBoBUIMBOM
a0o TpakuiiiHuM BimmapyBaHHsIM ciTKiBku [10]. CyuyacHi
BiTpeOpeTUHAJIbHI BTPYyYaHHS, SIKi 3aCTOCOBYIOTHCSI TIPU
JikyBaHHi ycknagHeHb LI, sik-ot HITJIP 3 HasgBHicTIO
IiabeTMIHOI MaKyJIOoIaTii Ta ermipeTuHaabHOI (idporia-
3ii, pe3MCTEHTHOT0 MaKyJISIPHOTO HaOpsiKy abo BiTpeoma-
KyJISIpHOTO TpakuiiiHoro cunapomy Ta I1/IP 3 HasBHicTIO
remModTaabMy abo TpakliifHOTO BillllapyBaHHS CiTKiBKH,
€ 3araJlbHOBU3HaHUMU MeTogaMu. Ha npeBennkuii xanb,
BEJIMYE3HUM TOCBiM, MiCJIs LIMX BTPYYaHb MOXJIMBI YCKIIaI-
HEHHS Ta pelUIVBU Yy HAMOIMKYi Ta BiogaleHi TepMiHUI
crioctepekeHHs [11].

Heo0OxinHo 3a3HayuTH, 1110 3aCTOCYBAaHHS TOTO YU iH-
1IOTO METOMY JIiIKyBaHHS a00 X KOMOiHaIliii 3aIeXKUTh Bif
KOHKPETHOI CUTYyallii Y TaHOTO XBOPOIO Ta I'PYHTYETHCH,
SIK TIPABWJIO, HA iCHYIOUMX PEKOMEHIAIlisIX Ta 0COOUCTOMY
nocBini ikapsi. O6’eKTuBi3allis BUOOPY METOY JIiKYBaHHSI
Ha IiACTaBi KOMIJIEKCHOI OLIIHKH iX e(peKTUBHOCTI 3aJIeXX-
Ho Bin cranii JIP Ta 6iomapkepiB, 1110 XapaKTepu3yOTh
CTaH OKa, MeTaboJ1i3M Ta iHIli MapaMeTpu roMeocTasy,
€ aKTyaJJbHUM CYYaCHUM 3aBIaHHSAM MpPelu3iitHol Meau-
uuHu [12].

MeTa n0CIIiKeHH: BCTAHOBUTH e(PeKTUBHICTh METOIB
JikyBaHHs P pi3HUX cTamiil Ta BUBHAYUTHU MPOTHOCTUYHI
MOKA3HUKU PU3UKY il IIBUIKOTO MPOTrPecyBaHHS IIPOTITOM
JTIBOX POKIB JIiIKyBaHHSI.

MarTepiaAu Ta meToamn

3a 1u3aitHOM JTOCITiIKEHHST 0yJI0 KOTOPTHUM, MPOCIIEK-
TUBHUM Ta paHIOMi30BaHUM.

Yci nocnimkeHHs MPOBENEHO 3 AOTPUMAaHHIM OCHOBHUX
nonoxeHb Konseniii Pagu €Bponu npo npaBa JIOAUHU
Ta GiomenuumHy, I'enbciHChKOI neknapaitii BcecBiTHBOT
MEIWYHOI acouialii Mpo eTUYHi MPUHLIMIINA MPOBEACH-
HS HAYKOBUX MEIUYHUX TOCTIMIKEHb 32 YIaCTIO JTIOAUHU
(1964, 3 mogambIIMMU JOMTOBHEHHSIMU, BKITIOUHO 3 BEPCI€IO
2000 p.) Ta BiammoBigaaM YNHHOMY 3aKOHOIABCTBY YKpaiHU.

Yci naiienTn, 3aaydeHi y 1ociakeHHs, Hagaau iHdop-
MOBaHY 3rofly Ha y4acTb.

Cragiro 1P BcTaHOBIOBaIM BiAOBIIHO 10 Kiaacudi-
Kallii, 3aTBepxkeHO1 BcecBiTHROIO OpraHizallielo OXOopoHUu
3nmopoB’st (Kohner E. i Porta M., 1991).

Byno obcrexeno 358 mauieHtiB (358 oueii) 3 LIJ12 ta
JP, sxux 3rigHo i3 cTamieto 1P Oyno po3mnomiieHo Ha Ipy-
mu: nepina — 3 HITJP (189 oueii), apyra — 3 mipernpouti-
deparusnoro AP (ITITAP; 96 oueit) ta Tpetst — 3 [P (73
oka). Bik mamienTiB 3a cragissmu [P cyTTeBO He Binpi3HsIBCS
i cTaHOBMB y mepitiii rpyri 65 (59—72) pokiB, y apyriit —
64,5 (59—71) poky i y Tperiit rpymni — 66 (61,75—71,25)
POKiB; pi3HUIL 3a KputepieM Kpyckana — Yostica He3Ha-
gyymia (p = 0,245). Yonogikis 6yno 185 (51,7 %), xkiHOK —
173 (48,3 %); 3a rpyrmaMu pi3HULI Y pO3MOIiTi MAIliEHTIB 3a
CTaTTIO BUsABIEHO He Oyo (p = 0,685).

[IpoTsiroM nBOX POKIB IallieHTaM OYJIO0 IIPOBEIECHO JIi-
KYBaHHSI pi3HUMU MeToaaMHu (Taor. 1).

KoHcepBaTuBHe JIiKyBaHHS PpU3HAYAIOCS TalliEHTaM
MepIIoi rPynu Ta MiCTUJIO LIYKPO3HUXKYBaJbHY Teparliio,
BiIHOBJIEHHSI TeMOCTa3y, aHTiOMPOTEKIIilo, 3a HEOOXiTHO-
cTi — ibpartu Ta cTaTHU, MeTaboJIiuHYy Tepartito. JlazepHe
JIIKyBaHHSI IpU3HAYaJIOCs y APYTiid Ta TpeTiil rpyIi narieH-
TiB i BKJTIOYAJIO TTAaHPETUHAILHY Ta 32 HEOOXiMHOCTI (hOKaIb-
Hy jnazepkoaryisuito. AHTU-VEGF tepanist npusHavyanacs
TepeBaKHO MallieHTaM APYyToi Ta TPEThOi IPyIT Ta BKITIOYaia
iHTpaBiTpeaJibHe BBeIEeHHS TpenapaTiB 1 pa3 Ha Micslib.
Kypc nikyBaHHsI CTAaHOBUB 5 iH’ €KIIiMA.

[ManpernHanbHy nazepHy Koaryssiito (ITPJIK) mounnanm
rpoBoauTy yepe3 1 Micsipb nicist aHtu-VEGF tepartii. Kinb-
KIiCTh eTamiB 3ajiexXasa Bil 3MiH cTaHy citKiBku. [lapameTrpu
JIa3epHOTO BTpyYaHHS HACTYITHI: JOBXMHA XBWII 532 HM, KO-
aryJIsIT: Bil BiIITOBIMHOCTI 10 MirMeHTAallil TKAHMH OYHOTO THA
MiAOMpaIn MapaMeTpy JJa3epHOTO BUTIPOMiIHIOBAHHSI 10 OTPH-
MaHHSI KOaryJsiTy CepeaHbOi iIHTEeHCUBHOCTI (2—3-ro CTymeHs1).

XipypriuHe JIiKyBaHHS TTPOBOAMIN TIEPEBaXXHO y Ma-
LIIEHTIB TPETHOI IPYMHU, SIKE€ MiCTUIIO TPUIIOPTOBY 3aKPUTY
cyororanbHy BiTpekToMmito 25 Ga 3 erartom I1PJIK i Buma-
JICHHS eTipeTMHATbHUX MeMOpaH Ta eHIoTaMIToHanoo 18%
razonositpsHolo cyMmitno C3F8 abo cuaikoHOBOIO OJTi€l0
5700 mI1a, 3anexxHO Bix cTamii mpoiecy.

Ta6bnuys 1. Po3nogin nayieHTiB 3a rpynamv i MeTogamum JlikyBaHHsi, n (%)

MeToaw nikyBaHHs
pyna . . . Ycboro
KoHcepBaTueHe JlazepHe AHTU-VEGF XipypriuHe Kom6iHoBaHe
MepLua 117 (61,9) 58 (30,7) 3(1,6) 0(0,0) 11 (5,8) 189
Hpyra 1(1,0) 28 (29,2) 14 (14,6) 3(3,1) 50 (52,1) 96
TpeTs 0(0,0) 0(0,0) 5(6,8) 20 (27,4) 48 (65,8) 73

lpumitka: xi-kBagpart 287,476; p < 0,001.
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KoM0OiHoBaHe J1iKyBaHHS IIpU3HAYAIOCS IIePEBaKHO
nalieHTaM IpyToi i TpeThOoi IPyIl Ta BKIOYAI0 KOMOiHaA-
1iro inTpasiTpeasbHoro BBeaeHHs aHTU- VEGF nipemaparis,
TTPJIK Ta TpumnopToBOi 3aKpUTOI CyOTOTATbHOI BITpEKTOMIT
25 Ga.

Ycim manieHTaM OyJii BUKOHaHi 3araJlbHOTIPUMHSITI
0 TaJIbMOJIOTIUHI OOCTEXEHHSI: Bi3OMETpisl Ha MPOEKTOPi
TeCTOBUX 3HAKiB, CTATUYHA IIEPUMETPisl; peppaKTOMEeTpisl,
TOHOMETPpIisl, KepaTonaxiMeTpisi; 6i0MiKpPOCKOITisI; TOHi-
OCKOITisI 3 BUKOPUCTAHHSIM KOHTAKTHOI TpUA3ePKaJIbHOI
nin3u l'onbnomana Ocular; oTasbMoCKOITisI 32 JOTTOMOTOI0
nin3 Volk Digital wide field Ta KOHTaKTHOI TpUA3EpKaIbHOT
nin3u lonbamana Ocular; onTHYHA KOrepeHTHAa TOMOIpa-
ist; 3a HeoOXimHOCTI — (poTorpacdyBaHHS OYHOIO JHA 3a
JOTIOMOTOI0 (hyHITyC-KaMepH, 3a TIOKa3aHHIMU TIPOBOIM-
JM (piryopeclieHTHY aHTiorpadiro. Bu3Havyaay LeHTpaabHy
ToBIIMHY ciTKiBKUM (LITC, MKM) Ta neHTpaabHUL 00’ €M
citkiBku (LHOC, MmM?).

IIpoBonuau BU3HAYEHHS y CUPOBATIII KPOBi BMiCTY
IIoKo3u Hatie (MMmoJib/i), HbAlc (%), 3araabHOro xo-
JlecTepuHy (MMOJIb/JT), JinonpoTeiniB Bucokoi (JITIBILI;
MMoutb/1), HU3bkoi (JITTHIII; MMomb/iT) Ta ny:Ke HU3b-
koi (JITTIAHII; MMoab/) MiAbHOCTI, TPUTJIiLIEPUIIiB
(MMOJIb/11), (hiOprHOTEHY (MT/[IJ1) KOJOPUMETPUIHUM Me-
TO/IOM 3a fornomMoroto peakTusiB Roshe Diagnostics (CILA)
Ta GioximiuHoro aHajizaropa Cobas c311 (HimeuunHa).
TToka3HUKM KOATYJSAIIITHOTO TeMOCTa3y: aKTUBOBAaHUIA
yac pexkanbiudikanii (AYP; c), mporpoMbiHOBHIi yac (c),
npotpoM0biHoBuIi iHaeKc (%), mporpom6iH 3a KBikowm (%),
MiXXHapoaHe HopMatizoBaHe BigHomeHHs (MHB; ym.on.),
aKTMBOBaHUI 4yacTKoBUM TpomOiHOBUi yac (AYTY; ¢)
i TpOMOiIHOBMIA yac (c) — BU3HAYAIM 32 JOTIOMOTOIO CTaH-
JNapTU30BaHUX J1a00paTOPHUX METOIUK [13].

BincyrHaicTts mporpecyBanusa AP BusHavanm mpwu
CcTabibHOCTI OPTaTBMOJIOTIYHUX TTOKA3HUKIB, TTOBIiJb-
He IIpOoTrpecyBaHHS BM3HAYAIM IIPU MOTipLIIEHH] OeIKUX
MOKa3HMKIB, HATOMICTb IIBUAKE MPOTPECYBaHHS — TIpU
BCTaHOBJICHHI HacTyrHoi craaii JIP Ta/abo cyrreBoMy 110-
ripuieHi OibIIOCTi MOKa3HUKIB (s rauieHTiB 3 [11P).
BianosigHo 10 11b0r0 0YJ10 MPOBEAEHO aHai3 e(PeKTUBHOC-
Ti IIPOBEACHOTO JIIKyBaHHS — e€(eKT JIIKyBaHHS BBaXKaJIn
HEIOCSITHYTUM, SIKIIO TiCJIs HbOTO BinOyBaloCs IIIBUIIKE
IIPOTrpeCcyBaHHS, Y BUIIAIKY BiICYTHOCTI a00 MOBiIbHOIO
MporpecyBaHHs e(eKT BBaXKaau JOCSITHYTUM.

AHai3 pe3yJbTaTiB JOCTIIKEHHS MPOBOAWIN B MaKeTi
EZR v.1.54 (rpadiunmii intepdeiic no R statistical software
v.4.0.3, R Foundation for Statistical Computing, ABctpist) [14].
Jnst aHami3y (haKTOPHUX O3HAK, TTOB’I3aHUX 3 PU3UKOM IIpO-
rpecyBaHHs1 1P, BuUKopucTaHo MeTon moOy/noBU Ta aHalizy
Mojeei gorictTuaHoi perpecii [15], knacudikariii Mogeneit
cTBOproBaiucs B makeTi Statistica Neural Networks v. 4.0C
(StatSoft Inc., 1999). JIns aHami3y BIUIMBY (hakKTOpHUX O3HAK,
TTOB’sI3aHMX 3 PU3MKOM TIporpecyBaHHs /1P, BukopucraHo me-
ToA MOOYIOBY JiHIHHUX HelipoMepekeBrX Moieseit Kinacudi-
Katii [ 16]. AnekBaTHICTb MOI€JIeii OLIIHIOBAIM 3a TUTOLLIEO ITijT
ROC-kpuBoto moneni (AUC — Area under the ROC curve).
Monenb BBaxkaau ageKBaTHOIO MPU CTAaTUCTUYHO 3HAYMMIA
BigmiHHOCTI BesmurH AUC Bin 0,5. J171sT KiTbKiCHOI OLIIHKI
CTYTIEHS1 BIUTUBY (DaKTOPHUX O3HAK PO3PaXOBYBATIM MOKA3HUKU
BimHomeHHs maHciB (BII) Ta ix 95% nosipui intepsamu (A1).

PesyAbTaTH

Cepen 189 naiiieHTiB nepiioi rpymnu MBUIKE MPOrpecy-
BaHHs HITIP yepes3 2 poku crocTepexkeHHs Bil3HavyaaIocs
y32(16,9 %), y petrru 157 (83,1 %) nawieHTiB criocTepiraio-
s TIOBJIBHE IIPOrpecyBaHHS a00 MOro BiICyTHICTH (TA0I. 2).

Tabnuys 2. lNporpecyBaHHs AiabeTNYHOI peTuHonarii y rpynax nauieHTiB Yepes3 2 poKu criocTepexeHHs, n (%)

MporpecyBaHHs
Hemae 103 (54,5)
MoBinbHe 54 (28,6)
LLiBnake 32 (16,9)

28 (29,2)
66 (68,7)

Fpyna (cTagia AP)

Boyr (1N2P)

2 (2,1) 0 (0,0)
22 (30,1)

51 (69,9)

< 0,001

TpumiTka: nopiBHAAHHS MPOBEAEHO 3a KpUTepieM Xi-KBagpar.

Y, ym.og.
1,0 1

0,8

0,6 -

0,4

0.2

Oh —— 1 1 1 VIV
ﬁ 0,1 0,2 0,3 0,4 0,5 0,6 0,7

Y, ym.og.
1,0 1

0,8

0,6 -

0,4

0.2

O 0 — 1 1 1 1 1 MMS
B 0,1 0,2 0,3 0,4 0,5 0,6 0,7

PucyHok 1. Pusuk wsugkoro nporpecysaHHs (Y) npu 3actocyBaHHi KOHcepBaTuBHoro (A) Ta nasepHoro (b)
JnlikyBaHHs y nauieHTiB 3 HIAP; no ropusoHTanbHii oci — BenmnymnHa LJOC (MM°), no BepTUKanbHINi —
pe3ynbtytoyva 3miHHa Y (ym.o4.); Ha A — mexoBe 3Ha4vyeHHs1 LJOC 6inbLue Hix 0,285 mm®; Ha B — mexxoBe
3Ha4yeHHs LJOC 6inbLie Hix 0,180 mm?

Tom 20, N2 7, 2024

www.mif-ua.com, https://iej.zaslavsky.com.ua 31



OpwuriHaAbHi AoocAipXeHHs / Original Researches

[ d ]

IIpu KoHCepBaTUBHOMY JIIKyBaHHI y IEpIIiil TpyIi
LIBHUIKE TPOrpecyBaHHs crioctepiragocs y 10 (8,5 %) ma-
LIEHTIB, MPOJiKOBaHUX UM MeTonoM. IIporuno3s 3anexan
Bin BesmunHu LHOC mipu MexkoBomy 3HavyeHHi 0,285 mm?
(puc. 1A), Bulle 3a sike BiH OyB HEraTUBHUM.

I1pu nazepHOMY JIiKyBaHHI IIIBUKE TTPOTPECYBAaHHS Bifl-
3Havanocst y 12 (12,7 %) naitieHTiB nepIioi rpynu, siki Oyiu
npoJikoBaHi 1M MetonoM (puc. 1B). [1poruo3s 3anexas Bin
BeanunHu L1OC npu MmexxoBoMy 3HadeHHi 0,180 mm®, BuIIe
3a SIKe BiH OyB HETaTUBHUM.

ITpu 3acrocyBanHi anTu-VEGF Tteparii Ta KomGiHOBa-
HOTO JIIKyBaHHSI Y MaliEHTIB MEePIIOi TPYMNHU IIBUAKE MPO-
rpecyBanHs JIP BigzHavanocs y 2 (66,7 %) tay 8 (72,7 %)
Maui€eHTIB, SKi OyJIM MPOJIKOBaHI LIMMU METOIAaMH BilIlo-
BimHo. [1porno3 He3anexso Bix BenmnmunHu LIOC OyB 3aBx-
IV HETAaTUBHKM.

Cepen 95 naiieHTiB 1pYyroi rpyIu, siKi OTpUMYBaJIU He-
KOHCEpPBAaTUBHI BUIM JIIKYBaHHSI, IIBUIKE TTPOTPECYBaHHS
TITTAP yepe3 2 pOKM CITOCTEPEXEHHS Big3Hauyagocs y 66
(69,5 %), y pemrtu 29 (30,5 %) maiienTiB Oys0 BimmiueHe
MOBiJIbHE MPOrpecyBaHHsI a00 MOTro BiACYTHICTH (Ta0. 2).

3 pu3ukoM mBuaKoro nporpecyBanusa ITITJIP y mmx
MalieHTiB 3a pe3yJbTaTaMU T€HETUYHOTO arOpUTMY Bill-
Oopy Oy OB ’s13aHi 2 (haKTOPHI 03HAKM — BU JIIKyBaHHSI
ta HTC. Mogens kiracudikailii, mo Oyia modymoBaHa Ha
BUIIEHUX O3HaKax, afeKBaTHa, IUIOIA ITil KPUBOIO Orle-
pamiitHux xapaktepuctuk moneiai AUC = 0,83 (95% 11
0,74—0,90), 1o cBimuunIIO MPO 1OOPY Y3roaXKEeHiCTh MOEJIi:
IIpY BUOOPi ONTUMAIEHOTO IOPOTY Yy TAUBICTh MO CTa-
nosuaa 80,3 % (95% 11 81,1-94,8 %), cnetmdiuHicts —
79,3 % (95% 11 60,3—-92,0 %).

I1pu nazepHoMy JiKyBaHHi IIBUIKE IMPOTPEeCyBaHHS
MITAP Binznavanocs y 10 (35,7 %) natiieHtiB apyroi rpy-
Iy, siKi OyJIM TMpoJiikoBaHi uuM MeTonoM. [TporHos mis
LIMX NalieHTiB HeanexkHo Bin Bernunnau LITC 3aBxau OyB
IOOpUM.

[Tpu 3actocyBanHi aHTU-VEGF Tepanii y nmauieHTiB
NIpyroi rpynu mBuakKe nporpecyBanHs P BigzHauanocs
B 11 (78,6 %) narieHTiB, MPOJiKOBAHUX IIUM METOIOM.
ITporunos 3anexasn Bia BeanynHu LITC npu mexoBomy
3HauYeHHi 345 MxM (puc. 2A), Bullle 3a sIKe BiH OyB Hera-
TUBHUM.
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PucyHok 2. Pusuk wsugkoro nporpecysaHHs (Y) npu 3actocysaHHi aHTu-VEGF tepanii (A) Ta kom6iHoBaHoro (B)
JnlikyBaHHs y nauieHTiB 3 IMIMA4P; no ropu3oHTanbHiv oci — BenuynHa LYTC (MKM), No BepTUKasIbHIN —
pe3ynbtytoyva 3miHHa Y (ym.o4.); Ha A — mexxoBe 3Ha4vyeHHs1 LUTC 6inbLue Hix 345 mkm; Ha b — mexoBe
3Ha4yeHHs LUTC 6inbLue HiX 185 Mkm
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PucyHok 3. PU3uk LuBMAKOro nporpecyBaHHs npy 3acTocyBaHHi XipypriyHoro (A) Ta kom6iHosaHoro (B)
NiKyBaHHS y nayieHTis 3 [T[P; no ropu3oHTanbHiv oci — Benn4mnHa npoTpomeéiHoBoro 4Yacy (c),
no BeptukanbHii — LJOC (MM°); 3eneHni konip — nporHo3 no3utusHui (Y = 0), TeMHO-4€pBOHUA — MPOrHO3
HeratusHmi (Y = 1), pewuta Konbopis — NpPorHo3 cymHisHui (csitno-3eneHni 0 < Y < 0,3; xoetmii 0,3 < Y < 0,7;
4yepBoHUN 0,7 <Y < 1)
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IIpu xipypriunomMy JiKyBaHHI IIBUOKE IPOTPECYBAHHSI
[TTJIP crioctepiranocs B 1 (33,3 %) manienTta apyroi rpy-
MU, sIKuii OyB MpoJIiKkoBaHUI LIMM MeToioM. [1porHos mis
TaKMX TaLieHTiB He3aexxHo Bix BeumunHu LTC 3aBxan
OyB 10OPUM.

ITpu koMGiHOBaHOMY JTiKyBaHHI y IpyTiii TPYIIi IIBUAKE
nporpecyBanHs ITTTAP Bin3nauanocs y 44 (88,0 %) mari-
€HTIB, Ki Oy/I1 IpoJTiKoBaHi MM MeTomoM. I1poruos 3ae-
kaB Bif BeanunHu LI TC npu MmexkoBomMy 3HaueHHi 185 MKM
(puc. 2b), Buile 3a sike BiH OyB HETaTUBHUM.

Cepen 73 mauieHTiB TpeThOI TPy IIBUAKE TTPOTPECy-
BaHHs [1JIP yepe3 2 poku criocTepekeHHs Bia3Havyaaocs
y51(69,9 %), y pettu 22 (30,1 %) naiieHTiB Bim3Havamocs
MOBiJIbHE MPOrpecyBaHHsSI a00 Oro BiICyTHICTH (Tab. 2).
3 pu3uKoM MBUAKOTO nporpecyBanHs [T P y mux mamieH-
TiB 3a pe3yJibTaTaMU FT€HETUYHOTIO aJITOPUTMY BigboOpy OyJIn
noB’si3aHi 3 (haKTOPHI 0O3HAKW — BU JIIKYBaHHS, TIOKa3HUK
nporpoMbiHoBoro yacy Ta LIOC. Mopens xinacudikairii,
nobyaoBaHa Ha BUMLIEHUX O3HAaKaX, aleKBaTHa, TIJI0IIA ITij
KPHMBOIO orepauiiHux xapakrepuctuk moaeni AUC = 0,76
(95% 11 0,65—0,86), 1110 CBiTYMIIO TTPO TOOPY Y3TOMKEHICTh
MOJIeJIi: IPY BUOOPi ONITUMAIBLHOTO ITOPOTY YYTJIMBICTh MO-
neni cranoBuia 78,4 % (95% J11 64,7—88,7 %), crietiniv-
HicTb — 68,2 % (95% 1 45,1-86,1 %).

KoHcepBaTuBHe i 1a3epHe JIiKyBaHHS Yy TIALIIEHTIB Tpe-
ThOI TPy He 3acTocoByBaynocs. [1pu 3acTocyBaHHiI aH-
Tu-VEGF Ttepamii mBunke nporpecyBanns JIP Bim3Haua-
nocs y 4 (80,0 %) manieHTiB, TPOTIKOBAHMX ITUM METOIIOM.
IIporHo3 He3aaexkHO Bif BEJIUYMH IPOTPOMOIHOBOTO Yacy
ta HOC mist naHoro MeToy JlikyBaHHS y nauieHTiB 3 [T P
OyB 3aBXI11 HETaTUBHUM.

ITpu xipypriuHOMYy JiKyBaHHi y MaIliEHTIB TPETHOI TPY-
nu mBuake nporpecysaHHs [1JIP BinzHauamocs y BocbMu
(40,0 %) mattieHTiB, SIKi OYyJIM TIPOJIKOBaHiI IIMM METOIOM.

[IporHo3 3amexaB Bio BeJIMYMH IIPOTPOMOIHOBOIO Yacy Ta
LIOC. Ha puc. 3 BinobpaxeHa ABOBMMipHa KapTa IMPOTHO3Y
MOJeJi, TUISTHKA pU3UKYy IIBUAKOTO nporpecyBaHHs [1J1P
IMo3HaYeHa TEMHO-Y€PBOHUM KOJIbOPOM.

Sx BuaHO Ha puc. 3A, Mpu 3aCTOCYBaHHI XipyprivyHOro
JIIKYyBaHHS O€3MEeYHUM Mialla30HOM KOJIMBAHHSI TPOTPOM-
6iHoBoro yacy € nmpomixok Bin 10,0 no 12,0 ¢, Toai sIK iioro
3HaYeHHs BuUILi 3a 14,0 ¢ 00yMOBIIOBaIM HETATUBHUI IIPO-
rHO3 He3ayiexxHo Bin BemmunHy LLOC. 3HayeHHs TIpOTPOM-
6iHoBoro vacy Bin 12,1 no 13,9 ¢ MoxxHa BBaXatu rnepexis-
HUMU JIJIS1 BUSHAUEHHS TIPOTHO3Y, SIKUi1 y 1IbOMY Jliara3oHi
3asexan Bin BennunHu LLOC.

[Ipu 3acTocyBaHHI KOMOIHOBAaHOTO JIIKyBaHHS Y Malli-
€HTIB TPEThOI IPyINHU WBUAKE porpecyBanHs [11P BinzHa-
qanocsa y 39 (81,2 %) ocib, MpoiKoBaHUX IIMM METOJIOM.
30isbIIeHHST TPOTPOMOiHOBOTO Yacy Buile 3a 10,2 ¢ ta
LHOC Bumie 3a 0,2 MM* 00YMOBITIOBAJIO HETATUBHUI MTPOTHO3
niporpecyBaHHs1 [1P (puc. 3b). [IporHo3 OyB mo3UTUBHUM
TiIBKM TIPpU MiHiMaJbHUX 3HAYEHHSIX IPOTPOMOIHOBOIO
yacy i HOC (3enena 3oHa Ha puc. 3b).

TakuM YMHOM, 3aCTOCYBaHHSI KOHCEPBATUBHOIO Ta Jla-
3€PHOTO JIIKyBaHHS Oy/10 JOCUTH e(DEKTUBHUM [IJIsI MAalli-
entiB 3 HITJIP (ta6:x. 3). [1pu nboMy BUSIBJICHA 3aJIEXKHICTh
HETraTUBHOTI'O IIPOTrHO3Y e(peKTUBHOCTI LIMX BUIiB JiKyBaHHSI
Bin BenmmunHu LHOC (puc. 4A). IIporHo3 edekTuBHOCTI
IHIIMX BUIIB JiKyBaHHSI OYB HEraTUBHUM.

[Ipu TP epexTuBHNM OyJ10 J1a3epHE i Xipypriyae
JlikyBaHHS, edekTuBHicTh aHTU-VEGF Tepamnii Ta kom-
0iHOBaHOTO JIiKyBaHHS 3ayexana Big BeauwuyuHu LITC
(puc. 41i5b).

IIpu IJIP epekTUBHICTH XipypriYyHOro Ta KOMOiHOBa-
HOTO JIIKYBaHHS 3aJiexkasia Bill BeIMYUH TTPOTPOMOIHOBOTO
yacy Ta HOC, antu-VEGF Ttepanis Oyna Hee(eKTUBHOIO
(tabm. 3 i puc. 4B).

Ta6nmys 3. [MporHo3 e¢hekTMBHOCTi MeToZiB nikyBaHHs [P pisHux ctagiv

) MeToam nikyBaHHS
Crapis 1P - - -
KoHcepBaTuBHE JlasepHe AHTU-VEGF XipypriuHe Kom6iHoBaHe
+/— (HeraTuBHWIA +/— (HeratuBHWiA
HAAP npu LOC > 0,285 mw®) | npu LG > 0,180 ) - 0 -
+/— (HeraTuBHU +/— (HeraTuBHWIA
nnap 0 * npu LITC > 345 mkm) * npu LITC > 185 mkm)
+/— (3anexutb Big MY | +/— (3anexutb Big MY
nap 0 0 - i4oc) i LI0C)

Mpumitn: «+» — NPOrHo3 egheKTUBHOCTI NliKyBaHHS 3aBXAN MO3UTUBHUM; «—» — IPOrHO3 eqheKTUBHOCTI JliKy-
BaHHS1 3aBX/AN HeraTuBHUN; «+/—» — MPOrHO3 BU3HAYaETbCS PerpeciiHow MOAEeII0 Ta 3a/1eXUTh Bif BeNIMYnH
hakTOpHMX 03HaK; 0 — Hemae criocTepexeHsb; 14 — npoTpom6iHoBui 4ac.

LocC yte
+/— KoHcepBaTtuBHe + NazepHe
+/— JlazepHe Y 4/~ AHTM-VEGF

- AHTU-VEGF +/— Kom6iHoBaHe
- Komb6iHoBaHe + XipypridHe

LocC
MpoTpom6iHOBUIA Yac
Y - AHTU-VEGF Y
+/— Komb6iHoBaHe
+/— XipypridHe

PucyHok 4. ApxiTeKTypa niHiiiHoi HevipomepexxeBoi Moaesi knacugpikayii nporHo3yBaHHs1 PU3NKY LUBULKOIO
nporpecysaHHs HITAP (A), NMNAP (B) i MAP (B). ToukyTHUKamMu yKa3aHoO HEVpOHU BXiQHOIo Lwapy, cipum
KBagpaTom — HeipoH BuxigHoro wapy (Y); MO3HaYKK «+/—», «+», «—» aHaJorivyHi Taén. 3
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O6roBopeHHs

AHaJi3 ¢akTopiB pU3MKY LIBUIKOIO IMPOTPEeCyBaHHS
MiCJIsT JTIKyBaHHSI IPOBOIMBCS IS BCiX (paKTOPHUX O3HAK,
sKi BUBYanucs. MmeTbes Mpo pe3yabTaTH KIIIHIYHMX,
0(TaJbMOJIOTIUHUX Ta JTJAOOPATOPHUX OOCHIIKeHb. Jlis
BimOopy 3HaUymMX GaKTOpiB pU3NKY BUKOPUCTAHO TeHE-
TUYHMIA aITOPUTM B iIMOBIpHICHMX MOJEJISIX Kilacuikarlii
[17]. 3a pe3yapTaTamu BinOOpy MIBUAKE IIPOTPECYBAHHS IS
MAali€HTIB ITePIIOi IPYITA OYJI0 TTOB’sI3aHe 3 BUAOM JIIKyBaH-
Hs 1a BenuyHowo LHOC (p < 0,001). Monens kinacudikariii,
noOy/noBaHa Ha BUIJICHUX O3HAKaX, alleKBaTHa, TIJI011A TTiT
KPUBOIO orepauiiiHux xapakrepuctuk moaeiai AUC = 0,74
(95% 11 0,68—0,80), 1110 CBiTUMIIO PO TOOPY Y3TOMKEHICTD
mopedi. Ilpu Bubopi onTuMaabHOTO MOPOTry YYTJIUBICTh
Mozeni cranoBuna 62,5 % (95% N1 43,7-78,9 %), cneun-
diunicte — 80,3 % (95% 1 73,2—86,2 %).

InTpasitpeansHi in’exuii antu-VEGF npemnapatiB Ha
ChOTOIHI MPAaKTUYHO BUTICHWIN JIa3epHe JIIKyBaHHS i 103-
BOJIMJIM 3HAYHO MOJIIMIIATY aHATOMIYHi Ta (PyHKIIiOHAIbHI
pesynbratu [18]. PanHe in’exuiiine BBeneHHs aHTU-VEGF
MoOXe 3arobirtu yckjaagHeHHsM AP i 3MeHIIuTy noaaib-
11I€ TIPOTpecyBaHHs, ajie B AeSIKUX BUIMAJAKaX BCE X TaKU
BUSIBJISIETbCS HU3bKOedekTuBHUM [9, 19]. Tak, HenaBHi
IOCJiIXKEeHHs IoKa3au, 110 nauieHtu 3 AP, gki orpumy-
Basiu Tinibku aHTU-VEGF Tepartito, Oyau Oi1bII CXWITbHI 10
PO3BUTKY HEOOOPOTHOI CJIIMOTU MOPiBHSIHO 3 TUMU, XTO
JikyBaBcs 3a nonnomoroio I[TPJIK [20, 21]. Jlexinbka qoBro-
CTPOKOBUX JOCHIIXKEHb MiATBEPAUIN TPUBAIUNA MO3UTUB-
Huii BruB [1PJIK, y 3B’ 13Ky 3 YuM 1ieit MeTO.I 3aJIUIIAETh-
¢l OHUM 3 OCHOBHMX Yy JlikyBaHHi [TJIP [22, 23].

V HamomMy noCIiIKeHHi, Ipy BKa3aHOMY 00CsI3i Ta Tep-
MiHax crocTepexeHHs, i3oi1p0BaHa aHTU-VEGF teparist
He MaJia IePeKOHIMBUX 10Ka3iB eekTuBHOCTI. HaToMicTh
y KoMOiHalIil 3 1a3epHUM JIiKyBaHHSIM IOKa3ajia JOCUTH
BUCOKY e(peKTUBHICTb y TUX TpyIlax, Je 3aCTOCOBYBajacsl.
Xouya 0araTo mociimKeHb i mokasanu, 1o aHtTu-VEGF Te-
parist He nmoctynaeThbest [TPJIK mpu nikysanHi [11P, aBTopun
CTBEPIXKYIOTh, 110 Mepilia He Ma€ MO3UTUBHOTO BILJIMBY Ha
iIIreMilo CiTKiBKH, sIKa IPOIOBKYE IIPOTPeCyBaTH i IPU3BO-
JUTD 10 PELIMAUBY TTiCJIsI IPUIMTMHEHHS JIiKyBaHHS [24, 25].

BucHoBKMU

IIBunke niporpecyBannst HITIP uepe3 2 poku criocte-
peXeHHs Bin3Hauanocsa y 16,9 % nanieHTiB, ki oTpuMyBa-
JI KOHCepBaTUBHE JIiKyBaHHsI. PU3MK IIBUIKOTO Mporpe-
CyBaHHSI OyB TIOB’SI3aHWI 3 BUIOM JIIKyBaHHS Ta BEJIMYHOIO
HOC (p <0,001).

J1J1s1 KOHCepBaTUBHOTO Ta JIA3¢PHOTO JIiKyBaHHSI BUSIB-
JIEHO MEKOBi TOPOTY HETaTUBHOT'O IPOTHO3Y 3a BEJTUYUHOIO
IOC (0,285 i 0,180 mm® BignosigHo). disa antu-VEGF
Teparii i KOMOIHOBAHOTO JIiKyBaHHSI TTPOrHO3 e(PeKTUBHOCTI
IUUIS1 BCiX MallieHTiB OyB HeraTUBHUM. Mopenb Kinacudikairii,
1o Oysa 1moOysoBaHa Ha BUIIEHUX O3HAKaX, Majia 100py
yaromkeHicts (AUC = 0,74; 95% 11 0,68—0,80).

IIBunke iporpecyBanns [1I11P uyepe3 2 poku criocte-
pekeHHs Big3Havaocs y 69,5 % mauieHTiB. 3 pU3MKOM
IIBUIKOIO IIPOrpecyBaHHs OyJIM TOB’SI3aHi BUI JIiKYBaHHS
ta BeanumHa LITC, 3a gkoro nig antu-VEGF Teparmii Ta
KOMOIHOBaHOTIO JIiKyBaHHSI BCTAHOBJIEHO MEXKOBi OPOTU
HeraTMBHOIO MporHo3y (345 i 185 mxM BimmoBigHO). [1po-

rHO3 e(PEKTUBHOCTI JIa3¢pPHOTO Ta XipypriYHOTO JIiKYBaHHS
y Bcix nauieHTiB 3 [1TTP 0yB nosutuBHuM. Monesb Kilacu-
¢ikarrii, mo Oysa modygoBaHa Ha LIMX O3HAKaX, Maja Jo0py
yaromkeHicth (AUC = 0,83; 95% M1 0,74—0,90).

IIBunke nmporpecyBanHs [1JIP uepe3 2 poku crnocte-
pPEeXEHHST KOHCTaTOBaHO y 69,9 % maiieHTiB. 3 pu3nKOM
LIBUAKOTO MPOrpecyBaHHs Oy/Iu MOB’s13aHi BUJ JTiKyBaHHSI,
IMOKAa3HUK IPOTpoMOiHOBOro Yacy Ta BeanumHa L1OC, saxi
BU3Hayaau e(eKTUBHICTb MPU 3aCTOCYBaHHI XipypriuHo-
ro Ta KOMOiHOBAaHOTIO JIiKyBaHHs. 1 i301b0BaHOI aHTH -
VEGF Tteparii nporto3 eeKTUBHOCTI OYB HETaTUBHUM.
Mogpenp knacudikaii, 1o Oysia nmodyaoBaHa Ha IUX 03-
Hakax, Mayia 1oopy y3romxkeHictb (AUC = 0,76; 95% 11
0,65—0,86).

KondaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHJIIKTY iHTepeciB Ta BIacHOI (hiHaHCOBOI 3alliKaBIeHO-
CTi TIpU MiITOTOBII JAHOI CTATTI.

Indopmanisa npo dinancyBannsa. [I>xepena miATPUMKU:
BiIICyTHIi.

Eruuni Hopmu. LI po6oTa mpoBoauacs 3a y4acTIo J1o-
nmeit. Lle mocmimkeHHsT OyJI0 CXBaJeHO MiCIIEBUM KOMiTe-
TOM 3 0iOeTHUKM. YCi MalieHTn naiau iHhopMaTUBHY 3romy
Ha y4acTb y AOCHiIKeHHi. JlocaimkeHHs 0yJ10 MpoBeaeHO
3rigHo 3 ['enbciHebKOM Aekiapanieto. Lle nociimkeHHs He
BKJIIOYAJIO €KCIIEPUMEHTH Ha TBApUHAX.

CxsasieHns 10 myOuikamii. Yci aBTopu rpoaHajisyBaiu
pe3yJIbTaTh Ta MOTOMJIN KiHLIEBUIA BapiaHT PYKOIIUCY.

BinmoBa Bin BinmoBizaabHOCTI. ABTOPU IiATBEPIXKYIOTh,
1110 BUCJIOBJIEHI Y MOIAHIi CTATTi IyMKH € 1X BJaCHUMM, a HE
o(MiLiTHUMU TTO3ULISIMU YCTAHOBU UM (DOHIY.

Buecok aBtopis. A.B. Cepniok — MeToaos0risi, mpo-
rpaMHe 3a0e3nedyeHHs1, popMaTbHUI aHai3, JOCTiIKEeHHS,
Hanucanasg; C.}O. MorineBcbKrii — KOHIICIITYaTi3allid,
HanucanHs; C.B. 3sg61iueB — KoHUenTyaizailisi, Hanu-
canns; O.10. [lenuciok — hopMalbHUIA aHaTi3.
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Effectiveness of treatment for different stages
of diabetic retinopathy in type 2 diabetes

Abstract. Background. Objectification of the choice of treatment
methods based on a comprehensive assessment of their effectiveness
depending on the stage of diabetic retinopathy (DR) and biomarkers
characterizing the state of the eye, metabolism and other parameters
of homeostasis is an urgent modern task of precision medicine.
The purpose of the study was to establish the effectiveness of treat-
ment methods in DR of various stages and to determine prognos-
tic indicators of the risk of its rapid progression during 2 years of
treatment in the setting of an ophthalmological hospital. Materials
and methods. Three hundred and fifty-eight patients (358 eyes)
with type 2 diabetes mellitus (T2DM) and DR were examined and
divided into the following groups: first one — nonproliferative DR
(NPDR, 189 eyes), second one — with preproliferative DR (PPDR;
96 eyes) and the third one — proliferative DR (PDR; 73 eyes). The
patients were examined using ophthalmic methods: the central reti-
nal thickness (CRT, um) and the central retinal volume (CRV, mm?)
were determined according to optical coherence tomography data.
The analysis of the results was carried out in the EZR v. 1.54 package
(Austria), the classification of models — in the Statistica Neural
Networks v. 4.0C (StatSoft Inc.). The method of building linear
neural network classification models was used to analyze the influ-
ence of factor characteristics associated with the risk of DR progres-
sion. Results. Rapid progression was noted in 16.9 % of patients with

NPDR who received conservative treatment for 2 years, its risk was
associated with the value of the CRV (p < 0.001). For conservative
and laser treatment, the thresholds for a negative prognosis were
found by the value of the CRV (more than 0.285 and 0.180 mm?®,
respectively). For anti-VEGF therapy and combined treatment, the
prognosis of effectiveness was negative. Rapid progression of PPDR
was detected in 69.5 % of patients. Its risk was associated with the
type of treatment and the size of the CRT, according to which the
thresholds of a negative prognosis were established for anti-VEGF
therapy and combined treatment (more than 345 and 185 um, re-
spectively). The prognosis of the effectiveness of laser and surgical
treatment in PPDR was positive. Rapid progression of PDR within
2 years was noted in 69.9 % of patients. Its risk was associated with
the type of treatment, prothrombin time, and the value of the CRYV,
which determined the effectiveness of surgical and combined treat-
ment. For anti-VEGF therapy alone, the prognosis of effectiveness
was negative. Conclusions. The study conducted made it possible to
evaluate the effectiveness of treatment methods in DR of various
stages and to establish factors associated with a negative risk of the
outcome of two-year treatment.

Keywords: type 2 diabetes; diabetic retinopathy; panretinal laser
coagulation; anti-VEGF therapy; vitrectomy; treatment effective-
ness
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Glycated hemoglobin and microalbuminuria
in patients with type 2 diabetes mellitus

Abstract. Background. In recent decades, type 2 diabetes mellitus (DM) has become the most prevalent di-
sease worldwide. In the coming decades, a large number of people are expected to be affected by this disease,
it is spreading rapidly in an epidemic in some countries due to the aging of the population, which will increase the
cost for health care providers, especially in countries with poorer health. Microalbuminuria is the earliest stage
of progressive kidney damage, the simplest and most reliable predictor for assessing the probability of overt ne-
phropathy in diabetes. The purpose of the study was to investigate the relationship between duration of diabetes
and higher microalbumin secretion. Material and methods. Blood samples were collected after an overnight fast
of 10-12 hours, EDTA-Sarstedt tubes were used to collect blood from patients and analyze glycated hemoglobin
(HbA1c) levels, while blood samples collected in Sarstedt S-monovette tubes were used for serum (to analyze
other biochemical parameters). Samples were centrifuged, aliquoted and stored at 4 °C until analysis. The urine
sample (24 h urine) was analyzed for microalbumin (immunoturbidimetric method). All analyzes were performed
with Roche-Integra 400 Plus equipment at the Polyclinic and Laboratory Alpha in Peja. This prospective study was
conducted in the Dukagjin Plain in the Republic of Kosovo. Statistical analysis: data were entered into Microsoft
Excel data sheet and analyzed using SPSS version 22 software. Results. The average age of the participants
in the study was 48.00 + 2.34 years (range 26—79) compared to the control group — 41.00 + 2.65 years (range
20-65), the percentage of women was higher (58.33 %) than men (41.66 %). From the analyzes made between the
patients under study and the control group, we obtained high results to a significant degree in these parameters:
HbA1c (p < 0.001), triglycerides (p < 0.04), microalbumins (p < 0.001), body mass index (p < 0.03). Conclusions.
Increasing levels of microalbuminuria in diabetic patients worldwide and in ours will be an immediate requirement for
microalbuminuria tests to be routinely performed in addition to HbA1c by all health institutions for better surveillance
of patients in order to prevent the deterioration of their health status.

Keywords: type 2 diabetes mellitus; glycated hemoglobin; microalbuminuria

Introduction

In recent decades, type 2 diabetes mellitus (DM) has
become the most prevalent disease worldwide. In the coming
decades, a large number of people are expected to be affec-
ted by this disease, it is spreading rapidly in an epidemic in
some countries due to the aging of the population, which
will increase the cost for health care providers, especially in
countries with poorer health [1].

DM has different types, and each type has different
etiology, presentation and treatment [2]. Major risk fac-
tors for type 2 DM are age > 45 years, overweight (BMI
> 25 kg/m?), family history of DM, habitual physical inac-
tivity, race/ethnicity history of gestational DM or delivery of
baby weighing > 9 Ibs, hypertension > 140/90 mmHg, HDL
cholesterol < 1.4 mmol/l and or triglyceride > 2.3 mmol/I,
central obesity (WHR men > 1, women > 0.85) [3].
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Glycated hemoglobin (HbAlc) is a marker of blood
glucose control in diabetic patients. HbAlc results from
post-translational changes in the hemoglobin molecule and
their levels correlate well with blood glucose levels the pre-
vious six to ten weeks. Glycosylation of hemoglobin deve-
lops under physiological conditions from a reaction between
glucose and N-terminal valine of the beta chain molecules.
Higher levels of HbAlc were associated with increased risk
of developing microangiopathy in diabetic patients. This
may be due to the fact that HbAlc has a special affinity for
oxygen thus causing tissue anoxia and plays a role in causing
micro- and macroangiopathy [4].

Chronic kidney disease (CKD) is characterized by
gradual and irreversible deterioration of kidney function,
resulting in a glomerular filtration rate (GFR) of less than
60 ml/min/1.73 m? [5]. Early stages of kidney damage, also
known as initial nephropathy, is characterized by small le-
sions that manifest with high levels of albumin in the urine,
a condition called microalbuminuria [6].

Microalbuminuria is the earliest stage of progressive kid-
ney damage; is the simplest and most reliable predictor for
assessing the probability of overt nephropathy in diabetes.
Among the main risk factors for microalbuminuria are the
increase of blood pressure and poor glycemic management
[7, 8]. Microalbuminuria is defined as an abnormal increase
in albumin excretion rate within the specific range of 30—
299 mg of albumin/g of creatinine. It is important to recog-
nize that the term microalbuminuria specifically refers to an
abnormal albumin excretion rate and not the presence of an
abnormal (small) albumin molecule [9]. Macroalbuminuria
is defined as an abnormal increase in albumin excretion rate
in the range > 300 mg albumin/g creatinine.

This level of albuminuria is widely accepted as evidence
of established nephropathy in both diabetic and nondiabetic
renal diseases [10]. The level distinguishing microalbumin-
uria from macroalbuminuria is primarily based on clinical
findings and not renal biopsy evidence of irreversible renal
damage [11]. Macroalbuminuria in both diabetic and non-
diabetic individuals is a marker of accelerated decline in the
glomerular filtration rate [12, 13].

Expressing albumin as a ratio to creatinine is desirable as it
allows one to use a routine (“spot”) urine sample to detect an
abnormal amount of albumin in the urine obviating a 24-hour
urine collection. The National Kidney Foundation, the Ame-

rican Diabetes Association, and the National Institutes of
Health recommend the measurement of albumin in the urine
using the technique of the albumin: creatinine ratio [14, 15].

The presence of persistent microalbuminuria is a marker
of increased vascular permeability associated with a variety of
cardiovascular risk factors [16]. It alone is not definite evidence
of nephropathy, however, some type 1 and type 2 DM with
microalbuminuria develop nephropathy over time [17, 18].

The purpose of the study was to investigate the relation-
ship between duration of diabetes and higher microalbumin
secretion.

Materials and methods

Blood samples were collected after an overnight fast of
10—12 hours, EDTA-Sarstedt tubes were used to collect blood
from patients and analyze HbAlc levels, while blood samples
collected in Sarstedt S-monovette tubes were used for serum
(to analyze other biochemical parameters). Samples were
centrifuged, aliquoted and stored at 4 °C until analysis. The
urine sample (24 h urine) was analyzed for microalbumin
(immunoturbidimetric method). All analyzes were performed
with Roche-Integra 400 Plus equipment at the Polyclinic and
Laboratory Alpha in Peja. The samples were collected for
a period of time: January 2023 — September 2024.

The average age of the participants in the study was
48.00 £ 2.34 years (range 26—79) compared to the control
group 41.00 £ 2.65 years (range 20—65), the percentage of
women was higher (58.33 %) than men (41.66 %).

This prospective study was conducted in the Dukagjin
Plain in the Republic of Kosovo. Statistical analysis: data were
entered into Microsoft excel data sheet and analyzed using
SPSS version 22 software. Pearson correlation coefficient was
calculated to find the linear relationship between HbA1C and
microalbuminuria. T-test was also used to find the association
between HbA1c and microalbuminuria. The P value was taken
as significant at the 5 percent confidence level (p < 0.05).

Results

In this study, a total of 100 patients were analyzed (60 in
the working group and 40 in the control group). The average
age of the participants in the study was 48.00 = 2.34 years
(range 26—79) compared to the control group 41.00 + 2.65
years (range 20—65), the percentage of women was higher
(58.33 %), compared to men (41.66 %) (Table 1).

Table 1. Descriptive statistics for study participants

0 Intervention group Control group
em
Freq. % Freq. %
Male 25 41.66 20 50
Gender
Female 35 58.33 20 50
Hypertension 14 23.33 12 30
. Chronic kidney disease 29 48.33 2 5.0
Other diseases - -
Cardiovascular disease 9 15.0 3 7.5
Other 8 13.33 5.0
o Yes 38 63.33 7 17.5
Family history
No 22 36.66 33 82.5
Age Mean 48.00 + 2.34 (range 26-79) 41.00 + 2.65 (range 20-65)
38 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 20, N2 7, 2024



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Table 2. The results of laboratory tests in the group of patients

Parameter Cas?\nset::)’/: (SnD= 60) Contrl?nlesét:dtys([r; =40) T-value P-value
HbA1c (4-6 %) 8.752 + 1.630 5.451 £ 0.370 0.005 < 0.001
BUN (3.2-8.1 mmol/L) 7.71 £ 3.79 6.99 + 4.20 0.065 0.440
Serum CR (45-108 pmol/L) 102.72 £ 14.43 87.23+1.34 0.051 0.187
TC (< 5.7 mmol/L) 6.12 + 3.17 5.58 + 36.73 0.012 0.017
TGL (< 2.3 mmol/L) 2.66 + 59.77 1.78 + 67.58 0.106 0.04
HDL (> 1.4 mmol/L) 0.88 + 1.86 1.38 + 1.63 0.009 <0.05
LDL (< 4.2 mmol/L) 4.00 +1.16 3.15+1.33 -0.027 0.201
VLDL (0.2—-1.8 mmol/L) 1.59 +1.92 1.28 + 1.47 0.023 0.311
Total protein (64—83 g/L) 68.71 + 12.42 71.25 = 16.05 0.303 0.283
ALB (35-52 g/L) 39.42 + 10.37 4212 £+ 12.47 0.054 0.349
Bilirubin total (5.1-21.0 pmol/L) 16.23 £ 8.32 13.49 + 6.32 -0.127 0.189
Bilirubin direct (< 7.0 pmol/L) 412 + 3.08 3.15+2.05 0.161 0.143

The percentage of co-morbidities in the group of pa-
tients included in the study was very high (with dominance
of kidney diseases), accompanied by a higher percentage of
patients with a positive family history.

From the analyzes made between the group of patients
under study and the control group (Table 2), we obtained
high results to a significant degree in these parameters:
HbAlc (p < 0.001), triglycerides (p < 0.04), microalbumins
(p <0.001), BMI (p < 0.03).

We found no significant association between microalbu-
min levels and patient age, which is consistent with previous
research. Our study showed a statistically significant associa-
tion between the prevalence of microalbuminuria and the
duration of diabetes, which is reliable with the findings of pre-
vious research. Research on regression analysis and duration
of diabetes has found that duration of diabetes is a strong pre-
dictor of the extent of abnormal albuminuria in type 2 DM. In
our study, 63.33 % of patients had a family history of diabetes
indicating that type 2 diabetes has a strong genetic component.

Discussion
Microalbumin levels were found to be directly related to
duration of DM and HbAlc. People with poor glycemic con-
trol have significantly higher levels of urinary microalbumin
[19]. Moreover, as the duration of DM increases, the levels
of microalbumin in the urine increase, which indicates the
detection of urinary microalbumin at a higher rate [20].
According to research, urinary microalbumin levels are
associated with known risk factors such as age and poor gly-
cemic control (HbAlc). According to this study, women had
a higher mean value of microalbumin than men. According
to this study, if adequate glycemic control is maintained in
the early stages of DM, the risk of microalbuminuria is re-
duced. This observation is consistent with many others.
Usually, patients are asymptomatic until complications
become apparent, and among those affected, one-third will
eventually have progressive deterioration of renal function.
C.C. Hsu et al. related a study on the variability of HbAlc
microalbuminuria in type 2 DM: a 7-year perspective group
study published on August 26, 2012, when the study was

done between 2002 and 2005 where 821 middle age normo-
albuminuric individuals with type 2 DM who the incidence
of microalbuminuria was followed until 2010 was 91.9/1000
persons for Q1-Q4 adjusted HbAlc SD respectively. So, it
was concluded that the variability of HbAlc even measured
as early as 2 years is independently related to the develop-
ment of microalbuminuria in patients with type 2 DM [19].

P.P. Joshi et al. studied 158 cases of first acute myocardial
infarction (AMI) admitted in ICCU, Government Medical
College and Hospital, Nagpur, India. Microalbuminuria was
present in 66 (42 %) cases compared to 15 (20 %) controls.
Patients with microalbuminuria also had significantly higher
frequency of heart failure (16 of 66 patients (24 %) versus 11
of 92 (12 %)) and had higher mortality (8 of 66 (12 %) vs
3 out of 92 (3 %)), compared to those without microalbu-
minuria and concluded that microalbuminuria is an inde-
pendent risk factor for AMI and is associated with in-hospital
heart failure and higher AMI mortality. Microalbuminuria
helps in risk stratification [21].

Patients with long-term and short-term diabetes mel-
litus must take care of their health, to maintain glycemic
control and a healthy lifestyle, diets rich in whole grains,
green leafy vegetables, healthy fats, foods with less carbohy-
drate, moderate protein and high fiber foods for DM control.
They should also limit salt, sweets, sugary drinks and red
meat which can help maintain glycemic control and promote
a healthy lifestyle.

Conclusions

Our findings also show that duration of diabetes is
a strong predictor of higher microalbumin secretion.

Increasing levels of microalbuminuria in diabetic patients
worldwide and also in us, will be an immediate requirement
that microalbuminuria tests in addition to HbAlc are rou-
tinely determined by our Health Institutions to have better
surveillance of patients for prevent the deterioration of their
health condition.
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TAiIKOBAHWUIM reMOrAOGiH | MIKPOOALGYMiHYpPIst
Y XBOPUX HA LLYKPOBUI AidGeT 2-ro Tuny

Pe3tome. Axmyaavnicms. B octaHHi necATHIIITTS LYKPOBHUIA TiabeT
2-ro tumy (LIJ1) cTaB HallMOMIMPEHIITUM 3aXBOPIOBAHHSIM Y CBi-
Ti. O4iKy€eTbCs, 1110 B HANOAMKYI NECITUIITTS BeJIMKa KiJTbKiCTh
JIrofei Oyne BpaxkeHa 1i€lo xBopo6oto. LI/ mBuako nmomupro-
€ThCS SIK eTieMist B IeIKUX KpaiHax YHACIiIOK cTapiHHS Hace-
JIEHHSI, 1110 30LIBIINUTD BUTPATH JJISI OCTAYaIbHUKIB METUUHUX
MOCJIYT, 0COOIMBO B KpaiHaX i3 HU3bKMM €KOHOMIYHUM CTaTyCOM.
MikpoanbOyMiHypisl € HAOLIbII PAaHHBOIO CTAMIEI0 TPOTPECYIO-
YOro ypaxkeHHsI HUPOK i HAWTIPOCTIIIMM HaIillHUM MPEIUKTOPOM
IJIsSE OLIHKM pu3UKy Hedpomarii npu LIA. Mema oocaidxncenns:
BUBYUTH 3B’SI30K MK TPUBAJIICTIO IIyKPOBOTO IiabeTy, CTAaHOM
loro KoMmeHcallii Ta MiIBUILEHOI0 CEKPELi€I0 MiKpoalbOyMiHY.
Mamepiaiu ma memoodu. 3pa3ky KpoBi 30Mpaiu IiciIsl HIYHOTO
rosogyBaHHs ripoTsiroMm 10—12 roguH. [1po6ipku EDTA-Sarstedt
BUKOPUCTOBYBAJIM JJIsI 3a00py KPOBi I aHaJIi3y piBHS IJTIKOBAHOTO
remorniobiny (HbAlc), Toni sik 3pa3ku KpoBi, 3i0paHi B IpoOipKu
Sarstedt S-monovette, BAKOPUCTOBYBAJIM IS aHATi3Y iHIITUX 6io-
XiMIYHUX TTOKa3HUKIB. 3pa3ku MeHTpUdyTyBaau i 30epiraau mpu
4 °C no npoBeneHHs aHalli3y. 3pa3oK 1000BOI ce4i BUKOPUCTO-
BYBaJIU JIJIsSI BUBHAYEHHSI PiBHSI MiKpoaJabOyMiHy (iMyHOTYpOinu-

METpUYHUIT MeTon). YCi aHali3n MPOBOAMIMUCS 3a IOMTOMOT0I0
oomamHaHHs Roche-Integra 400 Plus. Lle mpocnieKTUBHE DOCTi-
IKeHHs1 Oysio mpoBenaeHo B Pecny6iini KocoBo. CtaTuCTUYHMIA
aHaJji3: maHi 6yau BBedeHi B Tabauio Microsoft Excel i mpo-
aHaJIi30BaHi 3a JOTIOMOTO0 IMpOorpaMHoOro 3abe3neyeHHss SPSS
(Bepcist 22). Pezyasmamu. CepenHill BiKk y4aCHUKIB TOCITiIKEHHS
craHoBuB 48,00 & 2,34 poky (aianazoH 26—79 pokiB) MOPiBHSIHO
3 KOHTPOJIbHOIO rpyroio — 41,00 £ 2,65 poky (miamazon 20—65
POKiB); XiHOK OyJ10 Gisbllie, HixX YoJIOBiKiB. [1pu IpoBeieHHI aHa-
JI3iB 1JIs1 000X TPYI OTPUMAHO BipOTioHI pe3yabTaTH 3a TAKUMU
mapametrpamu: HbAlc (p < 0,001), Tpurninepunu (p < 0,04), mi-
KpoanboyMiH (p < 0,001), innekc macu tina (p < 0,03). Bucnosku.
[ligBuneHHs piBHS MiKpoaabOyMiHYpil B MALLIEHTIB i3 IlyKPOBUM
niabeToM B yChOMY CBITi CTaJI0 HEeBiIKJIaIHOIO BUMOTOIO IS pery-
JIIPHOTO TIPOBEICHHSI TECTiB Ha MiKpoaabOyMiHypilo Ha 10AaTOK
1o HbAlc ycima 3akiianaMu OXOpOHM 300POB’sI IJIsT KPAIIIOTro CIO-
CTepeXeHHsI 3a MallieHTaMu 3 METO0 3aIT00iraHHS TTOTipIIEHHIO
CTaHy iXHbOTO 3I0POB’s.

Kimo4oBi c10Ba: 1ykposuii 1iadet 2-ro TUITY; MIiKOBAHMIA TEMO-
[JI00iH; MiKpoaabOyMiHYpist
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Clinical portrait of a patient with acute
coronary syndrome and type 2 diabetes mellitus:
a novel strategy for the diagnosis,
prognosis and treatment

Abstract. Background. Patients with type 2 diabetes mellitus (T2DM) have a two-fold risk of coronary artery disease
(CAD), and their myocardial infarction-associated mortality is 2—4 times higher compared to patients with intact car-
bohydrate metabolism. The purpose of the study: to determine the impact of type 2 diabetes on the severity of clinical
course, changes in laboratory and instrumental findings, the prognosis and treatment strategy selection in patients
with acute coronary syndrome (ACS). Materials and methods. We have examined 75 patients with ACS, which has
developed on the background of T2DM (the main group), and 28 patients with ACS without T2DM (the control group).
ACS with T2DM was substantially more frequent (84 % of cases) in young to middle-aged males (up to 60 years of
age) who predominated compared to female patients in a 4.8 : 1 ratio. It was typical for these patients to have frequent
comorbid conditions, namely: hypertension (94.7 %), metabolic syndrome (85.3 %), chronic kidney disease (30.7 %),
chronic obstructive pulmonary disease (29.3 %), thyroid dysfunction (22.7 %), and such CAD risk factors (and their
combinations in 89.3 % of cases) as atherogenic dyslipidemia (96.0 %), tobacco smoking (34.7 %), excessive alcohol
use (32.0 %), family history of CAD and T2DM (29.3 and 61.3 % of patients, respectively). Results. The characte-
ristic clinical feature in a patient with ACS and T2DM is a severe condlition, which is due to a combined multi-vascular
involvement of coronary arteries (which is 10.5 times more frequent in these patients) and larger volumes of myocar-
dial necrosis. Such individuals have more pronounced manifestations of necrosis-resorption syndrome, a significant
increase in left ventricular myocardial mass and volume due to an increase in diastolic and systolic dimensions, which
suggests hypertrophy and cardiac remodeling with impaired systolic function (ejection fraction of less than 50 %) and
impaired diastolic function; the latter is considered an impairment of relaxation processes. Conclusions. The clinical
portrait of patients with ACS developed on the background of type 2 diabetes is characterized by the following features:
men under 60 years of age with comorbid conditions and multiple risk factors for coronary artery disease, multivessel
and hemodynamically severe coronary lesions (more than 33 points on the SYNTAX scale), large volume of myocar-
dial necrosis, which determines the atypicality and severity of the disease, high grade of heart failure, a significantly
higher incidence of life-threatening complications, and a high risk (over 160 points on GRACE score) of cardiac death.
Keywords: acute coronary syndrome; type 2 diabetes mellitus; metabolic syndrome; insulin resistance

Introduction

Cardiovascular disease is a complex condition that often
originates in the heart and presents with a variety of symp-
toms. Deaths related to cardiovascular diseases outnumber
cancer-related deaths in both men and women worldwide
[1, 2]. In Ukraine and worldwide, ST elevation myocardial
infarction (STEMI) remains one of the most important is-
sues of contemporary cardiology due to its persistent indices
of incidence, disability and mortality [3, 4].

Over the past decade, an increase in mortality in Ukraine
was 16.2 and 13.9 % for coronary artery disease (CAD) and
myocardial infarction, respectively [5]. Such negative medi-
cal and demographic trends have been attributed both to
widespread risk factors of coronary atherosclerosis (hyper-
cholesterolemia, smoking, the influence of xenobiotics, insu-
lin resistance (IR), hyperuricemia, homocysteinemia, hyper-
tension, obesity, etc. leading to rapid CAD progression and
acute coronary syndrome (ACS)) [6, 7], and to comorbidity
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(a combination of two and more conditions), which causes
mutual aggravation of the course of disease and creates con-
siderable difficulties for timely diagnosis and developing an
adequate treatment program [8, 9].

It is noted that a special place in patients with myocardial
infarction is occupied by widespread comorbid conditions
such as metabolic syndrome (MS) and type 2 diabetes mel-
litus (T2DM) [10, 11], which share common risk and pro-
gression factors including improper diet, lipid metabolism
disorders (dys- and hyperlipidemia), hyperglycemia, insulin
resistance, obesity, hypertension, low physical activity [12,
13], and which frequently are consecutive stages of the same
disease process [14].

The prevalence of T2DM in Ukraine is quite high, but
only 25 % achieved sustained glucose control. Monitoring
costs were higher for those who did not: by 10 % for pa-
tients receiving non-pharmacological treatment, by 61 %
for insulin patients, and twice as high for patients prescribed
oral treatment. Initiatives to improve treatment adherence
(e.g., medication copayment schemes, enhanced adherence
counseling) would address barriers along the care continu-
um and we estimate such expenditures may be recouped by
reductions in patient monitoring costs [15].

It must be mentioned that, as reported by the Interna-
tional Diabetes Federation, the total risk of developing myo-
cardial infarction in the next 8 years is 30 % in people with
metabolic syndrome and T2DM [16]; in this population,
CAD-associated mortality was 3 times higher and was double
that in patients without metabolic disorders [17, 18].

Patients with T2DM have a doubled risk of CAD, and
their risk of CAD-associated mortality is 2 to 4 times higher
compared to those with intact carbohydrate metabolism
[19, 20]. DM is a risk factor of cardiovascular disease re-
gardless of patient age, blood pressure, body weight and
type of hyperlipidemia [21, 22]; approximately 4.2 million
T2DM-associated deaths have been registered worldwide
in 2019 [16].

The above statistical data suggest the relevance of time-
ly diagnosis of ACS on the background of dysmetabolic
comorbidities and providing timely and adequate care.
Current European and American guidelines on treatment
of these patients place a heavy emphasis on reduction of
time to reperfusion. However, the exceptionally high inci-
dence of complications in such comorbid patients suggests
a current lack of unambiguous diagnostic criteria for this
comorbidity and the absence of definitive adequate thera-
peutic approaches including the methods and the scope of
revascularization.

It is possible to predict that due consideration of the
specific features of clinical course of ACS (STEMI) on the
background of metabolic disorders in T2DM and a study of
the pathogenetic mechanisms underlying the laboratory and
instrumental findings in these comorbid patients will allow
identifying early diagnostic and prognostic criteria of unfa-
vorable disease course and developing adequate treatment
programs.

The aim of the study was to determine the impact of type 2
diabetes on the severity of clinical course, changes in labora-
tory and instrumental findings, the prognosis and treatment
strategy selection in patients with ACS (STEMI).

Materials and methods

This was an open-label, controlled, comparative paral-
lel-group study, which included 103 patients: 75 with ACS
and T2DM (the main test group) and 28 with ACS and
ST-segment elevation without T2DM (the control group).

The diagnosis of acute coronary syndrome was verified
according to the recommendations of the Unified Protocol of
the Ministry of Health of Ukraine and the European Society
of Cardiology (ESC) [23] in the presence of a typical anginal
attack, electrocardiographic and echocardiographic changes,
the signs of necrosis-resorption syndrome, and confirmed by
the results of urgent coronary angiography.

The diagnosis of T2DM was confirmed by means of
clinical pathology tests and instrumental assessments [24].
Plasma glucose levels were determined with a glucose oxi-
dase method using a Bisens line automatic analyzer (Ger-
many); insulin levels — with a chemiluminescent method
(Access 2 Analyzer, USA). The presence of IR was assessed
by the level of HOMA-IR index, and its severity was as-
sessed by the magnitude of F. Caro’s coefficient. The fol-
lowing findings were viewed as the criteria of IR presence:
HOMA index > 2.77 and Caro index < 0.33. In other words,
the higher the HOMA index and the lower the Caro index,
the lower was the tissue sensitivity to insulin and the higher
was the IR.

In addition to general clinical assessments, laboratory
tests and instrumental assessments (complete blood count,
clinical chemistry panel, lipid profile, coagulation panel,
MB fraction of creatine phosphokinase, troponin T, oxygen
saturation of arterial blood, standard 12-lead electrocardio-
graphy with monitoring of rhythm and conduction disor-
ders), we determined intracardiac hemodynamic parameters
with a transthoracic echocardiogram (Canon Aplio 400 with
a sector probe) in M-, B- and Doppler mode [25]. The re-
sults were interpreted in the following three domains: a) the
status of intracardiac hemodynamics; b) the type of structu-
ral and geometric left ventricular remodeling; c) the variant
of myocardial dysfunction.

Selective polypositional coronary angiography (CAG)/
ventriculography was performed using a technique by
M. Judkins (equipment: Siemens Axiom Artis, Germany) to
assess the narrowing of the lumen of the infarction-depen-
dent coronary artery, stenosis site and the number of affected
arteries on the SS I and SS I scales. The severity of anatomi-
cal damage to the CA was determined using the SYNTAX
scale: it was mild with a score of < 22 points, moderate with
23—32 points and severe with a score of > 33 points [26].

In addition, the risks of in-hospital and 6-month morta-
lity were assessed in all patients using the GRACE score. The
risk was considered very high in the presence of refractory
angina, Killip class I1I—-IV acute heart failure (AHF), po-
tentially fatal ventricular arrhythmias or unstable hemody-
namics at the time of hospital admission (in the presence of
the above, emergency invasive treatment in the first 2 hours
was indicated). The respective risks were considered high
in a GRACE score of > 140 points (early invasive treatment
was indicated within 24 hours); moderate — in 140—109
points (late or delayed invasive treatment during 72 hours)
and low with a score of < 109 points (no invasive treatment
was indicated).
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The above-mentioned tests were performed during the
patient’s admission for treatment and repeated two times:
immediately after the intervention and on day 10 post-pro-
cedure.

The statistical processing of the values was performed
using the method of variation statistics. The samples were
checked for normality of data distribution using the Sha-
piro-Wilk test; both parametric (t-test, Student’s test) and
nonparametric (Mann-Whitney’s U-test) methods were
used. In order to assess the correlation between the signs, we
calculated the correlation coefficient (r) and its significance
criterion using the Pearson’s method.

Results

The main clinical and health history data in study groups
of patients with isolated ACS (STEMI) and ACS (STEMI)
with T2DM are summarized in Table 1.

The above age- and sex-specific demographic characte-
ristics of the study patients suggested that the mean age of pa-
tients in the main test group was somewhat lower than in the
control group, 54.12 = 7.24 and 61.26 + 4.72 years, respec-
tively. In both groups, middle-aged and older patients were
the largely predominant demographics (49.3 and 16.0 vs. 25.0
and 53.6 %, respectively), making up an overwhelming ma-
jority (65.3 and 78.6 %, respectively) (the intergroup diffe-
rence in terms of the ¢’ test was highly significant, p < 0.001).
ACS (STEMI) was significantly more frequent in younger

patients with T2DM (up to 45 years of age) or in middle-aged
patients, while in patients without T2DM, the exacerbations
of coronary disease were most often registered at the age of
over 60 years (16.0 vs. 53.6 %). The gender composition of
study groups was also heterogeneous; the number of male
patients was substantially higher than that of female patients
(4.8 : 1 and 3.0 : 1, respectively); thus, there were 1.6 times
less females in the main group than in the control group.
Admission with a typical anginal syndrome was docu-
mented in 52 (69.3 %) patients of the main group and in 24
(85.7 %) patients of the control group; in 30.7 and 14.3 %
of them, respectively, the pain syndrome was atypical (with
localization of pain in the epigastric area, left hand, etc.).
Chest discomfort and dyspnea/shortness of breath were
reported in 48 (64.0 %) patients of the main group and in 11
(39.3 %) of the controls. Pronounced generalized weakness
and dizziness were detected in 23 (30.7 %) and 3 (10.7 %)
of the study patients in respective groups; additional 17
(22.7 %) and 5 (17.9 %) patients experienced nausea and
vomiting. It is important to note that in 32 (42.7 %) pa-
tients of the main group and in 19 (67.9 %) of the control
group, the onset of the disease was associated with physical
stress; in 25.3 and in 17.6 % of the patients, respectively,
it was associated with psychoemotional stress and in the
remaining patients, ACS developed at rest or against the
background of a sudden blood pressure increase. In most
patients (68.0 and 85.5 %, respectively), the disease started

Table 1. Clinical and health history data in study groups of patients, n (%)

Parameters Main group, n =75 Control group, n = 28 P
Age of patients
Mean age, years 5412 +7.24 61.26 +4.72 > 0.05
Up to 45 years 26 (34.7) 6 (21.4) <0.05
46-60 years 37 (49.3) 7 (25.0) <0.05
Over 60 years 12 (16.0) 15 (53.6) <0.05
Sex
Male 62 (82.7) 21 (75.0) > 0.05
Female 13 (17.3) 7 (25.0) > 0.05
Site of damage (necrosis) zone
Septoapical 31 (41.3) 12 (42.9) > 0.05
Posterior diaphragmatic 28 (37.3) 11 (39.3) > 0.05
Lateral (basal) 16 (21.3) 5(17.9) > 0.05
Risk factors
Hypertension 71 (94.7) 18 (64.3) < 0.05
Smoking for 5 or more years 26 (34.7) 19 (67.9) < 0.05
Dys- or hypercholesterolemia 72 (96.0) 17 (60.7) <0.05
Being overweight or obese (MS) 64 (85.3) 12 (42.9) <0.05
Insulin resistance 73 (97.3) 10 (28.7) <0.05
Combination of 2 or more risk factors 67 (89.3) 14 (50.0) <0.05
Chronic heart failure
Stage | (FC II) 19 (25.3) 14 (50.0) <0.05
Stage IIA (FC II) 32 (42.7) 8 (28.6) > 0.05
Stage IIA (FC IV) 24 (32.0) 6 (21.4) <0.05
Acute heart failure (T. Killip stage)
Class | 8 (10.7) 12 (42.9) < 0.05
Class I 17 (22.7) 9 (32.1) > 0.05
Class Il 37 (49.3) 5(17.9) < 0.05
Class IV 13 (17.3) 2(7.1) <0.05
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during the active period of the day; nocturnal (during sleep)
or morning onset was reported in 32.0 and in 14.5 % of the
patients, respectively.

When determining the presence and the frequency of
comorbidities with a significant potential impact on the
course of underlying disease, we found hypertension to be
the most frequent condition, present in 94.7 and 64.3 % of
study subjects in respective groups. The second most fre-
quent condition among the patients was MS with excessive
body weight or obesity, which was diagnosed in 64 (85.3 %)
patients of the main group and in 12 (42.9 %) of the controls.
The results of a screening analysis of carbohydrate metabo-
lism variables (HbAlc) have demonstrated that patients with
ACS (STEMI) combined with T2DM had HbAIc levels of
8.35 £ 0.08 %, while those with isolated ACS (STEMI) —
of 7.18 £ 0.23 % (p < 0.05), which suggested insufficient
glycemic control.

As we have shown earlier, comorbid patients were found
to have substantially higher indices of insulin resistance,
which was especially true of overweight and obese patients.
Thus, in normal body weight, the HOMA index in patients
with ACS (STEMI) in study groups was 9.8 (6.8—12.5). In
patients with excessive body weight, it was 17.1 (15.6—18.2),
and in obese patients, it was 22.5 (21.9—23.6), which was
significantly higher than in the controls (6.7 (5.1-9.2)) and
supported the need to improve hyperglycemia and insulin
resistance in the aforementioned comorbid patients.

Less frequent comorbid conditions included chronic
obstructive pulmonary disease (COPD) (29.3 and 17.9 %),
kidney disease (30.7 and 17.9 %) and thyroid dysfunction
(22.7 and 14.3 %, respectively). Concerning the prevalence
of principal risk factors of CAD in both groups, it was found
that the most common ones included dyslipidemia (which
was also significantly more frequent in the main group com-
pared to the control (96.0 vs. 60.7 %; p < 0.01)) and daily

active or passive smoking (34.7 % of patients in group I and
in 67.9 % of subjects in group II; p < 0.05). No significant
differences were found across the study groups concerning
such risk factors of CAD as positive family history (29.3 and
28.6 % of the patients, respectively; p > 0.05) and exces-
sive alcohol use (32.0 and 32.1 %; p > 0.05). It must also
be mentioned that comorbid patients were more likely to
have a combination of two and more risk factors (89.3 %) as
opposed to patients with isolated ACS (35.7 %), which was
a significant difference (p < 0.05).

We have also analyzed the timeliness of hospital admis-
sion and reperfusion treatment with percutaneous coronary
intervention in patients of study groups (Table 2). 78.6 %
of patients with isolated ACS (STEMI) and only 54.7 % of
patients with ACS (STEMI) combined with T2DM have
been hospitalized within 12 hours from the onset of an an-
ginal attack. Thus, we need to highlight the more frequent
late (after 24 hours) hospitalization of patients with ACS
(STEMI) and T2DM, which can be attributed to a more
frequent atypical onset of MI and severe clinical status in
these patients.

The average time from the onset of angina to myocardial
revascularization (via percutaneous coronary intervention and
primary CA stenting) was 9.32 £ 1.24 hours in patients of the
main group and 6.16 + 1.32 hours in patients of the control
group. However, it must be mentioned that reperfusion com-
plications were significantly more frequent in patients with
ACS (STEMI) and T2DM. Thus, patients of this group were
quite frequently diagnosed (in 17.3 % of cases) with long/short
QT syndrome, to which most researchers attribute the high
incidence of potentially fatal ventricular arrhythmias. Acute
stent thrombosis developed in 2 patients with concomitant
T2DM. The overall number of complications in patients of
the main group was 2.4 times higher than in the controls. In
order to assess the severity of AHF in the acute period of M1,

Table 2. The timeliness of hospitalization of patients with ACS developed on the background of T2DM

Time from the onset Main group, n = 75 Control group, n = 28 p
of anginal pain, hours n % n %
Less than 6 8 10.7 12 42.9 <0.05
6-12 33 44.0 10 35.7 > 0.05
12-24 22 29.3 5 17.9 > 0.05
More than 24 12 16.0 1 3.6 <0.05
Table 3. Baseline echocardiogram parameters in ACS patients with/without type 2 diabetes (M = m)
Parameters Health\:‘ igc;i(\)/iduals, Mair? =grlosup, Contr:'o=l g;oup, p
LV posterior wall thickness, cm 1.10 = 0.04 1.15+0.04 1.09 + 0.05 > 0.05
IVS thickness, cm 1.12 + 0.09 1.18 £ 0.06 1.11 £ 0.08 > 0.05
. . + + +
LV myocardial mass index, g/m* (1135145 (1436177 9] 152 161 7] <0.05
LV EDV, ml 132.3+1.4 161.8 +1.3 147.2+1.5 <0.05
LV ESV, ml 79.4+24 98.9+2.6 81.6+2.8 <0.05
IVRT, ms 88.5 + 2.1 80.9+1.3 84.5+1.1 <0.05
DT, msec 186.4 + 4.1 168.6 + 4.1 193.8 +4.2 <0.05
E, cm/s 45.67 £ 1.7 56.7 1.7 50.1+1.3 <0.05
A, cm/s 348 +1.1 434 1.2 35.8+1.1 <0.05
E/A 1.23 £ 0.04 1.28 £ 0.04 1.41 £0.03 <0.05
EF, % 61.4+0.3 47.8 +0.5 53.2+04 <0.05
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Table 4. The condition of coronary circulation in patients with ACS (STEMI) with/without type 2 diabetes

Parameters Main group, n =75 Control group, n = 28 p
n % n %
Absence of lesions 0 0 2 71 <0.05
Monovascular lesion 9 12.0 12 42.9 <0.05
Bivascular lesion 24 32.0 10 35.7 > 0.05
Multi-vascular lesions 42 56.0 4 14.3 <0.05

we used a clinical classification by T. Killip and J. Kimball
(1975). When evaluating the onset of ACS (STEMI), it should
be noted that 10.7 % of patients with comorbidity of ACS and
T2DM and 42.9 % of patients with isolated ACS had Killip
class I acute heart failure. Killip class I1 was diagnosed in 22.7
and 32.1 %, class I1I — in 49.3 and 17.9 %, and Killip class IV
in 17.3 and 7.1 % of the patients, respectively. In other words,
comorbid patients had a substantially worse clinical course of
ACS in terms of AHF class.

Cardiac rhythm and conduction disorders were diag-
nosed in 73 (97.3 %) study patients in the main group and in
23 (82.1 %) controls. The most frequently reported findings
included ventricular or supraventricular extrasystoles — in
65 (86.7 %) and 19 (67.9 %) patients of group I and group II,
respectively, paroxysms of atrial fibrillation — in 22 (29.3 %)
and 4 (14.3 %), ventricular tachycardia — in 12 (16.0 %) and
1 (3.6 %), heart blocks of various degree and localization —
in 32 (42.7 %) and 6 (21.4 %) cases, respectively. A direct
moderate-strength correlation was found between the inci-
dence and severity of rhythm and conduction disorders and
the area (volume) of myocardial necrosis determined by the
magnitude of ST segment elevation and an increase in plasma
levels of creatine phosphokinase and troponin T (r = 0.247—
0.409). At the same time, no significant differences in the
strength of correlation were found in the study groups.

The results of baseline echocardiogram (Table 3) suggest
that the echocardiographic parameters in the main group of
patients with ACS (STEMI) on the background of T2DM
were substantially different from those in healthy indivi-
duals and in the group with isolated ACS (STEMI) without
T2DM. A significant increase in the left ventricular (LV)
myocardial mass index and left ventricular volume was noted.
This was attributed to an increase in diastolic and systolic
dimensions, which suggested LV hypertrophy and LV remo-
deling. These processes have caused significant impairment
of systolic and diastolic cardiac function in study groups.
Reliable differences in cardiohemodynamic parameters be-
tween ACS (STEMI) patients with/without T2DM support
the expediency of adequate pharmacological correction in
case of comorbidity with ACS (STEMI).

According to the results of urgent CAG in ACS/MI pa-
tients with or without T2DM, a final diagnosis was made for
each patient. The number and the anatomical severity of the
involved coronary arteries were somewhat different between
the study groups in terms of the incidence and severity of
occlusions in individual segments (Table 4).

Discussion

Thus, combined multi-vascular lesions of coronary arte-
ries were substantially (10.5 times) more frequent in patients
with ACS (STEMI) combined with T2DM. The predo-

minant lesions in the main group (88.0 % of cases) were
bivascular or multi-vascular CA lesions, while in the control
group, they were detected in only 50.0 % of people (p < 0.05).
Monovascular CA lesions were found in 12.0 % of patients
with ACS (STEMI) combined with T2DM vs. 42.9 % in
T2DM-free patients (p < 0.05). Especially big difference was
observed in the incidence of multi-vascular CA lesions in the
group with ACS (STEMI), which has developed on the back-
ground of T2DM (56.0 vs. 14.3 % in the controls, p < 0.05).

In patients with ACS (STEMI) combined with T2DM,
the calculated GRACE score ranged from 157 to 254, being
176.2 + 13.4 on average (median: 160, interquartile range:
129—193). In the meantime, most of these patients (77.3 %)
were at high risk of fatal outcomes in the nearest time (a score
of > 140 points and a risk of death > 5 %), and only 12 %
were at low risk (a score of < 140 points and a risk of death
< 3 %). On the contrary, in T2DM-free patients with isolated
ACS (STEMI), high risk of fatal outcomes in the nearest
future was found in 35.7 % of cases, while 64.3 % of patients
had moderate to low risk. Therefore, according to guidelines
by the Association of Cardiologists of Ukraine and ESC/
EACTS [27], all patients of both study groups had CAG/
ventriculography and implantation of 1 to 3 stent systems
within 1—24 hours from hospital admission.

Therefore, ACS (STEMI) on the background of T2DM
was substantially more frequent (in 84 % of cases) in young
to middle-aged males (up to 60 years of age) who, in terms of
gender demographics, predominated compared to female pa-
tientsin a 4.8 : 1 ratio. It was typical for these patients to have
frequent comorbidities, namely: hypertension in 94.7 %,
metabolic syndrome in 85.3 %, chronic kidney disease in
30.7 %, COPD in 29.3 %, thyroid dysfunction in 22.7 %, and
such CAD risk factors (and their combinations in 89.3 %)
as atherogenic dyslipidemia in 96.0 %, tobacco smoking in
34.7 %, excessive alcohol use in 32.0 and family history of
CAD and T2DM in 29.3 and 61.3 % of the patients, respec-
tively [28].

The characteristic features of a patient with ACS (STEMI)
and T2DM include the pronounced clinical manifestations of
the latter and the severe general condition. These are attribu-
table to the presence of combined multi-vascular involvement
of coronary arteries (10.5 times more frequent than in isolated
ACS) and a larger area (volume) of myocardial necrosis as
suggested by the more pronounced manifestations of necro-
sis-resorption syndrome. For the same reasons, a significant
increase in left ventricular myocardial mass and volume was
noted in patients with ACS (STEMI) combined with T2DM.
This was due to an increase in diastolic and systolic dimen-
sions, which suggested cardiac hypertrophy and remodeling
with systolic (EF < 50 %) and diastolic dysfunction considered
as impaired relaxation processes.
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The severity of the patient’s clinical condition (which
was due to class III-IV AHF in 66.6 % of the cases) and late
hospital admission (more than 12—24 hours after the onset of
anginal attack in 45.3 % of the cases, and due to atypical onset
of the disease in 30.7 % of the cases) have determined the
prognostication of high risk of mortality on the GRACE score
(176.2 £ 13.4 points) and such life-threatening complications
of acute-period MI as ventricular arrhythmias (45.3 %) and
conductivity disorders (23.8 %), pulmonary edema (17.3 %),
acute left ventricular aneurysm (13.3 %), etc.

An overall conclusion can be made that the physician’s
knowledge of a full clinical portrait of a patient with ACS
(STEMI) combined with T2DM and understanding of the
pathogenetic mechanisms behind deterioration of its features
(signs) will facilitate a timely early diagnosis of this comor-
bid condition and optimal selection of adequate therapeutic
strategy.

Conclusions

The clinical portrait of patients with ACS (STEMI),
which has developed on the background of type 2 DM, has
the following characteristic signs: males of up to 60 years
of age with comorbid conditions and multiple risk factors
of CAD, multi-vascular and hemodynamically severe in-
volvement of coronary vessels (more than 33 points on the
SYNTAX scale), large-volume myocardial necrosis, which
determines the atypical nature and the severe course of the
disease, high-class heart failure, a significantly higher inci-
dence of life-threatening complications and a high risk of
cardiac death (> 160 points on the GRACE score).
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LLiBea M1, Sictoemcbka I.O., Aesubka A.B., Kyumivi B.FO., MNpokonosuy O.A., Kiuak .M., Asixosnd P.M.
TePHOMIALChK HALIOHAABHU MEAVNYHUU YHIBEPCUTET iMeHi .51 FTopbayeBChkoro, M. TepHOoMiAb, YKpaiHa

KAiHIYHMI nOPTPET XBOPOro 3 rOCTPMM KOPOHAPHMM CUHAPOMOM HA TAI LLYKPOBOrO Aia6ety 2-ro tuny:
HOBQ CTPATETIA AIOrHOCTUKU, NPOTrHO3Y TA AIKYBOHHS

Pe3tome. Axmyaavnicms. TlanieHTH 3 1yKPOBUM 1iaGeTOM 2-I0
tuny (LIJ12) MatoTh yaBidi 6i1bMil pu3MK BUHUKHEHHS ilIeMiuHOT
xBopobu cepist (IXC), a ixHst cMepTHICTb, TIOB’s13aHa 3 iH(hapKTOM
Miokapna, y 2—4 pa3u BUllia MOPiBHSHO 3 0co0aMM 0e3 MopyIleHb
BYIJIEBOIHOTO OOMiHYy. Mema docaidywcenna: BU3HAUUTHU BIUIUB
LYKPOBOTO AiabeTy 2-TO THITYy Ha TSKKICTh KJIiHIYHOTO TIepeoiry,
BUPaXXEHiCTh 3MiH JIaOOPaTOPHO-iHCTPYMEHTaIbHUX MOKA3HUKIB,
MPOTHO3 i BUOIp TAKTUKU JIIKyBaHHS XBOPUX Ha FOCTPUI KOPO-
Hapuuit cunapom (I'KC). Mamepiaau ma memodu. O6cTexeHo
75 mauienTiB i3 'KC, 1o po3BuHyBcs Ha T1i LI/12 (ocHOBHa Tpy-
na), Ta 28 oci6 i3 'KC 6e3 LI/12 (koutposnbHa rpyna). ['KC Ha i
L/12 crioctepiraBest 3Ha4HO yacrilie (84 % BUMaaKiB) y YOJIOBIKiB
MOJIOJIIOTO Ta CePeIHbOro BiKy (1o 60 pokiB), siKi mepeBaxaau
MOPIBHSTHO 3 MalliEHTKAaMU Y CIiBBiIHOIIEeHHi 4,8 : 1. 1151 1iux ocio
XapaKTepHUMU OYJIM 4acTi CyMyTHi 3aXBOPIOBAHHSI, a caMe: apTe-
pianbHa rineprensis (94,7 %), metaboniunmii cuHapom (85,3 %),
XpoHiuHa xBopo6a HUpok (30,7 %), XpoHiuHa OOGCTPYKTUBHA
xBopoba JiereHb (29,3 %), nuchyHKIlisS IIUTONMOAIOHOT 321031
(22,7 %), nasiHictTh YMHHUKIB pu3uKy IXC (Ta ixHix KOMOiHaLii
y 89,3 % BurankiB), IK-0T areporeHHa aucininemis (96,0 %), Tio-
TioHomnaniHHA (34,7 %), HanMipHe BXuBaHHS ainkoroio (32,0 %)
Ta cimeiinuii anamues IXC ta L2 (29,31 61,3 % nawieHTiB Bigno-

BiHO). Pe3yavmamu. XapakKTepHOIO KJIiHIYHOIO 03HAKOIO TTOPTPETY
xBoporo Ha 'K C Ta LIJI2 € Tsokkuit ctaH, 3yMOBJICHUI TTOETHAHUM
0araToCyIMHHUM YpaxkeHHSIM KOPOHApHUX apTepiil (JacTilmmm
y 10,5 pa3a) Ta 6iab1MMu 06’eMaMu HEKpO3y Miokapaa. Y 1MX ocio
OB BUpaXeHi MPOSIBU CUHIPOMY YpaXkeHHSI MioKap/a, 3HauHe
30UTBIIIEHHST MAaCU MioKap/a JIiBOTO IIUTyHOYKa Ta oro 00’eMy 3a
PaxXyHOK 3pOCTaHHS AiaCTOJIYHOTO Ta CUCTOJIYHOTO PO3MipiB.
Lle cBiquMTh TIPO TirepTpodiro Ta peMOIETIOBaHHS Ceplisl 3 IOPY-
HIEHHSIM CUCTOJTIYHOT pyHKIIT (MeHIna Ha 50 % dpakiiis BUKUY),
MOPYILIEHHS AiacToiYyHOI (PYHKILii, 1110 PO3IISIAAETLCS SIK PO3Ja
rpoiieciB penakcauii. Bucnoexu. KiiHiuYHUI TOPTpeT XBOPUX Ha
I'KC, axuit po3BunyBcst Ha Tii LI/12, XxapakTepu3y€eThcsl TAKUMU
O3HaKaMM: YOJIOBIKM BiKOM 10 60 POKIB i3 CYITYyTHBOIO MaTOJIOTIEI0
Ta MHOXUHHUMM (hakTopamu pusuky po3Butky IXC, d6ararocy-
MUHHAMY 1 TEMOIMHAMIYHO TSKKUMU YPaKeHHSIMUA KOPOHAPHUX
aptepiit (6inbie 33 6aniB 3a mkanow SYNTAX), Benukuit oocsir
HEKpPO3y MiOKap/a, U0 BU3HAYAE aTUIOBICTD i TSKKICTb 3aXBOPIO-
BaHHSI, BUCOKUIA CTYITiHb CEPLIEBOI HEMOCTATHOCTI, 3HAYHO OLIBIITY
YacTOTY yCKJIaHEeHb, SIKi 3arpoXKYIOTh KUTTIO, i BUCOKUI PU3UK
(ronan 160 6auis 3a mkanorw GRACE) BUHUKHEHHSI CMEPTi.
KimouoBi ci1oBa: roctpuii KopoHapHUii CUHAPOM; LYKPOBMIA IiabeT
2-10 TUIMY; METa0OJIIYHUI CUHAPOM; PE3UCTEHTHICTb 10 iHCYJIIHY
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Alterations in the polarization of liver M1/M2
macrophages upon long-term administration
of triptorelin in rats

Abstract. Background. Liver macrophages play a pivotal role in maintaining the homeostasis of the liver and the
entire body, they may be classified into three categories based on their origin. M1 macrophages, designated as
classically activated macrophages, differentiate from macrophages stimulated by interferon-gamma or ligands of
Toll-like receptors. M2 cells are derived from macrophages that have been stimulated by IL-4/13. Prostate cancer is
the second most prevalent malignancy in men globally. Androgen deprivation therapy using gonadotropin-releasing
hormone agonist remains the backbone of advanced prostate cancer treatment. The purpose of our study was to
ascertain the impact of testosterone suppression on immunocompetent hepatic cells in male rats. The study employed
a series of experimental periods, with the introduction of triptorelin and quercetin at varying stages. Materials and
methods. The study was conducted on 35 sexually mature male rats. They were randomly allocated to two groups:
the controls (n = 10) and the experimental one (n = 25). The animals in the experimental group were administered
a solution of triptorelin at a dose of 0.3 mg of active ingredient per 1 kg of body weight, with the aim of modulating
the central deprivation of luteinizing hormone synthesis. We used primary antibodies against CD163 and CD68.
Results. In the livers of animals on day 30 of the experiment, the number of CD68+ cells were calculated to be
12.2400 + 1.5792 per FOV at p < 0.01, which is 2.2 times higher than in the control group. The expression of CD163+
with a value of 25.04 + 1.79 (p < 0.01) is 5.56 times higher compared to the controls. On day 90, the number of cells
exhibiting CD68+ and CD163+ expression was 29.34 + 1.86 and 25.66 + 4.22, respectively, at p < 0.01, representing
a 5.46-fold increase compared to the FOV in the control group preparations. The 180" day of observation was defined
by a reduction in the expression of CD68+ as compared to the earlier examination period. Conversely, the expression
of CD163+ in cells increased, representing a 40% rise compared to the previous examination period. On day 270 of
the experiment, a gradual increase in the expression of cells with CD68+ (9.86 + 1.47; p < 0.05) was demonstrated.
Conclusions. The long-term administration of triptorelin causes changes in quantitative and qualitative modifications
of the macrophage population. Maximum of M1 phenotype are detected at 3 and 12 months of observation. The
number of M2 phenotype increases by 6 months of monitoring, with a gradual decrease by 12 months.
Keywords: liver; macrophages; triptorelin; CD68; CD163; luteinizing hormone

Introduction

The liver in vivo contains the largest percentage of mac-
rophages in the parenchymal organs. In healthy rodents,
there are 20—40 macrophages per 100 hepatocytes. It can be
observed that liver macrophages play a pivotal role in main-
taining the homeostasis of the liver and the entire body [1].
Liver macrophages may be classified into three categories
based on their origin, including yolk sac, fetal liver and bone
marrow. Additionally, macrophages in the liver can be subdi-
vided into Kupffer cells that reside within the liver tissue and

blood monocyte-derived macrophages [2]. M1 macrophages,
also designated as classically activated macrophages, differen-
tiate from macrophages stimulated by interferon-gamma or
ligands of Toll-like receptors (TLRs) [3]. These macrophages
are distinguished by their high expression of CD80, CD86,
MHCII, Toll-like receptor and inducible nitric oxide syn-
thase. This macrophage displays a robust capacity to eradicate
microorganisms and tumor cells, and is capable of secreting
elevated levels of pro-inflammatory cytokines, including in-
terleukin (IL) 6, tumor necrosis factor a (TNF-a), IL-1,
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1L-12, IL-15 and 1L-18, among others [4, 5]. M2 cells, also
designated alternatively activated macrophages, are derived
from macrophages that have been stimulated by 1L-4/13 [6].
The cytokine IL-4 can stimulate arginase expression in M2
macrophages, thereby facilitating the conversion of arginine
to ornithine. Ornithine, in turn, acts as a precursor to the
production of polyamines and collagen, both of which are
involved in the process of extracellular matrix production.
This, in turn, has the effect of promoting the regeneration of
tissues and the healing of wounds [7].

Danger-associated molecular patterns released by necro-
tic cells activate TLRs to stimulate the immune response [8].
Toll-like receptors can be found in Kupffer cells, dendritic
cells, and liver cells. TLRs can induce cells to release proin-
flammatory factors such as TNF-a and IL-6 after stimu-
lation. TNF-a stimulates hepatocytes and Kupffer cells to
secrete neutrophil chemoattractants (including CXC chemo-
kines) and proinflammatory factors (TNF-a, 1L-6), and
causes upregulation of endothelial cell adhesion molecules
such as ICAM-1, VCAM-1 and P-selectin to induce capture
of blood neutrophils [9—11].

Prostate cancer is the second most prevalent malignancy
in men globally, accounting for 1,276,106 new cases and 3.8 %
of cancer deaths in men in 2018. The use of gonadotropin-
releasing hormone agonist (GnRH-A) in androgen deprivation
therapy remains a fundamental aspect of advanced prostate
cancer treatment [12]. When GnRH-A are administered to
patients with prostate cancer to achieve medical castration,
they bind to and continuously stimulate the pituitary GnRH
receptors. Chronic exposure to GnRH-A eventually results in
desensitization of GnRH receptors making the pituitary gland
refractory to further stimulation by GnRH, resulting in suppres-
sion of pituitary luteinizing and follicle-stimulating hormone
secretion and achieving castration level of testosterone [13].

The most common adverse events associated with
GnRH-A are hot flushes, fatigue, sexual dysfunction, de-
creased erections, general pain, testicular atrophy, joint dis-
order, osteoporosis, and metabolic alterations, which can
be attributed to T suppression [14]. A lack of an androgen
receptor in males promotes insulin resistance which in turn
could promote type 2 diabetes development [15, 16]. Hepatic
androgen receptor, as a positive factor, could also play an im-
portant role in avoiding insulin resistance development [17].

High-mobility group protein B1, one of the most impor-
tant damage-associated molecular patterns, is localized in the
nucleus and functions to maintain nucleosome integrity and
promote DNA replication [18]. It can be either actively secre-
ted by resident immune cells, such as Kupffer cells, neutro-
phils, and hepatic monocytes, through acetylation modifica-
tions, or passively secreted extracellularly by necrotic cells [19].

Quercetin, as an antioxidant, is a potential phytochemi-
cal with hepatocyte protection and is also considered to be
an inhibitor of high-mobility group protein B1. However,
the mechanism of its hepatoprotective effects remains to be
characterized [20—22].

The purpose of our study was to ascertain the impact of
testosterone suppression on immunocompetent hepatic cells
in male rats. The study employed a series of experimental
periods, with the introduction of triptorelin and quercetin
at varying stages.

Materials and methods

The study was conducted on 35 sexually mature male rats.
They were randomly allocated to two groups: the control group
(n = 10) and the experimental group (n = 25). The animals in
the experimental group were administered a solution of trip-
torelin at a dose of 0.3 mg of active ingredient per 1 kg of animal
weight with the aim of modulating the central deprivation of
luteinizing hormone synthesis and quercetin 100 mg per 1 kg
of body weight 3 times a week [23, 24]. The control group was
administered a saline injection. On days 30, 90, 180, 270, and
365, the animals from the experimental group were removed
from the observation period by an overdose of either anesthesia.

Permission to conduct biomedical and experimental re-
search was granted at the meeting of the Biomedical Ethics
Committee of Poltava State Medical University No. 201 of
January 27, 2022. The animals were maintained in accordance
with the standard vivarium conditions of the Poltava State
Medical University. The sacrifice of experimental animals was
conducted in accordance with the European Convention for
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986) and the
General Ethical Principles of Animal Experiments adopted by
the First National Congress on Bioethics (Kyiv, 2001).

Immunohistochemistry. We used primary antibodies
against CD163 (clone EP 324, Master Diagnostica, ready
to use), and CD68 (clone Ab-3, Thermo Fisher Scientific,
at a dilution of 1 : 200) [25]. At least six different fields of
view (FOV) with a diameter of 1 mm were analyzed for each
sample. The immunohistochemistry results were presented
as a mean number of CD-positive cells per FOV.

The material was embedded in paraffin blocks, sectioned
at a thickness of 4 um, and stained with hematoxylin and
eosin using standard histological techniques. The histological
preparations were examined using a Biorex 3 light micro-
scope with a digital microfilter and software adapted for these
studies (serial No. 5604).

Statistical analysis of the data was provided using Mic-
rosoft Office Excel and the Real Statistics 2019 add-in. The
non-parametric Mann-Whitney test was used to determine the
statistical significance of differences between the groups. The
difference was considered statistically significant at p < 0.05.

Results

In the study of histological preparations obtained from
the animals of the experimental group, according to the du-
ration of the experiment, we counted cells that reacted with
the corresponding markers CD68+ and CD163+ with the
following comparison (Fig. 1, 2). Therefore, in the livers
of animals that were removed on day 30 of the experiment,
CD68+ expression was determined to be concentrated main-
ly in the sinusoidal capillaries in close proximity to the he-
patocytes with darker cytoplasm. The number of CD68+
cells was 12.2400 * 1.5792 per FOV at p < 0.01, which is 2.2
times higher than in the control group. The expression of
CD163+ was observed in macrophage cells solely within the
lumen of capillaries, with a value of 25.04 = 1.79 (p < 0.01),
which is 5.56 times higher than that observed in the controls.

The 90" day of the experiment was characterized by a
gradual increase in the number of macrophage cells ob-
served in both the sinusoidal space and the Dissé space.

50 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 20, N2 7, 2024



OpuriHaAbHI AoocAipXeHHs / Original Researches

35
30 I

25 I
20

15
10 I I
5 I

0 T T T T T 1
Controls 1 3 6 9 12
month months months months months

1
2] Lol I |

20
15
10
54 i
O T T T T T 1
Controls 1 3 6 9 12

month months months months months

Figure 1. Changes in the expression of the CD68+
receptor in liver macrophages after administration
of triptorelin with quercetin during the experiment
depending on time
The number of cells exhibiting CD68+ and CD163+ ex-
pression was 29.34 £ 1.86 and 25.66 £ 4.22, respectively, at
p < 0.01, representing a 5.46-fold increase compared to the
FOV in the control group preparations.

The 180™ day of observation was defined by a statisti-
cally significant reduction in the expression of CD68+
compared to the earlier examination period, with a value of
8.960 £ 1.768 at p < 0.05 within the FOV. Conversely, the ex-
pression of CD163+ in cells increased, reaching 36.12 £ 3.93
at p < 0.01, representing a 40% increase compared to the
previous examination period.

Histological preparations conducted on day 270 of the
experiment demonstrated a gradual increase in the expression
of cells with CD68+, 9.86 & 1.47 at p < 0.05 within the FOV,
when compared to the previous observation period. However,
this increase was not statistically significant. The expression of
CD163+ was observed in 33.26 £ 3.70 at p < 0.01, with exten-
sive involvement of liver cells, including hepatocytes.

On the 365™ day of the experiment, we observed that
the expression of CD68+ was 24.70 £ 3.54 at p < 0.01, and
CDI163+ was 27.20 = 4.68 at p < 0.01, respectively. These
values are more than five times higher than those found in
the control group.

Discussion

This article considers alterations in the expression
of CD68+ and CD163+ in macrophage cells in response
to long-term (12 months) blockade of releasing hormone
synthesis using triptorelin to affect the hypothalamus-pi-
tuitary-testis-liver system, specifically testosterone-hepato-
cyte-macrophages, in male rats. There is a growing recog-
nition of testosterone deficiency in males within clinical
settings, accompanied by a corresponding increase in re-
search interest worldwide into its pathological correlates. The
evidence from both basic and clinical studies indicates that
testosterone exerts an effect on the liver in both healthy and
pathological conditions that can result in fibrosis.

Liver fibrosis is a common pathological process cha-
racterized by persistent liver damage of various etiologies,
which then gives rise to inflammatory reactions that occur
in chronic liver disease. In the absence of timely diagnosis
and treatment, liver fibrosis can progress to liver cirrhosis,
hepatocellular carcinoma and, consequently, liver failure. At
present, no effective treatment for liver fibrosis exists, except

Figure 2. Changes in the expression of the CD163+
receptor in liver macrophages after administration
of triptorelin and quercetin during the experiment
depending on time

for transplantation. While the pathophysiology of liver fi-
brosis is multifactorial and involves the activation of hepatic
stellate cells, which drive liver fibrogenesis, recent research
has indicated that hepatic macrophages play a central role in
both the development and regression of liver fibrosis. It has
been demonstrated that hepatic macrophages, constituted of
resident macrophages (Kupffer cells) and monocytic macro-
phages, engage in a complex role with respect to the initiation
of inflammatory responses to liver injury and the promotion
of fibrosis. These features have made hepatic macrophages
uniquely attractive therapeutic targets in the fight against liver
fibrosis. The existing literature emphasizes the functions and
regulation of hepatic macrophage heterogeneity [26]. Fur-
thermore, an understanding of the molecular mechanisms
underlying the phenotypic switch from fibrogenic macro-
phages to repair macrophages, the regulation of heterogeneity,
and the mechanisms of action of hepatic macrophages has
been proposed. A deeper comprehension of these mecha-
nisms may have an impact on the creation of novel antifibro-
tic therapies (for example, those targeting macrophages) that
could be used to combat liver fibrosis in the future.
Macrophages play a role in maintaining fundamental
homeostatic processes, including endocytosis, phagocyto-
sis, and signal transduction, during inflammatory responses.
They express a range of scavenger receptors, such as CD163+,
CD86+, and CD206+, which are elevated in response to in-
flammatory stimuli [27, 28]. In healthy individuals, soluble
forms of CD163 and CD86 are constitutively released from
macrophages, but during inflammation, pathogen- and inju-
ry-related stimuli induce this process. The activation of resi-
dent liver macrophages, namely Kupffer cells, represents a key
component of the inflammatory cascade that occurs in acute
and chronic liver diseases. Many studies have shown that in-
creased expression levels of CD163 and CD86 correlated with
the severity of liver disease, and these indicators have been
recognized as reliable predictors of morbidity and mortality.
A further studies [29, 30] demonstrated that the damage to
the liver, as indicated by the considerable rise in serum aspar-
tate and alanine transaminase levels and an increased expres-
sion of CD68 M1 and CD163 M2 factors, was linked to the
presence of macrophages. It was shown that M1 and M2 mac-
rophages contributed to the development of induced hepatic
lesions, indicating the importance of analyzing macrophage
phenotypes for M1/M2 polarization-based hepatotoxicity.
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Figure 3. CD68 and CD163 expression in the experimental group of animals: A, F— on 30" day; B, G — 90" day;
C,H— 180" day; D, | — 270" day; E, J — 365" day of experiment, respectively; magnification x400
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Our findings align with other studies indicating that CD
expression in macrophages drives M1/M2 polarization. This
expression fluctuates over time, reflecting liver tissue damage
and repair [3, 4, 6, 7].

The results presented herein provide a theoretical basis
for the development of methods for correcting disorders of
the structure and function of liver tissue in the pathological
effects of central dyshormonal conditions, namely disorders
in the hypothalamus-pituitary-testis-liver system. The data
on the functional morphology of liver macrophages at the
stages of adaptation to changes in the endocrine system ex-
pand the existing knowledge about the causes of disturbances
in the homeostasis of hepatocytes and liver macrophages.

Conclusions

The long-term administration of triptorelin, combined
with quercetin supplementation, has resulted in structural
and functional alterations in the parenchymal and stromal
components of the rat liver. These changes are characterized
by quantitative and qualitative modifications in the macro-
phage population. Maximal growth of proinflammatory M1
phenotype is detected at 3 and at 12 months of observation.
The number of the subpopulation with the M2 (anti-inflam-
matory) phenotype increases by 6 months of monitoring,
with a gradual decrease by 12 months without recovery to
control values.
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[TOATQBCHKM AEPIKQABHUM MEANYHNN YHIBEPCUTET, M. [TOATABQ, YKpAiHQ

3MiHm noaspusauii M1/M2-makpodaris neviHkun
npu AOBFOTPUBAAOMY BBEAEHHI TPUNTOPEAIHY B LLYPIB

Pesiome. Axmyaavnicmo. Makpodary nediHKy BilirparoTh KJIH04O-
BY POJIb Y MIITPUMLII TOMEOCTa3y LbOTO OpraHa it BCbOro opraHis-
My, IX MOXHa PO3AiIMTU HA TPU KAaTEropii 3aJe>KHO Bifl TOXOMKEH-
Hs1. Makpodaru M1, 1110 1Mo3HaYaloThCS SIK KJTACMYHO aKTUBOBaHi
Makpodaru, BiIpi3HSIOTbCS Bif Makpodaris, CTUMYJIbOBAaHUX
intepdepoHom ramma abo sirangamu Toll-noaiGHUX pelenTopis.
Kuituan M2 noxoasite Bil Makpodaris, 1110 OyJIM CTUMYJIbOBaHi
IL-4/13. Pak nepenmixypoBoi 3a103U € APYyrolo 3a MOLIMPEHICTIO
3JI0IKiCHOIO ITyXJIMHOIO Cepell YOJIOBIKiB Y CBiTi. AHIPOTeH-IeNpu-
BalliiiHa Tepartisi i3 BAKOPUCTAHHSIM aroHicTa roHaI0TPOITiH-pUTi-
3UHT-TOPMOHY 3JTUIIAETHCSI OCHOBOIO CYYaCHOTO JTIKYBaHHS paKy
nepeaMixypoBoi 3ay103u. Mema: 3’siICyBaTy BIUITMB TIPUTHIYCHHS
TECTOCTePOHY Ha iIMyHOKOMIETEHTHi KJIITUHU TMEYiHKU B CaMIIiB
1IypiB. Y poOOTi 3aCTOCOBYBaIacs cepist eKCriepuMEHTATbHUX TTepi-
OJIiB i3 BBeJICHHSIM TPUINTOPEJIiHY i1 KBepLIETUHY Ha Pi3HUX CTaIisIX.
Mamepiaau ma memodu. [1ocnikeHHST TIpoBeleHO Ha 35 crare-
BO3PiIMX IIypax-caMIlsix. BUnmaakoBuM YrHOM iX pO3MOIUIMIN Ha
NBi TPyNU: KOHTPOJIbHY (n = 10) Ta ekcriepuMeHTalIbHy (n = 25).
TBaprHaM eKCIepUMEHTaIbHOI IPYIU BBOAMIM PO3UMH TPUTITOpPE-
JIiny B 103i 0,3 MI aKTUBHOI PeYOBMHU Ha | KI Macu Tijia 3 MeTo1o
MOMIYJISILIL LIEHTPaJIbHOIL NeNpuBallii CMHTE3Y JIIOTeIHi3ylI0u0ro rop-

MoHy. BukopucraHo nepBuHHi aHTuTia mpotu CD163 ta CD6S.
Pezyabmamu. Y nieuinui tBapuH Ha 30-Ty 100y eKCIIEPUMEHTY
KigbKicTh kit CD68+ cranoBuia 12,2400 + 1,5792 y mmoJti 30py
(p <0,01), wo B 2,2 pasa Oinblue, HiXX y KOHTpOJIbHIi rpymi. Exc-
npecist CD163+ 3i 3HauenHsam 25,04 £ 1,79 (p < 0,01) 6y;1a B 5,56
pasa BUIIlE MMOPIBHSIHO 3 KOHTPOJIbHOIO rpymnoto. Ha 90-ty noby
KiIbKicTb KIIiTHH 3 ekcrpeciero CD68+ ta CD163+ craHoBuia
BignosinHo 29,34 + 1,86 Ta 25,66 + 4,22 (p < 0,01), 1o B 5,46
pa3a OiJbllle TOKa3HMKa B KOHTPOJIbHIil rpymi. Ha 180-ii neHp
CTIOCTepesKeHHST BU3HAUYAJIOCs 3HKeHHsI ekcripecii CD68+ mopis-
HSIHO 3 ITOIepeIHIM IepiogoM obcTexxeHHs, a ekcrpecis CD163+
B KJIITUHAX, HAaBIaKu, OyJ1a migsuiieHoro Ha 40 %. Ha 270-1y o0y
eKCIepPUMEHTY IPOJAEMOHCTPOBAHO ITOCTYIIOBE 30iIbIIEHHS €KC-
nipecii kiituH i3 CD68+ (9,86 = 1,47; p < 0,05). Bucnoexu. Tpu-
BaJIe 3aCTOCYBAaHHSI TPUMNTOPEJiHY BUKIMKAE KiJIbKIiCHI Ta SIKiCHi
Moaudikarii nonysuii Mmakpodaris. MakcumasnbHa KiJIbKiCTb
KJITUH i3 (peHOTUIIOM M1 BUSIBISIETBbCS HA 3-My i 12-My Mmicsiti
crnioctepexkeHHs1. Kinbkictb heHoTrITy M2 301TBIITYETHCS HA 6-MY
MicCs1Ii 3 OCTYIIOBMM 3MEHILIEHHSIM 10 12-ro Micsiis.

KiouoBi cioBa: neuinka; makpodaru; rpunropenin; CD68;
CD163; moTeiHisyrounii TopMOH
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ZEB1 9K mapkep MeTacCTAa3yBOHHS
B KOPLUHOMAX LLUTOMOAIOHOT 30AO03M:
OrASA AiTepaTtypu Ta BAOCHUX AQHUX

Pe3tome. Metactasu € npoBigHO0 Mpu4YMHO CMEPTi Bif 3/108KICHUX MyXx/mH. MeTtactatudHuii npouec ne-
penbayae BuXig pakoBuX KITUH 3 NePBUHHOI MyX/IMHU B KPOBOHOCHY ab0 iHLUY TpaHCOpPTHY CUCTEMY, KOJIo-
Hizayito Ta nposnigepadito y BigaaneHoMy opraHi. Kno4oBumM rnpoyecoMm mMetacTaTMyHOro Kackagy € eniresii-
anbHo-Me3eHximanbHui nepexig (EMT), ssiknvi riondrae B TOMy, L0 eniTesiianbHi KIITUHU NepeTBOPIOTLCS Ha
Me3eHximarbHi, 3gatHi o mirpayii. lMpy yboMy BinbyBaeTbCs 3amiHa eniteniansHux mapkepis (E-kagrepuH)
Ha me3eHximarnbHi (N-kagrepvH, BiMeHTuH, (i6poOHEKTUH). Y 3nosikicHnx nyxmmHax EMT iHiyitoeTsCsi pisHUMN
CUrHasIbHUMU LUMISXaMu Yepesd perynsyito paktopis TpaHckpundii (EMT-TF) i mikpoPHK. 3HuxeHHs1 ekcripecii
E-kagrepuviHy iHAYKY€ETbCSA TpaHCHOPMYHYUM hakToOpPoM PocTy B, enigepmasibHUM ¢hakTopoM pocTy, hakTopom
pocTy pi6pobacTiB Ta IHTEep/IeNiKiHOM-6. @akTopu POCTY aKTUBYIOTb BHYTPILUHbOKITITUHHI CUrHasIbHI LLJIAXU,
AKI, y CBOIO 4Yepry, iIHAYKYIOTb Kislbka pernpecopis TpaHCKpunyii reHa E-kagrepuHy, Takux sik Snail, Slug, ZEB1
(zinc finger E-box binding homeobox 1), ZEB2, Twist, TBX-2 i SIX. ZEB1 — ocHosHuii EMT-TF cimevictBa ZEB,
BiH MOB’AA3aHWI 3 KIITUHHOIO MIACTUYHICTIO, AUCEeMIHALED Ta NepeMnKaHHsIM 3i CriaIs4oro Ha nposichepatus-
HWV GbeHoTUN y BigaaneHnx MetTacTaTnyHux cantax, a Takox € BU3Ha4asibHuUM ¢hakTopOM ripLLIOro KiiHIYHOro
nporHo3y A5 6inbLUoCTi BUAIB paKy moanHu. ZEB1 3Haxo[uTbCs B aBaHraphi TpaHCKpUnyiviHux goaktopis, sKi
b6epyTb y4acTb y KoHTposi EMT, i cripusie nepemilyeHHo vi augpy3ii nyXamMHHUX KIiTUH, CTOBOYPOBOCTI KIIITUH,
PE3VCTEeHTHOCTI [0 JIiKyBaHHS, MeTacTa3yBaHHIO M YHUKHEHHIO iMyHHOI peakuii. Ockinekn ZEB1 € Kto4oBum
perynatopom EMT, meTacTa3yBaHHs acoLilOETCS 3 YTBOPEHHSIM PaKoBUX CTOBOYPOBUX KITITUH | PE3UCTEHTHICTHO
[0 Teparnii gns 6aratboxX BUAIB paky, y TOMY YMC/i NaninspHOI KapyuMHOMU LMTOMNORZIOHOI 3a5103u, BiH MOXe 6yTu
HaviBaXXJINBILLIMM MapKepoM IHBa3UBHOCTI nyx/nH. JJoonepayiviHe JOCNIgXXEHHS Foro piBHA B KIITUHAX i nnaami
KPOBI rpy KapyuHoMax LYNTONoLIOHOI 3a5103u MOXXe [OMOMOITH Y BUHAYEHHI 06’ €My XipypriYHOro BTpy4aHHs
i nogasnbLUOi Teparii pagioioqom.

Knro4oBi cnoBa: naninspHa kapuymHoma LMTonogi6HoI 3ano3u; eniteniansHo-Me3eHxiManbHui nepexig; ZEB1

Bctyn

MertacTasu € nNpoBiIHOIO MPUYMHOIO CMEPTi Bid 3710-
SKICHUX IIyXJIMH. MeTacTaTUIHUI mpollec mepemxdoadae
BUXiJlT PAKOBUX KJIITUH 3 TIEPBUHHOI MyXJUHU B KPOBO-
HOCHY a0o0 iHIITy TPaHCIIOPTHY CUCTeMY, KOJIOHi3allilo Ta
npoJidepallito y BiagaaeHOMy opraHi. 3apa3 BU3HAHO, 110
MeTacTa3aMM € BUpaXKeHi, YHiKaJIbHi MIAMHOXWHU KJIiTUH,
SIKi eMirpyBaid 3 IEepBUHHOI NyXJIMHU. 3a MOBEIiHKOIO,
TEHETUKOIO i 6i0XiMi€l0 BOHU Bilpi3HSIIOTHCS Bil KJIiTHH,

IO 3aIUINMJINCS B epBUHHIN myximHi. KoxkHa xritnHa
MOBMHHA MIPOWTU HU3KY MOCJiIOBHUX €TalliB, sIKi Ha31uBa-
IOThCSI METAaCTaTUYHUM KacKamoM |1, 2].

VY Mmexax MyXJIuHM KJITUHU € MopdooriuHo, Gioxi-
MiYHO ¥ T€HETUYHO HeoaHopimHuMHU. BimMiHHOCTI B ix
MOBEiHII MOXYTb OYTH 3yMOBJICHI TEHETUMHUMMU, eITire-
HETUYHUMU, NO3ULLIHHUMU a0 YAaCOBUMU YMHHUKAMMU.
EnirenernyHa reTeporeHHICTh HAJIEXUTh 10 MIEPEXiTHUX
ximivnux moaugikauii JIHK a6o xpomatuny, sKi npu-
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3BOMATH IO CEJIEKTUBHOI IIPOCTOPOBO-YAaCOBOI PETyIIsIiIii
TPAHCKPUIILIi1 TeHiB IJIs TaHOi KJIITUHU 3aJIEXKHO Bill yMOB
HaBKOJIMIIIHBOTO cepenoBuina. Ha MoiekynsipHoMy piBHI
OUIBIIICTD TEHETUUHUX 3MiH, 110 MepeBaXkalTh Ha Mi3HIX
CTaisIX MpOrpecyBaHHS MyXJMHU, IMOB’sI3aHi 3 KaHIIEPO-
reHe30M, iHBa3MBHICTIO i1 MeTacTazaMu. OQHIET reHeTHY -
HOI 3MiHM HEIOCTAaTHBO JJIS1 HAOYTTS 30aTHOCTI KJIiTUH 10
MeTacTa3yBaHHS — ITOTPiOHI KOMOiHAIlil TeHeTUIHUX Ta
emireHeTUYHUX 3MiH [2]. KpiM TOro, KJIiTMHM paKy MOXYThb
CpUIMATH CUTHAJIM OTOUYYIOUUX KJIITUH — SIK TTYXJTMHHUX,
TaK i cTpoMaJibHUX. TaKoX BaXkJIMBY POJIb y MeTacTa3yBaHHI
Bilirpae >KOpCTKiCTh MyXJIMHU 3a paXyHOK aKTUBallii aco-
LilloBaHUX 3 MyXJIMHOIO (HiOpOOIACTiB, 3HUXKEHHS PiBHS
MaTpUKCHUX MeTasonpoTeiHa3 (MMP) i nerpanauii mo3sa-
KJIITUHHOTO MaTpuKcy [3].

BBaxkaeTbcs, 110 PYIIIAHOK CUJIOI0 MPOrpecyBaHHS
MOyXJIMHY € TEHOMHA HeCTa0IbHICTh. Y Mipy BUHUKHEHHSI
HOBUX CYOTIOMYJISILIi MyXJAMHHUX KJIITUH CEJICKTUBHUI
TUCK, 110 YUHSITh KOHKYPYIOUi IMMyXJIMHHI KJIITUHM, a TAKOXK
peaxilist xa3siiHa i yMOBU MiKpocepeaoBullia pUu3BoasITh
[0 KOEBOJIIOLII MyXJIMH i KJITUH cTpoMU. HasiBHicTh Me-
TacTasiB € pe3yJIbTaTOM ITOSIBM CIIelliali30BaHUX CyOIT0-
nyJasiiii, HagiJIeHUX yciMa o3HaKaMM METacTaTUUYHOTrO
npouecy. [1po BiIMiHHICTh MiX YTBOPEHHSIM IMyXJIUHU
1 MeTacTa3iB CBiTUMTH HAsSIBHICThL CiMeiicTBa Te€HIB, BilO-
MUX SIK CyIPECOPU MeTacTa3iB, MPOAYKTHU SIKUX OJOKYIOTh
METacTa3u, He MepelKoIXKalouu PO3BUTKY MEPBUHHOI
nyxjauHu [2].

EniTeAidAbHO-Me3eHXiMAAbBHUM Nepexia

KrnacuuHuit normsia Ha eniTesliaTbHO-Me3eHXIMaTbHU I
nepexin (abo emiTeniaJibHO-Me3eHXiMaIbHY TpaHchOopMa-
uito, EMT) nonsirae B ToMy, 1110 eIliTe/liaJbHi KJIITUHU Te-
PETBOPIOIOTHECS Ha Me3eHXIMaIbHI KIITUHA. MopdororiuHi
3MiHU B KJTiITUHAX BBAXKaJIUCS XapaKTEPHOIO 03HAKOIO TaHO-
ro npouecy [4]. EMT mo3BoJisie peopraHi3yBaTu eIliTesIii,
1100 0oro KJIITUHU HAaOyIM Me3eHXiMaJbHOTO (PEeHOTUITY
i 3matHocTi 10 mirpauii. EMT croctepiraerbcst Takox Ipu
HOpMaJIbHOMY eMOpioreHesi, 3aroeHHi paH i ¢pidposi. Onu-
Hak 1ei npoliec BiAOyBa€eTbCS B PAKOBUX KJIITUHAX 1 TTPU-
3BOIMTH 10 yTBOpeHHs: MetacTtasiB (EMT 3-ro tuny) [5, 6].

XapakrepHumu o3Hakamu EMT BBaxkaloTbcsl MOpPYIIEH-
HSI MIXXKITITUHHMX 3’ € HaHb, BTpaTa KJIITUHHOI ITOJISIPHOC-
Ti, peopraHizallisi IUTOCKeJeTa i MOCWJIEHHS PyXJIMBOCTI
KJIiTUH. ToMy B OiIBIIOCTI €KCIIEpUMEHTaJIbHUX MOJEIei
emitenianbHi (E-kaarepun) i Mme3enxiManbHi (N-Kaareput,
BIMEHTHH) MapKepu i MOP(DOJIOTiuHI 3MiHU PO3IJISIIAI0ThCS
SIK iIHOWKATOpH, 10 MiaTBepmKytoTh mpouec EMT. V 3mos-
KiCHUX ITyXJIMHAaX BiH iHILIIOETHCS Pi3HUMU CUTHAUTBHUMU
LIJIIXaMM Yepe3 perysisaiiio dakropiB TpaHckpurilii (EMT-
TF) i mikpoPHK. EMT He TiJIbKU TTOCUTIOE PYXJIMBIiCTh
KJIITUH i TOIIMPEHHS paKky 4yepe3 pyruHyBaHHS MIKKITITUH-
HUX 3’€lHaHb, ajie TAKOX M03BOJISIE KJIIITUHAM HaOyBaTu
CTOBOYpOBUX BiacTuBOCTel [4]. 3BopoTHUit mogo EMT
npoiec — Me3eHxiManbHo-eniTemansHuit nepexin (MET),
BiH € BaXXJIMBUM ISl peaudepeHiliaii paKkoBUX KIITUH
i MeTacTaTM4YHOI KOJIOHi3alii [5].

Brparta MixkIiTMHHOT afresii uepe3 akTUBAlIilO TpaH-
CKPUIILIIHUX perpecopiB, peopraHisallis akTUHY i hopMy-
BaHHs iHBagoIoniii, ekcrpecis MMP i 3miHu B ekcrpecii

MikpoPHK — 4oTnpu BaxKIMBHX MOJEKYIIPHUX MEXaHi3-
MM, SIKi BU3HAYalOTh KJIiTUHHI 3MiHM Tipu EMT 3-ro Tumy
[7, 8]. [lepmm eTamoM MeTacTa3yBaHHS € BTpaTa MiX-
KJIITUHHOI afare3ii Ta aare3ii KIITUHU 10 MO3aKJTITUHHOTO
MaTpPUKCY, 110 BUKJIMKAETbCS akTUBalli€io npoiuecy EMT.
[Ticns pOTO MYyXJIMHHI KJIITUHU €KCITPECYIOTh KiJibKa Me-
3eHXiMaJIbHUX MapKepiB (BiMeHTUH, N-KaarepuH i ¢iopo-
HEKTUH), 1110 CYNIPOBOMXYEThCSI BTpaToto E-kanrepuny.
SHMKEHHSI eKCITpeCii Iboro MapKepa iHIyKy€EThCS KiJTbKkoMa
¢akTopamu pocty — TpaHchOpMyIOUnM (aKTOPOM POCTY [3
(TGF-pB), eninepmanbHuM (HakTOpoM pocTy, hakKTOpoM
pocty diopoonactiB (FGF) i HuTokiHOM iHTEpIEiKiH-6.
[Ticns 38’s13yBaHHS 3 BiAMOBITHUMU pelienTopaMu (hakTopu
POCTY aKTUBYIOTb BHYTPillTHbOKJIITUHHI CUTHAJIbHI IIUISIXM,
sIKi, Y CBOIO Yepry, iHOYKYIOTh KiJIbKa PEeIpecopiB TpaH-
ckpunuii reHa E-kanrepuny, takux sik Snail, Slug, ZEBI
(zinc finger E-box binding homeobox 1), ZEB2, Twist,
TBX-21i SIX [8].

Peopranizaiiis akTuHy i ¢opMyBaHHsI iHBaIOMOMINA —
IHII MeXaHi3Mu, 110 CIPUIIOTH ImporpecyBanHio EMT.
-kaTteHiH i p120-kaTeHiH, MPUCYTHI B alrepeHTHUX 3’€]I-
HaHHSX (AJ) HOpMaAJIBHOTO EITiTeiI0, BilirpaloTh BaXJIMBY
poJIb y 3B’I3yBaHHI IIMX 3’€IHaHb 3 BHYTPIITHbOKJIITUH-
HUMU aKTuHOBUMU (inameHTamu. [lopymenns AJ npu-
3BOUTH 110 Aucolialii B-kaTeHiny i pl120-kaTeHiHy Ta ix
HAaKOIMMYEHHS B LIMTOILIA3Mi. 3-KaTeHiH Mirpye 3 LIMTOILIa3-
MM B s11po, akTuBytoun dpaxrTop TpaHckpuriii TCF (T-cell
factor), SMAD2, SMAD3, HeoOXinHi ms npoJidepaliii,
Mirpaiii Ta iHBa3il myxaMHHUX KIiTuH. Hapmumox p120-
KaTeHiHY B LIUTOILIa3Mi 3HMKY€E akTUBHICTL GTPa3u, ska
Oepe yyacTb y 30iplili aKTUHY, MiABUIILYE aKTUBHICTh Rac
i Cdc-42, siki 6epyTh yuyacTb y (hopMyBaHHiI iHBaIOTIOMIN.
InBamononis, mo Mictute MMP, Binirpae rojoBHy poJib
y Ierpanmailii IMo3aKJIiTHHHOTO MAaTPUKCY i Mirpaiii KJIiTHH.
[IponeMoHCTpOBaHA TaKOX €KCIPECisl pi3HUX TUITIB Mi-
kpoPHK, sxi mitors i gk ¢acunitaTopu, i GK iHTidiTOpH
nporpamu EMT [8].

EnitenianabHi KJIiTMHU 3a3BUYail IpUKpIMJeHi 10 6a-
3ayIbHOT MeMOpaHu. Li KIiTUHY MiATPUMYIOT MiIXKKIJTITUH-
HUI 3B’S130K 32 TOMTOMOTOIO IIIJIbHUX i JTUMKUX 3’€THAHb
i mecmocoMm [6]. Y HopManbHi#l gudepeHLiiioBaHiii emite-
JTiaJIbHi TKAaHWHI KOHTAKTHU MiX KJIITHHAMU € BaXKJIMBUMU
IJISI MiATPUMKM HUTICHOCTI TKAHWHU 1 3aro0iraHHs HeBim-
noBinHii npoidepartii kritnH. KoHTaKTHO-0TOCEpENKO-
BaHMI1 KOHTPOJIb 3a TOAIOM KJIITUH BUMUKAETHCS T1if] Yac
eMOpiOHAJIBHOTO PO3BUTKY, pereHepailii TKAHWH, 3aTOEHHS
paH i B colimHux myxjauHax. 30KpeMa, ITiJl yac mporpecy-
BaHHS ITyXJIMHU MIKXKIITUHHI 3’€IHAHHS ITOPYILIYIOTHCS,
i 3JI0SIKiCHIi eriTesTiabHi KJIITUHU 3MiHIOIOTh (PEHOTUI Ha
OMM3BKUI 10 TIACTUYHUX CTOBOYPOBUX KIIITUH, HA0yBalOun
Me3eHXiMaJIbHUX XapaKTepUCTHUK [9].

Ockinbku EMT nyXJaMHHUX KJIiTUH € TUMYaCOBUM,
MepexiHUM TPOoLeCcOM, Me3eHXIMaJIbHUI CTaH KJIiTUH
y pe3yabTtati MET Moxe moBepTaTtucs 10 emiTesliaJlbHOoro.
IIpouec EMT cripuaunHSsI€ ITOCTYIIOBY BTpaTy eIliTe liaTbHIX
MapkepiB (E-kanrepun, knaynus, ZO-1), Tofi sIK eKcrpecist
Me3eHxiMaJbHUX MapKepiB (N-KaarepuH, BiMeHTUH i ¢i-
OpPOHEKTHH) 3pOCTa€, IO CIIPUYNHSIE 3MiHN Yy (izionorii
KaiTuHU. OTXe, KJIITUHU HaOyBalOTh BUCOKOI PYyXJIMBOCTI
Ta iHBa3MBHUX BJIACTUBOCTEI [9].
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IIporpecyBanasa EMT KOHTpOIIOETHCST KiTbKOMA I10-
3aKJITUHHUMM ¥ BHYTPIIIHBOKTITUHHUMU CUTHAJTbHUMU
nuisixaMu. TakuMu CUTHATbHUMU LUISIXaMU €: MATPUKCHUM
oinok/ILK (integrin-linked kinase), Wnt/PI3K/B3-kareHiH,
TGF-B/PI3K/NF-«xB, kommnekc TGF-/SMAD, dakro-
pu pocty abo TGF-B/RAS/ERK, dakropu pocty/TAK1/
MAPK, Jagged/NOTCH-ICD (intracellular domains) i So-
nic Hedgehog/GLI1. Y pe3ynbraTi iX CKOOpIMHOBAHOI B3a-
€MOJIiT BiTOyBa€eThCS 3B sI3yBaHHSI Pi3HUX (haKTOPIB 3 MPO-
motopHumu ainsgakamu JIHK EMT-TF, o npusBoauts 1o
CTUMYJTIOBaHHS iX TpaHcKpumnuiiiHoi aktuBHOCTI. EMT-TF
BiirpaloTh KJIIOYOBY POJIb Y PETyJsllil eKCIpecii TapreTHUX
reHiB, mos’s3aHux 3 EMT i MetactasyBaHHSM [6].

EnitenianbHO-mMe3eHXxiManbHa nAacTUYHicTe (EMP)

OCHOBOIO TTIOraHOTO TIPOTHO3Y [IJISI OHKOJIOTIYHMX TTa-
LIEHTIB i MEePEIIKOA0I0 AJISI TTO3UTUBHOIO KJIiHIYHOTIO pe-
3yJIbTATy € MUIACTUYHICTh PAKOBMX KJIITHH, 110 3a0e3Meuye
MiclIeBy iHBa3i10, qMceMiHallilo Ta (hOpMYyBaHHS BilgaleHUX
MeTacTtasiB. [lmacTuuHicTh 3ymoBiieHa aktuBalicio EMT,
1110 CTIpUsIE iHBA3ii, MeTacTazam, peLiuAUBY IYyXJIMHU U CTili-
KocTi 10 Teparrii [ 10]. ¥ 6araTbox ermiTemialbHIX 3T0SIKICHIX
HoBoyTBOpeHHsIX EMT mnoB’s13aHuii 31 3MiHOIO (PeHOTHUITO-
BUX OCOOJIMBOCTEH, TAKMX SIK BTpaTa MiXKKJIITUHHOI aare3ii
Ta MOJIIPHOCTI, 3MiHa (hOPMU KIIITUH i pO3BUTOK OiIbIIT
arpecuBHOro Me3eHxiMaibHOro deHoruny. EMT, akuit
CITOYATKY BHUSBUWJIM ITiJ Yac eMOpioreHe3y (TacTpyJIsiIis
3 YTBOPEHHSIM Me30[IepMU), € OOOPOTHUM, €BOJIIOLIHO
KOHCEPBAaTUBHUM TIPOLIECOM, SIKUI KOPCTKO PETYJIIOETh-
csl yepe3 B3aEMO/Iil0 MiXK CUTHaJlaMU HaBKOJIMIIIHBOTO Ce-
penoBuia Bigx Wnt, TGF, FGF, intepaeiikiniB i pizHUX
EMT-TF, Bxutouno i3 ZEB1/ZEB2 (Zinc-finger E-box
binding proteins), Snail, Slug (zinc finger proteins), Twist
i E47 (basic helix—loop—helix transcription factors). Yci
11i TIPOLIECH TOHKO PETYJIIOI0ThCS OHKOTEHHUMM I TTyXJI -
HocynpecuBHuMu MikpoPHK. Jleneuiss ZEB1 y meskux
MOJIEJISIX paKy 3HauHO 3MEHIIyBajia iHBa3MBHIiCTb BUCO-
KOarpeCUBHUX MyXJIMHHUX KJIITUH i CWJILHO MPUTHiYyBaia
metacrtasu. Lle cBimuuthb mipo Te, 1o BugasieHHs Twistl abo
Snail nooauHIi HemocTaTHBO I purHiyeHHss EMT i 1o
nmenewist ZEB1 mae Habarato OibIINii BIUIUB Ha (DEHOTUIT
MyXJMHU 1 yTBopeHHs1 MeTacTasiB [11]. ZEB1 — ocHoBHUA
EMT-TF cimeiictBa ZEB, BiH oB’sg3aHui1 3 KJIITUHHOIO
TUTACTUYHICTIO, TMCEMiHAIlI€I0 Ta TEPEMUKAHHSIM 31 CTUISI-
4Yoro Ha IpoJjidepaTuBHUN (peHOTUN Yy BiggaaeHUX Me-
TacCTaTUYHUX caliTax, a TAKOX € BU3HAYAJIbHUM (paKTOpOM
TipIIOro KJIiHiYHOIO MPOTrHO3Y ISl OUIBIIOCTI BUIIB paKy
momgunu [10—12].

EMP 6epe ydacTb y mpolieci po3BUTKY PaKOBUX CTOBOY-
poBux kiituH (PCK). PCK — monysiis KIiTuH 3 minBu-
IIEHUM TYMOPOTEHHUM ITOTEHIliaJIOM, SIKi CAMOBITHOBJTIO-
IOThCS 1 IMDEPEHIII0I0THCS B Pi3Hi TUIIU KJIITUH, IPUCYTHI
B nnepBuHHUX ITyxyimHax. CriBicHyBanust EMP i PCK ko-
PeJIO€ 3 MOTaHUM ITPOTHO30M i pe3MCTeHTHICTIO A0 Tepartii.
Kpim Toro, mokasano, mo tapreryBanHss PCK, inmykoBa-
Hux EMP, Moxe eeKTUBHO peryitoBaTH IporpecyBaHHs
OyXJIUHU ¥ pe3UCTeHTHICTh 10 JiKiB [13].

MeseHximMalibHI paKOBi KJIITUHU TTO30aBJIeHI 31aTHO-
CTi 10 mpoutidepallii i He MOXYTb YCITIIITHO iHillilOBaTH Me-
TactazyBaHHsa. Kpim Toro, MET HeoOXimHMi1 111 YCITIITHOT

MeTacTaTU4YHOI KojioHi3amii. EMP mo3Bossie pakoBuM Kiti-
THMHAM B3a€EMHO TEePETBOPIOBATUCS MiX KiJIbKOMa CTaHa-
MM B €ITiTelliaIbHO-Me3eHXiMaJIbHOMY CIIEKTPi, CIIPUSIOUN
Mirpailii pakoBUX KJIITHH i mofaibliiii KomoHizarii. EMT,
npoiiec ricrepesucy [14, 15], o3Havae, 1110 Me3eHXiMalbHi
PaKOBi KJIITMHU MOXYTb 30€epiratu cBiit Me3eHXiMaJIbHUIA
(eHOTHUII i Mic/Ist TPUNMHEHHS Ail CUTHAIIB, 110 iHAYKYIOTh
EMT [16, 17]. Ticrepesuc EMT cTocyeTbcs migTpUMKU
ME3€HXiMaJIbHOTO CTaHY B PaKOBMX KJIiTUHAX HaBiTh MiCIsI
BUXOIYy 3 MiKpooToueHHs, sike iHnykye EMT. Lle moB’s13aHo
3 arpeCUBHICTIO paKy i MoraHuM MporHo3omM [15].

li6puaHi ctaHn EMT

EMT acouitoeTbcs 3 pisHUMM QYHKILISIMU ITyXJIMHU,
IO BKJIIOYAIOTH 1i iHillialliio, 3710sKicHEe IIpOoTrpecyBaHH!,
CTOBOYPOBICTbh i Mirpario MyXJIMHHUX KJIiTUH, iHTpaBa-
3alil0 B KPOB, MeTacTa3yBaHHS i Pe3UCTEHTHICTh A0 Te-
panii. EMT po3srisinaBcs ik 6iHapHUi mipoliec 3 1BoMa
Pi3HUMU KJITUHHUMMU IOIYJISLisSIMU, eIliTeJialbHOoI0 Ta
Me3eHXiMaJbHOMO, i BU3HAUYaBcs BTpaTtow E-kaarepuny
i TOCWJIEHHSIM eKcIpecii BiMeHTuHYy [18]. OgHak ocTaHHI
IOCITiIKeHHs 1ToKa3yloTh, 1o EMT BinOyBaeTbhcs mocTy-
MOBO, Yepe3 IeKiJibKa KJIITUHHUX CTaHIB, sIKi EKCIPECYIOTh
pi3Hi piBHI emiTenialbHUX i Me3eHXiMaJIbHUX MapKepiB,
NIEMOHCTPYIOUYU MPOMiXKHI MOP(OJIOTiIUHI, TPAHCKPHUII-
LilHi, ermireHeTuYHi 0COOIMBOCTI MiX emiTeJlialbHUMU
i1 Me3eHxiMaTbHUMU KJtiTuHamu [19—21]. [1pomixHi cranii
MiX eniTeJiaIbHUM i TOBHICTIO ME3€HXIMaJIbHUM CTAaHOM
Ha3UBAalOTHCS YACTKOBUMU, HEMTOBHUMMU a00 TiOPUAHUMU
erartaMu EMT. INopunHuii emitesriaabHO-Me3eHXiMaTb-
HUI1 (DEHOTUII XapaKTepU3YEThCS TUM, 1110 KJIITUHU paKy
30epiraloTh O3HAKM €MiTeJiaJIbHUX i Me3eHXiMaJIbHUX.
Lleit riOpuaHUii CTaH PaKOBUX KJIITUH € Iy>K€ arpecuB-
HUM i TTOB’sI3aHUI 3i CTOBOYPOBICTIO MYXJIMHHUX KIIITUH
[17, 22].

Jst pizaux craniit EMT xapakTepHa ekcrpecis cre-
1MGiyHUX KJIITUHHUX MoBepXHeBUX MapKepiB EpCAM,
CD106/VCAMI1, CD51/Itgav i CD61/Itgb3. EnitemniaabHi
MyXJIMHHI Ki1itnHu ekcripecytotb EpCAM. PanHiii riopum-
Huit ctan EMT xapakTepusyetbcsl BTpaToto ekcnpecii Ep-
CAM i notpiitnum HeratuBHuM (TN a6o CD106- CD51-
CD61-) a6o CD106+ denorunamu. ITi3Hiit riGpuaHmii
ctan EMT xapakrtepusyerbcsa excrnpecieiro CD51 ab6o
CD106/51. Me3eHxiMaJIbHi ITyXJIMHHI KJIITUHU €KCITpe-
cytotb CD51/61 abo Maroth notpiitnnii mosutusHuii (TP
a6o CD106+ CD51+ CD61+) denorurm. Pi3Hi mepexinHi
cranu EMT Maloth pi3Hi ¢yHKIIii, mpuyoMy riOpuaHuii
ctaH EMT xapaktepu3y€eTbcsi HAMBUILIMM METACTAaTUMHUM
noteHuianoM. IlepexinHi cranu EMT xapakTepusyloTbcst
Pi3HOIO eKCIIpeci€lo reHiB, JaHAIa(TOM XpOMAaTUHY I JI0-
KaJli30BaHi B Pi3HUX HilllaxX, sIKi BU3HAYAIOTh JOJIIO KJIiTUH.
BBaxaetbes, 1o ZEBI, Trp63, Twist 1/2 i Lhx2 3any4eni
IIo TIpoMollii paHHixX riopuaaux cta”iB EMT, a KiabKicTb
SMAD?2 3poctae Ha mi3Hix cramisix EMT [18].

Otxe, Oyno ipogeMoHCcTpoBaHo, 10 EMT He € GiHap-
HUM MPOLIECOM i MOMYJISILii MyXJIUMHHUX KJIITUH 3 Pi3HUM
cryneHeM EMT MoxxHa 3HaiiTu B 6araTbox Bumax paxy. Lli
MOMyJIsLii MalOTh BiIMiHHI (DyHKIIOHAIbHI BIaCTUBOCTI,
a riopunHuit ctran EMT noB’si3aHuii 3 NiABUILIEHUM Me-
TaCTaTUYHUM TOTEHILIIaJIOM.
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IIpore 3anniIaeThes e 6araTo HEBUPIlIEHUX MUTAHbD.
Hegimomo, sika nepiiia MoJieKyssipHa rmoisi Bukirkae EMT.
He Bu3HaveHi 4acoBi i1 MpOCTOPOBI MOCIIiZOBHOCTI MOJIe-
KyJISIpDHUX TIOJIilA, SIKi peryitooTh repexinHi cranu EMT.
Hesicno, yu EMT BinOyBa€eThcs yepe3 aKTHUBalIilO 3arajib-
HUX LUJISXiB y pi3HUX Tumax nyxiauHu, uu EMT mnpossise
TKaHuHocneuudivyHi ocobauBocTi Touo [18].

TpaHckpunuinHi pakropm ZEB

IIpu EMT BinOyBaeTbcsa down-perysiiis emiTeaiaab-
HUX MapKepiB i up-peryssiiist Me3eHXiMaabHuX TeHiB. Lleit
MpolieC iHIII0EThCS TOI0BHUMU peryiasatopamu EMT, ta-
KuMH K dakTopu TpaHckpumniii ZEB1, Slug, Snail, Twist,
i CYMPOBOIKYETHCS EMIreHETUYHUM MTPUTHIYEHHSIM eITiTeTi-
aNbHUX TeHiB (BkmouHo 3 CDH 1), 1110 cripusie Mirpaiii Kiri-
THUH Ta iHTpaBa3ailii B uupkyJisiito. [nsax TGF-f/SMAD
Bimirpae BUpilllaJbHYy POJIb Y PEryJOBaHHI 1Ii€i paHHBOI
MeTactaTiuHoi rmoxii. [Tim gac inTpasa3aii TGF-[3 cripusie
Hazaekcrpecii onkorenHy MAFK (musculoaponeurotic fi-
brosarcoma oncogene family protein K) mrst ingykiii EMT.
IMporpama EMT, 1o perymtoetbest curHaiinrom TGF-B/
SMAD, takox Bkitouae 6i1ok WAVE3 i3 cimeiictea WASP/
WAVE, 1m0 38’s13y€ akThH |2, 23].

ZEBI 3HaxoauThCs B aBaHTap/i TPAHCKPUILIMHUX pak-
TOPiB, sIKi 6epyThb yuacTb y KoHTpoJii EMT. Okpim Toro, 110
ZEBI1 6epe yyacTb B eMOpioHaIbHOMY PO3BUTKY, BiH TaKOX
OyB IMOB’sI3aHMI i3 IIpolLiecaM, 1110 3a1y4aioTh MiKkpoPHK,
nosri Hekonyroui PHK i croBOypoBi kiituHu. Tak, HaaMip-
Ha ekcrpeciag MikpoPHK-200, sxa nauinena na ZEB1/2,
npurHiuye EMT [24].

Xoua migBuieHa excrpecis ZEB1 B ocHoBHOMy Oyna
now’si3aHa 3 EMT, iHBa3zi€lo paKy il MyXJIMHOTEHHICTIO,
€ TIOBiTOMJIEHHSI, SIKi cymniepedaTb TPaaUuLiiHUM YSIBJICHHSIM
npo poab ZEB1. ®yukuist ZEB1 i MmexaHizMu, 3a 1OITOMO-
roto sikux aie ZEB1, € Giabl CKIagHUMU, HiXXK BBaXKaocs
paximre. 1 cknamHicTh 11e OiIble MOCUIIOETHCS YSIBICH-
HsM 1ipo Te, o ZEB1 MoxXe #isiTy He TiJIbKM SIK perpecop,
aJie i IK aKTUBATOpP TPaHCKpUMILii [25].

ZEBI1 cnipusie nepemilieHHo i udy3ii myX TMHHUX KJTi-
TUH, CTOBOYPOBOCTI KJIiTUH, PE3UCTEHTHOCTI A0 JIiKyBaHHS,
MeTacTa3yBaHHIO I YHUKHEHHIO iMyHHOI peakirii. Excripe-
cist ZEB1 cyBopo peryioeTbesl pi3HUMM Mpe- i MOCTTpaHC-
KPUMUIRHUMU CUTHAJILHUMU 1UISIXaMU 1 MOJIeKYJIaMu.
Yce Ginblile moKa3iB CBiTYUTHL MPO Te, 110 Moaudikaii
OIJIKiB, TaKi IK METWJIIOBaHHS i aueTtumoBadHg ZEB1, ta-
KOX MOXXYTb BIUTMBAaTU Ha MeTacTasu myxjauHu. Lo Ginbin
BaxuBo, ZEB1 BrinBae Ha iMyHOCYIIPECUBHI KJIITUHU
i1 xemokinu B [IMO, 110 mpu3BoauTh 10 (hOpMyBaHHS iMy-
HOCYIIPECUBHOI'O MiKpOOTOUEHHS [26].

CTpyKTYpPQ TQ MEXQHI3MU peryasiuii ZEB

binox ZEB1 konyeTbcst oOmHOMMEHHNUM T'€HOM Y JIIOAUHU
i € (aKTOPOM TPAHCKPUIILLii, 110 B3AEMOJIIE 3 IPOMOTOPAMU
Oaratbox reHiB. Excnpecis ZEBI perymoeTbes KilbKkoMa
CUTHAJIbHUMM nuIssxaMmu, Takumu sk Wnt, NF-«B, TGF-f3,
COX2, HIF i mikpoPHK.

binku ZEB1 i ZEB2 nanexartsb 1o cimelicTBa (pakTopiB
tpanckputiii ZFH (zinc finger homeodomain). Bonu o6u-
JIBa MaloTh NBa (hJIAHTOBUX KJIACTEPU IIMHKOBUX IMaJIbIIiB
(ZnF) tummy C2H2, saxi B3aemonitots 3 mapaumu CACCT(G)

E-box-momioHUMM IIPOMOTOPHUMHM eJIeMEHTaMU i LIeH-
tpasibHUM POU-nionioHuM romeogomeHoM. O6uaBa Ok
ZEB matots omHaKoBy crielrdivuHicTh 3B’ s13yBaHH 3 JTHK.
ZEBI1 i ZEB2 MaroThb KiJIbKa TOMEHIB JJIsI 3B’ SI3yBaHHSI 3 OiJ1-
KaMHU, BKJIIOYHO 3 JOMEHAaMU, 1110 B3aEMOioTh 3i SMAD,
CtBP (C-kxinueBuii 3B’s3ytounii 6isok) i p300-P/CAF
(p300/CBP-associated factor), siki BiirpaloTb BaxKJIMBY POJb
Yy KOHTPOJIi TpaHCKPUIILiiHOI akTuBHOCTI. PakTopu ZEB
€ pernpecopaMy TPaHCKPUIILIil yepe3 iX B3aEMOIiI0 3 Kope-
npecopoM CtBP, a TakoxX MOXXyTh aKTUBYBAaTU TPAHCKPUII-
1IiI0 Yepe3 B3aEMOIII0 3 KOAKTUBaTOpaMu, TaKuMu 1K p300
i P/CAF. 11s noaBiiiHa aKTUBHICTh € HAJA3BUYAHO BasKJIM -
Boio s KoHTpomo EMT, Tomy 110, Ha BigMiHY Bif iHIIX
EMT-TF, 6inku ZEB1/2 inHiuitooTh penpecito emniteniaib-
HUX TeHiB, 10 KOAYIOTh KOMITIOHEHTU a[ire3MBHUX i TICHUX
3’€THaHb, JECMOCOM, MMPOMIXXHUX (piTaMEeHTIB, OMHOYACHO
MMO3UTUBHO PETYJII0I0YN Me3eHXiMalabHi (paKTOpH, TaKi SIK
BiMeHTHUH, (piOpoHekTnH, N-Kaarepun, MMP, cnipusitoun
nporpami neaudepenmniantii [10, 12, 27].

OcTaHHIM YacOM iHTEHCUBHO BUBYAJIMCH CTPYKTypa
i MexaHi3Mu 1ii cimeiictBa ZEB, ocobanBo orocepenko-
BaHa IMOCTTPAHCIISALIITHOIO MOIM(piKaIli€lo PeryJIsiiist cTa-
OinpHOCTI Ta akTUBHOCTI ZEB, X04 i He Tak TJIMO0KO, SIK
peryisuis cimeiictB Snail i Twist. Ponruna EMT-TF ZEB
HE TUTbKU Billirpae BaXJIMBY pOJib B iHIYKYBaHHI MeTacTa3iB
paxky, aine Takox crnpusie PCK-nomgiOHUM BIacTUBOCTIM
y pi3HUX BUIIB IyxJIuH [6, 12, 27].

CimeiictBo ZEB 6inblil 1OBroBiuHe MOPIiBHSIHO 3 iHILIM-
vmu EMT-TF [28]. 'enu ZEB1 (xomye 1117 (1124) amino-
kucioT) i ZEB2 (1214 aMiHOKUCIIOT) KapTYyIOThCS Ha XpO-
Mocomax 10q11.22 i 2q22.3 BinnosigHo. [IBa kinactepu ZnF
BimoMi sik HaiOinb nmommpeHi JJHK-3B’s3y04i MoTUBH.
N-kinuesuit ZnF (NZF) mictutb Tpu MotuBu C2H2 i onun
CCHC, tomi six C-kinueuit ZnF (CZF) mictuts nuiire Tpu
motuBu CCHC (puc. 1). ITpu nopisusinni ZEB1 i ZEB2
ineHTUYHicTh nTocainoBHocTell y Mexxax NZF i CZF crano-
BuUTh 88 193 % Binnosinno. 1li na kiacrepu ZEB1 i ZEB2
3B’s13y10Tbes 3 E-box-nonionumu enementamu (CACCT),
OJIHAaK MOJIEKYJISIpHI MEXaHi3Mu, 1110 JIeXXaTh B OCHOBI aK-
TUBallii Ta penpecii TapretHux reHiB ZEB1 i ZEB2, He po3-
kpuri. [lomeomomen y crpykrypi ZEB1 i ZEB2 cknamaeTscst
3 MOTHUBY «CHipajb — MeTIsl — CIipalib». BiH He 3B’s3y€e
JHK, a 6epe yuyacTb y 6iok-06inKkoBiit B3aemonii. ZEB
MICTUTB TaKOX iHIII TOMeHHU, Taki K SMAD-3B’sa3ytounit
(SBD) i CtBP-3B’s13yt0umii [6, 29].

JdoMeHu, 1110 3B’A3YIOTh OUJIKU, € BaXXKJIUBUMU IJIsI
KOHTPOJIIO TPAHCKPUILIHOT akTUBHOCTI ponuuu ZEB [12].
SBD ZEBI i ZEB2 nionnHu 1eMOHCTPYE JOCUTH HU3BKY
NomiOHICTh CTPYKTYpH. LI BiIMiHHICTh MOXE MOSICHUTH,
qyomy ZEB1/2 matoTh pi3Hi GyHKIIIi Ta CUTHATBHI MUISIXU.
O6uaBa (hakTOpU YacTO JAEMOHCTPYIOTh A3epKabHY €KC-
Mpecilo Ta BIUIMB Ha TKAHMHHMI TOMeocTas3, AudepeHIli-
aitito i po3sutok [12]. Tak, nudepeHuiailiss octeo0acTiB
innykyerbest ZEB1, y Toit yac sk ZEB2 nemoHcTpye 3B0-
poTHi edexTn [28].

EMT-TF — ZEBI1 i ZEB2 € BaxiuBuMu (hpaktopaMu
MIPY Pi3HUX TUIIAX 3MOSKICHUX MyXJIuH. ocaimkeHHs pe-
ryssuii ZEB cBimuntsh nipo yuacts MikpoPHK, ocobiuso
cimerictBa MikpoPHK-200, i mepexpecHoi perysiiii 3 iH-
mwumu EMT-TF [6, 30].
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PucyHok 1. Cxematu4He 306paxceHHs1 cTpykTyp EMT-T® (3a Kang et al., 2021 [6])

Mpumitkn: cimevictBo Snail (Snail, Slug i Smuc) 3a3Bu4ai Bknrodae gomeH SNAG Ha N-KiHUi Ta JOMeHN UUHKO-
Boro nanbys Ha C-KiHyi. Snail MicTuTe ssgepHi eKcriopTHi MocnigoBHOCTI 1 6araTii CEPUHOM L[OMEH, sIKi KOHTPO-
JII010Tb cTabinbHicTb Snail. OgHak gomeH SLAG npucyTHi nuwe B Slug. OcTaHHIW BU3HaHWNA 4J1eH CiMelcTBa
Snail, Smuc, He mae gomeHry, 6araroro cepuHom, i gomeHy SLAG. CimevictBo Twist (Twist1 i Twist2) nepeBaxxHo
cknapaetbcsi 3 gomeHy bHLH i 6noky Twist Ha C-KiHUi 151 ioro TpaHCKpUnuiiHoi aktuBHocTti. OgHak 6arati Ha
rniynH gomenu npucyTHi nuwe B Twist1. JomeHn bHLH cknagaeTbcsi 3 OCHOBHUX aMiHOKUCIIOT, 3a SKUMW UBYTb
ABi anbcha-cnipani, ki posgineHi netnero pisHoi goBxuuu. Cimevicteo ZEB (ZEB1 i ZEB2) HaubinbLue 3a po3mi-
pomM 6inka nopisHAHO 3 iHWwumu EMT-TF. Lje cimericTBO MICTUTb Pi3HI perynsTopHi LOMeHM, siKi BKJII0YaloTh Kiiac-
Tepu umHkoBux nanbuiB Ha N-kiHUi Ta C-KiHYi, romeogomeH, SMAD-3B’a3yro4unii JOMeH i caiT 3B’si3yBaHHA CtBP.

CtBP — C-kiHLeBWi 3B’A3y04uii 6inok [6].

DochopumoBanHs 3MiHIOE 31aTHiCTE ZEB1 B3aemomisitit
3 KiJIbKOMa KOaKTUBaTOpaMu ab0 KOperpecopaMu, 110 He00-
XiITHO JUTSI pery/TFoBaHHsI HOTO TPAaHCKPUITILIHOT aKTUBHOCTI.
IIporeindocdarasu KaranizyoTb 3BOPOTHUIA TIpoliec [29].
3B’s13yBaHHs iHCyniHonoaioHoro dakropa pocty 1 (IGF-1)
3 Oro peuenTopoM BUKJIMKAE aKTUBAIlil0 TUPO3UHKIHA3M,
sIKa aKTUBYE YMCJIEHHI CUTHAJIbHI IIUISIXU, BKJIIOYHO 3 HU3-
ximaum 1isixom MAPK [31]. IGF-1 He TinbKu 3HIKYE TpaH-
cKpumniiiiny aktuBHicTs ZEB1 uepe3 pochopunioBanHs
samumikiB Thr851, Ser852 i Ser853 nmpoteinkinazorwo C (PKC),
ane i aktuBye ERK, 110 npusBoauts 1o dpochopuioBaH-
Hsy ZEBI Thr867. ®ochopumoBantsa ZEB1 yepe3 PKC-
onocepenkoBaHy akTuBallilo ERK 3ano6irae HakonuyeHHI0
ZEBI1 y sapax, 3HIXKYIOUM MOT0 TPAaHCKPUIILIIHY aKTHUB-
HicTb [32]. ZEBI cnpusie peakuii Ha nomkomkeHHs JTHK
i pamiope3nCcTeHTHOCTI ImyxauHu. L peryisiis iHinitoeTbest
dochopmmoBaHHIM 3a Serd85, cradinmizauicro ZEB1 kiHa-
3010 ATM i onocepenKoByeTbCs cTabiIi3alli€l0 YeK-TIOMHT
ki"asu 1 (CHK1) mey6iksitinazoro USP7, o B3aemonmie i3

ZEBI1. Kpim Toro, pi3Hi inrioitopu CHKI1 6ynu nporecro-
BaHi B IPOTUPAKOBUX KJIiHIYHUX BUIIPOOYBAHHSX SIK KaH-
NMAIATA Ha padioceHCUOLTi3yoUi areHTH IS paKy MOJIOYHOI
3asi03u (PM3) 3 Bucokum pisHem ZEBI [29].

Illono ZEB2 moka3aHo, mo 3aauiuku Mix Ser705
i Tyr802 dochopumororees GSK3B, 3HMXYIOUM 1OTO cTa-
OinbHICTS [6].

Vo6ikBiTuH-npoteacomua cucrema (UPS) € kiouoBum
LIJISIXOM JIJIST BHYTPITHBOKJIITUHHOI IeTpanallii OiIKiB i 0epe
Y4acTh Y IIUPOKOMY CEKTPi KJIITUHHOI TisSTTbHOCTI, BKJIFOU -
HO 3 ITyXJIMHOYTBOPEHHSIM. YOiKBITUHYBaHHS € 0OOPOTHUM
MPOIIECOM, 1110 PEryJIEThCS AeyOiKBITUHYIOUMMU (ep-
MmeHTamMu (DUBS), ki nmiaBuiyoTh cTabiabHICTh OiKa
IIUISIXOM BUIOAJICHHS YOIKBITUHY i3 CyOCTpaTy i 3aro0iraHHs
nerpanatiii iyiboBoro 6inka yepe3 UPS. ZEB1 perymoeTbest
DUBEs, 1110 3peiToio mpu3BoauTh A0 MOCUISHHS iHBa3ii
MyXJIMHU i MeTactaTuyHoi 31aTtHOCTi [33]. BRCC3 (Lys-63-
crrenudiuna geyoiksiTuHaza BRCC36) cripusie mpoide-
paitii KiiTuH notpiitHo-HeratuBHoro PM3 (TNBC) i me-
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TacTa3yBaHHIO IIUISIXOM IiaBUIIeHHS cTabiabHoCcTi ZEB1 3a
MaToJoTiYHUX YMOB. EKCIiepuMeHTH in vitro mokazanu, 1o
inTepdepenuia 3 BRCC3 migBuiiye piBeHb yOiKBITYBaHHS
ZEBI i cripusie fioro nerpanaitii, 3SMEHIIYIOUYU HOTO KiJlb-
KicTb. [1purnivenuss BRCC3 inridbye myxjuHoreHes i Mme-
TacTas3u B JIETEHI in vivo. 3arajioM 11ie JOC/iIKeHHS TEMOH-
ctpye, mo BRCC3 moxe minsuiutu crabdiabHicts ZEBI,
aKTHUBi3yBaTH MOTO €KCIIPECiio Ta CIIPUSTHU Hporidepalrii,
mirpaii, iHBasii, EMT i Metactazam kiitun TNBC [33].

Onun 3 6inkiB F-box, acouiitoBanux 3 EMT-TF, —
FBXL14 B3aemonie 3 ZEB2 i npu3BoauTh 10 ioro nerpama-
11ii, omocepeakoBaHoi yoikBiTuHyBaHHsIM. FBX045 (F-box
only protein 45) gk cyoomunuig yoiksituHiirasu E3, mo
po3IIi3Hae cyoCcTpar, yTBOPIOE KOMILIEKC i3 acolliiioBaHUM
3 KiHa3010 S-¢a3u 6inkoM 1 i Myc-3B’s13y10unum OiTKoM
2. Jomen F-box FBXO045 B3aemomie 3 Lys48 ZEB2, mo
cnpusie iioro nerpagauii. FBXW7 (F-box/WD repeat-con-
taining protein 7) cipuuuHsie yoikBitryBaHHs1 ZEB2 1uisi-
xoM GSK3p-3anexHoro ¢gochopuiaoBaHHs, a 3rog0M
OII0CEPENKOBYE IIpoTeacoMHy nerpanauio ZEB2 [6, 34].
OcCKiJIbKM YOiKBiITUHYBaHHSI € 0OOOPOTHUM IPOIIECOM,
naHmory yoiksituny Bugaisgioreess DUBs. Cepen DUBs
yoikBiTUH-cnienudiyHa nentuaaza S1 (USPS51) 38°s3yeThest
3 N-kinuem ZEBI i migBuinye crabinbHicTh O0inka ZEB1
y knituHHuX JTiHigsx PM3. USP51 nocumioe perynsiiio Me-
3eHXiMaJIbHUX MapKepiB, BKIIIOYHO 3 N-KaArepuHOM i Bi-
meHTuHOM [35]. Inmmit DUB — CSN5 (COP?9 signalosome
subunit 5) TaKoX 3ycTpivaeThcs B pisHuX Bugax paky. CSNS
neyoikBitTunye ZEB1 muisixoMm 6e3nocepeaHboi B3aEMOIII,
1o miasuiye cradinbHicTs TF [6, 36].

Takox crab6inizanii 6inka ZEB1 y remarouentonsipHiii
kapurHoMi (HCC) monunu cripusie neyOiKBiTUHA3HA aK-
TUBHICTb YOiKBiTUH-crielpivHoi nentunasu. Hagekcrnpe-
cisz ZEB1 6yna moB’sa3ana 3 Metactazamu HCC gepes iforo
BIUIMB Ha YTBOPEHHSI CTOBOYPOBUX KJIITMH paKy IMEYiHKMU.
Edexr ZEB1 nocsiraeTbcs LIISIXOM 3B’SI3yBaHHS 3 IIPOMO-
topamu reHiB CD13, CD24, EpCAM, 1110 Ipu3BOANUTH 110
nocuieHHs perysuii CD13 i CD24 i 3HUXKeHHST perysiii
EpCAM. Ha nonatox 1o 11s0ro 0yJ10o okasaHo, 1o ZEBI
MOCHUJTIOE €KCIIpecito hakTopa POCTY €HIOTENil0 CyaIuH A,
SIKWI, y CBOIO Yepry, CIIpusie aHTioreHe3y [37].

CyMOTTIOBaHHSI MOJYJTIOE BiIHOBJIEHHSI MOUIKO/XKEHb
JHK, iMmyHHi peaxiiii, KaHIIepOoreHe3 i MporpecyBaHHs
paKy, MPOXOIKEHHSI KIITUHHOTO UKy i armonTo3 [29].
CymoimoBanHs ZEBI1 i ZEB2 innykye EMT nuisixom iH-
ridyBaHHs ekcnpecii E-kanrepuny. binok Polycomb 2 (Pc2)
Ili€ SIK Majiiii acollifioBaHuii 3 YOiKBITUHOM MoaudiKaTop
E3-nirasu i BUKImKae CyMOLTIOBaHHS IIUISIXOM 3B’ I3yBaHHS
i3 ZEB1 i ZEB2. Pc2 cymoinioe Lys347 i Lys774 y ZEBI
ta Lys391 i Lys866 y ZEB2. CymointoBanns Lys866 ZEB2
nepemkomkae B3aeMoii 3 CtBP, mo mpu3BoauTs 1o mocu-
nenHs ekcrpecii E-kagrepuny [6].

AlIeTWIIOBaHHS 1 IealleTUJIFOBaHHS BiflirpatoTh Bax-
JIMBY POJIb Y PEryjsiiii aKTUBallii TPaHCKPUIILi, SIAepHOI
nokanizauii Ta 38’a3yBanHs JIHK. Koau p300 i P/CAF
3B’s13yt0Thesl 3 N-KiHueBuM nomeHoM ZEBI1, anerunio-
1oTbest Lys741, Lys774 i Lys775. AuetumoBannsa ZEB1 31u-
Kye adiHHicTb 3B’sa3yBaHHs 3 CtBP, migBuiyoun iioro
TPAHCKPUIILIHY aKTUBHICTh [6, 29]. Cyrpecop MyXJIuH
nizuHauetTwiTpancdepasa, Tip60, Bzaemomie 3 N-KiHLeM

ZEBI, mo npurHiuye itoro akTuBHicTh. KoMIiekcu pe-
MOJIETIOBaHHS 1 JealleTUIIOBaHHS HyKJieocoM (nucleo-
some remodeling and deacetylation — NuRD) micTaTh
HDACI1/2 i IHK-3B’s13yBasibHi 0ijK1 XpOMOJIIOMEHOBOI
reaikazu. Kommieke NuRD 3B’s3yeThes sk i3 ZEBI, tak
i 3 ZEB2 3 NuRD-B3aeMmonirounM MOTUBOM, SIKWI 3HAXO-
nuThes 6u3bko no N-kiHusg ZEB2 [38]. Jomenu ZEBI,
SIKi 3B’s13y10Thes 3 KoMruiekcoM NuRD, HeBimowmi. Llika-
Bo, o HDACI1/2 B3aemonie i3 ZEBI i ZEB2. Kommeke
HDACI1/2 i ZEBI1 innykye npurHidyeHHs ekcrpecii E-ka-
repuny [39]. Xoua 6ys0 mokaszaHno, mo HDAC1/2 B3aemonie
3 ZEB2 uepe3 3B’s13yBaHHS 3 Arg22, 1ieil mpoliec BILIMBAE
Jviie Ha qudepeHIitoBaHHS IIBAHHIBCbKUX KJIITUH TIi[T
yac MiemiHizanii. OTxe, MOTPiOHI MOJAJbII JOCTIIKEHHS
innykuii EMT uepe3 HDACI1/2 i ZEB2 [6, 39].

[IInpoko Bimomo, 1110 B3aemofist Mix ZEB i wienamu po-
nuHu MikpoPHK-200 ¢opMye nonBiliHy HeraTUBHY METIIO
3BOPOTHOTO 3B’SI3KY i 3HAYHOIO MipOIO BITJIMBAE HA CUTHAJIb-
Hi nwsixu, nos’s13aHi 3 EMT. CimelictBo MikpoPHK — 11e
MTyXJIMHOCYIIPECUBHA TPYTIa, sKa CKIaJA€EThCS 3 KJIacTePiB
MikpoPHK-200c/141 i mikpoPHK-200a/200b/429. Mi-
kpoPHK-200 moxyTs BrituBaTu Ha excripecito ZEB1 i/a6o
ZEB2 y 6ararbox Tumax paxy. ¥ riaiomax MmikpoPHK-200c,
a TakoxX MikpoPHK-141 MoOXyTh IIpUTrHIYYBaTU PicT i Mi-
rpaitito KJIiTHH rjiiomu, BriuBaroun Ha ZEBI [40].

IHWi MexaHi3mu Aii Ta peryasuii ZEB1

Binomo, 110 iHayKoBaHMii rirokciero ¢akrTop 1 anbha
(HIF-10) cripusie po3Butky EMT y KilbKOX TUIAX ITyXJIMH
LIJISIXOM MOAYJISINIT KiJIbKOX TeHiB, acoliiioBanux 3 EMT.
Ax Tpanckpunuiitnuii ¢pakrop, HIF-1a perynioe aktus-
HICTh HU3XITHUX T€HiB LIJISIXOM 3B’SI3yBaHHS e€JIeMeHTa
Binnogiai Ha rinokcito (HRE — hypoxia response element)
y ixHiX mpomoTopHux perionax. Hanpuximan, HIF-1a 3mat-
Huit TpaHcakTuByBati MMP9 npu PM3. ¥ HCC BiH ak-
tuBYy€E Snail, mpurHiuyioun excripecito E-kanrepuny. Kpim
toro, HIF-1a KoHKypye 3 TpaHCKpUTILIiiTHUM (hakTopom 4
(TCF4) 3a psime 3B’s13yBaHHs 3 3-KaTe€HiHOM, [TOCUJIIOIOUM
EMT npu konopekTaibHOMY paky [41].

byno noxkaszano, uio HagMmipHa exkcnpecig HIF-1a
cripusie EMT, xiTuHHI# iHBa3ii, Mirpaitii in vitro Ta in vivo.
HIF-1a 6e3nocepenHbo 3B’SI3yETHCS 3 MMPOKCUMaIbHUM
npomotopoMm ZEBI1 uepe3 HRE-3-caiitu, 30inbmyoun
TpaHCaKTUBHICTh i ekcripecito ZEBI1. InrioyBanns ZEBI
ckacoByBasio HIF-1a-inoykoBanuit EMT i kJliTUHHY iH-
Bazito. Excripecist HIF-1a cunbHO KopesntoBaa 3 KiJbKiCTIo
ZEB1 y HopMabHOMY KOJIOPEKTAJIbHOMY €ITiTeIil, a TaKOX
MEePBUHHIN MyXJINHI i1 METaCTaTUYHUX TKAHUHAX KOJOPEK-
tanpHOrO paky. Ak HIF-1a, tak i ZEB1 Oyau mo3utuBHO
acolliiloBaHi 3 BIMEHTUHOM i HEraTUBHO TOB’sI3aHi 3 €KC-
npecieo E-kanrepuny. Lli nani mokasywoTts, mo HIF-1a
nocwitoe EMT i meTacTa3u 1LIIXOM 3B’SI3yBaHHS 3 IIPOMO-
topom ZEB1. HIF-1a i ZEBI1 po3srisinaioTbest IK BaxJIUBi
TYMOPOT€HHI (hakTOpH, i1 OTpUMaHi pe3yJabTaTh AEMOH-
cTpyoTh, 1m0 ZEB1 € HusxinHoto mankoro moxo HIF-1a,
a 11¢ CBiMUYMUTb MPO HOBUI MOJIEKYJISIPHUN MEXaHi3M IS
HIF-1a-3anexunoi inoykuii EMT i metactazyBanus [41].

Tenomepasa — 11e 3BOpOTHA TpaHCKpUIITa3a, sKa
MiCTUTh BJacHi MaTpUIli i MiATPUMYE TOBXKUHY TEJIOMEDP
LIJISIXOM cHHTe3y TenoMepHux nmostopiB JJHK. Otxe, Te-
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JloMepasa MiATPUMYE CTaOiIbHICTh XPOMOCOM i CIIPUSIE
iMmMopTanizauii kiaituH. [Tokasano, mo hTERT iHTeH-
CUBHO €KCIIPECYEThCS B OiBIIOCTI BUAIB paKy JIOAWHMU,
a inaykuis ekcnpecii i aktusaiii hTERT € nepenymoBoio
KJIITMHHOI iMMoOpTaJi3allii Ta 371051KicHOCTi. JlocmimkeHHs
cBimuarp, mo hTERT crnipusie iHBasii myxjuHu il MmeTacTa-
3yBaHHIO MpHU nesikux Tumnax paky i mo hTERT cnpusie
EMT uepe3 curnanpumii muissx Wnt. ZEB1 perymoeTscsa
KiJIbkoMa hakTopamu, siki BKItouaoTh p53, MmikpoPHK,
yoikBiTuHirasy i Wnt. ZEB1 moxe 0e3nocepeaHbo 3B’ s1-
3yBatucs 3 AiisiHkoo E-box mpomoTopa E-kanrepuny,
iHrioyrouu itoro excrpecito ta ctumyaowun EMT. Takox
ZEBI1 npurHiuye ekcrpecito E-kanrepuny yepes 3axy4eH-
HsI TpaHCKpUIILiiiHOTO akTuBaTopa Brgl (ATP-dependent
chromatin remodeler SMARCA4 ), a iHriOyBaHHS B3a€-
monii ZEB1-Brgl Mmoxe 3Ha4HO 3MEHILUTHU MPUTHIYeHHST
excnpecii E-kanrepuny. Bussunu, mo ZEB1 pexpytye
hTERT i 3B’s13yeTbest 3 mpomoTopoM E-kanrepuny, rajib-
Mylouu oro excrpecito. KmouoBuit haktop EMT, E-kan-
repuH, € npsimoto MimeHnHwo Komruiekcy ZEB1/hTERT.
ExcriepumeHTH in vitro Ta in vivo IpoaeMOHCTPYBaJIu, 1110
hTERT cnpuse inBa3ii myxJIMHY i MeTacTa3aM 4yepe3 B3a-
emopnito 3 ZEBI [42].

3HxeHi piBHi Z0O-1 i kaynuHy- 1 MiacuIooTh Mirpa-
11ito Ta iHBa3il0 MyXJWHU SIK in Vitro, TaK i in vivo NUISIXOM
TapreTyBaHHs ixHiX HuU3XimHux (akropiB FAK i Paxillin.
Ilepudepuunnii 6imok (Z0O-1 — 0i0K, 11O 3aKPIILIIIOE
OJISIIIKY) Ta iHTerpajJbHUU TpaHCMeMOpaHHUU OinoK
(knmaynuH-1) € BaXJIMBUMM KOMIIOHEHTAMM IIiJIbHOTO
3’e¢THaHHS, sIKi 3amo0iraloTh Mirpaiii MyXJMHHUX KITi-
TUH. BUSBWIM HOBUI MeXaHi3M, 1110 PETYyJII0€ EKCIPeCito
Z0O-1 i xnaynuHy-1 B KJIiTUHAX paky, OMocepenKoBaHUI
Z1P4, memOpaHHUM iMnioprepoM HUHKY. ZIP4/ZEB1-
3aJIeXKHUI MeXaHi3M KOHTPOITIOE eKcipecito ZO-1 i muisix
KJ1ayauHy-1, SKMil akTUBY€E MirpailiiiHi i iHBa3UBHi Mpo-
necu yepe3 TapreryBanHs reHiB FAK i Paxillin, 1o po3ra-
IIOBaHI HUXXYE B peryJsTopHOMY JiaHory. Lli KimiTuHHI
nomdii xapakTepusyloThcs BTpaTolo E-kanrepuny, ZO-1,
KjaynuHy-1 i 30iablIeHHSIM Me3eHXiMaJTbHUX MapKepiB,
Takux 9K N-KanrepuH, BIMEHTUH, i (paKTOpiB TpaHCKPUII-
mii, Takux gk ZEB1. 'eHetnuHa inakruBauist Z1P4 npu-
rHiYyBaja Mirpaiito Ta iHBa3ilo Mpu paky MiAILTyHKOBOI
3aj1031, ajie mocwioBaja excipeciio ZO-1 i kmayoauny-1.
I HaBnaku, HanMipHa ekcripecis ZIP4 cnipusina mirpatiii Ta
iHBa3ii, mocutoBana ekcrnpecito ZEB1 i 3HmKyBana pery-
JISILiI0 BUILE3ralaHuX eMmiTeiaibHUX reHiB [43].

BuBuanu ¢yskuito ta mexaHism aii IGFBP2 (insu-
lin-like growth factor binding protein 2) mpu HCC. Excmpe-
cig IGFBP2 nmocmmosanacs B tkannHax HCC, nepen6ayana
TipIIKMii IPOrHO3 i OyJ1a MOB’s13aHa i3 CUJIBHUM METacTaTh4-
HuM noteHuianom. BucHaxxennst IGFBP2 3nauHo nipurHi-
yyBaJIo mpoJicdepallito, Mirpaitito ta inpazito kiaitud HCC,
Tozi sik HaaMmipHa excrpecis IGFBP2 Bukiunkaina 3BopoTHi
npoiiecu. OCHOBHI MEeXaHi3MU BKJTIOYAIU OMOCEPENKOBAHY
IGFBP2 sinepHy nokanizauiio p65, akTUBALIiO SAEPHOIO
dakropa kanmna B (NF-xB) i tpanckpunuii ZEB1 yepes
3B’s13yBaHHSI 3 IPOMOTOPOM reHa. Lle mociimkeHHs Brepiie
inenTugdikye IGFBP2 sik HOBy TeparieBTUUHY MillleHb TTpU
HCC, o aktuBye curHanbHy Bicb NF-xB/ZEBI1 i cipusie
renesy HCC [44].

JlamiHiH Y2 iIHTEHCUBHO €KCIIPECYEThCS B Pi3HUX ITyXJIU-
Hax, i iOro BUCOKa eKCIIPECisl KOPETIOE 3 pO3BUTKOM i Ipo-
rpecyBaHHSIM paky. BusBuiau, 1o OiIbIn BUCOKa eKCIIpe-
Cisl 1aMiHiHY CYTTEBO KOPEJIOE 3 MOraHO BUXKUBAHICTIO
B KOTOPTi MOTPiliHO-HEraTUBHOIO PaKy MOJIOYHOI 3aJI03M.
DyHKIiOHATbHA XapaKTepUCTUKa IoKa3aa, 1o JIaMiHiH
Y2 crnpusie KIITUHHIN npojidepalii Ta mirpariiiHiii 3mat-
HocTi kiTuHHUX JiiHin TNBC 3a mornoMoroo mnocuieHHs
ekcripecii CD44. Kpim Toro, 1aMiHiH BifirpaBaB OHKOT€H-
HY pOJIb Uepe3 MOmyIloBaHHs ekcrpecii mapkepiB EMT.
Byno minTBepmxeHo, 1110 MillleHHIO JlaMiHiHy O0yB ZEBI,
10 cripusiyio ioro TpaHckpumitii. LlikaBo, 110 JaMiHiH pe-
I'yJIIOBaB Mirpallito KJIiTUH yepe3 curHaabHui nuisix STAT3.

Otxe, MileHHIO JaMiHiHy € ZEBI1 uepe3 akTuBaliito
curHainbHoro unisixy CD44/STAT3, mo cripusie poti-
(depauii Ta mirpanii kaitun TNBC i cBiquuTh 1po e, 1110
JIaMiHiH Y2 MOXe OyTH ITOTEeHIiHOIO TepareBTUYHOIO Mi-
HIeHHIo [45].

OcTaHHI JOCIIXKEHHS MMoKa3aau pojib poanunu ZEB
y npoutidepallii MyXIMHHUX KJITAH Ta iHAYKyBaHHI pe3uc-
TeHTHOCTI 10 Teparnii. ZEB1/2 3maTtHi cyTTeEBO CripuUsiTH
npostidepalii Ta XKUTTE3TATHOCTI paKOBUX KIiTUH. BoHn
MOCWJTIOIOTH Mirpallifo Ta iHBa3ilo KJIITUH paky MpoCTaTh
(PIT) mussxom inaoykuii EMT. HanmipHa excripeciss ZEB1
i ZEB2 nop’s13aHa 3 moranum riporHo3oM PTI1. TTinBuiieHHs
perynauii ZEB1 i ZEB2 BinbyBaeTbhcs 1Iia yac mporpecy-
BaHHs PII i Mmoxe 3a6e3meynTy CTIMKICTh PAaKOBUX KJITITUH
1o teparii. PRMT1 (Protein arginine methyltransferase 1),
SMAD?2 i nexkonyioui PHK mMoxyTh ¢yHKIIIOHYBaTH SIK
BUCXinHiI Meniatopu cimeiictBa ZEB, a Bax, Bcl-2, MRP1,
N-kaarepuH i E-kagrepux MoxHa po3misiaaT IK HU3XiaHi
mimeHi ZEB nipu PIT [46].

PecrioHCUMBHUI TeéH TOPMOHIB IIUTOIOAIOHOT 321031
(II3) (THRSP — Thyroid hormone responsive gene) Bizo-
MMU TUM, 110 PETYJIIOE PEaK1ilo HA TUPEOiTHI TOPMOHH, ajie
MOro eKCIIpecist KOPeJIIoe 3 Pi3HUMU HaCTiIKaMu IIpU Ies-
kux Bugax paky. Tkannau HCC manu 3HUXKeHY eKCIpeciio
THRSP nopiBHSIHO 3 IpUWIETIMMU 310POBUMU TKaHWHA-
mu. KpiM Toro, nmamieHTH 3i 3HUXKEHOIO eKCIpecieto Oika
i MPHK THRSP nemoHcTpyBasu ripii pe3ynbratu. Hok-
nmayd THRSP nmpusBonus 10 mocrieHHs KJIITUHHOTO POCTY,
Mirpatii Ta inBasii kiitun HCC, a fioro HanMipHa ekcripecist
MaJla IPOTUITYXJIMHHUM eeKT in vivo Ta in vitro. BusiBuiu,
o migsuieHa ekcrpeciss THRSP npuraivye remarorieso-
JIIPHUM KaHLIepOreHe3 IIISIXOM iHTioyBaHHs ripoiiecy EMT,
nitoun Ha curHasbHUi uisix ERK/ZEB1 [47].

HemonasHi gocimkeHHS TToKa3aiu, 110 TJIiKOJ1i3 MoXke
MiITPUMYBATU METACTa3yBaHHS LIJISIXOM 3HUKEHHS 3Ha-
yeHHsI pH MiKpoOTOYEHHS MyXJIMHU, CIIPUSIIOUM TeHepa-
uii ATP i BmmBaloun Ha CUTHaIbHI IUiaxu. [HriOyBaHHS
depMeHTIB TJIIKOJIi3y MPU3BOANTE IO 3MEHIIIEHHS iHBa3il
PAKOBMX KJIITMH i METacTa3yBaHHS, 1110 BKa3y€ HA KPUTUUHY
pOJIb TJIiKOJIi3y B LIMX OiosioriyHuX nomnisix. byB ineHTHi-
KOBaHMIA HOBUM MexaHi3M 3a yuyacTio ZEB1 y cnpusiHHi
HCC msixom akTuBarii TpaHcKpumnilii pocdodpyKToKiHa-
31-1 i BCTaHOBJICHMH TIpssMuii 3B’s130K ZEB1 i3 ctumyiio-
BaHHSM TJ1iKoi3y Ta edbexry BapOypra [48]. I1pumnyckaiors,
1110 iHriOyBaHHS TpaHCKpuILiliHOi akTuBHOCTI ZEB1 om0
dochodpykTokiHazu-1 Moxe OyTH MOTEHIIiITHOIO cTpaTe-
rieto mrst Teparii HCC.
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ZEBI1 OGepe ygyacTh y MOIyIIOBaHHI MeTaOOIiYHOTO
nepenporpamyBaniss HCC. BusiBrim 3Ha4Hi 3MiHU 4rc-
JICHHUX MeTa0OJITIB y UISIXy cuHTe3y cepuny (SSP), ski
MOXYTb OyTH BiTHOBJICHI TIpy HaaMipHiil ekcripecii ZEBI.
SSP € moxinHUM IUISIXOM MpPU INIiKOJi3i, SKUII OXOILIIOE
3 BaXXJIMBI peakllii, 1110 30iCHIOIThCS hepMeHTaMu: (oc-
doraiuepatnerinporeHasoro, dochocepuHamiHoTpaHche-
pasolo Ta pocdocepunrdocdarasoro [37].

IMyHHa crcTeMa PeryTIOEThCS IIJISIXOM aKTUBALlii IS -
XiB Ta iHriOITOPHMUX KOHTPOJBHUX TOYOK, SKi BU3HAYA-
IOTh 0aJlaHC MiX iIMyHHMM 3aXHCTOM i TOJIEPAaHTHICTIO.
Ilyx1uHHI KJTITUMHU MOXYTh iHIYKYBaTU TaKi KOHTPOJIbHI
TOYKH, 11100 YHUKHYTH PYHHYBaHHSI iMyHHOIO CUCTEMOIO.
ExcnpecoBani PD-L1 Ha pakoBuX KJIiTUHaX B3a€EMOIi-
10T 3 PD1 Ha T-kiiTrHAX, IpUTHIYyIOYX iX aKTUBALIilO Ta
TapreTyBaHHs pakoBuX KJIiTuH. EMT KepyeTtbest hakTo-
pamMu TpaHcKpumiii, 3anexuumu Bim TGF-f1, i k1ouem
IO 1IbOTO MPOIIECY B 3/10sIKiCHUX nmyxianHax € ZEBI1, skuit
CTUMYJIIOE iHBa3il0 MyXJIMHHUX KIiTUH [49]. BignosinHo
curHaminr TGF-1, sxuit kontpomoe EMT, Takox mmoB’s1-
3aHUI 3 PE3UCTEHTHICTIO 0 Teparii. byjo mokasaHo, 1110
EMT innykye exkcnpecito PD-L1 Ha niHisSIX paKOBUX KIIi-
TUH, a BUCOKI piBHi PD-L1 nos’si3aHi 3 pe3uCTeHTHICTIO
1o imyHoTteparii [50].

Ha mogeni muiiayoi aneHokapimHomu JiereHis (AC)
OTpUMaHi 1oKa3u Toro, 1o iHaykuiss ZEB1 y cepenoBuii,
30araueHomy TGF-[31, B iHBa3MBHUX KJIiITMHAX IIOB’SI3y€
o0uBa 1Ii NUISIXU CTIMKOCTI 10 iMyHOoTepartii. Bitomo, 1110
PD-L1 obmexyeTbest BroprHeHHsIM y KinituHu AC. Buko-
pucrtoBytoun myrtauiro ZEBI, HoknayH i HaaMipHY eKc-
npecito, rmoxkasanu, 1o ZEB1 HeoOXinHUl 111 yTBOPEHHSI
PD-LI1. Kpim Toro, npogemoHcTpoBaHo, 1110 ZEBI1 iHaykye
CD47 (integrin associated protein) B iHBa3MBHMX KJIiTUHAX.
CD47 moxe 3B’s13yBatu Sirpa i Tspl Ha Makpodarax i 3amy-
ckatu SHP2-3anexHuii X, SKUid peryitoe Garouuros.
ZEBI1-ingykuis CD47 takox kepye M2-mosipu3aiiieo
MpUJIEraInuX MakpodariB, BiIKpuBalO4M ILUISIX JJIST Ta-
KOI 3K ToJjisipu3alii MakpodarisB, acoliiioBaHUX 3 MyXJIU-
Hoto (TAM), y myxiimHax, 00OMeXXeHUI MiKpOOTOYECHHSIM
HABKOJIO iHBa3MBHUX KJITUH. M2-nionsgpu3oBaHi TAM,
SIKi IPUTHIYYIOTHh Mirpallilo Ta akTuBaiiio T-KIiTuH, Ta-
KOX MOXYTb CIIPUYMHUTHU CTIHKIiCTh 10 iMyHOTeparii. Tomy
BaXXJIMBUM IUTaHHAM € Te, 5K EMT iHBa3sMBHUX paKOBUX
KJIITUH TOB’sI3aHUI 3 PE3UCTEHTHICTIO 10 Tepartii Ta moti-
sIMU, 110 BUKJIMKaTh M2 nonsipusaniio TAM. Orpumani
naHi ceimyath, mo ZEB1 moB’s3ye 11i 1Ba HIIIXU pe3uc-
TEHTHOCTi, OCKiJIbKY BiH HeoOxinHuii mis ekcnpecii PD-L1
Ha iHBa3MBHUX KIIITMHAX paKy, a TakoxX iHaykye CD47 na
LIUX KJIITUHAX, 1110 Kepye M2 nonsipu3saitietro TAM. Penpo-
rpaMyBaHHSI MiKPOOTOYEHHSI HaBKOJIO iHBa3MBHUX KIIITUH
3axXMIlA€ iX Bill BOPOXKOTo 3aMajibHOrO CepeloBUlIa, 110
oTouye nmyxjauHu [51].

BusiBunu, 1o uieHu cimericTBa ¢hakToOpiB TpaHCKPHUTI-
wii Ets (E26 transformation-specific) Etsl i Ets2 cripustiots
aktuBailii Snail Ta ZEB1/2. Inaykuis Snail TGF-f i ak-
TUBHUM Ras cyTTeBo iHTiOyeThCs 3a nornmomororo siPHK
npotu Etsl i Ets2, kpim Toro, siPHK Takox 3HMXYyIOTH
KOHCTUTYTUBHY eKcripecito Snail i ZEB1/2 y pakoBux KJii-
TuHaX. JlocliakeHHs KiIbKOX aIbTepHAaTUBHO CILJIaiicoBa-
Hux BapiaHTiB Ets1 BusBuio, mo p54-Etsl, skuii BKIouae

ex3o0H VII, ame He p42-Etsl, 6e3 IbOro eK30HY peTyIioe
ekcnpecito dakropiB TpaHckpunuii EMT, a 1ie cBiquuTh,
mo Etsl € BaxkJIMBOIO MOJIEKYJIOIO I peryisiii Snail
i ZEB1/2, a oTXe, mporpecyBaHHsI paKy 4epe3 MoCTTpaHC-
JISLiHY Moaudikaliito foMeHy ek3ony VII [52].

ZEB1 i meTaCTO3U NpU KAPLUHOMAX
LLMTONOAIGHOT 30AO3U

HaiiBaxJIMBillIMM 3aBIaHHSIM, SIKE€ CTOITh Mepel eHI0-
KPUHHUMMU Xipypramu, € MOIIyK CrenudivHuX MapKepiB
MeTtacTa3yBaHHs. KilbKicTh TakKMX MapKepiB Haiuye BXe
KiJIbKa IeCSTKiB, ajie J0Ci BaXKO BU3HAYUTHU, YU OYIYTh
YTBOpPIOBATHCS MeTacTa3u Ipu KapuuHomax LI13, a Takox
nependayuTv pO3BUTOK PaTioloApe3nCTEHTHOCTI MeTacTa-
3iB. 32 HAIIMMU TaHUMH, MapKepaMu, SIKi MOXYTbh CBITUUTH
PO arpecHBHICTh i METACTATUYHUI MOTEHLIa MyXJIUHU,
€ ANepHUN aHTUTEeH KJIiTUH, 110 npoaidepyiots (PCNA)
[53, 54], excrpecist pigkicHoi i3oopMu prOoCcOMaIbHOI
kinasu p70S6K — p60S6K [55] i ekcripecig ZEB1 y masmi
i ximitnHax KpoBi. Taxk, kinpkicts ZEB1 y MoHOHYKIIEapax
KpOBi XBOpuX Ha naniisipHy KapuuHomy (ITK) ctaHoBuia
0,369 + 0,083 Hr/MKr 6iiKa, 110 BipOTimHO He BiApi3HSI-
Jiock Binm KoHTpouo (0,347 Hr/MKT), y TOI Yac sIK y XBO-
pux Ha I1K 3 MeTacTazaMu KiJIbKiCTh TPAaHCKPUIILITHOTO
dakropa Oyna B moHan 2 pas3u Oinbmon — 0,799 + 0,084.
YV mna3Mmi kpoBi xBopux Ha 1K xinbkicte ZEBI cTaHo-
Buia 0,928 + 0,121 Hr/mu (KOHTPOJIb, 310POBi 0COOM —
0,576 ur/mn), Toxi sk y xBopux Ha I1K 3 MeTacTazamu Kilib-
kictb ZEB1 6yna 1,548 & 0,254 ur/mi. OcoGiuBY LIHHICTh
OCTaHHIM JaHWUM Ha/a€e Toi (hakT, 110 11i MOKa3HUKKU MOXHA
OTpUMAaTHU B JOOMepaliiiHOMY Mepioai TECTyBaHHSIM KPOBi
XBOPUX.

JlocnmimkeHHs iHIIMX aBTOPIB IMOKa3au, 110 aKTUBallis
EMT TicHo moB’s13aHa 3 niporpecyBanasaM 1K Ta inBa3i-
€10. byB npoBenenuit anani3 3paskiB [1K i BinmoBigmHux
HopMaabHUX 3pa3kKiB 1113, mob nocainut qudepeHiaib-
Ho ekcripecoBaHi renu (JIET). Inentudikysanu 244 renu
(183 — 3 miaBMILEHOIO PErysLico Ta 61 — 3i 3HUKEHOIO
perynsiuieto), moB’si3aHi 3 mporuozom JE-EINIT (rexu,
o 6epyth yuyacth y EMT). Otxe, y 1K 244 NE-EIIT
MaloTh CTOCYHOK JIO KiJTbKOX OCHOBHUX OHKOT€HHMX IPO-
ecis [56].

Bcl-2-aconiiioBanmii ataHoreH 3 (BAG3) BrinBae Ha
YHCJIeHHI KIITUHHI (QYHKIIi1, BKIIFOYHO 3 TIpoJidepalli€lo,
afoITo30M, KJIITUHHOIO aare3i€ro, iHBa3i€lo Ta aBTodari-
€. [IponemoHcTpoBaHa HoBa posib BAG3, mpuueTHoro
no EMT, ane mexaHi3zmu iforo aii He 3’sgcoBaHi. [Toka-
3aHO, o HokaayH BAG3 innykyBaB EMT i mocuimoBaB
Mirpatito Ta iHBa3uBHicTh KJIiTuH paky I3 (PLLL3) ve-
pe3 TpaHcKpuIiiiHy aktuBaiio ZEB1. Takox BusBuin,
mo HoknayH BAG3 npu3BiB 10 sSIIepHOTO HAKOIMMYECHHS
-kaTeHiHy, SIKMI BiIMOBiga€ 3a TpaHCKPUIILIIMHY aKTU-
Bauio ZEBI1. Lli pesynbTaTn BKa3ywTh Ha Te, 1110 BAG3
€ peryasitopom ekcripecii ZEB1 pu EMT, peryasgtopom
MeTactasyBaHHA y KinituHax PLL3 i moTeHLifiHOIO MillIeH-
HIO JUISI 3ao0iraHHs iHBa3ii Ta MeTacTa3yBaHHIO KJIITMH
PII3 [57].

Taxox mociimkyBanyu MoxiIuBy posib MikpoPHK-451a
y po3Butky kiituH 1K I3 in vitro ta in vivo. KitbKicTb
MmikpoPHK-451a 0yna momiTHO 3HMXeHa B 3pa3kax [1K
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TOPIBHSIHO 3 MO3aIyXJIMHHOI TKaHWHOI0. [TocuieHHs pe-
ryasuii miR-451a npurHiuyBano nposidepaltito KJIiTUH
I1K, 3gaTHiCTb o0 Mirpailii Ta iHBa3MBHICTb KJIITUH in Vitro.
Kpim Toro, mikpoPHK-451a npurHiuyBaia picT KJIiTUH
T1K i mereHeBi MeTacTas3u KJITHH in Vivo, TOAI IK 3HUKEH-
Hs KinbkocTti MikpoPHK-451a Buknukano npotuiexHi
pe3yabratu. Baxiupo, mo mikpoPHK-451a inBepcuBHO
mopyaoBaia ekcipecito ZEB1 y ximitunax 1K morssxom
MPSIMOTO 3B’sI3yBaHHS 3 3’ HETPAHCIbOBAHOO MiISTHKOIO
(UTR) ZEBI. Criocrepiranach HeraTMBHA acolliallis piBHS
ZEB1 3 piBHem MikpoPHK-451a y tkanunax I1K, i caitnen-
cunr ZEB1 imityBaB cynpecuBHuit BriuB MikpoPHK-451a
Ha TIpoJridpepariito, MOOITbHICTh Ta iHBa3UBHI (DEHOTUTIN
kiituH [1K. HangmipHa excnpecis ZEB1 ckacoByBania iH-
rioyrounit BrumB MikpoPHK-451a na xonitunam [1K. 3aranom
11e TOCTiIKeHHs mokasaio, 1o MikpoPHK-451a crpumye
picT i MeTacTaTuuHi eHotunu kiituH 1K yepes Taprery-
BanHsg ZEB1 [58].

Excnpecisg ta aktuBHicTh CD73, eKTOHYKJIEOTUIA3U,
sika Oepe yJyacTb B YTBOPEHHI aIcHO3UHY, € BaXJIMBUM Map-
KEPOM 3JIOSIKICHOCTI IyXJIMHU. 3POCTA€ KiJIbKiCTh TOKa3iB
Toro, 1o EMT i aneHo3uHeprivHmii IIJISIX TiCHO OB’ sI3aHi
Mi cO0O0M0 Ta BilirparoTh KJIFOYOBY POJIb Y PO3BUTKY paKy.
Tomy nocnimxyBanu Kopesiito Mixk CD73 i ZEB1, Bpaxo-
BYIOUM IXHiil BIUIMB Ha MporpecyBaHHs MyXJuHU. [1purHi-
yeHHs excrpecii CD73 y ainii kiitun 1K 13 npusBoauts
1o 3HKeHHST eKcrpecii 0inka ZEB1. Kpim Toro, ekcripecist
CD73 i ZEBI1 xopetoBaja 3i 3MiHaMH B XapaKTePUCTUKAX
MopdOJIOTil KITUH, BUPIIIaJIBHUX IS Mirpallii, CIIpUsSIoun
30iJIbIIEHHIO 1HAEKCY MOJISIPHOCTI KJIITUH i IIBUIKOCTI 1X
Mirpauii. AHaji3 BUsIBUB Bullly ekcripecito NT5E (CD73)
y 3paskax 3 mytauissmu BRAF, 1110 cynpoBomkyeThcs iepe-
BakKaHHSIM ekcrpecii curHatyp yactkoporo EMT /riopun-
HOTO cTaHy [59].

OtpumMani aaHi cBimyath npo 38’30k y ITK Mix ekc-
npeciero ta akTuBHicTI0O CD73 i mocTTpaHCKPUITLIiTHOIO
peryisuiero ZEB1 3a nonomoroto Hekoaywodoi PHK.

FOXEI € cneuudiynum nag I3 dakTropom TpaH-
CKPUIIILii, HEOOXiMHUM AJs i1 PO3BUTKY ¥ MiATPUMKU
nudepeHuiiiopaHoro crany. HemonaBHo 0yB onuvcaHuit
CUJIbHUI 3B’5130K MiX ekcrpecieio FOXEL i cmpuiiasaT-
ymBicTio 1o PIII3, ayse Maio BimoMo mpo MexaHi3MH, 1110
JIexaThb B ocHOBI iHgykoBaHoro FOXE1 myximHOyTBOpeH-
H B 3an03i. Excripecis FOXE1 xopemioBana 3i cratycom
nudepeHIiloBaHHS, ajie He 3AaTHICTIO 10 KJIITUHHOI Mirpa-
wii. [Tpore exciepMeHTH 3 BTPATOIO Ta HAOYTTSAM (DYHKIIIT
nokaszanu, o FOXE1 Moayitoe KIiTUMHHY Mirpaiiito, 1o
CBITUUTH IIpo 1oro poiab y EMT. Anaii3 3araJbHOreHOM-
Hoi ekcripecii BusHauuB ZEB, rosoBuuii innyktop EMT,
K niepenoauyBanuii TapretHuii reH FOXEL. Tak, caitnen-
cunr reHa FOXE1 3meHniyBaB ekcnipecito ZEB1, Toni sik
loro HaagMipHa ekcrpecis 30iibliryBajga TpaHCKPUIILili-
Hy aktuBHicTb ZEB1. byno Busineno, mo FOXE1 6e3-
nocepeaHbo B3aeMojie 3 mpomotopoMm ZEB1. Hapemri,
caimencunr ZEB1 3MeHIIyBaB Mirpailiro Ta iHBa3uBHICTh
nyxauHHUX KJaituH 113, BKazyoun Ha Oro BaXJIMBIiCTh
y metactazax nmyxauH L13. Otxe, ZEB1 € peanbHO10 Mi-
menHo FOXE1 y kiitunax P13, 1110 nae HoBe ysBJIEHHS
npo poab FOXE1 y perynsiiii KJIiTHHHOI Mirpaliii Ta iHBa3ii
npu PIL3 [60].

KinpueBi PHK (circPHK) — me noBuit Tunm PHK,
KUK, Ha BigMiHy Big JiHiiiHux PHK, yTBoptoe cTpyKTy-
Py KOBaJICHTHO 3aMKHYTOI ITeTJi 6e3 5’-kena ab6o 3’-1mo-
Ji-A xBocTa. € 6araTo nokasiB Toro, 1o circRNA 6epyTtb
y4acThb Y peryJjsiii pisHOMaHITHUX maTogi3iosorivHux
TMPOLIECiB, BKIIIOYHO 3 Mpostidhepalli€ro KITHH, alloNTO30M,
MeTacTaszamu i nporpecyBaHHsiM paky. CircPHK VAN-
GLI1 (circ-VANGL1), orpuMaHa 3 1BOX €K30HIB TreHa Van
Gogh-like 1 (VANGL1), paniie 6yna ineHTHdikoBaHa SIK
OoHKoOTeH [61].

Kinbuesi PHK (circRNA) yacTo abepaHTHO eKcrpecy-
I0TbCS B MYXJIMHAX JIIOJWHU, a TAKOX BiirparoTh BaXJIUBY
perynsitopHy poJib y nmaroreHesi [1K 1113. BuBueHHs kapTu-
HU eKkcripecii Ta 6iomoriyHoi poJii circVANGLI1 y ITK noka-
3ai10, 1o circVANGLI Oyia HageKcIipecoBaHa B ITyXJIMHHIX
3paskax moauHu. Kpim Toro, ii BUcoKa eKcrpecis 0y/a TiCHO
IOB’si3aHa 3 HECTIPUSITIAUBUMHU KIiHIYHUMU TTapaMeTpaMu
nawieHTiB 3 [1K. ExcriepuMeHTH in vitro mokasaiu, 1110 HOK-
nayH circVANGLI1 3a nonomoroio siPHK npurniuysaB Mi-
rpauito, poidepamnito, EMT Ta inBa3iro xiritun 1K, Tomi
SIK HaJMipHa eKCIpecisl BUKJIMKAaIa MPOTUIEXKHI eheKTH.
Kpim Toro, mokasaHo, 110 circVANGLI1 Moxe B3aemomisiT
3 MikpoPHK-194 6e3nocepentro B 1K i perymoBatu ¢hyHK-
uito ZEBI. Iurioysanust MmikpoPHK-194 nmomitHO ckaco-
Bye epextn HoknayHy circVANGLI1 y knitnnax [TK. OTxe,
OTpUMaHi pe3yabTaTu HalaloTh MePeKOHIUBI T0Ka3u TOro,
mo circVANGL1 Moxe TposIBISITY OHKOTeHHMIT BIUIMB Ha
ITK, perymotoun Bicb miR-194/ZEB1 [61].

PozBunytuii PII crilikuii 10 3BUYaiiHMX METOMIIB JIiKy-
BaHHSI, i BUCOKA YacTOTa PELUIMBIB MOB’s13aHa 3 BUCOKUM
piBHeM MeTtacTtadyBaHHs. PCK BBaxaloThCs BinmoBimalib-
HUMMU 32 1ie Yyepe3 IXHIO 3JaTHICTh 10 CaMOBiIHOBJICHHS
i nudpepeHialii B iHmi tTunu kiaituH. ZEB1 acolitoeTbest
3 aKTUBAIII€I0 KiTbKOX MEXaHi3MiB, SIKi IPU3BOISITH IO CTili-
KOCTi 710 JlikyBaHHsI. OCKiJIbKM OCTaHHi JaHi Moka3aiu, 1o
PCK MoxyTh moxonuTH Bif iHIIMX KIiTuH mix yac EMT,
OyJI0 BUCYHYTO TiIlloTe3y, 10 3HMKEeHHs ekcrpecii ZEBI
y KiituHHuX JiHisgx PII Moxe moBepHyTHU nesiKi BIacTu-
BocTi, noB’s3aHi 3 PCK. Byno BusiBjieHo, 1110 B KJIiITUHAX
3 HoknayHoMm ZEBI piBHi ekcrnipecii MapkepiB (heHOTUITY
PCK (CD44, CD133 i SOX2) 6ynu 3HMXKEHi TOPiBHSIHO
3 KoHTpojeM. KpiM Toro, Taki KJIiTUHU T€MOHCTPYBaIU
MEHIIlY 3[aTHICTh YTBOPIOBATH MIpocTaTocdepu it reHepyBa-
TH KoJioHii. I HacaMKiHenp cTabinbHe nmpurHideHHs ZEB1
3MiHu10 BiractuBocTi PCK y kitituHHux miHisix PIT. Ockinb-
k1 ZEB1 acouitoeTbcs 3i 3/105KICHICTIO, pe3UCTEHTHICTIO
1o tepanii Ta ¢peHorunom PCK y knituHHuUx ninisx PII,
tapretyBaHHsI ZEB1 Moxe OyTy KIIro4oBUM (haKTOPOM ISt
BukopiHeHHs: PCK i mostiniiieHHsT TPOrHO3y MAIliEHTIB i3
nporpecytounm PIT [62].

BucHOBKM

1. ZEB1 3HaxomuThcsT B aBaHTapIi TPAHCKPUITIITHIX
daxTopiB, sKi 6epyTh yyacTb y KoHTposi EMT, i ciipusie
TnepeMillleHHIO I mnudy3il MyXITMHHUX KIIITUH, CTOBOYpPOBO-
CTi KJIITUH, PE3MCTEHTHOCTI 10 JIiKyBaHHSI, MeTacTa3yBaHHIO
I YHUKHEHHIO iMyHHOI peaKiiii.

2. ZEB1 € knwouoBuMm peryiaatropom EMT i meracra-
3yBaHHS M aCOLIIIOETHCS 3 YTBOPEHHSIM PaKOBHUX CTOBOY-
POBUX KJIITWH i pe3UCTEHTHICTIO OO Teparlii 11 6araTbox
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BUIIB paKy, y TOMY YHCJIi IAMUISPHOI KAPIIUHOMU IIIUTO-
NoIi0OHOT 3a7103M.

3. ZEB1 Moxe OyTi HallBaXKJIMBILLIMM MapKepoM iHBa-
3UBHOCTI yxJInH. [{oorepaniiiHe JOCTiIKeHHS M0TO piBHS
B KJIITUHAX i T1a3Mi KpoBi mpu KapurHomax 113 Mmoxxe mno-
TMOMOITH Y BUBHAUYCHHi 00’ €My XipypriYHOIr0o BTpy4YaHHS Ta
MOMAJIbIIIO] TepaIil paaioiioaoM.

KonduikT inTepeciB. ABTOpU 3asIBJISIIOTH PO BiZICYTHICTh
KOHJIIKTY iHTepeciB i BIacHOiI (piHaHCOBOI 3alliKaBI€HOCTI
NP MiArOTOBIII 1aHOT CTATTi.

Buecok aBtopiB. Tpoubko M.Jl. — inest poboTu, pe-
nmaryBaHHg ctatti; 3inny I1.I1., IlymxkaproB B.M., JleB-
yyk H.I. — yyacTb B ekcriepyMeHTax, HarnucaHHs i ohopm-
JIEHHSI CTaTTi.
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ZEB1 as a marker of metastasis in thyroid carcinomas:
review of literature and own data

Abstract. Metastases are the leading cause of death from malignant
tumors. The metastatic process involves the exit of cancer cells
from the primary tumor into the blood or other transport system,
colonization and proliferation in a distant organ. The key process
of the metastatic cascade is the epithelial-mesenchymal transi-
tion (EMT), which consists in the transformation of epithelial cells
into mesenchymal, capable for migration. At the same time, ep-
ithelial markers (E-cadherin) are replaced by mesenchymal ones
(N-cadherin, vimentin, fibronectin). In malignant tumors, EMT
is initiated by different signaling pathways through the regulation of
transcription factors (EMT-TFs) and miRNAs. Downregulation of
E-cadherin expression is induced by transforming growth factor f3,
epidermal growth factor, fibroblast growth factor, and interleukin-6.
Growth factors activate intracellular signaling pathways, which in
turn induce several repressors of E-cadherin gene transcription,
such as Snail, Slug, zinc finger E-box binding homeobox 1 (ZEB1),

ZEB2, Twist, TBX-2, and SIX. ZEBI is the main EMT-TF of the
ZEB family and is associated with cellular plasticity, dissemination,
and the switch from a dormant to proliferative phenotype at distant
metastatic sites and is a determinant of poorer clinical prognosis in
most human cancers. ZEBI is at the forefront of transcription fac-
tors involved in the EMT control and promotes tumor cell migration
and diffusion, cell stemness, resistance to treatment, metastasizing
and evasion of the immune response. Since ZEBI1 is a key regulator
of EMT, metastasizing is associated with cancer stem cell formation
and resistance to therapy in many cancers, including papillary thy-
roid carcinoma. It may be an important marker of tumor invasive-
ness. Preoperative examination of its level in blood cells and plasma
in thyroid carcinomas can help in determining the extent of surgical
intervention and subsequent radioiodine therapy.

Keywords: papillary thyroid carcinoma; epithelial-mesenchymal
transition; ZEB1
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" HauioHaAbHW MeamdH yHiBepcuteT imeHi O.O. boromMoasLsi, M. Kuis, YkpaiHa
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MO3 YipaiHu, m. Kuis, YkpaiHa
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AVHOMIKQ PiBHIB KOPTU3OAY
| CTOHY 3a6e3neyvyeHocTi BitamiHoOM D
NPOTAromM NOBHOMAOCLUTAOHOI BinHM B YKPATH
Yy XBOPUX HO LlYKPOBUM AiabeT 2-ro tuny

Pestome. AktyanbHicTb. OuiHka posii ropMOHIB CTpecy, piBHS BiTamiHy D nig fieto JoOBroTpmuBanoro rncuxotpas-
MYIOHOro YMHHMKa Hagae iHgpopmawito, HeoOXigHY A5 NPOINaKTUKN YCKIaAHEHb LyKPOBOro giabety 2-ro Ty
(UA2). MeTa: ouiHnT1 AMHaMIKy rOpMOHY CTpecy KopTu30sy i cTaH 3abesrnedeHocTi BitamiHoMm D y xBopux Ha
L2 npotsirom noBHomacLUTabHOI BiviHn B YKkpaiHi nopiBHSIHO 3 OBOEHHUM cTaHoM. MaTtepiann Ta meToau.
Y nepiog 2021-2024 pp. 6y710 NpOBEAEHO MPOCNEKTUBHE AOCIIAXEHHS, B IKe BK/IoYanucss nayieHty 3 L2
i piBHeM rrnikoaHoro remorno6iHy (HbA1c) 2 7 %, nayieHTu 3 iHCyniHope3ucTeHTHIcTio 6e3 LU i nayieHTn 6e3
L/ Bikom 19-75 pokis. Kputepisimu BUKIItO4YeHHS 6ynn: L{/12 3 HasBHICTIO TSXXKUX XPOHIYHUX YCKNa[HEHb, PiBEHb
HbATc < 7 %, rocTpi 3anasbHi npoLecu, OHKOSIOri4Hi XBOpobu, iHAEKC macu Tina 2 40 Kr/M?, npuiiom aHTugenpe-
caHTiB, npenaparis BitamiHy D MeHLue Hix 3a 2 micsaui 4o gocnimkeHHs. Jocnigxysanu cepeaHivi piseHb 25(0H)D
i piBHI KOPTU30J1y CUPOBATKN | KOPTU30J1Y B C/INHI LLOPIHHO BpogoBx 2021-2024 pp. JlabopaTopHi 4OCAKEHHS
BukoHyBanm metogamu CLIA Ta TBepgogasHoro iMyHoghepMeHTHoro aHanisy. Peaynbtatun. Y nauieHTis 3 L2
CroCTepiracTbCsl HYXKYMI cepeaHivi piBeHb BiTaMiHy D, SKuii 3HWXYETLCS MPOTArOM BIVIHW: BiPOrigHO HYKYUU
piBeHb y 2023 i 2024 pp. nopisHsiHO 3 2021 p. Y mogevi 6e3 L[] cepeaHivi piseHb BitTamiHy D npoTsirom pokis
BIVIHW TaKOX 3HUXXYETLCA, ajle 3arasiom repebyBsae Ha 6i/ibLL BUCOKOMY PIBHI, y Mexax HegoctaTtHocTi. Y 2024
poui cepeHivi piBeHb BitamiHy D y Liei kaTeropii XxBopux 36i/IbLUMBCSA, LLO CBIg4YUTL PO OifibllL aKTUBHE Meau-
KamMeHTO3He BTpy4aHHs. [pu BU3Ha4YeHHI AnHaMmiku KopTmu3osny B cupoBsaTyi y nayieHTis 6e3 L y 2024 poui
criocTepiraETbCsi HACTYrNHe. BMiCcT KopTn3071y B KpOBI BipOrigHO BULLMK, HX [0 BikiHW, a y nayieHTis 3 LJ/]2 6yB
HaviBumm y 2022 poui 3 MOCTYNOBOK TeHAEHUIe [0 3HKeHHs y 2023 p. | MTOBEPHEHHSIM [0 pOCTY CepenHbo-
ro pisHa y 2024 poui. Y yivi rpyni nayieHTiB pi3HUUsa MK rnokasHukamu HesiporigHa. [py BU3Ha4eHHI AuHamikm
KOpTW30J1y B C/IMHI COCTepiraeMo picT cepefHboro piBHs MPOTSAroM BiviHW y nauyieHTis 6e3 /] i pict cepeHb0ro
PIBHSI AIPOTAroM BiviHn 3 nikom y 2023 poui y nayieHTiB 3 IHCYmiHOpe3ncTeHTHICcTio 6e3 L[]. VY nauienTis 3 L2
CrocTepiracTbCs MigBULLEHHST KOPTU301y MPOTArOM BiViHU, sike 6y/10 HasiBHe U [0 ii moYatky. HaviHvux4uii piBeHb
crioctepirascsi B Uivi rpyni nayieHtis y 2022 poui. BucHoBku. Y nauieHTiB 3 L{[]J2 npoTsarom BiviHU rOpPIiBHSHO
3 JOBOEHHWM epiof4oM CriocTepiraeTbCsi cTabifibHO NigBULLEHUN PIBEHb KOPTU3071y B C/MHI, y nrogevi 6e3 L[]
CrocTepiraeTbCsA BiPOrigHWY picT cepenHbOoro piBHs KOPTUIOJTY Y CIINHI MPOTAroOM BiViHW MOPIBHAHO 3 JOBOEHHVM.
PekomeHpyeTbcs BrvB Ha 3HWKEHHS PIBHS IHCYIIHOPE3NCTEHTHOCTI: MoAMGIKaLisi criocoby XUTTS, MiATPUMaHHS
afjeKkBaTHoro pisHs sitamiHy D.

Knto4voBi cnoBa: uykposuii giabet 2-ro tuny; KOPTU30s CUPOBATKU, KOPTU3ON C/uHY; BiTamiH D; 25(0H)D;
CTpecC; BOEHHW cTaH
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Bctyn

B ymoBax pocilicbKo-yKpaiHCbKO1 MOBHOMACIITA0-
HOI BilfHU, sIKa CYIPOBOJXYETHCSI 3HAUHUMU CTPECAMMU,
TPUBOXHOIO HAMPYTOIO, SIK IHAWBIAyaJIbHOIO, TaK i B Cy-
CIJIBCTBI 3arajioM, 0CO0JIMBOI aKTyaJIbHOCTi HaOyBa€ TeMa
OLIIHKY POJIi TOPMOHIB CTpecy, IXHbOI TMHAMIKU MTPOTSTOM
nepioay TOBroTpMBaJIOl Ail MCUXOTPAaBMYIOUOro YMHHUKA
y MAaILli€HTIB 3 XPOHIYHOIO €HIOKPUHHOIO ITATOJIOTIEI0 —
LyKpoBUM niabeTom 2-ro Tumy (LA2) [1].

Ockinbku nauienTu 3 1J12 € rpymnoio puszuky aedinurty
BiTamiHy D, a crioci6 XuTTsl yKpaiHChbKOTO HaceJIeHHsI TTif
yac nanzaemii COVID-19, a 3 2022 poky — noBHoMaciuTa0-
HOI BilfHM 3MiHMBCS B 0iK MEHIIIOTO epeOyBaHHS Ha CBiKO-
MY MOBITpi Yyepe3 YacTi MOBITPsIHi TPUBOTM i HEOOXiTHICTh
KOPHUCTYBaTUCSI YKPUTTSIMU, aKTYaJIbHOIO € OLlIHKA PiBHS
3abe3nevyeHocTi BitramiHoM D Ha TpeTboMy polli BiitHu [2, 3].

s popMyBaHHS MPaBUIBLHOI peakliiil opraHi3My Ha ro-
CTPUIA i XpOHIYHUIA CTpec HeoOXigHe BKITIOUSHHST agaTlTallii-
HOTo MexaHi3my. Moro peasizariist 30iCHIOETBCS LIUTSIXOM
3MiH (QYHKIIii rirmorajamMo-rirnodizapHo-HaTHUPKOBOIL OCi.
A 30ii1 B 1i poOOTi JI€XKUTb B OCHOBI IMaTOreHe3y MCUXOJIOTiu-
HUX, ICUXOCOMaTUYHUX YCKJIAIHEHb, TIOTIpIIEHHS 1epediry
LIJI2 [4, 5]. Ski came mTopyllIeHHS BAHUKAIOTh 3 OOKY CeKpe-
1ii KOPTU30Jy B CTaHi XpPOHIUHOIO CTPeCy, SIKUI CTYMiHb
BUPAKEHOCTi 3MiH KOPTU30JIy TPU CTaHi iHCYJIiHOpEe3uC-
TeHTHOCTI (I1P), y1 MOXXeMo criocTepiraTi BUCHaXKEHHST KOpU
HaIHUPKOBMX 3aJ103 — JIaHi JIiTepaTypy HEOIHO3HAauHi [6—8].

Y nocitinKeHHIX 3raayoTh PO BU3HAYEHHST KOPTU30IY
CHPOBATKHU, BOJIOCCS i CIMHU Ta IXHill 3B 130K MPU MiIBU-
LIEHHI KOHIIeHTpalill 3 MeTabosiuHuM cuHapomom (MC) [9].
PiBeHb KOpTH30J1y BOJIOCCS NOCTIIUIN Y 3KiHOK 3 IIOCTTPaB-
MatnaHUM ctpecoBuM posanom (ITTCP). [1pu iibomy mipo-
JIEMOHCTPOBaHa JOBroTpKMBaJja rinepKopTrU30JeMis, 110 OyJ10
noB’s13aHo i3 [ITCP, amke migBuIeHnii piBeHb KOPTU30IY
CIIoCTepiraBcsi He JIMILIE Yyepe3 BIUIUB caMoi TpaBMH [10].

Koptuzosn, BU3HaUeHUi y BOJOCCI, MOXE CIYTyBaTH 1151
OLIIHKM MaiOyTHiX MeTabOJiYHUX PU3UKIB, 30KpEMa cep-
1HeBo-cyauHHUX [11, 12]. OOMeKeHHSIM AOCIIKEHb, Y SIKUX
3aCTOCOBaHE BU3HAYEHHSI KOPTHU30JIy B BOJIOCCI, € Habara-
TO HUXKYa TOYHICTh, HIXK MalOTh JTOCJiIXKEHHSI KOPTU3O0ITY
Y BUIJISIAI OMHOTOYKOBUX BM3HAUYE€Hb Y CUPOBATILi, CIMHI
abo ceui [13, 14].

AKTyaJlbHUM € TIUTaHHSI HEIOCTaTHbOTO 3a0e3IeyUeH-
Hs1 BiTamiHoM D y martienTiB 3 LIJ12: yn moxe D-nedinut
OyTH YMHHMKOM PU3UKY IIepexoay mpeaiadeTy y MaHidect-
Huii LJ12. Y Hu31i HayKoBUX poOiIT 3ramy€eThCsI IIPO 3B SI30K
D-pediuuty 3 naToreHEeTUMHUMM MeXaHi3MaMU PO3BUTKY
1IJ12, gyTmmBicTio nepudepnIHNUX TKAHUH 10 iHCyIiHYy [15,
16]. BuacHa miarHocTvKa, MpaBUIIbHUIN TepaneBTUIHIA i/~
Xim 10 HaImmx namieHTiB 3 LIJ12 m103BoJIsITh HE TibKKY YHUKHY-
TN Hebe3neyHux yckiagHeHb LI/2 i mcuxommoriyHnx po3ia-
IiB, a i1 3HAUHOIO MipOIO MOJIMIINTH SIKiCTb KUTTSI Malli€HTIB.

Mera: OLIIHUTH AMHAMIKy TOPMOHY CTpEeCy KOPTU30J1y
i cTaH 3abe3meyeHocTi BiTaMiHOM D y XBopux Ha IIyKpo-
BUIA miabeT 2-T0 TUILY IIPOTSIrOM IIOBHOMACIITAOHOI BilTHI
B YKpaiHi NOPiBHSIHO 3 TOBOEHHUM CTaHOM.

Marepiaam Ta meToamn
V nepion 2021—-2024 pp. Oyji10 NpoBeaeHO MPOCHeK-
TUBHE IOCJIIKECHHS, B SIKe BKJIIoYamucs namieHTu 3 1J12

i piBHeM ritikoBaHoro remorio6iny (HbAlc) > 7 %, naiieH-
™™ 3 IP 6e3 LI/1 i mauientn 6e3 LI i IP Bikom 19—75 poxiB.

Kpurepisimu BukimoueHHs oymu: 112 3 HasIBHICTIO TSK-
KUX XPOHIYHUX YCKIIaAHEeHb, piBeHb HbAlc < 7 %, roctpi
3arajibHi poLecH, OHKOJIOTiYHI XBOPOOU, iHAEKC MacH Tija
> 40 xr/M?, IpUOM aHTHIECTIPECAHTIB, MpeTapariB BiTaMi-
Hy D MeHIlIe HixX 3a 2 MicsIIi 10 JOCTiIKeHHS.

Y pamkax gociimkeHHsT 00CTeXXeHO Ha cTaH 3abe3re-
yeHocTi BitamiHoMm D 782 mauienTtu 3 LI/12 (rpyma 1) Bikom
19—75 pokiB 3 pi3HUX perioHiB YkpaiHu. Y rpynu nopis-
HsiHHS Oynu BKmtodeHi 2061 marienT 3 IP 6e3 LI/I (rpyma 2)
i 2136 mauienTis 6e3 LI i IP (rpyna 3). I'pynu Oyau mopis-
HSTHHI 3a BikoM Ta ctaTTio. CepefHiil BiK y TOCIiIKyBaHii
rpyri craHoBuB 41,0 + 4,5 poky, y Tpynax MOpiBHSIHHSI:
y rpymi 2 — 42 + 6 pokis; y rpymi 3 — 41,0 = 5,5 poky.

Cepen MmalieHTiB, 0OCTEXXEHNX Ha CTaH 3a0e3ITeYeHOCTI
BiTamiHoM D, piBeHb KOPTHU30JIy Y CUPOBATIIi BU3HAYM -
qm y 322 nauienTiB 3 /12, y 363 nauienTis 3 IP 6e3 LI
iy 508 mauientiB 6e3 LIJ1 i IP. KopTuson y ciuHi BU3Ha-
gy y 357 nauienTis 3 LIJ12, y 594 nauienris 3 [P 6e3 LIJ]
iy 677 mauienTis 6e3 LIJT i IP.

O0cTexxeHHsT Ha KOPTU30J CUPOBAaTKK, KOPTU30JI CIIMHU
i piBeHb 25-rinpokcusitraminy D — 25(OH)D — npoBoau-
Jiocs mopiuHo. @opMyBanucst pe3yabTaTh CepeaHiX PiBHIB
25(0OH)D, kopTr301y cupoBaTKHu i KOPTU3OJy CIMHU 3a
2021—2024 pp. y TpbOX rpynax mnauieHTiB. [TopiBHSIHHS
CepenHiX 3HaYeHb MPOBOIMIIN Y BCiX Tpymax.

Y craTMcTUuHI OLIHIII pe3y/ibTaTiB BUKOPUCTaHi Ha-
CTYIIHiI METOIM i KpUTepii: 11T TIOPiBHSIHHS BUKOPUCTAHO
kputepiii Kpyckana — Youuica, anoctepiopHi MOpiBHSIHHS
npoBoauIncs 3a kputepiem JdanHa. CtaTucTuyHi migpa-
XYHKM TIPOBOJMJIMCS 3a JIOTIOMOTOIO TiporpaMu Statistical
software EZR v. 1.54 (graphical user interface for R statistical
software version 4.0.3, R Foundation for Statistical Compu-
ting, Vienna, Austria).

JlaGopaTopHa omiHka 3abe3nedyeHocTi BitamiHoM D
MpOBOAMIACS 3pAHKY HATILE 3a IOMOMOIOI0 AOCTiIXKEH-
HS1 25-TigpoKcUKanbIupeposy, ike BAKOHYBaJId METOIOM
CLIA, xeMiTtoMiHECIIEHTHOTO iMyHOaHati3y. BusHaueHHs1
KOPTHU30J1y B cupoBaTui mpoBoauiu 1o 8.00 paHKy HaTIe
3a TOITIOMOTOIO METOIY XeMiTIOMiHECIIEHTHOTO iMyHOaHa-
Ji3y, BUBHAYEHHSI KOPTU30J1Y B CJIMHI TPOBOJAWIIN Y HIYHUIA
yac — 0 24.00 (£ 1 rom) MeTomoM TBepao(a3HOro iMyHO-
¢depMeHTHOTO aHaJTi3y.

PesyAbTaTi

B obGcTexxeHux maiieHTiB TpbOX Ipyn (IOCTiIKyBaHOI
i TpyII OPIiBHSHHST) BUSIBIJIM BipOTiTHY Pi3HULIIO Pe3yJIbTaTiB
cepenHix piHiB 25(OH)D. A came, y rpymi 3 BUSIBJICHO 3HU-
xkenHHs piBH 25(OH)D y 2022 ta 2023 pp. nopiBHsIHO 3 2021
ta 2024 pp. (p < 0,05). st rpynu 2 BUSIBICHO 3HUKEHHSI
piBHs 25(OH)D y 2022 p. nopiBHsiHO 3 2021 Ta 2024 pp. s
rpymu 1 cepenHiii piBenb 25(OH)D y 2023 ta'y 2024 pp. 3HuU-
>KeHuit nopiBHsiHO 3 2021 p. (p < 0,05) (Ta6a. 1).

[Ipu mopiBHAHHI cepenHiX piBHIB KOPTU30Iy B CHPOBa-
Tii y rpynax nauieHTis 3 [P 6e3 LT i LIJ12 y 2021—-2024 pp.
He 0yJ10 BUSIBJIEHO BiIMiHHOCTEI CEpeIHbOI0 PiBHS KOPTHU-
30J1y CUPOBAaTKM MiX rpynamu. Y rpymi naiieHTiB 6e3 LIJI
i IP BinMiHHicTb Bin piBHiB 2021 p. cTaTUCTUYHO 3HAYYIIA,
piBeHb Bupic, p < 0,05 (Tabx. 2).
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I1pu mopiBHSHHI cepeaHiX piBHIB KOPTU30IY B CIMHI
y nauienTiB 6e3 LI/ i [P, mauientis 3 IP 6e3 LI] i nawiieHTiB
3 11J12 v 2021—-2024 pp. BusBneHo ninsumeHH: (p < 0,05)
CcepelHbOTO piBHSA KopTHU3oJy B ciiuHi y 2023 i 2024 pp.
nopiBHsIHO 3 mokaszHukamu 2021 ta 2022 pp. o rpyn na-
mienTiB 6e3 LIJI i IP Ta mamienTiB 3 IP 6e3 LI/ (Ta6m. 3).

O6roBopeHHs

3a ocTaHHi POKM BilfHM KiJIbKiCTb MICUXOIATOJOTIUHUX
po371amiB cepen YKpaiHIiB HeyxmibHO 3pocTae [3]. OnmHi-
€10 3 IPUYMH BBAXKAIOTh MOXKJIMBUIA PIiCT riMepKOpTU30IeMil
y Haioro HacesieHHs. Ll rimoresa miaTBepauIacs B HAILIOMY

TOCIIIKEHHI, ajie He I BCIiX TPYII Malli€HTIB. Y TPpyIIi mari-
enTiB 6e3 L1 i IP criocTepiraeThbcst BiporimHO BUILLIME piBEHb
KOPTHU30JIy Ha TPEThOMY POLLi BiliHM, HixX y TawieHTiB 3 LI12.
I1pu BU3HAYEeHHI TMHAMiK1 KOPTU30JTy B CUPOBATILi Y T1a-
uienTi 6e3 LI i [Py 2024 poui BiH BiporinHO BUILLMMA, HiX
1o BiliHM, a y mauieHTiB 3 LI/12 6yB HaitBumuM y 2022 pori,
3 IIOCTYITOBOIO TEH/ICHIIi€I0 10 3HIKeHHS Y 2023-My i moBep-
HEHHSIM [0 POCTY CepeIHbOro piBHS y 2024 polli, ogHaK B it
TpyTi Nalli€HTIB Pi3HUIIS MixK TOKa3HUKAMU HEBIpOTiaHA.
Tomy M1 pOOMMO BUCHOBOK, 1110 SIBUII «<CUHIPOMY BUC-
HaXXEeHHSI HAIHUPKOBUX 3aJ7103» HA TPETbOMY POLli BiiHU
MU He criocTepiraemo sk y nauieHTis 3 LI/12, Tak i 6e3 LIJI.

Ta6bnuys 1. lNopiBHsiHHA cepenHix piBHiB 25(0OH)D y nauieHTis 6e3 L i IP,
nayieHTie 3 IP 6e3 U/ i nayieHtis 3 U2 y nepion 2021-2024 pp.

CepepHii piBeHb 25(0OH)D, Hmonb/n, Me (Q-Q,,)
MavyieHTn 6e3 U i IP
2021 (n = 528) 2022 (n = 353) 2023 (n = 561) 2024 (n = 694) p
77,25 (60,05-97,3)%2 67,1 (55,0-84,6)"* 69,5 (53,4-88,9)"* 75,2 (56,2-96,4)%° < 0,001
MayieHnTu 3 IP 6e3 U
2021 (n = 543) 2022 (n = 379) 2023 (n = 559) 2024 (n = 580) p
62,1 (47,45-81,37)? 56,7 (46,12—71,85)" 59,4 (44,1-76,5) 61,3 (44,6-80,7) 0,009
MayieHTn 3 U442
2021 (n = 187) 2022 (n = 160) 2023 (n = 213) 2024 (n = 222) p
67,2 (46,9-84,475)>* 56,9 (47,65—72,5) 56,1 (40,5-72,425)' 54,3 (39,9-74,9) 0,013

TMpumitkn: gns nopiBHsIHHA BUKOpUCTaHO KpuTepin Kpyckana — Yonnica, noctepiopHi nopiBHAHHS NPOBOANIINCS
3a Kputepiem [aHHa: ' — BigMiHHiCTb Big rpynn 2021 cTatucTUYHO 3Ha4ywa, p < 0,05; > — BigMIHHICTb Big rpynu
2022 ctatncTU4HO 3Ha4qyLya, p < 0,05; ° — BigmiHHIcTb Big rpynu 2023 ctatucTMyHO 3HadyLya, p < 0,05; * — BigmiH-
HicTb Big rpynu 2024 ctaTUCTUYHO 3Ha4dyLya, p < 0,05.

Ta6bnuys 2. lNopiBHAHHSA cepenHix piBHIB KOpPTU30s1y cupoBaTku y nauieHTis 6e3 LI i IP,
nayieHTie 3 IP 6e3 L[] i nayieHTis 3 U2 y nepion 2021-2024 pp.

CepepHii piBeHb KOpTU30NY cupoBaTku, Mkr/an, Me (Q-Q,)
MauienTn 6e3 U i IP
2021 (n = 154) 2022 (n = 82) 2023 (n = 108) 2024 (n = 164) P
12,75 (10,3-17,3)* 14,7 (11,05-18,25) 13,4 (10,35-19,75) 15,6 (11,4-21,0)" 0,005
MayieHTyn 3 IP 6e3 L
2021 (n = 114) 2022 (n = 49) 2023 (n = 98) 2024 (n = 102) p
12,5 (9,975-18,375) 16 (10,250-21,175) 13,85 (9,6-19,6) 15,1 (10,9-19,4) 0,253
MayieHTnn 3 442
2021 (n = 83) 2022 (n = 52) 2023 (n = 95) 2024 (n = 92) P
8,3 (7,625-14,9) 16,4 (14,1-18,7) 13,4 (8,65-17,7) 15,4 (9,4-22,0) 0,637

TMpuMiTKK: ANs1 NOPIBHSIHHA BUKOPUCTaHO KpuTepin Kpyckana — Yonnica, noctepiopHi nopiBHAHHS NpoBOANITNCS
3a kputepiem [aHHa: ' — BigMiHHICTb Big rpynn 2021 cTaTUCTUYHO 3Ha4ywa, p < 0,05; > — BigMIHHICTb Big rpynv
2022 ctatncTn4HO 3Ha4qyLya, p < 0,05; ° — BigmiHHIcTb Big rpynu 2023 ctatucTUYHO 3Ha4dyLya, p < 0,05; * — BigMmiH-
HicTb Big rpynu 2024 ctaTUCTUYHO 3Ha4dyLya, p < 0,05.

Ta6nmys 3. lNMopiBHSAHHS cepepHix piBHIB KOpTU30s1y B CuHI y nayieHTiB 6e3 L[ i IP,
nauieHTie 3 IP 6e3 4[] i nayientis 3 U/]2 y nepion 2021-2024 pp.

KopTtuson B cnuHi, Hr/mn, Me (Q—-Q,))
MavyienTn 6e3 U i IP
2021 (n = 154) 2022 (n = 87) 2023 (n = 188) 2024 (n = 248) p
2,185 (1,03-6,69)>* 3,12 (0,948-6,117)>* 6,14 (2,955-11,02)"2 6,17 (1,95-10,95)"2 < 0,001
lMayieHTn 3 IP 6e3 U4
2021 (n = 124) 2022 (n = 51) 2023 (n = 186) 2024 (n = 233) p
0,91 (0,635-4,32)>* 1,07 (0,563-2,175)>* 5,7 (2,06-10,96)"2 4,54 (1,48-9,07)"? < 0,001
MavyieHTn 3 42
2021 (n =102) 2022 (n = 43) 2023 (n =93) 2024 (n = 119) p
5,31 (2,09-8,53) 1,64 (1,40-2,75) 5,21 (4,580-14,427) 5,3 (2,94-9,91) 0,220

TMpumitkn: gna NopiBHAHHA BUKOpUCTaHO KpuTtepii Kpyckana — Yonnica, noctepiopHi NopiBHAHHS MpoBoANIINCS
3a kputepiem [JaHHa: '— BigMiHHICTb Big rpynu 2021 ctatucTuYHO 3HadyLya, p < 0,05; 2 — BigMIHHICTb Big rpynu
2022 ctraTucTU4HO 3Ha4yLya, p < 0,05; ° — BigmiHHIicTb Big rpynu 2023 ctatucTUYHO 3Ha4yLa, p < 0,05; * — BigmiH-
HicTb Big rpynu 2024 ctaTUCTUYHO 3Ha4vyLwya, p < 0,05.
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TepMiH «BUCHaXXEHHSI HAIIHUPKOBUX 3aJ103» BUKOPUCTOBY-
BaBCs IESIKUMM JIiKapsiMU, MEIUYHUMU TTpalliBHUKAMU Ta
3aco0aMu MacoBoi iH(opMallii [U1sl BU3HAUYEHHS MIMOBIpHO-
To CTaHy, CIPUYMHEHOTO XPOHIYHUM BIUIMBOM CTPECOBMX
cutyauiii. [Tonpu 11e «CMHAPOM BUCHAXK€HHSI HATHUPKOBUX
3aj103» He OyB BU3BHAHMI XOAHUM €HIOKPUHOJOTIYHUM
TOBAapUCTBOM Yepe3 BiICYTHICTbh BAarOMUX J0Ka3iB MOTo ic-
HyBaHHS. Y 2016 polii 6yB ony0J1iKOBaHUI CUCTEeMaTUYHUI
oryisia Ha ocHoBi 3470 3HaiineHux y 6azax nannx PUBMED,
MEDLINE i Cochrane crateii. BucHoBKOM cTano TBep-
JDKEHHSI, 1110 HEMa€ XOJHUX I0Ka3iB TOro, 110 «CUHAPOM
BUCHaXX€HHSI HAIHMPKOBUX 3aJ103» icHye [17].

I1pu BU3HAYEHHI UHAMIKM BMIiCTy KOPTH30Jy B CIIUHI
CITOCTEPIraEMO PiCT CepeHbOTO PiBHS MPOTITOM BiliHU
y manienTiB 6e3 LIJI i IP ta Tpoxm HmK4i piBHI, ajle TaKoxX
PICT cepeHbOTO PiBHSI MPOTSTOM BiliHM 3 TIiKoM y 2023 poiti
y mauieHTiB 3 1P 6e3 LI0. ¥ nauienTis 3 1112 cmocTepira-
€ThCSI TMIABUILIEHHSI KOPTU30JIy TIPOTSITOM BiliHM, siKe OyJ10
HasiBHE I o ii moyatKy. HaliHvzkuuii piBeHb criocTepiraBcs
B 1Iii1 rpymi nauieHTiB y 2022 poui. [TinBuiieHHS KOPTU30Iy
MOXe BimoOpaxkaTu MmaToreHeTu4yHy ocHoBy MC y Takux
MALIE€HTIB i OyTU MILIEHHIO IS PETYJISLII IIJITXOM MOIM -
¢ikanii crrocoOy XUTTS, AiETOTEpallii Ta BILIMBY Tperapa-
TiB, SKi HOMIMIIYIOTh YYTJAUBICTh MepUGEepUIHUX TKAaHUH
o iHcyniny. Lle Moxe Matu Oe3nocepeaHiil TTO3UTUBHUI
BILIMB i Ha IICUXOJIOTiYHMM cTaH nawieHTiB 3 LIJ12 [18—20].

V nauienTis 3 LIJI2 crioctepira€Thcst HUKIMIA cepenHiii
piBeHb BiTaMmiHy D, i BiH 3HMXXYETHCSI MPOTITOM BiliHU,
€ BiporigHo HkunM y 2023 i 2024 pp. nopiBusHO 3 2021 p.
Takox MoMiTHO, 1110 MOro piBeHb HAOJIMKAETLCS 10 MEXi
nedinuty Bitaminy D. VY mioneii 6e3 L1 cepenHiii piBeHb
BiTamiHy D mpoTsiroM pokiB BiliHM TaKOX 3HUKYEThHCS, ajie
3arajioM IepeOyBae Ha Oilblll BUCOKOMY PiBHi, y Mexax
HemocTaTHOCTI Bitaminy D. ¥V 2024 poui cepenHiii piBeHb
BiTaMiHy D y 11i€i KaTeropii XBOpUX BUPIC, 1110 CBITYUTH PO
OiIbIII aKTUBHE MEAMKAMEHTO3HE BTPYYaHHSI, TOBEPHEHHS
JI0 KOHTPOJIIO 32 MOTo piBHEM, J0IaTKOBE MPU3HAYEHHS
npenapariB BitTaMiny D.

Ortxe, ockinibku B rpyti natieHTiB 3 LIJ12 cepenHiit pi-
BeHb 25(OH)D y 2023 Ta 2024 pp. BiporinHO 3HUKEHUIT
TOPIBHSIHO 3 IOBOEHHUM TEPiOIOM, LIUM MalliEHTaM HeoO0-
XiTHO TIPOBOAUTHU aKTUBHY TiepeBipKy piBHst 25(OH)D i 3a
HOTpeOr — KOPEKIIilo i10ro HeIOCTaTHOCTI.

BucHoOBKMU

Hame nocnimkeHHs rokasaso, 1o y naiieHris 3 LIJ12
MPOTATOM BilfHU TTOPiBHSIHO 3 JOBOEHHUM MEPiOAOM CITO-
CTEpIraeThbCsl CTAOIIBHO IMiABUILEHUI PiBeHb KOPTU30ILY
B CJIVHi, 1110 MOX€e B3a€EMHO TTiICUTIOBATH sK siBuiia [P, Tak
i TICMXOJIOTiUHI po31aau Oempecii i cTpecy.

Ha Bigminy Bim manienTis 3 LI/ y moneit 6e3 LIJ1 crro-
CTepIira€ThCs BipOTiIHUIA PiCT CepeaHBOrO PiBHSI KOPTU3OIY
Y CJIMHI MPOTSITOM BiiiHM MOPIiBHSIHO 3 I0BOEHHUM. Lle € no-
JATKOBUM YMHHUKOM pU3UKY po3BUTKY IP i LIJ12, 1110 Moxe
MaTH BeJIMKUI COLliaIbHO-€KOHOMIUYHU BILIMB.

PekoMeHayeThCs TIPOBOIMTH aKTUBHY KOPEKILit0 HElO-
cratHOCTI BiTaminy D y manienTiB 3 LI/12, OCKiJIbKM y HUX
CIOCTEPIraeThCsl HUXKYMIA cepeiHiil piBeHb BiTaminy D 110-
piBHsIHO 3 moabpmu 6e3 LI/, i BiH MpoIoBXKYy€e 3HMKYBATHUCS
MPOTSITOM BiliHU.

PiBens 3a6e3meuenocti BitamiHoM D mamienTiB 6e3 LIJT
HE € 3a[I0BiIbHUM, BOHU 3HAXOASTHCS B 30HI HEAOCTATHOCTI
BiTamiHy D i TakoX moTpeOyIOTh KOPeKIIii IOTO piBHSI.

KonduikT inTepeciB. ABTOpU 3asBISIIOTH ITPO BiICYTHICTh
KOHMIIIKTY iHTEpeciB Ta BiacHOI (piHaHCOBOI 3alliKaBIeHO-
CTi IIpU MiATrOTOBIL JAHOI CTATTi.
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Dynamics of cortisol levels and the state of vitamin D supply during the full-scale war in Ukraine
in patients with type 2 diabetes mellitus

Abstract. Background. Assessment of the role of stress hormones and
vitamin D levels under the influence of a long-term psychotraumatic
factor provides information necessary for the prevention of type 2 dia-
betes mellitus (T2DM) complications. The aim of the study was to
evaluate the dynamics of the stress hormone cortisol and the state of
vitamin D supply in patients with T2DM during the full-scale war
in Ukraine compared to the pre-war state. Materials and methods.
In 2021—2024, a prospective study was conducted, which included
patients with T2DM and a glycated hemoglobin (HbAlc) level > 7 %,
individuals with insulin resistance without DM and people without
DM aged 19—75 years. Exclusion criteria were as follows: T2DM with
severe chronic complications, HbAlc level < 7 %, acute inflammatory
processes, oncological diseases, body mass index > 40 kg/m?, intake
of antidepressants, vitamin D drugs less than 2 months before the
study. The average level of 25(OH)D, serum and salivary cortisol were
studied every year from 2021 to 2024. Laboratory studies were per-
formed using the methods of chemiluminescence and enzyme-linked
immunoassay. Results. Patients with T2DM have a lower mean level
of vitamin D and it decreases during the war, being significantly lower
in 2023 and 2024 compared to 2021. In people without diabetes, the
average level of vitamin D also decreases during the war years, but
in general it is higher, within the limits of vitamin D insufficiency.

In 2024, the average level of vitamin D in these patients increased,
which indicates a more active medical intervention. When determi-
ning the dynamics of serum cortisol in patients without DM in 2024,
the following is observed. It was significantly higher than before the
war, and in patients with DM2, it was highest in 2022 with a gradual
downward trend in 2023 and a return to an increase of the average
level in 2024. In this group of patients, the difference between in-
dicators is not reliable. When determining the dynamics of salivary
cortisol, we observe an increase in the average level during the war in
patients without DM, and an increase in the average level during the
war with a peak in 2023 in patients with insulin resistance without
DM. In patients with T2DM, there is an increase in cortisol during
the war, which was also present before it began. The lowest level was
observed in this group of patients in 2022. Conclusions. Patients with
T2DM during the war compared to the pre-war period had a stably
increased level of salivary cortisol. In people without T2DM, there is
a significant increase in the average level of cortisol in saliva during the
war compared to the pre-war period. It is recommended to reduce the
level of insulin resistance through lifestyle modification, maintaining
an adequate level of vitamin D.

Keywords: type 2 diabetes mellitus; serum cortisol; salivary cortisol;
vitamin D; 25(OH)D; stress; martial law
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Kynaeub H.M., Kyaraeus B.M.

IBaHO-PPAHKIBCHKIY HALIOHQABHUT MEANYHWI YHIBEPCUTET, M. IBOHO-OPaHKIBCEK, YKpQIHQ

MNMopiBHAABHUN AHAAI3 BITAMBY GiCOMPOAOAY
TA KOAPBEAUAOAY HQ nepeodir cepueBol
He AOCTATHOCTI iLLeMIYHOro reHesy y XBopux
i3 cynyTHIMU PiGpuAsUieto nepeAcepAb
TA LYKPOBUM Aic6eTom

Pe3tome. Meta: nposectu nopiBHsAIbHWI aHani3 eqheKTUBHOCTI Br/BY 6iCONposiony Ta KapBeansiosy Ha rne-
pebir cepyeBoi HegoctaTHocTi (CH) iLLleMi4HOro reHesy y XBopux i3 cynyTHiMu gibpunsuieto nepeacepab (Prl)
Ta yykposum giabetom (L/]). Matepianu ta metoau. O6¢cTexeHo 398 xsopux Ha CH Ha Tni nicnsiHghapKkTHOro
Kapgiocknepoay Bikom 58 (54—67) pokis (198 xiHok i 200 4onosikiB). 226 (56,8 %) manu nocTiviHy ¢oopmy @I,
102 (25,6 %) — cynytHivi U 2-ro tuny, 13,1 % — noegHaHHs LA 3 ®F1. 167 (42,0 %) xBOpux mManan 3HUXKeHy
pakuito Bukugy nisoro LyHo4ka (®B JiLL) < 40 %; 133 (33,4 %) nauieHTn Manan nomipHo 3HmxeHy ®B JILL
(41-49 %); 98 (24,6 %) xBopux Mann 36epexeHy ®B JILL (= 50 %). BusHa4ann piBHi TMPeOTPOIMHOro ropmo-
Hy (TTT), BilbHOro TPUUOATUPOHIHY (BT,) Ta BifIbHOro TMPOKCuHy (BT,), IM1I0OKO3U, [T1IKOBAHOro reMorsiobiHy,
ranektuHy-3, nentugy ST2, Bigomoro 3a Ha3Boto suppression of tumorigenicity 2, B-Tuny HaTpifypeTu4Horo
nentngy BNP, N-kiHyeBoro nponentugy HatpivypetndHoro ropmoHy NT-proBNP. [NpoBognv reHoTunyBaHHs 3a
4 nonimoppismamu (rs1801253 1a rs1801252 reHa 3,-AP, rs1042714 reHa B,-AP Ta rs2274273 reHa LGALS-3).
lposoannn peectpadito EKI, go6ose moHiTopyBaHHA EKIT, ctaHgapTn3oBaHe exokapgiorpagidHe 06CTeXeHHs
nig 4ac rocniranizadii. 204 (51,3 %) xBopux nNPOTAromM PoKy npuvimanan 6iconposion B iHAMBIRyabHO nigiépaHiv
£o3i; 194 (48 %) nauieHTam 6yn10 NpU3Ha4YeHO KapBeAnIon. 3a UMM Kputepiem nayieHTy 6ynm po3nogineHi
Ha Asi rpynu. [poTarom pokKy npoBOAMIIN CIIOCTEPEXEHHS 3a XBOPUMU, BPAXOBYBasIN HAasBHICTb MOBTOPHOI
rocniranizadii (M) 3 npuBogy AekomneHcayii CH. CtatuctuyHui aHasnia npoBoguan 3a OrnoMOror rnporpam
Statistica for Windows Release 10.0 Ta MedCalc® (Statistical Software version 22.020). Pe3ynbtaru. Y rpyni
xBopux Ha CH 3i 3HumxeHoro @B JILL i3 ®f1 6e3 L[ npu 3acTtocyBaHHIi kapseaunony Yactora 1" 6yna MeHLLow
Ha 48,3 % (p = 0,040) nopisHsIHO 3 rpyroto, sika npuvimana 6iconposnon (BLU = 0,412 [0,158-0,976], p = 0,047).
3a ymosun noeaHaHHs ®f1 ta L[] y xBopux Ha CH (6e3 ypaxysBaHHs ¢eHoturly) Yactora 1" npu nikysaHHiI
KapBeanorioM € HUXXYOK MOPIBHAIHO 3 rpyrnoto nauyieHTiB, ki npuvimanu 6iconposon (Ha 21,1 %, p = 0,0018)
(BLL = (0,096 [0,010-0,937]; p = 0,044). Y xBopux Ha CH 3i 3HmxeHow ®B JILLI, 3a ymMoBU noegHaHHs cynyT-
Hix @1 ta 44, npy nikyBaHHi kapseguiosnom dactota NI Takox 6yna HUXXHo0 ropiBHAHO 3 nauieHTamu, ki
npuwiimanu 6iconposnon (Ha 27,3 %; p = 0,027). 3a gaHumu npo6iT-perpeciviHoro aHasnidy BusiBrieHa 3B80pOTHa
(B =—-0,162 + 0,034) 3anexHictb vimosipHocTi 1I" xBopux Ha CH i3 cuHycosum putmom (CP) Big BupaxeHocCTi
3amiHn YCC (AYCC) npoTsarom poky 3actocyBaHHs 3-Ab. ROC-aHania npoaeMoHCcTpyBas, Lo y xBopux Ha CH
i3 CP pusuk I1I" npoTsirom poKy CrOCTEPEXEHHS 3POCTaE Mpu JOCArHEHHI OnNTUMAasbHOI TOYKM po3noginy aAns
AYCC < 15,00 x87" (uyTnuBicte — 80,30 %, crieungpidHicte — 68,87 %, p < 0,0001). [Mpn CH i3 ®I1 BusBneHa
S-nogibHa (curmoigHa) 3anexHicts (B = 0,507 + 0,092) imosipHocTi [Nl Big BupaxeHocTi 3amiHn YCC Ha ¢oHi
nikyBaHHs B-AB. lNpu ybomy pusuk NI xsopux Ha CH i3 ®F1 3pocTae npv JOCArHEHHI ONTUMAasIbHOI TOYKM PO3-
noginy ansa AHYCC > 22,00 xB™' (4ytmsicTe — 98,12 %, cneyngpiyHicts — 87,23 %, p < 0,0001). BUCHOBKM.
3a ymoBu 3acTocyBaHHs1 KapBeAuosny rnopisHAHo 3 6icornposionom puauk NI~ € Huxyum y xsopmx Ha CH i3 @I

©
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3i sHxeHoro ®B JILL (BLL = 0,412, p = 0,047) Ta y nayieHTiB i3 noegHaHHsm @I ta U4 2-ro tuny (BLU = 0,096;
p = 0,044). 3asHaqeHi npenapatn MaroTb 0AHAKOBY €(heKTUBHICTb y nauieHTiB i3 CP He3anexHo Big peHoTuny
CH ta HassHoro cynyTtHboro L. Mig 4ac tutpysaHHs foau B-Ab y xBopux Ha CH i3 CP gouinbHuUM € noctynose
3HUXKeHHs1 YCC > 15 xB7'; npu @1 — He 6inbLue Hix 22 xB™.

Knto4oBi cnosa: nicrsiHpapkTHU kKapgiocKnepos; kapBeaunor; 6iconposiosn; (ibpusLis nepeacepas,; yactora
cepLieBUX CKOPO4eHb, thpaKLisi BUKUAY JIBOro LLYHOYKA; LyKpoBUi giabet

Bctyn

B-anpenoo6noxkaropu (3-AbB) BXoasTh 10 OCHOBHUX JIi-
KapChKMX 3acO0iB JIiKyBaHHSI XBOPUX Ha CEpLIEBY HEIO-
cratHicth (CH) [1]. 3a3HaveHi npenapaTtu 3HUXYIOTh PU-
3uKk cMmepti Ha 35 % [1]. TTpu CH 3i 3HMKeHO0 (hpaKiliero
BUKUAY JiBoro nutyHouka (@B JIII) koHLeHTpallii KaTe-
XOJIaMiHiB y IUTa3Mi IiABUINYIOTLCS, TOMi SIK KiJIbKIiCTh Ta
YYTJUBICTh B-aApeHOPELENTOPIB y Ceplli 3HUXKYEThCS [2].
B-Ab mapamoxcaibHUM YMHOM IPOTHUIIIOTH IIMM 3MiHaM.
ITpu CH 3i 36epekenoro B JIII koHLeHTpallii Katexoa-
MiHiB y IIJ1a3Mi He 301JIbIIYIOThCS, ajie BilOyBa€ThCs NIeCeH-
cuTtusauis -agpeHopenenTtopis [2]. He Bci 3-Ab mokazamm
cnpusitauBuii epext npu CH [3]. Hapa3i 3acTocoByroTbest
YOTHUPi TIpenapaT 3a3HaUYEHOT0 KJIacy: KapBeauioi, 6ico-
TIPOJIOJT, METOTIPOJIONY CYKIIMHAT Ta HebGiBood [4]. Ix edek-
TUBHICTh Y XBopux Ha CH 3i 3H1xeHo10 @B JIIII Gys10 noBe-
neHo y yotupbox nociimkerHsx: CIBIS II, COPERNICUS
i MERIT-HF ta SENIORS [5].

®iopusuis nepencepnb (PIT) yacTo po3BUBAETHCS MTPU
CH, a ii nommupeHicth Moxke csirati 30—40 % [6]. Y cygac-
HUX KIHIYHUX PEKOMEHIALisIX IIOI0 JIIKyBaHHS XBOPUX
Ha CH [1] moka3anHs 1o 3actocyBaHHS 3-Ab He oOMexXy-
I0ThCs TUIbKU XBopuMU Ha CH i3 cuHycOBUM pUTMOM, aje
MOIIMPIOIOTHCS Ha BCiX MallieHTiB (TOOTO TakoX i 3 DIT).
OnHakK 3aJIMIIANI0CS HE TOCUTH 3pO3yMIIUM, YU 3aCTOCY-
BaHHA [3-Ab cmpaBnsie Takuii caMuii TIO3UTUBHUMA e(eKT
y xBopux Ha CH Tta 3 ®I1, gk y nauieHTiB i3 CHHyCOBUM
putMmoMm (CP) [7]. B Ykpaini Haityacrilie mpu3HavYaeTbCs
BUCOKOCENEeKTUBHUM B-AbB Gicomposios Ta HeceneKTUB-
Huit (3,, B,- Ta a-) kapseauaon [8]. 3 ornsiay Ha Te, 1110
3a3HaveHi 3-ADb Binpi3HSIOTHCS 3a CBOEIO CEJIEKTUBHICTIO 10
apeHOPELIENITOPIB, JIMOMiIbHICTIO Ta BIJIMBOM Ha MEpU-
epruyHMil KpOBOOOIT, BUHUKAE MUTAHHS, YU CIIPABJISIOTH
i B-AbB xitacoBuit eheKT, Y1 OAUH TepeBeplIye iHIINIA.

MeTta DoCHiIKeHHs: IIPOBECTU ITOPiBHSIHHS e(DEeKTUB-
HOCTi BIJIUBY 0iCOTIPOJIONY Ta KapBeIUJI0Jy Ha mepeoir
CeplIeBOi HEIOCTaTHOCTI.

MarepiaAm Ta meToamn

TTpoToko: mocimKeHHS OYJI0 3aTBEPIKEHO JIOKATBHUM
KoMiTeToM 3 MUTaHb €TUKM Ta JTeoHToorii IBano-MdpaH-
KiBCHKOTO HalliOHaJIbHOTO MEIUYHOIO YHiBepcuteTy. Me-
TOAM JOCTiIKEHHS TTPOBEICHO 3 BUKOHAHHSAM HOPM [eib-
CiHCBKOI AeKjapallii. XBOpUX BKIIOUEHO OO0 AOCiIKEHHS
MpU rocmiTanizanii BHacainok pekommneHcaitii CH.

Oo6ctexeHo 398 xBopux Ha CH eBpomneoinHoi pacu Bi-
KoM 58 [54—67] pokiB (198 xiHok Ta 200 4osoBiKiB). 226
(56,8 %) manu nocriitny popmy PIT, 102 (25,6 %) — uy-
KpoBwuii miaber 2-ro tuny (LI12) Ta 13,1 % — moenHaHHS
L2 i3 PIT. 167 (42,0 %) xBopux Manu 3HmxeHy OB JITI
<40 %; 133 (33,4 %) — nomipHo 3HmkeHy @B JIII (41—
49 %); 98 (24,6 %) — 30epexeny @B JILI (= 50 %).

KpuTepii BKITIOUeHHSI: TiAncaHHs iH(popMOBaHOI 3rou;
repeHeceHuit iHpapkT miokapaa (IM) oHaiiMeHiie 3a 6 Mi-
csuiB go Toro; CH cranii C, 1I-1V ¢pyHKIIiOHaTEHOTO Kia-
cy 3a NYHA. Kputepii BukiiioueHHs: KanaHHi Baau cepiist
3 TTOPYILIEHHSIM FeMOIUHAMIKH, CeplieBa HeAOCTAaTHICTD iHIITOL
Hix IXC eriosnorii; rimo-/rinepTupeos; 3amnajibHi 3aXBOPIO-
BaHHsI, feKommeHcais LIJI, xporiuna xsopo6a Hupox IV cT.

HiarHoctuky Ta gikyBanHst ®I1, CH 3nilicHIoBaIM Bil-
TMOBIAHO 0 KJIiHIYHUX IMPOTOKOJIiB HATAHHSI MEIUYHOI JOIIO-
MOTH, 3aTBepIkeHnx HakazoM MO3 Ykpainu Bin 03.07.2006
Ne 436, Ta BignmosigHo 1o pekomenaariiiit ESC (2021) [1].

J1st BU3HAUYEHHSI CHPOBATKOBOTO PiBHS TUPEOTPOITHOTO
ropmoHny (TTT) (aianazon Hopmu 0,3—4,0 MMO/1n), Bifb-
Horo T, (BT,) (miama3on Hopmu 2,5—5,8 mMoIb/1T) Ta Bilb-
Horo T, (BT,) (nianazon Hopmu 10—25 nMoJib/J1), TJIIOKO3U
KpoBi (mianmazoH Hopmu 4,0—5,5 MMOJIb/J1), TJIiIKOBaHOTO
reMoriio6iHy (Hopma 1o 5,6 %) BUKOPUCTOBYBaJIM HAOOpH
peakTuBiB (« TTT-1IDA», «cBT4-1DA» Ta «cBT3-IDA» KoM-
maHii «XeMa», YKpaina). JI;1s1 BusHaueHHSI CHPOBATKOBOTO
piBHS rajieKTHy-3 (miama3oH BusHayeHHs 0,156—10,0 Hr/
i), nentuny ST2, BimoMoro 3a Ha3Bo suppression of tu-
morigenicity 2, 1110 HaJIeXXUTh A0 CiMeICTBa pelenTOPiB 10
iHTepielikiny-1 (mianasoH BusHaueHHs 12,5—250,0 Hr/m),
B-tuny Harpiitypetuunoro nentuay BNP (nianaszon Hopmu
30—2500 nr/mur), N-KiHIIeBOro npornenTuay HaTpiitype-
tnaHoro ropmoHa NT-proBNP BukopucroByBaau Habopu
peaktuBiB (Human Gal3(Galectin-3) ELISA Kit (Fine-
Test®), ST2 Rapid Test (Aspect-PLUS®), BNP Rapid test
(NanoEnTek) ta IF1002 (GP Getein®) BinnoigHo). Imy-
Ho(epMeHTHIi T0CiIKeHHs] BUKOHaIX Ha nmpuiani «Ha-
MiBaBTOMAaTUYHUI iMyHOMEepMEeHTHUI aHaizatop Immu-
nochem-2100 (High technology, CIIIA).

[HCTpyMeHTaIbHI METOIY OXOTLTIOBAJIN €JIEKTPOKapIio-
rpacito (EKT'), nod6ose monitopyBanHst EKI', exokapmiorpa-
¢ito (ExoKI'). BuzHavyanu KiHLIeBO-IiaCTOMIYHUIM i KiHIIe-
BO-CUCTOJIIYHUI po3mipu JIL, TOBIIMHY MiXIIITyHOUKOBOT
MepeTUHKHU Ta 3aaHboi cTinku JII, niameTp iBoro nepence-
past, IpaBoro IUTyHOUKA Ta iHIli mapametrpu. Po3paxoByBa-
JI KiHLIEBO-iaCTOJIIYHUI Ta KiHLEBO-CUCTOJIYHUM iHAEKCH
JIL, ®B JIL, macy miokapaa JILL Ta 1i iHgekc.

[TpoTsiroM 0JTHOTO POKY IMPOBOAMII CITOCTEPEKEHHS 3a
XBOPUMMU, BPaxOBYBaJIl HAsIBHICTh ITEPBMHHOI TOCIiTaIi3a-
uii (I 3 mpuBony nekomreHcarii CH (41 BHYTpillIHbO-
BEHHE 3aCTOCYBaHHSI TIETJEBUX AiypPEeTUKIB 32 IPU3HAYECH -
HSIM KapJiojora).

Ycim xBopuM Ha CH HesanexxHo Bin HasiBHoOcTi LIJ] Oyi1o
IpU3HAYCHO iHTiOITOp HATpili3aaeXXHOro KOTpaHCIIopTepa
[JTIOKO3M 2-TO THITY i3 TIEpIINX JHIB BKIIOYEHHS 0 JTOCTi-
JOKEHHS, T 0 BUITMCKH i3 cratioHapy. I3 nux 187 (47 %)
3aCTOCOBYBaJIM nanariicdio3uH y n1o3i 10 mr Ha no0y, 211
(53 %) — emnarmiduosuH TakoxX y 103i 10 Mr Ha 100y. 13
B-AB, 204 (51,3 %) 6yno npusHaueHo Gicomposion; 194 (48 %)
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MamieHTaM — KapBeIWIOiL. 3a LIMM KPUTEPieM Talli€HTH Oy
po3nofiieHi Ha ABi rpynu. BuiezazHadyeHi npenapatu y no-
YaTKOBill (MiHIMaJIbHIN) A031 IpU3HAYATINCS Y CTallioHapi
TicJrst cTabiizalii cTaHy MaIliEHTIB i3 HACTYITHOIO TUTPALIi€I0
MiHiMyM depe3 14 aHiB. [licisa BUmicKu nauieHTaM peKOMeH-
JyBaJIM Bi3UTH 3 METOIO TUTpallii 703 TIpernapaTiB.
CratuctuyHa o0poOKa HUMPOBOro MacUBY AaHUX
3M1ilficHIOBasIacs 3a J1I0TIOMOTOK PEKOMEHIOBAHUX JIJISI Me-
JIMKO-010JIOMYHUX TOCIIiIKEHb METOJMK, 1110 BiINOBiIaIOTh
KPUTEPisiM J0Ka30Boi MeauLIMHU [9]. AHasi3 HOpMaIbHOCTI
PO3MOIiTy TTOKa3HMKIB BUKOHYBAJIM 3a JOTIOMOTOI0 KpUTe-
piro anipo — VYinka. JlaHi HaBeneHi y BUTJISIIL CEpeaHbOIO
3HaueHHs1 (M) i ctanpaptHoro BinxwieHHs (£ SD) (y pasi
HOPMAaJIbHOTO po3nofiny) abo menianu (Me) it iHTepKBaH-
TUAbHOTO [25—75] miama3oHy (IIpy po3MOmiIi JaHUX, 110
BiApi3HSETHCS Bin HOopMaibHOrO). KibKiCHI MMOKa3HUKU
MOPiBHIOBAJIM 3a JOIIOMOTOIO HerapHoro T-tecty abo Hema-
paMeTpuuHoro kpurepito ManHa — YitHi. [1pu npoBeneH-
Hi MapHUX MOPiBHSHb PiBHIB MOKA3HUKIB BCEPEaMHI TPyIl
3acTocoByBayin mapHuii T-Tect um Kputepiii BinkokcoHa.
PizHu110 cepen 4acToT 03HaK y rpynax OLiHIOBaIN 32 KPU-
tepiem ¥* ITipcoHa (3 mornpaskoio Meiitca npu KibkocTi 03-
Hak MeHiie Hix 10). 3 MeTor BU3HAYEHHSI IPOrHOCTUYHUX
piBHiB OioMapKepiB, ix criBBigHOIIeHb Y1 3MiH YCC BUKO-
HyBayin ROC-aHari3. 3nilicHIoOBaIM MapHe NMOPiBHSIHHS Ta-
pametpiB ROC-ananiszy mist pizHux BeanuuH. Po3paxyBanu
BigHocHuUit pu3uk (BP) Ta BinHomenHs mancis (BII) 3 95%
noBipuuM iHntepBasioM (1), a TakoX BipOTiIHICTb YacTOT-
HOTO PO3IOIiLY 3a KPUTEPIEM ¥* 3 TIOIIpaBKOI0 MaHTess —
Xenuens. [1pu 3nauenHi BIL 6inbiie Hixk 10 BpaxoByBaiu
BEJIMUUHY HOr0 HaTypasibHOTO Jlorapudma (In) [9].

3 MeToI0 BUSBICHHS 3aliexkHOCTi nmepediry CH Bim ou-
HaMiky YCC Ha 1711 3acTOoCyBaHHS 0iCOITPOJIOY Ta KapBe-
IWJIOIY 3aCTOCOBYBaIM IPOOIT-perpeciitnuii anamis [10].
Pi3HUIIIO MiX 3HAYEHHSIMU BBaXKaJIW CTATUCTUYHO BipOTi-
HOIO IIpHU piBHi KpuTepito p < 0,05.

CraTucTUuHy 06pOOKY IMTPOBOAMIIN 32 JOITOMOTOIO TIPO-
rpam Statistica for Windows Release 10.0 ta MedCalc® (Sta-
tistical Software version 22.020 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2024) SN: CN-
IWY-V5Q8-CQZC-MSKR-11HM-GVQID).

PesyAbTaTH

AHaJti3 JaHuX He TIPOJIEMOHCTPYBAB BipOTiTHOI Pi3HUILI
y 3HMKeHi pusuky I1I" Ta cMepTi IpoTsIroM poky croctepe-
XKeHHs Mixk xBopumu Ha CH 6e3 LI/, sxi mpuitmanu 6ico-
MPOJIOJI, TIOPIiBHSTHO 3 MalliEHTAMHU, SIKUM OYJI0 TIPU3HAYEHO
KapBeIwI0J1, 0e3 3aJIeXKHOCTI Bill (PEHOTUITYy Ta pUTMY Cep-
s (tabn. 1). OnHak y rpyri xBopux Ha CH 3i 3HUXEHO0
@B JII i3 ®IT 6e3 LI npu 3acToCyBaHHI KapBeaUIOILy
yacrora [1T" 6yna menmoro Ha 48,3 % (p = 0,040) nopis-
HSIHO 3 IPYMoM0, sika Tipuiimana 6iconposion (BII = 0,412
[0,158—0,976], p = 0,047) (Tabm. 1).

[Tomanbimii aHaIi3 MPOIEMOHCTPYBAB, 1110 32 YMOBU I10-
enHanHs PIT ta LI12 y xBopux Ha CH (6e3 ypaxyBaHHs (e-
Hoturty) yactota [T ipu JlikyBaHHi KapBeTMIIOIOM € HIXKUOKO
TOPIBHSIHO 3 TPYITOI0 MALEHTIB, SIKi MpUiiMaIy 6iconposion (Ha
21,1 %; p=0,0018) (BLL = (0,096 [0,010—0,937]; p = 0,044)
(tabm. 2). Y xBopux Ha CH 3i 3HmxeHoro @BJIILI, 3a ymoBu
noegHaHHs cynyTHix @PIT ta LI/I, npu nikyBaHHi KapBeIuiIo-
JioM yactota [1T" Takoxx OyJia HUDKYOIO TTOPIBHSIHO 3 MallieHTa-
MU, sIKi ipuiimanu 6icorponon (Ha 27,3 %; p = 0,027).

Ta6bnuys 1. Bnnus B-AB Ha nepe6ir CH 3anexHo Big ii peHoTUNy Ta puTMy cepusi

MapameTpu KaTeropii xBopux Ta 3actocoBaHi npenapaTu X5 p
1 2 3
XBopi Ha CH i3 CP 6e3 LI (n = 122)
Biconponon (n = 66) Kapsegunon (n = 58)
Mr, n (%) 18 (27,3) 14 (25,0) 0,081; 0,776
CMepTHICTb, N (%) 6 (9,1) 4 (6,9) 0,014; 0,907
XBopi Ha CH i3 @I 6e3 LA (n = 174)
Biconponon (n = 79) Kapsegunon (n = 95)
Mr, n (%) 35 (44,3) 31 (32,6) 2,496; 0,114
CwmepTHICTb, N (%) 4 (5,1) 1(1,1) 2,486; 0,115
XBopi Ha CH 3i 3HmxeHoto ®B JIll ta CP 6e3 U (n = 43)
Biconponon (n = 24) Kapsegunon (n = 19)
Mr, n (%) 3(12,5) 4(21,1) 0,569; 0,451
CmepTHICTb, N (%) 1(4,2) 1(5,3) 0,029; 0,865
XBopi Ha CH 3i 3HMmxeHoro ®B JILl ta @M 6e3 LA (n = 90)
Biconponon (n = 38) Kapseaunon (n = 52)
Mr, n (%) 17 (44,7) 12 (23,1) 4,720; 0,040
CwmepTHICTb, N (%) 3(7,9) 1(1,9) 1,844; 0,175
XBopi Ha CH i3 nomipHo 3HMXxeHoto PB JILL ta CP 6e3 LA (n = 43)
Biconponon (n = 24) Kapeegunon (n = 19)
Mr, n (%) 8 (33,3) 4(21,1) 0,795; 0,373
CMepTHICTb, N (%) 0 0 NA
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3akiH4yeHHs Tabn. 1

1 2 8
XBopi Ha CH i3 nomipHo 3HmxeHow PB JILU ta @M 6e3 LA (n = 53)
Biconponon (n = 25) Kapeegunon (n = 28)
Mr, n (%) 13 (52,0) 11 (39,3) 0,862; 0,353
CwmepTHICTb, N (%) 1 (4,0) 0 1,142; 0,285
XBopi Ha CH 3i 36epexeHoto ®B JILl ta CP 6e3 LA (n = 36)
Biconponon (n = 18) Kapsepunon (n = 18)
Mr, n (%) 7 (38,9) 6 (33,3) 0,120; 0,729
CmepTHICTb, N (%) 1(5,6) 3(16,7) 1,125; 0,289
XBopi Ha CH 3i 36epexeHoto @B JILL Tta ®I 6e3 LA (n = 31)
Biconponon (n = 16) Kapeegunon (n = 15)
Mr, n (%) 5(31,2) 7 (46,7) 0,778; 0,379
CMepTHICTb, N (%) 0 0 NA

Ta6nunus 2. Bnnus B-Ab Ha nepe6ir CH 3anexHo Big ii peHoTUNY, pUTMY cepusi Ta HasiBHocTi L|/]2

MapameTpu KaTteropii xBopux Ta 3acTocoBaHi npenapaTtu X5 p
XBopi Ha CH i3 CP i LA (n = 50)
Biconponon (n = 24) Kapsegunon (n = 26)
Mr, n (%) 16 (66,7) 18 (69,2) 0,038; 0,846
CMepTHICTb, N (%) 1(4,2) 0 1,105; 0,293
XBopi Ha CH i3 ®MN u U4 (n = 52)
Biconponon (n = 35) Kapeegunon (n = 17)
Mr, n (%) 34 (97,1) 13 (76,5) 5,626; 0,018
CMepTHICTb, N (%) 12 (34,3) 3(17,6) 1,536; 0,214
XBopi Ha CH 3i 3HMmxeHoto ®B Jill taCP n UM (n =7)
Biconponon (n = 2) Kapsegunon (n = 5)
Mr, n (%) 2 (100) 4 (80,0) 0,467; 0,495
CwmepTHICTb, N (%) 0 0 NA
XBopi Ha CH 3i 3HmxeHoto PB JIll Ta ®N v LA (n = 27)
Biconponon (n = 16) Kapeegunon (n = 11)
Mr, n (%) 16 (100) 8(72,7) 4,909; 0,027
CMepTHICTb, n (%) 12 (75,0) 5 (45,5) 2,440; 0,119
XBopi Ha CH i3 nomipHo 3HmxeHoto ®B JIll ta CP v LA (n = 19)
Biconponon (n =11) Kapsegunon (n = 8)
Mr, n (%) 8(72,7) 5 (62,5) 0,224; 0,636
CmMepTHICTb, N (%) 10 (90,9) 8 (100) 0,768; 0,381
XBopi Ha CH i3 nomipHo 3HvxeHoto PB JILU ta ®M v LA (n = 18)
Biconponon (n = 14) Kapsegunon (n = 4)
Mr, n (%) 14 (100) 4 (100) NA
CmepTHICTb, N (%) 0 0 NA
XBopi Ha CH 3i 36epexeHoto ®B JiLlll ta CP n U (n = 24)
Biconponon (n =11) Kapsepunon (n = 13)
Mr, n (%) 6 (54,5) 9 (69,2) 0,548; 0,459
CwmepTHICTb, N (%) 0 0 NA
XBopi Ha CH 3i 36epexeHoto ®B Jill ta PN v LA (n=7)
Biconponon (n = 5) Kapsegunon (n = 2)
Mr, n (%) 4 (80,0) 1 (50,0) 0,630; 0,427
CMepTHICTDb, n (%) 0 0 NA
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V rpymax xsopux Ha CH i3 moMipHO 3HIKEHOIO Ta 30e-
pexenoto @B JIL 3a ymosu noegHanus ®I1 ta LIJ12 yu CP
Ta 11/l momiOHMX 3aKOHOMipHOCTE! He BUSIBICHO (Ta0JI. 2).
AHaJi3 He TPOJIEMOHCTPYBAB CTATUCTUYHOI Pi3HUIII TTOMIX
piBHEM CMEPTHOCTI Y IpyIiax XBOpUX, sSIKi MpUiAMalu KapBe-
IAJT0J1 uM Gicoriposion (tao. 1, 2).

IIpob6iT-perpeciiiHuii aHai3 TPOAEMOHCTPYBaB 3BO-
potHy (f = —0,162 + 0,034) 3anexxHiCTb UMOBIpHOCTI
I1TI" xBopux Ha CH i3 CP Bin BupaxeHocti 3minn YCC
(AYCC) nporsirom poky 3acrocyBaHHs 3-Ab (x> = 26,873;
p <0,0001) (puc. 1iTabm. 3).

Ipu 3umxkenni YCC Ha 27,56 [26,10—29,03] xB~' imo-
BipHicTh I1I" mpoTsAITOM POKY CIIOCTEpeXXeHHS Y XBOPUX
Ha CH i3 CP cranoButs 0,01, Toxi sk mpu AYCC = 8,06
[6,68—9,45] xB~' eit mokaszuuk nopisHioe 0,80.

ROC-anani3 mponreMoHcTpyBaB, 1110 y xBopux Ha CH i3
CP puzux 1T y 3B’513Ky 3 AeKOMIIEHCAIli€l0 IIPOTITOM POKY
CITOCTEPEXKEHHSI 3pOCTAE NP JOCSITHEHHI ONTUMAIbHOI TOY -
ku posnoniny it BeanuuHu AYCC < 15,00 xB™' (4yTJIMBICTh
80,30 %, cnetm@iunicts 68,87 %, p < 0,0001) (Tab:m. 4).

TToni6Hi moporosi 3miHu YCC (AUCC) Oyau BusBie-
Hi i1 y rpymax xBopux Ha CH, gki npuiimanu 6icorpoiion
(£ 15,00 xB7'; p < 0,0001) yn kapBenumon (< 15,00 xB™';
p <0,0001) (tabu. 4). [MopiBusHH o mig ROC-kpuBuMu
nporHoctnyHux 3HaueHb AUCC y rpyrmax xBopux i3 CP, siki
npuiiMaau 0iCOMpoJIoa YU KapBeauIoja, He BUSBUIO Bipo-
rigHoi pizHui (z = 0,346; p = 0,7292).

ITpobGir-perpeciiiHuii aHai3 y rpymi xsopux Ha CH i3
®IT npoaemMoHcTpyBaB S-OAiOHY (CUIMOIIHY) 3ayIeX-
Hictb (B = 0,507 £ 0,092) imoBipHocTi I1T" xBopux Ha CH
Bin BupaxeHocti 3miHu YCC Ha ¢oHi aikyBaHHs [3-Ab
(x> = 286,042; p < 0,0001) (puc. 2).

Tabnmys 3. [aHi npo6iT-perpeciviHoro aHanisy
3anexHocri imosipHocTi 1" xsopux Ha CH
i3 CP Bin BupaxeHocTi 3meHLueHHs1 YCC Ha Tni
3acrocyBaHHs1 B-Ab

lMoka3HuK, O AVMHULIA BUMiIPIOBaHHSA 3Ha4eHHs
O6’em BUOIpKM, N 172
T norapabl eS| 229,055
KoediujieHT norapugmiiHoi npasno- 202 182
nopi6HocTi noBHoi mogeni NI ’

X2 26,873

P < 0,0001
Rz(Koks & Snell) 0, 1446
Rz(Nagelkerk) 0,1 965
B-koeqilieHT, M £ m -0,162 + 0,034
KoediuieHT Banbga ons B 23,451

C (koHcTaHTa) 2,152 + 0,507
KoediujeHT Banbga ana C 18,000

ImoBipHicTe 1T ipu AYCC = 17,73 [14,460—19,37] xB™"
3 npuBony aekomrieHcauii CH mpoTsaroM poky cTaHOBUTh
0,01. ITpu AYCC = 20,66 [18,88—21,73] xB™' 3a3HaueHU
nmokasHuk csarae 0,2, ame npu AUYCC = 26,92 [25,55—
29,52] xB~! imoBipHicTs I1I" cranoButs yxke 0,990 (tab:. 5).

ROC-anani3 nonomir BusiButu, 110 y xsopux Ha CH i3
®IT pusuk Iy 3B’93Ky 3 IEKOMIIEHCALIIEIO TIPOTSTOM POKY
CIOCTEPEXKEHHS 3pOCTAE MPU AOCSITHEHHI ONTUMAaIbHOT
TOUYKM posrnoniny s BeanunHu AYCC > 22,00 xB~' (ayiu-
BicThb 98,12 %, cnieundiunicts 87,23 %, p < 0,0001).
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PucyHok 1. pacpik 3anexHocTi imoBipHocTi NI
xBopux Ha CH i3 CP Big BupaxeHocTi 3HnxeHHs1 YCC
Ha Tni 3acTtocyBaHHs B-aapeHobriokaTopis

PucyHok 2. Ipacpik 3anexHocrTi imosipHocTi I
xBopux Ha CH i3 ®I1 Big BupaxkeHOCTi 3HMXeHHs1 YCC
Ha ¢poHi 3acTtocyBaHHs B-Ab

Ta6bnuys 4. porHocTu4Ha LUiHHICTb BUpaXkeHocTi 3HmxeHHs1 YCC Ha Tni Tepanii B-AB y xsopux Ha CH i3 CP

pynu xBopux T(X:Kélcr:c;gf)y nﬂOI.I.I[ag;Iol/f EH"BOK" SE, % SP, % p
Vci nauieHtn 3 CP (n = 172) <15,00 0,751 [0,679-0,814] 80,30 68,87 < 0,0001
13 6iconpononom (n = 90) <15,00 0,738 [0,635-0,825] 79,41 71,43 < 0,0001
13 kapBegunonom (n = 82) <15,00 0,765 [0,658-0,851] 81,25 66,00 < 0,0001
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Ta6bnuys 5. 3anexHictb imoBipHocTi I Big BupaxceHocTi 3meHLweHHs1 YCC y xBopux Ha CH i3 ®@I1
Ha Tni 3actocyBaHHs1 3-Ab

IMoBipHicTb AYCC, xB™ [osipuun iHTepan gna AYCC [95% [l]
0,010 17,73293 14,45978 19,37039
0,020 18,27091 15,28736 19,78759
0,025 18,45600 15,57097 19,93223
0,05 19,07788 16,51867 20,42342
0,10 19,79487 17,59807 21,00299
0,20 20,66309 18,87594 21,73399
0,25 20,99293 19,34918 22,02391
0,50 22,32406 21,14647 23,30657
0,75 23,65519 22,67668 24,85631
0,80 23,98503 23,01125 25,28491
0,90 24,85325 23,82709 26,47794
0,95 25,57024 24,45016 27,51383
0,975 26,19212 24,96674 28,43614
0,980 26,37721 25,11737 28,71376
0,990 26,91520 25,54894 29,52697

[MTonioHi mporHoctuuHi 3HaueHHs1 AYHCC Oynu BUSIBIIEHI
i1 y rpynax xBopux Ha CH i3 ®II, siki npuiimanu 6icomnpo-
Jox (> 22,00 xB7"; p < 0,0001) yu kapBenuiaon (> 23,00 xB~';
p < 0,0001). IopiBusuHs o mig ROC-kpuBuMM mpo-
rHocTUYHUX 3HaueHb 3MiH YCC y rpymax xsopux Ha CH
i3 @I1, saxi npuitMaan 6iCONpPOJIO Y1 KapBeaAUIOJ, HE BU-
SBUJIO BiporigHoi pizHui (z = 1,040; p = 0,298).
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PucyHok 3. pacpik 3anexHocTi imosipHocTi 1"
xBopux Ha CH Big BupaxeHocTi 3HmKkeHHs YCC
Ha i 3acrtocyBaHHs B-AbB (yci nauieHTn, n = 398)

[1poGiT-perpeciiiHuii aHasi3, TPOBEASHUIA Y BCiX XBOPUX
Ha CH, ski Oynu BKIIOYEHi OO0 DOCTIMKEeHHS, TeX IIpoae-
MOHCTpYBaB S-tiofioHy (curmoinny) (f = 0,119 = 0,012)
3asiexHicTh iMoBipHOCTi I1I' xBopux Ha CH Bin Bupaxke-
HocTi 3minn YCC Ha ¢oHi nikyBanus 3-Ab (x> = 147,172;
p <0,0001) (puc. 3).

IMpu AYCC = 2,19 [-7,96—7,02] xB~" imoBipHicTb 1"
3 npuBony aekomrieHcauii CH mpoTsaroMm poky cTaHOBUTh
0,02. TTpu AUCC = 19,44 [16,97—22,38] xB~' 3a3HaYeHWIi
noka3Huk csrae 0,5, ane npu AHCC = 38,97 [32,85—
52,16] x8~" imoBipHicTb I1I" ctanoBuTs 0,990.

[Tin yac nmposenenHs ROC-aHasizy 6y/10 BCTAHOBJIEHO, 1110
y xBopux Ha CH pusux [Ty 3B’513Ky 3 IeKOMIIEHCALIIEO TTPO-
TSITOM POKY CITOCTEPEKEHHSI 3pOCTA€E MPU JOCSITHEHHI OTTH-
MaJtbHOI TouKH posmoaity mist AHCC > 22,00 xB™' (4yTIUBiCTh
63,13 %, cietudiunicTs 97,72 %, p < 0,0001) (Tabd. 6).

IMoni6ni mpornoctuyHi 3minun YCC Oynu BusiBiICe-
Hi i1 y rpynax xBopux Ha CH, ski npuiimanu 6icorpoJion
(> 22,00 x87"; p < 0,0001) un xapsenmion (> 22,00 xB™';
p < 0,0001). IMopiBusiHHs ol min ROC-kpuBUMU Mpo-
rHoctnuHux 3HaueHb AYCC y rpymax xBopux Ha CH, sxi
npuitManan 6icorpoJiosl YU KapBeAWJI0J1, He BUSIBUJIO Bipo-
rigHoi pizaui (z = 1,040; p = 0,298).

[Nomanpmit aHai3 MpoIeMOHCTPYBAB, 110 Y TPYITi XBO-
puXx, sIKi ipuitManu Gicorposoin, 3meHieHHss YCC Oyio
6inbIn BUpakeHuM (Ha 25,52 %; p < 0,0001) mopiBHSIHO
3 Malli€eHTaMu, sIKi 3aCTOCOBYBAJIM KapBeIUI0.

Ta6nuys 6. lMporHocTnyHa LiHHICTb BUpaXxeHocTi 3HnxeHHs1 YCC Ha Tni Tepanii B-Ab y xsopux Ha CH

pynu xBopux 'I'(X:I.Il(calcr’l?(ﬂl_?)y I'Inou.|[g£|°|/f Ef]’"Bom SE, % SP, % P
Vci nauieHtn (n = 398) > 22,00 0,783 [0,739-0,822] 63,13 97,72 < 0,0001
13 6iconpononom (n = 204) > 22,00 0,742[0,677-0,801] 66,99 97,03 < 0,0001
13 kapBegunonom (n = 194) > 22,00 0,825 [0,764-0,876] 57,89 98,31 < 0,0001
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I'pynu xBopux, AKi mpuitMany pi3Hi 3a (papMaKoJIoriu-
HUMM BiacTUBOCTSIMU 3-ADB (Gicornposion un KapBenuion),
He Bifpi3HsIucs nmomixk coboto 3a Bikom, @K (NYHA),
AHTPOIIOMETPUYHUMU Ta GiIOXIMIYHMMU MapaMeTpaMu, 1a-
HUMU exokapaiorpadii Ha MOMEHT BKJIIOUEHHSI 10 JOCTi-
TDKeHHsI. BomHOYac y rpyIti XBOpUX, SIKMM OYIJI0 TPU3HAYEHO
KapBeaAUI0J1, MepeBakaiu YOJIOBIKU MOPiBHSIHO 3 IPYIOI0
6iconponony (55,2 npotu 44,6 % BinmosinHo; X’ = 4,424,
p =0,035).

V nuHaMmili crocTepekeHHs B 000X TpyIax BiI3Hayaao-
ca BiporigHe nojinmenHs OK 3a NYHA 3a paxyHoK 3MeH-
LIEHHST ynciia XBopux, ki Manu IV @K, ta 30iibieHHS
yucia nmauieHTiB 3 I @K (p =0,0001). Cnin 3a3Ha4nTH, 1110
y Ipymi MalieHTiB, SKi MpUiiMany KapBeAWIoJ, Yepe3 pik
crnioctepexkeHHs He Oyno xBopux i3 IV @K, Toxi gk y rpymi
GicormpoJtony ioro yacrorta cranoBuia 2,7 %. Takox y rpy-
ni KapBeauioiy Oyia 6inbia yacrtota I @K nopiBHSIHO
3 rpymoio 6iconposnony (27,0 mpotu 11,3 %; x> = 19,002,
p=0,0001).

B 060x rpymax 0yino BiporimHe 3HMKEHHSI CUCTOJIYU-
HOTO apTepiaabHOro TUCKy (Ha 12,1 % mpu 3acTocyBaHHI
Gicompoony, p < 0,0001; Ha 15,0 % y rpymi KapBeauony,
p <0,0001). Y rpyrmi kapBenuyioay 4yepes pik Horo 3acrocy-
BaHHS piBeHb 3a3HAYEHOTO ITOKa3HUKA OyB HMXKYUI 1O~
piBHsIHO 3 Tpyriolo Gicorposony (116,42 potu 118,67 Mmm
pT.cT. BinnoBigHo; p = 0,031). [ToxiOHi 3aKOHOMipHOCTI
Oy mpuUTaMaHHI i1 IJ1sI IMHAMIKKM piBHS OiacTOJIYHOIO
apTepiaIbHOro TUCKY B 000X Trpymax (Ha 6,5 % 1ipu 3a-
cTrocyBaHHi Gicomposony, p < 0,0001; Ha 9,33 % y rpymi
kapseauiogy, p < 0,0001). Y rpymi kapBeauiosy yepes pik
0ro 3acTOCyBaHHS PiBeHb AiaCTOJIYHOIO apTepiaJbHOIO
THUCKY OYB HUKYMIT TIOPIBHSIHO 3 TAKUM TIPU 3aCTOCYBaHHi

cenektuBHOTO [3-Ab (72,53 mpotu 74,80 MM pT.CT. Bimmo-
BinHO; p = 0,024). Y rpymi xBopux, sIKi npuiimanu 6ico-
mmpoJioj, Bin3Havanocsa 3MmeHIIeHHsas YCC npoTsarom poky
itoro 3actocyBaHHs (Ha 18,8 %; p < 0,0001), Tomi sIK TTpu
3aCTOCYBaHHI KapBeAWIONY ii 3HVXKEeHHs O0ysno Ha 15,0 %
(p < 0,0001). Cnin 3a3nauntu, mo YCC yepes pik 3acTo-
CyBaHHS KapBeauoy Oyjia BULIOIO TTOPiBHSIHO 3 IPYIOI0
6icomposony (Ha 5,1 %; p = 0,007) (Ta6xa. 7). [Tomanbimii
aHaJIi3 IpOAEMOHCTPYBAB, 1110 SIK y TPYMi OicompoJiony, Tak
i KapBeaUJIOIy IIPOTITOM POKY iX 3aCTOCYBaHHSI CIIOCTepira-
JIOCSI BipoTifqHe 3HUKEHHS BeIMYMHM iHICKCY Macu Tia (Ha
7,5 %;p<0,0001 Tana9,1 %; p < 0,0001 BinmoBimgHO); riO-
Ko3u KpoBi (Ha 4,8 %; p < 0,0001 Ta Ha 9,8 %; p < 0,0001);
rikoBaHoro remortobiny (Ha 9,1 %; p < 0,0001 Tana 9,1 %;
p <0,0001); ranektrny-3 (1a 3,8 %; p < 0,0001 ta Ha 4,2 %;
p < 0,007); BenuunMHU 3HAYEHHS CHiBBigHOIIEeHHsT ST-2/
ranekTrH-3 (Ha 3,4 %; p < 0,0001 Ta Ha 3,8 %; p < 0,0001).
PiBenp BNP BiporigHo 3HU3MBCS JIulle Y TPYMi XBOPUX,
sIKi mpuiiMany Kapeauioi (Ha 9,9 %; p = 0,015) (ta6i. 7).

V rpymi Gicompoioy Ta IIpu 3aCTOCYBaHHI KapBeau-
JIOJIy TIPOTSTOM POKY CIIOCTEpiragocst BiporiiHe 3HUXEH-
Hs1 BeanurHU NT-proBNP (ua 10,1 %; p < 0,0001 ta Ha
17,6 %; p < 0,0001 BiZmoBigHO); 3HAYEHHSI CITiBBiIHOIIECH-
Hst NT-proBNP/BNP (Ha 6,4 %; p < 0,0001 Ta Ha 4,7 %;
p < 0,0001); NT-proBNP/ST-2 (na 13,9 %; p = 0,001 Ta
Ha 9,1 %; p <0,0001); NT-proBNP/ranexktun-3 (1Ha 8,9 %;
p =0,001 ta na 13,1 %; p < 0,0001); 1060BOT KiTbKOCTI
IIUTYHOYKOBHX eKcTpacucTot (Ha 29,9 %; p < 0,0001 Ta Ha
32,5 %; p <0,0001) (Taba. 7). JoboBa KiIbKiCTh CIApEHUX
IIJIYHOYKOBUX €KCTPACUCTOTIYHNX KOMIIJIEKCIB BipOTif-
HO 3MEHIIIMIacd JUIIe y TPy Kapeauiaony (Ha 25,4 %;
p <0,0001).

Tabnuys 7. MNopiBHAHHA AMHaMIKN napameTpis 3a 12 micsliB criocTepexeHHs
Ha Tni 3acrtocyBaHHs 3-Ab y xBopux Ha CH

Mepiop,
lMoka3HuK, oguHUL B 2.
b -afpeHo6s10KaTo K/to4eHHs i ;
Ll Lk B-anp F [0 AOCHiAKEHHS ‘-Ieg]ef ;31';"'3' L
(n =398) -
1 2 3 4 5
) Biconponon (n = 204) 58 (55-67)
Bik, poku NA
Kapeegunon (n = 194) 58 (53— 67)
. 113 (55,4
CTatb: Biconpornon (n = 204) 91 ((44,6))
XKIHKK, N (%) 87 (44.8) NA
yonosikn, n (% _ ,
(%) Kapsegunon (n = 194) 107 (55,2)
0 73 (39,2)
. 75 (36,8 21 (11,3 115,556;
®K NYHA: Biconpornion (n = 204) 107((52,52) 87 246,8; 0,0001
:i n (E’/;)) 22 (10,8) 5(2,7)
, N %
wen () 62 (gz 0) 5?8 ((2372 b4))* 84,099
|V, n cyo - J I ) s
(%) Kapseaunon (n = 194) 119 (61,3) 75 (40,5) 0,0001
13 (6,7) 0
Biconponon (n =204) | 135,00 (123,00-150,00) | 118,67 (108,91-131,95) | < 0,0001
CAT, MM pT.CT.
Kapeegwunon (n =194)| 137,00 (123,00-150,00) | 116,42 (107,05-128,58)* | < 0,0001
Biconponon (n = 204) 80,00 (75,00-82,00) 74,80 (69,35—74,90) < 0,0001
OAT, MM pT.CT.
Kapeegwunon (n = 194) 80,00 (75,00-82,45) 72,53 (68,18-72,73)* < 0,0001
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lpogoBxeHHs Tabn. 7
1 2 3 4 5
4ee ) Biconponon (n =204) | 102,70 (90,00-117,00) 83,35 (70,48-95,38 < 0,0001
, XB~
Kapeegunon (n =194)| 102,70 (89,35-118,16) 87,03 (75,46-106,08)* < 0,0001
IMT. ki Biconponon (n = 204) 28,19 (26,12-30,36) 26,07 (23,67—27,66) < 0,0001
, Kr/M
Kapeegunon (n=194)| 28,73 (26,40-30,42) 26,11 (24,07-27,66) < 0,0001
Biconponon (n = 204) 3,55 (8,40-3,80) 3,51 (3,38-4,00) > 0,05
K*, Mmonb/n
Kapeegunon (n = 194) 3,51 (3,40-3,70) 3,53 (3,23-4,02) > 0,05
N / Biconponon (n =204) | 140,50 (137,20—-144,50) | 140,95 (124,78-152,35) > 0,05
a*, Mmonb/n
Kapsegwunon (n = 194)| 139,10 (137,20-144,50) | 140,93 (123,83-157,52) > 0,05
Biconponon (n = 204) 2,92 (2,69-3,79) 3,00 (2,63-3,82) > 0,05
BT,, MMOnb/n
Kapeegunon (n = 194) 2,84 (2,71-3,81) 3,06 (2,56-3,93) > 0,05
Biconponon (n = 204) 14,46 (12,04—16,54) 14,44 (12,22-16,7) > 0,05
BT,, NMonb/n
Kapsegunon (n=194)| 14,46 (12,57-16,61) 14,50 (12,79-17,04) > 0,05
Biconponon (n = 204) 1,66 (1,06-2,63) 1,57 (1,00-2,79) > 0,05
TTI, MMO/n
Kapsegwunon (n = 194) 1,46 (1,00-2,25) 1,46 (0,99-2,38) > 0,05
Biconponon (n = 204) 6,00 (5,50-6,30) 5,71 (5,24-6) < 0,0001
[ntoko3a, MMosb/n
Kapsegwunon (n = 194) 6,02 (5,40-6,40) 5,43 (5,14-5,9) < 0,0001
. . Biconponon (n = 204) 5,50 (5,00-6,70) 5,00 (4,36-5,45) < 0,0001
[nikoBaHW remornobiH, %
Kapeegunon (n = 194) 5,50 (5,20-6,80) 5,00 (4,73-5,45) < 0,0001
KpeaTuHiH Kposi, Biconponon (n =204) | 97,90 (69,40-123,50) 99,2 (70,64—-120,08) > 0,05
MKMOJb/I1 Kapsegwunon (n = 194)| 98,70 (73,40-123,70) 100,91 (75,62-117,18) > 0,05
Biconponon (n = 204) 1,85 (1,34-2,40) 1,78 (1,29-2,62) < 0,0001
[anekTuH-3, Hr/Mn
Kapsegwunon (n = 194) 1,90 (1,34-2,21) 1,82 (1,42-2,31) 0,007
ST-2. Biconponon (n = 204) 42,69 (37,01-47,28) 42,56 (36,53-49,37) > 0,05
-2, Hr/Mn
Kapsegwunon (n = 194) 42,69 (38,19-47,21) 42,32 (35,05-48,09) > 0,05
Biconponon (n = 204) 22,65 (16,56-32,48) 21,87 (15,84-32,22) < 0,0001
ST-2/ranektnh-3, YO
Kapsegunon (n = 194) 22,36 (17,91-30,73) 21,52 (17,63-30,12) < 0,0001
BNP. i/ Biconponon (n = 204) 90,50 (83,40-90,80) 83,72 (77,70-101,49) > 0,05
, Ar/mn
Kapsegunon (n = 194) 90,50 (80,60-90,90) 81,54 (76,81-92,78) 0,015
Biconponon (n = 204) | 825,00 (734,00-1758,90) | 742,50 (273,98-1575,38) | < 0,0001
NT-proBNP, nr/mn
Kapsegunon (n = 194) | 879,00 (696,88-1694,55) | 724,32 (220,34—1669,78) | < 0,0001
Biconponon (n = 204) 9,31 (3,05-21,54) 8,71 (3,07-16,67) < 0,0001
NT-proBNP/BNP, YO
Kapsegunon (n = 194) 8,72 (3,04-19,14) 8,31 (2,65-19,14) < 0,0001
Biconponon (n = 204) 21,22 (6,75-42,72) 18,27 (6,74-35,48) 0,001
NT-proBNP/ST-2, YO
Kapeegunon (n = 194) 20,12 (6,64-45,07) 18,28 (5,62—-40,93) < 0,0001
NT-proBNP/ranektuH-3, Biconponon (n =204) | 404,61 (206,55-954,17) | 368,43 (205,54-953,46) | < 0,0001
YO Kapeegunon (n = 194) | 422,80 (151,20-970,27) | 367,31 (135,25-943,05) | < 0,0001
LLINyHO4KOBI €KTPacHCTONM Biconponon (n = 204) | 525,00 (200,00-3000,00) | 367,89 (178,46—1425,59) | < 0,0001
(LLIE), komn/aoGy Kapeegunon (n = 194) | 550,00 (300,00—-3670,00) | 371,24 (200,67—1338,46) | < 0,0001
) Biconponon (n = 204) 13,00 (6,00-25,00) 9,7 (4,48-27,66) > 0,05
CnapetHi LLE, nap/no6y
Kapeegunon (n = 194) 10,00 (5,00-25,00) 7,46 (3,73-19,19) < 0,0001
Biconponon (n = 204) 6,10 (5,90-6,20) 5,86 (5,5-7,35) 0,005
KAOP J1LW, cm
Kapeegunon (n = 194) 6,20 (5,90-6,30) 5,68 (5,59-7,08) 0,030
Biconponon (n = 204) 62,21 (58,38—-65,58) 62,25 (48,78-94,68) > 0,05
KOl T, mn/m?
Kapsegunon (n = 194) 62,82 (58,38-66,46) 54,16 (48,35-88,34)* 0,027
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3akiH4YeHHs1 Tabn. 7

1 2 3 4 5
Biconponon (n = 204) 4,72 (4,33-5,20) 4,54 (4,09-5,64) 0,001
KCP JLU, cm
Kapeegunon (n = 194) 4,75 (4,40-5,12) 4,48 (4,13-5,61) < 0,0001
Biconponon (n = 204) 34,17 (28,42-41,14) 32,39 (24,24-43,18) < 0,0001
KCI N, mn/m?
Kapeegunon (n = 194) 35,92 (28,73-40,17) 34,18 (23,53-44,81) < 0,0001
®B JILL, % Biconponon (n = 204) 43,11 (38,75-49,91) 45,00(37,00-54,00) 0,002
Kapsegunon (n = 194) 43,01 (38,35-50,14) 45,24 (40,00-52,00) 0,001
MM L, o Biconponon (n =204) | 116,22 (109,26—131,15) | 111,16 (104,06—125,14) | 0,0001
Kapeegwnon (n =194)| 117,79 (110,68-136,68) 112,4 (105,41-130,17) 0,0001
1M, e Biconponon (n = 204) 4,20 (4,00-4,30) 4,05 (3,69-4,83) 0,038
Kapeegunon (n = 194) 4,20 (4,00-4,30) 3,96 (3,78-4,72) 0,003
ML, o Biconponon (n = 204) 2,90 (2,70-3,00) 2,74 (2,55-3,36) 0,041
Kapsegwunon (n = 194) 2,92 (2,70-3,00) 2,73 (2,55-3,36) 0,034
Am, om Biconponon (n = 204) 4,70 (4,50-5,24) 4,61 (4,55-5,20) > 0,05
Kapeegunon (n = 194) 4,70 (4,55-5,36) 4,65 (4,55-5,31) > 0,05

TMpumitka: * — BiporigHicTb pi3HULi MOMIX rpynamMmu XBopuXx i3 KapBeaus10J10M Ta 6icornposiosom.

Sx y rpymi Gicorposony, Tak i B TpyIli KapBeaUJIOIY
MPOTSATOM POKY CITOCTEPiraiocst BiporiIHe 3HIKEHHS BeJTH-
yuau KJIP JIII (Ha 4,0 %; p = 0,005 Ta Ha 8,4 %; p = 0,030
BignosigHo); KCP JILI (na 3,8 %; p = 0,001 ta Ha 5,7 %;
p < 0,0001); KCI JILI (Ha 5,2 %; p < 0,0001 ta Ha 4,8 %;
p < 0,0001); 36inpmenHs BeanuunHu OB JII (Ha 4.4 %;
p=0,002Tanas,2 %;p=0,001); surxernus IMM JIL (na
4,4 %;p=0,0001 TaHa4,6 %; p=0,0001); po3mipy JiBoro
nepencepas (Ha 3,6 %; p = 0,038 ta Ha 5,7 %; p = 0,003)
i KiHIIEBO-/1iaCTOJIYHOIO PO3Mipy MpaBOro IUIyHOUKa (Ha
5,5 %; p=0,041 Tana 6,5 %; p = 0,034). Crnin 3a3Ha9NTH,
1o 3HvkeHHsT BeanurHu K1 JILL cocTtepiranocs auiie
y IpYIIi XBOpUX, SKi mpuitManu Kapseauioa (Ha 13,8 %:;
p = 0,027). BogHouyac BeJimynHa 3a3HAYEHOTO MapaMeTpa
Ha IpYroMy Bi3UTi y TPyIIi MAaIli€HTIB, SIKi IpUiiMaau KapBe-
NWJ10J1, OyJ1a BipoTiMHO MEHIIIO0 MTOPiBHSHO 3 TPYIIOI0 Oico-
npoJoiy (Ha 12,6 %; p = 0,01).

O6roBopeHHs

OcCKinbK1 Maiixke BCi KIIOYOBI JOCIiIKEHHS IMOPiB-
HoBanu -Ab 3 muamne6o, MpoCNeKTUBHUX AaHUX TIPO
NOpiBHSIIbHY edekTuBHICTh B-Ab HenocTatHbo [1]. Ha
ChOTOJ/IHI 3aJIMIIIAETHCS MaJIo TOKa3iB NpU BUOOPI TOro
yy iHworo B-Ab npwu nikyBanHi xBopux Ha CH. ¥V no-
crimkeHHi, npoBeneHoMmy H. Frohlich ta cmiBaBT., mo-
piBHIOBaJIM MPOTHO3 y MAlli€EHTIB, IKUM MpU3HAYaIN
OicompooJ, KapBeaAUI0J a00 METOIIPOJIONY CYKIIMHAT
npu jgikyBaHHi B HUX CH, 3a mnaHuMu peecTpiB TpboX
eBporneiicbknx kpain [11]. Moro TpuBanicTh cTaHOBHIA
49 (26—76) mic. [TpoTsiroM 3a3HAYEHOTO MEePiOay BCHOTO
momep 2171 (36,1 %) nauient: 302 (29,5 %) Ha Ti ipu-
oMy Gicomponoiny, 637 (37,0 %) — xapBenunoy Ta 1232
(37,7 %) — MeTOIpOJIONY CYKIIMHATY. ABTOPH 3a3HAYUIIH,
1110 TIPY BUKOPUCTAaHHI 0OJHO(AKTOPHOTO aHaji3y XBOpi,
SIKi OTPUMYBAJIM Teparlito 6icompoIoJIOM YU KapBeauJI0-
JIOM, MaJIMi HUXYY CMEPTHICTh MOPiBHAHO 3 TUMHU, XTO
oTpuMyBaB Meronposaoay cykuuHat (HR 0,80, 95% A1

0,71-0,91, p < 0,01 Ta HR 0,86, 11 0,78—0,94, p < 0,01
BigmoBigHO). BuzxkuBaHHS Ha GicoIrposioi 0yino momio-
HUM 10 Takoro y rpyrmi kapseawitonay (HR 0,94, 95% 1
0,82—1,08, p=0,37) [11].

Y Bulle3azHayeHOMY OOCJiIXEeHHi aHaJli3 IIponop-
nifitHoro pu3uky Kokca He BUSABUB XXKOJHOTO CYTTEBOTO
3B’SI3KY MiX KOHKpeTHUM [-AB Ta cMepTHicTIO 4ep3 yci
MPUYMHU. AHAI3 MiATPyIny B OCHOBHOMY ITiITBEPAUB, 110
JKOJIEH i3 MpeTrapaTiB He IMOCTyNaBcs OY/Ib-SIKOMY iHILIOMY
3 IBOX, 32 BUHSITKOM TOrO, 1110 Y nauieHTiB i3 ®I1 criocre-
pirayacs mepeBara BIDKMBaHHSI Ha METOIPOJIONY CYKIIU-
Hati nepena kappenuiojoM (p = 0,03). Takox y naiieHTiB
i3 YHCC y cnokoi < 75 yn/xB criocTepirajacsi He3HauHa
rnepesara KapBeauyiony Haja 6iconposonom (p = 0,05).
JlocninHUKY BiA3HAYMJIM, 110 OTPUMAaHi HUMU AaHi Bil-
Pi3HSIIOTBCS Bif pe3yJbTaTiB €AMHOTO €BPOTEHCHKOTO
MOPIBHSUIBHOTO MOCIIKEHHS KapBEeIUI0Iy 3 METOIPO-
nony taptpatoM (COMET) [12]. ¥ ubomy mocmimkeH-
Hi KapBeIMJIOJ acoliloBaBCs 3 Kpalllol BUKMBAHICTIO,
HixX MeTorposiony Taptpat, y 3029 nmauienTtis i3 CH 3a
NYHA I1-1Vi ®B JIII < 35 %. OngHak aBTOpM 3a3Havya-
I0Tb, 1110 METOIPOJIOJ BUKOPHUCTOBYBABCSI B MEHIIIIH 103i.
HaykoB1i roBopsITh TIpo Te, 110 11i AaHi CJIiI iHTepIpeTy-
BaTU 3 00epexHicTIo. BOHM MpUITyCKaIOTh, 1110 METOMPO-
JIOJTy CYKIIMHATY CJIiJ BiIgaBaTH mepeBary repej KapBe-
IUJI0JIOM Tipu JlikyBaHi xBopux Ha CH i3 ®I1. BonHouac
1Ie TeX CYIepeYnTh aHAIITUUHOMY aHaJli3y DOCTiIKEHHS
COMET, y sskoMy TTOBioMJISLIIOCS PO TOJATKOBI Tepe-
Baru 11010 CMEPTHOCTI Ta YaCTOTHU TOCITiTaji3alliil y rpyIi
XBOPUX, SIKi IpUIAMaIN KapBeIWUJIOJ, IMTOPiBHIHO 3 TPY-
Molo, siKka MpuiiMana MEeTOMpPOJIoNy TapTpaT, He3aleXXKHO
Big Toro, um O0yna y Hux OI1.

[HI1Ie MOPiBHSUIBHE JOCiIKEHHS 0iCOMPOJIONyY 3 KapBe-
nuionoMm y xBopux Ha CH 6ymno mpoBeneHo y Amonii
(MAIN-CHF II). OnHak y HbOMY B3sLJIM Y4acTh Jiulie 59
Malli€HTiB, TOMY oMy OpaKye CTaTUCTUYHOI MOTYKHOC-
1i [13]. B o6cepBaniitHomMy mociimkeHHi 217 mamieHTiB i3
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CH III-IV ®K 3a NYHA He 0yJ10 BUSIBJIEHO CYTTEBOI Bif-
MiHHOCTI y BUKMBaHHi Ta yactoTi [1I" Mix rpynamu Jtiky-
BaHHsI 0iCOIPOJIOJIOM Ta KapBeauaoaom [14].

V xBopux i3 CP, ax 3a HasssHocti CH, Tak i 3a ii Bin-
CYTHOCTI, € 3B’5130K MixX MeHIl Bucokoto YCC Tta moin-
meHHIM nporHo3sy [15]. ¥V xBopux Ha CH 3 ®I1, sk 6ymo
MPOIEMOHCTPOBaHO paHitie, MeHIl Bucoka YCC He cynpo-
BOJKYETBCSI OiIBIL CIIPUSTIMBUAM IIPOrHO30M [16].

HaiiBaximBilmmMu pesysibTaTaMi MeTaaHali3y, Ipo-
BeneHoro M. Rienstra i criBaBT., MOXXHa BBaxKaTu OTPU-
MaHHS$ TaHUX, SIKi JO3BOJSIOTh IMPUMYCTUTH, 110 e(EeKT
3acrocyBaHHs B-Ab y xBopux Ha CH 3 ®DII craTucTuuHO
3HAYMMO BiIpi3HSIETHCS Bil Takoro y namieHTisB i3 CH ta
CP [16]. CnpaBai, y nmpolieci BAKOHAHHS 3a3Ha4€HOI0
MOCITIIKEHHST HEe BIAJIOCS BCTAHOBUTH MO3UTUBHUI BILUTUB
npuiiomy B-Ab Ha yacroty 1" a60o cMepTHICTh Yy XBOpUX
Ha CH i3 ®II. Taki maHi cTaHOBJSTh iHTEPEC, OCKiJb-
K G6ipiricTs xBopux Ha CH i xBopux 3 OIT npuiimaioTsb
B-AbB, xoua i 3a pi3HUMU TToKa3aHHsIMU. BinmoBigHo 1m0
KIIHIYHUX peKoMeHmawii moxo gikyBanHs CH, 3acrto-
CYBaHH$ 3a3HaYE€HMX MpPernapariB BBAXKAETHCS MOKA3aHUM
ycim xBopuM Ha CH 3 MeTo10 3HMXKEHHS 9aCTOTH PO3-
BUTKY YCKJIAIHEHb Ta CMEPTHOCTi 0€3 Moy iX Ha Tpynu
3ajiexXHo Big putmy cepi [1]. Kpim toro, € mani mpo Te,
mo y xBopux Ha CH nipuitom 3-Ab npusBoauTh 10 3HU-
JKEHHS pU3UKY PO3BUTKY SIK HOBuUX BumaakiB @I1, tak i ii
peuuausiB [6].

OpnHak BiIMOBIZHO IO KJIIHIYHUX peKOMEHIALII 111010
JikyBaHHsI nauieHTiB i3 ®I1 3acrocyBaHHs [3-Ab BBaXKaeTh-
¢Sl MOKa3aHUM JUTSl 3HUXKEHHST YaCTOTU PUTMY HUTYHOUKIB
3 METOIO 3MEHIIIEHHSI BUPAXKEHOCTI KJIiHIYHUX TIPOSIBIB 3a-
xBoptoBaHH [6]. Ane B nocrimkenHi CHARM (Candesar-
tan in Heart failure: Assessment of Reduction in Mortality
and Morbidity) 6yio BcraHoBieHo, 1o y xBopux Ha CH i3
O®IT Buma YCC Ha BigmiHy nauieHTiB i3 CP He Mae npo-
THOCTUYHOTIO 3HaUYeHH: [15].

ImoBipHO, 3HUKeHHs YCC 3a paXyHOK 3aCTOCYBaHHS
B-AB Moxe 0yTu MeHIlI edeKTUBHUM Yy xBopux i3 DI
nopiBHSAHO 3 nmaiieHTamMu i3 CP, ocKiabku MexaHi3M ix
nii BinpizHsieTbest npu AIT ta CP. ITpu CP npuiiom 3a-
3HAYCHUX MperapaTiB IpU3BoIUTh 00 3HMXeHHI YCC
3a paxXyHOK BIUJIMBY Ha CUHYCHMIA BY30J1, TOAI SIK MPU
®IT1 ocHOBHUM MiclLieM iX il cTa€ aTpiOBEeHTPUKYIISIP-
HUIt By3oJ. BogHouac, 3a naHMMU MeTaaHali3y, BUpaxe-
HicTbh 3HMXeHHsT YCC npu BUKOpUCTaHHI 3iCTaBHUX 103
KapBeIMIoIy Ta Oicomposony Oyia moaioHO0 y XBOPUX
i3 @IT Ta i3 CP [11]. JlocaimHUKM 3a3HA4YalOTh HEIO-
CTYNIHICTh maHuX npo mociaruyty YCC, amke mo9aTKoBi
MOKa3HUKM MOTJHU BiapizHsaTucs y xsopux i3 ®IT Ta i3
CP [6]. UCC BumiproBanacs nuiiie y criokoi. BimoMo, 1110
BupaxeHicTb 3HMXeHHs YCC mig yac HaBiTh MOMipHOTO
¢Gi3MyHOTro HaBaHTAXXE€HHS BiApi3HSIETHCS MiX XBOPH-
mu 3 ®OIT Ta i3 CP [6]. Moriu 6 6yTu BiZMiHHOCTI MixX
xBopuMu 3 PI1 ta i3 CP 3a nocArHeHHIM ONTUMAaJIbHOT
YCC gx y cnokoi, Tax i mpu pisMIHOMY HaBaHTaXXeHHI
Ha 11 B3-Ab.

Brpara ckopoTiuBoCTi mepeacepnb i HeperyJIsipHi CKo-
pPOUYEHHS IUTYHOUKiB MOXYTh 00YMOBJIIOBATH HEOOXiTHICTh
Buioi YCC mist miATpMMKM TTI€BHOTO XBWJIMHHOTO 00’ €My
cepusg y xBopux i3 @I1 nopiBHssHO 3 xBopuMu i3 CP, 110 3a

HagBHocTi CH Moxke matm 3HaueHHS. JLOCTiTIHUKY TaKOXK
3a3HayvaroTh, 1o Hu3bka YCC y xBopux i3 PI1 moxe Oyt
IIPOSIBOM HasIBHUX MOPYIIEHb MPOBITHOCTI, SIKi caMi co-
0010 MOXYTb CyTPOBO/IXKYBATUCS MOTiPIIEHHSIM MPOTHO3Y.
Hapemri, cama ®IT y xBopux Ha CH Moxke OyTn Mapke-
POM TIOTaHOTO KJIiHIYHOTO CTaHYy, 1110 OOYMOBJIIOE PO3BU-
TOK HECIPUATIMBOTO PE3yIbTaTy, HA PU3UK SIKOTO Y TAKUX
BUIIAIKaX MEHIIIOI0 MipOl0 MOXKe BILTMBATH 3aCTOCYBaHHSI
B-Ab [17, 18].

Kpim Takux mosicHeHb, aBTOpM MeTaaHasli3y He BU-
KJIIOYalTh, IO OTPUMaHi pe3yJbTaTU 3aCTOCOBHI 10
BUIIAIKiB BUKOPMCTAHHS IEeBHUX, aje He BCix B-ADb,
OCKIJIBKM BiIMiHHOCTI Y (hapMaKOJIOTiYHUX BJIACTUBOC-
TSX MpernapaTiB MOXYTh BiirpaBaTv MeBHY poJib [19].
Cuin 3a3HaYMTH, IO 32 JAHUMM iHIIUX MeTaaHali3iB,
3aCTOCYBaHHS 3a3HayeHUX KJjaciB npenapatiB npu CH
ta ®I1 6ys0 He MeHII e(peKTUBHE, HiX y XBOPUX i3 CUHY-
COBUM pUTMOM. TakoX AOCHiAHUKU TOBOPSTH, 11O Ma€
3HaueHHs ¢opma ta TpuBaxicts @IT [20]. Pesynbrat
MeTaaHaJji3y J03BOJISIIOTH IIPUITYCTUTH, 110 BIUIUB [3-Ab
npu jaikyBaHHi xBopux Ha CH Ta i3 ®II Ha yacToTy po3-
BUTKY HECTIPUSITIMBUX KIiHIYHUX Pe3yJIbTAaTiB MEHII
BUpaxeHui, Hix y nainieHTiB i3 CP [20]. OueBunHa He-
O0OXiIHICTh BUKOHAHHSI MPOCHEKTUBHUX paHIOMi30Ba-
HUX JIOCJIIJIKeHb, 110 BKJIIOYaTUMYTh XBopux i3 CH, nis
YTOYHEHHS BIIMBY NMPUIOMY 3a3HaueHUX MpernapartiB Ha
ix mporHo3s [21-23].

BucHoBKM

Kapsennion i 6iconposios He € OMHAKOBO e(EKTUB-
HUMU Yy XBOPUX Ha CeplieBy HEIOCTAaTHICTh i3 PiZHUMU
(eHoTUIAMU Ta CYINyTHBOIO MaTosiorieto. Tak, 3a yMoBU
3aCTOCYBaHHS KapBeIWJI0JY MOPiBHSHO 3 0iCOIPOJIOJIOM
pU3UK IMOBTOPHOI TOCITiTaIi3allii € HIKIUM Y XBOPHUX Ha
ceplieBy HeIOCTaTHICTh i3 mocTifiHOO dhopmoto hidbpu-
nauii nepencepnb 3i 3HmxkeHowo OB JIII (BT = 0,412,
p = 0,047) Ta y nauieHTiB i3 moeaHaHHAM QiOpUIsILITl Te-
pencepab Ta lyKpoBoro aiadery 2-ro tumy (BII = 0,096;
p =0,044).

3a3HayeHi mpernapaTtyv MalTh OJHAKOBY e(DeKTUBHICTh
y TAlli€HTIB i3 CHHYCOBMM PUTMOM He3aJIeKHO Bim (peHo-
TUITYy CEpILIEBOI HEOCTATHOCTI Ta HASIBHOCTI CYITyTHBOTO
LIYKpPOBOTO IiabeTy 2-To THILY.

[Tin yac TuTpyBaHHS 1034 B-aApeHOOJOKATOPIB Y XBO-
pUX Ha CepleBY HEAOCTAaTHICTh i3 CUHYCOBUM PUTMOM
noLiIbHUM € moctynoBe 3HmXeHHss YCC > 15 xB7'; nmpu
MOCTiHIN dopMi DidpusiLii nepencepab — He OiNbII
Hix 22 XB~'.

Kondaikr inTepeciB. ABTOpH 3asBISIOTH IIPO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta Bl1acHOI (piHaHCOBOI 3alliKaBIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.

Indopmauis npo dinancyBannda. [oHopap: He 3aneKapo-
BaHo. KoHKypeHTHi iHTepecu: diHaHCyIOUi opraHizallii He
BimirpaBaiu XOIHOI poJIi IpY HAaIIMCaHHI CTaTTi a00 B pi-
LLIEHHI MoJaTH 3BiT AJ1s MyOJTiKallii.

Buecok aBtopiB. Kynaeus H.M. — koHuenmnitis, 30ip na-
HMX, CTAaTUCTMYHA 0OpOOKA pe3ysibTaTiB, HAITMCAHHS CTaTTi,
penaryBaHHs1; Kynaens B.M. — 30ip gaHux, craTUCTAYHA
00poOKa pe3yabTaTiB.
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The comparative analysis of the influence of bisoprolol and carvedilol
on the course of heart failure of ischemic origin in patients
with concomitant atrial fibrillation and diabetes mellitus

Abstract. Background. The aim of the study was a comparative
analysis of bisoprolol and carvedilol effects on the course of heart
failure (HF) of ischemic origin in patients with concomitant at-
rial fibrillation (AF) and diabetes mellitus (DM). Materials and
methods. Three hundred and ninety-eight patients with HF on the
background of post-infarction cardiosclerosis aged 58 (54—67)
years (198 women and 200 men) were examined. Two hundred
and twenty-six (56.8 %) had persistent AF, 102 (25.6 %) had con-
comitant type 2 DM, and 13.1 % had a combination of DM and
AF. One hundred and sixty-seven (42.0 %) patients had a reduced
left ventricular ejection fraction (LVEF) < 40 %; 133 (33.4 %) had
moderately reduced LVEF (41—49 %); 98 (24.6 %) had preserved
LVEF (= 50 %). The levels of thyroid-stimulating hormone, free
triiodothyronine and free thyroxine, glucose, glycated hemoglobin,
galectin-3, suppression of tumorigenicity 2 peptide, B-type natriu-
retic peptide, N-terminal prohormone of brain natriuretic peptide
were determined. Genotyping was carried out for 4 polymorphisms
(rs1801253 and rs1801252 of the B,-AP, rs1042714 of the (3,-AP
gene, and rs2274273 of the LGALS-3 gene). ECG registration,
daily ECG monitoring, standardized echocardiographic exami-
nation during hospitalization were carried out. Two hundred and
four (51.3 %) patients took bisoprolol in an individually selected
dose for a year; 194 (48 %) patients were prescribed carvedilol.
According to this criterion, patients were divided into two groups.
During one year, the patients were observed, taking into account
the presence of repeated hospitalization (RH) due to HF decom-
pensation. Statistical analysis was performed using the programs
Statistica for Windows Release 10.0 and MedCalc® (Statistical
Software version 22.020). Results. The frequency of RH was low-
er by 48.3 % (p = 0.040) in the group of patients with HF with
reduced LVEF and AF without DM when using carvedilol, com-
pared to the group that took bisoprolol (odds ratio (OR) = 0.412

[0.158—0.976], p = 0.047). If AF is combined with DM in patients
with HF (regardless of phenotype), the frequency of RH when
treated with carvedilol is lower compared to the group that took
bisoprolol (by 21.1 %; p = 0.0018) (OR = 0.096 [0.010—0.937];
p =0.044). The frequency of RH was also lower in patients with HF
with reduced LVEF, under combined AF and DM, when treated
with carvedilol (by 27.3 %; p = 0.027) compared to those who took
bisoprolol. According to the probit regression analysis, there was
an inverse (f = —0.162 £ 0.034) dependence of the probability
of RH in patients with sinus rhythm on the severity of heart rate
changes (AHR) during the year of 3-AB use. ROC-analysis showed
that in patients with HF with sinus rhythm, the risk of RH increa-
ses during the observation period when the optimal distribution
point for AHR < 15.00 min~' is reached (sensitivity of 80.30 %,
specificity of 68.87 %; p < 0.0001). In HF with AF, a S-shaped
(sigmoid) dependence ( = 0.507 £ 0.092) was found of the risk of
RH on the severity of heart rate changes against the background of
B-AB treatment. At the same time, the risk of RH in HF patients
with AF increases upon reaching the optimal distribution point for
AHR > 22.00 min~" (sensitivity of 98.12 %, specificity of 87.23 %,
p < 0.0001). Conclusions. With the use of carvedilol compared to
bisoprolol, the risk of RH is lower in HF patients with AF with
reduced LVEF (OR = 0.412, p = 0.047) and in patients with a com-
bination of AF and type 2 diabetes (OR = 0.096, p = 0.044). These
drugs have the same effectiveness in patients with sinus rhythm,
regardless of the HF phenotype and the presence of concomitant
DM. During the titration of the 3-AB dose in patients with HF
with sinus rhythm, it is advisable to gradually decrease the heart
rate > 15 min~'; with AF — no more than 22 min".

Keywords: postinfarction cardiosclerosis; carvedilol; bisoprolol;
atrial fibrillation; heart rate; left ventricular ejection fraction; di-
abetes mellitus
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e MOPYLLEHb JUXaHHA YBI CHI (HIYHe anHoe);
e YCIX BUAIB 6@3COHHS;

e CUHOPOMY HECMOKIMHUX HIr.
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NMPOPDIIAKTUKA PO3BUTKY OEDILUNTY NOAY:

* y nepioa BaritHocTi" ?

* y nepioa roaysaHHs rpyanro’

2 e y nopocnux ta gitein”?

IHpopmauis npo Ge3peuenTypHi nikapcbki 3acobu AnA cnewianicTis 0XopoHH 3710poB'a, Mep! i bap
NpaLiBHUKIB.

CKopoueHa iHCTPYKLiA ANA MeiN4YHOro 3acTOCyBaHHA NlikapcbKnX 3aco6is
MNOAOMAPUH" 100 (JODOMARIN® 100), AOLOMAPUH' 200 (JODOMARIN' 200)

Cknap: 1 Tabnetka 100 micTute Kanito ioaupy 131 MKr, wo BianoBigae woauay 100 mkr, abo 1 tabnetka 200
MICTUTb Kanito ioauay 262 MKr, wwo Bianosiaae 200 MKr i#0AuAY; AONOMiXHi PEYOBUHM: NAKTO3M MOHOTIAPAT, MarHilo
KapOoHaT OCHOBHWI NETKMiA, XeNaTuH, HaTpilo KPOXMAnbrikonaT (Tun A), KpemHilo Aiokcua KOnoiAHWi Ge3BoAHMi,
marHito cteapar. Jlikapcbka dpopma. Tabnetkn. OapmakoTepanesTuyHa rpyna. Jlikapcbki 3acobu And nikyBaHHA
33XBOPIOBAHD LUNTOMOAIGHOT 3an031. TpeoiaHi nikapcbKi 3acobu. Jlikapcbki 3acobm iopy. Kog ATX HO3C A. Mokasanka.
Mpodinaktuka po3BuTKy AediuuTy ioAy, y ToMy uucni y nepiod BariTHocTi abo roayBaHHa rpyaaw. MpodinakTuka
peuyuavBy fiopoAehiunTHOro 306a nicna XipypriyHoro NiKyBaHHA, a TakoX NicNA 3aBepLIEHHA KOMNEKCHOTO NiKyBaHHA
NiKapcbkumu 3acobamu ropMoHiB LiMTONOAIGHOT 3ano3u. JlikyBaHHA AuY3HOTO eyTupeoiAHoro ioAoAediLuTHOrO
306 y AiTeil, y TOMy YUCNi Y HOBOHAPOAXEHUX | HEMOBAAT, Ta AOPoCAMX 0Ci6 monoporo Biky. lpoTunoKasaunua.
MiaBuLeHa uyTAMBICTb A0 Ailouoi pevoBMHN abo Ao 6yAb-AKOTO 3 JOMOMIXKHUX KOMMOHEHTIB Nikapcbkoro 3acoby.
BupaeHuit rineptupeos. Y pasi nateHTHOro rinepTupeo3y NpoTUNOKA3aHO 3aCTOCOBYBATM NiKapcbkuil 3acib y Ao3ax,
10 nepeBuLLyioTb 150 MKT il0AYy Ha A06y. Y pasi aBTOHOMHOT afieHOMM, a TakoX (OKanbHUX Ta ANGY3HUX aBTOHOMHIX
BOTHULY L{NTONOAIOHOT 331031 NPOTUNOKA3aHO 3aCTOCOBYBATU JikapCbKuii 3aci6 y Ao3i Big 300 4o 1000 MKr oAy Ha
700y (3a BUHATKOM NepeaonepaLliitHoi iofoTepanii3 meTolo 6nokaAu WwuTonoAibHoi 3an03u 3a Mnamepom). Tybepkynbo3
nereHis. femopariuxnii Aiate3. lepnetupopmuuit sepmatut liopunra (cunapom fiopunra-bpoka). Mo6iuni peakuii.
Tpu npodinakTnuHomy 3acTocyBaHHi iloAnaY y 6yAb-AKOMY Billi, a TAKOX NPU TepaneBTUYHOMY 3aCTOCYBaHHi y HeMOBAAT
Ta AiTel H edekTiB, AK np He cnocTepiraeTbca. MpoTte Npu HAABHOCTI BEAMKUX BOTHULY aBTOHOMIT
wWMTONoAi6HOT 331031 i MU NpU3HAYEHH oAy y K060BIX 032X, L0 NepeBuLLytoTb 150 MKT, NOBHICTIO BUKAIOUNTH NOABY

TUYHUX

NpeacraBuuyTeo «bEPNIH-XEMI/A. MEHAPIHI YKPATHA Im6X»
Appeca: m. Kuis, Byn. bepesnakiBcbka, 29, Ten.: +38 (044) 494-33-88.

p 0 rinepTupeo3y HemoxuBo. 3 6oky iMyHHOT cucTeMu: peakuii rinepuyTAMBOCTI (Taki, HaNpuKNaz, AK PUHIT,
CMPUYMHERWI iHoA0M, Oynbo3Ha abo Tybepo3Ha iiopoAepMa, eKChONiaTUBHHIA AEPMATHT, AHTIOHEBPOTUYHWI HAbPAK,
rapayKa, akHe i npunyxnicTb CNUHHMX 3an03). loBHuit nepenik no6iuHuX peawiit 3 60Ky iMyHHOT, eHAOKPUHHOI CMcTEMM
Ta iHWMX 3HAXOAUTCA B IHCTPYKLIT AN MEAUYHOTO 3aCTOCYBAHHA Nikapcbkux 3aco6iB Mlogomapuk® 100i Hogomapuk® 200.
Cnoci6 3actocyaHHA. Tabnetkn npuitmaTin nicnA ign Ta 3anuBaT AOCTATHLOK KiMbKICTIO PiAMHYW, Hanpuknag,
CKNAHKOI BOAY. HemoBAATaM Ta AITAM A0 3 POKiB NliKapcbKuii 3aci6 MoxHa AaBaThy noapibHeHomy Burnaai. Kateropia
Biamycky. bes peuenra.

Bupo6Huk. BEPTIIH-XEMI AT, ikikep Ber 125, 12489 bepnin, Himeuuuna.

060B'A3K0BO YBAXHO 03HANOMTECA 3 OBHOI IHCTPYKLIED ANA MEANYHOO 3aCTOCYBAHHA NikapCbKux 3aco6is MOBOMAPUH®
100 Big 30.11.2018 p. Ne 2237, PN Ne UA/0156/01/01, OOMAPUH® 200 Big 06.03.2018 p. Ne 450, PIT Ne UA/0156/01/02,
a came 3 NOBHUM NepesiKoM MPoTMNoKa3aHb, MO6UHIX peaKLiil Ta 0cO6NMBOCTeI 3aCTOCYBAHHA.

*3a pe3ynbratamu po3zpioHoro ayauty Sale Out cuctemin AOCHIZXEHHA GapMaLieBTUYHOro puHKY «Pharmxplorer», npopaxi
6peHziB 3 ypaxyBaHHAM MapKeTylouoi opraHi3aui 3a 2023 pik BKntouHo cepes npenaparis, ki BigHocATbca Ao ATC ko (3)
HO3C «TTPEMAPATH /0AY, LLO 3A(TO(0BY!0TI:(FI 1PV 3AXBOPHOBAHHAX LLUMTOBMAHOT
3AN0311» B Ykpaii, B HaTyp ) TaBrp i
(Tuc. rpH). 3rigHo 3 «basa AaHMX «Pharmexplorer» ©TOB «lpokcima Picepu» 2009 2024».
[Noctynsi 3a nocunannam: https://pharmxplorer.com.ua/

UA-Jod-02-2024-V1-Press. OctaHHiit nepernag 26.01.2024.
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