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METOAM CUCTEMHOI BIONOTIi B OUIHKOBAHHI IMOBA/IbHUX NEPEBYA0B
KNITUMHHOIO METABO/MI3MY MNP XPOHIYHHUX 3AXBOPHOBAHHAX
OBMIHY PEHOBWVH
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CunctemHa 6ionoria 403BOJISE 3aCTOCOBYBaTV MareMaTuyHi Mofeni A5 aHasi3y BenvKnx Habopis AaHux i gonomarae
34iiCHIOBATM MOZE/MIOBAHHA AMHAMIKM CKNafHNX BioNoriyHnx cuctem. B aHaniTmyHoMy JocnigkKeHHi 06roBopoTLCSA NK-
TaHHA BUKOPUCTaHHA CUCTEMHOTO NiAXoAy [A718 NPOCYyBaHHA MPOLLECiB PO3BUTKY NEPCOHaUsTi30BaHOT MEANLMHN B JiKyBaHHI
XBOPO6 0OMiHY PEYOBYH, iIHCYNIHOPE3UCTEHTHOCTI, OXMPIHHA, HEasIKOr0NIbHOI XXMPOBOT XBOPOOUW NEYiHKW, HEAsTKOro/IbHOro
cTearorenatuTy Ta 3/108KICHUX HOBOYTBOPEHb. PO3ISHYTO pesynbTaTy IHTErpasibHOro aHasisy BesiMkux HabopiB faHuX
ANs ipeHTUdikauii HoBMX GioMapKepHNX MOMEKY/, WO € OCHOBOK MepcoHani3oBaHoi Tepanii. MokasaHo, WO Ki/IbKiCHWIA
CUCTEMHWIA aHani3 MoXe AaTu HOBE YSBMIEHHS NP0 MOMEKYNAPHI MexXaHiamu B KAiTUHI, chopMyBaTh HOBI KOHLLeNLi op-
raHisauii, KoopauHauii i peryntoBaHHsA KNITUHHUX NPOLECiB. YKpai HeobxiAHa KOHBEPreHLisi eKCrneprMeHTaIbHOro Ta in
silico aHani3y sk OKpemux KIITUHHWUX NPOLLECIB, TaK i TEXHOMOTYHMX MepeX. MigKpectoeTbes, WO CUCTEMHO-6I0N0TYHWIA i
CUCTEMHO-MEANYHMIA aHai3n BUMAratTb LUMPOKOro 3aCTOCYBaHHS MyNbTUANCUMNAIHAPHUX | TPaHCAMCLMNAIHAPHNX Nig-
X0pjB, SK e 6y/10 NpoAEeMOHCTPOBAHO Ha NPUKNai CEKBEHYBaHHS Li/IMX reHOMIB. 3anponoHOBaHO BUKOPVCTOBYBaTK bara-
TOCTYMNEHEBY CUCTEMY MaTeMaTUyYHOro MOZeEeNBaHHA B hopmari in silico 3 ouiHIOBaHHSAM BIPOTiAHOCTI KOXHOI 3 K/TFOYOBUX
nogii, Wo 3abe3neuyroTb BUKOHAHHS Kackay GiOXiMIYHMX peakLii.

KniouoBi cnoBa: cuctemHa 6io/10ris, cuCTeEMHa MefuUMHa, MeTaboniam y KAITUHI, MyNsTUAUCUMNNIHAPHI Ta TpaHcamc-
LUmniHapHi Nigxoam, MofentoBaHHs in silico.
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OF CELLULAR METABOLISM IN CHRONIC METABOLIC DISORDERS
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Background. System biology allows the use of mathematical models to analyze large data sets and helps to simulate the
dynamics of complex biological systems. The analytical study discusses the use of the system approach to promote the
development of personalized medicine in the treatment of metabolic diseases, insulin resistance, obesity, non-alcoholic
fatty liver disease, non-alcoholic steatohepatitis and malignant neoplasms.

Results. The purpose of the study: evaluate the effectiveness of using system biology and system medicine, as well as
propose new approaches.

The results of the integral analysis of large data sets for the identification of new biomarker molecules, which are the
main personalized therapies, are considered. It is shown that quantitative system analysis can give a new understanding
of the molecular mechanisms in the cell, form new concepts for the organization, coordination and regulation of cellular
processes. It is extremely necessary to converge experimental and in silico analysis, both individual cellular processes
and technological networks.

Conclusions. System-biological and system-medical analyzes require the wide application of multidisciplinary and
transdisciplinary approaches, as was demonstrated by the example of sequencing of whole genomes. It is proposed to
use a multistage mathematical modeling system in in silico format with an estimation of the probability of each of the key
events ensuring the performance of a cascade of biochemical reactions.

Key words: system biology, systemic medicine, cell metabolism, multidisciplinary and transdisciplinary approaches, in
silico modeling.
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CurctemHas 61onorusa No3BoSET NPUMEHATbL MaTeMaTuyeckne Mogenm AN aHanmsa 60nbLumx HabopoB AaHHbIX Y NOMO-
raet OCyLLeCTBIATb MOAENMpOBaHMe AVHAMMKN CMOXHbIX BMON0rMyeckmx cuctem. B aHanmTnyeckom nccnenosaHnm 06-
CYX[arTCs BOMNPOChI MCNO/Ib30BaHNA CUCTEMHOIO NOAX0AA ANS NPOLABVXEHNS NPOLLECCOB Pa3BUTUS NePCOHaNN3MPOBaH-
HOW MeAWLVMHbI B Ie4eHnn 601e3Heli 0OMeHa BeLeCTB, UHCY/IMHOPE3UCTEHTHOCTU, OXXNPEHWS, HEA/TKOTO/TbHO XMUPOBOA
60/1€3HM NeYeHn, HeasKorosIbHOro crearorenaTuTa 1 3/10Ka4eCcTBEHHbIX HOBOOGPa30BaHWii. PaccMoTpeHbl pesysnbraThl
WHTErpasibHoOro aHanm3a 60/bLUNX HAboPOB AaHHbIX 4718 UAEHTU(MKALMN HOBbIX BMOMapPKEPHbIX MOMEKYS1, ABNAILLMXCA
OCHOBOVi NepcoHaNn3MpoBaHHol Tepanuu. MNokasaHo, YTO KOSIMYECTBEHHbIN CUCTEMHbIV aHaNN3 MOXET AaTb HOBOE Npef-
CTaB/NieHMe O MOJIEKYNAPHBIX MeXxaHu3Max B K/eTke, chopMmpoBaTb HOBbIE KOHLEMUUM OpraHnusauuv, KoopguHaumm n
perynnpoBaHmns KeTouHbIX NpoueccoB. KpaHe HeobxoarMa KOHBEPreHLMst aKCnepuMeHTasIbHOro 1 in silico aHanmaa kak
OTAeNbHbIX KNETOYHbIX MPOLLECCOB, Tak U TEXHO/IOTNMYECKUX ceTeit. lNMogvepknBaeTcs, YT0 CUCTEMHO-OMOTOTMYECKNIA U CUC-
TEMHO-MeAULMHCKAM aHann3bl TPEOYHOT LWMPOKOro NPYUMEHEHUS MY TbTUANCUUNNHAPHBIX U TPAHCAUCLMNANHAPHbBIX NOA-
XO[0B, KaK 370 6bl/10 NPOAEMOHCTPMPOBAHO HA NPYMEpPE CEKBEHNPOBAHMWSA LieNbIX reHOMOB. peinoXeHo MCNob30BaTh
MHOTFOCTYMeHYaTy CUCTEMY MaTeMaTNU4eckoro MoaenMpoBaHus B hopmare in silico ¢ OLEeHKON BEPOSTHOCTY KaXKaoro u3
K/OYEBbIX COObITUN, 06ecneymBaoLLnX BbINOHEHME Kackaaa 6UOXMMUYECKX peakLmii.

KntoueBble cnoBa: cucteMHas 6uonorusl, cucteMHas MeguunHa, Metabosmam B KAeTke, MynbTUANCLUNINHAPHbIE U
TpaHcAMcLMNINHapHble NoAxXoAbl, MogenmpoBaHue in silico.

Bceryn. [Ipouecy, 1m0 NpoTikarTh Yy KIITHHI, SIK
B/JACHe i 1 CTPYKTYpH, 0COBIMBO PO, € HAJ3BU-
YaliHO CKMaZHUMH. PeyKIioHiCTChKI migxoau 6ymm
Bpaykaroue YyCITillIHi [TPY BUBUEHHI Ha MOJIEKY/IIDHOMY
piBHi 6araThb0X K/IFOUOBHX TMPOLIECIB, IT[0 Bi/[0YBatOTHCS
B si7pi, 0COO/MMBO eKcrpecii TeHiB. BogHOUac cTaroTh
OYEBUTHUMH OOMEXEeHHsI aHasTi3y OAMHUYHUX sifiep-
HUX TPOLIeciB y MPOCTOPOBIiil i THMYACOBiH i30/s1il
i OOIPYHTOBaHICTh y3ara/JbHIOIOUHX CIIOCTEPEXXEHb
OIMHUYHUX TeHHHUX JIOKYyCiB. HacTynHuil piBeHb
PO3yMiHHSI (QYHKI[ili TeHOMY TIOJIATA€E B iHTErpariii
HalIMX 3HaHb MPO IX MOC/IiOBHOCTI Ta MOJIEeKYJISIpHI
MeXaHi3MH, 1110 6epyTb y4acTh y silepHUX TIpoLiecax,
i3 HallMMU TIOIVIAlaMy Ha IPOCTOPOBY Ta TUMUaCo-
By Oprai3aiito sifjpa i B 3’sCyBaHHI B3aeMOZii Mix
OiTKOBUMU Ta TeHHWMH Mepe)kKaMy B Pery/asTOPHUX
JlaHIorax. st 1iboro HeoOXi/IHI KaTa/joryu reHoMiB i
IPOTEOMIB Ta TOUHE PO3YMIHHS TTOBEJIHKU MOJIeKY/I
V JKUBUX KTITUHAX. 30/IMKEeHHST TEXHOJIOTIUHUX PO3-
pobOK y ranysi reHOMiKH, MPOTEOMIKH, JUHAMIKA
1i oOumc/ieHb Befie /10 iHTETPOBAHOTO 0iOOTiUHOTO
po3yMiHHs 0iosiorii TeHOMY ¥ siepHOi GyHKIII.
HesBaxkarouu Ha 30BHi BUHSATKOBe 3POCTAaHHS Kijlb-
KOCTi JOC/TiyKeHb, MOB’A3aHUX i3 BUKOPHUCTaHHSIM
MeTOo/0/10Ti1 crcTeMHOI 6iosorii, MU Ha JaHWi Yac
3HaXOIMMOCSI B TIOUATKOBiH CTaflii po3yMiHHS CYTHOCTI

1 KOMITJIEKCHOTO BUKOPUCTAHHS [/Is1 [IlarHOCTUKU Ta
JIIKyBaHHS 3aXBOpIOBaHb [7, 15].

Meta foC/TiHKeHHA: OI[iHUTH e(heKTUBHICTb BH-
KOPHMCTaHHsI MEeTO/IiB CHCTeMHOT 6iostorii i cucTeMHol
MeJMLIMHY, a TAKOX 3allpOIIOHYBaTU HOBI MiJIXOH.

Pe3ysibTaTH Ta iX 00roBopeHHs. AKTUBHE MPOCY-
BaHHSI METO/0JIOTil ciucTeMHOI 6iosorii i cucTeMHOI
MeJMLIUHNA CTUKAETHCS 3 HU3KOK0 MTPO0/IeM.

Hacamnepegn, ciif 3a3HaulTH BiZICYTHICTh €AUHOTO
(opmaty 3060py [JaHUX, 110 YCK/IaJHIOE aHasli3 Beu-
K1X HabOpiB JaHuX.

ITo-ppyre, BUHMKAOTh TPYAHOLLI I10A0 MeXaHic-
TUYHOTO TPAaKTYBaHHs Li/IoTo psifly OiomapkepiB i
JIIKapCbKUX MillleHeld; yTpyJHeHUH TNepeksaj, Beld-
KMX MacHBiB JlaHMX (OTpYMaHUX Ha OCHOBI aHasli3y
TeHOMHOI'O MO/Ie/IF0BaHHS) /i KJiHIKM i, HapelTi,
YiTKO TIO3ULIIOHYIOTHCSI TTPOOIeMH HeOJHOPiAHOCTI
iH(popMaL[iTHUX MacHBiB, I1J0 BUMAararoTh MoTepeHbO1
iHaUBiAyanbHOI 0OPOOKKU AaHUX Tiepe/[ TTPOBefieH-
HSIM iHTerpaTMBHOTO aHami3dy [1, 9, 24]. Ille ogHiero
npobemMoro € Te, 1110 06pobIeHHST MYTETHOMIKCHUX
JIAaHUX BK/IIOYae iHdopMaLiiiHuii pecypc, OTpUMaHUiA
y Pi3HUX JUHAMIUHUX [jiara3oHax iX HaKOIMAUYeHHSI.

CepLieBO-CyIMHHI 3aXBOPIOBAHHS € OCHOBHOIO TIPU-
YMHOIO IHBaJIiIHOCTI Ta CMEPTHOCTI B €KOHOMIUHO
PO3BUHEHMX KpaiHax, [Py LIbOMY Ha YaCTKY illleMiuHol
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XBOpOOU cepijs Ta iHMapKTy MioKapjia MpuMajae
MPUOJTU3HO /1B TPETWHUW BUMA/KiB CMEPTi Bifl ycix
CepLeBO-CyJMHHUX 3aXBOPIOBaHb.

TTopsiz i3 MacHBamMu JaHKX 3 M>KO1/TKOBOI B3aemMoii
i MPHK, piBHi K/TiTHHHUX MeTabOIiTiB 3a/1€XaTh Bif
KiHeTUKM oKpeMux (epmeHTIB (30Kpema BiJ| MOCT-
TpaHCALiMHNUX MofudiKaiiiit pepmeHTiB). [lo TOTO X,
PiBHI MeTaboMiTiB, 1[0 LIUPKY/IFOIOTh Y KPOBi (MeTa-
OostiT Ma3Mu KpoBi) JIFOMWUHM, TIOB’sI3aHi He TUTBKU
3 MeTaboTiYHO0 aKTUBHICTIO B Pi3HMX TKaHWHAX, ajle i
3 BKMBAHHSM XapUOBUX IHIPe/Ii€HTIB, a TAKOX 3 MeTa-
00JiYHOI0 aKTUBHICTIO MIKPOGiOTH KUILIEUHHKY [6].

MeTabosioMiKa r1a3mMu KpOBi Ma€ iCTOTHUMIM TIOTeH-
ian a5 igeHTrdikalii 3MiH cTaHy 3[0pOB’ sl JTFOVHHU.
ba3a panux metabonomy sonuau (caiit HMDB —
Human Metabolic Data Base, www.hmdb.ca) Bktouae
nipubm3Ho 42 000 izeHTHhIKOBaHUX MeTabOmiTiB
[16]. Cepen HUX BenMKa KifbKiCTh XapuOBUX MeTa-
6onitiB (6m3bpKo 2500) i 4500 MeTaboMiTiB MIa3MH
KpoBi [31]. 3a HasBHOCTI TAKOrO BEJIMKOTO MaCHBY
MPOJIYKTiB OOMiHY iCHYIOTH TPY/HOIIi 3 BUSBIEHHS
GiomMapKepHUX MOJIEKY/T, TIOB’SI3aHUX i3 KOHKPETHUM
3axBoproBaHHAM. OKpeMi GiomMapkepu Mpy OXXKUPiHHI
Ta IyKpoBomy fiabeti Oyso izeHTrdikoBaHO TIOpiB-
HSIHO Hell[oflaBHO [2, 32]. HUMU BUSIBUTUCS I1i/TbOBI
aMiHOKMC/IOTU 3 PO3ra/ly’>KeHUMHU JIaHLIForaMH B CKJla-
Ii MeTab0/10My TIa3MH KPOBI.

Amarii3 TpaHCKPUNTOMY a/{UTIOIMTIB (TTicsist Gioricit
YepeBHOI'0 )KUPY) Y JIFOAUHU [10Ka3aB, 1110 MiJIBULLIeHHS
PiBHSI aMiHOKHCJIOT 3 PO3Traly>KeHUMU JIaHL[OTaMU
y NaL[i€HTIB i3 HAZMIPHO MacCOk0 Tijia CBiJUMIIO PO
3HIDKEHHS ZIMXalbHOTO 0OMiHY B YKUPOBiM TKaHUHI
[8]. Ha mymKy aBTOpiB, HACTYITHUM I7I00abHIN aHa-
J1i3 MeTabo/I0My y TKAaHMHAX BChOTO OPraHi3My MoxXKe
NiATBEPAWUTH Ba)K/IUBY pOJIb LIUX aMiHOKUCJIOT SIK
HOBUX MPOrHOCTUYHUX OioMapKepHUX MOJIEKY/ TIPU
OKMPiHHI Ta I[yKPOBOMY fliabeTi 2-ro Tumy.

3a Z0rOMOr0Or0 MTOBHOTEHOMHUX [JOC/Ti/IKEHb Y JIFO-
mHu Oyrio ineHTHdiKOBaHO TIoHa L, 200 LIUPKY/TIOOUNX
MeTabomiTiB y mepudepuuniti kposi monaz 2000
NalfieHTiB (Ha T/1i TIPOBe/IeHOro /JOK/IaJHOTO Kap/io-
MeTabomiuyHOTro (heHOTUITYBaHHS), a TAaKOK BUSIBJIEHi
Bpo>keHi MyTauii y reHi AGXT2, nos’sg3aHoMy
3 IMi/IBULLIEHMM PiBHEM TPUIILIEPUJIB i XO/IeCTEPUHY
[5]. TTepeBipeHno 59 meTabosiTiB y ceui 862 marfieH-
TiB 3 Mi/IBULLIEHWM DU3UKOM DO3BUTKY 3aXBOPHOBaHb
00MiHy peuoBHH, 30KpeMa BUSIBJIEHO MYTaIlif0 y reHi
NAT?2, noB’s13aHOMY 3 IiJIBULLIEHUM PU3UKOM illIeMiy-
Hoi XBopobwu cepiis [4].

[obpe BifoMo, 11j0 BUHUKHEHHSI Ta PO3BUTOK
NPaKTUYHO Oy/ib-sIKOTO IMAaTOoJIOTiYHOro IMpolLecy

TIPU3BOJUTH [I0 3pYLLEHHS MeTaboMiyHOTro roMeocTasy
B Oprati3mi, 1o Moxke O0yTH ieHTHikoBaHe 3a 10110-
MOTOr0 MeTab0JIOMHOTO aHaJIi3y Ty1a3Mu Kpogi. TTpote
1[i 3MiHN €/1ab0 PeeCTPyIOThCS i 3a/UITIAI0THCS MaJlo-
TIPUMITHUMH, SIKILIO BifICyTHiM afpecHuit migxif [6].

OcTaHHIMUA pOKaM¥y TPaHCKPUIITOMHI, IIPOTEOMHI,
MeTabO/IOMHI 1 iHIllI  «-OMHi» MaCHBH JJaHUX TKa-
HUHHUX Peakliild, OB’ sI3aHKX i3 XBOPOOO¥O, YCITIIIHO
MOEJHYIOTHCSI B pAMKax IHTErpaTUBHOIO aHaslily
[25]. OpgauM i3 migxofiB iHTerpaTUBHOTO aHasi3y
€ MoZiesTi MeTabosTi3My B KJIITHHAX Y MacITabi reHoMy
(GEMs, genome-scale metabolic models) [23]. TTo
cyTi, GEMs-mozeni Mmetabostismy B Maciitabi reHOMy
€ TUIaTPOPMOI0 /i aHasi3y ¥ OOIpyHTyBaHHS Ha-
MPSIMIB ZIOCTi/PKeHHsS] 0OMiHY PeYoBHH i MOTo yuacTi
B TIi/ITPUMIIi KJTiTHHHOTO TOMeocTa3sy, 60 00’ €JHy 0T
B €/IMHE T1iJie BeCh KOMITIEKC peakTiiii 00MiHYy, 1110 Ipo-
TiKarOTh Y KOXKHiM K/TIiTUHI, TKaHWHAaX i opranismi. [1pu
I[bOMY KO’KHA peaKIlisi OB’ si3aHa 3 ofH1M abo binbIie
(epmeHTaMu i 3aKozioBaHa criel[u(iuHUMU reHaMU
(abo TpyTIOt0 TEHIB), 110 /[03BOJISIE PEECTPYBATH NPSIMi
reH-0i/IKOBi B3aeMoyiii.

GEMSs n03Bosisie IpUEAHYBATH [JI MOA/IbIIOTO
aHaJTi3y OMiKC-acolfiiioBaHi 6;10kM JaHuX (1[0 Haraye
36upanHs ckaddona-6i0KOHCTPYKI[iN B bioiHkeHe-
pii), Harpuk/aj, TPaHCKPUTITOMHUX i MTPOTEOMHUX
MacHBiB, 1 TAKMM UMHOM CIIPUSITU BUSIBIIEHHIO (DYyHK-
L[iOHA/IbHUX BJIACTUBOCTEN CaMOpery/ibOBaHUX ITiJ-
MepeX, 110 [03BOJISIIOTh BU3HAYaTH CIIPSIMOBAaHICTh
MeTaboJ1i3My i 6epyTh yuacTh y MiITPUMII K/TITHHHOTO
romeoctasy. Yacto mioziibHa TiiMepexxeBa CTpyKTypa
OB’ si3aHa 3 PYHKIIOHYBaHHSIM Pi3HUX METa00/TiYHUX
IIUISIXiB, a TAKOX [I03BOJISIE Uepe3 perepHi MeTabosmiTH,
1110 BOJIOZiFOTh BUPaKEeHUM TPaHCKPUIIL{itHUM Tpodi-
JieM MepeX KJIITHHHOTO 00MiHY, i HabopH OB’ si3aHUX
reHiB CKOOD/IMHOBAHO pearyBaTy Ha TeHeTHYHi Ta/abo
eKoJoriuHi «roTpsicinas» [25].

Binomo, 1110 K1iTUHHA BiZIMIOBI/Ib HA PiBHI reHeTHY-
HUX i eKOJIOTiYHUX «30ypeHb» UacTo 3HaXOAUTh CBOE
BifoOpakeHHs (i/abo omocepesKOBY€EThCS) Y 3MiHaX
MeTaboJti3My. Harpuksiazi, sIKIo KTiTHHY 3a3HAr0Th il
OKCH/IaTUBHOTO CTPECY, TO MOXKYTb BiZi0yBaTHCs 3MiHN
He TiJIbKW B MeTabomi3Mi TiyTaTioHy (skuii 6e3roce-
peaHbo Gepe y4yacThb Y 3aXMCTi BiJj OKMCHIOBAJIbHUX
peaxiliii), asne i B iHITMX cerMeHTaxX 0OMiHY PEUOBHH,
30KpeMa B peaklijisiXx meHTo30(ocdaTHOro HUISXy,
10 HeoOXigHuM A/s1 3abe3reueHHsT BiAHOBIEHHS
HA/JI®H, mjo 6epe yuacTs B 00MiHi myTariony [15].

3aBasku crielidikatlii crexiomeTpil pi3HUX peakiiii
y MeTabosiunux mMepexxax GEMs cTtanu BUKOPHUCTO-
BYBaTH /IJIsl MOZIe/TFOBAHHST MeTabOo/iuHUX (BYHKITIH i3
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3aCTOCyBaHHSM MaTeMaTHU4YHOro popMary Takoro I1o-
HATTS, SIK aHaj1i3 6asmaHcy moTokiB MeTtabosiTie (flux
balance analysis) [23]. [laHa kKoHIem1isi lepej0ayac,
1110 BCi MOTOKK MeTabosIiTiB y MeXXax iHIUBIi[yalbHUX
TKaHUHHMX OaceliHiB (paKTUYHO MOKHA TOPiBHATH
3 TAKUMH Y MesKaxX I7100a/IbHOTO KIITUHHOTO Iy/ly
Oprasismy.

B pe3ynbrari «30ypeHb» MeTabosi3mMy HIBUKI
Bi/IXMJIEHHS BiJl CTaHZAPTHOIO CTaHy IMOTOKIB MeTa-
OosiTiB y Pi3HUX TKAHWHAX OpPTaHi3My MOXYThb OyTH
TIpOpaxoBaHi 3a ZIOTIOMOTO0 aHaTi3y 0aaHCy MTOTOKY
[20], 1110 moTeMep 3a/MUIIAETHCS TPYIOMICTKAM 3aB/iaH-
HSIM Uepe3 BeJIUKi CTyTieHi CBOOO/IM PO3TIOfIiTy TIOTOKIB
y AaHUX Mozesnsix. BopHouac, Take riobansHe MeTa-
GoJtiuHe TIepernporpaMyBaHHs CITPHSIE TIOSIBi BiZIXU/IeHb
y KIMTUHHUX QYHKLIISX i OB’ si3aHe 3 MPOorpeCcyrunum
riepebirom 0arathoX 3aXBOPIOBAHb JIFOUHU.

I[TopiBHSIHO HeJlaBHO OYJ10 TIOKA3aHo, 11]0 BK/IFOYeH-
Hs1 O/I0KiB eKCIlepUMeHTa/lbHUX [aHUX 3 KiHeTUKU
peakiiiii kaTasnisy i cuHTe3y depMeHTiB KUIIIKOBOI Ta-
JIMUKU B CTPYKTYPY MoOZie/ield MeTaboliuHUX peakiiin
y MaciuTabi TeHoOMy [[03BOTA/IO iCTOTHO TMOJITIIIUTH
niepesibauyBany 1iHHicTE GEMS [22], a MaTeMaTUuHe
MO/ieJIFOBaHHS K/IITHHHOTO MeTabo/1i3My BUSIBUIO T1e-
peBakHe Ti/JBUIIleHHS 00MiHY JIaKTaTy B MyX/TMHHUX
KiaiTuHax [12].

GEMs-mozienti Haby/u MOIIUpPeHHsT Y 6ioMeauIHUX
Mporpamax, BKJIFOUat0uy IPOrHO3yBaHHsT OioMapKepiB
y Mepekax Metabostiamy [3]. B 3B’s3Ky 3i CTBOPEeHHSIM
TKaHecrerdiuanx GEMs oTpruMaHi 6i/ibIl eTanbHi
JlaHi TIpO MepeXkeBi peakilii 0OMiHy mimigis [17].

IHTepec cTaHOBUTH MpobsiemMa ifeHTUdiIKallii 6io-
MapKepiB KIiTHHHOTO 00MiHy. B 2007 potii onucaHi
nepiii MPUK/IaAWd 3aCTOCYBaHHSA MeTaboiuyHOTO
MOJIe/TFOBaHHS KJTITHHHOTO MeTabos1i3My B MaciuTabi
reHomy miogunu [14, 30]. Lli Mozeni cranu ocHo-
BOIO JIJI1 PO3POOKU KIiHIUHUX Momudikariiii Bepcii
(«Recon 1»), mjo npectapsie coboro 6a3y 3HaHb st
MOZIe/TFOBaHHSI OOMiHHHMX PeakIfiil y KIiTUHI.

3a [J0MOMOT0F0 OL[iHFOBaHHSI HASIBHOCTI / BIICYTHOCTI
0isKiB, 110 KoAytoThes 14 077 reHaMu B afIUTIONUTAX,
OTPYMaHKMU 3 Pi3HUX 3pasKiB TKaHWH, B YMOBAax iH-
Terpawjii MacuBy 3 afUnoLuTocreuiyHuMU JaHUMU
niporeomy [19] Oyra ineHTHdiKOBaHa rpyTia MPOTETHIB,
MoB’s3aHuX i3 7340 reHaMH B aZiUTIOI[UTAX JIFOJUHU.
s indopwmatiis mo3Bonuia 34ilCHUTH KOMITIEKCHe
MoJiefoBaHHsl MeTabomi3My B agumnonurax. [1pu
pomy Moziesib GEMs agunoruris (iAdipocytes 1890)
MoC/TyKuia 0i0oTiuHUM KapKacoM [ijist iHTerpariii
OMIKCHUX JIaHUX JIFOZJMHY 3 METO0 YTOUHEHHSI CTPYK-
TYpH TeHOTUTI-PeHOTUITIYHUX BiJJHOCHH.
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3aB[sIKY iHTerpaii JaHUX TPaHCKPUITOMY JIFOAUHU
B Mojiesii GEMSs afiumo1uTiB BiI3HaUeHO 3MeHIIIeHHS
UXayibHOI (MiTOXOH/IpiasbHOT) MeTabo/iuHOT aK-
TUBHOCTI B )KMPOBiM TKaHUHI y J0[iel 3 HaZIMipHOO
Macoro Tina B MOpiBHSHHI 3i 3q0poBuMu [28]. Ha
T/1i 30i/bIIIeHHsT TIPOJIYKTiB 0OMiHY (aHpPOCTEpOHY,
ranrniosuay GM?2 i nmpoayKTiB ferpazatii renapuny
cynbdary, KepaTuHy Cynb(ary), aBTOpy po3I/isfaloTh
JlaHUM TigXig SK MOTeHL[iiHy OCHOBY y BUSIBIeHHI
MiltieHel [yt Tepartii oxupiaHsA. BogHouac, karabo-
J1i3M aMiHOKHCJ/IOT 3 pO3ra/iyKeHHM JIaHLIFOroM (BasliH,
JIeW11H, 130/1eHIIH) BUSBUBCS 3HIKEHUM [8].
Mogens GEMs agumnonuTiB Oysia BUKOpUCTaHA
TaKOXX JJIs1 LTroCcTpalii AMHaMiKY HAaKOITMYeHHSs! TpU-
TTLIEPUZIIB | 3HVDKeHHS! PiBHS JTiITiJHOTO 0OMiHY y Ta-
I[iEHTIB 3 HaZIMipHOIO MAaCO¥0 Tijla Ha T/Ii 0CTabeHHs
[UXaybHOTO (MiTOXOHZpiasbHOTO) MeTabomi3my [19].
3 iamioro 60Ky, Mozienns GEMs MiolUTiB [j03BO/THIIA
MO3ULIIOHYBaTH CaMOpery/abOBaHi MiiMepexi MeTa-
0o0s1i3My TIpY IIyKpOBOMY ZiiabeTi 2-To THITY.
CekBenyBaHHss PHK [29] cripusino ontumiza-
il o1jiHKK OiosjioriuHMX BigMiHHOCTel Mix Oa-
rarbMa TKaHWHaMM Y JIFOAUHU NIPU BUKOPUCTAaHHI
32 tkaHecrnerdiunnx GEMs-moneneii. lanuii mifg-
Xi/l I03BOJIMB KOMIIJIEKCHO JOC/IiAUTH KJIiTUHHUMN
cekpeToM, MeMOpaHHHIA TIPOTeOM, MyXJIMHHUN TIPO-
TeoM i MetabomiuHi GyHKIii y 6araTbox TKaHWHAX.
O6’eHaHHS BCiX MaCHBIB B iHTEpaKTUBHY 06a3y JJAHUX
CTIPUSITIO TIPOBE/IEHHFO HaBiTrallii r/obaibHUX MaTepHiB
TeHHOI eKcrpecii B yCiX TKaHMHAX OpPraHi3My JHJUHH.
MaremarruHe Mogie/t0BaHHSI MeTabo/IiuHUX peak-
ifi y MacinTabi reHoMy e(eKTMBHO BUKOPHCTOBY-
BaJIOCS1 3 METOK CTBOPEHHS Ta [JOC/i/IPKeHHs JiKap-
cpKUX 3aco6iB (JI3) [10, 21, 27]. TlepcoHasnizoBaHe
GEMSs-mopietoBaHHsT Oy/io 371ilicHeHo 6 maijieHTam
i3 remaroLe/r0/IsIpHO0 KapLHUHOMOI Ha OCHOBI
KOMIIJIEKCHOT'O aHasli3y iMyHOriCTOXiMiYHMX i Ipo-
TEOMHHUX JI0C/Ti/PKeHb, a TAKOXK 00JTiKy /laHUX 3 6a3u
MeTabonomuaux peakijii (GMR2) monuHu Ta 3acTo-
CyBaHHS anropyutMy pekoHCTpyKii (ti NIT) 3 MeToro
Bizbopy 1ibOBUX aHTHO/ACTOMHUX Iperaparis
(Y pamMKax KOHIIeMIIii aHTUMeTaboiTiB — CTPYKTYp-
HUX aHasoriB MetabormiTie) [17]. 3 104 mporHo30BaHuX
AHTUMETA00ITiB 46 BUSBUINCS BUCOKO e(DeKTUBHUMH
1110710 3arobiraHHs POCTy TeraToLeosPHOT KapLiy-
HOMM. 3 OIJIsI/ly Ha 3HauHy KJIiITUHHY HEOJHOPIiIHICTh
MYXJIMH [1e4iHKY OTpUMaHWi [O3UTUBHUN pe3ysbTar
Ha MaJliii KoropTi NallieHTiB, Ha AYMKY aBTOpiB, He/l0-
LIJIbHO [IepeHOCUTH Ha BeJIMKI KOTOPTU MaLli€HTIB, L]0
BKa3ye Ha HeoOXi/fHICTb 3/ilICHEeHHSI B TIOZIA/IbIIIOMY
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pO3po6/eHHsT GifbIll TIepCOHA/Ti30BAHOTO TT/AX0Y J10
Teparii HOBOYTBODEHb.

Mogeni Metabosni3My B MaciiTabi reHOMY TaKOX
BUSIBUWINCSI e()eKTUBHHMMU B Y3IO/PKEeHHI MpolLieciB
eKCIIpecii Mepe)KeBUX I'eHiB, He3a/1e)KHO 0B’ I3aHUX
y Mepexkax i3 pi3HUMH MyTaHTHUMU FeHaMH IpU
MyXJIMHHOMY POCTi, Ha T/i /lepery/oBaHHs 0OMiHy
apaxizonaty i kcenobiorukis [11]. TIpesacTaBieHwii
aHaJsti3 rmopyieHs 00MiHy (Ha OCHOBi BUKOPUCTaHHS
0a3u jaHuX reHiB MetabomizMy Ara X) 1okasas, 1110
TOTEeHI[iIfHOIO CTpaTeriero ralbMyBaHHS [Ty XJTMHHOTO
POCTy MOKe 3’SIBUTUCS ab0 MOJYJIALlis aKTUBHOCTI
KoMmrioHeHTiB Ara X, abo 6iokyBanHst Keap1 — Nrf3
CUrHasizayil y NyxJIMHHUAX KITUHaX.

OcTaHHIMU pOKaMU HOBUM iMITy/TbC PO3BUTKY OTPHU-
MaB Tiporiec ifeHTH]iKarii 6ioMapkepiB mopyieHb
KJIITUHHOTO 0OMiHY B yMOBax KiiHiku [13, 18, 26].

Tak, GEMs-mogeui, 1110 NpoJeMOHCTPYBaIu B psifii
BUIIA/IKiB BUCOKHMI IOTEHL{ia/1 111010 iHAMKaLlii 6io-
MapKepiB, y oJa/blIOMy OTPUMAaJ/IU MiATBepKEeHHS
CBOE€I e(heKTUBHOCTI MeTOZIOM aHami3ly MeTabosomy
I1a3Mu KpoBi. BUKOpHCTOBYHOUM MaTeMaTH4yHe MO-
JleyitoBaHHS 0OMiHY PeUOBMH TernaToIUTiB BAAI0CS
BUBUHUTH iX MeTabo/TiuHe TieperporpamMmyBaHHs y Bifi-
TIOBi/Ib Ha PO3BUTOK HEAJTKOTOTLHOI XKUPOBOI XBOPOOU
rieuinku [13]. 3aBasiky TpoBeileHOMY aHaslizy BAAIoCs
TI0Ka3aTHy, 110 Ha TJ1i Hea/IKoro/IbHOI0 CTeaTorenaTuTy
(HACT), ujo po3BHBaBCs y MAIli€HTIB, BifbyBanocs
iCTOTHe 3HWKeHHS eKcTpecii reHiB pepmMeHTiB 6ioCHH-
Te3y CepyHY Ta I[VIL[1HY, 3aB/SKA UOMY BUSIB/IEHO iHi-
LIiFOBaHHSI Mi/IBULLIEHHS PiBHS TOMOLMCTEIHY B I1/1a3Mi
KPOBI, a TaKOXX 3HW)KeHHsI piBHS GocdaTuanicepuHy
B MEUiHIIi.

Y nocnimpkenHi [26] oTpyuMaHo miITBepAKeHHs 3p0-
GeHUX paHillle BUCHOBKIB. BUSIBUIIOCS, TII0 TIAL[i€HTH
3 HACI" Marmm cepyuHOBY He[[OCTaTHICTh, a 00aBKU
CepuHy 3 DKer MOJIMNIIYBad CTaH 340POB’sl JaHOl
Kareropii narjieHTiB. ABTOPY BBa)KatOTh 38 MOXKJIMBE
BUKODUCTAHHS PiBHIB BMICTy CepHUHY Ta IVIiLJUHY
B TIa3Mi KpPOBi sIK HeiHBa3UBHUX OioMapKepiB pO3BU-
1Ky HACI nipu neuinkoBiit narosnorii.

Haperuti, mpoBefieHnii y HeJaBHLOMY /10C/Ti/[XKeHHi
[18] anami3z mMepex MeTabo/MiYHUX peakIliii 1Moka3as
CTiliKut 3B’5130K MiXK piBHEM MaHO3HU B T71a3Mi KPOBi
Ta IHCYJ/IIHOPe3UCTEHTHICTIO.

AHani3 iHTerpoBaHOro MacKBy JaHUX MareMaTH4yHO-
'O MO/Ie/TFOBaHHSI MeTabo0/1i3My B a/[UTTOIATAX i IAHUX
TPAHCKPUITI[iIHHUX MepeXK, a TAKOK Mepex 6imok-6is-
KOBOI B3a€MO/Iii T0KAa3aB HasiBHICTh Y MALli€HTIB 3 HaJ-
MipHOI0 MaCO¥O Tijla 03HaK AU3PeryJisiilii MeTabostizmy
MaHO3H i Mi/ITBepAXB NPaBUIbHICTb POTHOCTUYHUX

BUCHOBKIB aBTOpIB LIOJ0 pPiBHS MaHO3W B IJIa3Mi
KPOBI, iHZleKCy MacH Tina ¥ iHCy/niHOpe3uCTeHTHOCTI.
ABTOpY BBa)KarOTh, 11{0 MaHO3a € OFIHUM 3 BaXK/IUBUX
MeTabo/iTiB T/Ia3MH KPOBi Ta CUJTBHUM TTPOTHOCTAY-
HUM MapKepOoM.

BucHoBKkm.

1. KigbKicHMI cCMCTeMHHMM aHaTi3 MO)Ke [JaTh HOBe
YSIBJIEHHS TIPO MOJIEKYJISIDHI MeXaHi3MU B KJTiTHHI,
chopmyBaTi HOBI KOHIIETLiT opraHi3ariii, KoopAu-
Hallii i pery/roBaHHs KTiTHHHUX MpoLieciB. Ykpait
HeoOXi/lHa KOHBepreHI[isi eKCIiepUMeHTaTEHOTO
Ta in silico aHani3y sk OKpeMuX KJIITUHHUX T1PO-
LleCiB, TaK 1 TEXHOJIOTIUHUX Mepex.

2. CucteMHO-0i0/IOTiUHMM i CUCTEMHO-MeJUUHHM
aHaji3y BUMararTh LIMPOKOrO 3aCTOCYBaHHS
MY/IBTUAUCLMIVIIHAPHUX | TPAHCAUCLIATITIHAPDHUX
Ti/IXO/IiB, SIK 1]e OyJ10 TIPOZIEeMOHCTPOBAHO Ha TPH-
KJIaJji CeKBeHYBaHHS LIJIMX FeHOMIB.

3. 3anporioHOBaHO BUKOPUCTOBYBaTH 0aratocTy-
IIeHeBY CUCTeMYy MaTeMaTUYHOI'0 MOZe/It0BaHHs
B dopmari in silico 3 ouiHkot BiporigHOCTi
KO)KHOI 3 K/TIOUOBHUX TOAiH, 1110 3abe3reuyroTh
BUKOHAHHS Kackay 06ioXiMiuHUX peakifiil.
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