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KAPAIONONIYHI ACMEKTN MEPEXEBOI MEANLUVHNA

O. IN. MiHuep, B. M. 3anicbkuia*

HayioHanbHa MeduyHa akademisi nicasounaoMHor ocaimu imeHi I1. /1. Lynuka
1Y «HayioHanbHUl Haykosul yeHmp «IHcmumym kapdiosnoeii
iMeHi akademika M. []. Cmpaxecka» HAMH YkpalHu»

Y cTarTi nogaHo KopoTKuli Orfisg OCHOBHMX Ny6sikaliil i3 MepexeBol MeAuLMHI Ta 3acTOCYBaHHS KOMIMIEKCHOTO Mepe-
)KeBOro aHanisy 6iIKoBUX B3aemofiil Y BUBYEHHI 3aXBOPIOBaHb MIOANHU. 3 OrAsay Ha (oyHKUiOHa/IbHI B3aEMO3a/1eXHOCTI
MiXX MOJIEKY/ISPHUMW KOMNOHEHTaMn B KIITUHI AIDANHN, 3aXBOPHOBaHHA PiAKO € HacnigkoM aHomasnil B OAHOMY TeHi, ane
Bifo6paxae KOMNAEKCHi aHOMaslil BHYTPILUHBbOKAITUHHOT Mepexi. HOBI iHCTPYMEHTU MepexXeBol MeULMHA NMPONOHYTb
nnatopmy 4751 CUCTEMHOIO BUBYEHHSI He flMLie MOJIeKYISIPHOT CKAaAHOCTI KOHKPETHOro 3axBOploBaHHS (WO Befe [0
iaeHTUchikauii MoayiB i WASXIB 3aXBOPHOBaHHSA), ane TakoX i MOAeKyAsiPHUX BiAHOCUH MK SSBHO BUPaXKEeHMMU (NaToreH-
HUMK) cheHoTUNamu.

MocTynoeTbes, WO, BASIBASIKOYN HOBI FeHN 3axBOPKBaHb, HEOOXIAHO BU3HAYaT Gi0MOMNYHY 3HAYMMICTb MOB'A3aHUX i3
3aXBOPIOBaHHAM MyTalliil, BUSIBNeHNX Y pesynibTaTi AocAifKeHb TeHOMY B Lji/IOMy, Ta MOBHOIO CEKBEHYBAHHSI TEHOMY,
a TakoXX BUSIBAIEHHA MilleHel | 6ioMapKepiB CKNafHUX 3aXBOPIOBaHb.

Po61Tbca TakoX BUCHOBOK, LU0 MepexeBa MeAMLUUHA /i OHTOSOrS 3HaHb MaloTb 6araTo CrifibHOro siK y cTpaTterii cTBO-
PEHHS1, TaK i B TEXHO/OTiSIX BUKOPUCTaHHS. [poTe 3aBAaHHA 6aratoBUMIPHOrO MOJESIOBAHHSI CbOTOAHI NepeBaskHO BU-
KOHYIOTbCSl B CTpaTeril «OHTOAOrS 3HaHb». Te X MOXHa cKa3aTu i Npo OCBITY, e OHTO/ONYHI pilleHHs! 6ifbL NONYASIPHI.

YBary npuaisieHo NUTaHHSIM MepeXeBOro B3aeMO3B'SI3KY Pi3HUX KapAionoriyHnx 3axBOpPIOBaHb Ha MOEKY/ASpPHOMY Ta
theHOTUNIYHOMY PIBHSIX. Bararto 3axBoploBaHb Cepusi po3rnsAalTbCs 3a AOMOMOIO KOMIJIEKCHUX KAIHIYHUX ¢heHoTuniB,
Lo hopMyHTbCS B pesy/bTari iHTerpaTMBHOro BMJIMBY HA MOJIEKYASIPHOMY (iHTEPaKTOMHOMY), TeHETUYHOMY (TeHOMHOMY)
Ta ekofioriyHomy (MeTabo/IOMHOMY) PiBHSIX.

KntouoBi crioBa: MepexeBa MeauUVHa, 3aXBOPIOBaHHS ceplsl, MepeXeBuii aHani3, MbXKAUCUMNAIHAPHWIA nigxig, BHy-
TPILUHbOKAITUHHA CUTHAaNI3aLif, My 16TV «OMIKCHI» AaHi, MofIeKyAsipHi Mepexi, GioiHthopmauiiHnii pecypc, OHTONOTIT 3HaHb.

CARDIOLOGIC ASPECTS OF NETWORK MEDICINE
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Background. The article provides a brief overview of the main publications on networked medicine and the application of
an integrated network analysis of protein interactions in the study of human diseases. Given the functional interdependencies
between the molecular components in a human cell, the disease is rarely a consequence of an anomaly in one gene, but
reflects a complex anomaly of the intracellular network. New tools of network medicine offer a platform for a systematic
study not only of the molecular complexity of a specific disease, leading to the identification of modules and pathways of
the disease, but also the molecular relationships between manifestly (pathogenic) phenotypes.

Results. The purpose of the study: summarize the results of using the methodology of network medicine, primarily in
cardiology.

It is postulated that, when revealing new disease genes, it is necessary to determine the biological significance of
disease-related mutations identified as a result of genome studies as a whole, and complete sequencing of the genome,
as well as for detection of targets and biomarkers of complex diseases.

Conclusions. Network medicine and the ontology of knowledge have much in common both in the creation strategy
and in the technologies of use. However, the tasks of multidimensional modeling are now preferably performed in the
«knowledge ontology» strategy. You can also say about education, where ontological solutions are more popular.

Attention is given to the issues of network interconnection of various cardiac diseases at the molecular and phenotypic
level. Many diseases of the heart are examined with the help of complex clinical phenotypes formed as a result of integrative
influence on the molecular (interactive), genetic {(genomic) and ecological (metabolic) levels.

Key words: network medicine, cardiac diseases, network analysis, interdisciplinary approaches, intracellular signaling,
multi «<omics» data, molecular networks, bioinformatic resource, knowledge ontology.
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KAPOVOJNTIOMMYECKWUE ACMEKTbI CETEBO MEAVNUVHbI

O. IN. MuHuep, B. H. 3anecckuir’

HayuoHa/bHasi MeOUYUHCKas akadeMus rnoc/1eo0urn/ioMHo20 obpasosaHus umeHu 1. /1. Wynuka
Iy «HayuoHanbHbIU HayuHbIl YeHmp «VIHcmumym Kapouosoauu
UMeHU akademuka H. . Cmpaxecko» HAMH YkpauHbi»

B cTatbe npeAcTaB/ieH KpaTkuii 0630p OCHOBHbIX Ny6/AMKaUmii Mo ceTeBOi MeauLUMHe N NPUMEHEHMNI0 KOMIJIEKCHOTO ce-
TEBOIo aHa/ln3a 6eKOBbIX B3aMOAECTBIIA B M3yUeHun 3a6o/1eBaHnii YesioBeka. YuntbiBash oyHKUMOHaIbHbIE B3aMMO-
3aBUCHMOCTU MEXAY MOSIEKY/ASIPHbIMI KOMIMOHEHTaMUN B K/leTke yesioBeka, 3aboneBaHne peako siBAsieTcs cneAcTBUEM
aHOMaJsIMN B OHOM FeHe, HO OTpaskaeT KOMI/IEKCHble aHOMa/IUM BHYTPUKIETOUHOl ceTu. HOBble MHCTPYMEHTLI CETEBOIA
MeAMUVHbI NpeasaaralT naaropMy A58 CUCTEeMATUYECKOro N3yYeHNs He TOAIbKO MOSIEKY/ISIPHON CIOKHOCTY KOHKPETHOro
3a6oneBaHust (MpMBOANT K nAeHTUdMKaUMn Moayneii u nyTeli 3a6oneBaHust), HO Taloke U MOJIEKY/ISIPHbIX OTHOLLIEHW I MeX-
Y SIBHO BbIpaoKeHHbIMW (NaToreHHbIMU) cheHoTUNaMu.

MocTynupyeTcsi, 4TO, BbISIBASASI HOBble TeHbl 3abosieBaHWii, Heo6xoAMMO onpefensiTb GUOAOTMYECcKyd 3HAUYNMOCTb
CBSi3aHHbIX C 3aboneBaHNeM MyTauuii, BbISIBIEHHbIX B pe3yfasTare nccaefoBaHuii reHoMa B Ue/IoM, U NOJIHOIO CeKBEHU-
poBaHUsi FTeHoMa, a TakkKe BbisIBIEHWUSI MULLEeHel 1 61oMapKepoB CAOXHbIX 3a60eBaHuii.

CphenaH BbIBOA, O TOM, UTO ceTeBasl MEAMLUMHA U OHTOAOMNS 3HaHWIA NMeIOT MHOTO OBLUEro, KakK B CTpaTeruy cosfaHus,
Tak 1 B TEXHO/0MMAX UCMOAb30BaHNs. OAHaKo 3a/aysm MHOTOMEPHOTO MOAE/IMPOBaHNS B HACTosILLee BpeMsi NpeanoyTu-
TE/bHO BbIMOJHSOTCS B CTPATErUI «OHTOMIOTUST 3HaHWIi». TO e MOXHO cKasaTb 1 06 06pa3oBaHuu, 4e OHTO0rMYecKne
pelueHusi 60nee NONYSIPHbI.

BHuMaHue yaeneHo BonpocamM CeTEeBO B3aMMOCBSI3U Pas/IMYHbIX KapAnoorniecknx 3a6oneBaHunii Ha MOIeKyISIPHOM 1
peHoTUNUYeCcKoM ypoBHe. MHorne 3a6ofieBaHNs cepAlia paccMaTpyBalOTCsl C MOMOLLbH KOMMAEKCHbIX KAUHUYeCKUX ge-
HOTMMOB, (DOPMUPYHOLLMXCS B pe3ysibTaTe NHTErPaTUBHOIO BAUSIHUSL HA MOSIEKYAISIPHOM (MHTEPaKTOMHOM), FreHEeTUYeCKOM
(reHOMHOM) 1 3KoAorMyeckom (MeTabo10MHOM) YPOBHSIX.

KnioueBble cnoBa: ceTeBasl MeIMLMHA, 3a601eBaHns cepAlia, CeTeBoli aHains, MexanucUnaMHapHbIiA NoaX o, BHYTPU-
KNeTouHasi CUTHa/IN3aLmsl, MybTU«OMUKCHbIE» AaHHble, MONEeKynsipHble ceTn, G1oNHDOPMAaLIMOHHbIN pecypc, OHTOAOIN

3HaHWIA.

Bceryn. Ilig TepMiHOM «Mepe)keBa MeAML[MHa»
3a3BMYall po3yMi€TbCsl HayKOBa AUCLMILIIHA, L]0
CTPiMKO PO3BMBAETHLCS Ta 3aCHOBAHA Ha MepPe)KEBOMY
00’eHAHHI MacuBiB AaHMX KAIHIYHMX i GYHKI[i-
OHaNbHKX AocaifkeHb [26]. Ii ocHOBHI 3aBgaHHs
TOB’sI3aHi 3 ieHTU(]IKaLli€l0 CTaHy MaLjieHTa, 3aro-
GiraHHsM yCK/Ia/IHEeHb i JTIKyBaHHSM 3aXBOPIOBaHb. 1151
chepa 30Ccepei)Ky €ThCSI HA BUKOPUCTAHHI MepekeBoi
ToMoJorii i MepexXeBoi AMHAMIKM B igeHTUdiKaLii
XBopoO i po3pobili BiATOBiHIX JTiIKapChKMX 3ac00iB
[59]. OCHOBHMM TIPUHLIMIIOM MepeXKeBoi MeAULMHU
(i, 6inbm1 rmobankHO, cucTeMHOI Gionorii) € BUKO-
PUCTaHHSI MeTOAiB MaTeMaTUYHOr0 MOJe/OBaHHS
J1s1 pO3YMiHHST MepeXXeBUX MPOLIeCiB MOJIEKY/ISIPHOI,
reHeTUYHOI, KJIITUHHOI Ta TKAHWHHOI B3aEmo3asiex-
HocTi [1, 4, 15, 68]. OT)xe, METOJ0MOriYHO MepekeBa
MeWLMHA BUKOPUCTOBY € JIOTiKY Mepe>keBol TOTIoJIOorii
i Mepe)keBOi AMHAMIKY, 1110 J03BOJISIE IPOrHO3YBaTU
nepebir TaTo/IOTiYHOTO TIPOTIeCY, MOXJ/IMBI ycKnaz-
HEeHHs Ta pe3y/IbTaTH.

MuHy/10 MeplLe AeCATUIITTS ITiC/Is1 3aIIPOIIOHOBAHOI
KOHLeMLii Mepe>xeBoi MeAULMHU [11] i MeperkeBUit
MiAXiJ y MeJULVHI, 1110 PeBO/IFOL[iOHI3YBaB, BUSBUBCH
BeJIbMU icTOTHUM [34].

Hacamrnepes, dinocodis «MepexeBoi MeJUIHI»
3a0e3reun/a Kpallle po3yMiHHS 3aXBOPIOBAHb JIFOAMHU
Ha CUCTeMHOMY piBHi. Io TOro X, 6y/710 BUC/IOBAEHO
TIPUNYLLIeHHS, 1[0 MepeskeBa MeJULIIHA MOJKe 3ar1po-
TIOHY BaTH HeoOXi/Hi TiepeAyMOBH A/151 BUKOPUCTaHHS
CUCTEMHOT0 TTiAX0AY B JIIKYBaJbHUX i AiarHOCTUHHUX
iHHOBaUiliHUX pilleHHsX [25]. BusiBuiocs, 1o ¢ap-
MaKoJIOTi4Hi MTPOrpamMy TaKoK MOKYTb PO3BUBAaTHCS
B paMKaxX MepesKeBOro IMiZIX0Ay 3aBJsIK! CTBOPEHHIO
JiKapchKuX 3aco0iB (J13), 1110 BKIFOYAroTh 6inkyu — pe-
T'YJIATOPY BHY TPILLHBOK/TI TUHHAX CUTHA/IBHUX LLUISIXiB
[42]. TTizHime Oy/a0 3BEPHYTO YBAary Ha MepexeBi
6i10K-0i/TKOBI B3aemMofiil ¥ BUPOOHUIITBI /TiKapChKIX
3aco6iB [66]. 3arTporIOHOBAHO HaBiTH OPUTiHAMBHUMA
TPEH/l MePeKeBOT MeIVLIMHN «AyMaii rimobanbHo, Jii
JIOKA/ILHO» 3 MeTO0 00/iKy (PeHOTUITiMHMX 03HAK 3a-
XBOPIOBaHHSI B paMKax r7106a/bHOTO pery/iroBaHHS Ha
MepekeBomy piBHi [10]. CeorogHi L{inb0BUM pecypc
Mepe)keBoi MeJWLIMHU BK/IOUa€ BUsIBAeHHs Giomap-
KepiB, CTBOPeHHsI HOBIX IpernapariB, TPOrHO3yBaHHs
1o6iYHUX e()eKTiB JiKiB, po3p00/eHHSI HOBUX METO/IiB
JiarHOCTHUKM Ta AiKyBaHHs [54]. BigsHaueHo Baxkau-
BiCTb MepesKeBOro MMiAX0Ay [/151 PO3YyMiHHs IaToreHesy
3aXBOPIOBaHb HAa OCHOBI BUKOPUCTAHHS iH(opMaLliii-
HUX TeXHOJIOri} y MeauLuHi [3, 4, 18].
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Meta AOCTifPKeHHA: y3araabHUTHU MiJCYMKU BU-
KOPHCTaHHSI MeTOZ0/IOriT MepeskeBoi MeJULIMHM, Ha-
camriepe[;, v KapZioJsorii.

PesyabTaTn Ta iX 00OroBOpeHHHA.
MixavcuuriiHapHUM MiaXig y MepeskeBiil MeauLiu-
Hi BUSIBUBCSI BKpail BaXK/IMBUM, OCKibKM 3abe3reuns
iHTerpaLjito eKcriepMMeHTalLHUX i 0OUMC/TFOBAaIbHUX
TeXHOJIOri# 360py Ta aHai3y MeIMYHUX AaHuX [4, 9].

JaHi B MepeskeBiii MeJULIMHI YacTO 3aCTOCOBYIOThCS
[T MaTeMaTUYHOro MO/e/IF0BaHHS Ta OaraTopis-
HeBoi iHTerpawii AiarHOCTUKMU TOAiN B erireHoMiLli,
TPaHCLMTOMILli, TIPOTEOMILli Ta iHIIMX «OMiKax» 3a
BIIJIMBY MepeKeBUX elleMeHTiB MpoLiecy BHYTPIll-
HBOKJIITMHHOI CUIHasi3aLjii B opraHenax, KaiTWHaXx,
TKaHWHaX i opraHax [2, 5, 7, 44, 67]. I1pu npoBeAeHHi
JoC/iKeHb MeTolaMII MaTeMaTHYHOT 0 MOZIe/TIOBaHHs
iH(opMmaLjis, 1110 YacTo HaZXOAWTE, BUKOPUCTOBY€THCS
An1s1 aganTaii mpouecy 360py gaHux GiomeaMUHMX
BHMIpPIOBaHEb i iX iHTerpaLii 3 MepeKeBUMH peakL{isiM1
110710 XBOPOro opraHismy [57]. OTxxe, A/s1 yCIILIHOTO
CUCTEMHOIO aHaJTi3y B MepeyKeBiit MeIUIIMHI TTOTPiOHO
3aCTOCOBYBAaTH iHTepAUCIUILIIHApHUA abo HaBiTh
TPaHCAUCLUITAIHAPHUAN TiAXiz.

3 oAy Ha TpoliecH eBOMIOLiT, CTPYKTYPY i Mexa-
Hi3MU (PYHKL[IOHYBaHHSI Mepe)K BHY TPiLLIHBOK/TI THHHOT
cUrHanmisanii (yrpyrnyBaHHS CUTHaJBHUX MOJEKYH),
MOXXHa TOYHO TMO3UL{iOHYBaTH Oi/NIKOBi KOMITIOHEHTH
(6inok-6inkoBi B3aeMoil MiXK r100y/IIPHUMY JIOMeHa-
MU | KOPOTKUMH JIi HiMIHUMU e ITUAHUMU MOTUBaMH ),
LI[0 I'paloTh KJIIOUOBY POJIb B iHiLiaLii i po3BUTKY
xBopobu [17, 20, 22, 31]. ¥ Gararsox BUMafKax Iii
KOMITOHEHTH He MaroTb TPsSMOro BifHOLIeHHS A0
KOHKPETHOIO 3aXBOPIOBaHHS, MPOTe iX CTUMY/IALis
abo MpUrHiueHHsT MOXKe HajaBaTH GJ1aroTBOPHUIM
BIT/IMB Ha CUTHA/TbHI LIVISIXM B K/ THHHHX MepeKeBUX
cTpykTypax [13]. BogHouac, hapmaxosioriuHa Moay-
JISILLiSL TIPOLIECiB CHTHaMi3aLii y KJIiTHHHUX Mepexax
MOJKe BIUIMHYTH Ha CTiMKiCTh KJIITUH A0 MaTo/0ri YHUX
CTUMYJIiB, MiABULLYIOUM (PYHKL[iOHAABHY HaAiMHICTh
3/JOPOBHUX i 3HW)KYFOUM CTilKiCTh MYXJIMHHUX KAIiTUH
Jo ximioTeparii [29].

Heo0xizfHo BifizHATMTH, 1110 B 1]eHTPi YBaru Mepeske-
BOi MeIMLIHU 3HaX0JATLCS ¥ anbTepaTUBHO 3MiHeHi
MepesKi MOJIEKY/1 BHY TPiLLIHBOK/Ti TUHHOI CUTrHaJTi3aLlii,
10 CIIPUATUMYTH PO3BUTKY NaTOMOTiYHOrO IMpo-
Lecy. g chepa € ofHUM i3 HampsiMiB, e MepeskeBi
MiAX0AW MOKYTb ZOTIOMOITH B OTPMMaHHI A0/aTKO-
Bol LiHHOI iH(opMaLii A/s1 BUBUEHHSI OHTOreHe3y.
Hartpuksiazi, Mi>KKTiTHHHI 3B s3KM MiXK OiKaMu, 1110
3B’513aHi 3 MeMOpPaHO}O Ta sIKi CeKPeTYIOThCS, BUSIBUIU
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3[aTHICTb AesKnX (hibpobnacTiB oOTpUMYyBaTH Ty X/IMH-
HUl perHotun [40].

BenbMu B3aeMOMoB’ 13aHMI XapaKTep B3aeMoZil Ha
MOJ/IeKy/IIPHOMY PiBHi 03Hauae, 1110 BaKKO (SIKILO He
CyTiepeunTy iHTYillii) BBa)kaT XBOpPOOW He3MiHHO
He3a/le)XHUMU 0fiHa Bif oaHoi. [likicHo, pi3Hi Moayi
XBOPOOM MOXXYTh ITepeKPUBATHUCS, TaK L0 BIIUB, BU-
K/IMKaH/ 0/JHAM 3aXBOPIOBaHHsIM, MOXKe BIIMBATH Ha
inmr moayni xBopo6 [14]. CrcTeMaTuHe KapTyBaHHS
TaKMX MepeXXeBUX 3a71eKHOCTel MiXK MaToa0ri YHAMH
(heHOTMITAMM Ta iX MOAY/SIMK XBOPOOU IIPUBEJIO A0 T10-
sIBU KOHLIeTLii XxBopoOu [12], 1110 MpeAcTaBsie€ KapTH
XBOPOO, BY3/M SIKUX € 3aXBOPIOBaHHSIMM, a 3B’sI3KU
SIKWX € Pi3SHIMH MOJIEKY/IIPHUMI 3B’ I3KaMU MiK CITO-
JIYUeHUMHU 3 XBOPOOOIO KNi TAHHUMU KOMITOHEHTaMH.
Po3KpUTTS TakMX 3B’SI3KiB Mi>K 3aXBOPIOBaHHSIMM He
TiZIbKU JJ0TIOMarae Ham 3po3yMiTH, sIK pisHi (peHOTUIIH,
1110 YacTo QirypyroTh Y pi3HUX MeJUUHUX CcyOamc-
LuruiiHax [36], moB’si3aHi Ha MOJIEKY/ISIPHOMY PiBHI,
ase TakoK MOJKe JOTTOMOI'TH 3PO3YMIiTH, YOMY TIeBHi
IPyNM 3aXBOPIOBaHb BMHMKAIOTE pa3oM. CyIMyTHS
3aXBOPIOBAHICTb iZJeHTH(iKye YMOBU iX BUHUKHEHHSI
Ta IIPOIIOHYE e, 1110 MOXKYTb JaTW HOBI TTIAXOAU 10
Npo(iNaKTUKH, AiarHO CTUKU Ta JIIKYBaHHS 3aXBOPIO-
BaHb. [Tifxoa1, 3aCHOBaHI Ha MeTO/i, MOXKYTb TaKOXK
JIOTIOMOT'TH Y BiAKpUTTI JI3, 30KpeMa KoM HfeThbCs
TIPO BUKOPUCTAHHS CXBaJIeHUX JIKIB /I JIIKYBaHHA
MOJIEKY/IIPHO TI0B’3aHMX 3aXBOPIOBaHb. [IoTiM
MU pO3IJISIHEMO MOOY0BY TakMX KapT XBOpoO i Ha-
C/iJKKA CIIOCTepe)XyBaHUX acoljial(ili 3aXBOpIOBaHb.
Cepef K/TFOHOBHX 3aB/|aHb /151 MepesKeBoi MeJULIHY,
TOB’513aHNX 3 OHKOT€He30M, € T10/|0/laHHS TPYAHOLLiB
Tepamnii MyX/AWH 3 TpaHC(OPMOBAaHUMU LIASTXaMH
CUrHA/ILHOI TPAaHCAYKL{iTy 61acTOMHUX KAiTHHAX [24,
28]. OpHaK, 5K Lie He MapajjoKcaabHO, IPOTUITY X/IHUH-
Hi MpernapaTv MOXYThb CIIPUSITH CTiMKOCTi paKOBUX
KITUH (a He iX oc/ab/ieHHI0) IIUITXOM aKTHUBi3arlii
CUTHaNBHUX UIsXiB 6inok-6inkoBoi B3aeMopii y Grac-
TOMHMX KJIITHUHaX Pi3HOI TOKOJIOTIYHOI apXiTeKTypH,
TIPUTHi vy FouM (PYHKLIOHYBAaHHS KOHTYPiB KepyBaHHSI
GioJsioriuHOro 3BOPOTHOTO 3B 513Ky [46].

Ao panite gocaigHUKY — 6ioXiMiky 3BepTanu
yBary Ha ¢epMeHTH Ta iX ajbTepHaTMBHI Komii (eH-
3MMoTIaTii), To Ha CLOro/iHI OCHOBHA yBara IoB’si3aHa
3 BUBUYEHHSIM BIUIMBY 3MiH OUTKiB CUTHaNbHUX IIIISIXiB
Ha (YHKL[iOHYBaHHS (pepMEHTIB Ha CUCTEMHOMY PiBHi
[56].

OJHMM i3 K/TFOY0BHX (DepMeHTIB OCHOBHIX CUT'Ha/b-
HUX WsxiB (multipathway) nmepexpecHoro aHasmizy
(crosstolks) [63], a Takosk TapreTHUX Gi/IKiB K/TI THHHIX
CUTHaJILHUX IISIXiB [42] € KiHa3u. KiHa3Hi JoMeHM Ta
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iXHi L[{iIbOBI MOTHBU (HarpuUKIaj, crieLudidHi moci-
JIOBHOCTi aMiHOKUC/IOT y GinkoBomy cyGcTpari) 1o6pe
Bifomi i 3i6paHi B Taki Gioindopmariiitai pecypcy, sk
Phosphosite i dbPAF [19], a/151 cUicTeMHOI0 BUSIBAIEHHST
I aHanisy B Mepexi KiHa3 i ¢ocdonpoTeiHiB 3a go-
TOMOror0 oGumcaoBasbHOro aaroputmy NetPhorest
[32].

MeToan TOpiBHANBHOT (oc(ONpoTEOMiKM J0-
3BOJIWJIM Kpallle PO3YMITH POk CUTHaNbHUX Oi/TKiB
Y HOpMaJIbkHOMY KJIITUHHOMY 3POCTaHHi Ta MyX/IUHHIN
TpaHcdopmMaLllii [43]. [TopiBHsIHO HeJaBHO JaHi Mo-
BHOKOMIU/IEKTHOTO CeKBeHYBaHHS Oy/1M BUKOPUCTaHi
J71s1 TIPOrHO3YBaHHS BIUVIMBIB FeHHUX MyTaLii, sKi
3MIHIOFOTb MepeyKeBi BIaCTMBOCTi OUIKIB cCUTrHATBHITX
LIIAXIB 1 3yMOB/IIOIOTE BUHMKHEHHS MY X/IMHHOIO
¢deHoTuny [21].

Sk 3a3HavyeHO B pobori [51], crcTeMHwMi i gxiz g0-
3BOJISIE TIPOCYBAaTH JOMiHYIO4UY posib hocdaras 5K pe-
I'yASTOPIB TPOCTOPOBO-YacoBOro MTPOBeeHHs CUCTEM
¢ocdoprntoBaHBs GiNKiB ¥ KTiTHHAX (SK JIOKAIbHO,
TaK i AVICTaHTHO), 10 I03BO/I5I€ BUKOPMCTOBYBATH iX 5IK
TepareBTUYHi JTiHii Ha cCCTeMHOMY piBHi. Po3po6iieHo
[35] cTpaterito docdaromy (phosphatome) nroavHu,
110 [103BOJISIE OLJIHWTH 3Ha4eHHS ydacTi ¢ocdaras
y MexaHi3Max peryJisiLii romeocTasy docgorporeiHiB
Ha OCHOBI 3iCcTaB/ieHHSsI NIPOAYKTIB (PYHKLiOHYBaHHS
Mepe)keBUX reHiB y rnpoLeci ¢peHOTUIIIMHOr0 CKPU-
HiHTY Habopy reHiB MIOAWHM, SKi MiCTATb JOMEHM
¢ocdaras i MOAYAIOIOTE aKTUBHICTb CITeLM(itYHUX
CUTHANBHUX LIISXIB PO3BUTKY BHY TPILLIHBOK/TI THHHMX
TpoLieciB KAITHHHOrO pocTy. IIpy I{boMy IporpamHe
3a6e3mneuenHst CellNOpt (Cell Net Optimizer) [30]
[JI03BOJISIE OTITMMI3YBaTH y3rO[KeHiCTb MiyK JIOTi YHUMU
Mo/ensiMU TepeadavieHs i Habopamy eKcIiepuMeHTa/b-
HUX [JaHUX i3 3aranbHOIO Bisyasisali€lo MepeKeBUX
Mogesell K/TiTHHHOTO POCTY.

Sk Bigomo, KiHasu, docdarasu Ta iHWI depMeH-
TH crely¢ivyHo 3B’S3VIOTHCS 3i CBOIMM OiTKOBUMM
cybcTpaTamMu i/abo perynasiTOpHUMU MeNTUAHUMU
MoOTHMBaMU. TakoX MOTHBH, 3a3BW4all y BUITISIZI KO-
POTKUX 3a/HUILKIB, I0Ka/1i30BaHi B HEBIIOPSAKOBAHUX
o6nacTsax QYHKLiOHAaABHUX MOJY/IiB 3aXBOPIOBaHb
(knacTepiB), 1110 € YaCTUHOO iHTepaKTOMHOI Mepexi
[6]. Haii6inbIln MOBHUM CXOBWINEM TENTHIHUX MO-
TUBIB € pecypc SLiMs (ELM, http./elm/en.org), po3s-
pobneHwmit Ans ix 360py, 30epiraHHs Ta 3aCTOCYBaHHS
[58]. [HyuKicTb JaHOro callTy 3B’SI3yBaHHSI Pi3HUX
KoH(MopMaIifHux ocoGiMBoCTel OITKOBUX perioHiB
JIO3BOJISIE 3a JIOTIOMOT010 sIKipHOTO (anchor) croco6y
MPOrHO3YBaHHS 3/iICHIOBATH TIPOTHO3 HEBITOPSAKOBa-
HOCTI [i/TbOBUX PerioHiB BTOPUHHOT CTPYKTYpH OiJTKa.

CkaHyBaHHs KiZTbKOX COTeHb ITPOTeOMiB T0Ka3aJlo, 110
BHHVKHeHHsI HeBITOPSAKOBAHOCTI 3B 13y BaHHsI iCTOTHO
MiBULLY€TbCS 3 BUHUKHEHHSM I1aTO/IOTIYHUX 3MiH
B OpraHismi, MMOPiBHSHO 3 MPOLIECOM HeBIOPSAKOBa-
HOTO 3B’s13yBaHHs B 3J0POBOMY OpraHismi [37].

I[TepenbavueHHst KOH(GOPMAL{iHHAX 3MiH HEBITOPSIAKO-
BaHMX Gi/IKiB, [TOB’sI3aHIX i3 OHKOT'€HEe30M, I03BOIIIO
BUSIBUTU poJ/b OiNKiB TEMIOBOTO IIOKY B KOOTepariii
3 Mepe>KeBUMU 0iNKaMM CHrHa/lbHOI TPaHCAYKLil
Mpu iMyHOTeparii 3/7105IKiCHUX HOBOYTBOpPeHb [65].
S mepeiOavyaEeThCs, MiHIAHI TIENTHAHI MOTHBU (He
Oisbine Hix 10 3aJUIIKIB), 110 BUHUKAFOTh CIIOYATKY
B HEBIOPSAKOBaHMX 00/1acTsIX i BifoOpaXkaroTh MocT-
TPaHC/SLiHI 3MiHU CTPYKTYPU JOMEHIB, MOXXYTh
Oy T iHAYKTOpaMu My Talliil y oOyAsipHUX GiNTKOBIX
JlIOMeHaXx, sIKi IPU3BO/ST /10 BUHVKHEHHST OHKOJIOT Y-
Horo rnipoLecy [23].

BinkoBi Monexkynu B cknafi ckaddongie — 6Gio-
imKeHepHUX TUIAT(OPM 3a B3aeMofii 3 Hinkamu Kiti-
TUHHOI CUTHasTi3aLlii 103BO/ISIFOTE CTBOPIOBATH HaiMHI
LieHTPY 00pOOKM CUI'HaIiB Y Mepe)KeBUX CTPYKTYpax
ckaddonny, K NpUpPOAHUX, TaK i WTyuHux [50].
OpHak, He3BakKaroul Ha 3pOCTaroudy Ki/bKiCTh KOH-
KPeTHUX TIPUK/IaZiB HalBaxIMBIIMX GinkiB GioiH-
JKeHepHUX TietidepM (30KpeMa OinkiB cUrHaIBHUX
LUISAXiB; (hepMeHTIB MoAuQikaTopiB eHA0COM: (oc-
(haras, yOiKBITHHIIras; a TakoX TPAHCKPUILIMHUX i
MOCTTPaHCKPUIILi THNX pery/siTopiB) y CUrHaTbHOMY
pecypci ckaddongis, MaciTab i ckIaAHiCTE 37iH-
CHEHHUX TellepilllHiX eKCrleprUMeHTaAbHUX ITiJX0/iB
€ He JJOCTaTHIMM /Il ONTHMAa/LHOTO YCBiJOMITEHHS
CUCTEMHUX eDeKTiB 32 BUKOPUCTaHHS OLTKIB — cKad-
¢ongiB y JiKyBaHHI 3aXBOprOBaHb [52].

KinbkicHe MofientoBaHHS — 1oGy0Ba JI0TiK0-Mare-
MaTUYHUX MoZe/lell MOMeKyIsIpHAX MepeX Y KAiTHHI
OTPUMY€ PO3BUTOK Ha OCHOBi 3MiHM 0a30BUX MacHBiB
JlaHMX, OTPMMaHUX Y pe3y/bTaTaX BUKOPHCTaHHS
TIPSIMUX MEeTOZiB MOJIEKY/ISIPHOI Bi3yasisalii in vivo
[55]. BoHu BK/IIOUYAlOTE METOAU CBIiT/IOONITUYHOIO
(FA, fluorescence analysis; FRAP, fluorescence
recovery after photobleaching; FLIP, fluorescence
loss in photobleaching; FCS, fluorescence correlation
spectroscopy; FRET, fluorescence resonance energy
transfer), akyctoontuunoro, KT (komn’toTepHO-
ToMorpadgiudoro), MPT (mMarHiTHo-pe30HaHCHO
ToMorpadiuroro), I[TIET" (o3suTpoHHO-eMiCiliHO To-
MorpadiuHoro), OPEKT (ogHodoToHHO-eMiciliHO
KOMIT’F0Te pHO-TOMOrpagivHOro) Ta iHIIMX MeTOo/iB
TIPWKUTTEBOI Bisyanisauii [2, 47].

Ha cborozHi ysB/IeHHS NPo CKOOPAWHOBaHI pe-
aKuii i #ii HU3KM MOMeKy/l CUrHaibHOI TpaHCAYKLii
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y KJIITHHI iCTOTHO PO3UIMPWINCS 3aBASKM PO3p0OIii
IHCTPYMEHTIB AJi1d Bi3yanisaLii Ta aHani3y MOJIEKY-
JIIPHUX MepeXK, LUISIXiB i oMiKCHUX AaHux [49, 64].
BOHM BUKOPMCTOBYIOTLCS B criellianizoBaHMX asax
BeqMKoi MicTKOCTI Ai/isi 30epiraHHs i cucTeMaTH3a-
1jii MosiekyasipHo-6ionorivanx garux (PHOSIDA,
PhosphoSitePlus, Phospho.ELM, Net-PhosK,
Predikin, Scansite — 6inok-6i7K0oBOI B3aeMopii;
EDGEdb, REDfly, JASPAR, ENCODE, PAZAR,
ABS, ORegAnno — TpaHCKPIMLil{HO-peryasTopHOi
B3aeMoii; miRBase, PutMir, miRanda, Target Scan,
miRecords — mikpoPHK / MPHK-mileHeit). Bararo
3 X 0a3 laHUX € YHiBepcaJbHAMMU B CTielfiani3oBa-
HMX chepax 3HaHb, IIPOTe BOHU He 3a6e3MeyuyoTh ro-
31L{iOHyBaHH$ KOMIT/IEKCHOT KapTUHM OaraTopiBHeBoi
peryJisiLii i BUMararoTh 3yCUb MiXKAUCLIMITII HAPHUX
¢axiBuis [30] A5 KpayACOPCUHTY 3 METOFO reHepaLlii
BUCOKOSIKICHUX HaJiMHUX pe3y/bTaTiB.
KomrinekcHuit migxiz A0 MepeXeBoro Mofesro-
BaHHS Nepeabavae A/sl MiABUILIEHHS e(eKTUBHOCTI
Mepe’KeBOro aHani3y 3a/Jy4eHHs [IMPOKOro Kosa fo-
C/iJHUKIB Pi3HUX CTeLiabHOCTel (3a MeXXaMu 0CHO-
BHOI rpymn#). Taka TexHO/OTis, SIK BiJoMO, OTpHUMaJa
Ha3By KpayACOPCUHIY i B psAi BUIAAKIB J03BOSIE
ONTHMI3yBaT/ / PEKOHCTPYIOBATH K/ TUHHI CUTHAABHI
Mepexki AJisi Tiepei0aueHHs TTOJiH 3 eKcrpecii reHiB
y cepi peBepC-iH>KUHIPUHTY (3BOPOTHOI iHXKeHepil
6inkiB i renHux mepex) [53]. TTopsiz i3 DREAM
B aKaJleMiUHIX JOC/i/PKeHHSX ¥ paMKaX MepeXeBoi
MeJVLMHA OTPUManr PO3BUTOK TaKi Kpay[COpCHH-
roBi iHiyiatuey, sik CAPRI (Critical Assessment of
Prediction of Interaction) — KpUTHYHa OLiHKA Ie-
penbavueHHs] TpeTUHHOI CTPYKTYpH Oisika, FlowCAP
(Critical Assessment of Automated Flow Cytometry
data analysis) — KpWUTHYHa OL[iHKa aHa/i3y AaHUX
MeTO/ly aBTOMaTU30BaHoI MpoTouHoi LitomMeTpii [30].
MepeskeBHii aHani3 peryasipHUX MOJeKy/1 OTPHMaB
iHTeHCMBHII PO3BUTOK MNPV BUBUEHHI MaToOreHeTHY-
HMX MeXaHi3MiB 6araTh0X 3aXBOPIOBaHb JFAUHU [45]
i Bk/ouae B cebe [jaHi 3 XPOHIUHOI 0OCTPYKTUBHOI
XBOpoOU fiereHs [8], myxamH MosiouHoi 3ano3u [60],
LLTYHKOBO-KMLLIKOBMX p0371afiB npu xBopobi KpoHa
[61], a Takok gaHi 3 ifeHTUbIKALT MOsIeKYA-MillleHeit
3a peanisalii (hapMakoTepanieBTUUHUX Tiporpam [39].
BuKopricTaHHS TPUHLMITIB MepesKeBOro aHaslisy
TMOC/TY’KWA/0 0CHOBOIO /151 pO3IIM(PYBaHHS MeXaHi3-
MiB B3aEMOZii MK LLUIIXaMW BHYTPilIHbOK/Ti THHHO]
CUTHaJIi3aLii, [0 pery/arTh MPoLecu K/IiTUHHOI
npofidepaii, 3arnaneHHs, Tpom0O03y, amonTo3sy,
peMogetoBaHHS i (iOpo3y NMpu cepLieBo-CyIUHHUX
3aXBOPIOBaHHAX. MepexxeBMil aHani3 KoeKkcripecii
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reHiB, MpOBeJeHM Ha OCHOBI MIKPOUMITOBUX JaHUX
mozo igenTudikaiiii 6inkie mepuepraHoi KpoBi (3a
JlOTIOMOTO0F0 TIporpaMHoro 3abesnedeHHss DAVID i
aHaniTH4YHOro raketa SubpathwayMiner, a Takox
6i6mioTexu reniB Limmoc fyist aHasTizy MiKpodinmoBux
JIAaHMX) V TAI{i€HTIB i3 ilmeMiuHOr XBOpOoOOO CepIis
ToKa3zas, 10 20 cieny¢ivyHUX MoAyiB (i3 3araabHOr0
iHTepakToMHOro Tlaketa — 3711) 6ynu moB’s3aHi 3i
LLIIIXaMJ CUTHai3aLlil, XapaKTepHUMU /IS TirepTpo-
¢iunoi kapaiomionarii [33]. Jo Toro x, 30 Tom-reHis
Oynu BiiibpaHi sik KMHOU0Bi 0AMHULT TOJIOBHOTO MOAY -
7151 (K/1acTepy) KOHTPOJTIO aKTUBHOCTI aHTUOKCH/JaHT-
HOro (hepMeHTy — [VItOK030-6-(ocdataeriaporeHasu
(G6PD), HefocTaTHI piBHI stkoro Gysnu moB’s3aHi
3 AUChYHKLi€F0 eHAOTe/Iit0, MiABULLEHOO CYAUHHOI
JKOPCTKICTIO | pO3BUTKOM apTepia/bHOI rinepreHsii.
3a gaHuMu CTOKrofbMCBHKOrO 0araToLieHTPOBOro
JOCJIiI)KeHHS TTOBHOMEHOMHOTI0 aHami3y eKcripecii
reHiB aTepockiaeposy [38], MeTogoM KnacTepusauii
(yHKLiOHa/IbHO TIOB’s13aHMX T'eHIiB Oy/0 BU3HaueHO
TaK 3BaHMI MOAY/Ib aTePOCKIepo3y («asbdha MOAY/Ib»
3 128 reHiB), 1110 BK/IIOYA€E FreHETUYHI (aKTOpU pU3u-
Ky ilremiuHoi xBopobu cepus. Hampukiag, AoMeHU
TEML (transendothelial migration of leukocytes), LIM
(LDB2 — LIM domain biding 2), 1110 BUsSIBUAMCS TIPU-
Bab/IMBUMU MillIeHSIMU TIPY JIIKYBaHHI aTepo CKAePO3y.
[HIWi qoCAiAHKMKY 3aCTOCYBaAM MepeXkeBUM aHasli3
[/151 BU3HA'UeHHsI TPOrHo3y Mic/ist iHpapKTy Miokapaa
[48, 62]. Bigomo, 1110 illieMiuHe MTOCTKOHAUI[iFOBaHHS
3aB/ISIKM Kap/ioNpOTeKTOPHOMY MeXaHi3My 3A4iliCHI0e
3aXUCT MioKapAa mic/si iHQapKTy LISIXOM 3HMKeH-
Hs1 TposiBiB ilemii. BioiHpopmauilinuli aHanis AaB
MOMJ/IMBICTb OL[iHUTH CTYTIiHb 37Ty YeHHS MePeyKeBUX
OLTKIB y peaxiiii 3axucTy Tmic/st iHpapKTy miokapaa.
BussneHo Takox ekcripeciro HSP90, apun-Byrne-
BogHeBoro perieritopa (AhR) i Geta-TyGysiny, 1o
0epyTb yuacThb sIK MOJIEKY/TM CUTHA/IbHOT TPaHCAY KL
V BiZJHOBHMX IpoLiecax y MioKapZi. ABTOPH BBa)KatOTb
[48], wo moniniueHHsT cepLeBol (YyHKLIT mic/s ie-
MiYHOrO 10 CTKOHAML[iFOBaHHS (MTiABULLIEHHS (PpaKLii
BUKWMAY /AiBOro LINYHOYKa) B MOCTiH(papKTHOMY
nepiosli 06yMOB/IEHO 3MeHLLIEeHHSIM TOLLIKOAKEHHS
KapAioMiOLUTIB 3aBASKU 3HWKeHiH peryssyii AhR-
CUTHani3aLii i crpyse CKOPOYEHHIO PO3MipiB 30HU
indapkty. BusBuocs, 1o iHdopmaLllis, 3aKkogoBaHa
B MepeskeBill CTPYKTYpi OinKiB 3amajieHHs, MoXe
3YMOBUTH KIiHIYHUN pe3y/abTar Mmicas iHhapKTy Mi-
oKapga [27]. ABTopu 3ampomOHyBaau CrieludivuHy
naHesTk reHiB GiomMapkepayx 6inkis (TRAF2, SHKBP1
i UBC), a Takok Moay/i (acoLilioBaHi 3 3ama/leHHsIM)
3i 3HAUHOI YaCTKOKO PeryJsTopiB TPaHCKPUIILIi,
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BKJTFOUarour Habip MikpoPHK, sikuii BoJiofiie€ TOUHOO
TIPOTHOCTUYHOIO Pe/IEBaHTHICTIO B KAiHIL[i rocTpoi
KOpPOHapHO{ Hel0CTaTHOCTI.

CucTeMHU MiAXif BCe YacTillle CTaB BUKOPUCTOBY-
BaTHCs NPY BUBYEHH| HOBMX IaTOreHeTHYHMX MeXa-
Hi3MiB, 1110 /Ie)KaTb B OCHOBI [TepBUHHOI KapZioMiora-
Til, a TAKOXK MDKKTITUHHOT ((pi6GpobiacTi-MOHOIUTH)
B3aeMO/il MpU cepLieBUX apuUTMisix [14]. docsirHyTo
TIeBHMX YCITiXiB B OL{iHL|i TIPOLIECY peMO/e/I0BaHHs
Kapgiomiorutie [16] i B igenTHdikarii GiomMmapkepis
TNpY BipyCHOMY eHAOKapAWTi [12], a Takox B IpoTe-
OMHOMY TipoiTtoBaHHi cTpec-6iMKiB MTics iremMiuHo-
penepdysiliHoi aneTepalii Miokapga [48].

B okpemux BHMajKax CUCTeMHMH MiAxif 3acToco-
BYETBCS A/ KpUTUYHOTO aHasi3y AaHNX, OTpHMa-
HUX V JAOCIIJ)KEHHSIX 3aralbHOreHOMHUX acoLlliaLfiit
(GWAS — genome-wide association study) reHe-
THUUHUX BapiaHTiB MpY AWIaTaLiiHil kapaioMionarii.
CuctemMHi GWA-J0C/Ii/PKeHHS JaHWX BKJ/IOYAIOTh
6ausbko 280 000 BapiaHTiB reHiB. ITopiBHAHHS
3 KOHTpoieM y 909 maLieHTiB 3 AUNaTaLiiHOK Kap-
niomiorariero (Ha OCHOBiI BUKOpUCTaHHS 6a3u jaHNX
KioTcekoi eHUmknoneii reHis i reHomiB — Kyoto
Encyclopedia of Genes and Genomes (KEGG, https://
www.genome.jp/kegg/), 1110 BK/touae 285 CUrHaAbHUX
LUISIXiB), BUSIBU/IO CTAaTUYHO 3HaUyLli BigMiHHOCTI
Mi>)K TpyIiaMy TaLli€HTIiB i3 JaHO Kap/io/oriYHOI0
raToJioriero [41].

Ha 3aBepitieHHs CJTi/ TAKOXK BiiI3HAUMTH TTOAiOHOCTI
Ta BiIMIHHOCTI cTpareriii «Mepe>xeBoi MeJULIMHWU» i
«OHTOJIOTII 3HaHb».

TepmiH «OHTONOTiS1» B HUHILLIHLOMY TPaKTyBaHHi i
0C00/MBO CTOCOBHO LUTYYHOTO iHTE/IEKTY BXXMBAETHCS
B KOHTEKCTi 3 TaKMUMH TIOHATTAMM, K KOHLeNTyaJti-
3allis 3HaHHS, MOJe/li 3HaHb, CUCTEMH, 3aCHOBaHi Ha
3HaHHAX. [Ipy [IbOMYy MiJ KOHLIeNTyas i3aLieo posy-
MI€ETLCS TIPOL{eC Tepexoay Bif MoAaHHs rpobaeMHOi
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