XPOHIKA

CTOBBYPOBI KJIITUHU TA PEHEIITOPH, ITOB’SI3AHI
3 G-ITPOTEIHAMM, — 3HOBY HA IIEPEJTOBIN HAYKH

opiuHa LIEpEMOHis BpYyYEH-

Hg HoOeniBcbkux  mpemiit, sgka

TpaguLiiiHo TipoxoguTh 10 Tpyn-
HSI — y ACHb CMEPTi IIBEACHKOrO MiAIPUEMIS i
BuHaxigHuka Amabdpema HoGens (1833—1896),
3acHOBHMKa HoOeniBcbKuX MpeMiii, MpuBepTae
HeaOusIKy yBary He TiJIbKM HayKOBILiB, a W IIu-
pOKOro 3arajy, ajxe 1 Haropoja € 6e33amnepeu-
HMM CBiJUE€HHSM BU3HAHHS CBiTOBOIO HAyKOBOIO
CITiJIbHOTOIO 3HAYYILIOCTi pOOOTU BUEHOTO.

8 xoBTH 2012 p. B CTOKIOJBMi pO3IIOYaB-
ca 111-i1 HobGeniBCbKMIA TUXAEHD, i TpaguLiiAHO
HepLIMMU oyJo Or'0JIOIIEHO JlaypeariB
npemii 3 iziogorii Ta MEIUMLIMHU — OJAHIEl 3
HaWNpeCcTMKHILIMX Haroponx y Trajiy3i 0ioJorii.
3a npaBujsamu HobOeniBcbkoro ¢oHmy imeHa
MHPOBIIHMX CBITOBUX YYEHUX, IO IPETEHIYBaaud
Ha 110 npeMito, Oyae ONMpUJIIOAHEHO JIMIIEe Yepes
50 pokiB. BriMm, excriepTu cepen NpeTEHACHTIB
Ha 110 Haropoay HasuBaau Yapap3za [eBima
Ennica i Maiikna I'proniurteiina (CIIIA), mo 3a-
MMaloTbCsd BUBYEHHSIM TiCTOHIB — TIPOTEIHIB,
SIKi BiZTOBiJalOTh 3a TPUBUMIpHY YIIAKOBKY MO-
nekyn JHK B xpomocomax; Piuapma O. XaiiH-
ca i Epkki Pyocnaxti (CIIA) ta Macaromii
Takeiiui (MImoHist), 1O BIOKPUIM MOJEKYINU
KJITUHHOI anresii; a takox ®OpaHua-Yiabpixa
Xaptas (Himeuumna) i Aprypa Topsiua (CIHA),
JOCHiAMBIIMX  MEXaHi3M  YyKJaJaHHS  MoJe-
KyJ OpOTEiHiB y TMeBHY TPUBUMIPHY CTPYKTYpY,
HeoOXigTHY g X poOOTH.

OnHak LILOTOPIYHUMU Jlaypeatamu
HoOGeniBcbkoi mnpemii 3 isiosorii Ta meaumm-

Cep Jlncon Bepmpan Iepoon e aabopamopii
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Hu (200-m i 201-m 3a paxyHKoOM) cTaau OpuTa-
Heub Jcon ITepdon (John Bertrand Gurdon) 3
KeMOpiJKCbKOro  I'epIoHIiBCHBKOrO  IHCTUTYTY
(Gurdon Institute) B Kem6pinxi i ssioneub Ilinis
Amanaka (Shinya Yamanaka), cniBpoOiTHUK
IHCTUTYTY  ceplieBO-CYIMHHHMX  3aXBOPIOBaHb
Inencroyna B Can-@®panuucko  (Gladstone
Institute of Cardiovascular Disease in San
Francisco) i mnpodecop VYHiBepcutetry Kioro
(Kyoto University). fIk 3a3HaueHO B oQilliliHOMY
¢dopmymoBaHHi HoOemiBCbKOro KOMIiTeTy IpemMilo
MPUCYAKEHO 3a «BIOAKPUTTS MOXKJIMBOCTI mepe-
nporpaMmyBaHHs AudepeHliiloBaHUX KJIiTUH B
TUTIOPUTIOTEHTH».

HxoH I'epnoH HaponuBcs 2 xXoBTHS 1933 p. y
M. Jlinnenxo (Benuka bputanis). [Ticast HaBuaH-
H4 B ITOHCEKOMY KOJIeaXi BiH BCTyIuB 10 KpaiicT-
Yepu kosenKy OKCPOpACHKOro YHiBEpCUTETY, NIe
CIIOYAaTKy BHUBYAB aHTUKO3HABCTBO, aji¢ 3TOIOM
nepeitiioB Ha 3ooJjorito. Ilicas 3mo6yrrss PhD
cryneHs [epmoH MpoOmOBXUB HAyKOBY HisLIbHICTH
y KaniopHiiicCbkOMYy T€XHOJIOTIYHOMY iHCTUTYTI.
Y 1962—1971 pp. BiH mpamioBaB Ha Kadeapi
300s10rii OKc(opACHKOro yHiBepcureTy, a B 1971—
1983 pp. — B nabopartopii MoJIeKyasIpHOi OioJiorii
KemOpumxcekoro yHiBepcutety. 3 1983 p. nmo-
Terep BiH € CHiBpOOITHUKOM Kadeapu 300J0rii
KemoOpumxcekoro yHiBepcurery. ¥ 1989 p. I'ep-
JIoH 3acHyBaB y KeMOpuaxi IHCTUTYT KIIITUMHHOI
Oiosiorii Ta oHkouorii i o 2001 p. oGilimaB mMo-
cany poro kepiBHuKa. Y 1991—1995 pp. BiH OyB
yyneHoM Haddinacekoi pagu 3 0ioeTuku, a B
1994—2002 pp. — maricTpom Kojenxy MaraajeHu
KemOpuakKchbKOro yHiBEepCUTETY.

llinia Amanaxka 6 sabopamopii
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Iiniss fmanaka HapomuBcsi 4 BepecHS
1962 p. B M. Ocaka (Smoniss). B 1987 p. orpu-
MaB BHUIIY MEIUYHY OCBiTY B YHiBepcuteTi Kobe
3a crelianabHicTIO opromnenis. B 1993 p. 3axuctus
CTYIiHb JOKTOpa B rajysi (papmakoJorii y Buiiit
wkoji YuiBepcurery M. Ocaka. ¥ 1993—1996 pp.
SmaHaka mpaiupoBaB B [HCTUTYTI ceplLeBO-CyIUH-
HMX 3axBoproBaHb [nencroyHa, CaH-dpaHLKUCKO
(CIIA); B 1996—1999 pp. — B MenuuHiii mkoi
VuiBepcutery Ocaku, a B 1999—2005 pp. — B
IHcTuTyTi Hayku i TexHojoriii Hapu (fmonis).
3 2005 p. Amanaka mpaiioe B [HcTUTyTI mepe-
JOBUX MeOWYHMX HayK B YHiBepcuteTi KioTo
(Anonist) — pupexkTop LleHTpY HOOCIiIXEHHS i
3aCTOCYBaHHS iPS-KIJIITUH, a TakoX MpOBigIHUI
JOCHiAHUK [HCTUTYTY ceplLeBO-CYyIMHHUX 3aXBO-
proBanb [nencroyna (CaH-DpaHLKCKO).

Y 2009 p. Oxona I'epmona i Llinito fma-
Haka OyJI0O HaropoaxXeHO IIOYECHOI0 IpPEeMi€lo
Anbbepra Jlackepa (i1 HA3UBaIOTh «aMEPUKAHCH-
KOI0 HOOEJiBCBhKOIO IIPEMi€0 3 MEIULMHW») B
HoMiHauii Basic. IIpecTuxHY i3paiibCbKy MPeMilo
Boabda 3 menuuunu I'epmon otpumaB 'y 1989 p., a
Amanaka — B 2011. Kpim 6e3iiui iHIIUX MpeMiii,
OTpUMaHMUX obOMa BYEHUMH, fAMaHaKa TaKOX €
JlaypeaToM MPECTUXXHOI «TeXHOJIOTiYHOI» IpeMii
Millenium. ¥ 1995 p. JIxxony beptpany I'epmony
MPUCBOEHO TUTYJ IuLapsi-6akanaBpa, a B 2004 p.
KeMOpUIKChbKUI IHCTUTYT KJIITMHHOI OioJIOrii Ta
paky npu OnarogiiiHux ¢ongax Wellcome Trust
i Cancer Research (UK) OyB mnepeiiMeHOBaHMIi B
T'epooHiBCHKUIT IHCTUTYT.

IIIo > 3a mpopuB y Hayui Oyjao 3po0Jje-
HO LIMMM BUYEHMMH, SKi HajexaTb OO0 pPi3HUX
MOKOJIiHb, 1 10 O3HAYa€ <«IeperporpaMyBaHHS
IUdepeHi HOBAHUX KIIITUH Y TUIIOPUIIOTEHTHI»?

KoxeH opraHi3aM CKJIaJa€TbCcsl 3 BEIUKOI
KIJIBKOCTi COMaTMYHUX (HE CTaTeBUX) KJIITHH,
SJKi MOXYTb MOyK€ CHJbHO BIiIpi3HITUCH 3a
mopdogorielo  Ta  (GYyHKLiSIMUA, HaNpuKIaI,
KJIITUHM HEPBOBOI Ta IMYHHOI CUCTE€M, MEYiHKMU,
M’93iB, KiCTOK, KPOBi, HUPOK, BOJIOCCS Ta iHIIMX
TKaHWH YU OpraHiB, — YCI i KJIITUHU pPi3Hi, aJie
BOHU MIiCTITh aOCOJIOTHO OJHAKOBY I'€HETUYHY
iHpopMmalilo (MalTh OOHAKOBY IIOC/IiJOBHICTh
ocHoB y JIHK). Sk e moxnuBo? BusiBnsierncs,
IO BIAMIHHOCTI MIXX COMATUYHWMM KJIITUHAMU
pPi3HUX TUMIB OOYMOBJIEHI TUM, 10 B Pi3HUX TH-
nax KJITUH eKCIIPeCYIOTbCS pi3HI FeHU. SIKUM Xe
YMHOM BUHHUKAIOTh LI BIIMiHHOCTI B €KcIIpecii
reHin?

I1ing yac eMOpioHAJIBHOIO PO3BUTKY 3 KOXK-
HUM TMOMIJIOM 3UT'OTHM — €AMHOI KJIITUHU, 3 SIKOI
PO3BUBAETHCS 0araTOKJITUHHUI oOpraHiam, Ii
BIIMiHHOCTI CTalOTh BC€ MNOMITHimIMMuU (puc. 1).
IIprunHOIO 1X BUHMKHEHHS € T€, 110 KJIITUHU 3a-
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polKa ONMHSIIOTHCS B Pi3HUX YMOBaX: IIiJbHICTh
PEUYOBHUH B Pi3HUX IiJITHKAX 3UTOTU € Pi3HOIO, HA
KJIITMHU Pi3HUX MIJITHOK 3apoikKa MeBHi (pi3uyHi
rnapamMeTpu BILJIMBAIOTh IIO-Pi3HOMY, 3 YACOM CaMi
KJiTUHM TIOYMHAIOTh BIUIMBAaTM OJHA Ha OJHY,
BUIIJISI0YM Ti YM iHIII OiOJIONiYHO aKTHUBHI pe-
yoBMHU. IloCTymoBO KJITMHU YTBOPIOIOTH TpU
LIapyu — 30BHIilIHIii (eKTomepmy), cepenHiin (Me-
300epMy) 1 BHYTpillHiil (eHTOmEepMYy). IloTiMm
KJITMHM LMX 1IapiB MOYMHAIOTh Oefaji OiJble
BiIpi3HSTUCS OIHA Bil OHHOI i BpelITi-peluT yT-
BOPIOIOTh BCi OpraHu i TKaHMHU opraHizmy. Ta-
KMM YMHOM, HeaudepeHlilioBaHa 3UroTa JIa€ Io-
YaToK TepMiHaJbHO AudepeHliiioBaHUM (TOOTO
a0COJIIOTHO Creliali3oBaHUM) KJIiTHUHAM, SIKi BXe
HE MOXYTb IiJIMTHUCSI i 3 4acOM CTapiloThb i IIO-
MUpPAIOTh.

JI>xepesiom HOBUX IugepeHLiioBaHUX
KJITUH €, TaK 3BaHi, «CTOBOYpPOBI KIIITUHU» —
HE3piJli KJITUHU, 30aTHi 10 CaMOBiIZHOBJEHHS i
PO3BUTKY B CHeliaji3oBaHi KJIITUHM OpraHizMmy.
Lleit Tepmin OyB 3amporoHoBaHuil y 1909 p.
BUJATHUM pOCIMiCbKUM BueHUM OleKcaHapoM
MakcuMoOBUM, SIKMII mepeadayuB iCHYBaHHS
TaKMX KJIITMH KpPOBi, SIKi 30aTHi JaTu II0YATOK
JEKIIbKOM iHINUM TUNaM KJaituH. Y 1960-x pp.
kaHanui Jxeiimc Tinn i Epner MaxkKaiiox,
JOCTiKYIOUM TIpOLIeC TeMOIoe3y, BIeplle BHU-
SBUJIM CTOBOypoBi KiituHu. B 1981 p. amepu-
KaHCbKMi Oiojior Maptin EBaHc BOepiie BUIIINUB
HenudepeHliiloBaHi MIIOPUIIOTEHTHI CTOBOYPOBi
KJIITUHMU i3 3apoaka muiui, 3a mwo B 2007 p. or-
pumaB HoGeniBceky mpemito. ¥ 1998 p. amepu-
kaHusM Jxony Iepxapry i xeiimcy Tommco-
HY BIAJOCS OAEPXKaTH i PO3ZMHOXHUTHU KYJIBTYpHU
eMOpioHaJIbHUX CTOBOYpPOBUX KJITHMH, 3HaTHUX
PO3BUBATUCS B Pi3Hi 3piJii KJIITUHMU i opraHu. (Mix
inmmM, nepma B CPCP HaykoBa KoH(pepeHIis,
IpUCBsSIYEHa CTOBOYpOBMM KJIITMHAM, BimOyjacs
B Kuesi y 1977 p. Ha 6a3i IHcTuTyTy mpobiem
onkosiorii AH YPCP 3a iHiuiatuBu axkamemikiB
AH YPCP P. €. Kaseuskoro ta 3. A. byreHko, a
OHI 3 mepuux IyOJikauii y cBiTi 3 MopgoJorii
CTOBOYPOBOI KJIITUHU T€X HaJlexKaaIu YKPalHChbKUM
BueHuM |[1, 2].

3aJexxHo BiO JKepena oIep>KaHHS
CTOBOYpPOBiI KJIITMHM MOXHa pO3AUIATA Ha
TpU TPyHu: eMOpioHaJIbHi, $Ki OHEPXYIOTh i3
BHYTPILIIHbOI KJIITUHHOI Macu OJIaCTOLMCTUA Ha
paHHiil cTamii pO3BUTKY 3aponka; ¢eTalibHi,
SKi OHEpXYIOTh i3 IJIONOBOrO Marepiaay MHicis
abopTy, Ta IOCTHATaJIbHi, 10 € CTOBOYPOBUMMU
KJIITUHAMM JOPOCJIOro opraHizmy. BukopuctaHHsa
eMOpioHIB IJIs1 onep:KaHHsS eMOpioHaJbHUX 1 (e-
TaJbHUX CTOBOYPOBUX KIIITUH IIOB’SI3aHE 3 €TUY-
HUMU IIpoOseMaMM, a IOCTHaTajbHi CTOBOYPOBi
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Puc.
chapterl.pdf)

KJIITUHU BUSBJSIOTH MEHIIY IMOTEHTHICTh, Xoua
€TMYHUI acrleKT 1X BUKOPUCTAHHSI HE BUKJIMKAE
Cepito3HOI MOJIEMiKMH.

Haii6inpiie cToBOypOBUX KJITMH y HOBO-
HApOIKEHUX HEMOBIISIT; 3 BIKOM KiJbKICTh IIMX
KJIITUH TIOCTYMOBO 3MEHILIYEThCS, OJHAK BOHU
MPOIOBXYIOTh (DYHKIIIOHYBAaTU HaBITh Y MIMOOKii
crapocTi. Jlerno cToBOypOBMX KJITMH iCHYE IS
KOXHOI TKAHWHMU, KiJIbKiCTb CTOBOYPOBUX KJIITUH
MpPOIOpIifiHA IIBUAKOCTI OHOBJIEHHS KJIITUH IIi€l
TKaHUHU, TOOTO, CTOBOYPOBUX KJITMH LIKipU
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1. udpepenyiayis mranunu arwounu (http.//stemcells.nih.gov/staticresources/info/scireport/ PDFs/

HabaraTo Oijblle, HiX CTOBOYpOBUX KJIITUH
HEPBOBOI CUCTEMU.

HaityniBepcanbHillli CTOBOYpPOBI KJIITMHH,
HampukJaja, 3Urora Ta OJlacToOMepM — KJITUHH,
10 YTBOPUMJIMCS IIig Yac AEKiJIbKOX IepIInX
IiJleHb 3UTOTH, MOXYThb HaTH IOYATOK IiJIOMY
opraHiamy. Taki KJIITMHU Ha3MBalOThCSI TOTU-
MOTEHTHUMU CTOBOYPOBUMM KJIITUHAMU. MeHI
YHiBepCaJbHUMM € TUIIOPUIIOTEHTHI CTOBOYpOBi
KJIITUHU, IO YTBOPIOIOTHCS MiA 4Yac AEKiJIbKOX
HACTYIMHUX 3apOJKOBUX JiJIeHb (0 MOAiay
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Ha 3apoAKOBi JMCTKM) 1 MOXYTb JaTU Io4a-
TOK BCIM KJIITMHAM OpraHi3My, KpiM ILIaLIEHTH.
CrienianizoBaHi  MYJbTUIOTEHTHI  CTOBOYPOBI
KJITUHM MOXYTb JAaTU ITOYATOK KJIITMHAM Pi3HUX
TUIIiB, aJie He BciM. [TocTynoBe nugepeH1iloBaHHS
HallaaKiB MYJIbTUIIOTEHTHUX KJIITUH MPUBOAUTH
JI0 TIOSBM OJIITOMOTEHTHUX (11O NAIOTh IMOYATOK
TiJIbKM HEBEJIUKill KiJIbKOCTi THUIIIB KJIITUH) i
VHIMOTEHTHUX (110 AAIOTh ITOYATOK TiJIbKU OJHO-
My TUIy) KJIiTHUH. OTXe, B KOXHOMY OpraHi3mi
MiJ Yyac poO3BUTKY BiIOYBAETHCS IMPOLEC MOCTYIIO-
BOro IM(MEpEeHLiOBAaHHS KIJIITUH i BTpaTu HUMU
MHOJIIMOTEHTHOCTI (K BBaxKajocsl paHillle, LIISIXY
Ha3aj HeMae).

Opnak [xoH TIepmon i Illinig fAmana-
Ka 3aBISIKM CBOIM HaIOJEIJIMBIM IIpalli JOBEJH,
110 1Ie He TaK, 3a 10 BOHM BJacHE i OTpUMau
HoOGeniBcbKy mpeMito.

ExcnepyMeHTH 3 KJIOHYBaHHSI pPOOUB 11
y 1914 p. Himeubkuii BueHuit lanc IllnmemaH,
SIKWI BIeplle IepecaauB SIAPO 3 OOHIEl KIITUHUA
no iHmoi. Y 1940-x pp. pociiicekuii emOpiosor
Teopriit JlonaioB po3poOuB MeTod MNepecaiku
KJITUHHUX SIAep B IMLEKIITUHY Kabu, omHaK pa-
30M 3 IHIIMMU PaASHCBKMMMU JOCHiTHMKAMU BiH
3a3HaB T'OHiHb 1 HE 3MIT IIPOJOBXUTHU 110 POOOTY.
HxoH I'epgoH BaockoHanauB metonuky I. Jloma-
11I0BA i IIPOJOBXUB AOCIIAXKEHHS TpaHCILIaHTallil
sanep B KIITUHU OJlacTya, sIKi Oynao IIpoBemde-
Ho bpirrcom i Kinrom B 1952 p. PobGota, BuU-

koHaHa J[IxxoHom IepmoHom B Okchopacbko-
My yHiBepcuteri B 1958 p. Ta omyGiikoBaHa B
1962 p., crana KJIACUYHOIO i HABOAUTHLCS B OyIb-
SIKOMY CEepi03HOMY TiAPYYHUKY 3 eMOpiosorii [3].
Mertow exkcniepuMeHTy [epmoHa Oysio 3’1cyBaTu,
Yy Hece aapo AudepeHIifioBaHOI KJIITUHU [10-
CTaTHbO iH(MopMalii, 1100 JaTM MOYaTOK HOBO-
My opraHizmy. IlJii UbOro BiH ONPOMiIHEHHSM
3pyiiHYBaB ONPOMIHEHHSM SAPO SULEKJIITUHU
LITOpLEBOI xkabu (Xenopus laevis) Ta iepecagus B
TaKy 0e3’s1IepHY KJIITUHY s1po nudepeHiiiioBaHol
KJITUHUA (KJITUHU eIiTesIil0 KMIIeYHUKa My-
roioBka). IlomiOHi eKcnepUMEHTH IIPOBOAUIU-
Ccs paHille IHIOMMU JOCHiAHMKaAMH, ajieé came
I'epnony Bpajiocsl omepxKaTU 3 TaKOl «XMMEPHOI»
SIALEKJIITUHU  3J0pPOBOro IIYyTOJIOBKA. bijiblie
TOro, y IBOX BiJICOTKaX BUIIAAKiB ITyTOJIOBKHU II€-
pPeTBOPIOBAJINCH HA AOPOCIUX kabd (puc. 2).

Ileii excrnepyMeHT [OBiB, 10 TI'€HOM
COMAaTMYHOI KJITUHU MICTUTh BCIO iH(popMallilo,
sIKa € BAMLEKJIITUHI, a 3HAYUTh, 1U(ePEHIIi IOBAaHHS
KJIITUH He TIOB’sI3aHe 3 Jerpajalli€lo 4acTH-
HU TeHiB. Pesynbratu pobotu Iepmona cro-
yaTrKy OyJIO CIPUMHSTO CKENTUYHO, aje IIicis

MMiATBEPIXEHHSI BOHM  JOKOPIHHO  3MiHWIHU
TOrOYacHi ysBJIEHHSI IIpo JIudepeHIiloBaHHS
KJITUH: BUSBWIOCS, 10 JudepeHlilioBaHa

KJIITUHA MOXE€ BiJHOBUTHU ILIIOPUIIOTEHTHICTD,
TOOTO Tmpouec AudepeHLiloBaHHSI Moxe OyTu
obepHeHUM. Binkpurta IepmoHa cOopuyMHU-

Puc. 2. Cxema excnepumenmis Ilepdona. Bin 3nuwue yasmpagiosemom s0po 6 iKpuuyi wnopyesoll xcabu
Xenopus laevis (1), nepecadueé myou s0po, ske 6y10 e3ame 3 OuhepeHyitiosaHoi KAIMUHU KUEeYHUKA NY20106-
Ka moeo camoeo eudy (2), 6HaAcAi00K 4020 3 IKPUHKU PO3BUHYBCS NY204080K, a nomim i dopocaa caba (3).
Tak camo moducra odepyucamu i opeanizmu ccasuyie (4). 3obpaxcenus iz catimf www.nobelprize.org
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JIO JIaBUHY JOCHiAXeHb. 3 1IbOrO €KCIEPUMEHTY,
30KpeMa, 0epyTh IOYAaTOK BCi poOOTU i3 KIJIOHY-
BaHHs TBapuH. Jlo pedi, TepMiH «KJOH» BIepIle
OyJ1I0 BHUKOPUCTAHO IIO BiJHOILIEHHIO 10 TBapuH
y 1963 p. OputaHcbKUM BueHMM J[IkoHOM XoOII-
JeHOM IIig 4Jac omucaHHsSI pe3yabTariB Iepno-
Ha. Ilomanbiii pobotu I'epmoHa Oyjio mpHCBSIYE-
HO JOCIIIXEHHIO MIXKJIITUHHUX CUTHAJbHUX
YMHHUKIB, 3aiIHUX Y AUPEpeHIIilOBaHHI KJIITUH,
a TaKoX JOCJiIKEHHIO MEXaHi3MiB BiJHOBJIEHH S
MIJIIOPUIIOTEHTHOCTI B eKcIepuMeHTax i3
TpaHCILUIAaHTalil saep, 30KpeMa, poJjii MeTUIyBaH-
Ha JJHK B npbomy mpoiieci.

LikaBum 36irom € Te, mo y 1962 p., konu
T'epooH omyOJliKyBaB CBOIO «HOOEIiBCHKY» CTaT-
TI0, HaponuBcs lllinig SImanaka, skuii yepe3 40
POKiB 3pO00OMB HACTYIHUI PEBOJIIOLIIMHUIA KPOK Y
JOCIIiIXKEHHSIX, po3noJyaTux I'epaoHoOM.

ExcnepumMenTu I'epaoHa i3 KJIoHYBaHHS XKab
i HapomkeHHs1 B 1996 p. mepiuoro ccaslsl, KJO-
HOBAHOIO 3i 3piJIol COMaTUYHOI KJIITMHU, — BiBIi
Honni [4] moBenu, 110 COMaTMYHi KJIITUHU MO-
KYTh IIEPETBOPUTUCH HA eMOpioHaJIbHi CTOBOYPOBi
KJIITUHM y pas3i IepeHeceHHsI TI'€HETUYHOIO
MaTepiaJly COMaTM4YHOI KJIITUHU B He3aIlJigHeHe
gifle, SKe SKMMOCh 3araikOBMM YMHOM IIpHU-
BOAWUTH XPOMOCOMM Y BUXIIHUI CTaH, B SIKOMY
BOHM Oy/JM B IIOMHO 3aIlIiHEHil SHLEKTITUHI.
OnHak 3aJU1IaJ10Csgd HEBIIOMUM, SKi YUHHUKUA B
S 0OOyMOBJIIOIOTH LIe IIpoLecC, 1 UM MOXJIMBO

nepenporpamMyBaTu audepeHiiiioBaHi coMaTU4YHi
KJIITUHU B IUIIOPUIIOTEHTHiI 0e3 BUKOPUCTAHHS
ANLA.

Y 2006 p. Sdmanani Bmajocsd TepPeTBOPU-
TU KJITUHY WIKipu (audepeHiioBaHUN MMUILIA-
yuii ¢idbpo6sacT) y IIIOPUIIOTEHTHY CTOBOYPOBY
KJIITUHY 0e3 nepecaaxXyBaHHs siapa [S]. OnepxaHi
HMM KJIITUHU Ha3BaJIM IHAYKOBAaHUMMU ILIIOPU-
MNOTEHTHUMU CcTOBOypoBuMU KiituHamu (iPSC).
SKuM Xe YMHOM BIajocs lie 3poouTu?

3 yaciB ekcnepuMeHTiB IepmoHa Oyno
po3po0JIeHO METOAY T€HHOI iHXeHepil, SIKi 103BO-
JISLTM BCTaBJISITU B KJIITUHY T€H, SIKWMM YCHIlIHO B
Hili eKcIpecyBaBcs, i, TAKMM YMHOM, BiJIOyBaBCs
CHUHTE3 MPOTEiHY, KOMOBAHOTO IIUM TeHOM. OTHUM
i3 CII0CO0iB AOCTABIISIHHS I'€HY B KJIITUHY € BUKO-
puUCTaHHSI BipyciB (HaIlpMKJal, peTpoOBipyciB), B
SIKMX YacTMHA T'€HeTUYHOI'o MaTepially 3aMiHEHO
Ha TeHu HeoOximHux mpoteiHiB. Ilicis 3apakeH-
HS KJIITUHU LIUM BipyCOM BigOyBa€TbCs BOYIOBY-
BaHH# BipycHoi JIHK B reHom KJIITMHM Ta CUH-
T€3 BiANOBIAHUX IPOTEIHIB, SIKi, B CBOIO 4epry,
MOXYTh BIJIMBaTM Ha i3iod0riyHi mpolecu B
KJIITUHI Ta Ha eKCIIPECilo iHIIMUX TeHiB. 3aBIsIKU
po3po01Ii TAKMX METOIMK CTaJId MOXKJIMBUMU €KC-
nepuMeHTH 3 onepxkaHHs iPSC.

fAmaHaka 3aliMaBcs BMBUYEHHSM MEXaHi3MiB
HiATPUMKHU IJIIOPUIIOTEHTHOCTI B eMOpiOHAIbHUX
croBOypoBux kiituHax (ECK) muwmi (puc. 3).
Bin BusiBuB nonan 1000 reHiB, 110 xapakKTepusy-

Puc. 3. Cxema excnepumenmie HAmanaxu. l'enu womupwvox npomeinie (1) 3anyproromocs é dughepenyiiiosanuil
giopobaracm, odepucanuil ¢io muwi (2). Llei ¢hibpobaacm nepemeopoemvcs 6 NAPUNOMEHMHY CMOBOYPO8Y
Kaimuny (3), 3 AKoi ModucHa nomim odeprcamu 00pocaull MumunHul opeanizm (4). 3asnauumo, uo 0opocay mMuuLy
i3 naropunomeHmHux Kaimun odepicas yce yc maku He Slmanaka. 3o06paxcenns i3 caiima www.nobelprize.org
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BayiMcs migBuieHow aktuBHicTio B ECK, i misa
JOCIiIXKEHHSI pOJIi LIMX T'€HiB BUPIIIMB BCTaBU-
TH 1X B Pi3HUX KOMOiHaLisgX y audepeHuiioBaHi
KJIITUHU. 3BUYAaliHO TIepeBipUTH BCi KOMOiHaLIii
OyJ10 HEMOXJIMBO, TUM OiJibllle, 110 CIIpalloBaTU
Morjia OyIdb-siKa KOMOiHallis 3 LUX TeHiB. Tomy
MHOIIYK OOMEXWIN AeKiJIbKOMa IeCITKaMU I'e€HiB —
HaliMOBIpHIIIKX TeopeTU4YHO. I och, Mmicis TpuBa-
JINX eKCIIepUMMEHTIB fIMaHalli BOajocsl MoKas3aTu,
10 JJIs1 IepernporpaMyBaHHs aIugepeHliioBaHOL
KJIITUHU B IUIIOPUIIOTEHTHY CTOBOYpPOBY JI0O-
CUThb IIABUILNEHHSI eKCHpecil BChOIO YOTUPHOX
reniB: Oct3/4, Sox2, KIf4 i c-Myc. Kpim Toro,
OyJ10 MOKa3aHO, IO OIepXKaHi IUIIOPUIIOTECHTHI
CTOBOYpPOBI KJIITMHM MOXHA MPUMYCUTH 3HO-
By AuUEpeHIiloBaTUCI B KJITMHM Pi3HUX TKa-
HuH. Y 2007 p. fIMaHaka onepxXaB ITOBHIiCTIO
eIIireHeTUUHO TiepenporpamMoBaHi iPS-xiitnHu
MMUIII, 3 IKUX BAAJIOCS OfepxKaTW AOPOCIUX MU-
et [6]. TnmmmMu gocmignukamu B 2009 p. Oyio
olepKaHo TeTparoigHi iPS-kniTuHu, 1o cBoiMu
BiaacTUBOCTSIMU Oinbine HaragyBaau ECK i tex
OyJIM 34aTHiI PO3BUHYTUCH Y JOPOCIUX MULLIEH [7].

ITicns Toro, sk SIMaHaka ogepKaB MO3UTUBHI
pe3yabTaTd B €KCIIEpUMMEHTax i3 KJIITUHAMU MU-
1ieit, BiH BUMOpPOOyBaB Ty caMy METOOUKY IJIS
onepxaHHg iPSC i3 kaitnH mkipu goguHu. Ila-
pajieJibHO i3 rpymown fmaHaku Haja L€l IIpoo-
Jemoto TipauoBana rpyna Jxeiimca TomcoHa
3 BickoHcuHy (Menicon, CIHIA). JlaGopatopii
Amanaku i TomcoHa Oynu IepIIMMM, XTO OnIEp-
KaB iPS-xnitunu moaunum [8, 9]. ns ogepxaHHs
HUX KJIITMH fIMaHaka BUKOPUCTaB KOMOiHaIlilo
3 4 reHiB, AKy BiH paHillle BUKOPUCTOBYBAB [IJISI
onepxaHHs iPS-kuitun muii (Myc, Oct4, Sox2
ta Kl1f4), B ToOi1 yac sk TOMCOH BUKOPHCTaB JCIIO
iHIy KombOiHauito reHiB (Lin28, Nanog, Oct 4 Ta
Sox2). IleBHUIT BHECOK y BUKOHAaHHS i€l pobo-
TH BHIC YKPAiHCHbKMI BUEHM, SIKUIA TIpallloBaB B
Jnabopatopii Tomcona — MakcuM BonstHUK, sSIKMii
MOYMHAB CBOI JOCJiIXEHHS, 1110 CTOCYBaJIMCh MO-
HOKJIOHAJIbHUX aHTUTIJI TTPOTHU (paKkTOpa HEKPO3y
MNyXJIMH JoAuHU, B [HCTUTYTI neniaTpii, akyiep-
ctBa Ta riHekojorii HAMH Yxkpainu.

Binkputtas Iepmona Tta fmMaHaku Oyjo
CHpaBxXHIM MPOPUBOM VY PO3YMiHHI MeEXaHi3My
audepeHiloBaHHS ~ KJITMH, BOHO  Hajaajo
JOoCHigHUKaM (aHTaCTUYHI MOXJIMBOCTI Ta
BiIKpUJIO 3HAUHi TEpPCNeKTUBU BUKOPUCTAHHS
iPS-xiriTnH y Garatbox rajay3six MEOAULMHU. 3BU-
YyaiiHo, nepiiie, 1110 CMajae Ha AyMKY, — MOXJIMBICTb
BukopucroByBaTu iPSC nist BifHOBJIEHHS OpraHiB
1 TKaHUH, cTapux ab0 moumKomkeHuX. SIkio Oyme
pPO3pO0IEHO METOMMKY INTYUYHOTO <«BHPOIILYBaH-
HsI» TIeBHUX TKaHWH JIIOACBKOTO Tijla, BinOyaeThCs
pEBOJIIOLIST B TPAHCIIJIAHTOJIOTI1, aJaXXe KJIITUHM,
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omepxkaHi 3 iPSC, € reHeTUYHO iOEHTUUYHUMU
3 KJITMHAMM OpraHi3amy, 3 sIKoro ix OyJyio onep-
J)KaHO, i BOHM HE€ 3JaTHi CHPUYUHSITU iMYHHE
BiITOPrHeHHs TpaHcmjaaHTariB. Taki KJiTMHU
MOXYTb OyTM 3aCTOCOBaHi s O0pOoTHOM 3 J1e-
reHEepaTUBHUMU 3aXBOPIOBAHHSIMU, HAMpPUKIAI,
3 xBopobOowo IlapkiHcoHa Ta giabetom I Tumy,
JUISL TiABUILEHHS e(eKTUBHOCTI orepauiii Ha
ceplli Ta orepalliii 3 BMAAJE€HHSI TNyXJIMH (Ha-
OpuKIad, MiAIJIYHKOBOI 3aJI03M UM MEUYiHKM) i,
3BUYaAHO, IJIs JiKyBaHHS OMiKiB, KOJM yCIilIHA
TpaHCMJAHTALisl WIKipU € €IUHUM IIaHCOM Ha
nopsATyHoK. Kpim Toro, paHilie po6oTa 3i cTOBOY-
POBUMM KJIITUHAMM JIIOAUHU BUKJIMKAJA €TUUYHI
npobseMu Ta Oyja B OaraTbox KpaiHax abo 3a-
OopoHeHa, abo TMOB’sI3aHa i3 CEPUO3HUMU IOPU-
JUYHUMU TPyIHOIIAMU Yepe3 Te, 10 €AUHUM
JIXKEpeJaoM IMX KJITUH OyIu JIIOACHKI eMOpioHH,
aKi 3HuIyBanauchk aiag BugineHHss ECK. fmana-
Ka BIIKPUB CHOCI0 ofepXXaHHS MJIIOPUNOTEHTHUX
CTOBOYPOBUX KJITUH Yy HEOOXiIHii KiJILKOCTI Ta
3HAB LI oOMexeHHs. OmHaK, MOKM 110 paHO TO-
BOPUTU Mpo NpunuHeHHs BukopuctaHHss ECK,
OCKIJIBKM iCHY€E OaraTo Iepelko, siKi HeoOXiTHO
MOoJoJIaTM Ha IWIJISIXY A0 TOBHOIO PO3YMiHHS
SBUIA TJIIOPUIOTEHTHOCTI Ta onepxkaHHs iPS-
KJIITUH, OPUJATHUX JUIS JTIKyBaHHS JTIOACH.

Piu y tiM, 1o npouenypu, sKi BUKOPUCTO-
BYIOTbCSI AJIsI TlepenporpaMyBaHHSI KJIiTUH, MO-
XKYTh COPUUYMHIOBATA MYyTalii a00 iHUII TeHOMHi
MOPYLIEHHS, 110 POOUTH iX HENMPUIATHUMMU [JIsI
KJIiTMHHOI Tepanii. nsg ogepxkanHs iPS-kiaitTuH 3
METOI BBEJCHHSI T€HiB B '€HOM KJIITUH BUKOPU-
CTOBYIOTb PETPOBIPYCH, SIKi BCTABASIIOTH Li T€HU
HaBMaHHS$, iHOAI 3yMOBJIOIOYM MyTallii, IO Tie-
PETBOPIOIOTh HOPMAaJIbHiI KJIITUHU Ha 3J0SIKiCHI.
OnuH i3 reHiB, 10 BUKopucrtaB fAMaHaka, (c-Myc)
HaclpaBli € TeHOM paky. B excnepumeHTax
Amanaku 20% mwulei, 110 po3BUHYINUCH 3 iPS-
KJiTUH, 3aXBOPiJM Ha pak.

Tomy npoTsiroM ocTaHHiX POKiB OyJ10 po3mo-
4yaTo AOCHiJXKEeHHSsI, sIKi 103BOJISITh B MallOyTHbO-
MY 3pOOUTH BUKOPUCTAHHS KJITUH, OIepXKaHUX
3 iPSC, Oe3neyHMM Ad JIKYyBaHHS Malli€HTIB.
Y 2008 p. B ;maboparopii fmManaku Oyyio onep-
kaHo iPS-kiiTnHM 6e3 BUKOpPMCTAaHHS BipyCHUX
BekTopiB, 1o iHTerpyiorbcs B JJHK [10]. 3apas
MPOJOBXKYETbCSI poOOTA Hal PO3POOKOI HOBUX
METONMK onepxKaHHs iPS-kiitTnH i 6e3 BUKOpHU-
CTaHHS1 peTpoBipyciB s BBeaeHHs ix B JHK,
a 3 3aCTOCYBaHHSAM XiIMIYHMX peakTUBIB abo
0Oe3MnevyHilMnX BipyciB.

Ha croromni xaitunu, onmepxati 3 iPSC, He
MiIXOmSITh I 3aMiHU TIOIIKOMXXEHUX KJITUH
a00 TKaHMH Yy IIalli€HTiB, aJie TaKi KJITMHU €
ilealbHUMU SIK MOJEJIbHA CUCTeMa JJisi BUBUYEH-
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Hs TIPUYMH BUHUKHEHHS 3aXBOPIOBaHb, PO3p00-
KM METOMiB IX JIIKyBaHHS Ta HOBUX JIKapChbKUX
npenapariB. Hampukiiag, AOCAITHUKH MOXYTh
3pooutu iPSC i3 KJIiTUH NIOAUHU i3 XBOPOOOIO
AgnbureiiMepa i mepeTBOPUTU iX Ha HEHPOHU B
yamui Ilerpi (Takuil migxin 1ie Ha3MBaIOTh «3a-
XBoploBaHHS B vamui Ilerpi»). Ile mo3Bolisie
JOCIIiIXYBaTU IaTOreHe3 i po3poOJIsITU METOAU
npodiJakKTUKM Ta JiKyBaHHS LIbOI'O 3aXBOPIOBaH-
Hs. iPSC MoXyTh OyTH TaKOX BUKOPUCTaHi IS
TOKCUKOJIOTIUHOTO TECTyBaHHsSI Ta ITiABUIICHHS
e(eKTUBHOCTI JiKiB. KpiM TOro, MoxxHa IpoBOAU-
TU CKPUHIHT JIiKapChbKUX MpenapariB Ta ooupaTu
Halle(heKTUBHilllE Ta €KOHOMIYHO OOIpYHTOBaHE
JIIKYBaHHS IJIS1 KOKHOTO KOHKPETHOTO Malli€HTa.

3apa3 Bxe oJepxKaHO KIIITUHHI MOJEeNi pi3HUX
3aXBOPIOBaHb: aMiOoTpO(iYHOro JiaTepajabHOIO
ckiyepody (ALS), cnuHanabHOI M’130BOi arpodii
(SMA), cimeitHOI rinmepxojecTepuHeMii, AETKUX
CepLEBO-CYIMHHUX 3axXBOpIOBaHb (HAMpPUKJIAMI,
cugapomy Timorti) [11]. BuxkopucraHHs Mome-
Jieii, 1o 0a3yloTbesd Ha iPS-xiiTuHax, H03BOJISIE
3’ICyBaTU MPUPOIY 3aXBOPIOBAHHS Ha MOJICKYJISIP-
HOMY piBHi. JlociakKeHHsI CIMEHOI 11ucayTOHOMI1
Ha Takiil Mojesi MO3BOJMJIO BiAKPUTU HOBUIA
(hakTop — KiHETHH, IO BiIirpa€ BaXKJIUBY POJb
y BUHUKHEHHI LIboro 3axBopioBaHHd [12]. Excne-
PUMEHTU OCTaHHIX POKiB CIIpSIMOBaHi Ha BUBYEH-
Hs MeXaHi3My TepernporpamMyBaHHSI COMaTMYHUX
kurituH B iPSC. IToka3aHo, 1110 MiJ yac TaKoro Ime-
perporpaMyBaHHS BiJOyBA€THCS CTUPAHHS COMa-
TUYHUX eMireHeTUYHMX ITiJIUCIB, SIKi IpeacTaB-
JeHo MetuiayBaHHsIM JIHK abdo momudikaiiero
TiCTOHIB, B JIOKYCI ILIIOPUIIOTEHTHOCTI i CTBO-
pEHHSI aJIbTepHAaTMBHUX €MIir€HeTUYHUX MITOK
eMOpioHaJIbHUX CTOBOYpoBUX KJiTuH. Hampu-
KJaz, 3’sicoBaHo, 110 Mg oxepxkaHHs iPSC nBa
dakTopu Parpl i Tet2 maroTh peamidyBaTU TakKi
ernireHeTuyHi moaudikauii B jJokycax Nanog Ta
Esrrb [13].

Pobepm Jleghkosuy 6 rabopamopii
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3BUUaiiHO, po3pobOKa e(PeKTUBHUX i Oe3rey-
HUX METOAMK TEePETBOPEHHS COMAaTUYHUX KJIITUH
B IUIIOPUIOTEHTHI MOTpedye 3HAUHUX 3YCUJIb i
MOJaJbIIOl TpHUBaJIol poOOTH, aje MOCIiIXKEHHS
OCTaHHIX POKiB Jal0Th Hadilo, IO JOCSTHEHHS
YCIIiXy B LIbOMY HAIIpsIMi € MOXJIMBUM i HaBIiTh
JOCUTDH IIBUIKUM.

B Ham yac Haluikapimi Ta  Hal-
MNEPCHEKTUBHIII HayKOBI pPOOOTH BUKOHYIOTh-
csl, SIK IIpaBWJIO, Ha CTUKY, a0o, IpaBUJILHIIIE,
Ha MepeTUHAHHI TpaguLiAHUX OUCLUILIIH, OI-
Hak HoOeniBchKi mpemii goci OpUCYIXYIOTHCS B
JKOPCTKO PO3MEKOBAaHUX Trajy3saX MEAULIMHU abo
¢iziogorii, ¢izuku Ta Ximii. Hamararouucer yTpu-
MYBaTUCh B LIUX XKOPCTKUX pamKax, HobeniBcbKuii
KOMITET BC€ 4YacTillle IPUCYIXKYE MpPeMilo 3 XiMii
3a JIOCATHEHHSI B oOsacTi OioxiMii, $IKi MaloThb
Oe3rocepeaHe BiTHOLIEHHS 10 ¢i3ioJiorii Ta Meau-
nuHu. Tak, 10 xxoBTHS 2012 p. OyJIO OroJIOLIEHO,
1o nboropiuny HobesiBcbKy npemiro 3 ximii oTpu-
MaJid ABa aMepuKaHChbKUX Ipodecopa — Pobepm
Jlegkosuy 3 yHiBepcutery [I’roka B IliBHiuHi
Kapounini i bpatian Kobuaka 3i CTeH(DOPACHKOTO
yHiBepcuteTry B KanidopHii — 3a mociiaXeHHS
peuenTtopiB, Top’s13aHux 3  G-mpoTeiHaMu
(GPCR — G-protein-coupled receptors) (puc. 4).
OOuaBa BYEHMX MalOTh MEIMYHY OCBIiTYy, a 3a
BIIKpUTTS Ta BUBYEHHSI caMux G-NpOTeiHiB y
1994 p. Anpppeny linmany ta Maptiny Pom-
Oesuty Oyio npucyiaxeHo HoOGeniBCbKy IpeMiio 3
¢iziojorii Ta MEAULIMHMA.

PoGept Jledkosiu (Robert Lefkowitz) Ha-
ponuscs B 1943 p. B Hplo-Mopky B ponusi
eBpeiicbkux emirpanTtiB 3 Ilombiii. ¥V 1962 p.
BiH OTpMMaB CTYyIiHb O0akajaBpa MUCTELTB B
Konymo6iiicbkomy konenxi rmpu KoayMoilicbkkoMy
yHiBepcuteti Hpio-Mopka, a B 1966 p. B Konemxi
3arajbHOI Tepallii Ta Xipyprii IpyM TOMYy caMoO-
MY YHiBEpCUTETI OTpUMaB CTYIiHb JOKTOpa Me-
nuian (MD). 3 1968 o 1970 poky mpaiiioBaB

bpaiian Kobuaka e aabopamopii
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y cucteMi HauioHaJlbHUX IHCTUTYTIB 3I0POB’S
Ta B IToJloBHOMY rocmitaii uraTty Maccauy-
cerc B bocroni (MGH), a B 1973—1976 pp. —
B aMepMKAaHCBKii KapmiojoriyHiil acowiamii
(American Heart Association). I3 1973 p. BiH
npaioe B YHiBepcuteti [’oka, a 3 1976 p. — B
Menuunomy iHctutyTi [oBapma Xbro3a. Y 2007 p.
JledpkoBur OyB  ymocTtoeHuit  HauioHaJibHOI
menani Hayku (National Medal of Science), 110
BpyuaeThces 3a ykazoM Ilpesumenta CIIA, Ta ot-
puMaB a3iaTcbKuii aHajor HobeniBchbKol ImpeMii —
npemito oy (Shaw Prize).

bpaiian Kob6uika (Brian Kobilka) HaponuBcst
B 1955 p. B itati MiHHecoTa B poAMHi 3 HiMELIbKO-
MHOJIbCbKUM KOpiHHSM. BiH oTpumaB cTyIiHb 0a-
KajlaBpa 3 Oiojorii Ta ximii B MiHHECOTCHKOMY
YHIBEpCUTETi, MOTIM CTYIIiHb IOKTOpa MeIUIIM-
Hu (MD) Ha MenuuHOMY (haKyabTeTi €JIbCHKOTO
yHiBepcuteTy. Ilicnst iHTepHaTypu y BammHr-
TOHCbKOMY YHiBepcuTeTri KoOujika MOOoCTynuB
npaioBaTu B jgabopatopito JlepkoBuua. ¥ 1987—
2003 pp. BiH mpaioBaB B MeIMUYHOMY iHCTUTYTI
T'oBapna Xpro3a. HuHilHs nadopartopist Koouiaku
3HaxonuThcsl B CTeHDOPACHKOMY YHiBEPCUTETI. Y
2007 p. xxypHana Science Ha3BaB MOro HOCIiAKECHH S
ctpyktypu GPCR npopuBoM poky.

GPCR — 1ie ponMHa CXOXMX 3a CTPYKTYp-
HOIO OpraHizali€io Ta 3a (YHKIII€EI0 PeLeTOpiB
MeMOpaH eBKapiOTUYHMX KJIITUH, S$Ki MaloTh
ciM TpaHCMeMOpaHHUX [OMEHIB Ta IlepenaloThb
y CepeluHY BiANOBiAHOI KJITMHM CHUTHaJl 3a-
Basiku aktuBauii GTP-3B’13yrounx mnpoTeiHiB
(G-npoTeiHiB), 1110 3aMyCKaloThb Kackaj
BHYTPIIIHBbOKJIITUHHUX  peakliif, HacJigkoM
SIKUX € BIAIOBiAb KJIITUHU Ha MEBHUM MOApa3HUK
(um neBHUi1 (izionoriunuit edpext). GPCR Hazu-
BalOTh 1Ie CEPIIEHTUHOBUMMU pelLIeITOpaMU, TOMY
110 Ha CXeMi MEpPeTUMHAHHS TJIa3MaTUYHOI MeM-
opanu kuituHu GPCR mporeinamu postaliny-

BaHHs noMeHiB GPCR HocuTh «3MienomiOHuii»
xapakTep. B reHomi jgmoavHuM 3HaiaEHO OJIM3bKO
800 reniB, mo konywTh pisHi GPCR. ®yHKLig
150 3 HMX 3alMILIAETHCS HEBIIOMOIO, pellTa —
«pO3I1i3Hal0Th», TOOTO cHeLM(pIYHO B3aEMOMIIOTH
i3 Ppi3HOMAHITHMMHU JiraHgaMu: TOPMOHaMH,
HelipomediaTopaMu, 0i0JOriYHO aKTUBHUMMU MeI-
TUJAMHM, iOHAMU TOIIO. 30Kpema, 1i pelenTtopu
pearyioTh Ha Taki 0i0JIOriYHO aKTHBHI PEUYOBUHMU,
SIK XeMOKiHHM, TicTaMiH, CEpOTOHiH, aapeHaliH,
JodaMiH, omioigud, KaHabOiHOIigM, KogeiH i
barato iHmmx. Tobro GPCR Ha mnoBepxHi
creliaaizoBaHUX KJIITUH BifirpaloTh pojib CTPYK-
TYp pO3Mi3HAaBaHHS CIeUM@IYHUX CUTHAJIB i3
HaBKOJMIIHBOIO CepeloBMIlA KJIITUHU. Benuka
KiJIbKiCTh HaliBaXXJIMBIIIKUX IJ151 (DYHKIIOHYBaHH S
opraHiamy mnpoueciB KoHTpodwwThcsi GPCR,
K, HaIpUKJIal, peryjiloBaHHS KpPOB’STHOTO THU-
CKYy Ta CepueOMTTs, pearyBaHHSI Ha HeOe3IleKy,
BiguyTTsa G010 abo eildopii, CIpUIHATTSI 30pO-
BUX 00pa3iB abo 3amaxiB, eMOpiOHaJIbHUII pO3-
BUTOK, HaBYaHHS Ta Mam’sThb Toino. [lopyieHHs
y ¢ysukuionyBanHi GPCR cnocrepiraioTbcs mpu
0araTbox TSAXKKMX 3aXBOPIOBAHHSX, HAIpUKJIAI,
npu niabeTi, CIiMoTi, aaeprii, aempecii, cepue-
BO-CYIMHHMX IIOPYILIEHHSX 1 Jeakux QopMax
3J105IKiCHOro pocTy. Ha (papmMalieBTUUHOMY PUHKY
BiJl TPETMHU [0 MOJOBMHU KiJILKOCTi YCiX JiKiB
CKJagaloTh TIperaparu, HAisg SKUX CIpsSIMOBaHA
Ha GPCR. Tomy nmocligKeHHSI CTPYKTYpH ILIUX
peuentopiB (GPCR) i mexaHi3MiB Iepegadyi HUMU
CUTHAJiB y KJITMHAX-MUIIEHSX € BaXXKJIUBUMU
JUIS TJIMOLIOro po3yMiHHSI HNPUYMH OaraThbox 3a-
XBOpPIOBaHb Ta CTBOPEHHS e€(MEKTUBHUX JIiKiB i3
MiHiMaJIbLHUMU ITOOIYHUMU e(heKTaMMU.
Busuenns GPCR (GPC-peuenrtopiB) po3s-
noyajocd 1e B XIX CTOMITTI, KOJIU HiMELbKUNA
BueHuit Binebrenpm Kione B 1870 p. BUSIBUB i
BUJIJIMB PELIENTOpP, L0 pearye Ha CBITJIO — po-

Puc. 4. Bzaemodii peyenmopie, nos’azanux 3 G-npomeinamu (http.//www.nature.com/nature/journal/v477/

n7366/full/naturel0361.html)
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JorcuH. B momanblioMy BHBYEHHSI MeXaHi3My
pEeryJioBaHHSI CKOPOUEHHSI M'S30BUX KJIITUH IIif
BILJIMBOM TI€BHUX PEUOBUH JO3BOJIMJIO HA MOYATKY
70-x pokiB XX CTOJITTSI 3pOOMTU BUCHOBOK, IO
iCHye nesKa pelenTopHa CyOCTaHIIisl, sIka pearye
Ha MO3aKJITMHHI MOJIEKYJIU i Iepemae CUTHaIu
BCEpPEIMHY KJITUHMU.

Metoo pob6otun Pobepra JlepkoBuma i
CTaB IIOLIYK Ii€i peLenTOpHOI CyOcTaHIii, s
Yoro BiH BHMKOPHUCTaB pali0OaKTUBHO MiyeHUI
agpeHaliH. Ha Toil MOMEHT Ipo KJITMHHI pe-
gernTopu OyJIO BiIOMO BXe OOCUTH Oarato. Y
1960-x pp. Oy/i0 BUSBJICHO, IO [isl aIpeHalliHy
Ha KJIITUHU OIIOCEPEAKOBYETHCS OCOOJIMBUM TH-
noM TiporeiHiB — G-mpoTeiHamMM, 3JaTHUMU
rigpojizyBatu ryaHosuHTtpudochar — GTP, axi
COPUYMHIOOTD y KJIITUHI MMEBHI KacKaau peakiliid.
OpHak 9K came 1ie BigOyBa€eThesl OyJIO HEBiJIOMO.
Ha nouarky 70-Xx poKiB KiJbKa peLENnTOpiB
GPCR Oyno imeHTudikoBaHO, MPOTE BUIIIUTU
1 IOCHIIUTHU IXHIO CTPYKTYpPY (3a BUHSITKOM pO-
JOIICUHY) OyJ10 HEMOXJIMBO 4epe3 BKpail maly ix
KIJIBKIiCTh Ha KJIITMHAaX.

ITicnst 10 pokiB PYTMHHUX €KCIEPUMEHTIB
i3 padioaKTMBHO MiYe€HUM aJpeHaJliHOM B
1980 p. JledkoBin i iforo KomMaHma 3ampo-
NOHYBaJd  HAWIMOBIpHIilLIMI  MexaHi3M  Iii
aJIpeHPOPELIENITOPIB — «TE€OPil0 TPilUacTOro KoOM-
Mnjaekcy». 3TiIHO 3 L€l Teopi€lo 3 BHYTPIlIHbOL
CTOPOHM MeMOpaHU 10 aApeHopelenTopa, IIo
3HAXOOUThCI B MeMOpaHi KJIITUHU, IIpUIISTrae
G-niporeiH, AKMI CKJIAJAEThCI i3 TpPbOX CYO-
ONUHUIIL ., B iy i 3B’SI3aHUIl 3 MOJIEKYJIOI0 TYy-
aHosuHaudocdary (GDP). ¥V pasi 3B’13yBaHHsI
aJpeHajliHy 3  peLenTopoM  BigOyBalOThCS
cKJagHi KoH(popmaliliHi nepeOyaoBU peLenTo-
pa, 1110 3YMOBJIIOE CITOYATKY MillHe MpPUETHAHHS
G-miporeiHy, a TOTIM ¥Oro axkTUBallil0 Ta
BigmineHHs. Ilig yac akTuBalil MOJeKyaa r'yaHO-
sunaudocdary (GDP) dochopuntoeThest 10 MO-
nekynu ryaHosuHtpudocdary (GTP), i G-iporein
po3MagaEeTbCs Ha ABI YaCTUHU: 0-CyOONMHUIISI—
GTP Ta B-cybomuHMLSA—y-CyOOMMHULS, SIKi aK-
TUBYIOTb BTOPMHHI MOCEPEIHUKN Ta CIIPUUMHIOE
Kackagud peakliil, 10 3MiHIOITh MeTab0i3M
kiaitunu. IlotiM a-cybommuuus riaponizye GTP
no GDP; neakTuByeTbcs, OO’€mHYETbCA 3 Py-
JUMEpOM, i Linnii G-npoTeiH 3HOBY IIPUETHYETHCS
JI0 aIpeHOpeLeITopa.

Hns Ttoro, mob 3’dcyBaTu, SIK aIpeHO-
pelenTop 3BSI3YEThCSA 3 JIiraHAOM, SKHUM 4YHU-
HOM  BimOyBaeTbcsl  akTuBalist  G-MPOTEiHy,
HeoOXigHO OyJI0 oaepxKaTu peuLenTop y BEIMKii
KIJIBKOCTi, 3HAMWIIOBIIM MOro IeH i KJOHYBaBIIU
ioro. Ile myxe ckylagHe Ha TOM 4yac 3aBOAaHHS
JledpkoBin, mocraBuB nepen bpaitaHom KobGui-

104

KOI0 — MOJIOAUM CHiBpOOITHMKOM, IO 3’SIBUBCS
B iioro ya6oparopii. ¥ 1986 p. Kobuika pasom
3 IHIIMMU CITiBpOOITHMKAMU J1abopaTopii 4acTKO-
BO po3liudpyBaB aMiHOKUCIOTHY IOCJIiTOBHICTh
B-aapeHopelernTopa, Mo mMaToykax 3iopaB mijani
IeH, 3Mir oro KJIOHyBaTU i HaBUMBCS BUIIIATU
peuenTop y BEeIMKii KilbKocTi. BusiBuiocs, 110
aIpEeHOPELENITOP CKJIAMAEThCI i3 CEMHM TpaHC-
MeMOpaHHUX o-cHipajieid 1 AyXe MNomiOHui o
POIOIICUHY, CTPYKTYpY $SIKOro OyJ0 AOCIiAKEeHO
3aBASIKM poOOTaM [AEKiJIbKOX Jaboparopiii, 30-
KpeMa paasHCbKUX YUYE€HMX MiJ KepiBHULITBOM
akagemika 0. A. OBumHHuKOBa. lle no3Boiau-
JIO 3pOOMTHU MPUITYLIEHHS, 10 3a TMPUHIIUIIOM
TPiiyacTOro KOMILJIEKCY IIpallolOTh HE TiJIbKU
B-aapeHopelenTop i poAONCHH, ajie i Oijblia ya-
CTHHA iHIIMX, BiIOMUX Ha TOM 4Yac, peuLenTopiB.
Ile npunyiueHHs Mi3Hille OiATBEPAUIIOCH, i CTaO
SICHO, 1110 TIepeaavya curHaiis 3a gonomoroo GPCR
€ VHiBepcaJbHUM MEXaHIi3MOM CHIJIKYBaHHSI
KJIITUH 3 iHIIMMU KJIITUHAMW Ta HaBKOJUIIHIM
cepenoBulueM. Han3BuyailHa THY4YKiCThb peakilii
KJIITUH Ha 3MiHM HaBKOJUIIHBLOIO CEepeaoBUILA
(3B’A3yBaHHS pelenTopa 3 JIraHIoM MOxe OyTu
MPUUYMHOK AaOCOJIOTHO PI3HUX peakliif) Io-
SICHIOBAJIaCsl pi3HUM CYOOOMHUYHUM CKJIaJIOM
G-mipoTeiHiB Ta pi3HUM HAOOPOM BTOPUHHUX
MOCepeIHUKIB.

Jna BuBueHHs MexaHizmy pobotu GPCR
HeoOXigHOo OyJio ogepxkaTu iHdopMallilo mpo mpo-
CTOPOBY CTPYKTYpPY iX 3a JOIOMOTIOI0 PEHTTEeHO-
CTPYKTYpHOTo aHanidy. OgHak TpUBaJuii yac lie
He BIaBaJIoCs 3pOOMTH, He3BaXKalouy Ha HaIloJer-
JIMBY IIpallo 0ararbox JiabopaTopiii CBiTy, uepe3
te, o peuentopu GPCR € XUpopo3YMHHUMU i B
3BUYAfHMX YMOBaX He MiAdalThCs KpUCTaai3allii.

¥ 2000 p. Kpxxumrod ITanpueBchbKuii Ta HOoro
crniBpob6iTHUK Tercyi Okana 3 YHiBepcurety Keiic
Bectepn Peseps (Case Western Reserve University)
B KuiBnenai (CHIA) ycmiliHO 3miICHUIN PEHT-
IreHO-CTPYKTYPHUI aHani3 poporncuny [14], ane
bpaitany KoOunui ta Peto CriBeHCcy Baaiocs
BIEplle OAepKaTh CTPYKTYPY aApeHepridHOro
peuentopa moauHu auire B 2007 poui [15—17].
Baromuii Bkiylag y Lo poboty 3podbuB Bamum
YepesoB i3 nmaboparopii Pesa CriBeHca, akwuii
OINTUMIi3yBaB YMOBU IJIs1 KpUCTai3alil pelemnTo-
pa B JimigHiiA KyOiuHii ¢a3i 3 BUKOPUCTAHHSIM
xojectepoiy. B 2007—2012 pp. nabGopaTopisiMu
Kobunku i CriBeHca OyaM BM3HAYE€Hi CTPYKTY-
pu 15 pisnux GPCR, y TomMy uumcii omioimHuxX
peuenTopiB, IO BiAKPMBAJIO MOXKJIMBOCTI JIs
pO3po0OKM HOBHUX JIiIKAPChKMX MpemnapariB: 3He-
0oJI0I0UMX 3aC00iB, aHTUIEIPECAHTIB, JIKiB IJIs
0OpOTHOM 3 HAPKO3aJEeXHICTIO Ta 3 BiIYYTTSIM
tpuBoru. OpHak Mpieo bpaitana Kobunku
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OyJIo ofepKaTh CTPYKTYPY KOMILJIEKCY aKTUBO-
BaHOro pB-aapeHopelenTtopa 3 G-mpoTeiHOM B
MOMEHT HOro akTuBallii, 1100 MaTu TOBHE YSB-
JICHHS TIpO MeXaHi3M il Lboro peuentopa. I och
y 2011 pouwi, 3aBAsIKM 3aCTOCYBAaHHIO METO[iB
MOJIEKYJISIPHOI iH2KeHepii Ta cTabijiizalii MpoTeiHy
aHTUTiIaMu, KoOwuiui Baajocsd KpucTaizyBaTu
CUTHAJIbHUI  KOMIUJIEKC  MiX  aKTMBOBAaHUM
B-agpeHopelnienTopoM i G-MpoTeiHOM, a TaKOX Y
criBnpaili 3 Pomxepom CyHaxapa 3 MiduiraHChKOTo
VHiBepcuteTy B AHH ApOOp BU3HAYUTU CTPYKTY-
Py KOMILJIEKCY, 110 JaJ0 MOXJIMUBICTh JOKJIagHIIlIe
PO3IJISIHYTH MpoLiecC Nepeaadi CUrHaJly Bil peLel-
topa 1o G-miporeiny [18].

TakuM 4YMHOM, 3aBOSIKM OaraTopiyHUM
sycuJuisiM - JlepkoBuna, KoOujiku Ta IHIIMX
BUYCHUX, JIOACTBO Mi3HAJIOCS IIPO iCHYBaHHS
VHIKaJbHOTO CiMeiiCTBa pelenTopiB, IOB’SI3aHUX
3 G-npoTeiHaMU, SIKi KOHTPOJIOIOTH OibLIICTh
KUTTEBO BaXXKJIMBUX IIPOLIECIB B OpraHiami Jro-
IuHU i TBapuH. CTPYKTYpHi AOCHTiIKEHHS
OCTaHHIX I’SITU POKiB BUCBITIMINU OCOOJMBOCTI
po3mi3HaBaHHS JliraHAiB LUMU pelernTopaMu
Ta mepenadi curHaniB go G-mporeiHiB. OmHak,
K 3aBXAMW OyBa€ B Haylli, BU3HAYHE BiAKPUTTS,
Jalouu BIAIIOBiAb Ha OJHE IIMTaHHSI, MOPYIIYE
HU3KY iHIIMX. BueHuM e cnig 3’dacyBaTu, SIKi
BIIMiHHOCTiI B OyOOBi LIMX PELENTOPiB JA03BOJSI-
I0Th IM pO3Mi3HAaBaTU Pi3Hi JiraHau, SIKUMU €
0COOJIMBOCTI CUTHAJbHUX KacKadiB Bil pi3HUX
TUIIB JiTaHAiB, sIK€ 3HAUYEHHSI Ma€ AUMepu3allis
LHUX peuenTopiB Tomo. Tomy yBara 0ararbox
JOCIiAHUKIB B YCbOMY CBiTi 3apa3 HpHUKyTa OO
peuentopiB GPCR.

Jlabopartopisi bpaitana KoOuiaku BuBYa€e
(izioJoriyHy poJjib Ta MEXaHi3M [ii pi3HUX TUIIB
aJlpeHePriyHrUX PELENTOpPiB i3 BUKOPUCTAHHSIM
JIiHIA HOKAyTHUX MUILUEN, B SKUX ILITYYHO BU-
JAaJeHU TeH, 10 KOAYE TOW YW iHIIMK TuUn
peuenrtopa, i TOMY BiACYTHiil BiAIOBIIHUI pe-
gentop. OgepxXaHi AaHi MOXYTh OyTH KOPMCHU-
MU JJIsI PO3pPOOKM HOBUX MiAXOAIB JIIKYBaHHS
cepleBOl HemoCTaTHOCTI B Joaei. JlabopaTopis
PoGepra JledkoBina BHBUA€E MeXaHi3MHU 3MiHU
(yHKIIOHYBaHHS  peuenTopiB  IIig  BILIU-
BOM JIiraHfiB, 3 SKUMU BOHM B3aEMOIIIOTH
(rOopMOHiB, JiKiB TOIIO), TOOTO BUBYAE MpPHU-
ponoy sIBUIA AeCEHCUOLNi3alili peulenTopiB, SKe
OOYMOBIJIIOE CTilKiCTh [0 [mii JiKiB abo 3HHU-
KEeHHS iX edeKTUBHOCTI 3 4acoM. Jledkosin i3
CHiBpOOITHMKAMM BiIKPUB HM3KY IIPOTEIHIB,
sIKi 3yYMOBJIIOIOTH JeCeHCHOiIi3allilo pelernTopiB:
rno-rnepiie, e KiHA34 PeleNnTOopiB, MOB’I3aHUX 3
G-nporeinamu (GRKs) [19], sgKi ¢hochopuaooTsb
aKTMBOBaHi pelenTopyd, TUM CaMHUM 3MiHIOIOUU
IXHIO CTPYKTYpy, MO-Apyre — apecTUHHM, LIO
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3B’13y10Th (PpOoCcOpUIILOBAHI peLenTopu, Iepe-
LIKOIXKAa4YM 1X HOpMaJbHOMY (DYHKIIIOHYBaHHIO
[20]. BusBuioch, 10 1Ii TPOTEIHM HE TiJbKH
COPUYMHIOIOTh JIeCeHCUOili3allilo  peLenTopiB
(GPCR), ane it BUKOHYIOTh (DPyHKILii CUTHAJIbHUX
MPOTEIHIB, 3aIlyCKalouM KacKaj peakliil I yac
0JIoKyBaHHS akTuBalii G-MpoTeiHy peLenToOpoM.
3HaueHHs IILOTO KacKkaay HeBimoMe i moTpebye
MOAAIBIINX JOCTiAXKEHbD.

PosyminHs MexaHismy nii apectuHiB i GRKSs
MOX€ IIPU3BECTHU A0 PO3POOKU HOBMX JIIKiB i HO-
BUX METOMIB JIiKyBaHHSI 3aXBOPIOBaHb JIIOAMHMU.
3apa3 [ JiKyBaHHSI CEpLEBO-CYAMHHUX 3a-
XBOpPIOBaHb HalyacTillle BUKOPUCTOBYIOTH 0JIO-
katopu aBox TuniB GPCR: B-ampeHepriuHux ta
AHTiIOTEH3UHOBMX PELEINTOPiB, $SKi 3arodiraloTh
HeOe3IeUHiil TinepCcTUMYISLil LUX PeLenTopiB
Ta BUHMKHEHHIO BHACJiJOK LIbOrO TiNEPTOHII,
cTeHoKap/ii abo cepueBoi HemocTaTHOCTI. OmHAK,
Taki 0J10KaTOpU IMOBHICTIO TaJIbMYIOTh aKTUBHICTh
peuUenTopiB, 110 CIOPUYMHIOE HebaxkaHi MOOIYHi
edexTu. HaromicTh 3amyck KackKaay apecTUHIB
JIO3BOJISIE  JOCITTU OiJIbII THYYKOI peryisiii
IXHBOT AaKTUBHOCTI.

Binkputts, BiJ3HaU€Hi  LbOTO  POKY
HooGeniBcbkumu mpemissmMu 3 Qiziosnorii Ta me-
JIUIMHU, a TaKOX i3 XiMii, MOXJIMBO, BXe B He-
JaJIekoMy MaiOyTHbOMY MPU3BENYTb IO TOSIBU
MEAWIIMHU HOBOTO TIOKOJiHHS, KOJW CTaHYTh
MOXJIMBUMMU  O€3IepellKoAHI TpaHCILIaHTallil
OyIb-sIKMX TKaHUH, a e(peKTUBHI i Oe3meuHi JIiku
OyayTh IigOMpaTUCS A1 KOXXHOIO KOHKPETHOTO
Mali€eHTa Miciasd TeCTyBaHb Ha KJITMHHUX MOJEe-
ns1x, opepxaHux 3 iPSC, Ta 3rigHO 3 reHeruu-
Hoto iHdpopmMmalieo npo ioro GPCR. Pesynbra-
TH JOCIIIXEeHb jaypeaTiB HoOeniBchbKoi mpewii,
JIaloTh Halilo Ha Te, 110 0arato HeBUJIKOBHUX B
Halll Yyac 3aXBOpPIOBaHb OyIyTh MEPEMOXKEHI, i, XTO
3HA€, MOXJIMBO JaBHS Mpisl JIOACTBA IIPO BiUHY
MOJIOHICTb 1 Oe3CMepPTsI BUSIBUTHCS HE TaKOIO BXKe
11 HE3[iiCHEHHOIO.
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