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Pe3stome. VicxemuyHama 6onecm Ha copuemo (MBC) e MHo2oghbakmopHo 3aborisisaHe, 8b3HUK8aAWO 8 pe-
3ynimam Ha C/I0XKHOmMo 83aumodelicmeue Ha 2eHemuYHU U eKOoloauyHU puckosu chakmopu. Kbm mpadu-
UUOHHUME pUCKo8U ¢hakmopu ce omHacsm momoHoNyweHemo, oucnunudemusima, apmepuanHama Xu-
rniepmoHusi (AX), HaGHopmeHomo measo u duabembm. Pesynmamume om 2051siM 6pol enudemMuonoa2uyHu
npoyysaHusi onpedernissm HacrnedcmeeHoCmma Kamo He3asucuM PUCKo8 ¢hakmop 3a passumue Ha 3abo-
nigeaHemo. [pe3 2007 2. mpu 2onemu acoyuamusHu u3criedsaHusi Ha uenusi eeHom (GWASS), edHospe-
MEHHO U He3asuCuUMO pa3skpusam ybedumernHu dokazamesicmea 3a 8pb3kama Ha NnofiuMopHU 8apuaHmu
npubnuzumernHo 100 k6 peauoH Ha degema xpomo3oma, nokyc 9p21 u pucka om pazsumue Ha IBC. Hewo
roseye, pa3nuyHu u3crnedosamericKu KOleKmusu rokasseam spb3kama Ha eapuayuume 8 fiokyc 9p21 ¢ pe-
ouua OornbHUMESHU XapakmepucmuKku Ha cbpdeyHO-cbdosume 3aborisieaHusi Kamo ¢hopMupaHe Ha rnaka
8 obnacmma Ha CbHHama apmepusi, UHCY/Im, aHespu3sma, nepugepHa apmepuarnHa 6onecm, cbpdeyHa
Hedocmamb4YHOCM U CbpOeYHO-CcbO08a CMbPMHOCM, Koemo rpedronasa edHa rMno-obw,a pons 8 cbdosama
namornoaus. NoHacmoswemM, acoyuayusima Ha mo3u 2eHOMEH y4acmbK C pucka om pa3sumue Ha UBC
e nomebpdeHa npu pasiuyHU MomnynayuoHHU epynu. Tol 6u moebs da ce onpedernu kamo ,Hal-CunnHus"
2eHemuyeH Mapkep 3a bornecmma. BaxHo e da ce ombernexu, Ye flokyc 9p21 He nokassa acoyuayusi ¢
mpaduyuUoHHUME CbPOEYHO-CbO0BU PUCKOBU (hakmopu, Kamo Huea Ha nunudu u AX, koemo rokasea, 4ye
2eHbmM(ume) u eeHeMUYHUMe 8apuaHMU 8 He20 OKa3gam C80s1 eheKm Ype3 Harmb/THO HO8 MEXaHU3bM.

Knroyoeu dymu: niokyc 9p21, ucxemuyHa 6orecm Ha Cbpuyemo, puckosu ghakmopu

Summary. The coronary artery disease (CAD) is a multifactorial disorder which arises as a result of
complex interaction of genetic and environmental risk factors. The traditional risk factors are smoking,
dislipidemia, arterial hypertension (AH), obesity and diabetes. Furthermore, the results of a large number
of epidemiological studies defined heredity as an independent risk factor for development of this disease.
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In 2007, three major studies demonstrated conclusive evidence of the association between common
variations in approximately 100 kb region on 9p21 chromosome and CAD risk. Several studies have
also demonstrated relationship of variations in the 9p21 locus with a number of additional features of
cardiovascular diseases, such as formation of carotid artery plaques, ischemic stroke, aortic aneurysm,
peripheral arterial disease, heart failure and cardiovascular death. All of this suggests a more general
role of this locus in the vascular pathology. At present, the association between 9p21 polymorphisms
and the risk of cardiovascular complications has been confirmed in different population groups and are
considered the “strongest” genetic marker for coronary artery disease. Importantly, the locus 9p21 show no
associations with traditional cardiovascular risk factors such as lipid levels and arterial hypertension, which
demonstrates that this region exert its effect by completely novel mechanism

Key words: locus 9p21, coronary artery disease, risk factors

McxemunyHata G6onect Ha cbpueto (MBC)
Ce ObJDKM Ha CTECHEeHWe Wnu 3anyluBaHe Ha
efHa Unn noBeye KOPOHApHU apTepuun, B pe-
3ynTaT Ha KOEeTO AOCTbMbT Ha KUCHOPOA KbM
CbpLETO € NpeKbCHaT M HacTbhBa MUOKapaHa
ncxemusi. Toea e MHOrohakTopHo 3abonsiBaHe,
4YMETO MPOSBIIEHNE 3aBUCKU OT CIIOXKHOTO B3au-
MOLENCTBME Ha BNUSHWMETO Ha cpedarta U MHO-
XEeCTBO TeHEeTUYHU KOMMOHeHTU. OCHOBHUTE
pUCKOBUTE (PAKTOPW, OKa3BalLUWM CbLLECTBEHO
BNnsaHMe 3a passutune Ha VIBC, ca noBuLeHOTO
CbObpXXaHMe Ha XorecTepon B KpbBTa, apTe-
puanHata xuneptoHus (AX), THOTIOHOMYLLEHE-
TO, HagHOPMEHOTO Terno, ob6e3nBUXKBaHETO,
3axapHus anabet v Ap. He Ha nocnegHo MACTO
BaXXHa pons MMaT 1 HacneacTBeHNTe hakTopu.

AcouMaTMBHOTO MNpoyYBaHe Ha LUenus re-
HOM € HOB, CbBPEMEHEH MNOAXOL4 3a WAEHTU-
dunumnpaHe Ha reHeTUYHU NOKYCU, CBbp3aHu C
npeapasnonoXeHne KbM KOHKPETHO 3abons-
BaHe. MeToobT € U3KIYUTENHO None3eH npu
n3yvyaBaHe Ha reHeTUYHUTEe OCHOBW Ha MHOro-
dakTopHuTe 3abonasaHus, kaksoTto e u UBC.
C Heroea nomoLy ca vaeHTuuumMpaHn ronam
Opon NOoKyCcK B pasfiMyHM YacTu Ha YOBELUKMSA
reHoM, acouumpallm ce C aTepockreposa Ha
KOpOHapHUTE apTepuun.

MbpBute pesyntatm ot GWASS OTHOCHO
MBEC 1 HEeMHOTO HaM-4ecTO YCMOXHEHNE —
mMuokapgeH nHgapkt (MW), ca nonyyeHn npes
2007 r. 'scnepoBatenuTe OT ABa, KOHCOPLMY-
mMa Ottawa Heart Genomic Study n deCODE,
€0HOBPEMEHHO W HEe3aBUCUMO UAEHTUUUN-
paT pUCKOB reHeTu4eH BapuaHT (rs1333049) 3a
MBC, pasnonoxeH BbpXy Xpomo3oma 9, NoKyc
9p21 [1, 2] (dwr. 1-2). UHTepecHOTO B crnyyas e,
ye BbMPOCHUAT y4acTbK € NnLEH OT 6enTbk-Ko-
AVpaLLm reHn, BbNpekn Ye B CbCeACTBO Ha HEro
ca pasnoriokeHu TYMOpP-CYNpecopHUTE reHu

CDKNZ2A u CDKNZ2B [3]. [10-KbCHO OTKpUTUTE B
TO3W FIOKYC NONMMOpdHK BapmaHTu B 6rnimsocT
00 rs1333049 nokassaT cunHa, CTaTUCTUYECKN
3Haumma acoumauusa ¢ UBC npu pennukaTnBHM
nNpoy4BaHMsa Ha rpynu 6OMHU 1 3a4paBu KOHTPO-
N OT PasnMYHKU NoNynauMoHHK rpynu [4-8].
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Quea. 1. Jlokanusayus Ha nokyc 9p21, acoyuupauw ce ¢
rnosuweH puck om NbC, ebpxy KbCOmMo pamo Ha 0egema
xpomosoma [9]
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Que. 2. CueHan 3a acoyuayus Ha 5iokyc 9p21 ¢ nosuweH
puck 3a paszeumue Ha UBC, nony4yeH npu 2eHOMHO aco-
yuamusHo uscriedsare [10]

[MbpBOHA4YanNHoOTO OTKPMTME Ha 9p2l e
HanpaBeHO B rpyna cbpae4yHobonHn OT eBpo-
Nenckn n asmaTtcku npousxoA. [lo-KbCcHO pe-
3yntatuTe ca NOTBbPAEHU NPWU pennnKaTUBHM
acoumaTUBHU NPOYYBaHWUS 3a pasnuyHU rpynu
eTHOCH, KaTo nonaum [11], kopenum [4], anoHum
[12], kuTanuw [5], ntannaHum [13] v gp.
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B nocnegBawimsa 5-rogvileH nepuopg ypes
GWASSs ca ngeHtndpuumpardn Hag 30 reHeTunu-
HW BapuaHTa, onpegensiwiy NoBULLIEH PUCK OT
pas3BuTME Ha aTepocKkneposa, OT KOUTO caMo 6
Ca CBbp3aHu C BeYe U3BECTHU PUCKOBU haKTo-
pu [14]. KbM HacTosALWmMs MOMEHT pasnonarame
C MHOro Masnko (yHKUMOHanHa uHdopmauma
3a T9X, KOETO Ce OAbIKM Ha hakTa, Ye noseye-
TO Ca pasnofoXeHN B HeKoaMpaluM yyYacTbLm
oT reHoma. lNpegnonara ce, Ye nonMmMopdHNTE
BapuaHTuM B 9p21 ca pasnorioxeHw B peryna-
TOPHM y4acTbUU 1 OKa3BaT BAUSIHUE BbPXY eK-
crnpecusaTa Ha GenTbK-koaupalm reHu, Hamu-
pawin ce Ha OTHOCUTEITHO roNsMO Pa3cTosiHUE
oT Tax. OnpegensHeTo Ha MexaHu3mMuTe, Ypes
KOMTO TMOCOYEeHUTE MONMMOPMHN BapuaHTU
yrnpaxHaBaT BMUAHUETO CWU, OOMBIIHUTENHO ce
YCIOXHsIBa OT HabnogeHNeTo, Ye NoBeYeTo OT
TSAX HAMAT Moamnuumpall, edbekT BbpXy apyru,
BeYe N3BECTHU puckosu aktopu 3a NBC.

Jlokyc 9p21 BKkntOYBa pasnmnyHU NonmMmopd-
HW BapuaHTM Kato rs1333049, rs10757274,
rs10757278, rs2383206 n rs2383207, kouto ce
HamupaT B HepaBHOBECHa ckayeHocT (dur. 4).
MbpBMAT NONMMOPMU3MBT B permoHa, nokasarn
3HauyuTenHa acoumaumsa ¢ NBC, e rs1333049.
MeTtaaHanm3 Ha okono 40 000 GonHu c ate-
pockrnepo3a Ha KOpPOHapHUTE CbAoBE WU
CbOTBETCTBALLMTE UM OPON 34paBU KOHTPONU
nokasea, 4Ye okosno 25% oT MHOMBMOUTE C eBPO-
Nenckn Npomsxoq ca HOCUTENW Ha OBe KOmnus
Ha puckoBusA anen (XOMO3UIOTHO CbCTOSAHME),
KOeToO BOAM A0 yBenunyaBaHe Ha pucka ot BC
0o 1.6 MbTM B CpaBHEHWE C HOCUTENUTE Ha
avs Tvn anenu. B gonbnHeHvne, To3n BapuaHT
ce acoummpa C BUCOK pUCK OT popmMupaHe Ha
KopemMHa 1 BbTpeyepenHa aopTHa aHeBpu3ma,
apTepuanHa purngHocCT, TeXKa KopoHapHa cTe-
HO3a Ha KPBbBOHOCHUTE CbOBE, KAKTO N KOPO-
HapHa apTepuanHa kanuudgukaums [14].

YcTaHoBeHO €, Ye MbpBOHAYanHoO OTKPU-
TUAT nonuMmopdbeH BapuaHT B JOKyc 9p21,
acouumpaH ¢ UBC, ce cpela npMbnuantenHo
npu 75% OT HaceneHneTo B CBETOBEH MaLlab.
M3kntodeHne npaBaT acpoamepukaHumTe, npu
KOUTO BbMPOCHUAT BapuaHT Ce CcpeLla C U3KIHo-
YMTEMHO HMCKa nonynaumoHHa 4yecTtoTa. Ba-
puaHTBbT npegcraBnaBa 3aMsHa Ha ryaHwH C
LUMTO3MH B CTpyKTypaTa Ha OHK 1 ce cBbp3Ba C
25% nosuwweH puck 3a passutne Ha VIBC npu
HOCMUTESNCTBO Ha €HO Konve Ha nonumMopdHUA

anesn n 50% nosuLlEeH pUCK NPy egHOBPEMEHHO-
TO HOCUTENCTBO Ha ABa puCKoBM anena. Hocu-
TENncTBOTO Ha PUCKOB anen npuv WHOMBUAMW C
paHHO Ha4vano Ha BC ce cBbp3Ba C ABYKpaTHO
yBenuyeHne Ha pucka ot 3abonsiBaHeTo, Kato
TO3U PUCK € CbU3MEPUM C prCKa Npu nyLladnte
N BUCOKUTE HMBA Ha XONecTepon B kKpbBTa [14].
BeposiTHO Hau-3abenexxmTenHoTo OTKpUTME B
cny4as e, 4ye 9p21 e He3aBNCUM PUCKOB PaKTop
CMPSAIMO BCUYKM M3BECTHU PUCKOBU hakTopu 3a
aTepocKrepos3a Ha KopoHapHUTe CbOoBe, Koe-
TO MoOKasBa, Ye CblUecTByBaT hakTopu B naTo-
reHesarta Ha 3abonsBaHeTo, KOUTO ca BCe oLe
HEN3BECTHU UK He Jo6pe N3yyeHu.
PuckoBuaT 3a IBC pernmoH B KbCOTO pamo
Ha geBeTa Xpomo3oma obxealwia Hag 126 000
0.0B 1 Bkto4Ba ek3oHn 13-19 ot CDKN2B He-
koampawa PHK, nssectHa kato ANRIL — ronama
Hekogmpaia PHK (cowur. 3) [3]. lTenbT CDKN2B
ce Hamumpa B HenocpeactBeHa 6nmsoct Ao
CDKN2A, kaTto n gBaTta kogupart UMKIWH-3a-
BUCUMU KUHA3HU MHXMOUTOPU K ca OBEKT Ha
n3cnegsaHe Npu peavua pakosu 3abonssaHus,
nopagu ponsata UM 3a perynauyus Ha KneTbyHa-
Ta nponudepaums n gudepeHumaums [16].
dunoreHeTMYHN M3crenBaHUsa NOKas3earT, ye
CDKN2B-AS (ANRIL) e BMCOKOKOHCEpBaTUBEH
npy NpumaTth, HO He NPUCHCTBA B OPTONOXHU-
Te nocriegoBaTernHOCTM OT Ky4ve, MULLKA, MiTbX U
onocyM [18]. PerMoHbT € CnoXeH, ¢ MHOro no-
BTapsILLK ce nocneaoBaTenHocTh. Ek3oHn 7 n 12
ce CbCTOAT n3uano ot Alu NoBTOpK; €K30HM 8 1
16 BknoYBaT ObMArM, TEPMUHANHNU MOBTOPU; €K-
30H 14 cbabpKa ObArv, pasnpbCcHaTU enemMeH-
1 (LINES) ot cemenictBo LINE2; ek3onm 4, 17,
n 20 cbabpxka MHOXecTBO MIR (mammalian —
wide interspersed repeat). CDKN2B-AS obxBa-
La yyacTbk ¢ abmkmHa 58 000 6.4., B KOMTO ce
CbObpXaT MHOXECTBO €4HOHYKNEeOoTUAHN Nonm-
MopdHM BapuaHTu (SNPS), acoumnpanu ¢ no-
BuweH puck ot MBC. Monumopdunsammrte U3BbLH
TO3U pervoH, gopu v tesm B reHnte CDKN2A nnu
CDKNZ2B, nokaseat camo crnaba Bpb3ka C Ucxe-
MuyHaTa bonect. lNpaBu BnevatneHme obaye, 4e
ekcnpecudata Ha aBa cbcefHu reHn, CDKN2A un
CDKN2B, nHxunbupa nponudepaumaTa Ha KneT-
K/Te B CbOOBWUSA eHAOoTeN, Nno-cneynanHo Tasu B
rmagkarta myckynarypa [18].
VoeHTuguumnpaHeTto Ha XpOMO3OMEH f10-
Kyc 9p21 kato reHeTudeH mapkep 3a MIBC e
OTKPUTME C U3KITIOYUTENHA BaXHOCT 3a pasBu-
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Puckos anen

Que 3. [eHemu4YHUMe 8apuaHmMu, c8bP3aHU C NOBUWEH PUCK om CcbpOeyHO-cbOo8uU 3abonsieaHuss kamo MIEC u VM, ca
JloKanu3upaHu 8 rnocriedogamerniHocm om 2eHoma, Kosimo ripoussexda Obriza, Hekodupawa PHK, HapeyeHa ANRIL. lNpu
Xopama ¢ MOHUXeH PUCK om CbpOEYHO-CbO0BO y8pexdaHe 8epOSIMHO Ce u3sbpuiea cHaxxdaHe Ha Obrieama PHK e dsa
rno-marnku ¢gppaemeHma: kbca, nuHetiHa PHK u kpbaosa PHK (CANRIL). 3a pasnuka om msix, npu xopama ¢ noguuieH puck
om 3abosisisaHe e ycmaHogeHa no-0bsiea ANRIL PHK, kossmo no-eghekmueHo nomucka eeHHama ekcripecusi Ha INK4/
ARF niokyca. Ekcrnipecusima Ha cebp3aHume ¢ INK4/ARF eeHu npednasea om obpasysaHe Ha amepOoCKIEPOMUYHU riaKu
u cnedosameriHO xopa, fnpu Koumo mo3au JI0KyC e rnomucHam, ca rno-npedpasnonioxeHu KbM CbpdedyHO-cbO008U 3aboris-

8aHus [17]
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Que. 4. EQuHUYHU HyKneomuOHU nonumopgusmu 8 fokKyc 9p21 [15]

TMETO Ha reHeTMkaTa Ha CbpAeYHO-CbOOBUTE
3abonsaBaHnda. KbM HacTodaWwmMa MOMEHT, HAMA
ApYyr ydacTbK OT reHoma, 3a KOWTO Ja e ycTa-
HOBEHa TONKOBa CuUSHa Bpb3ka ¢ pucka ot IBC
cama no cebe cun nnu ¢ ronssm 6pont AOMbIHU-
TENHN XapakTepUCTUKN Ha CbPAEYHO-CbOOBUTE
3abonsBaHnsl, KakBUTO ca popMUpaHe Ha aTe-
POCKNEPOTUYHM NS1akn B CbHHaTa apTepusi, Mo-
3bYEH WHCYNT, aHeBpu3ma, nepudepHa apTe-
pnanHa 6onect, cbpaedHa HegocTaTbYHOCT
N CbpOeyHO-CbAoBaTa CMbBbPTHOCT [19-24].

Bcuyko TOBa npegnonara egHa no-reHeparnHa
ponsa Ha TO3M reHOMeH y4acTbK 3a cbjoBaTa
natonorus. JlokycbT 9p2l ce sBABa PUCKOB
haKkTop 3a BCUYKM €THUYECKN TPYMNK, C U3K0-
YyeHne Ha acpoamepukaHum [14].
M3cneaBaHna Ha Decode u cbaB., ba-
3upaHn Ha GWAS, onpegenar nokyc 9p21
KaTo PUCKOB 3a KOpeMHa aopTHa aHeBpu3ma,
WHTPaKpaHvanHm aHeBpuamMu u uHcynT [20].
PUckbT 3a XeTepo3UroTHM U XOMO3UFOTHU HO-
CUTENu Ha PUCKOB anern, e oLueHeH CbOTBETHO
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Ha 1.36 n 1.74 3a Kopema aopTHa aHeBpuama u
Ha 1.38 n 1.72 3a HTpakpaHnarnHn aHeBpU3MMU.
Mocnepgaluo nscnegeaHe ot Bilguvar n cbasr.,
koeto Bkmo4vBa 21 000 cnyyas Ha MHCYNT,
NPUYMHEHU OT WHTPAKpaHWanHm aHeBpusMHU,
n 8000 KOHTpoOnwW, nokassa MOBULLEH PUCK OT
24% po 36% 3a nHCynT B Npuv nauneHTn ¢ 9p21
puckos arnen [19].

LIsnocHO reHoMHO npoy4yBaHe, npoBe-
geHo ot Wahlstrand n cwast. B LUBeuyus, no-
KasBa, 4e rnokyc 9p21 e cBbp3aH C MOBULUEH
PUCK OT MHCYNT, HE3AaBUCMMO OT HalIM4YMETO Ha
apTepuanHa xunepTtoHunsa [22]. Nocneasaiwim
nacrnieiBaHusa NOTBbpXAaBaT acoumaumndara Ha
9p21 anen ¢ pasBUTMETO Ha MHTPaKpaHWarHu
aHeBpM3MK. Yasuno M CbaBT. M3Non3ear Ma-
cuBm ot 832 000 SNPs 3a nposexgaHeTo Ha
GWAS npu 5891 cnydyam Ha vHTpakpaHuarHu
aHeBpm3amMu 1 14 181 KOHTpOnM U onpegenat
HOCUTENCTBOTO Ha 9p21 puckoB arnen 3a rma-
BEH PUCKOB (haKTOpP 3a MHCYNT 1 BbTpeyepenHu
aHeBpu3mu [23]. Matarin 1 cbaBT. CbLLO onpe-
[enat nokyc 9p2l kato puckoB dakTop 3a
WHCYNT, KOETO € B CbOTBETCTBME C pesyntatuTte
oT npeguwHn GWASS n3crnegsanms [21].

OcBeH TOBa, reHETUYHUTE BapuaHTU B NO-
Kyc 9p21 ca BakHW MpeamuKkTopu 3a TexecTTa
Ha KopoHapHOTO 3abornsBaHe 1 3a 6pos Ha 3a-
cerHaTuTe KopoHapHu cbgoBe [25]. Tasu pons
€ OueHeHa MNpu NauMeHTU C paHHO Hayano Ha
MBC 1 e noTBbpaeHa B He3aBUCKMMA M3BaaKa OT
nmua ¢ KbCHO Hayano Ha 3abonssaHeTto. [Nonu-
MOpPcOHM BapuaHTu B NIokyc 9p21 npy nHaMesuau
C paHHO Ha4aro Ha aTepockneposa onpenensT
50% noBULLIEH PUCK 3@ XETEPO3UTOTHUTE HOCU-
TENn Ha PUCKOB aren u ABYKpaTHO MOBULLEH
pUCK 32 XOMO3UIOTHUTE HOCUTENWU, CPABHUMU C
OBYKPaTHO MOBULLEHWSI PUCK NpW nyLladunTe [26],
40% no-Bucokmna puck ot 10 mm nosuLLIaBaHe
Ha KpBbBHOTO HansraHe [27] n 30% ysenuyeHus
PUCK, CBbP3aH CbC CTAHAAPTHO OTKIOHEHME B
Nnocoka Ha yBenuyeHve Ha HuBaTa Ha LDL xo-
necteposn unu cTaHZ4apTHO OTKIOHEHUe B NOCO-
Ka Ha noHwxaBaHe Ha HDL xonectepon [28].

BaxHo e ga ce otbenexu, 4e nunceaT aco-
umnaumm Ha 9p21 ¢ HaKkom o6LLm puckoBu hakTo-
pw, KaTo HaNpMMep HMBA Ha NUMNUAN U CTOMHOCTU
Ha apTepuarHoTO HansraHe, KOeETo NoKa3Ba, Ye
TO3W reHeTMYEeH Mapkep ynpaxHsiBa edpekra cu
ypes HaMbJTHO HOB MexaHnsbMm [1, 2, 10, 14, 29].
EQHO oT npegnonoxeHnaTa B Ta3n Hacoka e, ye

OCHOBHUSAIT XannoTuneH OnoK BbB BbMNPOCHMSA
y4yacTbK Ha reHoma € rokanuavpaH B pauoH,
nVweH OT NpOoTeuH-kogupalumM reHn. Anpoto
Ha Xpomo3oma 9 JfioKyC p21 e pasnorioXeHo B
6nmsocTt oo T.Hap. INK4/ARF nokyc. 3ary6ara
Ha TO3M NOKYC BOAMW 0 NPOMSIHA B KOHTpoOra Ha
KNETbYHMA LUMKBI U € e4HO OT Hal-4ecTuTe Cb-
OUTNS Npy pasBUTMETO Ha TymMopu. BbnpocHuaT
y4acTbK BKIOYBA MNPOTENH-KOAMPALLN FeHN, Ha-
MUpaLLU Ce Ha pacTOsiHME OT HSAKOMKO kunoba-
31, NpoKcumarHo Ha 9p21 pernoHa. Tesun reHu
KogmpaT UUKNUH-3aBUCUMW, KUHA3HU UHXMOU-
Topn. CDKN2B kogupa pl5INK4b, CDKN2A
kogupa pl6INK4a n pl4ARF n MTAP kogunpa
MEeTUNNNMoaaeHo3nH gocgopunasa. CDKN2A
n CDKNZ2B y4yacTtBaTt B KOHTpOSa Ha KNeTbYHUs
uMKbn, gokato MTAP urpae cbliecTBeHa posis
B penapauusita Ha ageHUH U METUMOHWH, Koe-
TO € BaXHO 3a nponudpepaumaTta Ha rnagko-
MYCKYIHUTE KNeTKn [3, 24].

leHbT CDKN2A e kapTupaH B nokyc 9p21
(T.Hap. INK4A nokyc) B YOBELLKNSA FEHOM U urpae
KNnio4oBa pornsg B perynaumsta Ha KeTbyHUus
UMKBI, KaTo Kogupa LMKMANH-3aBUCUM KUHa3eH
nHxmbuTtop. ToBa onpeaens QyHKUMSATA My Ha
TYMOP-CYrpecopeH reH. Tosu reH npovssexna
HAKOMKO TPaHCKPUMUMOHHU MpOAYyKTa, pasnu-
Yasally ce no NbpeuUTE cU ek3oHu. [loknagsa-
HW ca HaW-Mamnko Tpu TakvMBa MpOAyKTa, ABa
OT KOUTO KogupaTt CTPYKTYPHO CBbp3aHn U30-
dopmn, KOUTO € U3BECTHO, Ye OencTBaT KaTo
nHxmbmutopn Ha CDK4/6 kuHasata. ToBa ce
noctura 4pe3 wu3bMpaTenHoTo M3Mnorn3BaHe
Ha anTepHaTMBEH NMbpPBM €K30H (ek30H Ela B
pl6™K4 n ek3oH E1R B pld”RF) (cbur. 5) [30].
P16™K4 1 14°RF nputexxaBaT MAEHTUYEH BTOPU
N TPETU eK30H, a Ce pasnuyasaT Mo CBOS MbpBU
€K30H, B pesynrtaT Ha KOeTO npegcrtaBnasar
OBa pasnuyHu B CTPYKTYPHO U (PYHKUMOHAMNHO
OTHOLLEeHMe NpoTeunHa. [NbpBUAT eK30H Ha reHa
nMa OBe anTepHaTMBHM PaMKM Ha YeTeHe — O
n B, p16'™K4 n pl44RF ce ekcnpecupart egHoBpe-
MeHHo [31].

P16 (uMKNMH-3aBUCMMA KMHA3a UHXUMBUTOP
2A) e uneH ot cemenctBoTo Ha INK4 KMHa3Hu-
Te nHxnbutopu. P16 nrpae BaxkHa ponsi B pery-
NMPAHETO Ha KNETBbYHUA LMKBA U MyTaummTe B
reHa, kogmpaly To3n 6enTbK, noBuLwaBaT pucka
OT pa3BUTUE Ha pasnnyHU BMOOBE pak — OCO-
©eHo menaHoma. BTopuaTt TpaHCKpUnT Ha reHa
BKMNiOYBa anTepHaTMBEH MbpPBU €K30H, HaMu-
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pauy ce Ha 20 Kb npef camusi reH. To3u TpaHCk-
puUnT cbabpka oTBOpeHa pamka YeteHe (ARF),
KOATO Kogupa NpoTeuH, CTPYKTYPHO CBbP3aH C
NpoayKTUTe Ha OpYyrus TPaHCKPUMUMOHEH Ba-
puaHT. To3n npoaykT e pl4”RF n yHKUMOHUpa
KaTo Tymop-cynpecop [33].

oyt
EWp Elu < E2 =]
\
P14 e ——
\ p1ge
b pigs ~
5 —— CyanD)
V. e COKAS
b '% B
P53 /_x\
sl \‘ u (& prn pra
w1 B — purmam i = s

npaTeRzomaTa

al J - Ji /
= o) /
: >

Qua. 5. CDKN2A f10Kyc U KOHMPOs Ha KNembYHUS XU3HEH
Uukb [32]

[okasaHo e, 4e pl6 B3anmMogencTea
c pasnnyHm OGentbum: SERTAD1 [34] [35],
CCNGL1 [36], DAP — knHasa 6 [37], P53 [38-
40], E4F1 [39], uMknunH-3aBucrMmMa kmHasa 4 [34,
35, 41-44], uuKNMH-3aBMCUMa KnHasa 6 [42],
Mdm2 [45, 46] 1 RPL11 [38]. BenTbkbT p16™KA
MHXxMbunpa aktmeBupaHeto Ha CDK4 n CDK6 ot
umknuH D1 (CCND1), kaTo N0 TO3n Ha4yuH npe-
noTBpaTsaBa nocreasallo docdopunupaHe Ha
Rbl. Hedocthopunupannte Rbl eamHuum ce
CBbp3BaT KbM TPAHCKPUMUMOHEH (hakTop E2F
W He No3BoNSABAaT KreTkaTa ga npemuHe ot G1-
KbM S-hasarta Ha KneTbyHuUda uukbn. Jluncata
Ha dyHKUMOHaneH pl6'™<*A npoaykT, cnegoea-
TenHo Boau Ao xunepdocdopnnmpaHeTo Ha
Rbl, B pesyntat Ha KOoeTo ce cTura o OCBO-
boxgaBaHe Ha E2F n nporpecus Ha KNeTbYHUS
umkbn [43].

3a pasnuka ot pleMNKA pl4ARF perynupa
AEeVHOCTTa Ha TYMOp-CYnpecopHUsi MpoTenH
p53 4pe3 uHxMbupaHe Ha MDM2 (yGuksu-
TUHUPALL, €H3UM), KOWTO B MPOTUBEH Cry4an
Haco4yBa uenuat p53 3a pasrpaxgaHe B npo-
Teasomarta. Bucokute HuBa Ha p144RF ctabunu-
3mpaT p53, KOeTo My Mo3BOSISIBa 4a aKkTUBMpPa
p21WAF1/CIP1 KoMnneKkc, UHXMBUTOp Ha Kre-

TbYHUS UMKBI, KOUTO Brnokmpa CDK2/cyclin E
(CCNE1) megumpaHoTo docdopunmpaHe Ha
Rb1. MNpu nunca Ha dyHKumMoHaneH pl44RF npo-
TEeWH, HacCTbMBa HEKOHTPONNPaHO YOUKBUTUHW-
paHe n gerpagaumsarta Ha p53. o To31 HayuH
Ce OTCTpaHsiBa Tasu BaXkHa crnvpadka Ha Kre-
THYHUSA LUMKDBI, KOETO B KparHa CMeTKa BOAM 0
xunepocdopunupaHe Ha Rbl n nporpecus
Ha KNeTbyHUS umkbn [43].

KoHueHTpaumnte Ha pl6é ce ysBenudar
OpaMaTU4HO B MO-Bb3pacTHM TbKaHW. 3atoBa
KOHUEHTpaUNOHHNTE HMBa Ha p16 noTeHunanHo
Ovxa mornu ga 6baaT n3non3BaHu KaTo KPbBEH
TECT, KaTo MsipKka 3a OonpedernsiHe CKopocTTa
Ha 3acTapsiBaHe Ha KIeTKATE Ha MOSEKYNsapHO
HuBO [47]. CDKN2A moxe ga 6bae UHaKTUBK-
paH Ype3 pasnnyHN MexaHn3Mu, Hanpumep My-
Tauum UM XOMO3UroTHN Aeneunn B caMust reH
[48]. Opyr MmexaHn3bM 3a MHAKTMBALMS Ha reHa
€ 4ype3 NPOMOTOPHO XunepmeTunupaHe, Boae-
LLIO 10 NOTUCKaHEe Ha ekcrnpecusaTa Ha reHa [49].

lNoTeHunanHaTta Bpb3ka mexay 9p21 n aTe-
pocknepo3a 6y MOrfno ga ce CBbpXKe C aHTUMpPoO-
nudepaTtMBHOTO AeNCcTBME Ha  LMKMAUH-3a-
BUCUMUTE KMHA3HM WMHXMOUTOPKM, 3@ KOUTO €
N3BECTHO, 4Ye ca MOTMUCHaTW MpU MHAMBUOU C
9p21 pwuckos arnen [14]. Toi KaTo KneTbyHaTa
nponudepaunsa 1 anonTo3a ca C BaxHa pons
B aTteporeHe3arta, TO € O4YeBWAHO, Ye reHuTe
B INK4/ARF moxe pa npeacrtaensiBat KaHau-
Jatn 3a atepockneposa [14]. lNMpoy4ysaHuaTa
Ha Folkersen n cbaBT. nokassaT noBuLLEHA
ekcrnipecusa Ha CDKN2A, CDKN2B n MTAP B
HOpMarnHM N aTtepockneposnpann KopoHapHU
aptepun [50]. Bbnpekun ToBa, EKCNPECUOHHUTE
HMBa Ha Te3u reHn B NpoBoAsdliaTa TbKaH He
ca rnokasanu sicHa acouuauus ¢ reHoTMna Ha
nokyc 9p21, KoeTo roBopu cpeLly ponsita Ha
npoOMeHeHaTa eKCrnpecs Ha Te3u reHn B NPOoBO-
Jduiarta TbKaH nNpu onpeaensiHe Ha npegpasno-
NOXEHOCTTa KbM atepockneposa. Peguua gpy-
MM npoyyYBaHWs u3cnegBaT Bpb3kaTta mexay
ekcrnipecsata Ha CDKN2A, CDKN2B n MTAP B
nepuepHN KpbBHU KIETKU, HO MNo-rofisiMata
4acT OT Nony4YeHuTe pe3ynTatu ca HeraTUBHMW.

CbBcem Hackopo Gsixa npoBedeHu pyHkK-
UMoHanHuM unacneaBaHus, OKycMpaHu BbpXy
AandepeHumpaHaTa ekcrnpecuss Ha aHTUCEHC
HekogupawmTte PHKu Ha INK4 (ANRIL), kou-
TO ce TpaHckpubupat oT nokyc 9p21, Kakto u
OT cbceaHuTe GenTbk-kogupawm reHn INK4/

36 JIOKYC 9p21 N PEBOMIOLUNATA B TEHETUKATA HA CbPOEYHO-CHbOOBUTE...



ARF. 3apaxpgawarta ce nges npeagnonara, ye
ANRIL moxe fa e perynaTtop Ha enureHeTu4Ha
MoaMduMKaumMsa 1 No To3W Ha4MH ga Moaynupa
CbpAeyvHo-CbaoBUSA puck [51, 52].

[eHeTYHUTEe BapmaHTX MoraT Aa NnoBnuaaT
deHoTMNa 4Ype3 MpoMsiIHA WM Ha XapakTe-
pa Ha reHHus npoaykT (HEroBOoTO KadecTBO)
UM Ha HeroBaTta ekcnpecusita (KOnuM4ecTso).
lMoBeyeTo OT puckoBuTe BapuaHTu B 9p21 ca
pasnonoXeHn B HekoaMpalln pervoHu, ganey
oT 6enTbk-kogmpalwim reHn. ToBa nokasea, ye
edeKkTbT MM BEPOATHO Ce AbIKU Ha BAUS-
HMETO MM BbpXY FeHHaTa eKkcrnpecus Ha eguH
UIM noBeye reHu, PasnosfioKeHU Ha Mo-ronsamMo
pascTosHMe B reHoMa.

Hskonko npoy4yBaHus paskpueat, 4e no-
Kyc 9p21 B3ema yyacTne BbB (QOpPMUPaHETO
Ha aTepocKnepoTUYHaTa Mfaka n eBeTyarHo B
nporpecusita Ha aTtepockreposarta, 6e3 obaye
[a okasBa eeKkT Bbpxy pynTypaTa Ha nnakata
N1 MexaHm3ammuTe Ha Tpombosata — OCHOBHUTE
cbbuTUA, BogeLLM 00 UHapKT Ha Mrokapaa [7,
8, 11, 12, 13]. HesaBucMn ekcnepumeHTanHm
nu3scregBaHus rnokaseat, 4e Bapuauum B 1O-
Kyc 9p21 ca puckoB (pakTop He camo 3a KOpo-
HapHO 3abonsBaHe, HO U 33 KOPEMHU AaOPTHU
aHeBpM3MU U MHTPaKpaHuanHu aHeBspusmu [19,
20, 21, 22, 23]. KbM HACTOALWMNAT MOMEHT Te3u
deHoTuNHN edekTn ca 6e3 obsacHeHue, Tbh
Kato HUTO KOPEMHUTE aHeBPU3MU, HUTO WHT-
pakpaHuanHuTe ca CBbp3aHM C nartoreHesara
Ha aTepockrieposaTa karto uano. B ocHoBara Ha
eTnornormuaTa Ha aHeBpU3MnUTe CTOU U3TbHABaHe
1 3aryba Ha TbKaH OT CTeHaTa Ha KPbBOHOCHUS
Cb, KOETO BOOW OO HErOBOTO pa3kbCBaHe.

Hakou npoyysaHusa npegnonarar, Yye Nnokyc
9p21 yyactBa nNpu MHULUMMPAHETO Ha npoueca
Ha aTepockrieposa, a He e CBbp3aH C HeroBo-
TO pPa3BUTMETO UMK TEXECTTa Ha 3abonaBaHETO
[53], ookato gpyrn ca Ha NPOTUBOMOSIOXHOTO
MHeHune [54, 55]. Bcuykn npoyysaHus obaye
nokaseart, 4e MNoNMMOpP(HN BapmaHTn B 9p21
onpenenaT nNo-BUCOK pUCK 3a passutme Ha BC
unn MW B no-mnaga sb3pacT (npeaun 55 roguHun
npu mbxeTe n npean 60 — npu xenute) [53].

[pyro Bb3MOXHO 0BsCHEHMe Ha Bpb3KaTa
Mexay wuacrneaBaHus nokyc 9p2l ¢ nosuLle-
HWUA PUCK OT arepockrneposa € HannineTo Ha
MHOXeCTBO eHxaHcepu B permoH CDKN2B-AS,
OTrOBOPHM 32 NOBULLIEHATA EKCMPECUS Ha FeHu,
MHOyuMpawm KnetbyHata nponudepaums.

B cBoeTto m3cnegBaHe Harismendy n cbasT.
noeHtTuguumpar 33 Ha 6pon eHxaHcepa B
paMKuTe Ha BbnpocHaTa cekBeHuums [56].

NcxemunyHata Gonect ce xapaktepusupa
c nobpo nos3HaBaHe Ha eTmonornata u envae-
MMWOMOrNsATa, HO MO3HaHUATA OTHOCHO BNMUS-
HMETO Ha reHeTMYHUTEe PaKTOPN BbPXY pasBu-
TMETO Ha 3aboNsABaHETO OCTaBa A0CTa HESACHO.
CoblecTByBaT CepuO3HM 3aTpyaHEHMs Npu
obeanHsiBaHe Ha HEreHeTUYHUTE N FreHETUYHU-
Te (PaKTopu npu OnNpeaensHeTo Ha pucka oT
pasBUTME Ha TOBa YECTO CpeLlaHO YCnoXHe-
HWe. Bbnpekn npogbrkasawmte npoyyBaHUS
B Ta3n Hacoka, e HeobXxoaMmo Bpeme U1 oLle
MHOro 3agbnboyeHu uacrnegBaHus npegun re-
HeTu4yHa nHdopmaumna ga npugobue 3Hadmma
CTOMHOCT 3a nogobpsiBaHe Ha oueHKaTa Ha
pucka npu nHgmeuam ¢ VIBC.

[eHeTUYHUTE npoy4BaHWs ca WHTepe-
CeH noaxond, KOWTO MOXe g[a MnoAnoOMOrHe
no-gobpoto pasbupaHe Ha eTvonaroreHesa-
Ta Ha cbpaevHo-cbaoBuTe 3abongaBaHus U
eBeHTyarnHo Aa no3sonu no-gobpa wnaeHTu-
duKaumss Ha BUCOKOPUCKOBUTE MHOMBUAOMN.
HaHHuTe, nybnukyBaHn OO MOMeHTa, obade
He MOAKPENAT BbBEXAAHETO B KMMHU4YHATA
npakTUKa Ha PyTUHHW U3CNeABaHUSA 3a ropeo-
nUCaHUTE TEHEeTUYHU MapKepu Mpu BCUYKK
6onHm ¢ BC unn MW. TMpwn cneundpmnyHm rpynm
naumeHTun, Hanpumep Mnaam 60nHu, NpyU KOMTO
nnnceaTt KOHBEHLMOHANHNTE PUCKOBU (DaKTOpK
3a TO3u TMN 3abonsBaHus, reHeTu4YHUTE PakTo-
pY HaN-BEPOATHO UMAT 3HAYUTESTHO NO-rONAMO
BMUSIHNE BbPXY CbpAEYHO-CHO0BUS PUCK.
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