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Tithog: H emotiun TS EAYOVIOLOUUTIKIS GTOV KOPKIVO



IIpoéroyog

To mapov amoterel Iltvyuokn Epyacia g Atovvciog Aagoatll, TPOTTLYLOKNG
eorttpog tov Tunuatog Zévav MNwocmv, Metdopaong kot Ateppnveiag tov Ioviov
[Movemotmuiov mov exkmoviOnke to okadnuaikd &tog 2021-2022. Méln g
Emtpomng Emonteiog amotélecav o Enikovpog Kabnyntmg Zomplog Kepapidag, wg
TpoTo¢ emPAénwv kot 1 Kadnyntpio Avaotacio [Taplavov, og devtepn emPAénovoa.
H mopovoa epyocio amoteleitar and tpion puépr, T HETAPPOCT, TOV UETAPPUCTIKO
OYOMOGUO Kol TO YA®WGGAPL NG 1otpikng €psvvag pe Béua «H emotiun g
EMYOVIOLOUOTIKNG oToV Kopkivoy. To yAwoscsdpt mov cvvtdydnke kot PpiokeTon og
popen excel, apopd TV 0mOdEATI®ON TV 1OTPIKOV OpOV TOL KEWEVOL Kot
YPNOLEVEL OTNV amocaPnvicr] Tovg To Oépa emiéybnke pe Pdon v emkapoOTNTA
mov VEhpyel oto {NTNUO TOL KOoPKivov, TNV TPOEAELOT TOV KOl TOVG AGYOLG

avamtuEng Tov oTov AvOpwmo.
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H pn evoiodoyikn Asttovpyio TV YovVidiov Kot TG YOVISIOKNG EKQPOCNG ATOTELODV
Baoikd yopaktplotikd Tov Kapkivov. OAo kot TepLocodTEP GTOLYELD dEiYVOLV TMG O
amoktnOeioeg emyevetikég avopoiieg pall Pe TIC YEVETIKES OAAOLDGELS TPOKAAOVV
vt TV amoppvBuon. Xy mapodoo aviivon yiveror Adyog yuo TS TPOGPATEG
eEeMiéerc mov Ba pog Pondncovv va KaTtavor|GOvE, TAOG Ol EMYEVTIKES OAAOLDGELS
OLUUETEYOVV OTO OapylKd oTtdd TG veomlaciog, ocvumeptAapfovouévng g
SLUPBOANG TV PAAGTOKLTTAPOV Kol TV TPOdPOoU®V KuTTtdpwv. Emiong yivetor Adyog
Yl TNV OMUOVTIKN GUUPOAT vtV TV eEEMEEMY GTNV AVELPEST] CTPATNYIK®OV Y10

TOV EAEYYO TOV KOPKIVOV.

Eni dexoaetieg, n mpoéhevomn tov avBpdmivov Kapkivov Kol 0 pOAOG TWV YEVETIKMOV
EVOVTL TOV ETYEVETIKOV OVOUOAMV GE GYEON HE TOV KOPKIVO OTOTEAOLV TO
EMIKEVTPO TOL €VOLPEPOVTOG GTOV EMGTNUOVIKO Topéa. Mia €kpnén dedopévav mov
VTOOEIKVOEL TNV ONUOGIO TOV ETIYEVETIKOV OlOOIKACLOV Kol KUPIOE OVTOV 7OV
TPOKAAOVY TNV OMOCIONNCT CNUAVIIKOV PLOUICTIKOV YoVidiwv, £xel 00MYNOEL GTO
CUUTEPACLO TTMOG 1) YEVETIKN KOl 1 EMYETIKN cvvepydlovior 6 OAa TO GTAOO TNG
avAmTLENG TOL KOopKivov. ZOuemva pe TIG TPpOceateg EEMEELG, M ATOCIOTNON
amotelel va LEPOG TOL GLVOAOL TMOV EMLYOVISIOUATIKOV OAALOIDCEMY GTOV KAPKIVO,

To. povomdtie mov oyetiCovral pe v avdntuén tov PAACTOKLTTAPOV KOl TNV



dwapoponoinon Exovv petaPfAndet ko Exovv eykpibet Tpia pdppoke Tov 6ToYEHOLVY GE

ATEG TIC OVOHOALES 6TOVG 0oBeVelg e Kapkivo.
H yovidwokn awoctdnnon Kot 0 KapKivog

H emyevetikn opiletar mg o1 kAnpovopnoipeg LETAPOAEG GTN YOVIOLOKT EKQPPOCT| TTOV
dev ovvodevovtal omd petaforés oty arAniovyioc tov DNA. H yovidiokn
OTOCIAOTNON OTO EMMEDO NG YPOMATIVIG eivor amapaitnn yoo TV emiPioon tov
EVKOPLOTIKOV OPYOVICUMOV KOl 1O10ATEPO CMUAVTIKN Y10 TOV EAEYYXO OTUOVIIKMDV
BloAoyik®Vv O1001KACIDV, OTWG 1 JLOPOPOTOINCT), TO EVIVTMOUO KOl 1) OTOCUDTNCN
HEYAA®V YPOUOCOUIKDOV TEPLOYDV, OTMG TO YpOUOcOpa X, ko' OAN T d1dpKELD TNG
Cong Tov ONAvKOY ONAacTIKOV. X& TOAAG €101 1 AmOGIOTNON Uropel va Eekivioet
KOl vo oLVENIOTEL OMOKAEIOTIKO e OdKAGIEG 7OV  GLUTEPIAAUPAVOLV  TIC
OLOIOTIOMKES  LETOTPOTES TOV 1GTOVOV KOl GAA®V GLUCTATIKOV TNG YPOUOTIVIG.
Q61660, T0. GTOVOLAW®TE £Y0VV ENOPEANBEl amd TV KANPOVOUIKOTNTA TV HOTIP®V
g pebvAioong tov DNA ota katdhouro Tig KuTosivng Yo va Tpochésovy GAAo Eva

eMNEdO EAEYYOV GE AVTEG TIC OLUOKAGIES.

H oanmocwwmnon, oOmwg ot mepiocdtepeg  Proroyikég dwadwkaoieg, umopel va
amoppvbuictel kKot vo odnynoel omv avantuén mobncewv. Mmopel emiong va
odnynoetl otv amoktndeica adpovomoinon TV Yovidiov Katd TNV QLGLOAOYIKN
ypavon. Mo onpavtikn 1010TnTo TG ATocIOTNoNG ATOTEAEL TO YEYOVOS MG HTopet
va eEanmdmBel oTIC YOVIOLOpOTIKEG TEPLOYES e Tayelg pvBuove, dnwg cupPaivel o
OpoGOPIAN e TNV TOKIAOTNTA AOY® emidpacns tng B€ong mov anoteiel iowg Kot To
KOADTEPO TaPAdEYHa OTN GLYKEKPUEVN mepintoon. EmmAéov, ¢aivetor mog
wePAApPavel T cvvepyacia TOAAATAGVY S0OIKAGIOV, OT®G, UETOED GAA®V, TO Un
koowonomuéva RNA, Tic opo10moMKég HETOTPOTEG TS YPOUATIVIG, TIG PUOIKES

OAAOLDGELG GTOV EVIOMIGUO TOV VOUKAEOCOUAT®V Ko TNV peBviiowon tov DNA.

[Ipéner va yiver katavontd, 0nwe o avaeepbel cuvortikd, mmg vdpyel P TANODpa
EMYEVETIKOV OVOUOAMDV OTOV KopKivo mov gviomifoviolr ovclootikd o€ KAabe
oLOTATIKO 1TNG YPOUOATIVIIG TOV CULUUETEXEL OTn GVGTACN TOL  avVOPOTIVOL
yovioropotog. E@eocov ot d1adikacieg TG EMIYEVETIKNG OMOGLONNONG UTOpoHV Vo
KAnpovounfovv HECH MTOTIKOV S0dIKOcI®V, ovoAappavouy tov 100 poAo Kot
vroPdAlovior oTic 101G EMAEKTIKEG O1001KOGIEG OO Ol YEVETIKES OALOUDGELS TTOV

evromilovtal Katd v avdmtuén tov kapkivov. Mo Bacikn apyn g Bewpiog Tov

7



AopPivov yio v €EEMEN TV €WOOV Elval TG Ol TEPIOCOTEPES UETOAAAEELS NG
BraocTtikng oelpdc eivar emPrapeic 1 0ev Exovv Aettovpyikd poro. Ot PeETOAAAEELS
TVPOSOTOVV €VOL GUYKEKPLUEVO TAEOVEKTNUO Y10 TOV avaTTVoCoOpUEVO TAnBuoud. To
1010 1oybEL KO Yo TOL EMYEVETIKG QOIVOLEVO TOV EVOEYETOL VAL TPOKOWYOLV LE 71O
avénuévo pubuod oe oyéon pe TIg petaAldéelg ota couatikd Kuttapa. Ot aAlo1doelg
TNV YOVIOLOKT €K@POGT OV TPOKAAOVVTOL OO TO EMLYEVETIKA PAIVOUEVA, 0O YOHV
OTNV KLTTOPIKY 0OENON Kol EMAEYOVTOL ETOUEVMOG GTO OPYOVO EEVIOTI], TPOKOADVTOG
TNV OTAOOKN U1 EAEYXOUEVT] avaTTLEN TOV OYKOV. Q6TOG0, AVTO JEV CMUUIVEL TG
O\ TaL Yyovidla ov £xovv amoctonndel, avarapBdavouy Evav dueco poro, Kabdg eivor
eUPaVES, Ommc Ba avapepBel TapaKATo, TMG OAOKANPES OULADES YOVISI®MV UTOPOLV VO
TOPOUEIVOLV OOPAVOTONUEVEG MG LEPOG EVOG LT PLGLOAOYIKOD «TTPOYPAUUATOS). Ot
EMYEVETIKEC LETAPOAEG AAANAETIOPOVVY UE TIG YEVETIKEG LETOPOAES KO TPOKOAOHY TNV
e€éMEn tov Kopkivov, KaODG pmopolv va KANpovounfodv UHECH MTOTIKOV
dwdkactdv. O vynAog Pabuog e MTOTIKNG oTafepdTNTaS NG OMOCIONNONS GE
oLUVOLOOUO HE TOV TPOOJELTIKO TNG YOPOKTAPO, KoOGTOOV TNV ToOHOAOYIKN
AmOCIOTNON TOV pLOUicE®Y OV EAEYYOVY TNV OVATTTLEN Kol GALD YOVIOLO OTLLOVTIKA

v TV avamntuén tov avlpoOTVou KapKivov.
H onpoocio ¢ avadlopépemong Tng ypoOpRaTivig

Ynrdpyovv mAéov TOAAEG TANpOPOpPies oyeTikd pe TV onuacio g peBviiwong Tov
VIOKWYNTH TNG KLToGivng otic vnoideg CpG kot TN YOVIOlOKY OOGIAOTNGN Kot
épevveg €xovv deiéel g 1 cvyKeKPEVT neBviimon elvar dppnKTa GUVOEdEUEVN e
mv avantuén tov koapkivov. Onwg Oa avaeepBel mopokdtm, TOAG €KATOVTAOES
yovidlo umopovv va mapapeivouv adpavorompéva o€ £vo Lovo THTo Kapkivov amd
mv pebviioon tov vrokwnt. Ievikd, ot peBviiwpéveg vnoideg CpG dev éxovv v
duVaATOTNTO LETAYPOUPNS, EKTOG KL 0V 01 AALOIDGELG GE TTOPAyovTES oV puOuilovy v
YPOLOTIVI] VITEPIGYVCOLVV TG ONUATOIOTNONG TS HEBVAImOoNC, OTmg cupPaivel Katd
TNV OTOUAKPLVGT] TOV OEGUEVTIKAOV TPOTEIVAOV oL £xovv pebviiwbel oty Kvtooivn

(Bakker et al., 2002) 1} otnv amoaketvAdon SIRT1 (Pruitt et al., 2006).

H xwvnmpua dvaun oty épevva g pebviioong tov DNA, kupiwg 66ov apopd tov
KapKivo, €xel eoTidoel puéypt onuepa kKuping otnv pebviioon twv CpG viowdiov oty
TEPLOYN TOL LITOKWMNTH. QoT1dG0, givan Yeyovag 0Tt epimov 10 40% TV avlponivov

yovidiwv dev mepiéyovv bona fide vnoideg CpG otovg vrokivntég tovg (Takai and



Jones, 2002). O Adyoc mov TO E€MIKEVTIPO TV gpeLVOV Pploketol oTIS VNGIOES,
opeiletanr oV amodedelyuévn Kavotnto g peBviioone towv ynoeidwv CpG oty
TEPLOYN TOL VIOKIVNTH VO OTOCIOTE HOVIHO TO YOVidl GE (QUOLOAOYIKO Kot
nafoAoykd enimedo ota OnAactikd kitrapa. O porog ¢ pebviimong Twv vnoidwv
non-CpG omv mepoyn TV LIOKIVNTOV KATA KOPLo AOYO ayvoeitol, Kabdg ot
UNYoVioTIKol cOVOEGHOL dev elvan emapkdg amodederypévol. Ilpocpatn Epsvva Exet
delel oNUAVTIK] CLGYETION AVAUESO GTNV 1OTO-EW0IKY EKQPOoT Kol Tn pebviimon
TV vnoidwv non-CpG, cvumepthappfavopévon yio mapddetypo Tov yovidiov maspin
(Futscher et al., 2002). To Maspin £yet évav oyvpd vrokivnt CpG mov dev mAnpoi
T0 KaBopiopéva kprrnpa yo va Bewpeitan pa vioida CpG (Takai and Jones, 2002).
Ynrdpyovv kat dAla mopadeiypota yovidiov, énwg 1 owoyévela yovidiov MAGE mov
avéopvOuiletal cuvexy®dc amd TV myevetikn Oepameia, Kotd TNV omoio 01 VITOKIVNTEG
OgV 1KAVOTOOVV Ta. KABOPIoUEV KPITHPLLL Y10 VO EXOVV TIG W10TNTEG TV VIGIO®V
CpG. Ilpdypatt, mpoéceateg avarvoelg e pebviioong tov DNA ota avBpomiva
ypoposouata 6, 20 kot 22 £dei&av mwg 10 17% oand ta 873 yovidia mov avaidonkav,
&xouv peBvAMmOel Kath SOPOPETIKO TPOTO Kol TEPIMOL TO €va TPito amd avtd
TaPOLGLALEL AVTIGTPOPOVS GLGYETIGLOVS avapeSH otV LeBLAIWGT KoL TN LETOYPOOT|
(Eckhardt et al., 2006). ITapoéro mov dev &xel amodeytel pe PePordmmro TOS M
pebvAimon g KvTocivng og A TONG TOVS LIOKIVNTEG EUTOSILEL TNV HeETAYpaPn, lvat
yeyovog 0Tt 1 TBavOTNTO aVTY dEV £XEL AMOKAEIGTEL. YTTAPYOLV Gopmg TeEPODpLa Yo
mo evdedeyelg Epeuveg oxeTikd e ta yovidn etoyd oe CpG, ota omoia 1 peBviimon
™m¢g Kvutooivng Ba pmopodoe va SladPAUOTIcEL KATOW POAO GTNV QUGLOAOYIKY|

avamTuén, kabmg Kol 6TOV KOpKivo.

O podrog g pebvriimong tov DNA otov kapkivo givor onuavtikdg (Jones and Baylin,
2002; Jones and Laird, 1999) ka1 10 emikevipo TOL €VOAPEPOVTOG TOV KAGOOL
oAAGCel Yo v CLUTEPIAGPEL TOVG  PNYOVIOUOVS, HE TOLG OMOIOLG  GAAEC
TPOTOTOMNGEL NG Ypwpativng dadpapatitovy Kamowo pOA0 oty avamTvén ToL
kapkivov (Ewdva 1.). H xvpidtepn ond owtéc TG TPONOMOMGELS APOpd TNV
OUOLOTIOALKY] TPOTOTO{N G TOV IGTOVAV TOV EAEYYEL TNV dPACTNPLOTNTA TV YOVISI®V.
IMa mapaderypa, n aroaketvAimon Kot 1 HeBLAMMON TOV 10TOVOV GE GUYKEKPIUEVA
Katdlowra g Avcivng, 6mwg 1 Avsivn 9 oty 16tovn H3 1 n Avsivn 27 oty otdvn
H3 ovppetéyovv evepyd oty yovidiokn oamocudmnon (Jenuwein, 2006; Aegc emiong

mv avaeopd Tov B. Li et al., oeAida 707 o avt v ékdoon).



"Evog onuovtikdg cOVOECUOG OVAUESOH GE OTEG TIC OLOIOTOMKEG TPOTOTOOELS TV
oTovaV Kot ¢ pebvAiimwong tov DNA kabiepmBnke amd to TpmTOTOplaKd TEPALoTo.
tov Nan et al. (1998) ka1 Jones et al. (1998), ot onoiot anédei&av 6tL 1 pebvAivon g
KLTOGIVIG Bo PmopovGE VO TPOGEAKVOEL TPMTEIVEG TOVL TMPOGOEVOVTIOL GTO
pebviopévo DNA kol amookeTuAdceS TV 16ToVOV o€ pebvAiopéves vnoideg CpG
KOTA TNV GLUTOKVOOT] TNG ¥POUOTIVIG KoL TNV YOVIOKN 0mOGLONNoY. 261000, 7o
TPOCPOTO O GUVOEGHOG OVALEGO GTIG OUOLOTOAKEG TPOTOTONGELS TMV 1GTOVAV Kol
TNV VOUKAEOGMUIKY avadlapdpemon diepeuvdrtal 6ho Kot mepiocdtepo. Ot Zhang et
al. (1999) anédeiEav 611 1 decpevtikny tpwteiviy (MBD2) otnv pebviioon tov DNA

aAANAemidpd pe o ovumioko NuRD kot to katevbivel, mote va pebviidoet to DNA.

Ot Harikrishnan et al. (2005) é6ei&av 611 10 Yovidro Brahma (Brm), to omoio givat éva
KATOAVTIKO 6voTaTiKO ToV cLUTAOKoL SWI/SNF avadioapdpemong g ypopotivig,
oyetileton pe v mpwteiv MeCP2 mov mpocdévetan oto pebviopévo DNA. Avta
TO TEWPAUATO TPOSPEPOLV o Thavr cOvdeon avdpeosa oty pebviioon tov DNA
Kol TNV omocudnnon g xpopativing. [MoAd mpdoeateg €pevveg €de1i&av mmg ot
OLLOIOTIOAIKES TPOTOTOLNGELS TOV 1IGTOVMV cLVOLALOLY aVTEC TIG dlodikacieg pe v
avadlapdpewon g ypopativing  péow  ATP-efaptdpeveov  pnyovicpov
avadlapdpewons g ypopotivng. (Li et al., 2006; Wysocka et al., 2006). Ta
GUUTEPACLATO OVTE EXOVV OONYNGEL GTNV OOTICTMOT MG Ol TPELS SLOIKAGIES TNG
pebviioong g xvtocsivig oto DNA, 0l TpOTOMOMCE TOV 10TOVAOV Kol 1
VOUKAEOGMUIKT] OvOSIAUOPP®OT €ivol dppnKTo GLVOEIEUEVES KO Ol HETAPOAES o€
oUTEG TIC OlOOIKOGIEG TPOKOAOLV TNV UOVIUN OOCIOTNGTN TV Yovidiwv Tov

oyetilovron pe Tov Kapkivo (Ewova 1.).

To yeyovog 0TL 1] VOUKAEOGMUKT] aAVaOLOUOPP®ST) ATOTEAEL GNUAVTIKO GUGTOTIKO TNG
EMYEVETIKNG OMOGIOTNGNG GTOV Kopkivo givar yvmotd €30 ko opketd kopd. Elvon
TAEOV OmOOEDELYIEVO OTL Ol PETOAAGEELS oto cvumAoko SWI/SNF dwdpapatiCovv
KaBoploTikd poOAO oTNV OvVATTLEN SdPop®V TOTWV KopKivov otov avBpwmo. Ot
petaAraéelg oto yovioro SNF5S deyeipovv v €EEMEN TOoV KLTTOPUKOD KOKAOL KO
ocuvepydlovtal pe TNV OATOAED TG TPOTEIVIG P53 KATO TOV UETOCYNUATICUO TOV
oykoyovidiov. Emiong, oyetiCovior pe tnv adpavomoinon TV HOVOTATIOV TOV
mpoteivov p21 kot pl6 (Chai et al., 2005; Roberts and Orkin, 2004). Avtéc ot

oAAayEG umopel va eivot Tpaypott apkeTA EKTEVEIC GTO EMIYOVISIMLLAL.
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DNMTs

MeBuAiwon Tou DNA

@

FoviSLakr ATIooLwTNon

HDACs
NURFs / \ HMTs

Avadlapéppwon TpoTIOTIOL OELG
VOUKAEOOWHATWY

LOTOVWV

Ewova 1. T'ovidrokn aroci®dmnon 6€ QUGLOLOYIKE KOTTOPO.

H npovounoiun yovidiokn anocidmnon nepthappavet, petald GAA®V d1001KacLov,
™mv  oAnAenidpacn avdpeso oty peBvilimon tov DNA, TIG OMO0TOAIKES
TPOTOTO|GELS 1IGTOVAOV KOl TNV VOUKAEOCOUIKY] ovadtopoépemor. Kdarow and ta
évlopor mov  ovuPdAovv  6e  OVTEG TIC TPOMOMOMGCELS, TEPLAAUPAVOLY  TIC
pebvrotpavopepdoeg DNA (DNMTs), t1g anoaketvidoes wotoveov (HDACS), Tic
peBvrotpavopepdoes 1otovav (HMTs) kot to copumioko (NURF). H aAAnienidpaon
QVTAOV TOV OAOIKOGIOV ONUIOVPYEL (ol KANPOVOUNGIUY KOTOGTUATIKY KOTAGTAON
oTNV MEPLOYN EKKIVIONG T®OV YOVIOIWV HE OMOTEAEGUO TNV YOVIOLOKY] OTOGLOTNOT).
AmO PLGLOAOYIKNG dmoyNng, 1 amocidnnon fewpeitor kpioun yio v dtadkacio g
avamTuENG Kot TS dlapopomoinons. Amd TaBoAoyIKNG Amowngs, 1 AmoGLOTNGT 001 Yel
oe acbéveleg, Onmg o kapkivog. TIpdceata oTotyelo VTOJEKVIOVY TMG Ol GUVOAIKEG
petoforés Ko otTic Tpelg oldikacieg otov kapkivo iowg avtikatomTpilovv v

aAAnienidpaon peta&h Tovg.
YUVOMKEG PeETAPOLES GTO EMYOVIOIMUA TOV KUPKIVOL

H gpodvion tov tomk®v oAlaydv otny doun g YPOUATIVIG TOV TEPLoy®V Evapéng
™G pHeTaypaens €xel epevvnBel oe peydro Pabupd. Qotdco, TOPO TPOKLTTEL OTL Ol

petafolrég evromilovtal og 6o 10 yovidiopa. [Ipdypatt, Tpodyes Epevveg £6e1&av o
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OUVOAIKY] UHel®wom otV TEPLEKTIKOTTO NG S-pebvAokvtocivig oto KOPKIVIKE
yoviouwpoto (Feinberg and Tycko, 2004; Riggs and Jones, 1983). Emouévemg, M
vreppedvAimon mov evroniletal cuoTnraTiKd oTig vnoideg CpG, aviumpoosmmedel pia
petafoln omv katovour g S-pebviokvtociving e 6Ao 10 yovidimopa, mopd o
OUVOAIKY] aENGCT oIV GLVOAMKN mocotnto g pebvAimong. Emiong, evolapépov
TaPoVGIALEL TO YEYOVOS OTL TPOCPATH OAMIOTMOONKE TS 1| LYNAN EAACTIKOTNTO TOV
DNA pmopet va pebolmBel pe un pucstoroywd tpémo otov kopkivo (Frigola et al.,

2006).

O petaforéc oty pebvriimon towv vnoidwv CpG og pepovopévovg dyKovg Umopet va
nepLoBavouy o opddo YEVETIKOV TOT®MV Kot €xel datummBel mn vmodbeon OTL
amoTeEAOLV éva Eexmplotd avOTLTO, TOV «PoVOTLTIO peBLAimoNg TV VNoidmV
CpG», 1 adawg CIMP, copuewva pe toug by Toyota et al. (1999). H dmapén tov
CIMP éyer 160l vd apeiopnmon, (Yamashita et al., 2003), wo1660 TPOGPATES
épevveg amd tovg Weisenberger et al. (2006) £€dei&av nwg éva vrocvvoro tov CpG
VNGiIdV HEBLAMVETOL GLUVTOVIGUEVE GTOVG OYKOLG KOl OITOJEIKVVEL, KOTA TNV Aoy
pag, v vmapén evog 1€totov €idovg pavotimov. Onwg Ba avaivOel mapakdto, eivat
Wwitepa evolopépov TG moAAol amd avTovg TOvg Yevetikovg toOmovg CIMP
OOTEAOVV GTOYOVG TV TPOTEIVOV NG onddag Polycomb (Widschwendter et al.,

2007).

Ta omoteAécpata mov €Yovv TMPOKLYEL AVOPOPIKA HE TIC UETOPOAES TV
YOVIOIOUATOV GTIG TPOTOTMOMGELS T®V 10TOVAV givor avordvteya. H amdAieio g
aketvAloong ot Avoivn 16 ot 1 tpyueBvAiioon g wotovng H4 ot Aveivn 20
amoTeEAOVV évo. Kowd yvoplopa tov avipomvov kopkivov (Fraga et al., 2005).
Eniong, to cuvoAkd potifa tpomomoinong twv otovedv mpoPfAémovy tov kivovvo
VIOTPOTNG TOV Kapkivov Tov mpootdrr (Seligson et al., 2005). Ot tepartépw evoeitelg
YL TNV EUTAOKT TOV KOUOOAMKOV HETAPOADY GTNV KAPKIVOYEVEST] TPOEPYOVTOAL OO
EPEVVEG OGNV OIKOYEVELN TV YOVIdlwV NG opddog polycomb, 1 omoia diatnpeiton o
peydio Pabud kad’ 6An ™ Sdpkewa g e&éMEng (Valk-Lingbeek et al., 2004). To
ocvumioko PRC2 (polycomb repressor complex 2) cvppetéyst oty €vapén g
OTOCLOTNONG Kol TEPEYEL UEBVAOTPOUVGPEPAGES TOV 1GTOVAOV TOL UTOPOVV VO
pebvlmoovy v Avcivn 9 kol 27 ¢ 1otoévng H3 kol amotehovv yvopiopota g
ypoupativig mov £xel anocionndel. H onpacio avtdv tov dedopévov Ba eetaotel

apyotepa. To yovidro BMII 1tng opddag polycomb, éva cvotatikd tov cOUTAOKOL
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PRCI1, vrepekppdletar o€ apkeTodg TOTOVG KopKivov otov avBpwmo, emouévag Oa
UTOPOVGE VO €IVOL OVOUEVOLEVO TOC 1 UN (QLGLOAOYIKN AELTOVPYiD. GE OVTO TO

ocvotnua Ba TPokaAoVoE GUVOMKEG UETOPOAEG GTN YOVIOLOKY| OTOGLOTNGY GTOV

kapkivo (Valk-Lingbeek et al., 2004).

Eivar yvootd mwg opiopévol petaypapikol mapdyovieg, Omwg o c-Myc, dev
TPOGOEVOVTAL OTNV  aAANAovYio ovoyvopiong Tovg, Otav  Pplokovtolr otV
pebLA®UEVT TOVE LOPPT], KATL TO OTTO10 LIOJEIKVOEL TG N LEBVAI®ON TV VNGIdwV
CpG pmopel va emnpedost v wovotnto tpodcdeons tov Myc oe dtdpopeg 0écelg
€VTOG TOL Yovididpatog. Agdopévov 6Tt 0 Myc pmopel vo ennpedost v doun g
ypoupativing (Knoepfler et al., 2006), eivar aAnBopoavég g n akatdAinAn pebviioon
TV 060EmMV  avoyvOpIoNG TOL UTOPOVV Vo £XOVV ONUOVIIKEG EMUMTOCEL, GTO
emryovidiopo tov kopkivov. Towg Oa mpémer va dobel peyodlvtepn mpocoyn oto

péEALOV KaTd TNV PeBLAIWGTN TETOLWV YOVIOIOUATIKAOV TEPLOYDV.

Av AdPet kavelc vmdym T ocvvdeon avdpeco otig drdikacieg mov pvOuilovv v
EMIYEVETIKN] OMOCIONNGY, €vol OVOUEVOUEVO TG TETOWL  €100VG  UETUPOAEC
TOPATNPOVVTIOL € KAlpoka mov apopd oAdkAnpo 1o yovdiopa (Ewdva 1). Ta
napadetyna, ivarl yvootd nog n pebviioon tov DNA kot n akeTuAimon Tov 16TovoV
elval otevd cuvoedePEVES, EMOUEVOS o NTAV AVOIEVOUEVO 1] GLVOAKT LITopeBVAImoN
Vo 0OMYNOEL 0€ GUVOMKEG HETAPOAEG KATA TNV OKETLAIMON TOV 1GTOVAV Kol
avtiotpoa. Avtd To dgdopéva MOV  mWPOKVTTOLV pE  paydaiovg  pvOuove,
VIOOEIKVOOVV TG OAOKANPO TO EMYOVIOIOUA SOTAPAGGETAL CNUAVTIKA KOTO TNV
avamtuén tov Kapkivov. TTaporo mov TO EMIKEVIPO TOV EPELVAOV UEYPL TPOCPATMOS
Bprokodtov o1N 010KAGIo. TNG OTOGIAOTTNONG, TAEOV OlvETOL UEYAAVTEPT TPOGOYN
oV TOAVOTNTA TOV VILAPYEL VO 0INYNGOVY OVTEG Ol YOVIOLOUATIKES LETAPOAES OV
evromilovtal 61N Jop| TOL EMLYOVIOIMUOTOS GE YOVIOLWUOTIKY 0oTdfsia, 1 omoia

amotelel yvopiopa tov kopkivov (Cadieux et al., 2006).
H avopoein amocidanon ToV Yovidiov KaTd TNV apyiKn VEOTAASHaTIKN EEMEN

Mo vo kotavonoetl kaveig tov pOAO TNG OVOUOANG ETLYEVETIKNG OMOCIOTNONG TOV
yovidlwv oTov KopKivo, Ba mpémel va AdPel vrOYN TOL TO TANIGIO GLYYPOVIGLOV TOV
oV e£€MEN Tov Kapkivov, Omw¢ cvpPaivel pe Tic yevetkés petaforés. [lpdopateg
avaivoelg (Baylin and Ohm, 2006; Feinberg et al., 2006) toviCouv mwg ot

EMYEVETIKES aVOUOAES Umopovv vo dadpopaticovv éva KaBoploTikd polo ot
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apyIKa oTadlo TG Evaping Tov kapkivov. To un @LGI0A0YIKO YOVISIOKO EVTOT®HQ
KON 1 0TOGLONNCY] UTOPOVV V. GUUBAAOVY GTNV GPYIKN U1 GUCIOAOYIKT] KAWMVIKTY
EMEKTACT] TOV KLTTAPOV Kol Vo, TopEYOLV éva "vmdoTpoua” Yoo ToV Kivouvo TV
EMOKOAOVOWV YEVETIKAOV KOl ETIYEVETIKOV OALOIDGE®V TOL ELVOOVV TNV TEPUTEP®
eEEMEN Tov OyKov (Baylin and Ohm, 2006; Feinberg et al., 2006). Avt 1 dtadkoacio
anotuvwvetol otnv Ewodva 2 ylo tov Kopkivo 10U Tay€0g EVIEPOL, GTNV Omoin Ol
ovyvol mapdyovteg KvovVoL ylo Tov Kapkivo, O0mwg m ynpavon (Sharpless and
DePinho, 2005) kot ov reypovég (Coussens and Werb, 2002; Lu et al., 2006; Nelson
et al., 2004) mapovsialovial vo TPoKOAOHY TETO0V €100VC KAMVIKEG EMEKTAGELS ElTE
0T0 PLGLOAOYIKA emONAlokd PAacTokVTTAPO £lTE GTA TPOOPOLLE KOTTOPO TOV TOXEOS
EVTIEPOL OV TPOoEPYOVTAL amd avtd. Mo celpd yovidiov mov €ovv Kataypopet vo
epeaviCouv vreppeBviioon tov DNA ota mpodmOntikd otddio Tov KapkKivov Tov
TOYE0G EVIEPOL Kol GAA®V TOTOV KapKivov, ta omoio. Op®G omdvio LETOAAAGGOoVTOL
€ OLTOVG TOVG TUTOLG KOPKIvVOL, OVOUAlovVTOl «ETMLYEVETIKA Yovidi @povpoir
(epigenetic gatekeepers). H @uolohoyikn] emyevetikn pooiuion oavtodv Tov yovidiov
TOVG EMITPEMEL OVGLOCTIKG VO EUTOdicoVY TNV abovotonoinon Tov PAACTIKOV Kot
TPOSPOU®V KLTTAP®V KOl VO, OTOKTNGOLV U0 OIEPLOPIOTN KAVOTNTO KLTTOPIKNG
aVaVEMONG G€ TEPLOOOVG YPOVIOL GTPEG KO TTEGNS Y10 TNV OVAVEMOCT] TOV KLTTUPIKDOV
ocvomnuatev. Emiong diver t dvvatdmta e autd Ta yovidl v €vEPYOmOlo0VTaL,
omote eivon avaykoio, KoTd TNV SpOpPOToinon TV PAUCTIKGOV Kol TPOOPOU®V
Kuttdpov. H akotdAAnAn oamocidmnon avtdv tov  yovidiov eumodiler v
EVEPYOTOINGT TOLG Kot 0ONyel oTNV Un QLOOAOYIKY emPimorn Kot TNV KAOVIKNI
enéktaon, kabmg kot eumodilel v dwdwasio g dapoponoinong. v Ewova 2
OTOTLTMOVOVTOL ETIONG Oplopéva yovidla, Omtmg 6to KotTtapo APC 1 oy B-katevivn
TOV AELTOVPYOLV MG YEVETIKA Yovidla ppovpot (genetic gatekeepers) yio Tov Kapkivo
TOV TTOKE0G EVTEPOV, KAOMDS 01 LETOAAAEEIS ELVOOUV TN U PLGLOAOYIKY EVEPYOTOINGN
tov avamtvélokod povomotiov Wnt, To omoio cLpPdiel otV avAmTTLEN NG
0YKOYEVEGTG TOV TOY€0G VIEPOL KB’ OAN TN dtdpkela (NG AVTOV TOV OYK®OV. XTO
vrddetypa mopovotdletor 1 OdvolEn TV PNUdTOV TOV ETYEVETIKOV YOVISi®V
QPOVPAOV TOV EMTPEMEL TNV ELOAVICT] KOL TNV EMAOYN TNG KVTTOPIKNG EMEKTACNG KO
TOV YPOVOV Y10 TIG HETAAAAEELS TV YEVETIKAOV YOVIOIOV GPOvPdV, KOONDS To KOTTOPO
«e&aptovvtaw TAEOV amd TV gvepyomoinomn tov povorartiov Wnt (Baylin and Ohm,

2006).
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[Twg Ba pumopovoe N aTOAELN TNG AELITOVPYIONG TV EMLYEVETIKMY YOVISI®V GPOLPOV V.
ONUOTOOOTNGEL TNV TPMIUN U1 PLGLOAOYIKN KA®VIKY enéktaot; Onwg gaiveton otV
Ewodva 2, n evepyomoinon tov povomatiod Wnt amotedel iomg £va YopaKkTnploTiKo
TOPASELYIO, KOTE TO OMOI0 TO EMIYEVETIKA (Qovopeva dtodpapatiCovy onuaviikd
poro. Apywkd, to APC mov amotelel €vo YOpOKINPIOTIKA WETOAAAYUEVO YEVETIKO
yovidlo @povpd kot eviomiletal 6TOV KOPKivo TOL TOy€og evtépov, odnyel otnv
evepyomoinon tov povomatiov Wnt (Kinzler and Vogelstein, 1996) kot pmopet va
TOPOLEIVEL adPaVEG €VTOG TOV OTOPAdIK®V OyKmV géoutiog TETOOL  €100VC
HETOAAGEEDV M TEPIOTOCLOKG €E0NTIOG TNG EMLYEVETIKNG YOVIOLOKNG OTOGIOTNONG
(Esteller et al., 2000) (Ewova 2). EmmAéov, n peBvrioon ce éva aAAnAOLOp®O
YOVIOL0 UTOpEl Vo AEITOVPYNOEL MG VOl «OEVLTEPO YTOHTNUO» Y10 TNV OOPOVOTOINGoT
TOV YovVidlwv, GE MEPIMTOON TOL GLVOVLOGTEL HE TIG METOALAEES oTO avtifeTo
aAAnAidpopeo yovidwo (Esteller et al., 2001). Katd debtepov, téc0epa péAN oG
owoyévelag yovdiov, to SFRPs, 1o omola kwdwomolovv mpwteives mov
avtoyovifovtal ™ dpdon tov Tpocdétn Tov Wnt 6TV KOTTAPIKY HEUPPAvT, Lropodv
va  glvar  tavtdypova  vrepueBulopéva  oTIG TEPIGGOTEPES TEPIMTMGELS TTOL
eppaviovtar mpodmonTiKéS aALOIDCELS 6TOV KOpKivo Tov Ttoyéog eviépov (Suzuki et
al., 2004). H amocidnnon pmopel va odnynoet onv avénuévn onuoatodoTnen Tov
povomatiov Wnt, 1 omola pmwopet vor pornyeital kot vo, odnynoetl ta KOTTOpO TNV
eEdptnon mpog Tig EEEMCOOUEVES LETAYEVESTEPES LETOALAEEIS EVTOC TOV LOVOTTATION
TV KaBodikdv yovidiov, tov APC 1 g B-katevivng. Avtd evepyomolodv emmAéov
mv onuatoddtnon Wnt, n omoia pe ™ oepd g cvuPdier oty ovamtuén g

oykoyéveong oto moyb éviepo (Baylin and Ohm, 2006).

To oykokatactadtikd yovidro pl6ink4A amotelel o amd TG TO KOWEG Kol TPOULES
EMLYEVETIKA HEGOAAPOVUEVEG OMMOAEIEG TNG AEITOLPYIOG TOV OYKOKOTOUGTOATIKMOV
yovidiov otov avOpomivo kapkivo. H amocidnnomn Eexvdel amd to vwocHVOAO T®V
TPOIMOINTIKAOV 6TadiV TOL KAPKIVOL TOL HAGTOV, TOL TAXE0G EVIEPOV, TOV TVEDLLOVO.
Kot GAA@V TV kapkivov (Belinsky et al.,1998; McDermott et al., 2006; Reynolds
et al., 2006). [Ipocpateg Epguveg 6€ VOK-A0LT TTovTikia Exovv deiEel OTL 11 PAOGTIKY
OTOAEW avToV TOL Yyovidiov umopel va  avénioet T duwdpkew (NG TOL
BAactokvttdpov (Janzen et al., 2006; Krishnamurthy et al., 2006; Molofsky et al.,
2006), ko1 6€ GLVOLAGHO HE TN Opdon NG OYKOYEVEONG VA GLUUPBGAAOVLY GTNV

SLELKOALVOT TNG TPAOUNG U1 PUCIOAOYIKNG KAMVIKNG EMEKTOCNG TOV KLTTAP®V TOL
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Bpiokovtal o€ Kivovvo gppdviong kapkivov. [pdypott, n andAelo 0VTOH TOL YOVIdiOL
EMTPEMEL TETOOL €100VC OVOTTVOCOUEVE KOTTOPO, VO OVOTTUEOVY YOVIOIWUOTIKY|
actdBeia, (Foster et al., 1998; Kiyono et al., 1998) kobmhg kot emmAéov emyeveTiKa

eowvopeva Tov oyetiCovral pe tn yovidiakn arooidnnon (Reynolds et al., 2006).

Ta yovidia tov petaypoaeikodv mtopayoviov GATA-4 kot GATA-S elvar onpovtikd
Yoo TV ovantuén tov eUPpuikol YooTpevTEPIKOL emONAiov, kKoOME Kol Yy TV
opipovon otovg eviMkes (Gao et al.,1998; Laverriere et al., 1994; Molkentin et al.,
1997). Emiong, £youv LTOGTEL EMYEVETIKY OMOGIOMNGCY EVIOG TOV UICAOV GYEOOV
TPOOMONTIKAOV Kot SNONTIKOV OALOIDCE®V OTIS TEPMTMGES TOV KOPKIVOL TOV
nayéog evtépov (Akiyama et al., 2003). Emopévemg, avtd umopei vo gumodicet tnv
dwdkacio ™G 010popoToincNg Kol Vo EDVONGEL TNV AVATTVEN TOV TPOSPOUDV

KUTTAPWV.

Téhog, éva evdlopEpov Un eLGLoA0YIKO povordtt emPimong mov puuileton amd v
EMYEVETIKN YOVIOLOKY ATOCIOTNGN, apopd TV avéoppubuion g npwteivng SIRT1
pécw Mg amdAswg Tov petaypoewkov mopdyovro HIC1, o omoiog Ppiokeron
vreppebvMopévoc 6to DNA oe mpoyleg mpodmOntikég oAlodoES KOTd TNV
OYKOYEVECT] TOL TOY£0G EVIEPOV, KAODS Kot 6 GALOVG KOwoLg TOHTOVS KOPKIvOL
(Baylin and Ohm, 2006). O petaypaeuog katactoréag HIC1 og cvvovacud pe v
npoteivn SIRT1 pmopel va peuwoel v dpactnpromra tov vrokwvnt) ™¢ SIRTI
(Chen et al., 2005). H andlei g Aettovpylag g mpwteivng HIC1 mbavov
nmopodotel opopéva awvopeva emPioong, ta omoio Oa avaeepBodv avaAvTiKd

napakdto (Euwova 3).
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Ewova 2. 'Eva «emyeveTiké yovioro @povpoc» gumodiler tnv mpowun avanton

€VOG OYKOVL

H emyevetikn amocidmmon tov yovidiov pl6é, SFRPs, GATA-4, GATA-5 xor APC
(koxkivo X) ota PAOCTIKA Kot TPOOPOLE KOTTOPO OV €VTOMILETAL GTOVG EVIAIKEG
KOTA TNV KLTTOPIKY] OVOVEDGCT, UTOPEL VO OKWVNTOMOWCEL TO KOTTOPO HE N
(QLGLOAOYIKO TPOTO GE KATOGTAGELS TOPOLOLEG PE EKEIVOV TOV PAOCTIKOV KLTTAP®OV
OV €UVOOUV TN U1 PULGLOAOYIKY] KA®MVIKY emékTaon. Avtd Ta yovidin ovopdloviot
ETLYEVETIKG YOVIOL @povPOl», €MEWN TO QUVOOAOYIKO EMYEVETIKO MOTIPO TNG
EKQPOONG TOVG, TOVG EMTPEMEL VO EVEPYOTOLOVVTIOL KOTO TNV Ol0(pOPOTOiNcT TWV
BAOCTIK®OV KOl TPOSPOUMOV KVTTAP®V, OTav givar ovoykaio, €161 doTE Vo EAEYYOLV
KOTOAANAQ TV KUTTOPIKY ovOvEDOT 6Tovg eViAKeS. To €0pog TG U1 PLGLOAOYIKNG

YOVIOLOKNG OMOCLOMTNGCNG O00MNYel TN Un QULGOAOYIKY KLTTAPKY emPimon o€
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KATOOTACELS YPpOVIOL oTpeg, Ommg eivar 1 eAeypovn (Ewova 3). Ta mpodmOnrikd
BAacTokOTTOPO TOL TPOKLTTOVY Elvarl «eaptTnuévay amd To povomdtio emPimong,
EMOUEVMG 1 €MAOYN Yo HETOAAAEELS GE YEVETIKA YOVIOL POVLPOVG TOPEYEL Eval
KOO LEYOADTEPO EPEDIGLA Y10 TNV TEPUTEP® AVATTLEN TV OyKwV. To peyoddtepo
HUEPOC TOV OYKOVL MOV TMPOKVATEL OMOTEAEITOL OO £VOV VTOTANOLGUO KOAPKIVIKOV

BAOGTIKOV KUTTAP®V Kol VEOTAAGLOTIKMV OTOYOVOV.
H yovidwokn amoc1dmon EVEVTIOV TOV YEVETIKOV PETUAALIEEMV GTOV KUPKIVO

Me mowov Tpomo poldlel 1 SOPEPEL 1 OMWOAELL TNG AELTOLPYIOG TOV KOPKIVIK®V
YOVIOIOV HEC® TNG EMYEVETIKNG OTOCUDMTNONG ONO TNV YEVETIKA HECOAOPOVUEVN
ammAEl TG Aettovpyiag TV yovidiov; Ot yevetkég peTOAAAEElG o€ Evav
pHeHOVOUEVO OYKO oLVl Ogv elval TOAAEC OTO E€0MTEPIKO €VOG KLTTOPIKOV
povoTation, kaBmg M €mAOYN Yo €va XTOTNUO QOIVETOL OPKETN Yoo TNV TANPN
dwakony| Tov povoratiov (Hanahan and Weinberg, 2000). BéBata ovtd pmopel pepucég
QOPEC VO 1oYVEL KL Y. TNV OTOCLONTNCN ToV Yovidiov, Onwg cvpfaivel oty
TEPIMTOON TOV OYKOKOTAGTUATIKAOV YOVIOI®V. XVUVETMG OTO HOVOTATL TNG KUKAIVIG
D-Rb, n amocidmmon ¢ mpoteivng plé dev evromiletar otovg OGYKOvLS, GTOVG
omoiovg 10 yovidlo Rb éxet petodhaybel, kKobdg Ko Ta dvo eavopeva cGupPfarovv
£VTOVo GTNV OL0KOTN TOV EAEYYOV TOL KLTTOPIKOV KUKAOL (Jones and Baylin, 2002).
[Mapoépowa, ot petaAraéelc oto yovidro VHL, ot omoieg eivon onpovtikég yio v
nafoyévela Tov Kapkivov Tov veepov, gugaviCoviar 6to 60% TtV O0YK®OV, VO TO
yovidwo gtvan veppeBvimpévo oto DNA og éva ahio 20% (Jones and Baylin, 2002).
Emiong, ot petoArdEelc ko 1 EmMyEVETIKY omoclonnon S E-Kavryepivng
aAAnAoamokAeiovton otnv Aofrokr) Kot T dmONTIKn) LopPY| TOL KOPKIVOL TOV HAGTOV

avtiotoyo (Graff et al., 1995).

[Topd 11 TOpATAVE® OUOIOTNTES AVALESH GTNV YEVETIKY KOL TNV EMIYEVETIKN ATMOAEL
NG AELTOVPYLNG TOV YOVIOI®V GTOV KOPKIVO, TPOKLATEL EVa OCNUOVTIKO (RTnua, KoTd
10 0moi0, o€ avtifeon pe TG LETAAAAEELS, TOL TOALUTAQ ETLYEVETIKA QOVOLEVA UTOPEL
oVYVA Vo ETNPEACOVY TO HOVOTATL EVOG HepoVopEVOL KuTttapov (Ewkdva 3). Avtég ot
oAAay€G pmopel vor AELTOVPYNGOVV OC GUUTAEYLATO, GTO OTTOL0L TOL TOAAATAG Yovidla
TPOGPAAOVTOL GTO €0MTEPIKO €VOG LOVOTOTIOL KOl UTOPOVV Vo ONUIOVPYNGOLV
petoforés oe  GAAOL  ONUOVTIKO HOVOTATIOL  ONUATOdOTNONG, OAAG Kol  vo

CLUTEPIAAPOVV ETIYEVETIKA QOIVOUEVO, TOV TPOKOAOVV HE TN OEPA TOLS GAAX
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EMLYEVETIKA QavOopeva. Emouévag, avtég ol emMYEVETIKEG AVOUOALEG 0dNYOLV oIV
Sl0KOTN TOL LOVOTATION, 1) OTOi0l £IvVaL 1O O1APOPOTOINUEVT] KOl OAOKANPOUEVT] OO
TIG HETOAAGEES TV Yovidiov ov guvoovv v oykoyéveon (Ewova 3). ‘Eva mpoto
TOPASELYIO OTOTEAEL 1] OMOGIOMN O TOV TEcohP®V Yovidiov SFRP mov avagépbnke
TPONYOLVUEVMG Kol Ol OAANAETIOPACEL TOVG HE TIG YOVIOLOKEG WETOAAGEELS TOV
povomatiov Wnt. 'Eva 6e01epo mopdoetyplor amoTeAEl 11 ATOCIOTNGCN TG TPOTEIVIG
pl6ink4A, n omoio S10KOTTEL TO HOVOTATL EAEYYOL TOL KLTTOPIKOL KUKAOL NG
KukAiviig D-Rb ko1 pmopel vo guvonoel tnv €vepyomoinocn TV GLUTAOK®V
OTOGLOTNONG ME GAAOVE TPOMOLG Ko TEAOG VO TPOKOAEGEL TNV UN (QUGLOAOYIKN
pebviioon tov DNA otov vrokwvnt| tov yovidiov HOX (Reynolds et al., 2006)
(Ewova 3). Eivar mBavo O6tL vt 1 andAED TNG UETOYPAPIKNG EVEPYOTOINONG TOV
KaB0dkdV yovidiwv, To KadoTd EDAAMTO GTNV KANPOVOULKY] ATOCIMOTNGT, LEG® TNG
V100ETNONG TETOIWV TOTOV KOTAGTOATIKOV GTOLG LTOKIWVNTEG TNG YPOUOTIvNG, T

omoia Bo avalvBovv TapaKaTo.

"Eva a6 to mo oOvOeTa pOoIVOIEVO TOV GUUTAEYLATOV TOV ENLYEVETIKOV OVOLOALDY
oToV Kopkivo mepthapfavel mv andAieto ¢ Asttovpyiag e npoteivig HICT ko ta
mlavd erakdiovBo pavopeva emPioong (Ewkdva 2). Mia tpéceatn Epevva (Baylin
and Ohm, 2006) &dei&e 0TL 1 awénon ota enineda ¢ mpwteivng SIRTI umopei va
napateivel vV Kuttopikn  emPioon pHECEO  MOAAMTADV  UNYXOVIGU®V,
ocoumepthapupovouévng g pelwong g Asrtovpylag g pS3  péow NG
amookeTVAI®ONG TG TPpWTEIVNG oTdYov. Emione, pécm dtapopwv punyovicpuav, 0mme
™G OmouKeETVAIONG TV Kataloinwv tng wotovng H4K 16, to opBdroyo yovidlo Sir2
¢ mpwteivng SIRT1 g {dung amotedrel Evav onpaviikd Tapdyovio g YoVIOoKNG
amocidnnong (Guarente, 2000; Kimura et al., 2002; Suka et al., 2002). ®aivetor mog
aVTO 1oYVEL KOl GTOVG AVOPOTOVS, CLUTEPTAAUPAVOLEVAOV KOl TOV YOVIOI®V TTOL £ivat
vreppebvMopéva oto DNA kot éxovv anociwnn et otov kapkivo (Pruitt et al., 2006).
Emopévag, ot avénoeig ota emineda g SIRT1 epgaviCovior onuavtikég yo
AmOCIOTNON TOV Yovidimv, coumepthappavopévov tov yovidiov SFRP, 6mov n
anoAslo ovtn umopel va avéoppuduicel To povordtt Wnt, S1€0KOAVVOVTOG Yo GAAN
pw eopd TV KuTToplKy] emMPBimon Tov 0YKOV o€ TEPLOYES, OMMS TO oYL EVIEPO
(Ewova 2). Térog, to yovioro HICI €xer amoderytel 611 6uvi0mC OmMOUOVAOVEL TOVG

LLETOYPOPIKOVS TOPEYOVTEG GTO ECMTEPIKO TOL TLPTVA, Ol OTOI0L EVEPYOTOLOVV TO

19



povomdtt Wnt. Enopévmg, anelevfepmvovtol HEG® NG AMOAENS Yo TNV avénuévn

Aertovpyio Tov povormatiov Wnt (Valenta et al., 2006).

Eivar ocvvenmg epgovéc mog MO omd To opyKA OTAO TNG VEOTANCUOTIKNG
avATTUENG, Ol EMLYEVETIKEG UETOPOAEC UTOPOVV, OMWG GLUPOIVEL OTIG YOVIOOKEG
UETAALAEELG, VA O1aTaPAEOVY TOAAUTAG LOVOTTATIO-KAEOLY LE TPOTOVG TTOV EVVOOLV
oV Kivouvo gpedvions kot avamtuéng tov kopkivov. Kabog evromilovior 6o Kot
TEPLGGOTEPO. KOPKIVIKO YOVIOl TOV €ivol AEITOLPYIKE TPOTOTOMUEVO UECH TMV
EMYEVETIKOV UNYOVICU®V, OVTO TO HOVOTATio. Kot 1) obvdeon peta&d tovg Oa

epeuvnOel adtopEloPrTnTa TEPIGGATEPO GTO UEAAOV.

1

’ FovLSLWHATLKT aoTABEL
‘Wnt |  KaLemIpoobeTn
aTmooLWTNoN yovisiwv

, ErunpdoBetn
'Amtpoponomcnl $p53 | | amocuwtnon

yovLSiwv

ErBiwon BAACTIKWVTPOSPOHWY KUTTAPWY HETA /

amo MEPLOSOUG OTPEG

Ewkova 3. Zopndéypnota @oivopévev TG YOVIOLUKNGS UT0GLANTNOS

Tétowov eldovg cvumiéypata ovuPdAlovv otV TPOMONCN TOV OPYIKOV Kot
LETAYEVESTEPMOV GTUNIMV KOTA TNV avATTLEN TOL veomldopatos. H mpoun yovidioxn
arocldnNon (Kokkvo X) TPOKVUTTEL GE SLAPOPO CNUEIN GTO EGMOTEPIKO TOV EAEYYOL
TOV OYKOL G€ HOVOMATIO-KAEWOE, KOl EMITPETMEL TNV U QUOIOAOYIKT] KLTTOPIKN
emPBimon PETA amd TO GTPEG KOL TNV TPAOUN KAOVIKT EXEKTACT]. AVTO TOL EMLYEVETIKA
QOVOUEVO TOPOVCIALOVTOL MG o SOCTOVPMON OVAIESO GTO LOVOTATIO, 1) Omoia
npoKoAel OloTapdEelg Kol OlELVKOADVEL avth TNV eméktacn. Xtnv Ewdvo 3
OOTLTTMOVOVTOL KOO0 TTOPAOELYLLOTO TN OMTOGIAOTNONG TOV YOVISI®V TOL €VVOOLV
NV EUPAVIOT] OPIGUEVOV ETOKOAOVOOV POIVOUEVOVY amoctdTnong (ta Tpdctva BEAN

nov cvuvdéovv TV SIRTI pe v anocidnnon tov GATA-4 ko -5 kot SFRP).
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Aberrant gene function and altered patterns of gene expression are key features of
cancer. Growing evidence shows that acquired epigenetic abnormalities participate
with genetic alterations to cause this dysregulation. Here, we review recent advances
in understanding how epigenetic alterations participate in the earliest stages of
neoplasia, including stem/precursor cell contributions, and discuss the growing

implications of these advances for strategies to control cancer.

For decades, scientists have been engaged in dissecting the origins of human cancer,
and the relative roles of genetic versus epigenetic abnormalities have been hotly

debated. An explosion of data indicating the importance of epigenetic processes,
especially those resulting in the silencing of key regulatory genes, has led to the
realization that genetics and epigenetics cooperate at all stages of cancer development.
Recent advances include the understanding that silencing is part of global epigenomic
alterations in cancer, that pathways relevant to stem cell growth and differentiation
become altered, and the approval of three drugs that target these defects in cancer

patients.

Gene Silencing and Cancer
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Epigenetics is defined as heritable changes in gene expression that are not
accompanied by changes in DNA sequence. Gene silencing at the level of chromatin
is necessary for the life of eukaryotic organisms and is particularly important in
orchestrating key biological processes, including differentiation, imprinting, and
silencing of large chromosomal domains such as the X chromosome, over the life
span of female mammals. In many species, silencing can be initiated and maintained
solely by processes involving the covalent modifications of histones and other
chromatin components. Vertebrates, however, have taken advantage of the heritability
of DNA cytosine methylation patterns to add another layer of control to these

processes.

Like most biological processes, silencing can become dysregulated, resulting in the
development of disease states. It can also result in the acquired inactivation of genes
during normal aging. A key property of silencing is that it can spread over genomic
regions in a progressive way, as perhaps best exemplified by position-effect
variegation in Drosophila. It seems to involve the cooperation of multiple processes,
including noncoding RNAs, covalent modifications of chromatin, physical alterations

in nucleosomal positioning, and DNA methylation, among others.

It must be appreciated, as we will outline, that epigenetic abnormalities in cancer
comprise a multitude of aberrations in virtually every component of chromatin
involved in packaging the human genome. Since epigenetic silencing processes are
mitotically heritable, they can play the same roles and undergo the same selective
processes as genetic alterations in the development of a cancer. A principal tenet of
Darwin’s hypotheses for the evolution of species is that most germline mutations are
deleterious, or of no functional significance; mutations give rise to a specific
advantage selected for in an evolving population. These same selective concepts apply
for epigenetic events, which can occur at a much more increased rate compared to
mutations in somatic cells. Alterations in gene expression induced by epigenetic
events, which give rise to a cellular growth advantage, are therefore selected for in the
host organ, resulting in the progressive uncontrolled growth of the tumor. This does
not mean that all silenced genes play direct roles, since it is becoming clear, as we
will discuss later, that whole groups of genes may be inactivated as part of an

abnormal ‘‘program.’’ Epigenetic changes can collaborate with genetic changes to
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cause the evolution of a cancer because they are mitotically heritable. The high degree
of mitotic stability of silencing coupled with the progressive nature by which it

is achieved makes pathological silencing of growth controlling and other genes an
essential part of the development of a human cancer.

The Importance of Chromatin Remodeling

Much is now known about the importance of promoter cytosine methylation in CpG
islands and gene silencing, and it has been established beyond doubt that such
methylation is intimately involved in cancer development. As discussed later, many
hundreds of genes may be inactivated in a single cancer by promoter methylation. In
general, methylated CpG islands are not capable of the initiation of transcription
unless the methylation signal can be overridden by alterations in factors that modulate
chromatin, such as removal of methylated cytosine binding proteins (Bakker et al.,
2002) or the deacetylase, SIRT1 (Pruitt et al., 2006).

The driving force in DNA methylation research, particularly as it relates to cancer,
has, until now, been particularly focused on CpG island promoter methylation.
However, it remains true that about 40% of human genes do not contain bona fide
CpG islands in their promoters (Takai and Jones, 2002). The reason for the focus on
islands is because of the demonstrable ability of CpG-island promoter methylation to
permanently silence genes both physiologically and pathologically in mammalian
cells. The role of methylation in non-CpG island promoters has been largely
overlooked because the mechanistic links have not been so well demonstrated. Recent
work has shown strong correlations between tissue-specific expression and
methylation of non-CpG islands, including, for example, the maspin gene (Futscher et
al., 2002). Maspin has a CpG rich promoter that does not meet established criteria for
a CpG island (Takai and Jones, 2002). There are other examples of genes, such as the
MAGE gene family, that are commonly upregulated by epigenetic therapy in which
the promoters do not satisfy recognized criteria for ‘‘islandness.”” Indeed, recent DNA
methylation profiling of human chromosomes 6, 20, and 22 has shown that 17% of
873 analyzed genes are differentially methylated and that about a third of these show
inverse correlations between methylation and transcription (Eckhardt et al., 2006).
While it has not been rigorously established that cytosine methylation in such

promoters causally blocks transcription, it is also true that this possibility has not been
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excluded. There is clearly room for more work on the CpG poor genes in which
cytosine methylation could also play a role in normal development as well as in

cancer.

The importance of DNA methylation in cancer has been established (Jones and
Baylin, 2002; Jones and Laird, 1999), and the focus in the field is changing to include
the mechanisms by which other chromatin modifications play a role in cancer
development (Figure 1). Foremost among these are the covalent modifications of
histones that can control gene activity. For example, histone deacetylation and
methylation of specific lysine residues such as lysine 9 in histone H3 or lysine 27 in
histone H3 clearly participate in the silencing of genes (Jenuwein, 2006; see also the
Review by B. Li et al., page 707 in this issue).

A key link between these covalent histone modifications and DNA methylation was
established by the pioneering experiments of Nan et al. (1998) and Jones et al. (1998)
who showed that cytosine methylation could attract methylated DNA binding proteins
and histone deacetylases to methylated CpG islands during chromatin compaction and
gene silencing. More recently, however, the link between covalent histone
modifications and nucleosomal remodeling is increasingly being explored. Zhang et
al. (1999) showed that DNA methylation binding protein (MBD2) interacts with the
nucleosomal remodeling complex (NuRD) and directs the complex to methylate
DNA.

Harikrishnan et al. (2005) showed that Brahma (Brm), which is a catalytic component
of the SWI/SNF chromatin- remodeling complex, associates with the methylated
DNA binding protein MeCP2. These experiments provide a potential link between
DNA methylation and chromatin silencing. Very recent studies have shown that
covalent modifications of histones couple these processes with chromatin remodeling
by ATP-dependent remodeling machines (Li et al., 2006; Wysocka et al., 2006). This
has led to the realization that the three processes of DNA cytosine methylation,
histone modification, and nucleosomal remodeling are intimately linked and that
alterations in these processes result in the permanent silencing of cancer-relevant

genes (Figure 1).
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The fact that nucleosomal remodeling is a key component to the epigenetic silencing
in cancer has been known for some time. It has been directly shown that mutations in
the SWI/SNF complex play causative roles in the development of certain kinds of
human cancer. Mutations in the SNF5 gene stimulate cell-cycle progression and
cooperate with p53 loss in oncogenic transformation, and they are also associated
with inactivation of the p21 and p16 pathways (Chai et al., 2005; Roberts and Orkin,

2004). Once again, these changes may in fact be quite extensive in the epigenome.

DNMTs

DNA
methylation

y

Gene silencing

HDACs
NURFs / \ HMTs

Histone
modifications

Nucleosome
remodeling

Figure 1. Gene Silencing in Normal Cells

Heritable gene silencing involves, among other processes, the interplay between DNA
methylation, histone covalent modifications, and nucleosomal remodeling. Some of
the enzymes that contribute to these modifications include DNA methyltransferase
(DNMTSs), histone deacetylases (HDACS), histone methyltransferases (HMTSs), and
complex nucleosomal remodeling factors (NURFs). The interplay between these
processes establishes a heritable repressive state at the start site of genes resulting in
gene silencing. Physiologically, silencing is critical for development and
differentiation. Pathologically, silencing leads to diseases such as cancer. Recent
evidence suggests global changes in all three processes in cancer, perhaps reflecting

their interrelationships.

Global Changes in the Cancer Epigenome
The occurrence of localized changes in chromatin structure at transcriptional start

sites has been well appreciated; however, it is now emerging that the alterations are
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genome wide. Indeed, early studies pointed to an overall decrease in the 5-
methylcytosine content of cancer genomes (Feinberg and Tycko, 2004; Riggs and
Jones, 1983). The hypermethylation consistently observed in CpG islands therefore
represents a change in 5-methylcytosine distribution across the genome rather than an
overall increase in the total amount of methylation. Interestingly, it has recently been
found that large stretches of DNA can become abnormally methylated in cancer
(Frigola et al., 2006).

The changes in CpG-island methylation in single tumors can involve a group of loci
and has been hypothesized to constitute a distinct phenotype, first proposed by Toyota
et al. (1999) as the ““‘CpG island methylator phenotype’’ or CIMP. The existence of
CIMP has been challenged (Yamashita et al., 2003), but recent studies by
Weisenberger et al. (2006) showing that a subset of CpG islands is coordinately
methylated in tumors argues, in our opinion, for the reality of such a phenotype. As
will be discussed later, it is intriguing that many of these CIMP loci are targets for
polycomb group proteins (Widschwendter et al., 2007).

Surprising results have also been obtained with respect to genome-wide changes in
histone modifications. Loss of acetylation at lysine 16 and trimethylation at lysine 20
of histone H4 is a common hallmark of human cancer (Fraga et al., 2005), and global
histone modification patterns predict the risk of prostate cancer recurrence (Seligson
et al., 2005). Other evidence for global changes being involved in carcinogenesis
come from studies in the polycomb group gene family, which is highly conserved
throughout evolution (Valk-Lingbeek et al., 2004). The polycomb repressor complex
2 (PRC2) is involved in the initiation of silencing and contains histone
methyltransferases that can methylate histone H3 lysine 9 and 27, which are marks of
silenced chromatin. The significance of these findings will be discussed later. The
polycomb gene BMI1, a component of PRC1, is overexpressed in several human
cancers so that it might be expected that aberrations in this system would give rise to

global alterations in gene silencing in cancer (Valk-Lingbeek et al., 2004).

It is well known that certain transcription factors such as c-Myc do not bind to their

recognition sequences in the methylated condition, suggesting that CpG methylation
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may affect the ability of Myc to bind to multiple sites within the genome. Given that
Myc can influence chromatin structure (Knoepfler et al., 2006), it is certainly
plausible that inappropriate methylation of its recognition sites could have profound
implications on the cancer epigenome. Perhaps more attention should be paid in the

future to methylation of such genomic regions.

Given the linkage between processes that regulate epigenetic silencing, it should not
be surprising that such changes are observed on a genome-wide scale (Figure 1).

For example, DNA methylation and histone acetylation are known to be intimately
linked, so that global hypomethylation might be expected to lead to global alterations
in the level of histone acetylation and vice versa. These rapidly emerging data
strongly indicate that the entire epigenome is fundamentally disturbed in cancer
development. While the focus on research until recently has been on silencing, more
attention is now being paid to the possibility that these genome-wide changes in the
structure of the epigenome can lead to the genomic instability, that is a hallmark of
cancer (Cadieux et al., 2006).

Aberrant Gene Silencing during Early Neoplastic Progression

A key to understanding the contributions of aberrant epigenetic gene silencing to
cancer has been to consider these in the context of their timing in cancer progression
just as has been done for genetic changes. Recent reviews (Baylin and Ohm, 2006;
Feinberg et al., 2006) have emphasized that epigenetic abnormalities might play a
seminal role in the earliest steps in cancer initiation. Abnormal gene imprinting and/or
silencing may help push the early aberrant clonal expansion of cells, providing a
“‘substrate”’ for risk of subsequent genetic and epigenetic alterations that further
foster tumor progression (Baylin and Ohm, 2006; Feinberg et al., 2006). This concept
is shown for colon cancer in Figure 2, in which risk factors for common cancers such
as aging (Sharpless and DePinho, 2005) and inflammation (Coussens and Werb,
2002; Lu et al., 2006; Nelson et al., 2004) are depicted as causing such expansions in
either normal colon epithelial stem cells or precursor cells derived from them. A
series of genes, all documented to exhibit DNA hypermethylation in preinvasive
stages of colon and other cancers, but which are rarely mutated in such cancers, are
shown and referred to as ‘‘epigenetic gatekeepers.”” In other words, the normal

epigenetic modulation of these genes allows them to prevent stem/precursor cells
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from becoming immortalized and acquiring infinite cell renewal capacity during
periods of chronic stresses and renewal pressures on cell systems. It also allows these
genes to be activated, as needed, when stem/precursor cells differentiate. The
inappropriate silencing of these genes blocks their activation and allows for abnormal
survival and clonal expansion and prevents differentiation. Depicted also are genes
such as in APC or b-catenin involved as genetic gatekeepers for colon cancer, since
mutations foster abnormal activation of the developmental Wnt pathway, which plays
a canonical role in driving colon tumorigenesis throughout the life history of these
tumors. In the paradigm shown, broaching of the epigenetic gatekeeper steps allows
cell expansion and time for the genetic gatekeeper mutations to appear and even to
undergo selection because the cells are now ‘‘addicted’” to Wnt pathway activation
(Baylin and Ohm, 2006).

How might loss of function for the epigenetic gatekeeper genes actually foster early
abnormal clonal expansion? As shown in Figure 2, Wnt pathway activation may be a
striking example where epigenetic events can play important roles. First, APC, the
classically mutated genetic gatekeeper gene in colon cancer leading to Wnt pathway
activation (Kinzler and Vogelstein, 1996), can be inactivated in sporadic tumors both
by such mutations, or, occasionally, epigenetic gene silencing (Esteller et al., 2000)
(Figure 2). Also, methylation on one allele can also serve as a ‘‘second hit”’ for gene
inactivation when paired with mutations on the opposite allele (Esteller et al., 2001).
Second, four members of a family of genes, the SFRPs, which encode proteins that
antagonize the action of the Wnt ligand at the cell membrane, can be hypermethylated
simultaneously in the majority of preinvasive lesions for colon cancer (Suzuki et al.,
2004). This silencing can foster increased Wnt pathway signaling, which may precede
and addict cells toward evolving later mutations in the downstream pathway genes,
APC or b-catenin, that further activate Wnt signaling to foster colon tumorigenesis
(Baylin and Ohm, 2006).

The tumor suppressor gene, pl6ink4A, is one of the most common, and earliest,
epigenetically mediated losses of tumor suppressor function events in human cancer.

This silencing begins in subsets of preinvasive stages of breast, colon, lung, and other
cancers (Belinsky et al., 1998; McDermott et al., 2006; Reynolds et al., 2006). Recent

studies of knockout mice have revealed that germline loss of this gene increases stem
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cell life span (Janzen et al., 2006; Krishnamurthy et al., 2006; Molofsky et al., 2006),
consistent with a proposed role in tumorigenesis for facilitating early abnormal clonal
expansion of cells at risk for cancer. Indeed, loss of this gene is permissive for
allowing such expanding cells to develop genomic instability (Foster et al., 1998;
Kiyono et al., 1998) and further epigenetic gene-silencing events (Reynolds et al.,
2006).

The GATA-4 and -5 transcription factor genes are important for both embryonic
gastrointestinal epithelial development and for maturation in adults (Gao et al.,

1998; Laverriere et al., 1994; Molkentin et al., 1997) and are epigenetically silenced
in virtually half of all of the preinvasive and invasive lesions for colon cancer
(Akiyama et al., 2003). This can then impede differentiation and foster precursor cell

expansion.

Finally, an intriguing abnormal survival circuit regulated by epigenetic gene silencing
concerns upregulation of the survival protein, SIRT1, via loss of the transcription
factor HIC1, which is DNA hypermethylated in early preinvasive lesions for colon
tumorigenesis and many other common cancers (Baylin and Ohm, 2006). HICL1, a
transcriptional repressor complexed with SIRT1, can downmodulate SIRT1 promoter
activity (Chen et al., 2005). The loss of HIC1 function potentially sets off a network

of survival events, which are detailed later below (Figure 3).
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Figure 2. An ‘‘Epigenetic Gatekeeper’’ Prevents Early Tumor Progression

Epigenetic silencing of genes pl6, SFRPs, GATA-4 and -5, and APC (red X) in
stem/precursor cells of adult cell-renewal systems may serve to abnormally lock these
cells into stem-like states that foster abnormal clonal expansion. These genes are
termed ‘‘epigenetic gatekeepers’® because their normal epigenetic pattern of
expression should allow them to be activated during stem/precursor cell
differentiation as needed to properly control adult cell renewal. The repertoire of
abnormal gene silencing then allows abnormal survival of the cells in the setting of
chronic stress, such as inflammation (see Figure 3). The resulting preinvasive stem
cells become ‘‘addicted’’ to the survival pathways involved so that selection for
mutations in genetic gatekeeper genes provide an even stronger stimulus for further
tumor progression. The bulk of the resulting tumor is composed of a subpopulation of

cancer stem cells and neoplastic progeny.
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Cancer Gene Silencing Versus Genetic Mutations

How does loss of function of cancer genes via epigenetic silencing resemble, or differ
from, genetically mediated losses of gene function? Gene mutations in a single tumor
are seldom multiple in a given cell pathway, since selection for one hit appears
sufficient to produce full pathway disruption (Hanahan and Weinberg, 2000).
Certainly, this can sometimes also be the case for gene silencing as found for classic
tumor suppressor genes. Thus, in the cyclin D-Rb pathway, silencing of p16 does not
appear in tumors in which the Rb gene is mutated, since both events powerfully
disrupt cell-cycle control (Jones and Baylin, 2002). Similarly, mutations in the VHL
gene, seminal for renal cancer pathogenesis, occur in 60% of tumors, while the gene
is DNA hypermethylated in another 20% (Jones and Baylin, 2002). Also, mutations
and epigenetic silencing of E-cadherin are mutually exclusive in the lobular and

ductal forms of breast cancer, respectively (Graff et al., 1995).

Despite the above similarities between genetic and epigenetic gene loss of function in
cancer, there is an important emerging theme that, unlike for mutations, multiple
epigenetic events may frequently affect a single-cell pathway (Figure 3). These
changes may function as networks in which multiple genes are not only affected
within a pathway but can generate alterations of other key signaling pathways and
even involve epigenetic events that cause other epigenetic events. Thus, these
epigenetic abnormalities form a more nuanced, integrated disruption of pathways than
do gene mutations to foster tumorigenesis (Figure 3). A first example is the previously
mentioned silencing of the four SFRP genes and their interactions with Wnt pathway
gene mutations. A second is the silencing of pl6ink4A, which, in addition to
disrupting the cyclin D-Rb cell-cycle control pathway, may foster recruitment of
silencing complexes through other means and cause abnormal DNA methylation to
the promoter of a HOX gene (Reynolds et al., 2006) (Figure 3). It may be that this
loss of transcriptional activation of the downstream genes renders them susceptible to
heritable silencing through adoption of the types of repressive promoter chromatin,

which will be revisited below.

Perhaps one of the most complex series of events for networks of epigenetic
abnormalities in cancers involves the loss of HIC1 function and the resultant potential

survival events (Figure 2). As recently reviewed (Baylin and Ohm, 2006), the

31



increases in SIRT1 may prolong cell survival through multiple mechanisms, including
downmodulation of p53 function through deacetylation of this target protein. In
addition, through mechanisms including deacetylation of the histone residue, H4K16,
the yeast SIRT1 ortholog, Sir2, is an important participant in gene silencing
(Guarente, 2000; Kimura et al., 2002; Suka et al., 2002). It appears that this is also the
case in humans, including those genes that are DNA hypermethylated and silenced in
cancer (Pruitt et al., 2006). Thus, increases in SIRT1 appear important for silencing of
genes including the SFRPs, where the loss can upregulate the Wnt pathway, again
facilitating cell survival in tumors such as colon (Figure 2). Finally, HIC1 itself has
been shown to normally sequester, in the nucleus, transcription factors that drive the
Whnt pathway. Thus, loss can free these for increased Wnt pathway function (Valenta
et al., 2006).

It is then apparent that from the earliest stages of neoplastic development, epigenetic
changes can, just as for gene mutations, perturb multiple key pathways in ways that
foster cancer risk and evolution. As more and more cancer genes are discovered,
which are functionally altered via epigenetic mechanisms, these pathways, and the

links between them, will undoubtedly be even further appreciated.
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Figure 3. Networks of Gene-Silencing Events

Such networks help to foster early and later steps during neoplastic progression.
Examples of early gene silencing (red X) occur at multiple points in key tumor control
pathways to allow abnormal cell survival after stress and early clonal expansion.

These epigenetic events are shown as provoking disruptive
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crosstalk between the pathways facilitating this expansion. Examples of gene-
silencing events that foster subsequent silencing events (green arrows linking SIRT1
to silencing of GATA-4 and -5 and SFRPs) are depicted.
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MEeTaQpooTIKOS 6Y0AAOHOG

Ewayoym

H mapovoa mruytokn epyoacio amoteleitol amd T LETAPPOAOT TOV OTOGTACLUATOG EVOC
GpBpov TOV AVAPEPETOL GTOVG TPOTOVLS, LE TOVG OMOIOVG 1 EMOTAUN TNG
EMLYOVIOLOUOTIKNG oyeTileTon pe v avdmtuén tov Kapkivov otov avOpwmo, kadmg
Kol omd TO YAMOoHPL oL TEPAAUPAVEL TNV KOTAYPOEN KOlL TNV amdd0cT T®V
TEYVIKOV OP®V OV EVTOMIGTNKAV GTO Kelpevo. X1o Kelpevo yivetor Adyog yio tov
POLO TV EMYEVETIKMV KOl YEVETIKOV HETAPOADY GTO OpYIKA GTASIO TNG VEOTANGIOG
Koty TG Oepamneieg mov mpoteivovtot Yo Tov leyyo tov kapkivov. Ilpdkertan ya
éva Bépao mov €xel AMOGYOANCEL TOV TPIKO KAAOO TOYKOGUI®MG €M Kol TOAAGL
rpoVia, kaBmg o kapkivog amotedel P amd TIG MO cLYVEG Kot Bavatnedpeg vOsoug
OV VTTAPYOLV, OLMG Ol EMGTAUOVES OEV £XOVV KATAPEPEL VO BPOVV OTOTEAEGLLOTIKEG
Bepamneiec yio 6AovG Tovg TOTOVG Kapkivov. Emopévac, amotehet éva kaipo {ntnua,
o0t Bempeiton pia ovyypovn acBéveln mov Tohavilel v avBpordmta ce OAN TV
VONA0 Kol TTapovotdlel tayeig pvOuovg avamtvéng, kabloTOvTog TO o KL

TPOTEPOLOTNTA Y10l TOV VYELOVOKO TOUEDL.

Emkowvovieko Ttiaiclo

To mpog pethppaocn Keipevo KATOTAGGETOL GTOV KAAOO TNG 0TPIKNG LETAPPAOTG LE
YAOGGO-TNYY TV OyYAIKY] YADCOO Kol YAOGGO-GTOXO TNV €AAnviky. Qotdco, M
WIPIKN  peThepoon oev koAOmTel poévo €vav topéa, oAAG €va gupd  @dlopa
eEedikevuévov Topémv kot KAGOwvV, Omwg mn  Poynueio, M odovTiaTpik, 1
deppatoroyio KAT. To mapdv KEIUEVO EVIAGGETOL GTNV TOUEN TNG EMTYOVIOU®UOTIKNG
OV OmOTEAEl HEPOG TNG YEVETIKNG KO UEAETA TIG EMLYEVETIKEG TPOTMOTMOLGELS TOV
YEVETIKOOD VAMKOD €VOG KLTTAPOV, YVOOTO MG emtyovidiopo. H emyovidiopatikn
amotelel €va avepyoOuevo medio £pevvog TG ATPIKNAG 7OV €0TIALEL OTIC YMUKES
tpomononoelg Tov DNA mov enmpedlovv tnv yovidlakn dpactnplotnta Kol EKQPoon

K0l GTOYEVEL OTNV aViXVEVOT OEPATEIDV Y10, TNV KOTATOAEUNON UG acBEveLlag.
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[Toumdg Tov kepévou-mnyn elval ol cuyypapeig Tov apbpov, ovopaotikd ot Peter A.
Jones Stephen kot B. Baylin, ot omoiot acyorobvtor pe v xuttopikn froloyio kot
TNV €PELVO TNG EMIYEVETIKNG KOl TNG YEVETIKNG GTA KOPKIVIKA KOTTapa. Eniong toug
OEKTEG TOL KEWWEVOL OTOTEAOVV O OVOLYVAGTES TOL APHPOL TOL KATEXOLV TNV AYYAIKN
YADGGO, OVAKOLV GTOV 1aTplkd KAAOO kot emiBouodv vo eviuepmbBovv yia Tig
eCeMEelc oTOV  TOMEDL TNG  YEVETIKNG OovoQoplkd pe Tov  Kopkivo. Omwmg
TPOAVOPEPONKE, Ol GLYYPOEEIS OTOGKOTOVV VO €PELVIICOVYV TL TLPOOOTEL TNV
avamtuén kat v e£AmAmon Tov Kapkivov otov dvOpwmo, mota eivat 1 cupPoin Twv
KLTTAP®V Kot PE TOlEG oTpatnykég Oa mepropiotel o Kapkivoc. Emopévacg, to pnvoua
nov BéLel va amevBivel 0 TOUTOG GTOV JEKTN APOPE TNV EVUEPMOT] GYETIKA LE TIC

TPOGPATES EPEVVEC GTNV AVATTLEY TOL KaPKivO.

To apBpo exdoOnke otic 23 dgfpovapiov tov 2007 ko amoterel tov TOUO 128,
Te0)0G 4 TOV NAEKTPOVIKOL TePLodkov pe titho Cell, o onoio dnpocievet pguvnTiKd
apBpa oxetikd pe tig mpdcpateg e€ediEelg otov Topéa g Proroyioc. Asv mpdketton
eMOUEVOS Y1 Eva TpOSPaTo Apbpo, woTtdco T0 (TN Tov Kapkivov gival éva BEpa
nov Ppioketar 6TV EMKoPOTNTO Kot amacyoAel Eva evpl avayveootikd kowvd. Télog,
OGOV aPOPA TO EMKOWVMOVIOKO TANIGIO TOV KEYWEVOV-GTOYOV TO TOUTOG TOPALEVEL O
010G, evd 01 08KTEG €lval TAEOV Ol AVOYVMGTES TTOL KOTEYOLV TNV EAANVIKY] YADGGO

KOl 0VIIKOLV GTOV 1A TPKO KAADO.

Eidog ko Aertovpyieg KElpévoy

Kotd ) petbdepaocn evog kelpévou givar onuovtikd va tpocsdlopiotel 1o €idog tov,
KaOdG amotelel onUAVTIKO TOPAYOVTO Yoo TNV KOTOVONGN TG OOUNG KOl TNG
Aertovpyiag Tov kewwévov. H yepuavida petappaceordyog Katharina Reiss 01ékpive
T KEWEVIKE €101 0€ TpELg Katnyopieg pe Pdon v katnyoplomoinon tov Karl Biilher
Y0l TG TPELG AELTOVPYIES TOV YAMOGIKOL oNUEioV (AmEKOVIOT), EKKANCT KOl EKPPOCT))
KOl TIG OO TACELS TNG YADMGGOS (Aoyikn, doAoyiky|, aweOntikn). Emopévmg, ta mpog
HETAQPOOT KEILEVA SLOKPIVOVTOL GE EKPPACTIKA, TPOTPENTIKA Kol TApoPoplakd. To
ev MY kelpevo omotelel €va mANPOQOPLOKO KEIPEVO, O10TL GKOTOC TOL E&ivol M
EVNUEPMOT OYETIKG e TIG Televtaieg eEEMEEIG OTOV TOUEN TNG EMLYOVIOUMUOTIKNG.

[Tpdkertar ooV yia €va KELEVO OV GTOYEVEL GTNV AVOTAPOUYWYN TOV OEOOUEVOV
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LG £PEVVOC, GTO OTTOI0 1) YAMGGH YPNGUYLOTOLEITAL OC £VOL ETKOIVOVINKO LECO Y10l VO
anevBuvlel o moumdc otovg Oékteg. TéAog, 1O €i00g TOL KeEWEVOL &€ivarl TOGO
OMUOVTIKO Y10 TNV HETOQPACTIKY dtadikacio mov, dnwe onueldvel | Reiss, amotelet
KaBoploTIKd TapAyovTa Yio Tn YEVIKY petappootiky nébodo (Reiss 1981/2000, oel.
166).

Ocov apopd T AelTovpyieg TOL KEWWEVOL M EMKPOATESTEPN €IVOL 1 OVOPOPIKN, M
omoia tawtileTon pe TV axpiPn Kot caer] ardd0cT TOL TEPIEXOUEVOD TOL KEWLEVOU.
SVYKEKPIUEVO, O TOUTOG ameLOVVETOL GTI AOYIKT TOL OEKTN KOl VITAPYEL U0 AOYIKN
ovvoeon Tov vonuatov. O Adyoc yopaktpiletot avTIKEEVIKOS Kot TO VOO GoBapo,
EVAD 1 TPAYHOTIKOTNTO TOPOLGLALETOL HE OVTIKEWEVIKO TPOTO. XTN GUYKEKPIUEVN
TEPIMTWOOT TO TPOG LETAPPOOT KEILEVO TPAYUOTEVETOL TNV AVATTLEN TOL KapKivov, M
omoio avaADETOL AETTOUEPDS HEGO OO TNV £PELVA TOV EMOTNUOVOV pe Bdon v

EMGTAUN TNG EMLYOVIOUDUOATIKNG.

H 0zopia Tov 6K000 0T pETdPpacT

H Bewpia tov oxomov opilel mwg 0 oKOTOG TOV KEWEVOL-GTOXOV Elval ALTOG TOV
kaBopilel ) petappaoctikn pébodo (Vermeer, 1978). O okomdg Aomdv vITOdEKVIEL
TOV XpOVO TPOGANYNG, TOVG TMOPOANTTES, TO HECO KOl TOV Adyo dmpiovpyiag Tov
KeWEVOL. Mo petdppaocn amotedel £va cHVOLO TANPOPOPLOV and TN YADGGA-GTHYO
KOl TOMTIGUO TTPOG TN YADGGO-TNYN KOl TOAMTIGUO, U0 OVTOAAQYT) TANPOPOPLOV.
XOoppova pe ™ Bewpio Tov oKomov, 0 POAOG TOV dNUOVPYOL TOV KEWWEVOL-TINYT, TOV
LETAPPOOTY] KOl TOL OmOdEKTN €ivol kaBoploTikdg Yoo TNV €MV  TOV
petampactik®Vv Hefddwv kot otpatnyik®my. E&lcov onpavtikd givar va mtpocdtopiotel

Y10 TO10 GKOTO KO TOL TPAKELTOL VO, Ypnoipomoin el 1o Keipevo-otdyog.

YVVETMG, COUPOVO LE OGO TPOAVAPEPONKAY, Ol TAPUANTTEG TOV KEYWEVOVL-TTNYN €lval
OGOl KATEYOLV TNV AyYAIKN YADOOoO Kot EMBLHOOV Vo eviuep®BodV Yo TO €V AOY®
Omupo, 10 péco petdooong eivar o ypamtdg AdYos, o ypOvog TPOSANYNG eivon 1
nuepounvia, kotd v omoio dnpoctevtnke t0 ApOpo (23 defpovapiov 2007) kot o

AOY0g ONpovpyiog TOV KEWEVOL 0POPE TV TANPOPAPNGT TOL OVAYVAOGTIKOD KOWVOD.
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MeTo@paoTiKi) d10dIKaGio

To mpog petdppoon Keipevo, Onwg avapiéptnke, amotelel Eva ETCTNUOVIKO KEILEVO
KOl KOTOTAGGETAL OTOV TOUEN TNG EMLYOVIOIWUOTIKNG, MOG EMCTAUNG ME MEYAAO
avtiktomo ot {on TtV ovlpdnov, KobOOG cuvdéel TG emotnueg {ONG ME TIG
Oepamneieg MOV OVATTHGGOVTOL Y10 TNV KATATOAEUNOT TV acbeveldv. H petdopaon
Aowmov  tétolov €idovg KeWEvemv  givor  onupavtikn, O0TL ot emiotiueg {oNg
OVOTTTOOOOVTOL paydaio. Kot 1 mopoymynq vEmv Opwv givol avaykoio yioo v
TPOGOPLOYT] TOV VEMV ETICTNUOVIKOV dEG0UEVOV OTNV EAANVIKY YA®ooa. 261060,
napoatnpeital  €vog  TEPOPIGUEVOS  OplOU®V  HETOPPACE®MY GTOV  TOHEN  TNG
EMYOVIOLOUOTIKNG, O0TL 1 UETAPPOCN TOV KEWEVOV OmOTEAEl [ OVOKOAN Kot
amolTnTIKn odtkacio. Avtd cupPaivel, ETEON 1 LETAPPACT] TOV WATPIKAOV KEWUEVOV
TPETEL VO AOSIOETOL e amOALT GoeNVeElD Kot akpifela, 010t elhoyedel kivouvog
dNUovpyilog TOPEPUNVELDY TOL UTOPOVV VO TPOKOAEGOVV GNUOVTIKE TpoPAnpaTa
otV emkowvovia. Eropévag, stvar onuavtikd va yivetl pe po cuykekpipévn pébodo n

peTaPpaoTikn dtodikacio, dote vo BewpnOel po LETAPPAOT] ETTUYNUEVT.

[Mapaxdto Ba yiver Adyog Yo Ta frjpato mov aKoAovOnca yio T UETAPPOCT TOV €V
AMOy® keWévov. Apyikd, TPoyHOTOTOINGo Lo TPOYUOTOAOYIKY £PEVVE. GYETIKA LE
Bépa, dote va yiver katovontd 1o TEPLEYOUEVO TOL KEWWEVOVL. Q0TOGO, £POCOV
TpoKeLTol ylo éva aTpikd dpBpo, vpyav moikidol wTpikoi 6pot, ot omoiot NTav
dvovonTotl, EMOUEVAS TO OEVTEPO P apopovGE TNV cLVTOEN EVOG YAWGGAPIOL LE
NV OMOdEATIOON TV Op®V TOL KEWEVOL, PE OTOXO TNV Amoca®nvicn tovg. H
ATOTELPO ATOOOGNS TV ATOOEATIOUEVOV OPOV TPUYUATOTOMONKE HECH TNG EPEVLVOC
o€ &VILTEG Kol MAEKTPOVIKEG Kuplwg mnyés, agol Pefoaidbnkoe mwpodta yio v
gykvpdmTo Ko Vv alomotio Tovg. Idwitepa onuavTKOG NTaV Kot 0 EAEYYOG
OYETIKO LE TOV OLYYPOPEN TOL Kelwévov, T PBipAoypagio Ko tnv Tpoérevon g

16TOGEABOG, KAODS VTOJEIKVIOVV TNV TOLOTNTO TOV TANPOPOPLADV.

‘Eneita mpoympnoa oty tekunpioon t@v anoddcemv, eviomiloviag tovg Opovg €
emMoTNUOVIKA apBpa yia va BeParwbd yio v amddoon| tove. To emduevo Prpa apopd

MV TPOTN oTOTEPO ATOI00NG TOV Op®V GTNV EAMNVIKN YADooO pe Pdon To
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YA®WGGAPL TOV cLVTAYONKE TPWTLTEPA. 2GTOCO, TPOEKLYAV OPIGUEVA TPOPALOTAL
KOTA TN HETAPPACTIKY dtadkacia, Ta omoia Ba avaivbodv mapakdtm, Kabde Kot ot
puébodor emilvong tovg. Téhog, HETA TNV €MIALON KOU TNV OTOCOPNVICT TOV
TPoPANUATOV, akolohONGE 1| TANPNG KOTAVONGN TOV KEWEVOL KOl 1| OAOKANPWOGT TNG

UETAPPACTC.

Ov kaTnyopies TOV NETAPPACTIKAOV TPOPANRATOV

Kotd ) petappaotikn d1odkacio 0 HETOPPUCTHS GUVAVTH TOAAOVS TOPAYOVTIES TOL
dvoyepaivouv to €pyo tov. Avtd opeihetal oTO YEYOVOS OTL M YADGGO €ivol
HETABOAAOLEVT KOl OEYETOL EMPPOES OO TNV KOWVOVIKT Kol TOAITIGUIKY] KATAGTOON
wog xopas. O otdyog TOv UETOEPACTH] AOWTOV £YKELTOL GTNV Onpovpyio Hiog
petdppacns 660 To duVaTHV o 1GOdVVAUNG LE TO TPMOTOTVTO Keipevo. H ioodvvapia
QLTI OVOQEPETAL OTN AELTOVPYIKY KOL VONUOTIKY 1ocodvuvapio avipeso o€ dvo
keipeva, kabmng to petdopacuo o mpémel va amomvéel v idw aicOnom pe to

TPOTOTVTO.

XOoppova pe ™ Nord to HeTa@pocTIKA TPOPANUATO EVOL OVTIKEIEVIKA KO 0POPOVV
ta. TpoPAnuata mwov mpémel va emAvBovv, dote va Bewpndel to keipevo-oToO)0G
Aertovpykd. Me avtd tov Tpomo drokpivel Ta TpoPANULOTA GE TEGCEPLS KATNYOPIES: O
TPOYUATOALOYIK(, TOMTIGHIKA, YA®WGGIKE kot 10tdlovia mpoPAnuate. H Nord Bewpel
TG 1 EMAVOTN TOV UETAPPACTIK®OV TpoPAnudteov Oa mpénel va Eexwvdel amd v
TPOYLOTOAOYIKT LOKPOOOUT] TTPOG T, KAT® GTO TOMTIGUIKO EMIMESO KOl TO KAT® GTO
yAooowkd eninedo (Nord, 2014). [Ipdkertan yro o drodikacio Tov ovopdaleton «amod
v mpog to Khte» («dadikacio top-downy). Ztig emdueveg mapoypdpovg Oa

avaAvBovv ta TpoPAnpoTa avTd e BAom To TPOG LETAPPOCT KEILEVO.

paypatoroyka Tpofpata

Q¢ mpaypatoroykd mpoPAnpoto opilovtatl To TPOPANUOTO TOV TPOKLITOVY O TIG
JPOPES TOV EMKOVMOVINKOD TAOLGIOL OVAUESH GTO KEIPEVO-TINYY Kol TO KEIEVO-
o10)0¢ (Nord, 2014: 148). Ocwpeitor | TO GNUAVTIKY KATNYOPIO TOV HETAPPACTIKMV

TPOPANUATOV KOl 0POPA T SOLKA YOPOKTNPLOTIKE EVOC KEUEVOV.
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H Aertovpyia tov xeyévou elval avapopikn kot TovtileTor oto dvo Kelpeva, apov
oxetileton pe TV evnuUéP®ON €VOC EMGTNHOVIKOL 0Euatoc, Oumg mapotnpeiton
xpovik] amokion. To keipevo-nnyn dnupoociedtnre 10 2007, evd T0 KEILEVO-0TOXOG
onpovpynbnke mpdopata, KATL TO OmOio €VOEYETOL VO ONUIOVPYNGEL GVYYLON GTO
avayvooTikd kowvd mov embBupet vo evnuepwdel oyetikd pe i mpocpateg eeritelg,
KaBmg etvar mOavOV vEEg EPEVLVEG GYETIKA UE TNV EMYOVIOIMUATIKY ETIGTNHIY GTOV
KOPKIVO Vo TPOGQEPOVV EMIMPAGOETEG TANPOPOPIEC TOL OEV TOPEYOVIOL OO TO
TPOTOTUTO KeEIPEVO. AAAMOTE YOPOKTNPIOTIKO TNG CLYYPOVNG WTPIKNG &lvar M
paydaio avamtuén g Kot 1 e1l6aymyn VEoV dedouévev og kabnuepviy Baor. [Tapoia
aTd, 610 KEILEVO-0TOYO0G draTnpnOnKav ot ¥pdvol GHVIAENS TOV KEWWEVOL-TINYY], DOTE

va VTaPYEL AUECOTNTA.

H yAdooa tov keypévov agetnpiog elvor emionun kot avagopikn, kobmg mpdkettol
vy ypamtd Adyo Kot T0 VYOG OMPOCHOTO Kol AVTIKEWUEVIKO, To. omoia dtatnpnonkay
070 Keipevo-otdyoc. Me Alya Adyua, dev mapoatnpndnkov amokAoelg 6Gov apopd
popeoloyio kot T dour, KaB®OG ATOTEAOLY YOPAKTNPICTIKA TOL OV YPEILGTNKE VOl

TPOCUPLOGTOVV Y10 VO OVTOTOKPLOOVV GTIC OVAYKES TOV KEWEVOU.

HoMmTiopika Tpofiqpata

Ta moMticpikd mTpofANUATO APOPOVV TIS SLOPOPES OVAUESH OTIC VOPUES KOl TIG
ocupupdaoetlg petald tov dvo eumiekdpevov mtoMticpomv (Nord, 2014: 149). Avt n
Katnyopia tepthapPaverl EEI0IKELIEVOVS OPOVG, TV OTOIMV 1) add0oN ExEl TaryLmOel
oTNV aYYAIKT] YADOGGO, OUMG otV EAANVIKY €lval SLOVONTEG Kol YL 0VTO TOV AOYO
amouteiTon 1 TEPLYPAPIKN OmdOOGT TOLG N 1| AVAALGY TOL TEPLEXOUEVOL TOVG. Ot
TEPLYPUPIKEG ATOJOGELS TG OpoAOYing eival GLYVEG OTA 1TPIKA Kelpeva, d1OTL glvarn
eupavég Tog owbétovv Evav emeEnynuotikd yapoktipa. [Hoapadeiypotog xdptv, ot
opot «pS53», «ortholog» kot «Brahmay (Brm) eivat xotavontoi ond 10 e€e1dtkevpévo
KOWO OV KATEXEL TNV AYYAIKT], ®GTOCO GTNV EAANVIKT YA®GGA o jTov TPoTHoTEP
n emefnynon Touvg Yy TV TANPN omddoon Tov vonuatdg tovs. Emopéveg,
amodotnKav wg «tpoTEIVN pS3», «opBOA0YO YOVidio» kat «yovidio Brmy avtictoyya.

Oocov agopd tov Opo «islandnessy, mpotynke n avdivon tov O6pov, NTOL M

amdd00N TOV TMEPLPPACTIKA, DCTE VO YIVEL KOTAVONT 1 onpocio Tov, kabmg NTav
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advvatov va, amodobel o 6pog povorektikd. O dpog «islandness» avoeépeTon GTov
O0po «promoters» («LTOKIVNTESH) Kol VTOOEIKVVEL Ud, 1O1OTNTA TOVS, Y1 0VTO TOV AOYO

amodonKe ¢ «1010tNTES TV VNGidwv CpGy.

2V Koatnyopio TOV TOATIGUIKOV TPOPANUAT®V EVIAGGETAL KOl 1] OLLYNG OlTpMnoN
TOV TPMOTOTLTTOV OPOV UE TNV OLEVKPIVNGN TOL KATA TNV ATOO0CT, MOTE VO VITAPYEL
BePardmra g mpog TV amodeKTOTNTO TOV OmoTeEAéSHTOC. o Tapddetypo oTovg
o6povg «polycomb repressor complex 2 (PRC2)» kot «nucleosomal remodeling
complex (NuRD)» amodd6Onke o 6pog «complex» (cOUmAeyHa) Kot dotnpnonkay to
akpovopa «PRC2» kot «NuRD» avtictoyya, kobng evtomilovion pe ovt v
anddoon oto EAMMNVIKE emotnuovikd dpBpa. H amddoon tovg Aowmdv €ywve pe
YVOUOVO To. WTplkd Gpbpa, ota omoia omodidoviar wg «oOumioko PRC2» kot

«ovumioko NuRD».

INwoowd tpofifqporta

Ta yAowoowd mpofAnpato TpokdTTovy and Tig d1apopic oto Aegiddylo, ) chvtadn
KOl TO VIEPTENOLOKE oTotyeia avapesa og ovo yAwosoeg (Nord, 2014: 150). Ocov
apopd TOV TOUEN TNG WTPIKNG OporOYiaG, Eival YVOOTO TG 1) TAELOVOTNTA TOV Op®V
TPOEPYETAL OO TNV EAMNVIKY] YADGGA. AvTOd @oivetor vo dnpovpyel v evivmmon
TOC 1 UETOPPUCTIKY OldKacio €ival amAovoTep, OUMG GTNV TPOYLATIKOTNTO
onuovpyel dvokoAieg oty gdpeon g opdng amdooong Tv Opwv. O KAAdOS TG
WITPIKNG UETAQPOUONS OAA®oTE yopaktnpiletor omd SApopeg 1010UTEPOTNTES, OL

omoieg Oa mapatefOVV aVOAVTIKG TOPAKATE®.

Apyikd, ot mEPOCOTEPOL 1ATPIKOL OpPOl KOTATAGGOVTOL GTNV KATNyopio T®V
CUUTAOK®MV TOAVAEKTIKOV Opwv devtepoyevons dnpovpyiog (Kepapidag, 2015: 101).
Mo v anddoom TV TOAVAEKTIKOV Op®V ¥pnoiomomfniay dvo unyovicpol, frot 1
YPNON TNG YEVIKNG TTMOONG KoL 1] EMEENYNUOTIKY 0TAS00T) TOV aAvVAAVONKE TAPOUTAVE®.
O mo cvYVOC UNYOVIGHOS TOV YPTCILOTOMONKE KOTA TN HETOPPUCTIKY] dlodKacio
aeopd T ypnom g YeVIKNG mtwong. Evylwtta mopadelypata amoteAovv ot 6pot

«host organ», «cytosine methylation» kot «lung cancer», ot onoiot amwoddOnkav ®g
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«Opyavo tov Eevioty, «UeBVAM®ON NG KVTOGIVIG» KOl «KOPKIVOG TOV TVEDLOVOY

avticTtoya.

Mo dAAN TEPITTOON TOV AVIKEL GTNV KOTNYOPIt TOV YAOCGGIKOV TPOPANUATOV glval
N amddoon TV apkKTikOAeEwv. Opot dnwg «histone methyltransferases (HMTs)» xon
«histone deacetylases (HDACs)», petoppdotnkav omnv eAANVIK), OH®OG To
apKTIKOAEEQ TOVG datnpnOnkay oe Tapévieon yo TV TANPN Katavonon Tovg amod

TOV OVOYVOOT.

‘Eva. dAho onuavtikd yYAOooKd mpoPANUa KOTA TNV amOd00 TOV WTPIKAOV Op®V
amotedel N TOALQ®ViD, 1 TOAAATAOTNTO TNG amOS0oNE TV dpOV OV dNUIOVPYEL
oLYYVOT| GTOV LETOPPAUCTN KOTA TN LETAPPACTIKY dtadikacia. Evloya mapadsiypota
amotehobV ot Opot «silencing» kot «genome», ot omoiot £yovv amodobel ¢
«Gtyoon/amocidnnon Kot «yovISTOUo/YEVOLO» OvVTIGTOLY 0. ZNUAVTIKO NToV AOTOV
va ggetaotel moleg omd TG dVO AMOJOCELS OVTOMTOKPIVETOL GTO OTUACLOAOYIKO
nepleyopevo Tov 0pov. H emihvon tov mpoPAnuatog epappdstnke pe v avalnnon
TOAGOV alOMGTOV TNY®OV, KAOOG 1 cuyvoTnTa, pe TNV omoia epeaviletat Evag 0pog
VIOOEIKVOEL TNV 0pBN OmAS00T TOVL. ZVVETMG, 1 AmOO0CT «YEVOUO» AmOTEAEL pia
ECQUALEVT] QOVNTIKY] LETAYPOPN TOV OV oxetileton pe v etvporoyion g AEENG
(Kepapivag, 2015: 95), cvvenmg mpotyundnke n amddoon «yovidiopoy. Avapopikd
pe tov Opo «silencing», 0o 6pog «oilyoon» amotehel po ekKAOIKELUEV ATOOOGT OV
O0EV CUUQMOVEL LE TOV EMOTNUOVIKO YOPAKTAPO TOL KEWWEVOL, YL OVTO TOV AOYO

TPOTIUNONKE 1 0TOGOOGN «ATOGLUDTNCY.

A&leg avaopdgs gival Kot Ol TEPMTMOGES 0POAOYIKNG afefatdTnTOg, KATA TIG OTOiEg
o oAy amddoor tov Opov Ogv emapkel. Avtd cvuPaivel, d1OTL TOAAOL dpot dev
Eyovv petappaoctel AOy® ¢ Toyelog €EEMENC TOv KAAdOL Kol OmOTEAOVV
veohoytopovg. O pnyoviopdc amddoong mov vwobetnke oe avt) TV TEPIMTOON
etvar 1 TtapdBeon tov EEvov dpov oe TapévOea, [Le GKOTO VAL LITAPYEL OMOSEKTOTNTA
o¢ mpog 1o amotédecpa. [opadeiypatog yaptv o O6pog «epigenetic gatekeepers»
evromiletan o€ TOALA EEVOYAMOGO ETICTNUOVIKA KEILEVA, WGTOGO 1| AVEVPEST| TOV GE
eMnvika kelpeva 0ev xatéotn ovvorr. O 0pog «gatekeeper» pepovouévo €xet
amodobel g «yovidla-epovpoi» Kot 0 0pog «epigenetic» Wg «EMYEVETIKOG), GUVETMG

BewpnOnie opBN 1 amdS06M TOL GLVOAKOD OPOV MG KEMYEVETIKA YOVIOLO-OPOLPOI».
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Téhog, Aatwvoyeveic 0pot, 0mmg ot «bona fide» kot 1o mPOOYua «non-» (Non-CpG
islands) SwatnpnOnkav avTOVCIOl GTO PETAPPOCHO, KOODE Ol OVOYVMOOTES TNG
YADOGCAG-0TOYOV B0 UTOPEGOLV VO KATOAVONGOLV TNV onuocio tovg. Tnv Adon oe

vt T0 TPOPANUO —OTTMOG Elval EPEAVES- ATOTEAEL O S1YAMOGIKOS SOVEIGLOG.

Iowalovto mwpofinqpata

Ta 1016lovta TpofAnuata etvar dppnKTo GLVOESEUEVA LE VO GUYKEKPIUEVO KEILEVO-
YN Kot Ot AVGELS TOVG OEV UMOPOVV VO YEVIKELTOVV, EMOUEVOS O UETOPPUCTNG
npénel va opacel dnuovpyikd (Nord, 2014: 152). A@opodv €1d1kd UETAPPACTIKA
TPOPANLOTA TOV TPOKVTTOLV GO TN UETAPPACT] CUYKEKPIUEVOV KEWWEVMV, TOL OTTOLN
€YOUV CUYKEKPIUEVO YOPOKTINPIOTIKE oL 0V oyetilovion pe GAAD KEWEVIKA £idm

(Seel, 2020: 6).

270, 10TPIKE KEILEVO GUVAVTATOL GLYVA O LOKPOTEPTI000C AGYOG, O 0TT010G EVOEYETAL VAL
ONpovpyNcel SLGKOALEG otV Katovonon Tov keywévov. Eva mapddstypo amotelel 1
npotoon «The GATA-4 and -5 transcription factor genes... invasive lesions for colon
cancer». Xtnv TWEPIMTOON 0LTH, ONMOC KOl OTIS TNEPIOCOTEPES TMEPUTTMOCELS
paxpomepiodov Adyov mOL LANPYOV O©TO Keipevo, Bswpnbnke mpotindTEPO VO
amAomomBovv Kat vo dnpovpynBodv Bpoyvmepiodol Adyol, OGTE VAL TPOCUPLOGTOVV
TEPLOGOTEPO GTAU EAANVIKE dedopéva. Avtd cuvEPT, dtOTL 0 GYKOG TV TANPOPOPLDY
NTav 1060 HEYAAOG TTOV 0 EAANVAG avoyvdoTnS Oa SUGKOAEVOTOV VO TIG EMEEEPYOOTEL.
Ocov apopd T0 OLVTOKTIKO &€mimedo, €vo onuaviikd mPOPANUo £yKeltor otnv
amod0om £vOg ToAvAekTikov Opov. [apadeiyparog yépv, n amddoon tov dpov «DNA
cytosine methylation patterns» ftav d0UGKOAN, O10TL deV MTAV EVIAKPITO TOLOG OPOG
npocolopilel mowov. O 6pog «methylation» Ba propovoe va Tpocsdlopilel Kot Tov Gpo
«DNA» wor tov 6po «cytosine». H emihvon 1ov mpoPAnuatog €ytve pécm g
KOTAvONoNG TOL KEWEVOL O ONUOCOAOYIKO €mimedo Kot Tng oviAlvong Tov
CLGTATIKOV UEPADV TOL TOAVAEKTIKOD OPOL, TOV ONOIOL 1 OmAdooT £Ylve HE TNV

TPOoGONKN EMOETIKOV TPOGOHIOPIGUOV.
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Enihoyog

H petdopaon dev givar amhd 1 arddoon 0pmv and pio YAOCoA-TN Y 6€ [id YADooo-
010x0. Amotelel OlovAo EmMKOWVOVIOG TOL YEPUPMOVEL TO YACUO OVAUESO GTOVG
TOMTICHOVG Kol GLUBAAAEL OTNV OAANAOKOTOVONOT KOl TNV EPNVIKY GLUVOTTOPEN
touc. Kdbe petappoaon €xer €vo GLYKEKPIUEVO GTOXO KOL O UETOPPACTNG TOV
Aertovpyel ®¢ YA®WGGIKOG otapesolafntig eltval vaebBuvog va eépetl ToV 6TOYXO AVTO
e1g mépag. O podhog Tov PETAPPACTN AOOV TPOHTOBETEL TNV OMOK®IKOTOINGT TOV
TPOTOTLTTOL KEWEVOL Kol TNV Katavonon Tov VONuatog tov €1 Padog, dote va
KOADYEL TIC UETOPPOUCTIKEG TOL ovaykes. M petdopoon Oupmg Bewpeiton
AELTOVPYIKY] OTAV Ol OEKTEG TOV TOAITIGHOV-GTOYOVL KATOVOOUV TIG TANPOPOPieg Kot
UmopovV va Tig a&lomomacovy Kot avtd €£0PTATAL A TNV IKOVOTNTO TOV LETAPPACTN

VO KOTOOTNOEL £Vl KEIPEVO-TNYN 10000VOUO [E Eva KEIPEVO-GTHYO.

Yvvoyiloviog, otV &V AOY® UETOQPACTIKY OOIKAGIO TPOEKLYAV  S1dpopot
TPoPANUaTIouOl, 01 0Toiol pUopel va SuoyEpavay TO HETAPPACTIKO £PY0, OUMS HECH
and avtovg épabo voa emeEepydlopor omMOTA v KEIHEVO KOl VO EMAEY® TIC
KATAAANAES PETOQPACTIKEG oTpatNykéS. TéAog, eltvar onuavtikd va avoaeepBel mwg
T TOPEAANAQ Kelpeva amotélecay onpelo avaeopds, Kadds cuvieTovy Eva TPOTLTTO

Yo TV SLOUOPP®GCT TOV TEMKOV OTOTEAEGLOTOG TNG LETAPPOCTC.
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