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EKIald EUTIKA AVTIKELpEVAL

Baoikeg apyec Emryevetikng
MnxovIopOL ETTLYEVETIKWY TPOTIOTTOL|CEWV
O pOAOC TWV EMIYEVETIKWY HNYAVICHWY OTNV KAPKIVOYEVEDT)

KAvikr) onpocio emyeveTIKWY TPOTOTOLCEWY GTOUG
Siadopoug Tumoug Oykwv (Plodeikteg, avramokpion ot
Oeparein)

MeBodoAoyia aviyveuong emyeVETIKWY XAAXYWV

2toyevpevn emtyevetikn) Oepameiot oTOV KpKivo



Emwyevetikn
) —

= H £&€A1&n tn¢ yeverikq, ‘emt’ tng ‘yevetikg’

e KAadog tn¢ BioAoyiog mov peAetd ti¢ aUTIWIELS
aAAnAemidpaceic petoéV TV yovidiwy Kol TWV TPOIiOVTwY
TOUG, YUPI) OTIC OTTOIES SIKUOPPWVETUL O POUIVOTUTOC

¢ 1942 Conrad H. Waddington: n diepopdpwon tov
dorvotumov, SNAxdT ot HOPPOAOYIKEC KAL AEITOVPYIKEC
LOLOTNTEC EVOC 0PYUVIOMOV, KaBopi{ovTal oo TO YOVIS WM
UTTO TNV €M PELX TOV TTEPLPAALOVTOC
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Conrad Waddington'’s epigenetic landscape

Epithelial Cell Red Blood Cell  Neuron  Osteoclast

MovTtédo KuTTapLKNG SlapopoTToinong
Kal AsiIToupyiag

Waddington, C. H. The strategy of the genes. A discussion of some aspects of theoretical
biology. London: George Allen & Unwin, Ltd,, (1957).
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Emwyevetikn: n yepupa HLETOEU YOVOTUTIOU Kol pOlVOTUOU
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e To £1mIyoVISiWHO AVTITTIPOOWTTEUEI T SUVATOTNTA TOU OPYaVIOMOU va £EeAIXOei o€
ouvapTnon ME To TTEPIBAAAOV




Emiyovidiwpa (Epigenome)

T0 6UV0A0 TWV YNHIKWV TPOTOTOL) Gewmuﬁm poctivn
= ntov aAA&lovv t1 yovidiokr] £ékdpoon xwpic va ennpedlovy tnv
TPWTOYeVH cAAniovyia tov DNA

-Tpomomo1oUV To TEAIKO TPOIOV TOU YOVIOIOU, TAPEYOVTHC EVA £(00C
HETQYPUPIKOU £A€yyou (yovidiaki) puOuion)

-IIpoxaAoUV pia NUIHOVIT QTOGIWTTI)CT) TEPLOY WV TOU
yovidiouarog 1 o?\o’:dquv XPWUOCWUATWY,
KANPOJOTOUVTUI GTOV QITOYOVO TTOVU TPOKUMTEL OLTTO
Kuttopiki) Staipeon

-AmapaitnTeg yio T QUOIOAOYIKI) AEITOUPYiK TOU OPYyaVIGHOU (xut.
S1apopomoinon, paIvoTumikés SIHPOPES, AMOCIDOTICT) XPWHOCHOUATOC X, YOVISIOUATIKG EVTURWHU)

1510 DNA aAAd d10@opeTIKO ETTIYOVISIWHA
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MovoluywTtikda d1dupa BaciAiooeg-epydreg pEAIOOEG KapTrieg - reTaAoudeg




NepBaAAoviikol MAPAYOVIECG LE ETLYEVETIKN Spaon

Diurnal/Seasonal ;

state correlations
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e H 1miyeveTiKr), OTTWG Kal N YEVETIKN TTAnpo@opia, kAnpovopcital, aAAd o€ avTiBeon
ME TN YEVETIKA TTANpO@oOpIa, cival avaoTpEWipn (ETTIYEVETIKA TTAAOTIKOTNTA) KAl
duvaral va ernpeaoTei amrd didgopa gpeBiopara 1 TTEPIBAAAOVTIKOUG TTAPAYOVTES




KevTpiké d6yua

H pon} TNG YEVETIKIAG TTANPOPOPIAs ATTO TO VOUKAEIKO,0SEQ omv/upwn'i'vn
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Emyevetikol pnxaviouot

DNA methvlatlon

MNXOVLOMOL EAEYXOU TV YOS Lm s
-

\ HAT ﬁ @ HEMT
et HDAC

L0

MeOuAiwon Tou DNA

- YreppueOuAiwon
(TTPo0BARKN
MEOUAOHADdWV)

- YITopegOuAiwon
(aaipeon
HEOUAONAO WYV aTTO

PUO. NEBUA-KUTOOIVEG
oto DNA)

TPOTTOTTOINCEIG
ICTOVWV

MeOuAiwon,

OKETUAIwON,

QWO @OopPUAiwon,
oufIkouTivwon,
YAukoluAiwon,
ADP-pioocuAiwon,

OOUMOUIAIiwoN
apivoéswy (K, S, T, R)

Mn-kwdikotroinuéva
RNA (Non-coding
RNA (ncRNAs)
PuOuion tng peta-
HETAYPOAPIKNG
YOVIOIOKAG EKPPAONG
MEOW TTPOCOEONG



l. MeBuAiwon Tou-DNA

/ J4 y it ks Unmethylated DNA
e [IpocOnkn ueOuiopucdwyv oe ey

Paoeic kutoaivng C

® Ilpotumo peBuiiwongc:
dev givau Tuyaio,
aAAnAovyiec 5-CG-3’
(Vnoidia CpG?

Yuvi|0w¢ 6TOUG VTOKIVI|TEC
YOVIOLwV

e DNA peOuiotpavodepaoeg
(DNMTs)

Dnmti: pe@uAiwon dioxrnpnong
Dnmt3a: de novo pe@uiiwon
Dnmt3b: de novo pe@uiiwon




Tumot MeBuAiwonc Tou=DNA——

ﬁs@vkiwcn dloctr)pnong: mpocsOnkn pebuAopddwv
oto veoouvtednuévo kAwvo DNA amevavtt amod
TIC peBuAlwpeveg B€oelg 0TO PUNTPIKO KAWVO

- SlodpopatifeTal HETA TNV ovTLypod1| TOv
YOVIOLWHUATOG

- T 2 Quyatpikd popixe DNA diarnpouv to
npotumo peBuAiwon Tou PNTpikov popiov

- KANPOVOUEITAL PETA T KUTTAPIKT)
dlaipeon

De novo pefuAiwon: mpoadnkn peBulopddwy ot
eVTEAWC veeg O€oelC

- XAAayr) potumou peBuAiwonc oe pix
EVTOTIIOLEVT] TIEPLOYT] TOU YOVIOLWLATOC




Baowkn doun evoc yovidiou
‘Duolooykd’ mpotumna peBuAiwonc

Transcription start site (TSS)

Gene transcription

T

D’ Promoter EXON1 I

CpG island

* [evikG un pEBUAIWUEVO O€

(PUOIOAOYIKA KUTTOPO

* H atmoé-pueBuliwon guvoei N
YOVIOIOKN JETAYPAPN

* MeBuAiwon Twv vnoidiwv CpG:

-yoVvIOIOKN ATTOTUTTWON
-QTTEVEPYOTTOINON TOU XPpWH. X

EXON2 EXON3

CpG non-island

 [evikG peBuhiwpéva o€
(PUOIOAOYIKA KUTTOPO

* H neBuAiwon guvoei Tn yovidlakn
HETOYPOPN

* H peBuliwon atroTpETTel Tov
avaouvOuagouo Kal TNV
EVEPYOTTOINON METABETWYV
OTOIXEIWV




Cytosine (C)




ll. XNULKEC TPOTMOMOLCELC LOTOVWYV —
— o diodAd

PEnidpacon otn CUOKEUOGLOL TNC XPWHMOTLVNG

e H ypwporivn givo €vo cUUmAOKO
KO Y PWHOCWHIKWV
MTPWTEIVWV TOU EVKXPUWTIKOU
TUPTIVA
e H doun ¢ xpwpotivig eivou
LEPOPYIKT): KUPKIVETOUL OLTTO T 2
YOUUNAOTEPA EMITESNH CUCKEVAGIOC
tov DNA - to voukAg£oowpdTio Kot
TNV VA (PWHATIVIIC TWV 30 NIM-£WC
To PETAPAOIKA Y pWHOTWHOTH (TN
L0 cupmayt) popdr) XpwHATIVIIG)



http://www.ladydavis.ca/uploads/Stephane%20Richard%20website/key_activities_fig1.jpg
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PUBLoON VOUKAEOCW HLOTTLO U-LEGHERATEKOV
TPOTIOTIOLNCEWV TWV LOGTOVWV

Ta voukAgoowpudrio
ATOTEAOUVTOUL TTO 8 TTUPT|VIKEC
iotoveg (2x H2A, H2B, H3, Hy)
Hi: cuvdetixn 1otovn, fondd

TNV MEPLEALEN

To N-akpa twv tetovwv H3
ko H4 ocutoteAovv otd)o
HETO-pETOYPADIKWV
tpomomnoujocewy (Ak., Me0.,
Pwod.) ennpedlovtag Tnv
aAANAemidpoon

DNA xou iotovwyv




XNHIKEC TPOTOTOLNOELC TWVALGTOVWY |-

AgiToupyieg

" MeTaypaepnr, ETid16p0won,
acetylation AvTtiypaon, Zuptrukvwon DNA

SN Tl eTavpaen, Emdiopbwon
ubiquination EUEGRLTN NS IR

(ouBikourivwon)

@ sumoylation  [ETEPRWRIRNY

(ocoupoiAiwaon)

@ phosphorylation Metaypagr, Emdioplwon,

2upTtTUKVWOon DNA

e ATTaPaITNTEG VIO TN PUCIOAOYIKIK AEITOUPYIA TOU
opYyaVvIOHOU (KUT. dla@opoTtroinon, avatrTuén euppuou,
ATTEVEPYOTTOINOTN TOU X XPWHOOWHATOG, YOVIOIOKI)
ATTOTUTTWOT))

e AUVNTIKA AVACTPEWIMEG
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Juvtopoypadia TpOMOMOLCEWYV LOTOVWYV

The Brno nomenclature
for histone modifications

H3 I(Z?mE3

—-n—-—._

histone modification

amino acid / site




O£0ELC XNLKNAC TPOTTOMOLNGCNC TWV LOTOVWY — yovidLlakn puouion

Phospreyter E‘iTﬁﬁGGE?MTmAFATEEV \KPH= istunu H3
methylaticn $i F KPLEIFGAFHiLRDHIQEITKFAIRHLAR histone H4

{argining)
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T
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;G RG EEGIERAHAKERSSME LQFPVGRVHRLLRKGNY -| histone H2A

119

-

ubiauitylation PEFHLPAPHPEEJHI[AWQHHDEKKRHRSHHES‘I"EH‘ histone H2B 125 aa

120

methylation
{repressive lysing)

: KETVALwOT), peBuriwon apyivivig,
uepikr) pebuiiwon Avowvwv (H3K4 and H3K36)

: HeOuAiwon Avotvawv

(H3K9, H3K27, H4K20)



‘Eviupol XNULKAG TPOmOnoinonc LoTovwy

(zering, threonineg) (arginine)

kinase PEMT

/f"'_‘_""\-\h /—\ /
(citrulling) hydroxylase

Ev{vua tpomomoinong totovwv Avraywviotika eviuua
TPOMTOMOINCI¢ ICTOVWV

HAT: Histone acetyltransferase HDAC: histone deacetylase
Protein kinases PPTase: protein phosphatases
PRMT: protein arginine Deiminase

methyltransferase

HKMT: histone lysine Amine oxidase hydroxylase

methyltransferase




‘Eviupa Tpomomoinong Lotovwy

Enzymes that

Modify Histones Residues Modified

scetyltransferase

PCAF/GCNS H3 (K9, K14, K18)
IP&60 Ha (K5, K8, K12, K16)
H3 K14

HAT1 Ha (K5, K12)

BP/P300 H3 (K14, K18) H4 (K5, K8)
HZ2A (K5) H2B (K12, K15)

HBO1 (ScESA1, SpMST1) Ha (K5, K8, K12)

Enzymes that

Modify Histones
I..ysine Dén_'lethylases
LsD1/BHC110 H3K4
JHDM1a H3K36
JHDM1b H3K36

JHDM2a : H3K9

Residues Maodified

JHDMZ2b H3K9
ScSAS3 H3 (K14, K23)
ScSASZ2 (SpMST2) Ha K16 JMJID2A/JHDM3BA H3K9, H3K36
ScRTT109 H3 K56 JMJID2B H3K9
Deacetylases JMJID2C/GASCH H3K9, H3K36
SirT2 (Scsir2) H4a K16 JMJD2D H3K9
Lysine
Methyltransferase Arginine Methlytransferases ) -
SUV39H1 H3K9 CARMA1 H3 (R2, R17, R26)

Goa 2 H3K9
ESET/SETDB1 H3K9
EuHMTase/GLP H3K9
CEts H3K9
SpCira H3K9
MLL1 H3K4a

MLL2 H3K4
MLL3 H3K4
MLLAa H3K4
MLLS H3K4
SET1A H3K4a4
SET1B H3K4
ASH1 H3K4a
Sc/Sp SET1 H3Ka
SET2 (Sc/Sp SET2) H3K36
NSD1 H3K36
sSYmMD2 H3K36
DOT1 H3K79
Sc/Sp DOT1 H3K79
Pr-SET 7/8 H4K20
sSuv4a 20H1 H4aKkK20
sSuUuvazoHz2 Ha4aKrK20

SpSet 9 H4K20
EZHZ2
RIZ1

PRMTS H3R8, H4R3

Sffjﬂg/'!‘ hrionine Kina§és _ _himjnw .
ﬁaspinﬁmmmummmmnm H3T3

MSKI1 H3S28

MSK2 H3S28

CKIl H4S1

Mst1 H2BS14
Ubiquitilases ‘
Bmi/Ring1A H2AK119
RNF20/RNF40 H2BK120
Proline Isomerases o

ScFPR4 H3P30, H3P38




MpocEAKuon npwre'iv&ﬁpr’mﬁﬁae

TPOTIOTIOLNUEVEC LOTOVEC

h B &or
D CHD] HP1 14:3:3 Rsc4 PC. EAR3

A

o Me)
H3— K—K—S—K—K— K‘::—__-—_.i
4 9 10 14 27 36

[Meployég mpdcdeon otig OpLopeveg TPWTEIVEG TPOOOEVOUV EVKOAOTEPX
Me-K, oTIg Tpomomonpeveg totoves H3 xou Hyg
Ac-K,

R-K




AlocuvoptAta (crosstalk) petoéu
/» TPOTOTOL|CEWV LOTOVWV

7N

Mo Mo B (‘o Mo () My (s0 @@
H3‘K— KSR P I

L( -

Ub)

—H2 B:1 K_ :::t:l'-'-'-"""'

[d10TtNnTEC/AAANAeTIdpAOELG:

-VTOYWVIGTIKT) CYEC0T] METAEU TPOTOMONCEWYV O€ 1310 KaTdAotro, y. Me0./Ax.
Avoivig

-TUPEUTOSIGT) TPOGIEGT|C MLUG TTPWTEIVING AUTO YELTOVIKT] TPOTOTOINGT)

-0CAA YN TNG KATHAUTIKTG IKOVOTN TS EVOC €VIUHOU A0Yw Tpomomoinong tne 0¢ong
MPOGIECTC TOVU UTOGTPWHATOC

-QUTOTEAEGPUATIKOTEPT) VXY VW PLOT) UTTOCTPWHATOC OTO KATOLK €VIUUX KOTOTTLV

216 XNWIKT|G TPOTOTOINGTG



2UVOUOOLOC TPOTTIOTTIOLNCEWVY OTN XPpWHOTivn puOuileL T

ueraypadf yovidiov——————

HZ2BK123ub H3IK9ac — H3IKS9Mme

» M

H3 K S9rme HP1 —

»

H4K18ac — HA4K20me

P11 +— H3KS9ac ‘.H.
""5._ DA meathylation

H3kFK4me — H3IKSmes

H4 K 1Gac — H4K200me
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NN OBC
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=
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)

active repressed




AAAnAentidbpaocn LeOUANIweRG.TOU
DNA LLE TPOTTOTIOLOELG LOTOVWV

MeOQuiiwon tov CpG mopeyet

OT| LOTO VY VW PLGT|C YL TV
TPWTEIVI) TTOVU MPOGOEVETNL OF
pneburo-CpG (MeCP) evocg
OUMTTAOKOU OITUKETUANXOTC LGTOVWYV
(HDAC)

MNpooxdéMnon HDAC
“ péow MeCP

jmmf Zvokevaopin xpopariv

H HDAC tpomomotei tn
Xpwpotiv) otn reproyn tov CpG
KoL cOPOVOTTOLEL TO YOVIOLO




AEITOVPYIKEC ETUTTWOELS TWV XIHLKWV TPOTOTOLCEWV

S AKeTUALWOT: TPOsONKN AKETUAOUAS WV 0€ KATAAOITX AUGiviC OTX
N-TeAIKd dKpa —OXNUATIOHOG OUPWYV TTOU TPOEEEYOUV AITO TO TTUPTIVA TOU
VOUKAE0GWUATIOU

AC Ac

|
H2A SGCRGKQGGKARAKAKTRSSR
10 20

R H axeTuldinon peiwver tn ocuyyevela twv
B PEPSKSAPAPKKGSKKAITKA w'tovwvyw(to DNA -emtpemer n

“Yodopt) Sour (evypwpotivy)

A Ac T A
| |
H3 ARTKQTARKSTGGKAPRKQLATKARKSAP
10 20

oa o Mewwvel tnv cAAnienidpoon HeTady
"o SOROKOGKGLORAGRKRNRS O POPETIKWV VOUKAEOCWHATIWY —
Moo THOEPOTTOLEL TV VX TTG Y PWHOTIVIG
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(b) Acetylation of histone tails promotes loose

Al
< chromatin structure that permits transcription



http://en.wikipedia.org/wiki/File:Acetyl_group.svg

O1 owkoyeveleg TV akeETVAOTPOVOQEPUSQY (HAT)

=+ O1 O(KSTU)\OTPO(VGCI)EPO(GSC TWV LOTOVWV (HAT histone acetyltransferases)
ovoKoAUPONKaY TO 1996 : TPOTHETOUV AKETUAOUAOEC OTIC LOTOVEC

o GNAT 11 GCN5-oxeti{opeveg O(Kew?\orpowoc])epaceq (Gens-ralated N-
acetyltransferase>s() ovotatikd twv SAGA, ADA, TFTC

- gvepyomoinon petoypadrc yovidiwy

-em810pBwon oplopgvwy Tunwy PAaBwy tou DNA, my. fAdfeg movu
ETTAYOVTOL OO UTTEPLWOT) AKTIVOPOAL

* CBP/p300 (CREB-binding protein) puBuilouv:
- KUTTOPIKT| Slopopomoinon
- KUTTAPLKO TTOAAATTAXCLAGHO
- OLTTOTITWOT)

e MYST (MOZ/YBF2/SAS2/TIP60)

- gvepyomoinon petoypodng
- emd10pOwomn DNA
- EVEPYOTIOINOT KUTTAPIKOU KUKAOU



H anokeTtuAlwon TwV LOTOVWYV KATACTEAAEL

EVEPYEC TIEPLOXEC TOU YOVISHWHOTOC

e H axetuAiwon etvau avtiotpemntr)

o Apaon amaketvAaowv twv lotovwv (HDAC, histone deacetylases):
apaipeoT AKETUAOHASWY OUTO TIG OUPEG TWV LGTOVV

e EvepyoTnTO TAKETUANGWV GUVOEETAL |LE QUTOCLWTTNOT YOVIS WV

¢ 1996: mpwtn HDAC1 twv OnAaotikwy, oxetiletal pe TRV mpwteivn TG
Copneg Rpds, avaotoAeag tng petaypadng

e 4 xocrnyopieg HDACS:
-Class [: HDA(3, 2,3,8 evromi{ovtou 6Tov muprva
-Class II: HDAC4,5,6,7,9,10 (Tuprjvag, KUTTAXPOTAXGLOL)
-Class III: sirtuins (SIRT 1-7)
-Class IV: HDAC 1 (yapoxtnpiotiké twv class I, II)

AT Xpetdlovron Zn* yio kataAutikr) ikovotnto (ot SIRTs ypeidlovrou



OrHDAC mepiéyovra oe A
TOAUTTPWTEIVIKK CUUTTAOKQ:

- TO CUMTTAOKO Sin3 Twv
OnAcotikwyv oaroteAgitou oo 7
TpwTeiveg, petadl cAiwv tnv HDAC),

HDAC2 kot RAAEC €MIKOVPIKES TTOU {

|
OUVELCPEPOUV OTI) LKOVOTTTA , oys
pdodeonC Twv IoTovwv. [Ipoodével os ) ( m:fi; PS
neOuAiwpevo DNA. EpmtAekeTal otn N A A A A G/
KOPKLVOYEVEQDN i i

- To oUpumAoko NuRD twv
OnAaotikwy, cuvouddel tn HDAC,
HDAC2 pe dixdopetikr) opada
eMIKOUPIKWV TpwTeivwv. [Ipocdevel oe
nebuitwpevo DNA. Apa w¢ Tumik)
LLNXOVT) avodLOpYAVWOT|G
VOUKAE0OWLATIWV




MeOUAilwon-toToOVi Y

/

MeBuAiwon kataAoimwy cpyvivig ko Avoivig ot N-TteAtka
axpa Twv lotovwyv H3 ko Hy.

® MoxkpompdBeoun SladIkaaio, SUVITIKA Voo TPEPLUN,
dlopecodaPBeitan amd tig pebuAtpavaodepdoeg

e MeBuAiwon otic H3K4, H3K36, H3K79 EVEPYOTIOINOT)
petaypadng

e MeBuAiwon otic H3K9g, H3K27, H3K20 VOO TOAN
petaypadng

e YuvnBwc ot poveg peBuiiwoeig otig H3K4, H3K36, H4K2o0,
H3K79, H2BK5 cuvd€ovtou e YovidlokT) evepyomoinon

e O tpi-peBuiiwosig otic H3K27, H3Kg9, H3K79 odnyouv oe
VOO TOAT) TNG HeTorypadn|C


http://en.wikipedia.org/wiki/File:Methyl_Group_General_Formulae_V.1.png

AAAA €16 TPOTOMOLNOAC TOVAGTOVWY

® OwodopuAlwon kataAoimwy oepiviig otor N-TEAIKA AKPX TWV
totovwv H2A, H2B, H3 xou Hg

-H ¢pwodopuliwon ¢ H3 kat tng ouvdetikng totovng:
OUVOEETAL [LE TO OYNHATIONO HETADATIKWV XPWHOOWHATWY

® Oupmixovutivworn kKataAoimwy Avceivig ota C-TeEAIKA AKPX TWV
lotovwv H2A xou H2B. I1pooOnkn tng pikpnc mpwteivng
OUUTILKOULTIVIG

-H ovpmkovltwwm] ¢ H2B: emdpd otov €éAeyyo tou
KUTTOPLKOU KUKAOU

® Y ouvpoiAiwon, mpooOnkn tng mpwteivinic SUMO
- TPOHOLX SPAOT) HE TNV OUNTIKOUTIVWOT), TltiCel

VOO TOATIKO pOAO oTn pHetaypadr) Kabw avtaywviletol Tnyv
KETUAIWON

O1 evaAAaxkTikol aqutol TUToL Tpomomoinong emnpe{ouv tn SOUN TNG
XPWHOTIVIG KL TN OpACTNPLOTNTA TOU KUTTAPOU




Kwd ko toToVmy =

® 29 Ogoelg ot N- kot C-TEAIKA AKPAX TWV 4 KEVIPIKWYV LOTOVWV
UTTOKELVTAL OE OLOLOTTOAIKT] TPOTIOTOIN O

Me .'-.-?o. MeAcP Alc .\-*lmlc Ac .\.-T-.r-.-mp
[ Il

H3 ARTKQTARKSTGGKAPRKQLATKARKSAP

10 20

Fl' '\?r‘ .*\lc Alc Alc f\lu: r-f-lh:*.
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® Kwdlkag 10TOVWY HECW TOU OTTOIOV TO TTPOTUTIO TWV XNUIKWV

tpomomoloewVv kKoBopilel TIC TTEPLOYEC TOV YOVISLWUATOC TTOU B
eKPPACTOUV 0 OEOHEVT] XPOVIKT] OTLYHT)

® O KWOIKAC LOTOVWYV UTTCYOPEVEL:
- NV emd10pOwon Bé¢oewv mov €youv vmootei AKPN

- TOV GUVTOVIOHO avTLypad1)C TOU YOVISLWHATOC [LE TOV KUTTHPIKO
KUKAO



1. Mn-Kw&KonomuéVWA,
*Non-coding RNA (nhcRNAs)

e miRNA (micro—RNA): microRNA Pathway
Pri-miRNA  Pre-miRNA Mature miRNA
Hikpd pn kwokomotnpeva RNA ‘i'fﬁ:fﬁi'ﬂ{'fﬁufﬁ?ﬂ—-\/ﬂ) —> 00 —» 0 —s
: ) Cellular Gene O‘ t
® 20-25 VOUK)\EOUS[O(, mTpoEPYOvVTA Brose Plcer mimpo
o6 petaypodr) tov DNA, aAAG dev —

Exactly Partially

Hetadppalovtal o€ TPWTELVN Cﬂmp'mma’r/ \wmpuem
e PuOpuilouv tnv exdppaon dAAwv

mRMNA Degradation Translational Inhibition

Yovidiwv

e Emdyouv xataotoAr NG petaypadnc i amodounon twv mRNA
OTOXWV

e [Tailouv onpovtikd poAo otn GpucLOAOYIKT) KUTTOPIKN AELTOVpYia
e AmoppuBuion (vtepéxppaon 1 Helwpévn pUBUILOT]) HECW
XPWHOCWHIKWY VWALV 00N YEL € TOHBOAOYIKEC KATAOTATELS

e Apdom oyKoyoviSiwV 1] OYKOKATAGTHATIKT)


http://www.google.gr/url?sa=i&rct=j&q=miRNA+and+gene+expression+pictures&source=images&cd=&cad=rja&docid=j0dApCsIeVWcvM&tbnid=lKlIMkS0139OUM:&ved=0CAUQjRw&url=http://biology.mit.edu/people/phillip_sharp&ei=6OakUYrmNqyA0AXxooHQCA&psig=AFQjCNEns2P44xV5-ncuAG027acqglgXog&ust=1369847068697596

H onpooilo TwWV EMYEVETLKWY LNXOVIGUWYV

Methylgroups in some dietary sources can
tag DNA and activate of repres genes

Health Endpoints
Cancer

Epigenetic Mechanisms are affected by Histone Modifications

Development (in utero and childhood)

Enviormental Chemicals The binding of epigentic factors to histone Lails can :
alter the extent to which DNA is wrapped around Autoimmune Diseases

Drugs and Pharmaceuticals histones and the availability of genes in the DNA 1
Aging be activated by olgemes ? Mental Disorders

Diet Diabetes

ALOTOPOYEC TWV EMYEVETIKWY HIYOVIOUWYV OYETI{OVTOL [LE
® KO PKIVOYEVEDT),

® VEUPOXVATTTUELOKEC KO PUYLATPIKES SLOTUPOYEC,

® VOOT)|HOTH TOU CVOGOTOTIKOU GUGTI|HATOC,

¢ S1dPpopa moudtarpikd cuvdpopa (cuvdpopo Rett, evBpoorov X,
Prader-Willi, Angelman)



EMyEVETIKN KOl KOLPKIVOVEVEGH

® AAANAEMIPAOT) YEVETIKWV KO EMLYEVETIKWYV HIYOVICHUWV
0d1)YOUV O€ KAPKIVOYEVEDT)

___,_.---"'_-_________“"-—-._._ e
(ENVIROMENTAL IMPACT) (~ SPONTANEOUS ERRORS ™, m
"-.._____‘_______________._______._..--""

~LINFBeATIN =

GEMNOTOXIC DMA, FPATTERMS O
AGENTS CHREOMOSOME METHYLATION
: NS /

DIET
FACTORS, ETC

ONCOGENES ANTIONCOGENES

® YUVOUAGHOC EMTLYEVETIKWV KX YEVETIKWV XAAXY®V 031)YOUV GE YEVWLIKT)
aotd0e10, Sratapayn ot YovidLakt) €K paoT) Kot avamtun TOU OYKOU



[EVETIKEC KOl EMLYEVETIKEC AAAOQYEC OTO KOPKIVO TOU

NVEU OV

lung carcinoma
in situ

normal

epithelium hyperplasia dysplasia

invasive lung cancer

LOH/MSI: 3p, 9p aberrant promoter methylation of p16, CDK4, CDK6, MGMT, APC,
: TIMPFP3, ECAD, DAPKI, GSTP1

c-Myc overexpression; deregulation of telomerase activity;
aberrant promoter methylation; chromatin modifications

cell cycle deregulation;
mutations in DNA

repair system

VEGF, VEGFR overexpression; LOH in TP53 locus; aneuploidy; gene promoter
hypermethylation (FHIT, RASSFI1A, RAR-beta, pl6); histone modifications

deregulation of telomerase, LOH in 5q21, mutations of P53, KRAS, EGFR,
HERZ2; numerous TSG hypermethylation; hypomethylation of e.g. MAGEA,
ANF711, SBSN; disturbed miRNA expression

apoptosis in hihlﬂnn

deregulation of
cell proliferation chromosomal aberrations; aberrant
cxpression of lamins and integrins;
DELECI hypermethylation; TSMBI0
hypomethylation; miR-212
downregulation

metastasis

Brzezianska et al. Mol Biol Rep 40:309-25, 2013



MeOvAiwon tov DNA kot kopriveysveot

o MeBuAiwon otoug vokIvnTES YoVidiwv 0dnyel o€ amociwmnon Adyw

KATOOTOATG TNG TPOGOECTIC TWV HETAYPADIKWY CUUTAOKWY GTO
puOuiotiko DNA

e H peBuiiwon emiong mpooeAkvel MPWTEIVIKA CUUTAOKX
QUTOTEAOVEVA ATTO TTPWTEIVEC TTOU TTPOTOEVOUV O€ LEQUALWEVEC
aAAnAovyieg CpG (MBD proteins), HDACs kot HMTs mpokaAwvtog

OUVTOVIOHEVEC ETILYEVETIKEC TPOTIOTTOLNCELS OTT XPWHOTIVT




Jivd)ua)\a potifa peBuAiwonc tou DNA-oYETICOVTapEKPKIVOYEVEDN

-vepueOLAM®oN LTOKIVNTOV YOVIdimv puOUIGNC KLT. KOKAOV,
anOnTOON, £mOOpBmonc tov DNA, d10(popomoincns, TpPocKOAANGNC
00N YEL GE LETAYPAPIKT] ATOCIOTNGN

al transd us':ti«.?:ai_-'i;_;j .
ASSEraP L

ptosis:

DAPK, Caspase 8 i

-VTO uevM(ocm emavalouPovouévov aAAnAovyLmV 00N YEl ot YEVOUIKN
aoTAOEI KOl OYKOYEVEDT



MeOuAiwoTn YOVISiwV GTO 0OTEOTAPKW LKL

Hypomethyation of
SEMAA4D, RAF1 and
PAK1

Hypermethylation Hypermethylation of
of CDKN1A, HIC1 RASSF1A, TIMP3 and
and GADD45 DAPK1

S -

Silencing

— Overexpression |

4

: \
c-Myc, Suppression Reduction depnrwe;f\n:;:'gon Ost Hipomethylation CcxcLi4/
PI3K/Akt | | of GADD45 of 5-hme ylat stéosarcoma of IRX1 NFKB
- of other genes Y T _

Hypermethylation of
RASSF1A

Overexpression of .
Mdm2 Degradation of p53

Mutation or methylation of
CDKN2A

Suppression of
P16INK4a

Overexgl;iismn of |—> Inactivation of PRB |—

Suppression of
P14ARF

Overexpression of Degradation of P53 |—
Mdm2

AZEVEDO et al. ONCOLOGY LETTERS 19: 1099-1116, 2020



MetaAAdéeic oseviva tpoan)v

aAAadouv tn dopn/Aettoupyia TG XPWHATIVAG

- To 50% twv Oykwv
ToPOVGLAEL
METOXAAGEELC o EVULX

o TPOTOTOINOCTC TWV

B (oTovov 1/xan tou DNA

- Tl ouyvec og evQupoa Tov
puOpuidouv :
- AxketuAiwon loTovVWV

- MeBuAiwon otovwv
- MeOuAiwon DNA

- 'Evlupo aovadiopopdwonc
NG XpWHATIVIG



AKETUALWON LOTOVWYV KOl KOLPKLVOYEVEDH

e AAAayn TG Aertovpyikotnrog twv HAT Adyw yovidiokwv
HETHAAGEEWV 1] LKWV OYKOTIPWTEIVWYV OYETICETOL [LE TNV OVATTTUEN
QUL TOAOYIKWYV KO CUUTTAYWV OYKWV

HAT Defect Tumour
P300 Mutations, translocations, Multiple
deletions
CBP Mutations, translocations, Multiple
deletions
pCAF Mutations colon
MOZ Translocations Haematologic
(AML, ALL)
Tip6o Under expression Multiple
MORF Translocations Uterine
leiomyomata




Chromatin pathway mutations in,sarcoma

e —

@otype Genetic alteration Epigenetic role of altered pathway
Chondrosarcoma IDH1/IDH2 neomorphs Oncometabolite — alteration of DNA

methylation and Histone modification

Histone mutations

Giant cell tumor of bone (> 90%), Histone H3 K36 or G34 mutations Common substrate for chromatin
chondroblastoma (> 9o%), regulation
chondrosarcoma, osteosarcoma, UPS

Histones modifying enzymes

MPNST SUZ12 or EED loss of function Histone PTM ‘Writer’
PRC2

BCOR-Rearranged BCOR-CCNB3 Histone PTM ‘Writer’

small blue round cell tumors BCOR-MAML3 non-canonical PRC1
ZC3H7B-BCOR
KMT2D-BCOR

Endometrial stroma sarcoma JAZF1-SUZ12 Histone PTM ‘Writer’
JAZF1-PHF1 PRC2; non-canonical PRC1

MBTDi1-EZHIP
ZC3H7B-BCOR
Chromatin remodeling complexes

Epithelioid sarcoma SMARCBI loss Remodeling
Malignant rhabdoid tumor SMARCBA1 loss Remodeling
Synovial sarcoma SSX-SS18 fusion Remodeling

Nacev BA, et al. Nat Rev Cancer. 2020;20(10):608-623.



ATTOKETUALWOT) LOTOVWYV KOiL,0OYKOYEVEDH

— HDAC Defect Tumour

HDAC1 Overexpression/underexpression Multiple /Colon

HDAC2 Overexpression/Mutations Multiple/Colon, gastric,
endometrial

HDAC3 Overexpression colon

HDAC4 Overexpression/Mutations Prostate, breast/colon

HDAC5 Under expression Colon, AML

HDAC6 Overexpression Breast, AML

HDAC7 Overexpression Colon

HDACS8 Overexpression Colon

SIRT1 Overexpression/underexpression Multiple/Colon

SIRT2 Underexpression/deletion Glioma

SIRT3 Overexpression Breast

SIRT4 Underexpression AML

SIRT~ Overexpression Breast, thyroid carcinoma




MeBuAiwon/AnopeOuAiwon LOTOVWV Kol KAPKLVOYEVEGH

H MT (histone methytransferase)
MLILa

Defect

Translocation, amplification

Tumour

Hematologic

MLL2 Amplification Gliomas, pancreas
MLL3 Mutation/deletion Hematologic/colon
MLIL4 Amplification Solid tumours
NSD1 Translocation AML

NSD2 Translocation Multiple myeloma
NSD3 Translocation/amplification AML/breast
BL1iMP1 Mutations B cell lymphomas
|AVA S Chromosomal rearrangements | Myeloid leukemia
MEIL1 Translocation Hematologic
LBP1 Overexpression Gastric
SUV39H1 Mutation/overexpression Ovarian/colon
HCP1 Underexpression Breast

GASCi1 -demethylase
| PUTi1-demethylase

Amplification
Overexpression

Squamous cell carcinoma

Breast




—

=1

— EMLYEVETIKEG TPOTIOTIOLIOELG WG KOPKLVLKOL BLOSEIKTEG

H mopovoia GUYKEKPIHEVWV EMIYEVETIKWY
ALY WV/TPOMOMTONGEWY O YETI(ETOU JLE:

-TO TUTO TOVU OYKOU

TO 6TAO10

t0 BaOpo xokonOeiag, tn dwudopomoinon

TI) TPOYVWOT)

™V evaucOnoia ot doappokevtikng aywyn (drug
resistance, drug sensitivity)




MeOuAiwon tou DNA Kot KOPKLVOYEVEGH
=

Tumrog oykou MeOuAiwpuéva yovidia KAIvikn onuacia
Lung p16INK4,DAPK11, APC, RASSF1A, CDH1, MGMT, RAR- |  Differentiation, poor
B,FHIT, p14ARF, BLU, CDH13 prognosis
B ¢ HIC1,RASSF1A, RAR-B, CDH1,CDH13,ESR1 CDH1, Early detection, poor
reas p16INK4A, APC,DAPK11 prognosis
Prostate GSTP1, CD44 Sy det‘ii‘;tl'(on of high
Ovarian CDH1, CDH13, APC,TIMP3, GSTP1, PPP1R13B, Early detection, cancer
HSPA2, HSD17B4, ESR1 RASSF1A, BCRAT1, specific
p14ARFARF, p16INK4A
Hepatocellular p16 INK4A, CDKN2B, RASSF1A Poor outcome
Gastric p16 INK4A,CDKN2B, DAPK1,GSTP1 CDH1 RAR-8 RRliRlRonosts, tumor
recurrence
DAPK1, p16 INK4A, MLH1, SFRP2,SFRP5, PGR, HIC1, :
Colorectal Tumor progression

vimentin

CDH1, APC, MGMT, RASSF1A,GSTP1, p16INK4A, RAR-
Bladder B, ARF, p14ARFARF, DAPK1, BCL2, TERT, EDNRB,
TNFRSF25

Initial diagnosis and
follow-up




TPOMOTOLOELC LOTOVWV KOUKOPKLVOYEVESN

Tumrog oykou

Tporromoinon icrovwv

KAivikn onuacia

H3K9Ac, H4K5ac, H4K8ac, H4K12ac, H3K18ac, H4K16ac,

AKETUALWOELG-KOAN TIpOYVWON

L
L H3K4me2, H3K9me, H4K20me3 MEBUALWTELC -SUGLEVAC
Prostate H3K4me2, H3K18ac, H3K4me1, H3K9me2, H3K9me3, Metdotaon, enavepudavion
H3Ac, H4Ac, H4K20me1, H4K20me2, H3K27me3 OYKOU, KOKI TIPOyvVwaon
Kakn mpoyvwon,
Breast H3K9me3, H4K20me3, H3K18ac, H4K12ac, H3K4me2, 5 : HaK16ac,
H4K20me3, H4R3me2, H4K16ac S g A
TPWLHOC SElKTNG
Leukemia H3K9me3| KaAn mpoyvwon
Esophagus |H3K18ac, H4R3me2, H3K27me3| KaAn mpoyvwon
Kidney H3K4me1, H3K4me2, H3K4me3| Kakn emiBiwon
Liver H3K4me3, H3K27me31 Kakn mpoyvwaon, emiBiwon
Pancreas H3K4me2, H3K9me2, H3K18ac{ Kakn emBiwon

Chernova Y Am J Cancer Res 2012




MiRNAS Kot KOpPKIVOYEVEDN

Turtog oykou Ynepkppaouévo miRNA KAwikn onuacia
Lung cancer miR-205 Poor prognosis
(Non-squamous non-small-cell lung cancer |miR-96

(stages Il, lll, and 1V) and lymph-node miR-182

metastasis) miR-183

Breast cancer

Stages | and Il; oestrogen-receptor-positive
disease

Stage lll; oestrogen-receptor-negative
disease; basal-like

HER2+

Colorectal cancer

Microsatellite instability vs microsatellite
stable

KRAS mutated

Chronic lymphocytic leukaemia

High ZAP70; immunoglobulin variable
region not mutated

17p deletion

Trisomy 12

miR-126, miR-136, miR-
100,miR-99a, miR-145,
miR-10a

miR-150, miR-142-3p
miR-142-5p, miR-148a

miR-938, miR-615-5p
miR-1184, miR-551a

miR-127-3p, miR-92a
miR-486-3p, miR-378
miR-15a, mir-16-1
miR-16-2, miR-195

miR-130b, miR-129-3p
miR-632, miR-768-5p
miR-181

Good

Poor
Poor

Good

Poor

Poor

Aggressive

Disease progression

Kong YW The Lancet 2012




E=b Et
ol _miR-200b of miR-10 of miR-3928
| !

Y
Expression of ZEB1 ] Expression of ROCK1 | Expression of ERBB3,
! ! IL-6R and CDK6

! v |

Suppression of IL-2 I Activation of PI3K/AKT and Uncontrolled cell cycle, cell
. JAK/STAT pathways proliferation and inhibition of
apoptosis.
>» Osteosarcoma |<
Apoptosis inhibition l T T Active cell proliferation,
T inhibition of apoptosis
Suppression of FAS | Increase of versican of the : T
T ’ extracellular matrix Supression of SMAD4
- Expression of miR-20a | T | Expressién miR-574-3p

Supression of miR-143

N~N—

ExpressioQof miR-17-92 I




Emyevetikol BLOSELKTEC WC TOPAYOVTEC TTOU

ennpedlouv Tn Oepameta

I'ovidio-Biodeixtng Emyeverikog Mnyavioudg | Tumog dykou Eidog Ospameiog
Mnyaviouodg dpaorng

MGMT
(O-6-methylguanine
DNA methyltransferase)

BRCA1, MLH1

(Breast cancer 1, mutL-
homologi)

ERCC1, ERCC5, WRN

( excission repair cross-
complementary, Warner
syndrome)

GSTP1 (glutathione S-

transferase pi 1)

TP53

CDK10 (cyclin-dependent
kinase 10)

Yreppebuliwon
UTTOKIVT|TT)

Yreppebudiwon
UTTOKIVT|TT)

YreppeBudiwon
UTTOKIVT|TT)

YmeppeOuiiwon
UTTOKIVTTT)

MetaAAdéelc.
Yreppebudiwon
vrokivntr) TP73,
APAF1

Yreppebudiwon
UTTOKLVT|TT)

Emidiopbwon
tou DNA-
adaupel
AAKUAOUAOESG
a0 YOUQVIVEG

Emidiopbwon
tou DNA

Emidiopbwon
tou DNA

Amotoéivwon
a6 EevoPloTikd

Amontwon

Kuttapikn
onpaTodotnon

[Moiwpa,
Aguyoupio

Kapkivog paotov,

woOnNkKwv

[Moiwpa

Kapxkivog
woONKwv

Kapxkivog

TMPOCTATN, HOGTOU

MeAdvwpa
(APAF1)

Kapxivog paotov

Hevn H Expert Reviews 2012

KoAdg mpoyvwaoTtikog
deiktng Oepameiog pe
AAKUALWTIKOUG
Topdyovteg carmustine,
temozolomide

Avtiotaon og
cisplatin , evoaucOnoia oe
avaotoAeic PARP

EvouoOnoia oe cisplatin,
VOO TOAE(C
TOTOICOEPAOTG,
nemorubicin

EvouoOBnoia o
doxorubicin

EvouoBnoia o
adriamycin

Avtiotaon og avti-
oLoTpoyoVvIKN Beparteia



MethyCancer &1 o

Database of Human DNA Methylation and Cancer

Human

Epigenome

Project



http://www.mirbase.org/
http://bioinfo.hrbmu.edu.cn/

MeAETN EMIYEVETIKWV-OANAYWOV

/

e Arropovworn DNA, ypwpoarivig, RNA amro mowkiAia
SELYHATWV:

-loté (bpéoko kat povipomompuevo oe mapadivn)

Tepipepid aipc
: Analysis
-0t 1
Ovpa s
_Htl,) E)\a = = ; Risk evaluation
y " -Epigenetic . ' | TM—m——
-Tloykpeatikd vypo _siomarkers /) L/

Early detection
H o 1 r . "_—1 t —t——“"'_f \ | Personalized
= — T
E£PLTOVAIKO UYpPO - e > | 7

-KoAmkéc exkpicelg

Response

-Kompava

N

~ Epigenetic Therapy

- Targets s
SRR |1 o —




MeBobdoAoyia EMYEVETIKNCOMOADGTC

e AVAAUON LEUOVWUEVWYV YOVLOLWV 1 TIEPLOPLOUEVOU apLOOU
yovidiwv
e AvaAuon ToU CUVOALKOU YOVLOLWHOTOG

Gene Specific/ Gl speclf : wid

™

RE-digestion based methods Immunoprecipitation methods

v l !

treatment AP-PCR, DMH, HELP d \

His ificat
others *

\J

Conventional Deepsequencing o, ,,,....... -@ based technn@
sequencing Pyrosequencing




MéEBobo¢g aviyveuong ueGUAWprévowBNm
TPOTOTOLNGNG TWV KUTOGLWVWYV ME SL6GOUAPLOLKO vaTpLo

Unmethylated DNA Methylated DNA

me me

ACGTCTCGAC A(leTCTC!GAC

TGCAGAGCTG TGCAGAGCTG
I I

S awl

1 Sodium bisulfite
me me
o 4 i o I !
%g? g_gigg?g ACGTUTCGAU
- : TGCAGAGCTG

I
BLIU sl
PCR | PCR

A L ACGTUTCGAU

1 Sodium bisulfite




Genomic
content of
5-mathylcytosine
HPCE

HPLC

DNA pUrfiCation e—

\‘ Genome-wide approaches

Y

Candidate genes
Bisulphite
sequencing
Methylation-
specific PCR
MethyLight
Pyrosequencing

Detection of
DNA methylation

il 2

Pk y

RLGS

FRe

\

Methods basedon  DMH with
CpG-island
armay

arbitrary primed
PCR, e MCA,
AIMS

e
1"
P 171
T
[ig

N e
oy

Methyl-DiP
ChiP-on-chip
with MBDs

Detection of
histone madifications

\J
Demethylating ~ Candidate genes:  ChIP-on-chip
drug and single-gene ChIP ~ for histone
MICroarry modifications
expression Mass spectrometry

if

i .
Ip T .j

1 |}
H ¥
g |

HAAC H3Kdme

EERT:
Input




Emttyevetikol pnxoviopot em&poﬂ\vo#&é&be—paﬁfta NG
SLadpopng evog acBevoug PeE KOPKIVO

Pharmaco- P
Epigenomics

enatal Environmental Risk
ures  factors T etiology
g.. smoking




ZTOXEUMEVN EMyEvETKR OEpamete—-

/

Yuvdvaotikn Oepameio pe aovaotodeic tng peBuiiwong tov DNA ko
TG CUTHKETUALWOTIC TWV IGTOVWV

Azacitidine, decitabine, hydralazine: avaotoAeic tn¢ pebuviinong,
deopevovv kot amrodopovv tic DNMTs emitpemovrog tny

eMavEKPPAoT) YOVISIwV TOU £youv adpavomonfei Adyw
vrteppeQuiriwonc i

Vidaza (Azacitidine) Dacogen (Decitabine)
(5-azacytidine) (5-aza-2'-deoxycytidine)

Based on structure, Azacitidine Decitabine has developed with

can inhibit other types greater selectivity

of polymerases Approved for use in myelodysplastic

@ Lack of selectivity syndromes and acute myeloid
leukemia (AML)

Xpnopomrolovvrot otn Oeporreio puEAOSVOTTAXGTIKWY GUVIPO WY,
OVOLLLOG KOL Y POVIOG MUEAOYEVOUC AEUYOUMIOG



AVOOTOAELC TNC OTAKETUAWGHC TWV LOTOVWV

e

Histone deacetylase inhibitors

Vorinostat Panobinostat
(Zolinza) (Farydak)
Romidepsin Valproic acid
(Istodax) (Depacon)

Belinostat

Entinostat
(Beleodaq)

Application: inhibit HDAC function leading to acetylation

and reactivation of tumor suppressor genes, tumor cell

reprogramming, and activation cw'f::_upqptusis prqgrums




Zuvéuaotikn dpaocn avaoToAEwv TG peBUAilwong tou DNA ko
TNC OTIIAKETUALWONC TWV LOTOVWV

.En TIKEC TPOTTOTOLIC 1 , 1 1
A. Emiyevetikeg tpomomomosic (LeBuAiwon DNA, arakeTvAiwon Llotovwy
HETATPEMOUV €VH PUCLOAOYIKO KUTTAPO OE KUPKIVIKO EVEPYOTTOLWVTHC OYKOYOVISLX

normal ftumor

oncogens OFF oncogene O

tumor suppressar O tUMOr SUPPressor OFF

B. Avaotorgic twv DNA peBuio tpavedepaocwv aropakpuvouy tn pebuviiowon kot n
XOPTYNOT) VOO TOAEWV AUTHKETUALWOTC TWV LOTOVWYV ETITPETEL TNV KKETUALWOT)
EMITPETOVTOC TIV EVEPYOTOINGT] TOU OYKOKATAGTHATIKOU YOVISi0U

H-aza
zebularine

15
Dnmt

inhibitors inhibitors

LUMOr SUPppRressor tumor suppresso
OFF QM




Combination Epigenetic Therapy HasgEfficacy in Patients with

Refractory Advanced Non Sma ng Cancer

Rosalyn A. Juergens, John Wrangle, Frank P. Vendetti, Sara C. Murphy, Ming Zhao, Barbara Coleman,
Rosa Sebree, Kristen Rodgers, Craig M. Hooker, Noreli Franco, Beverly Lee, Salina Tsai, Igor Espinoza
Delgado, Michelle A. Rudek, Steven A. Belinsky, James G. Herman, Stephen B. Baylin, Malcolm V.
Brock, Charles M. Rudin

Cancer Discov. 2011 December ; 1(7): 598-607.
Department of Oncology, Surgery, Radiology, Lovelace Respiratory Research Institute,
Johns Hopkins University

Abstract
Epigenetic alterations are strongly associated with cancer development. We conducted a
phase I/II trial of combined epigenetic therapy with azacitidine and entinostat, inhibitors
of DNA methylation and histone deacetylation, respectively, in extensively pretreated
patients with recurrent metastatic non-small cell lung cancer. This therapy is well
tolerated, and objective responses were observed, including a complete response and a
partial response in a patient who remains alive and without disease progression
approximately 2 years after completing protocol therapy. Median survival in the entire
cohort was 6.4 months (95% CI: 3.8-9.2), comparing favorably with existing therapeutic
options. Demethylation of a set of four epigenetically silenced genes known to be
associated with lung cancer was detectable in serial blood samples in these
patients, and was associated with improved progression-free (p=0.034) and overall
survival (p=0.035). Four of 19 patients had major objective responses to subsequent anti-
cancer therapies given immediately following epigenetic therapy.



Patient poqu

=This study enrolled 45 adults with metastatic NSCLC with disease progression after at least
one prior anti-cancer regimen for metastatic disease. Any number of prior therapies was
allowed, and patients with treated brain metastases were included. Patients were excluded
if they had uncontrolled brain metastases or liver metastases replacing > 30% of the liver
parenchyma. Patients with HIV on anti-retroviral therapy were also excluded.

Biomarker analyses
Promoter methylation status of APC, RASSF1A, CDHi13, and CDKN2A was examined in
circulating DNA from patient plasma collected prior to therapy (day o) and after 1 cycle of
therapy (day 29).

Study design
The phase | component used a standard 3 + 3 patient cohort design to assess adverse
events of the combination of azacitidine at 30 mg/m? or 40 mg/m? on days 1-6 and 8-10
with entinostat at a 7 mg fixed dose on days 3 and 10 of each 28 day cycle. Based on the
strategy of exploring doses of azacitidine well below previously defined maximally
tolerated doses, dose levels in phase | were prespecified as limited to no more than 40
mg/m? daily. The phase Il component was a single-arm two-stage open label study
designed to assess the response rate of the combination at the 40 mg/m?/d dose of
azacitidine.



Serial CT scan images from patient with a complete

response

Scans show progressive resolution of a prevascular tumor (top)
and a right hilar mass (bottom) over the course of one year on
therapy. Red circles indicate areas of measurable disease.



Serial CT scan images from patient with a partial response

Scans demonstrate gradual resolution of sites of disease including a lung mass, matted
hilar lymph nodes, and one of the liver metastases. Although he was taken off study for
treatment of an intercurrent small cell lung cancer, he remains alive and was without
evidence of disease recurrence nearly 2 years after completion of this therapy.

Red arrrows indicate areas of measurable disease.



Survival stratified by target gene methylation status

Promoter methylation of APC,
CDHi3, RASSF1a, and CDKN2A
were evaluated in

circulating plasma DNA from
patients at pre-treatment and
on day 29.

A. Progression-free survival

B. Overall survival

: patients with
pre-treatment methylation of >2
of these 4 genes that
demonstrate demethylation by
day 29.

Blue: all other patients with
detectable circulating DNA
(total N = 26).

Log rank p=0.034

Median survival (months):

IQR (25% — 75%)

Methylation Signature +:
Methylation Signature —:

3.32 (1.71 - 12.89)
1.71 (1.61-2.07)

Proportion Progression-Free

—

12
Months

Number at Risk (% progression-free):
Signature +: 10 (100) 3(30.0)
Signature —: 16 (100) 0 (0.0

Log rank p=0.035

Median survival (months); IQR (25% — 75%)

Methylation Signature +:  10.42 (6.21 — NYR*)
Methylation Signature —:  6.54 (3.06 —9.73)

*NYR; not yet reached

Proportion Surviving

1 T
0 12
Months

Number at Risk (% alive):
Signature +: 10 (100) 5(50.0)
Signature —: 16 (100) 2 (12.5)

3(40.0)
1 (6.3)
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Current States of Epigenetic Targets for Inhibitors

In development Preclinical Clinical trials FDA approved
KAT; KMT; RMT; KOM; Chromatin eaders)>
CBP/EP300; DOTILY; EZH2; KOMIA ’
DNMT; HDAC; JAK2; Aurora, PARP; BET (BRD2/3/4)

DNMT (Azacitidine and Decitabine); HDAC (Vorinostat and Romidepsin); JAK2 (Ruxolitinit




Epigenetic-based therapeutics in preclinical and clinical development

Epigenetic target

Compound

Developmental stage

HDACSs (class 1, I1a, IIb, IV)

HDACSs (class 1, IIa)

HDACS 1, 2

HDACs 1, 3

HDACs 2, 3
HDAC 6
HDACS

DNMT

SIRT1-7
SIRT1, 2

SIRT1

SIRT2

SIRT5

HMT (G9a)

HMT (SU(VAR)3-9, G9a)
Polycomb group proteins
LSD1

Vorinostat (SAHA)
Panobinostat (LBH589)
Belinostat (PXD101)
ITF2357
PCI-24781
Phenylbutyrate
VPA
Romidepsin (depsipeptide)
SK-7041
SK-7068
MS-275
CI-994
MGCD0103
Apicidin
Tubacin
SB-379872A
PCI1-34051
Vidaza (5-azacytidine)
Decitabine (5-aza-2’-deoxycytidine)
Zebularine
RG108
Procaine
Hydralazine
(-)-epigallocatechin-3-gallate noncovalent
enzyme (EGCG)
Nicotinamide
Tenovin-1-3, 5-6
Sirtinol
Splitomycin
Cambinol
SRT1720
EX-527
NF657
AGK2
Suramin
BIX-01294
Chaetocin
DZNep
Polyamine analogs

FDA approved for CTCL
Phase I/11
Phase I/11

Phase I
Phase 1
Phase I/11
Phase I/11
Phase I[/11
Experimental
Experimental
Phase I/11
Phase 1
Phase /11
Experimental
Experimental
Experimental
F.xperimefntal

FDA approved for myelodysplati

syndromes
Experimental
Experimental
Experimental
Phase I
Experimental

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental
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EZH2 npokaAet tnv tpipueBuliwon t¢ H3 (H3K27me3) kot KataoTeAAEL TNV
yoviblokn ekdpoaon
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EZH2 gain-of-function mutations, EZH2 aver-expressuon and dysreguﬁcmn
of enzymes antagonizing EZH2 in lymphoma and solid tumors

Overexpression of

HOTAIR IncBNA & B EZH2: Enhancer Of Zeste 2 Polycomb |
— " Repressive Complex 2 Subunit

PRC2 over-expression =

{clterations in RB ;amway? B it

[ EZH2 :me&exgsr
{down- {egﬁlﬁhqn '
of mir-101)




AvaotoAeic tng peBulotpavodepdaonc tTwv Lotovwyv: EZH2

Application: reverse histone methylation changes resulting from enzyme dysregulation,

releasing cells from gene expression programs sustaining cell proliferation

EZH2 inhibitors

CPI-1205 Valemetostat (DS-3201) PF-06821497

Tazemetostat (EZH2 inhibitor) being tested in EZH2 mutated Non-Hodgkin's

lymphoma as well as multiple solid tumors with EZH?2 dysregulation

Tazemetostat has shown >70% overall response rates in relapsed /refractory
follicular lymphoma with activating mutations in EZH2




@apHAKEVTIKA OTOXEVGCH TNG anous@u)\iwonq TWV LOTOVWV

.Hlsfone methylation chunge's';f;_g' cuncem LS?'_.'I

e ||apmlaﬁﬁm nméﬁmualn M:thiﬁnlliﬁﬁwﬁmmaluﬁﬁl i

LSD1 : 'Iyé_ine-specific. demetﬁ&_’lla_s‘é:fjj _'

H3K4me?2




AvaoTtoleic Tne anopeBuAGoNCTwY-toTovwv: TSD1

Tranylcypromine(TCPA) SP-2509

Application: inhibit histone demethylase activity of LSD1 increasing
at promoters and enhancers governing cell ditferentiation {:mi onc mwnm gene

expression programs
Mostly irreversible but reversible minhlfms Mr this mwyﬂm hfWﬂ been clev&lm?e

;ﬂmhitm both catalytic and non- mtulyﬂx th




AVOOTOAELC TNC OTTAKETUALWONC TWV LOTOVWV

Histone deacetylase inhibitors

Vorinostat Panobinostat
(Zolinza) (Farydak)
Romidepsin Valproic acid
(Istodax) (Depacon)

Belinostat

Entinostat
(Beleodaq)

Application: inhibit HDAC function leading to acetylation

and reactivation of tumor suppressor genes, tumor cell

reprogramming, and activation cw'f::_upqptusis prqgrums




Selected clinical trials of epigenetic drugs for bone and soft-tissue sarcomas

Clinical trial Drug Mechanism Status Patient population Phase
identifier
NCT02601937 Tazemetostat (EPZ-6438) Selective small molecule inhibitor of the Recruiting (i) Rhabdoid tumors; atypical teratoid rhabdoid tumor (ATRT); I
histone-lysine methyltransferase EZH2 malignant rhabdoid tumor (MRT); rhabdoid tumor of kidney (RTK);
selected tumors with rhabdoid features; INI1-negative tumors;
epithelioid sarcoma; epithelioid malignant peripheral nerve sheath
tumor; extraskeletal myxoid chondrosarcoma; myoepithelial
carcinoma; renal medullary carcinoma; other INI1-negative
malignant tumors (e.g., dedifferentiated chordomay; synovial
sarcoma
NCT03165721 Guadecitabine (SGI-110) DNA methyltransferase inhibitor (DNMT1 Completed (i) wild-type gastrointestinal stromal tumors; paraganglioma Il
inhibitor) gastrointestinal stromal tumors; renal cell renal neoplasms;
pheochromocytoma
NCT03600649 SP-2577 LSD1 inhibitor Recruiting (i) Relapsed or refractory Ewing sarcoma I
NCT03514407 INCB059872 LSD1 inhibitor Completed (i) Relapsed Ewing sarcoma I
NCT02282917 AR-42(0SU-HDAC42) Histone deacetylase inhibitor Active, not recruiting (i) Vestibular schwannoma; meningioma; acoustic neuroma; 1
neurofibromatosis type 2
NCT01175109 Imatinib + LBH589 LBH589, a histone deacetylase inhibitor Completed (i) Newly diagnosed and recurrent chordoma I
NCT03345485 Tinostamustine (EDO-5101) First-in-class alkylating histone deacetylase Active, not recruiting (i) Small-cell lung cancer; soft-tissue sarcoma; triple-negative breast I/l
inhibition (HDACI) fusion molecule cancer; ovarian cancer; endometrial cancer
NCT00918489 Vorinostat Histone deacetylase inhibitor Completed (i) Metastatic soft-tissue sarcoma Il
NCT01294670 Vorinostat and etoposide Histone deacetylase inhibitor Completed (i) solid tumors; relapsed/refractory sarcomas Al
NCT04308330 Vorinostat in combination with vincristine, Histone deacetylase inhibitor Recruiting (i) Ewing sarcoma; rhabdomyosarcoma; Wilms tumor; I
irinotecan, and temozolomide neuroblastoma; hepatoblastoma; germ-cell tumor
NCT01879085 Vorinostat in combination with gemcitabine Histone deacetylase inhibitor Recruiting (i) Metastatic or locally advanced soft-tissue sarcoma I/l
and docetaxel
NCT01132911 Vorinostat and bortezomib Histone deacetylase inhibitor Completed (i) Lymphoma; sarcoma; Wilms tumor; neuroblastoma I
NCT00937495 Vorinostat and bortezomib Histone deacetylase inhibitor Completed (i) Recurrent or advanced adult soft-tissue sarcoma Il



KAWLk edpopuroyn TWV EMLYEVETLKWY D OPULAKWY

e phatnylafiog

s Drug combination therapies
LT & MDA
Epganalic druga 4 tangatad kinags inhilioes

Epgenelic dugs  +  chemotherapy

Epgenalic diugs 4 inmacihanapy.

Monotherapy Combinations
Drive tumor cell growth, Enhance the activity and
arrest, differentiation, durability of clinically
and cell death approved drugs
Target cancer-specific synergies

gene zpresslon ::pr:cgrams e
with chemo and
Synthetic lethality targeted therapies
opportunities with
mutated epigenetic Target epigenetically-driven

enzyme complexes drug resistant states




MPOKANGCELG TNG ETILYEVETLIKAG Oepameiag

- MeyaAutepn elOLKOTNTA, AYOTEPO TOELKEC EVWOELC LUE KAAUTEPEC
O OPLLAKOAOYLKEC LOLOTNTEC

- OpBOAOVYLKEC TIPOOEYYLOELC YLOL CUVOUOOTLKEC LLEAETEC UE OTOXO VAl
BeATLOTOTIOLICOUV TO XPOVOSLAYPOO KOIL VO LEYLOTOTIOLCOUV TNV
QTTOTEAECUATIKOTNTA TOUG

- JTpwpOTonolnon acBevwy: UE TIPOYVWOTLKOUC ETILYEVETLIKOUC
Blodeiktec

- 2TOXEVUON KOPKLVLKWY UTtoTtANBuopwyv: elte Ttou tapouoLalouy
avtiotaon otn Beparmeia r/kat PAACTIKWY KUTTAPWV (cancer stem
cells)



Eknmodevtikol oToyor—

OPpLOPOG TNG EMLYEVETIKT|G

[Tolol mapdyovteg £xouv eMLYEVETIKT OpAoN;
[Tolx etva  KAWVIKT) oNpOGior TNC EMLYEVETIKNG pUOULIONC;

[Tolot eivat o1 KUPLOL EMLYEVETIKOL UNXOVIGHOL Kol T €VQULOL TTOU
EUTTAEKOVTOUL OE QUTOUC;

[Tw¢ CUPPETEYOVV OL EMIYEVETIKOL NXOVIOHOL GTNV XvVATTTUEN TNG
KOPKLVOYEVECT|C;

Tt mpokaAel n peBuAiwon tov DNA otoug vmokivnteg yovidiwy;
[Tolx kUpLx yovidlx emnpeddel;

[Tolot eivot 0L TPOTTOL LEAETNC TWV ETLYEVETIKWY TPOTIOTOLCEWY;

[Tol0¢ cUVOVAOHOC XVAGTOAEWV XPTOLLOTIOLEITOL YIX GTOYEUEVT
eMIYEVETIKT) Ogpormeias

[Tola elvotl T veoTepo PAPLOKK CTOXEVHEVNC ETILYEVETIKIC
Oepameiag;



Mpotewopevn BLBAtoypadia

>1. Emtyevetikn). Lyle Armstrong. 2021 Iavemiotnuokég Exk86oeig KprTng.
2. Kouzarides T. Chromatin modifications and their function. Cell. 2007 Feb 23;128(4):693-705.

3. Ellis L, Atadja PW, Johnstone RW. Epigenetics in cancer: targeting chromatin modifications. Mol Cancer Ther. 2009
Jun;8(6):1409-20.

4. Nikaki A, Piperi C, Papavassiliou AG. Role of microRNAs in gliomagenesis: targeting miRNAs in glioblastoma
multiforme therapy. Expert Opin Investig Drugs. 2012 Oct;21(10):1475-88.

5. Gargalionis AN, Piperi C, Adamopoulos C, Papavassiliou AG. Histone modifications as a pathogenic mechanism of
colorectal tumorigenesis. Int ] Biochem Cell Biol. 2012 Aug;44(8):1276-89.

6. Spyropoulou A, Gargalionis A, Lea RW, Piperi C, Papavassiliou AG.Role of histone lysine methyltransferases SUV39H1
and SETDB1 in gliomagenesis: modulation of cell proliferation, migration, and colony formation. Neuromolecular Med.
2014 Mar;16(1):70-82.

7. Sepsa A, Levidou G, Gargalionis A, Piperi C, Korkolopoulou P. Emerging role of linker histone variant Hix as a
biomarker with prognostic value in astrocytic gliomas. A multivariate analysis including trimethylation of H3Kg and
H4K20. PLoS One. 2015 Jan 20;10(1):eo115101.

8. Klonou A, Spiliotakopoulou D, Themistocleous MS, Piperi C, Papavassiliou AG. Chromatin remodeling defects in
pediatric brain tumors. Ann Transl Med. 2018 Jun;6(12):248.

9. de Azevedo JWYV, de Medeiros Fernandes TAA, Fernandes JV Jr, de Azevedo JCV, Lanza DCF, Bezerra CM, Andrade VS,
de Araujo JMG, Fernandes JV. Biology and pathogenesis of human osteosarcoma. Oncol Lett. 2020 Feb;19(2):1099-1116.

10. Wang ], et al. Prospects for Epigenetic Targeted Therapies of Bone and Soft-Tissue Sarcomas. Sarcoma. 2021.
Chromatin, Histones & Cathepsin; PMAP
http://www.youtube.com/watch?v=eYrQOEhVCYA



	Διαφάνεια 1
	Διαφάνεια 2: Εκπαιδευτικά αντικείμενα
	Διαφάνεια 3: Επιγενετική
	Διαφάνεια 4: Επιγενετική: η γέφυρα μεταξύ γονοτύπου και φαινοτύπου
	Διαφάνεια 5
	Διαφάνεια 6: Περιβαλλοντικοί παράγοντες με επιγενετική δράση
	Διαφάνεια 7
	Διαφάνεια 8
	Διαφάνεια 9: Ι. Μεθυλίωση του DNA  
	Διαφάνεια 10: Τύποι Μεθυλίωσης του DNA  
	Διαφάνεια 11
	Διαφάνεια 12
	Διαφάνεια 13:  ΙΙ. Χημικές τροποποιήσεις ιστονών – Επίδραση στη συσκευασία της χρωματίνης 
	Διαφάνεια 14
	Διαφάνεια 15
	Διαφάνεια 16: Συντομογραφία τροποποιήσεων ιστονών
	Διαφάνεια 17
	Διαφάνεια 18
	Διαφάνεια 19
	Διαφάνεια 20: Προσέλκυση πρωτεϊνών πρόσδεσης σε τροποποιημένες ιστόνες
	Διαφάνεια 21: Διασυνομιλία (crosstalk) μεταξύ τροποποιήσεων ιστονών
	Διαφάνεια 22
	Διαφάνεια 23
	Διαφάνεια 24
	Διαφάνεια 25
	Διαφάνεια 26
	Διαφάνεια 27
	Διαφάνεια 28: Μεθυλίωση ιστονών
	Διαφάνεια 29
	Διαφάνεια 30
	Διαφάνεια 31
	Διαφάνεια 32: Η σημασία των επιγενετικών μηχανισμών
	Διαφάνεια 33: Επιγενετική και καρκινογένεση
	Διαφάνεια 34: Γενετικές και επιγενετικές αλλαγές στο καρκίνο του πνεύμονα
	Διαφάνεια 35
	Διαφάνεια 36
	Διαφάνεια 37
	Διαφάνεια 38: Μεταλλάξεις σε ένζυμα τροποποίησης των ιστονών αλλάζουν τη δομή/λειτουργία της χρωματίνης
	Διαφάνεια 39: Ακετυλίωση ιστονών και καρκινογένεση
	Διαφάνεια 40
	Διαφάνεια 41: Απακετυλίωση ιστονών και ογκογένεση
	Διαφάνεια 42: Μεθυλίωση/Απομεθυλίωση ιστονών και καρκινογένεση
	Διαφάνεια 43: Επιγενετικές τροποποιήσεις ως καρκινικοί βιοδείκτες
	Διαφάνεια 44:       Μεθυλίωση του DΝΑ και καρκινογένεση
	Διαφάνεια 45: Τροποποιήσεις ιστονών και καρκινογένεση
	Διαφάνεια 46: miRNAs και καρκινογένεση
	Διαφάνεια 47
	Διαφάνεια 48: Επιγενετικοί βιοδείκτες ως παράγοντες που επηρεάζουν τη θεραπεία
	Διαφάνεια 49
	Διαφάνεια 50: Μελέτη επιγενετικών αλλαγών
	Διαφάνεια 51: ● Ανάλυση μεμονωμένων γονιδίων ή περιορισμένου αριθμού  γονιδίων  ● Ανάλυση του συνολικού γονιδιώματος
	Διαφάνεια 52: Μέθοδος ανίχνευσης μεθυλιωμένου DNA μέσω τροποποίησης των κυτοσινών με δισουλφιδικό νάτριο
	Διαφάνεια 53
	Διαφάνεια 54: Επιγενετικοί μηχανισμοί επιδρούν σε διάφορα στάδια της διαδρομής ενός ασθενούς με καρκίνο
	Διαφάνεια 55
	Διαφάνεια 56
	Διαφάνεια 57
	Διαφάνεια 58
	Διαφάνεια 59
	Διαφάνεια 60
	Διαφάνεια 61
	Διαφάνεια 62
	Διαφάνεια 63: Current states of epigenetic targets for inhibitors
	Διαφάνεια 64
	Διαφάνεια 65
	Διαφάνεια 66
	Διαφάνεια 67
	Διαφάνεια 68
	Διαφάνεια 69
	Διαφάνεια 70
	Διαφάνεια 71
	Διαφάνεια 72
	Διαφάνεια 73
	Διαφάνεια 74: Εκπαιδευτικοί στόχοι
	Διαφάνεια 75

