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Emwyevetiky — |

l{ﬁ
e H e&€Ai&n tn¢ yevetixijg, ‘emt’ tn¢ ‘yeverikig’ |

o KAadog tn¢ Biodoyiag mov pueAera ti¢ autiwdeig cAiniemidpaceiq petaév
TWV YOVIOIWYV KOl TWV TPOIOVTWV TOUGC, XAPI] OTIC OTOLEC OIXUOPPWVETHL O
PUIVOTUTTOGC

¢ 1942 Conrad H. Waddington: n dtepopdpwon tov poarvorumov, dnAadn ot
MOPDOAOYIKEC KU AEITOUPYIKEC IOLOTNTEC EVOC OPYXVIGHOV, KaBopil{ovTo
OTO TO YOVIS LW UTTO TNV EMTPELX TOU TEPLPAALOVTOC

Undifferentiated Cell

Epithelial Cell Red Blood Cell Neuron Osteoclast

Conrad Waddington's epigenetic landscape MovTtédo KuTTAPLKNG StapopoTToinong

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 yedbupa PeTaéL yovoTumtou Kot patvetunou

3/

Genotype '/: :I l
Interaction with B '
environment ‘J

l

Phenotype

Development Epigenetic

Interaction with
environment competition -' Selection

e To eTIyoVISIWHA AVTITTPOOWTTEUEI TN OUVATOTNTA TOU OPYAVIOHMOU va £eAIXOei
O£ oOUVAPTNON ME TO TTEPIBAAAOV




MepBaAAoVTIKOL TOAPAYOVIEG LE EMLYEVETLKN O6paon

Diurnal/Seasonal ;

state correlations

Social Disease
Interactions exposure

Toxic
Chemical
S

Alternative ——
medicine

Drugs
of Abuse

|

Exercise Financial Status

gn
Front. Cell Dev. Biol., 2014 =&

e H emmiyeveTikr), OTTWG KAl N YEVETIKA TTAnpo@opia, kKAnpovopueital, aAAG o€ avTifeon
ME TN YEVETIKA TTANPO@OpPIaA, cival avaoTpEWiun (EMIYEVETIKN TTAACTIKOTNTA) KA
duvaral va eTnpeacTei atrod didagopa epedioparta | TTEPIBAAAOVTIKOUG TTAPAYOVTEG




Emyovidiopa (Epigenome)

=

To 6:0v0A0 TWV YNUIKGOV TPOTOTOGEWY 6TO DNAKAL 6T YpWHATIVI
mov cAAd{ovv TN yovidlakn ekppoot) ywpic va ennpedlovy tnv
TPWTOYEVN cAAniovyia tov DNA

-TpomomoloUV To TEAIKO TPOIOV TOU YOVIOIOU, TUPEYOVTHC EVA £(00C
HETQYPUPIKOU £A€y)ovu (yoviSiaki) puOuion)

-IIpoxaAoUV pta NUIHOVIUT XTOGIWTTI)GT) TEPLOY WV TOU
YOVISIOUATOC 1) OAOKANPWV YPWUOCWUATWY,
KANpodoTouvTHL GTOV AITOYOoVO OV TTPOKUMTEL KO
KutTopiki) Staipeon

-ATapaitnNTES yIK T1) UOLOAOYIKI) AEITOUPYiC TOU OPYyaVIGHUOU (xvut.
S1apopomoinon, PAIVOTURIKES SIAPOPES, ATOCIOTICT) XPWHOCHOUXTOC X, YOVISIWUATIKO EVTUTWHUX)

‘1510 DNA aAAdG S10popeTIKO £TTIYOVIOIWHA

DIET
Royal Jelly

L

L5

Worker Jelly

MovoluywTtika d1dupa BaciAiocoeg-epydTeg NEAIOOEG KapTrieg - reTaAoudeg




Kevtpwko doyua
H pon tn¢ yevetikng nAnpodopiog ano ta voux)\su«i oéca ctr]v/r’ggg)xe'i'vn

DNA code Transcription Translation Protein

Modification of DMNA

Transcriptional
Posttranscriptional
Translational
Posttranslational

replication

- -

DNA transcription mRNA transiation protein

DNA code Transcription EPIGENETIC VARIATION Translation

233




2uokevaoio DNA ctov mupnRva — 0 POAOG TNC XPWHATIVNG

<|||"|||"l[[;% . |
hz

Chromatids

AN
‘\\\\

Chromatin fiber

Chromosome

H cupmixvwon ¢ xpwpoativig
opyavwvel Sopkd to DNA péoa otov
TUPTIVX

To DNA mepiedicoeton yOpw oto to
VOUKAEOGWUAXT

Ta voukAgoowpata amoteAovvtal
QO TTPWTEIVEC, TIC LOTOVEQ

To apvntika poptiopevo DNA
CAANAOETIOP& e TIC OETIKK
bDOPTICUEVEC LOTOVES

-H dopun ¢ xpwpoativng eivou
LEPUPYIKN EEKIVAL ATTO TNV (v
XPWHATIVIC TWV 30 NM Kol KATAHANYEL
ot HETADUOIKAE Y pwHooWHaTa (TN
o ooy popdr xpwpativig)



EmiyeveTikol pnxovicuol

MeOuAiwon Tou DNA

- YreppueOuAiwon
(TrpocONKN
MEBUAONABWV)

- YTTopeBuAiwon
(aaipeon
pMEOUAOpAB WY aTTO
QUO. HEBUA-KUTOOIVEG
ot1o DNA)

TPOTTOTTOINCEIG
ICTOVWV

MeBuAiwon,
OKETUAIWON,
QWO @opUAiwon,
oufikouTivwon,
YAuko{uAiwon,

ADP-pioouAiwon,

OOUMOUIAiwON
apivogéwy (K, S, T, R)

Mn-kwdikotroinuéva
RNA (Non-coding
RNA (ncRNAs)
PuOuion tng peta-
HETAYPOAPIKNG
YOVIOIOKNG EK@PAONGS
HEOW TTPOCOEDONG



l. MeBuAiwon tou DNA

o e Unrmethylated DNA
CpG site

e [1pooOnkn peOuiopadwyv oe
Paoeic kutoaivng C

® Ilpotumo pebviiwongc:
J€v givau Tuyaio,
aAAnAovyiec 5-CG-3’
(Vnoidix CpG?

e DNA peOuiotpavodepaoeg
(DNMT's)

Dnmti: pe@uAiwon dixrnpnong
Dnmt3a: de novo pe@uiiwon
Dnmt3b: de novo pe@uiiwon ool




Turnot MeBuAiwong tou DNA -

‘MeBuliwon Statrjpnong: mpoodnikn pebuAopddwy
oto veoouvtednuévo kAwvo DNA amevovtt atd
TIC peBuAlwEVEC B€0€1C OTO UNTPIKO KAWVO

- Sl popaTifeTal HETA TNV ovTLypob1| TOU
YOVIOLWUAKTOG

- T 2 Quyatpikd popioe DNA Siaxtnpouv to
TPOTUTO HEBUAIWOTC TOU UNTPLKOV Hopiovu )

KALIVOE 1

- KANPOVOUEITAL PETA TT KUTTAPIKT)
dlaipeon

De novo peBuAiwon: mpooOnkn pebuvlopadwv oe
eVTEAWC vEeC O€oEIC

- XAA0yr] TPOTUTTOU HeBUAIWONG O L
EVTOTIIOLEVT] TLEPLOXT] TOU YOVIOLWIATOC




Il. XnIKEC TpOTTIOTIOWOELC LoTOVWY — Eibpaen otn
CUGCKEUAOLOL TNG XPWHLOTIVNC

® Avo TpOTOL EMIPPOTIC TNC QOUNC TNG
XPWHOTIVIG oTnV €KbpaoT TOu
YOVIOLWHATOG:

1. O BaBuodcg cvokevaoiog TG
XPWHATIVIIG €VOC XPWHOCWLKOU
Tunpotoc kabopilel oov O exppocToUV
TALYOVIOLX TTOU TrEPLEXEL, Ko emnpealeTou
OO YT|MLKEC TPOTIOTIOLNCELC IGTOVWYV

2. Av €voeyovidlo eivou
Epigenetic histone modifications T[pOO'T[E)\O’(()' [l_lO’ ]] l_lS‘[O(YpO((I)]!] TOV

— AT
— epabnaton

— MeiPyltian

S Bl emnpeddeton otd TNy okpPn duon ko
' | TOTMOOETNON TWV VOUKAEOOWUAXTIWY GTN
neployn omov B suvapporoynOei to

OUUTTAOKO €vapeng tng petorypadnc



http://www.ladydavis.ca/uploads/Stephane%20Richard%20website/key_activities_fig1.jpg
http://www.ladydavis.ca/uploads/Stephane%20Richard%20website/key_activities_fig1.jpg

PUBLON VOUKAEOCWHOTIOU LECW XKWV
TPOTIOTIOLNCEWV TWV LOGTOVWV

Ta voukAgoowpdrio
QTOTEAOUVTOL ATTO 8 TTUPT|VIKEC
iotoveg (2x H2A, H2B, H3, Hy)
Hi: cuvdetikn totovn, Bondd
OTNV TTEPLEALE)

To N-akpo twv tetovwv H3
ko H4 amroteAovv otd)o
METO-ETOYpUP LKWV
tpomomomoswy (Ax., Me0.,
Pwod.) ennpedlovrag Tnv
aAANAemidpoon

DNA xou iotovwyv




XNHUIKEG TPOTLOTIOLOELC TWV LOTOVWY

Function regulated

acetylation E:::::spat:?:ﬂ Repair, Replication,
methylation Transcription, Repair

AL ETG Bl Transcription, Repair

(ouBikourivwon)

@ T BN B Transcription

(ooupoiAiwaon)

@ phosphorylation Transcription, Repair, Condensation

e ATTapaiTNTEG VIO TN PUCIOAOYIKI AEITOUPYIA TOU
opyaviouou (KuUT. dla@opoTtroinon, avatrTugn eupuou,
ATTEVEPYOTTOINOTN TOU X XPWHOOWHATOG, YOVIOIOKI)
ATTOTUTTWON)

e AuVNTIKA AVOACTPEWIMNES



OE0ELC XNMLKAC TPOTTOMOLNONG TWV LOTOVWYV — YovidLakn puOuion

a0 1
QTA G LAT AF‘ATEE\F HPH- hisl:um! H3
o d ot ol oo
mathylation $E GKGGKGLGKGGA RHR“ LRDNIQGITKPAIRRLAR - histone H4

{arginina)

F’
¢
W e
?
g

<

;E RG EEGIERAHAKERSSHAE LQFPVGRVHRLLRKGNY -| histone H2A

118

u

uoiguitylation PEFALPAPHPEE;HI[AWQHHDSKKRI{RSHHES‘I"SH' - histone H2B
120

methylation
(repressive lysina)

: KETUALwoT), peBuAiwon apyvivng,
nepikn) pebuiiwon Avowvwv (H3K4 and H3K36)

Anociwmnon/Koartaotoin petaypadnc: peduiivwon Avoivav
(H3K9, H3K27, H4K20)




‘Eviupa XNULKAG TPOMOMoinon¢ LOTOVWV

(zerine, threonineg)

kinase

(arginine)

PEMT

II.I@

|

| . i
deiminase

Ev{uua tpomromoinong ioctovwv

HAT: Histone acetyltransferase
Protein kinases

PRMT: protein arginine
methyltransferase

HKMT: histone lysine

methyltransferase

amine oxidase
(citrulling) hydroxylase

Avtaywviotika evJupo
TPOMOMOITCII¢ LEGTOVWV

HDAC: histone deacetylase

PPTase: protein phosphatases
Deiminase

Amine oxidase hydroxylase



JUVSUAGHOG TPOTIOTIOL|CEWV OTH XPWHOTIVN pueulzgl ™
petaypadn yovidiwv —

SIGNA.LS

Pl

mm@ﬁw

HEBH"ESLII’J H3kK9ac -—-HSI{ZIrnE:

d o

HSI{?EllTle\‘ HP1 —

r'd

H4 kK 16ac — H4EK20me

N

DA meathylation

H3kFK4d4me — H3IK8me

—i HA K2 0rms

f”"‘““““"-a %“P;_

J.rF

N0V =Y) D))

*1"..5

active repressed




AEITOUPYLKEG ETUMTWOELG TNG AKETUALWONG TWV
LGTOVWV —

AxeTuAiwon: TPpocsONKN dKETUAOPAS WV O€ KATAAOUTX AVGIVIIG GTX
N-TeAIKA AKPA —GYNUATIOPNOC OUPWV TOV TPOEEEYOVV OO TO
TTUPTVI TOV VOUKAEOCWHATIOU

A Ac

I
H2A SGRGKQGGKARAKAKTRSSR
10 0

e H axetuAlwon LELWVEL TN CUYYEVELX TWV
om lotovwv Yl to DNA, mpodyet )

H28B PEPSKSAPAPK‘(GSKK&[T&(A , .
; -" YoVISLoKT) petarypodn

Vi ALY,

Ac Ac Ac Ac
| |

|
ARTKQTARKSTGGKAPRKQLATKARKSAP
10 20

i

A : : : 4 i
e Unacetylated histones Acetylated histones

e To 1996 avokaAUdOnKov ot

L2235 aketudotpovodepdoeg twy totovwy (HAT,

“ histone acetyltransferases): ta évlupo mou
¥ pooBETOUV AKETUAOIADEC OTIC LOTOVEC

Avo O0YeI¢ TOU OKTHUEPOUC TOU VOUKAEOOWUATIOU



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

Ot OLlKOYEVELEC TWV akeTUAoTpavodepacwv (HAT)

- 3 OLXDOPETIKEC OIKOYEVELEC TTPWTEIVWV

- GNAT 1) GCN5-oxeti{bueveg aketvlotpavodepdoeg (Gens-
ralated N-acetyltransferases): cuotatika twv SAGA, ADA,
TFTC

- EVEPYOTIOINOT) LETOYPADTIC YOVISIWV

-em1010pOwon oplopevwy TUTTwV PAxBwv tov DNA, my.
BAGPec mou emdyovrat ard vePLWOT) AKTIVOBOoAIX

- CBP/p300 (CREB-binding protein) puBuilouv:
- KutTtopikn dladopomoinon
- KUTTAPLKO TTOAAXTTAXCIAGLO

- ITOTITWOT)
- MYST (MOZ/YBF2/SAS2/TIP60)

- gvepyoTmoinon petorypodnc
- emdopOwon DNA
- EVEPYOTIOINON KUTTAPIKOU KUKAOU




H anokeTuAlwon TwWV LOTOVWYV KATAOCTEAAEL
EVEPYEC MEPLOXES TOU YOVLBLOHATOL

e H axetuAiwon etvau avtiotpemntn)

o Apdon amaketvAaowv twv lotovwv (HDAC, histone deacetylases):
apaipeon akeTUAOUASWY ATTO TIC OUPES TWV IGTOVWV

e EvepyoTnNTa mKETUAXGWV GUVAEETAL |LE CUTOCLWTTNOT YOVIS WV

¢ 1996: mpwtn HDAC1 twv OnAaotikwy, oxeti(etau pe Tny mpwteivn g
Cupneg Rpds, avaotoAeag tng petaypodng

e 4 xatnyopie¢ HDACs:
-Class I: HDA(], 2,3,8 evromi{ovtou 6Tov muprva
-Class II: HDAC4,5,6,7,9,10 (tuprjvag, KUTTAPOTAXGHX)
-Class III: sirtuins (SIRT 1-7)
-Class IV: HDAC 1 (yapoxtnpiotika twv class I, II)

T Xpetdlovtou Zn* yio KataAuTikr) tkevotnta (ot SIRTs ypeidlovra
NAD



OvHDAC mepiéyovtou oe A
TOAUTTPWTEIVIKK CUUTTAOKQ:

- TO OUUTAOKO Sin3 Twv
OnAaotikwv atoteAeiton oo 7
npwteiveg, petagy dArwy tnv HDAC,
HDAC2 ko GAAeg €MIKOUPIKEG TTOU
OUVELODEPOUV 0TI IKXVOTHTX
TPOCOECTC TWV lotovwV. [Ipocdevel o
neOuAlwpevo DNA. EpmAEKeTAL OTN
KOPKLVOYEVEQDN CoREST

- To ovumAoko NuRD twv
OnAaotikwy, cuvduvadlel tn HDAGC,
HDACz pe SLacI)opsuKn OHAOX
EMKOVPIKWY TPWTeVwV. [Ipocdevel oe
ps@vklwpevo DNA. Apa w¢ Tumikm
LLNXOVT) VASLOPYAVWOT)G
VOUKAEOOWHATIWV

PP

H3ARTKQTARKSTGGKAPRKQLATKAARKSA-

9 14 18 23 27

GPS2} NCoR2

TBLY HDAC3

NuRD Sin3B MIiDAC SMRT




MeOuAiwon otovwy

MeBuAiwon kataAoimwy cpyvivig ko Avoivig ot N-TteAkd
aKpa Twv lotovwyv H3 ko Hy.

® MoaxkpompoOeoun SLxdIKooio, SUVINTIKK VG TPEPLLN,
dtopecorafeitan amod Tig peduiotpavadepdoeg

e MeBuAiwon otic H3K4, H3K36, H3K79

e MeBuAiwon otic H3K9g, H3K27, H3K20 — avaotoAn
petaypodrg

e YuvnBwc ot povee pebuiiwoeic otic H3K4, H3K36, H4K2o0,
H3K79, H2BK5 cuvd€ovtou e yovidiokT) evepyomoinon

e Ot tpr-pedBviwosig otic H3K27, H3Kg, H3K79 odnyouv oe
VUG TOAT TNG LeTOyPad1)C


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

AAAA L6 TPOTTOTIOLNGNC TWV LGTOVWV

® dwodopuriwon kataroinwyv oepiviig ot N-TEAIKA AKpX TWV
totovwv H2A, H2B, H3 xou Hg

-H cl)wccl)opvllwcm ¢ H3 ko tng GUVSEtucnq LOTOVIG:
OUVOEETAL |LE TO OYNHATIOUO LETOPATIKWY XPWHOCWHATWV

® Oupumikovtivworn kKataroimwy Avcivie ota C-TEAIKA AKPX TWV
totovwv H2A xou H2B. I1poaOnkn tng pikprig mpwteivng
OUMTIIKOULTIVIC

-H ovpnixouttivwon tng H2B: emidpd otov €Agyyo tov
KUTTOPLKOU KUKAOU

® YovpoiAiwon, mpoodnkn ¢ mpwrteiviigc SUMO
- TTPOHOLA OPAOT) PLE TNV OVUTIKOVTIVWOT), Tailel

VOO TOATIKO pOAO oTn petaypoadn) KaBw avtaywvileto TnVv
OKETUALWOT)

Ot evaddaxtikoi autoi TUmOL TpOTTOTOINGNG EMNPEALOVY TN SOuT| TNG
XPWHATIVIG Kol TN OpACTNPLOTITA TOU KUTTEPOU



Kwdkac totovwyv

® 29 O¢oelg ot N- kot C-TeAIKA AKPA TWV 4 KEVIPLIKWYV LGTOVWV
UTTOKEIVTUL O€ OLLOLOTTOAIKT] TPOTIOTOIN O

Me .\Te MeAcP .»\I(: .\?er. Ac .\-tlf:'\-ﬂo. P

|1
H3 ARTKQTARKSTGGKAPRKQLATKARKSAP
10 20

P Me Ac Ac Ac Ac Me

| | | | | |
H4 SGRGKGGKGLGKGGAKRHRK
10 20

® KwdIkag 10TovwY HEGW TOU OTOIOV TO TTPOTUTIO TWV XTHUIKWV

tpomomoloewv kaxbopilel TIC TEPLOYEC TOV YOVIOIWHATOC TTOv B
eKGPAGTOUV G€ QEQOUEVT XPOVIKI] GTIYT)

® O KWOIKAC IOTOVWV UTTYOPEVEL:
- TNV emid10pBwaon B¢oewv mov €xyovv vmootel BAXPN

- TOV GUVTOVIOUO avTLypadT)C TOU YOVISLWHIATOC LE TOV KUTTOPIKO
KUKAO



lll. Mn-kwdiKomotlnueva RNA (mlRNA
‘Non-coding RNA (ncRNAs)

e miRNA (micro-RNA): TGRSR
Pri-miRMNA Pre-miRMNA Mature miRMA
Hikpd pn kwowkomotnpeva RNA WIS —+>-_~) —> 0 —> 2 —w
Cellular Gene @ ’t
® 20-25 VOUKAEOTIOL, TTPOEPYOVTAL Drosha  Dicer mw“
ot petoypodn tov DNA, aAAd dev

Exactly Fartially

HetadppalovTal o€ TPWTELVN Complementary / \@mplememw
e PuBuilovv tnv ékdpacn GAAWV

mAMA Degradation Translational Inhibition

YOVIOiwV

e Endyouv xataotoAr) TnG petaypadnc 1 amodounon twv mRNA
OTOXWV

e [TaiCouv onpovTIKO pOAO 0TI PUCIOAOYIKT] KUTTAPLIKT] AEITOUPYIX
e Amoppubuion (vtepéxkdpaon 1 HelwUEVT pUBULOT)) HECW
XPWHOCWUIKWV AVWHXALWY 00NYEL 0€ TAHBOAOYIKEC KATAOTATELC

® ApAom oyKOYOVISIwV 1] OYKOKNTOXOTAATIKT)


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 onpooia TwV EMYEVETIKWY HNXOVIGILWV

DNA Methylation

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

r

.
‘}

Epigenetic Mechanisms are affected by Hcaind Modilleatlions ": A/

3' < ¢ Health Endpoints

Development (in utero and childhood) Cancer

Emviormiental Chiemicals The binding of epigentic factors to histone tails can )

alter the extent to which DNA is wrapped around Autoimmune Diseases
Drugs and Pharmaceuticals histones and the availability of genes in the DNA to ,
Aging be activated Mental Disorders

Diet Diabetes

ALOTAPOYEC TWV EMYEVETIKWV HIYOVICUWY CYETI(OVTOL LE
® KOPKIVOYEVEGT),

® VEUPOVUTTUELOKES Kol YPUuyLaTPIKES SLATAPOYEC,

® VOGT|LITA TOU OCVOGOTIOLNTIKOU GUGTI|LATOG,

¢ Juapopa raudlatpikd cvvdpopa (cuvdpopo Rett, evBpavorov X,
Prader-Willi, Angelman)



Enidpoion EMLYEVETIKWVY TTOPAYOVIWV KOTA TN dLapKELa TG
kbnon¢

£ \

F a
(H3K4m)
)
(H3K9m)

miRNA H3ac smc CZZ—1 Arsenic

ST

£ ; 4
(Hakzm)
!

miRNA .

Int Rev Neurobiol. 2014; 115: 1—49.




H eniSpaon tng dtatpodng otnv avamntuén
ETYEVETIKWV AAAOLWOEWY

e H moootnta ko  motdtnta tne S1xtpodnc emidpouV 6To
ETIYOVIOIWIA TTPOKXAWVTOG ETLYEVETIKEG XAAXYEC

o Siarpoi) ue vYnia emineda Aimapwv (high-fat diet) : aAAdlel
Vv Asttovpyikotnta twv HDACs kou HATS, kot emidpd apvntikd ot
Agttovpylia tov Nroatog, ocvéavel tny ekdppoon twv HDACs ko odnyel
O€ HELWUEVT) EvaoONCla TNV IVOOUALVN

o Siarpo@i) ue vYnia erineda caxyapwv (high sugar diet) :
- 1 YAUKO(n eivat TOEIKT) YIX T B TOyKPEATIKA KUTTAP,

atoppuOuilel Tnv petarypadr] Tov yovisiov TG

(voouAivne, armootadepomolel Tov petaypoadikod mapayovro HIF

- OryAvkotoéiveg (advanced glycation end products, AGEs)
emiopovv oty ekdbpaon miRNAs, avédvouv tn peBuAiwon yovidiwv



Maternal Low-Protein Diet Modulates Glucose Metabolism-and Hepatic
MicroRNAs Expression in the Early Life of Offspring

Maternal
low protein diet

Epigenetics (miRNAs)

Fetal programming
hypothesis

i Target genes

Offspring
_ at weaning "

¢ Functional enrichment analysis

MAPK signaling pathway

Toll-like receptor signaling pathway

TGF-beta signaling pathway

Cytokine-cytokine receptor interaction

Chemokine mgnalmg pathwa_v

Ad_ipoqrto]sjnﬁ mgnahng pathwa}'

Jak-5TAT signaling pathway

Impai_ted
insulin secretion

] & L inflammation

¥

f Chronic low-grade

J""-i[ Glucose J

intolerance

Nutrients. 2017 Mar; 9(3): 206.



Different maternal dietary patterns affect the gut microbiota and the epigenetic
landscape of the offspring,

contributing to long-term health outcomes in the offsprlng

Fibre intake Western diet Protein intake Methylation donor
Y Changes to
/ ", fiolate intaket 4 Choling
II 'lll\_.
Mother : High total High saturated High protein Low protein iﬁ‘ / E:
I}-?' c Fiat int ke Fat intake intake irifake
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s n 1 n ] F
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Epigenetics and male reproduction: the-consequencesof paternal
lifestyle on fertility, embryo development, and children lifetime health

TIonizing radiation

..-.!-, P :l'-,
GRS RS

Alcohlol

Fertilization

.

Abnormal/Low sperm count

Epigenetics Insights 2025, 18: e005 Clin Epigenetics. 2015; 7: 120.




Mechanism of epigenetic influence on offspring health by paternal exposure

> Sperm acquire
High sugar small RNAs via
High fat epididymosomes
Low protein /
Fasting

Folate deficiency T i - =3 SN
Advanced age Yo - Q
P ¢ | c

Prolonged lcohol
Smoking
Betel nut chewing
DNA
methylation

Ll v
sl VAN S

R T X))

. ®
Histone Spermatozoa
modification

Transgenerational phenotypes

Patrilineal intergenerational transmission

Autism ﬁ Decreased
Behavior disorder sperm quality

Obesity \\T » Ovarian dysplasia
i S Decreased fertilit;
offspring offspring 2

Cardiovascular .
G +. . Increased risk of
disease S5
breast cancer

germline

: . germline
inheritance

) . . Abnormal
inheritance Renal dysplasia | f, immune system
e Increased risk of
inflammation
Hepatic T and infection
discases g

Reduces muscle

Impaired glucose mass and strength
tolerance

',/ Impaired insulin
sensitivity

Epigenetics Insights 2025, 18: e005

True transgenerational inheritance Direct effects




EmyeveTIKN KOl KOPKWVOYEVEGH)

® AAANAEMISPUOT) YEVETIKWV KO EMYEVETIKWY UIYOVIOHWV
0d1YOUV O€ KAPKIVOYEVEDT)

ENUIRDMENTAL IMF'ACT1 1"""5"*0"””5‘3'-'5 ERRORS ™ D « ENWHDMENTAL IMPACT'
__INREPLICATION

GENOTOXIC PATTERMNS O DIET
AGENTS JHR’-r*_J soME METHYLATION FACTORS, ETC
Iﬂ : .r

| tm—

® YUVOUNOPOG EMLYEVETIKWV KOL YEVETIKWV XAAXYWV O31YOUV O€ YEVW LIKT)
aoTdOe10, SraTapayr ot YOVISLaKT) €K PacT) KU avATTUETN TOU OYKOU



[EVETLKEC KOl ETILYEVETIKEG a)\)\aveq oTo KapKLvo 1{e]V)

nvevLoval

lung carcinoma
in situ

normal
epithelium

hyperplasia invasive lung cancer

LOH/MSI: 3p, 9p —» aberrant promoter methylation of p16, CDK4, CDK6, MGMT, APC,
' TIMP3, 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 TP53, KRAS, EGFR,
HERZ2; numerous TSG hypermethylation; hypomethylation of e.g. MAGEA,
ZNF711, SBSN; disturbed miRNA expression

apoptosis in hihlﬂﬂn

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

metastasis

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



MeOuiiwon tov DNA ka1 kopkivoyevesn

e MeBuAiwon otoug VTOKIVNTEC YOVIS WV 0dNYElL 0€ AmooIwnon Adyw
KATXOTOANC TNG TPOTOECTIC TWV HETAYPAPIKWY CUUTAOKWY OTO
puOuotiko DNA

e H peBuiiwon emiong mpooeAkvel MPWTEIVIKA CUUTAOKX
QUTOTEAOVEVX ATTO TTPWTEIVEC TTOU TTPOCOEVOUV G€ PLEQUALWEVEC
aAAnAovyieg CpG (MBD proteins), HDACs kou HMTs mpokaAwvtag

OUVTOVIOHEVEG ETILYEVETIKEC TPOTTOTIOLIOELC OTT XPWHOTIV

- CpGisland



Avapala potifa peBuliwong kanowwyv yovidiwv oxetifovrat He
KOPKLVOYEVEDH

-vepuebvAimon vroKivnTOV Yovioimv puOLLETC KUT. KOKAOV,

ATOTTMOT), ETOL0pOmonc Tov DNA, dtapopomoinong, tpocKOAANGTG

OONYEL GE LETAYPOPIKT] OTOGLOTTON

Rb, p16/se, p15ikss, p
nal transduttibn; -
RASSF1, APC

+ Invasion/metastas
- TIMP-3, E-cad

-V ue@kw)cm aowakauﬁowo uévv aMKouxwav nyai YEVOUIKT
aoTADEI KOl OYKOYEVEDT



MetaAAaelc o evIUO TPOTTOTMOLNONG TWV LOTOVWYV
aAAdlouv tn Sopun/Aettoupyla THE XPWHOTIVAC

- To 50% twv 6ykwv
TTPOUGCILAEL LETOHAABEELC
o€ £v(ULOL TPOTTOTTOINGTC
TWV LOTOVWYV 1)/KaL TOU
DNA

- TTio ouyva o€ ev{upa Tou
puOpuilouv :
- AxketuvAiwon lotovwv

- MebBuAiwon otovwv
- MeOuAiwon DNA

- 'EvQupa oovadtopopdwong
NG XpwHATIVAG




AKETUALWON LOTOVWV KOl KAPKLVOYEVEDH

o AXay1) TG AettoupytkotnTac twv HAT Adyw yoviSiokdv
HETUAAXEEWV T LKWV OYKOTIPWTEVWY OXETICETOL [LE TNV OVATTTUEN
OULXTOAOYIKWYV KO GUTTOY WV 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




AMTOLKETUALW O LOTOVWYV KOl OYKOYEVEDN

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

HDACy Overexpression Colon

HDAC8 Overexpression Colon

SIRT1 Overexpression/underexpression | Multiple/Colon

SIRT2 Underexpression/deletion Glioma

SIRT3 Overexpression Breast

SIRT4 Underexpression AML

SIRT7 Overexpression Breast, thyroid carcinoma




MeBuAiwon/AnopeOuAiwon LOTOVWV Kol KAPKLVOYEVEGH

HMT (histone Defect Tumour

methytransferase)

MLL1 Translocation, amplification Hematologic

MLL2 Amplification Gliomas, pancreas

MLL3 Mutation/deletion Hematologic/colon

MLL4 Amplification Solid tumours

NSD1 Translocation AML

NSD2 Translocation Multiple myeloma

NSD3 Translocation/amplification AML/breast

BL1iMP1 Mutations B cell ymphomas

AYA Chromosomal rearrangements | Myeloid leukemia

MEL1 Translocation Hematologic

LBP1 Overexpression Gastric

SUV39H1 Mutation/overexpression Ovarian/colon

HCP1 Underexpression Breast

GASC1 -demethylase Amplification Squamous cell carcinoma
| PUT1-demethylase Overexpression Breast




EryeveTiké aAAOLWGEL WC KOPKLVLIKOL BLOSEIKTEC

H mopovoia GUYKEKPIHEVWV EMIYEVETIKWYV
OAAOLWOEWV GYETI(ETAL ME:

-TO TUTO TOVU OYKOU

-TO OTAOLO

-0 BaOpo kakonOelac, ™ drtadopomoinon

-TT MPOYVWOT)

-tV gvacOnecio otn pappokevtikny aywyr (drug
resistance, drug sensitivity)




MeBuAiwon tou DNA Kol KOPKLVOYEVEGH

Clinical

Cancer type Genes Analyzed Biological
analyzed
MGMT, RAR-B,FHIT, p14ARF, BLU, CDH13, | POOr prognosis |serum, sputum
Breast HIC1,RASSF1A, RAR-B, CDH1,CDH13,ESR1| Early detection, |[Tumor and Plasma
cae CDH1, p16INK4A, APC,DAPK11 ooor prognosis [Plasma
Early detection of
Prostate GSTP1, CD44 =l .de SN O+ mor and Plasma
high risk
Ovarian CDH1, CDH13, APC, TIMP3, GSTP1, Early detection, \Tumor and Plasma,
PPP1R13B, HSPA2, HSD17B4, ESR1 cancer specific |peritoneal fluid

RASSF1A, BCRA1, p14ARFARF, p16INK4A

Hepatocellular

p16 INK4A, CDKN2B, RASSF1A

Poor outcome

Tumor and Plasma

p16 INK4A,CDKN2B, DAPK1,GSTP1 CDH1

Poor prognosis,

Gastric RAR-( tumor recurrence il Flasma
Colorectal DAPK1, p16 INK4A, MLH1, SFRP2,SFRP5, Tumor Tumor and Plasma,
PGR, HIC1, vimentin progression  [stool
GLRlntl; A WAL PSS ESITE, Initial diagnosis |Tumor and plasma
Bladder p16INK4A, RAR-B, ARF, p14ARFARF, 9 P ‘

DAPK1, BCL2, TERT, EDNRB, TNFRSF25

and follow-up

Urine




TPOMOMOLNOELC LOTOVWV KOl KAPKLVOYEVEDH

Tumrog¢ oykou

Tporromroinon

KAivikn onuacia

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

AKETUALWOELG-KOAN TIPOYVWON

L
- H3K4me2, H3K9me, H4K20me3 MEBUMBOELC -5UCHEVAC
Prostate H3K4me2, H3K18ac, H3K4me1, H3K9me2, H3K9me3, Metdaotaon, enavepudavion
H3Ac, H4Ac, H4K20me1, H4K20me2, H3K27me3 OYKOU, KOKH TIPOyvVwWaon

Kakn mpoyvwon,

— H3K9me3, H4K20me3, H3K18ac, H4K12ac, H3K4me2, BETLKe HAK16ac -

- H4K20me3, H4R3me2, H4K16ac SR g

TIPWLHOG SEIKTNG

Leukemia H3K9me3| KaAn mtpoyvwon

Esophagus |H3K18ac, H4R3me2, H3K27me3| KaAn mpoyvwon

Kidney H3K4me1, H3K4me2, H3K4me3] Kakn emiBiwon

Liver H3K4me3, H3K27me31 Kakn mpoyvwon, enBiwon

Pancreas H3K4me2, H3K9me2, H3K18ac |, Kakn emiBiwon

Chernova Y Am ] Cancer Res 2012




mMiRNAs Kot KopKWoyeveon

Cancer type Upregulated miRNA ﬂCIinicaI significance
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

mMiR-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



Emyevetikol BLOSEIKTEG WC napavovrsg TTOV
ennpealovv tn Oepaneia

I'ovidio-Biodeixtng Emyeverikog Mnyovioudg | Tumrog oyxou Eidog Ospameiog
Mnyaviouog dpaorng

MGMT
(O-6-methylguanine
DNA methyltransferase)

BRCA1, MLH1

(Breast cancer 1, mutL-
homolog1)

ERCC1, ERCC5, WRN

( excission repair cross-
complementary, Warner
syndrome)

GSTP1 (glutathione S-

transferase pi 1)

TP53

CDK10 (cyclin-dependent

kinase 10)

Yreppeburiwon
UTTOKIVT|TT)

YreppeOuiwon
UTTOKIVI|TT)

Yreppebudiwon
UTTOKIVT|TT)

YreppebuAiwon
UTTOKIVT|TT)

MetaAA&Eelq.
Yreppebuiwon
vrokwvntn TP73,
APAF1

YreppeOuAiwon
UTTOKIVITT)

Emidiopbwon
touv DNA-

adaupel
aAKUAOUAdEG
and yovaviveg

Emidiopbwon
tou DNA

EmidiopOwon
tou DNA

Amotoéivwon
amo EevoPloTikd

Amontwon

Kuttapikn
onpatodotnon

[Moiwpa,
Aguyoupio

Kapxkivog paotov,

woOnkwv

[Moilwpa

Kapxkivog
woOnkwv

Kapxkivog

TPOOTATN, LOGTOV

MeAdvwpo
(APAF1)

Kapxkivog poctou

Heyn H Expert Reviews 2013

KoaAdg mpoyvwotikog
deiktng Bepameiog pe
AAKUALWTIKOUG
Topdyovteg carmustine,
temozolomide

Avtiotaorn og
cisplatin , evoucOnoia oe
avaotoAeic PARP

EvouoOnoia oe cisplatin,
VOO TOAEIC
TOTIOICOEPAOT|G,
nemorubicin

EvouoOnoio o
doxorubicin

EvauocOnoio o
adriamycin

Avrtiotaon og ovtL-
olotpoyovikn Bepameia



Database of Human DNA Methylation and Cancer

MethyCancer 53 "

Human

Epigenome
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e Harbin Medical University 3


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

MeAETN EMLYEVETIKWV aAAQYWV

e Artopovwon DNA, ypwpativiig, RNA amod moikiAia
JELYHATWV:

-loto (Pppéoko kot povipomompévo o€ rapadivn)

-Ileprdpepixo aipa 7 Genetic
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-IMtera

[ Riskevaluation

- .Epigenetic- ™

-ITaykpeotiko vypo Senm

Early detection Ty
1—[ e 7 y PR — i t --t——"'_"'_-- Personalized
- — T
EPLTOVHIKO UYPO W | |

-KoAmkég exkpioelg )

Response

-Konpava

- Epigenetic Therapy
S~ Targets =~

—




MeBodoAoyia EMLYEVETIKNC OVAAUONG

e AVAAUGHN HEUOVWUEVWV YOVLSLWV 1] TIEPLOPLOUEVOU apLlOpoU
yovibiwv
e AvaAuon ToU GUVOALKOU YOVLOLWMUOTOG

Gene Specific/ Gl speclf : i

7O

RE-digestion based methods Immunoprecipitation methods

v l !

treatment AP-PCR, DMH, HELP d \

Hist ificati

others *

\J

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




Epigenetic profiling joins personalized cancer medicine
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ETTIYEVETIKOL LNXOVLIOHLOL ETLEPOUV O Stidopa 6TASLA TNC
SLadpounc evog aloBevouc LE KOPKivo

Environmental  Risk
factors  * etiology




2TOXEUMEVN EMLYEVETIKN Oepareia

Epigenetic Targets in Cancer

2 UVOUAGHOG VUG TOAEWYV TT|G Detection and Risk Assessment
y f’& Hypermethylation
pneQuiiwong tov DNA kot ¢ 7 | Erman ) v
¢ Apaplasis ) . ER
anaKEtU)\in twv thOV(bV .'f :nlir-gi?:}llll:ﬂ'i{llrleIr'|al:l|'|.'d1l:lll hMLHL
]] C IIH-' g.lll;il I|r|::; fing m;

Envirenmantal

Azacitidine, decitabine,

et etyAation I mor:
Trichostalin

hydralazine: avaotoAeic tnG  |pézesa

bl inE

pne@uiiwonc, decpevovy Ko

Bt ang Suippdeimn §

arodopovv tic DNMTs Shdomsntnons

EMITPETOVTUC TNV EMAVEKD POOT) YOVIOIWV TTOV £XOUV
adpavoroinfei A0yw vreppeOuiiwonc

LAPKL

Hypomethylation

Raf
C=mye
L=fos
C-Ha-ras
C=K=-pas

Acetylation/Deacetylation

Histone Acetyltronsferase
Histone Decetylase
{Lrymamie Equilibrium)

e Xpnoipomolovvrtal otr Ogpomeic pUEAOSVOTANCTIKWY
oUVOPO LWV, VULHING KL YPOVING HUEAOYEVOUC AEUYNILLIOG



2UVOUOOTIKN 6pacn AVOOTOAEWV TNG p.eeu)\lwcnq Tou DNA Kkau
TNC OIIAKETUALWONC TWV LOTOVWYV

A. Emiyevetikég tpomomou)oeig (peOuiiwon DNA, aroaketvAiwet) lotovwy)
HETATPEMOUV VA PUCLOAOYIKO KUTTAPO OE KAPKIVIKO EVEPYOTTOLWVTHC OYKOYOVISLKX

normal tumor

oncogena QFF oncogene O

tumor suppressaor Ol tUMOr SUPPressor OFF

B. Avaotorgic twv DNA peBuio tpavedepaocwv catopokpivouy tn peuiiwon kot
XOPNYTNOT CVAGTOAL WV XTAKETUALIWOTC TWV LIOTOVWYV ETITPETEL TNV CKETUALWGT)
EMITPETOVTC TIV EVEPYOTOINGT] TOU OYKOKATHGTHATIKOU YOVISiOU

H-ara

zebularine B =5
= AL WL L

r O e L

Dnmt
inhibitors inhibitors

IUMOr SUPRressor tumor suppresso
OFF M




Small-molecule screen In vitro functional, In vivo preclinical Clinical studies

SN genomic, and proteomic studies efficacy in cancer model phase |, II, and Il

No 2~

I
b

Drug cons ondration

Current States of Epigenetic Targets for Inhibitors

In development Preclinical Clinical trials FDA approved

KAT; KMT; RMT; KDM; Chromatin readers >

CBP/EP300; DOTIL1; EZH2 KDMIA 1
DNMT; HDAC; JAK2; Aurora, PARP; BET (BRD2/3/) -
owT st s Dnctabion: HOACOont s Ramcs e s )




Combination Epigenetic Therapy Has Efficacy in Patients with

Refractory Advanced Non Small Cell Eung 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 population ————

~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, CDHi3, 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 I 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 E——

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

Baseline

=

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

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)




| Epigenetic drug discovery and the road ahead

B A A R

E€EALEN KoL KAWLKA EDAPHOYA TWV ETILYEVETIKWY D OPULOLKWV

FDA approved drugs

(DMNTi, HDACi)

Drug combination therapies
New drugs on the horizon

L
e

DHMTI +  HDACH

Epiganatic druga 4 tangatad kinass inhibits
Targstng cancer
epigenatic palheays

h
Ak methydran, h.r._:._
DA TS

Fgopow o

Epgenetic drugs +  chemotherapy

Monotherapy Combinations
Drive tumor cell growth, Enhance the activity and
arrest, differentiation, durability of clinically
and cell death approved drugs
Target cancer-specifi - i
gene z:Presslon prec racms % Jiiltns
prog with chemo and
Synthetic lethality targeted therapies
opportunities with

mutated epigenetic

Target epigenetically-driven
enzyme complexes

drug resistant states



Enidpaon tng dtatpodng 6ToOUC EMLYEVETLKOUC
unxoviopoug — Nutriepigenomics

R8P SPEPIGENETIC AGE DECELERATON EPIGENETIC AGE ACCELERATION

Improved lifestyle

Damaging environmental factors
% Smoking cessation f

ammmi  3Moking

E E T Excessive alcohol intake

-_-_1 Poor nutrition

b ( b E Reasonable alcohol intake

; > i Balanced diet

Reprogramming of the cells ﬁ‘ Stress and childhood trauma
cﬂ Various methods such as

with or without a loss of
funetion, in a cylic manner
or using gene editing tools.

Risk of age-related diseases

Such as chronle inflammation, cancer,
Alzheime disease




Enidpaon dtatpodng pe neploplopo Oeppidwv (caloric restriction) o€ emiyevetikoug
HNXOVIGHOUG

Caloric restriction

30-40% reductlon |n calorie intake

Insulin/IGF1 pathway T HDAC aCtIVItY Tl DNA methylation
"'i' ' Deacetylatmn of
} Insulin resistance I| mutant p53

| Al Hypomethylation Hypermethylation

i
| FOXO Deacetylates |
proteins

(Cell death) AM PK } I"u;lgf;lnt

activation expression '
} Apoptosis T Tumor
suppressor genes
| Oxidative T ATP (TIGT and RUNX3) | p16
stress production expression

4 '] 4

Decreased incidence of age-related diseases
Increased longevity

} Insulin levels

p16
promoter

-CR can act as an activator of SIRT1, which inhibits FOXO proteins, leading to a reduction in apoptosis
-CR has been characterized as a modulator of aberrant DNA methylation patterns, which are often associated with the
aging process — preserves genome stability
-Studies have shown that hypermethylation of the p76 promoter can be facilitated by CR, causing a notable decrease
in p16 expression and subsequent evasion of cellular senescence.

Daniel et al. J Exp Biol 2015; 218:59-70


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4286704/figure/F1/

Enidpoaon tou neplopiopou v)\uxo(nq OTOUG emvevsw(ouq
HNXOWVLOHOUC —

Normal cell

p16 repression _
hTERT activation | = -ongevity

Glucose |" Ebi :
e ——  Epigenetic
restriction  regulation

Apoptosis,
cellular
senescence,
cancer inhibition

Precancerous
cell hTERT: human telomerase reverse transcriptase

Glucose restriction can impact epigenetic regulation in both normal and
cancer cell:

-In normal cells, it leads to p16 repression (inhibits cellular senescence)
and activates hTERT

-In precancerous cells, the opposite effects on p16 and hTERT lead to
apoptosis, cellular senescence and cancer inhibition of the glucose
restricted cells



Enidpaon otn peBuliwon touv DNA armo diatpodikoug mapayovieq

(green tea)

i

Sulforaphane \ 1 / Resveratrol

~ (grapes/red wine)

Selenium ——] | —— Genistein .yh.

2 (Brazil nuts) (soybeans)

SIS ST SIS
e DNMTs catalyze DNA methylation by adding a methyl group to cytosines of CpG
dinucleotides

e Hypermethylation of CpG dinucleotides or CpG islands by DNMTs usually
results in transcriptional gene silencing and gene inactivation
e Several bioactive compounds found in foods (e.g., EGCG in green tea) act as

dietary inhibitors of DNA methyltransferases and also alter gene expression
Hardy TM, Epigenomics. 2011 August 1; 3(4): 503-518



Enidpacon oTig TpOMOMOLGELG TWV LOTOVWV ATto SLaTtpodLKOUG
MOPAYOVIEG —

4 -4

Genistein Curcumin EGCG
(soybeans) {curry) (green tea)

| 1

Closed chromatin

Resveratrol Sulforaphane Selenium Curcumin  Genistein Allyl mercaptan
(grapes) (broccoli) (Braziian nut) (curry) {soybeans) (garlic)

e Inhibition of histone acetylation is done mostly by phytochemicals such as EGCG,
genistein and curcumin through inactivation of histone acetyl transferase enzyme
e Inhibition of deacetylation of relaxed chromatin is accomplished by some

other phytochemicals: sulforaphane, curcumin, genistein, phenyl isothiocynate,
organosulfur compound, resveratrol and indol 3 carbinol

Hardy TM, Epigenomics. 2011 August 1; 3(4): 503-518



Healthy human subjects given a broccoli sprout extract, or consuming high levels
of cruciferous vegetables, have altered HDAC3-and p16 expression

A 01,36h 0,1,362448h14d D
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Rajendran, Clin Epigenetics. 2015; 7(1): 102.

a Human subjects consumed a broccoli sprout extract supplement (BSE, 200 pmol SFN equivalent, IND
#111736) or a placebo for 7 days, and blood was drawn at the times indicated.

b Total levels of SFN and its metabolites in plasma (black symbols), and

b, c HDAC3 and p16 protein expression changes in circulating PBMCs.

d Study design in screening colonoscopy patients.

e Relative mRNA expression of p76 in subjects reporting low (0—1 servings/week) vs. high (>5

servings/week) cruciferous vegetable intake for 3wks.

f Immunoblotting of colon biopsies, arranged left to right according to cruciferous vegetable intake.
g—i Associations between p16, HDAC3, AcH4K12, and Nrf2 normalized to B-actin




Eniépaon otnv ékppaon/dpdon twv miRNAs amno Siatpodikols
nopayovie¢

ﬁenistein ] ’ Curcumin
(soybeans) ; | (curry)

(green tea) |

= kY
Oncogenic Tumeor-supressor
miRMNA miAMNA

e miRNAs serve as regulators of gene expression

e dietary agents target the miRNA of oncogenes and/or tumor suppressors
and impact the expression level of miRNAs

Hardy TM, Epigenomics. 2011 August 1; 3(4): 503-518



Epi-nutrients for cancer prevention

Riboflavin (Vit B2)
Pyridoxine *i Folate ﬁt B9)

it B6) 5
Cobalamin (VitB12) ¥ ®

* & Methionine

EPEGENETIC
MODIFICATIONS

Genistein oo Viatmin C

e

Myricetin
“ DMNA methylation/demethyltaion

Sulphorane

Resveratrol ' ‘

Histone modification

' Phenylhexyl
HAT HDAC
e isothiocyanate

@fl ?2 {‘fg (PEITC)

Phenylethyl
isothiocyanate

Benzyl (PHI)

Curcumin ; isothiocyanate
(BITC)

f'e

Diallyl disulfide

Curcumin

EGCG

%

-t
Cell Biol Toxicol 41,116 (2025)

Resveratrol




Bioactive compounds targeting epigenetic marks

Bioactive
compound

Sulforaphane

Curcumin

Epigallocatechi
n-3-gallate
(EGCG)

Butyrate

Resveratrol

Diindolylmetha
ne (DIM) and
indol-3-
carbinol (I13C)

Genistein

Phenethylisothi
ocyanate
(PEITC)

Organosulfur
compounds

Quercetin

Ellagitannins

Dietary source

Vegetables such as broccoli, cabbage,
and kale

Turmeric

Green tea

Cheese, butter colonic fermentation of
dietary fiber

Plants such as blueberries, mulberries,
cranberries, peanuts, and grapes; its most
abundant dietary source is red wine

Brassica vegetables such as broccoli,
Brussels sprouts, cabbage and kale

Soybeans and soy products

Crucifier vegetables

Allium vegetables such as garlic

Buckwheat and citrus fruits

Pomegranates, raspberries, walnuts

Main molecular target(s)

H3 and H4 acetylation, H3K9ac, H3K9me3,
HBD-2, H3K27me3, RARB, HBD-2, p21,
BAX/HDAC

H3 and H4 acetylation, p53, GATA4, GZMB,
PRF1, EOMES/HAT, HDAC

H3 and H4 acetylation, H3K27m3, NF-kB, IL-
6, BMI-1, EZH2, SUZ12/HAT, HDAC, HMT
H3 and H4 acetylation HDAC, NRF2

TNFa, IL-8, RBP/SIRT1

COX-2/HDAC

H3, H4, H2A and H2B acetylation, H3K4me2,
H3K9me3, p21, p16, PTEN, p53, FOXA3,
BTG3, RARB, hTERT, CCLD/HAT, HDAC,
SIRT1, p16

H3 and H4 acetylation, p21, GSTP1/HDAC

H3 and H4 acetylation, p21/HDAC

IP-10, MIP-2/HAT, SIRT1

HDAC and HAT

Cancer type

Myeloma, prostate,
leukemia, colorectal, breast

Leukemia, liver, cervical,
pancreas

Esophageal, skin, breast,
lung, oral, hepatocellular
Leukemia, colorectal,
prostate

Breast, prostate

colon

Esophageal, prostate,
breast, renal

Leukemia, prostate,
pancreas, breast

Breast, liver, colon

Liver, skin

Daniel et al. J Exp Biol 2015; 218:59-70



Epigenetic
diet

Broccoli| Soy beans

Grapes Blueberries

DNMT inhibition

Hg‘ Vg

Green tea|| Turmeric

HDAC inhibition

Decreased cancer
incidence

miRNA regulation

I

HAT mhlbltlon

Decreased incidence of
other age-related

diseases Daniel et al.
J Exp Biol 2015; 218:59-70




Dietary compounds affect different epigenetic mechanisms

DNMT activation/inhibition
Selenium®" % Genistein®* %014
Biochanin A% Curcumin® HDAC/KAT
Quercetini®. 101 Luteolin!® Vitamin D% Omega-3 FA7>73
Resveratrol 62102 Catechin10® Isothiocyanate'™  Selenium?
Choline!®? Apigenin!™ Sulforaphane®? Isothiocyanate!™
Sulforaphane® Vitamin D06 Caffeic and chlorogenic acids ''?

DNA® demethylation Resveratrol® Kaempferol'"

Vitamin C1%7 /

MmN microRNA

B Methylated Lysine

%
b HMT/HDM

* Folate'"? 2 Choline®” .
«  \itaminC _— Withaferin
Eil‘is Methylated DNA *  Dmega-2 FA Aplgeninwﬁ

Mmm
mRMNA
PTM readers (modifications)

1. Lowering MeCP2 microRNA
Genistein® Resveratrol™ Vitamin D% 116 sulforaphane®

Catechin®™ Curcumin® Anthocyanin'!® Resveratrol®’ &
2. BRCAs de-methylation Catechin'!® Genistein® &
Equol (BRCAs de-methylation)** Curcumin®® & Folate®

Choline®

Biomolecules. 2023 Feb 7;13(2):318

P Acetylated Lysine




Epigenetic diet
compounds

Food sources

Epigenetic functions

EC, ECG, EGC and EGCG

Green tea

DNMT and HAT inhibitor,
modulates miRNA

Grapes, peanuts, mulberries,

Resveratrol cranberries, blueberries DNMT and HDAC inhibitor
DNMT inhibitor and miRNA
Curcumin Tumeric, curry modulator
DNMT and HDAC inhibitor,
enhances HATs, modulates
Genistein Soybeans, fava beans mMiRNA

Isothiocyanates,
sulforaphane

Broccoli, cabbage, kale, watercress

DNMT and HDAC inhibitor

Selenium

Brazilian nuts, chicken, game meat,
beef

DNMT and HDAC inhibitor

Allyl mercaptan,
organosulfur

compounds Garlic HDAC inhibitor
Beans, grains, fortified breakfast Deficiencies alter DNA
Folate cereals, pastas, green vegetables methylation patterns




Eryevetikn Stotpodr) —
MeAAoVTIKEG KATELOUVOELG

- Kupiwce ynuetompodpuAaktikn 6paon

- [TiBxvy cuvdvaoTIKT) EDAPLOYT LE DAPLOKO YL
KXAUTEPT vTTOKpLoTn otn Oepameia

- Avdrykn mTpoodloplopol 0000A0YINC
BLodpAOTIKWY EVWOEWV KoL ¥POVOU XOPIYNONC

- AVAyKN TOTEAEOUATWY EMIOT|ULOAOYIKWV
LEAETWV YL TTPOGOLOPLOHO XTHELODEPATTEVTIKNC

dpaonc



Eknatdevutikol otoxoL

OPpLOPOG TG ETMLYEVETIKTG KO TT) CT|HLOCLA TN

Kiplol emryevetikoi pnyxoviopol ko toe €v UL TTou
EUTTAEKOVTOUL GE CUTOUG

2UUHETOXT] TWV ETYEVETIKWY UNYOVIGHWY GTNV OVATTTUEN
TNG KOUPKLIVOYEVEST|Q

TpomoL HEAETNC TWV EMIYEVETIKWY TPOTTOTIOLTEWY
OewpPNTIKT) TPOCEYYLOT) TNG OTOXEVHUEVNC ETLYEVETIKTC
Oepameiog

P6Ao¢ ¢ dlatpodric 6TOUC EMIYEVETIKOUC UNYXXVIOHOUG
OpLopo¢ Kol sUOTAOT TNG EMIYEVETIKTC OloUTOC
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