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ETTIVEVETIKN-0PICHOG

+» Conrad Weddington, 1939: eicrjyaye Tov
OPO "ETTIYEVETIKN'".

"0 kKAddo¢ TN¢ BIoAoyiag, ToU UEAETA TV aITILwdn
aAANAETiOpaon avaueoa ara yoviola Kai 1d
ITOOIOVTA TOUC KAl PEPVEI TO QAIVOTUTTO OE
Agiroupyia”

« Andrian Bird, 2002: “@aivouevo mou
ITEPIAAUBAVEI KANPOVOUOUUEVES AAAayEC oTnv
yovioIaKn Ek@ppacn OTTou O€v ueTaBaiAeral n
VOUKAEOTIOIKN) aAAnAouyia aAAa emidpa aTtnv
diauoppwaon rou DNA”.




ETTIVEVETIKA-OPIOHOG

«H HEAETN TWV KANPOVOMIKWY OAAOYWYV OTNV £EKQPACH TWV
yovidiwyv TTou dev oxXeTifovTal NE TAUTOXPOVN aAAAYR TNG
akoAouBiag Tou DNA»
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«H HEAETN KANPOVOUNCINWY QAIVOTUTTIKWY OGAAGYWV TTOU
o@eilovTal oTnNV AAANAETTIOpaOn ME TO TTEPIBAAAOV XWPIG
OHWG aAAAOYEG OTOV YOVOTUTTO»
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ETTIYEVETIKN

« Ta dUo KUpIO OTOIXEIO TOU . The two main components
- - . of the epigenetic code
ETTIVEVETIKOU KWOIKA: ; .

DNA methylation
Met 20 1o certain

1) MeBuAiwon Tou DNA

2) TPOTTOTTroINOCEIS ICTOVWYV (MEBUAIwWON,
OKETUAIWOT, PO POPUAIwWCN,
oUBIKITIVIAIwWON)

1Stone tails
l N Histone modification
Histanes >

Emidpaon orn doun tn¢ xpwuarivng!!

Qiu J. Nature 2010 Vol 441, 143-145




ETTIyeEVETIKOI pnXaviouoi

O1 Tp€IG KUPIOI ETTIYEVETIKOI MNXAVICMOI gival:

1) MeOuldiwon rou DNA,

1) Mera-usra@paocTiKEC TPOTTOTTOINOEIC TWV IOCTOVWYV K

1) ‘Exe@paon micro-RNAs (miRNAs) kar non-coding RNAS
(ncRNAS)

Kai o1 TPEIC uNXAVIOUOoi UTTopouUV va pUBMIoOUV T HETAYPOAE@ TWV
YOoVISiwV TPOTTIOTTOIWVTAC TNV TTPOCa0N OTOUG UTTOKIVNTEG
yovidiwv (gene promoters) Kai aTIG PUBOUIOTIKEG TTEPIOXEG.

|

OT1o100NTTOTE ATTOPPUOUICN OTOUC TPEIC UNXAVIOUOUC UTTOPEI VO
odnvyNoel o€ akatAAANAN EKppaon yovidiwV KAl VO aVOTITUXOEI
KAPKivOC N KATTOIa AAAN ETTIVEVETIKN AoBEvEIQ




KUploI ETTIYEVETIKOI HNXAVIOUOI

—=> Mitotically
retained
TF Foci




ETTIVEVETIKOI pNXOAVIOMOI
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Emwyevetikoi pnyavicpoi-avoakedpoaAaiwon
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MeOuAiwon tou DNA

> OpolottoAIKny TpoTToTToinon Tou DNA

> NpooBnkn uebulopadac (-CHs) oto 5° avBpaka
TOU TTUPIMIOIVIKOU OAKTUAIOU TNG KUTOOIVNG

> 2XNUATIONOC 5-MC == n "5" Baon”

Cytosine @ 5-Methylcytosine

ad,

S-Adenosyl methionine S-Adenosyl homocysteine0




H pebuAiwon Ttou DNA

DNA demethylases o

S-Methyl cytosine

Cytosine

3
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DNA peBuAoTpavopepaoes - DNMTs

v Metagépouv pia —CH3 atrd 1o evepyo TOUG KEVTPO O€ £€va KATAAOITTO KUTOTIVNG

(C).

TOmoc

neBulotpavodepdong Aewroupyla

Awatripnon tng
nebuAiwonc tov DNA.

Muwkpn evepyotnta
nebulotpavodepaong
ota tRNA.

DNMT3a De novo peBuAiwon
DNMT3b De novo pebuAiwon

RNA T DNMT3L Juunopayovtag ylo de
LR novo peBuiiwon

. N
SEMTD

Nature Reviews | Molecular Cell Biology

Hudson W. 2014, Nature Reviews Mol Cel Biol 15: 749-760



MeOuAiwon-atrougbuAiwon Tou DNA

MeBuAiwon DNA:

* DNMT1 diatipnon Tng
peBUAiwong (hoase) b
* DNMT3A,B kaBigpwon tng
MEOUAIWONG

AtropgOuAiwon Tou DNA.:

* TET éviupa

Atrokartdaotaon peOuAiwong DNA:
*TDG, BER pathway

Kohli RM, Zhang Y “TET enzymes, TDG and the dynamics of DNA demethylation” Nature (2013)



Katavoun peBuAiwong ota yovidia

Nonmethylated Intergenic ‘orphan CGI'

CpG islands o~-———————————————~|

Distal regulatory 2t TSS Body of Gene

Repetitive
0O o Intragenic

elements —
1 1 1

|..,a ]

Cao et al, Int. J. Biol. Sci. 2015; 11:604-617

» 70-80% Ttwv CG divoukAeoTIdiwv aTa yovidia JEBUAIwPEVa

» Ouwg, CpG vnoidec oTOV UTTOKIVATH TWV YOVIOIWV Un
MEOUAIWPEVEC mmmmp TTDOOCDEC PETAYPAPIKWY TTAPAYOVTWV
OTIC BE0EIC Evapeng peTaypadnS (TSS)mmp yovIOIAKTN)
EKppaoN

*CpG islands = trepioxég TAoUo1EG 08 CpG (OUVAOWG OTOUG UTTOKIVNTEG KOl O PUOMICTIKEG

TTEPIOXES TWV YOVIOiwV)



DNA methylation

E\ KaXTAOCTOAT} SXPPaonc yovidiov

E‘ &cppaocy yoviSiov
imaitirw;’mwrowﬁfov

AR crAde omprsir sxack E z l’ 2
suvositaiy xppacy tovyoviiov —;LLL




H pebuAiwon tou DNA oTa (@UOIOAOYIKA KUTTAPO

% 3-6% OAWV TWV KATAAOITTWYV KUTOOIVNG €ival HEOUAIWHEVO
O& PUOIOAOYIKOUG ICTOUG

v ToviOIOKNA Giyaon
v pooTacia atroé NETAOETA OTOIXEIO
v TovidlaKé evTUTTWHO

v AdpavoTtroinon Tou X
XPWHOCWHATOG

v |oTOEIDIKN EKPPAOT) YOVIOIWV

Esteller 2006, Br J Cancer



MeOuAiwon DNA Kal KapKivog

< AmoOeixtnke yla mpwtn ¢opa to 1983, armo Toug
Feinberg kal Vogelstein.

< AAN\ayn oto npodtA peBuAlwonc Tou KUTTAPOU:
v OA\kn urtopeBUAilwon
v YrieppeOuliwon CpG vnoldwv UTTOKLVNTWY YOVLOLWV

veEOoTTAaopuatikn ££AEn

KUTTOpO

DNA peBuliwon

-_\axtpctétnta vovm&tw HaTog

Esteller M. Nat Rev Genet 2007 Vol 8, 286-298




H pebuAiwon Tou DNA oTa KOPKIVIKA KUTTOPO.

Normal cell

T YOTRTOY R AR o hdh A S TR 15 o NS,

= TuMmour-suppressor gene with promoter CpG island e Locus with methyda ru1 S-regulatory region. « Repetitive sequences
e ‘Open chromatin conformation e g germline-specific gene e g transposable element

Cancer cell t
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e CpG-island hypermethylation « DNA hypomethylation
e ‘Closed’ chromatin conformation e ‘Open’ or 're Ju d’ clromatin conformation

b
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o « Entry into cell cycle l

« Avcidance of apoptosis
« Defects in DNA repair

« Angiogenesis

« Loss of cell adhesion

-'7 = Loss of imprinting and overgrowth —7
- « Inappropiate cell-type expression =
= OCvngnvan’l—\ i
< = Activation of endoparasitic sequences -

N -
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e

Unmethylated CpG NMethylated CpG
]

Esteller M. Nat Rev Genet 2007 Vol 8, 286-298

0 ZuvoAwkn urtopeOuAiwon DNA: evepyormoinon oykoyovidiwv Kol XpwHoow LKA
aotaBela

YneppueOuAiwon ota CpG islands Tou umoKLYNTH: ATTOCLWTTNON OYKOKOTTOLOTAATLKWV
yoviSiwv Kat yovidiwyv mou EUTAEKOVTOL OTOV KUTTOPLKO KUKAO.




evikeupévn utTOopEOUAIWON

YmropeOuAiwon peTpoTpavotroloviwyv Tng oikoyévelag LINE

SUTR T ORFT™ ORF2 3'UTR AAAA

- N Translation \
[ranscription

° i{ipti methylation H U'ITO}J&GU)\I'U.)Gr] @ @

TOoU L1 €xe1 BpeBei

o€ OAOUC TOUG
\ TUTTOUG Kapkivou!!

° Integration

5'UTR ORF1

° Integrated LINE-1

Miousse I. et al, 2014 BioMed Research International




SRR OyKOKATOOTOARN
NOREIA

Kuttapikn KuTTapIikog

onparodortnon KUKAOG
TTEPUEOUAIWO
TOU |
] DNA prancss
Rb ,p14ARF

Emidiopbwon | BreaL

~ . hMLH1

DNA MGMT




Mpodil peBuAiwoncg oe diaadpopouc TUMOUC
KapKivou

B Biaddor cancer
B B0 a5t cancer
B Corvical cancar
B Coton cancer
B endametrial cancer
Esophagoeal cancer
Ganglloneumma
Gioma
W Hoa dneck cancer
~ | Hepatoceliular cancer
B ¥odnoy cancer
S ) Lung cancer
B Lynphoid neoplaga
Molanoma
._' B Myeloid neoplasia
B Myolcidtymphold neoplasia
[ Neumblatoma

B. [Mpo@il peBuAiwong eCaipoupEvwv

| e 12
B i e
| T

o

Normal tissues (n=390)

DNA methylation

Primary umors (n=855)

DNA methylation

TwVv CG dIVOUKAEOTIOIWV PE 1I0TOEIDIKA EE——————
MEBUAIwON

A. loTOEIBIKO TTPOPIA HEBUAIWONG

TTPWTOTTABWYV OYKWV.

Fernandez,Esteller, Genom Res.

2012; 22:407-19

e Mo dian moSrylation B CGl-associated
5% %o 95% variaton M Non CGlassociated

C. NocooTd uttEPpPEBUANIWUEVWYV KAl
uttodeBUAIWpPEVWY CpG islands oTov
KapKivo-eTepoyévela peBuAiwong
TTPWTOTTAOWYV O€ OXEON PE PUOIOAOYIKOUG
10TO!LC



Table 7.2 Examples of hypermethylated genes found in human tumor cell genomes

Name of gene
RAR[2

p 5 7Kip2

TIMP3

IGFBP
CDKN2A/p16/NK4A
CDKN2B/p15'Nk48
p 1 4ARF

APC

p73

GSTP1

MGMT

CDH1

DAPK

MLH1

TGFBR2

THBS1

RB

CASP8

APAF1

CTMP

Nature of protein function

nuclear receptor for
differentiation
CDK inhibitor

inhibitor of metalloproteinases
sequesters IGF-1 factor
inhibitor of CDK4/6

inhibitor of CDK4/6

inhibitor of HDM2/MDM2
inducer of B-catenin degradation
aids p53 to trigger apoptosis
mutagen inactivator

DNA repair enzyme

cell-cell adhesion receptor
kinase involved in cell death
DNA mismatch repair enzyme
TGF-P receptor

angiogenesis inhibitor
cell-cycle regulator

apoptotic caspase
pro-apoptotic cascade
inhibitor of Akt/PKB

Type of tumor

breast, lung

gastric, pancreatic, hepatic;
AML

diverse tumors

diverse tumors

diverse tumors

diverse tumors

colon, lymphoma

colon carcinomas

diverse tumors

breast, liver, prostate

colorectal

bladder, breast, colon, gastric

bladder

colon, endometrial, gastric

colon, gastric, small-cell lung

colon, glioblastoma

retinoblastoma

neuroblastoma, SCLC

melanoma

glioblastoma multiforme

Adapted in part from C.A. Eads et al., Cancer Res. 61:3410-3418, 2001.

The Biology of Cancer (© Garland Science 2007)




MEDICINE

Tabda 1. Epigenatic Aberrations among Different Tumor Types.*

Type of Cancer Epigenetic Disruption

Colon canoar CpG-island hypermethylation (AMLHI, pIahEa p1 A% RARE2 SFRPI, and WRN), hyper-
methy lation of mikMAS [miR-I 240), global genomic hypomethylation, loss of imprinting of
IGF 2 mutations of histone modifiers [EP300and HOACZ), diminished monoacetylated and
trimethylated forms of histone H4

Ereast cancer CpG-island hypermetitylation (BRCA L E-cadherin, TMSI, and estrogan receptor), global ge-
nomic hypomethylation

Lung cancer CpG-island hypermethylation (pI 5™542, DAPK, and RASSFIA), global genomic hypomethyl-
ation, genomic deletions of CBF and the chromatin-remodaling factor BRGI

Glioma Cpi-island hypermetiylation {DNA-repair eneyme MGMT, EMFPE, and TH 851)

Leukamia CpG-island hypermethylation (pI ™2 ExTI, and iD4), translocations of histone modifiers
{CBF, MOZ MORF, MLLI, MLL3, ana NSO

Lymphama CpG-island hypermethylation (pI 6™° p73, and DMA-repair enzyme MGMT), diminished
manoacetylated and trimethylated forms of histone H4

Eladder cancer CpG-island hypermethylation (pl 5™%49 and TPEF/HPPI), hypermethylation of miRMAS
{miR-127), global genomic iy pomethylation

Kidney cancer CpG-island by parmathylation (¥ HL), loss of imprinting of 1GF 2, global genomic hypomethylation

Prostate cancer CpG-island hypermetitylation (GSTPL), gene amplification of podycomb histone methyliransfer-
ase EZH 2, aberrant modification pattern of histones H3 and H4

Esophageal cancer  CpG-island hypermethylation (pl 6™%? and p144¥), gene amplification of histone demethylase
JMJD2C/GASCI

Stomach cancer CpiG-island hypermethylation (AKLHI and pI4#%)

Liver cancer CpG-island hypermethylation (50OCSI and G5TFI), global genomic hy pomethylation

CWwarian cancer Cp-island hypermethylation (BRCAT)

BRCAI denotes breast-cancer susceptibility gene L BRGI BRM/ 5WI2-related gene 1, CBF cydic AMP response-elament-
binding protein (CREE}-binding protein, 0@ PR death-associated protein kinass, EMP3 epithelial membrane protein 3,
EF300 E1A binding protein p30Q, EXTI sostesin 1, EZH 2 enhancer of zeste drosophila homologuee 2, GSTPI glutathi-
one S-transferase 1, HDAC2 histone deacetylase 2, hMLH 1 homologue of Mutl Eschenchio coli, 104 inhibitor of DMA
binding 4, rGF2 insulindike growth factor 2, M D2C/GASCT Jumonji domain-containing protein 20, MGMT Of-miathyl-
guanine—DMA methy kransferase, MLLI mized-lineage lsukemia 1, MLL 3 mized-lineage leukemia 3, MORF monocyt
lewkemnia zinc finger protein—related factor, MOZ monocytic leukemia zinc finger, M50 nuclear receptor binding SET-
domain protein 1, R4 RS2 retinoic acid receptor 8 2, R4ASSFIA ras association domain family protein 1, SFRPI secreted
frizzlad-related protein L, SOCS1 suppressor of optokine signaling 1, THESI thrombospondin 1, TMSID targst of methyl-
ation-induced silencing 1, TFEF /M PPI hyperplastic polyposis gane 1, ¥HL won HippehLindau disease, and WAN Wernar's
spndrome.

Esteller M, NEJM, 2008, 358: 11, 1148-1159




Methylated state of the promoters of 12 genes in
a variety of human tumor types

v'The frequency of methylation of a specific gene varies dramatically from one tumor to
another

v Tumor supressors as well as caretakers undergo hypermethylation

B. Weinberg, The Biology of Cancer (© Garland Science 2007)



CpG island methylator phenotype (CIMP)

B To mpodiA pLeBUALWONC CUYKEKPLLLEVWV TIAVEA YoVIO LWV
opLlel LOVAOLKEC LOPLOKEC UTTOOUAOEC O KABE TUTIO
KOPKIVOU =y 00 OLKTNPLOUOC KOl TAELVONON TUTTWV
KOpKivou

m Oykol ov napovactalovv CIMP ¢datvotumoug
xapoaktnpilovtal amno wlaitepn emdnuioloyla,
KAWVLKOTIOLOOAOYLKO XOLPOLKTNPLOTLKA KOl EvToTmi{ovTol o€
OUVKEKPLUEVA ONMUEL

B MEeAETEC O KAPKLIVO TTAXEOC EVTEPOU, YAOTPLKO KAPKLVO,
KopKivo mveupova, Natoc, woBnkwy, yAolwpa, AeuyoLpio



CpG island methylator phenotype (CIMP)

m [laparnpnRBnke Kal JEAETHONKE yIa TTPWTN POPAG OTOV KAPKIVO
TTAXEOG EVTEPOU

B 2UVOUOOMOG ME YeVETIKEG aAAolwaoelc: CIMP-H cuoxeTion pe
METaAAACEIC oTo BRAF evw CIMP-L ouoxéTion pe JETAAAACEIC TOU
KRAS

g b

~~ CIMP neg
(66%)

MSI-L/MSS
(85%)

MNormal colon epithelium Aberrant crypt focus Polyp/Adenoma Adenocarcinoma

SLC5A8
MINTT* p14 A%
MINT31* HLTF

SFRP2 CDKN2A/RI6
COH13 CDH1
CRBP1 ESR1
RUNX3

Methylated genes

Lao et al, Nature Rev Gastroenterology and Hepatology, 2012



Mpoypapua aAAnAouxiong ETTIyovIOIWHATOG
(Human Epigenome Project- HEP)
http://www.epigenome.org/

B =—¢eKivnoe 10 1999, ye OKOTIO TNV ATTOKPUTITOYPAPNON OAWV TWV
MEOUAIWPEVWY TTPOPIA 0TO avOPWTTIVO YovIdiwa.

m  Xpnoigotroindnkav T1exvoAoyiec Tautoxpovng aAAnAouxiong, o€
MEYAAN KAIMAKA, TOU ETTIYOVIOIWMUATOG
. n aAAnAouxion tou DNA, peTa atro £TTeCepyaaia Pe 0Ivo BEIWDES
VATPIO,
i. N UWNANG TTUKVOTNTAG MIKPOOUCTOIXIEC OAIYOVOUKAEOTIOIWY KAl

i. N @aouaropeTpia yalag

2170X0¢: Na BpeBei TO ETTIVEVETIKO TTPOPIA (ETTIYEVOTUTTOG)
KGBe opyaviouou!




MeOuAiwon touvu DNA w¢ BLodeiktng

MAeovekTApora:
Xnuika kot BloAoyikd ota@epn tpononoincn tov DNA ‘

Auvvatotnta aviyvevuong o€ LoTouG Kat rotkila BLoAoyika vypa \"
(aipa, oUpa, kOMpava, BAL...)

Texvika, Alyotepo MOAUTTAOKN QVIXVEUGH OE OXE0N ME EKELVN TWV o
METOAAAEEWVY W

MeydAn evailoOnoia ko eldikotTnTA

MPWLHLO YEYOVOCS KATA TNV KAPKIVOYEVECT ) TTPWLHOG
SLayVWOTIKAG SeiKkTNG .

MAnpodopicg yia tnv Evapén kat eEEAEN tng vooou

MAnpodopicg yia tnv peETACTAOCN



MeOuAiwon wc BLodeikTng

m Kowva peBuAlwpeva yovidla og dtadpopoug
TUTTOUC KOPKLVOU

4 = Pancreas (99)
Colorectal (164) Breast (162) Colorectal (164)

5 87 35 55.%5

arian (82) Ovarian (82)

Breast (162) Breast(162)

rostate (102) Prostate (102)

Heichman, Clin Chem Lab Med 2012, 50:1707-1721



Methylated Gene
APC

Tumor

Regional nodes

Mediastinal nodes
RASSF1A

Tumaor

Regional nodes

Mediastinal nodes
pl6

Tumor

Regional nodes

Mediastinal nodes
CDH13

Tumor

Regional nodes

Mediastinal nodes
APC and RASSF1A

Tumaor

DNA methylation as a tumor biomarker
In primary tumors and regional nodes

Odds Ratio for Recurrence [95% Cl)

1
1
1
1
_
:__‘__
[}
1
1
1
e
1
—

o

Regional nodes

One marker

0.95 (0.45-2.04)
0.69 (0.22-2.10)
2.26 (0.66-7.71)

1.79 (0.85-3.75)
0.71 (0.23-2.20)
1.66 (0.43-6.43)

3.50 (1.65-7.41)
3.62 (1.41-9.32)
4,67 (1.52-14.42)

2.12 (0.98-4.59)
1.99 (0.81-4.88)
3.98 (1.22-13.01)

1.38 (0.74-4.78)
1.22 (0.10-14.53)

APC and p16

Tumor 4.16 (1.60-10.81)
2.59 (0.34-19.74)
13.10 (1.20-142.73)

Regional nodes

Mediastinal nodes
APC and CDH13

Tumor 1.54 (0.55-4.31)
2.24 (0.41-12.22)
458 (1.50-20.01)

Regional nodes

Mediastinal nodes
RASSF1A and p16

Tumor 5.95 (2.15-16.56)
1.07 {0.15-7.56)
3.01 (0.49-18.64)

Regional nodes
Mediastinal nodes
RASSF1A and CDH13

Tumor ; 1.61 (0.67-3.89)
0.49 (0.09-2.63)
1.36 (0.22-8.48)

Regional nodes

Mediastinal nodes
pl6and CDH13

Tumeor 8.00 (2.50-25.51)
4.08 (1.06-15.70)
4.32 (1.06-17.65)

Regional nodes

Mediastinal nodes

p16 and CDH13 tumor and 15.50 {1.61-185.02)

mediastinal nedes

I I T 1
0204 10 ! 20.0 100.0

Combination
of markers

Brock, et al, N Engl J Med 2008;358:1118-28.




[MpoTeIVOUEVN TTOPEIA YVIA ETTIKUPWON
BiodeIkTwyV peBUAiwong DNA

" Preclinical Outcome
Sten 1 Biomarker discovery
oy < Define biomarker type Publishing results

Assay design and validation

Step 2a External assay validation Publishing results

L Robust biomarker assay
Step 2b External biomarker validation

Clinical
Step 3 < Standardized assay

Publishing results
Biomarker used in trial

Implementation into

Validation of clinical results _— : .
molecular diagnostics

Dobrovic, Expert Rev. Mol. Diagn. 2012; 12:473-487



MeOuAiwon Tou DNA wc¢ B10d&IKTNG
KOPKivVou

> AelKTNG KopKivou: omolodnmote PLOAOYLIKO LOPLO OVLXVEVUETOL OTO
atlpa, og BLOAOYLKA LYPA Kol O€ LOTOUC Kol aroteAeL EvOELEN
Karolac duoloAoyLlknG A 1N duoLoAoylknc dtadilkaaoiag 1 te
kKataotoong pac vooou (National Cancer Institute)

> Ol emyevetikol BLodeiktec ival xpriolpot ya:
MNpwiun dtayvwon (diagnostic biomarkers-screening)
Mpoyvwon (prognostic biomarkers)

Avtamnokplon otn Beparneia (predictive biomarkers)

"Eywaipn Srayveron Hpérveacn Mapaxolov8non AcBevode
Aviyvevon vaspusfuolioons o ‘reppesBuviicon cvykekpiuivoy yovidiay Aviyvevon vreppsfviicoonc o
Prodoyikd vypa w.y peBuviicoon Hpoeii psBviicons Brolovikg vypa m.y peBulicon
Tov GSTPI o ovpa awd acbeveic Xaprnc TpoTomoinons 1OTOVEY Tov pl5 o= ofsia poshoysvi
lE KapKivo TOV TPOCTATT Ipopisym dsvpaypia )

epusdviicon CpG vnoidas wc SEiKTNC
EVTATOKPLON S O yNpewdepansia ..
MGMT psbvlimon oz acbeveic pe yioiopue

Cal avramoxkpion o temozolamide

Esteller M, N Engl J Med 2008, 358: 1148-59



DNA methylation is an early event in
CarCinogenesiS v In situ hybridization

Promoter of p16 INK4A
Tumor supressor gene

v' Methylation specific
probe

A) Low grade
squamous
intraepithelial
lesion of the
cervix

B) Adjacent high
grade lesion
(progression to a
cervical
carcinoma)

C) Normal breast
tissue, no
promoter
methylation

D) Normal breast
tissue, promoter
The Biology of Cancer (© Garland Science 2007) m ethyl ation
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__exon1
T TTT Imr T RASSFIA

CpGs 10 15 22 kilobases

DNA from
tumor 232

DNA from
adjacent
normal
tissue

DNA from
normal
control

individual

The Biology of Cancer (© Garland Science 2007)



Has H-ras muta ps3
mutation duplication mutation

Normal skin Papilloma Epidermoid carcinoma Fusocellular carcinoma

Clonal Malignant
expansion prograssion

CpG-island methylation

Alterad histone modification pattern

Figure 1. Epigenetic Alterations in Tumor Progression.

A muitistage model of carcinogenesis in skin is shown. In conjunction with phenotypic cellular changes and the accumulation of genetic
defacts, there is a progressive loss of total DNA methylation content. an increased fraquency of hypermethylated CpG islands, and an
ncreased histone-modification imbalance in the development of the disease. Hras denotes Harvey-ras oncogene, and SmC 5-methyl-
cytosine

Esteller M, NEJM, 2008, 358: 11, 1148-1159




MeOuAiwon DNA wg d1ayVWOTIKOG
O€IKTNG

oéia

CDKN2A MAakwdEeC lotog MNpwipn dtdyvwon
KapKivwpa
nivelpova

JAM3, EPB41L3, TpaxnAou tng Entixplopa MNpwipn dtayvwon,
TERT, C130RF18 UATPOC screening test

GSTP1 Kapkivoc mpootatn Oupa MNpwiun dtayvwon

APC, GSTP1 Kapkivoc mpootatn lotog Awadopikn
dlayvwon oe
ouvOUAOUO UE
LoTtoraBoAoyLKn
avaAuon

BonOntikn
Sdlayvwon




MeOuAiwon DNA wg d1ayVWOTIKOG OEIKTNG

0 Epmopika StaBeotpal KLt yia Stayvwaon Boaolopevn
otnv HeBUAlwon

carly detection Blood Epi proColon® 1.0 (Epigenomics)

Diagnostics)
RealTime m59 (Abbott)

tarly detection ( Stool Cologuard™ (Exact Sciences)

carly detection Bronchial Epi prolung® BL 1.0
fluid (Epigenomics)

Dobrovic, Expert Rev. Mol. Diagn. 2012; 12:473-487



BiodeikTeg peBuAiwong Tou DNA yia diayvwon

epi:s

Too few people participats Brogsgms for early detection
of colorectal cancer. T could change this:
Our test helps to detect colorectal cancer early —

in a simple blood sample.

The Epi prolLung BL Reflex Assay offers pathologists

=P an additional tool for a quick and reliable diagnosis

\ of lung cancgsbyemglysing the new biomarker for
—
4 lung ccnce




MeOuAiwon DNA wg TTPOYVWOTIKOG OEIKTNG

MAakwSeG KapKivwpa
olcodayou

Adevokapkivwua
olcodayou

Mpootdtn

Oupodoxou KUOTNG

Max€og eviépou

MootoU

TpaxrAou g HATPOG

HmatokuTTapIKO
Kapkivwpa

CDKN2A

PGP9Y.5
APC

APC, DAPK, E-cadherin,
ESR1, MGMT, CDKN2A,
TIMP3

CDKN2A, MGMT, DAPK,
RASSF1A, CDH13, ASC,
APC

RASSF1A, CDH13, RARD,
RASSF1A, GSTP1, APC

CDKN2A, ARAF1, IGFBP3

CDKN2A
BRCA1, RASSF1A

CDH1, CDH13
CDKN2A, CDKN2B

LoTOC

LoTOC

Ao

LOTOG

LOTOG

LOTOC

mAdopa

Opog, mAdoua

loTtog, 0pog

0pog

loTtog, mepLdepLko alpa

Metdotaon o€
Aedadéveg Kal PUikn
du6non

ErmuBiwon

Jtadlomoinon, emBiwon

Yrniotpomn, emBiwon

Yrnotpornn

KAwvikomaBoAoyLka
XOPAKTNPLOTIKA,
ermBiwon

Yrnotponn

Kakn mpoyvwon

Kakr mpdyvwon

DFI, 61n6non

YToTponyr, LETOOTACELC




MeOuAiwon DNA wg TTpoyVWOTIKOG OEIKTNG

J Kapkivog paoTou: Fovidio NpoPAentikn afia
ESR1 ErBiwon pe tamoxifen
ARH1 EmBlwon oxL pe tamoxifen
CYP1B Avtarmnokplon o€ tamoxifen

ESRB KaAn mpoyvwon os tamoxifen

PITX2 Avtarmnokplon o€ tamoxifen-avOpakukAiveg

ACB(CB1 OeTIKOC poPBAemntikoc deiktng doxorubicin

GSTP1 @eTLkOC TtpoBAemTikOC deiktng doxorubicin

EvaloOnotia oe PARP inhibitors




MeOuAiwon DNA w¢ mpoBAENTIKOC SELKTNG

m AAAoL TUTOL KapKivou:

lovidlo Kapkivog MNpoBAentikn aia

APAF1 HeEAQVWQL Avtiotoon otn
XNUeloBepareia

RASSF1A HEAQVWQL Avtamokplon otnv
BloxnueloBeparneia

BRCA1 woOnKwv EvailoOnoia otnv
XNUELoBepaneia pe
rmAativa

yAoloBAdoctwpua Avtarmokplon otn
XNueloBepareia




Agv utTdpyouv yia 6Aoug Toug
TUTTOUG KapPKivou

« SEPT9 | ege1dikeupévol BIodeiKTEG yia
e SHOX2 | TNV TpwIun d1dyvwon Toug

l

XPNOIHOTTOIOUVTOI TTAVEA

* DAPK=»Kakr TTpOyvwon oTov
KOQPKivVO TOU TTVEUNOVA

* p16'NK4A 3 kakn TTPOYvVWOnN
OTOV KAPKiVO TOU TTAXEOG
EVTEPOU

« EPK3=>» kakn Tpdyvwon oTov
KAPKiVO TOU JaoTou

« hMLH1, GSTP1, BRCA1,
YIQ TOV KOPKiVO JaOoTOU Kal
wolnKwv

« WRN yI1a Tov KapKivo
TTAXE0G EVTEPOU



Epigenetic Therapy of cancer

Unlike mutations, DNA methylation and histone modifications are
reversible.

Epigenetic alterations allow the cancer cell to adapt to changes in its
microenvironment, but dormant, hypermethylated tumor-suppressor
genes can be awakened with drugs.

It is possible to re-express DNA methylated genes in cancer cell lines by
using demethylating agents and to rescue their functionality.

DNA demethylating drugs in low doses have clinical activity against
some tumors.

Two such agents, 5-azacytidine (Vidaza) and 5-aza-2'-deoxycytidine
(decitabine), have been approved as treatments for the myelodysplastic
syndrome and leukemia.

However, these demethylating agents have not yet been shown to have
clinical activity against solid tumors.



ETTIVEVETIKA @APHAKA WS AVTIKAPKIVIKA

2. TOXO0G AVTIKOPKIVIKWY QAPNAKWY

ETravevepyoTtroinon TG YOVIOIOKNG EKPPOONG

/\

2T0XEuON aueca Twv DNMTs 2TOXEUON TWV TTPWTEIVWYV, TTOU
ouvoEovTal EI0IKA UE TO
HEOUAIwWEVO DNA Kal geTadidouv
TA KATOOTAATIKA ~Aarny
V4 TTOAU KaAQ N
QATTOTEAEOUATA O€
MIKPEC DOOEIC
MIKPI TOEIKOTNTA

\ MIKPOG t1/2

m 5-afakiTidivn (vidaza)
m 5-afa-2-deogukiTidivn (decitabine)




MeOuAiwon Tou DNA w¢g BepaTTEUTIKOG OTOXOG

m 17¢ yeviag DNMT avaoToAcic
(aTTOKATAOTACN PUCIOAOYIKOU
TTPOIA peBUAiwong-eTTavagpopa

EKppaong)
u ZTnpiCOVTal oTnv GVTIGTpEﬂTr'] (pl’JO'n Nucleoside: Nucleoside:
’ Cytidine Deoxcytidine
NG MEBUAIWONC

m FDA approved eTTIVEVETIKEC

BepaTeiec yIo HUEAODUCTTIAAGTIKO i o
oUvOPOUO Kal Xpovia 5-Azacytidine Decitabine

MUEAOMOVOKUTTAPIKA AEuxaiia: 5-
azacytidine (Vidaza, Celgene),
decitabine (Dacogen, Eisai)



MEBodoI avaAuong Tng pEBUAiwong Tou DNA

Ev(UMIKN) H€B0DOG pE TN XPHON TTEPIOPICTIKWYV

EVOOVOUKAEQOWV.

AAuc1dwT avTidpaon TToOAUpEPAONG 101K oTN HEOUAIWON
(Methylation specific PCR - MSP)

Combined Bisulfite Restriction Analysis (COBRA)
MethyLight
DNA methylation-specific oligonucleotide microarrays

NGS
ME XHMIKH ENE=ZEPIAZIA




XHMIKH TPOMNOIMNOIHZH DNA ME O=INO OEIQAEZ NATPIO

Unmethylated Methylated

Bisulfite

Conversion

http://ncifrederick.cancer.gov

» O1 un peBuhiwpéveg kutoaiveg (C) JETATPETTOVTAI O€
oupakiAec (U)

» O1 HEBUANIWPEVEC KUTOTIVEC TTOPAPEVOUV QVETTNPEATTES

» TEAIKO TTPOIOV HOVOKAWVO

Original sequence Sequence after bisulfite treatment

Unmethylated DNA | A-T-C-G-G-T-C-A-T-C-G-C-A-T A-T-U-G-G-T-U-A-T-U-G-U-A-T

Methylated DNA | AT-CG-GT-CAT-CGCAT AT-C-G-G-T-U-A-T-C-G-U-A-T



DNA sodium bisulfite treatment

bisulfite

STEP1
NH
13 Sulphonation

Cytosine | HSO,

MO sTEP2
X NH,+ Hydrolytic deamination

Uracil

STEP 3 H

Akali desulphonation

Eads et al. Methods 2001 25, 456-462




Detection of DNA methylation

PCR O Cining

" —

|

(i

(o

lsUlphite PCR

N —.

Top
|—" TTTTTT = 7777
ROCERG i perte]
LIRS

ACCGAG
I TEACTE Battam
el lLLL

TR TOEUTY
I—p bl e L LLLLL

Lnmaedylated

Sequence
sampk:
™
ACCEAG
P Blsulphite
COmersion

wll L To

Mathylatad

I TTT11 FErret
RACHGRG AUHGRG

TTTITI

ACMGAG

TEEHTC Bottom

TEETT

TEETC
L i

|| — T

Top-strand
PCR

Bottom-strand
FCR

TTT |

ACTGAR

TGGCTT
~ 111

v Standard molecular biology

techniques, such as PCR and
cloning, erase DNA methylation
information

Sodium bisulfite converts all
unmethylated, but not
methylated, cytosine to uracil

As a consequence, the
converted DNA is no longer
self-complementary and
amplification of either the top
or bottom DNA strand requires
different primers

Laird P.W Nat Rev Cancer 2003 Vol 3, 253-266



Methylation specific PCR (MSP)

EATCCTGEATTGEC
Me

bisulfite
treatment

GATUUTGATTGC

J [

add methylated add nenmethylated
DM A-specific primer DN A-specific primer

GATUUTGATTGC
M Me
J begin PCR begin PCR

ATUUTGATTGC

reaction reaction

primer fails to anneal properly,
ne PCR products; therefore
CpG was methylated

= CTAAAACTAACS mmm—
GATUUTGATTGC

|

primer anneals, elongation proceeds,
generate many DNA fragments via PCR
amplification; therefore CpG was methylated

B. Weinberg, The Biology of Cancer (© Garland Science 2007)



AAUCIOWTNH avTiopaon TTOAUNEPAONGS EI10IKA
oTn MEOUAIWON
Methylation specific PCR - MSP

MEBodOC avagpopac

guaiodnTn Kai 101K yia OTTOI0ONTTOTE
aAAnAouyxia CpG, TToU BPIOKETAI EVTOG TWV
CpG islands

OTTAN Kol ypnyopn Oladikaoia, ME
OuUVaTOTNTA AVAAUOCTG TTOAAWYV OEIYHATWYV

@onvn




Combined Bisulfite Restriction Analysis COBRA

Huimroootik péBodog trou Baciletal otnv MSP

methylated DNA unmethylated DNA

CGCG CGCG

l Bisulfite conversion

| pcr

TGTG
1 Restrniction analysis

» CG TGTG
@ ©),

1 gel electrophoresis

methylation %
0 20 40 50 60 80 100

Q1 ekkIvNTEC oXedidlovTal va
MNV €xouv aAAnAouxieC TTou
repiAappBavouv CpG
OIVOUKAEOTIOIQ.

*H OXETIKI TTOOOTIKOTTOINCON
YiVETAI JETA ATTO TTEWYN TWV
Tpoioviwy NG PCR e I.E.
KAl NAEKTOPOPNON OE TINKTN
TTOAUQKPIAQUIIOU.

*Agv gival KaTaAANAnN yia
KAIVIKG O€iypaTa,

*Kivouvog atrod €TIPOAUVOEIG
otnv PCR



Methylight

Real time PCR =>» emTpETTEI TTOOOTIKOTIOINON

A: Methylated sequence

. Py B i \

Forward rimer /l;robe — sl
G o @& @& @ @& @& &= &S

Reverse primer

2. Elonation Excitation Emlss|on
f“‘m.

Destruction of probe and = "
release of fluorophore from-~'
quencher upon elongation Bg,

—

v Ziua availoyo tng mpoadiopildpevng aAAnAouyiag
v'YynAR euaioBnaia

v EI0IKOTNTA

v AuvaTtoéTnTa AUTOPATOTTIOINONG

v'MIKpOG OyKoC deIyuaTwV

v'Taxeia eme€epyaoia



EvCuuikn pEB0OOG HE TN XPNON TTEPIOPICTIKWYV
EVOOVOUKAEQO WV

mixture of 5-hmC, 5-mC and unmethylated DNA

Glucosylation —

Treatment with

T4-BGT and UDP-Glc glucosylates
all 5-hmC sites,

generating 5-ghmC

RE Digestion —

Mspl (cleaves unmodified
5-mC and 5-hmC DNA;
cleavage blocked by 5-ghmC)
Hpall (cleavage blocked by
5-mC, 5-hmC and 5-ghmC)
AV indicates cleavage site

Step 3
PCR Analysis —
Product is detected

when cleavage is blocked
(fragments in blue are
intact and will result

in PCR product)

Identifies hydroxymethylated
DNA (5-hmC)

h
I i
—CCGG — —CCGG-
‘—GGCI:C_ = GG?C —
h m

T4-BGT

—CCGG—
—GGCC—

s g

Identifies total methy
(5-mC and 5-hmC)

Uncut control

MEYAAN akpifela

QATTAITEI JEYAAEG TTOOOTNTES
YEVWHIKOU DNA

aVvIXVEUEI HEBUAILDEIC
MOVO EVTOG TWV TTEPIOXWV
TTOU KOBouv ol N.E




DNA methylation-specific oligonucleotide microarrays
AvaAluon peBulhiwoewv Tou DNA o€ 6o To yoviIdiwpa

Unmethylated allele Methylated allele
CG—CG 5° CG—CG

Bisulfite treatment ﬂ

—C—CG—

PCR 1

———O O ——

Fluorescence labeling and u
oligonucleotides hybridization

c N,
% S

Co6 umzm--lmker_’

probe




DNA methylation analysis by pyroseqguencing

Pyrosequencing is a sequencing-by-synthesis method that
guantitatively monitors the real-time incorporation of nucleotides
through the enzymatic conversion of released pyrophosphate into a
proportional light signal.

Quantitative measures are of special importance for DNA methylation
analysis in various developmental and pathological situations.

Analysis of DNA methylation patterns by pyrosequencing combines a
simple reaction protocol with reproducible and accurate measures of
the degree of methylation at several CpGs in close proximity with high
guantitative resolution.

After bisulfite treatment and PCR, the degree of each methylation at
each CpG position in a sequence is determined from the ratio of T and
C. The process of purification and sequencing can be repeated for the
same template to analyze other CpGs in the same amplification
product.



DNA methylation analysis by pyroseqguencing

Mucleotide sequence
C - GG

Sulfurylase

Luciferase L

G G T A G C

Muclaotide added

Figure 1 | The principle of Pyrosequencing and the output Pyrogram™. Double

peak heights indicate incorporations of two nucleotides in a row.
I'.\h-




2UYKpIon NEBOOWV avaAuong TnG HEBUAiwong Tou DNA

ApiBpoc CpG ou avaAubnkav via kabe Serypa
10 10° 10° 10* 10° 10®
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Laird P, Nat Rev Gen 11, 191-203




Clin Chim Acta. 2015 Apr 15;444:303-9. doi: 10.1016/.cca.2015.02.035. Epub 2015 Feb 27.

A rapid and accurate closed-tube Methylation-Sensitive High Resolution Melting Analysis assay
for the semi-quantitative determination of SOX17 promoter methylation in clinical samples.

Mastoraki §', Chimonidou M, Dimitrakopoulos L', Kounelis §2, Malamos N¢, Georgoulias V2, Lianidou E*.
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Mastoraki S.
et al, 2015,
Clin Chim
Acta

[MeipapaTikn TTopEia

Early breast cancer
FFPE=
(H=107}

Advanced breast cancer
(verified metastasis)
FFPEs {H=27})

Healthy Individuals
(H=31)
I

mammoplasty

Peripheral
blood (H=16})

FFPEs

(H=15)

Izolation of genomic DHA

s e —

Isolatlon orf gQDHA
from white blood

|
|

SB conversion of gDHA

Real Time MSP for SOXT7

Real Time PCR for SOX77
(MIP primers)
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Temperature

Mastoraki S. et al, 2015, Clin Chim Acta




2UNUTTEPAC AT

1. H avatrtuyxBeioa texvik) MS-HRMA yia 1n digpelvnon NG
ueEBUAiwonNG Tou uttokivnTr Tou SOX17 €ivai:

v'EuaioBnTn

v'T'pnyopn

v ATTAR

v’ XaunAou k6oTouC

2. 2UyKkpioiya atroteAéopata ye Real-Time MSP o€ AiyoTEpO
XPOVO

3. AuvatoTnTa NUITTOCOTIKAG EKTIUNONG TTOOOOTWYV
uEBUAiwoNG

Mastoraki S. et al, 2015, Clin Chim Acta



Clin Chim Acta. 2016 Oct 1;461:156-64. doi 10.1016/.cca.2016.08.003. Epub 2016 fug 7.

Development and validation of a multiplex methylation specific PCR-coupled liquid bead array for

liquid biopsy analysis.

Parisi C1 Mastoraki S'. Markou A", Strati A1 Chimonidou M' Georgoulias V2, Lianidou ES?®.
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MMSP-coupled liquid bead array assay

peripheral bloodin
A m
28 S lyMPhocyte se—

r .. ficoll
] | red blood cells

| Plasma Jranulocytes

hybridization to Luminex®
microspheres

addition of ' {ﬂy',‘

streptavidin - .

phycoearythnn :
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[ R,

7

> | gDNA extraction he

CTCs enrichment

3
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| gDNA extraction
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..
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Parisi et al, 2016, Clin Chim Acta




DNA Methylation biomarkers in early breast cancer

Clin Biochem. 2005 Jul;42({10-11}:870-5. Epub 2005 Apr 15.

Laboratory of Anahdical Chemiztry, Department of Chemiztry, Univerzity of Athens, Atheng, 15771, Greece.

Ann Oncol. 2008 Jun;20(8):1020-5. Epub 2008 Jan 15.

Department of Chemiztry, Laboratory of Anahtical Chemiztry, University of Atheng, Atheng, Greece.

Int J Cancer. 20059 Dec 15125012 2887-52.

cancer.

Kiaulafa M, Balkouranidaou |, Sotiropoulou G, Kaklamanis L, Mavroudis D, Geargoulias v, Lianidou ES.

Laberatory of Anahdtical Chemiztry, Department of Chemiztry, Univerzity of Athens, Athenz, Greece.
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Methylation of cystatin M promoter is associated with unfavorable prognosis in
operable breast cancer

Magdalini Kioulafa', Ioanna Balkouranidou', Georgia Sutimp:}uluu:. Loukas Kaklamanis', Dimitris Mavroudis®,
Vassilis Georgoulias® and Evi S. Lianidon'*

‘Laboratory of Analytical Chemistry, Department of Chemistry, University of Athens, Athens, Greece

*Department of Pharmacy, University of Patras, Rion-Patras, Greece

'J'D.:'Ir:'{:r.’n.'.:'fir of Pathology, Onassis Cardiac Surgery Center, Athens, Greece

Department of Medical Oncology, University General Hospital of Heraklion, Crete, Greece
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CST6 methylation in breast cancer: Conclusion

-our data demonstrate for the first time that cystatin M
promoter methylation provides important prognostic
information in patients with operable breast cancer

this methylation plays an important role in the clinical
behavior of breast tumors.

*The diagnostic sensitivity and specificity of CST6
methylation as a biomarker for prediction of relapses
and deaths in operable breast cancer seems to be
quite promising.

Kioulafa et al, Int J Cancer, 2009



original article

Kallikrein 10 (KLK10) methylation as a novel prognostic
biomarker in early breast cancer

M. Kioulafa', L. Kaklamanis®, E. Stathop

3

D. Mavroudis®, V. Georgoulias® & E. S. Lianidou™
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KLK10 methylation

Log rank test: P=0.0025

ELEAD unmethylated
-+ +i-

ELE10 methylated

B0 a0 100 120

Time (months)

Disease Free Interval
(DFI) : (p=0.0025)

Log rank test: P=0.003
. kLK 0 unmethylated
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kLE1 0 methylated
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Overall Survival
(OS) f (p=0.003)

Kioulafa et al, Ann of Oncology, 2009



Tissue biopsy VS Liquid biopsy

»E&aITIOG TNG ETEPOYEVEIAG TOU OYKOU, THAMA BlOwiag KAPKIVIKOU
IOCTOU PTTOPEI VA TTEPIEXEI KUTTAPO TTOU OEV EiVal AVTITTPOCWTITEUTIKA
TOU OUVOAOU TOU OYKOU

» AvaAuon tou cfDNA kal Twv CTCs BonBda otnv oAoKARpwon tnG
oKIaypAa®nong TnG MOPIAKNS TAUTOTNTAG TOU OYKOU

DNA from tumor Circulating DNA or
harvested by tumor cells harvested

biopsy or surgery by blood drawing

Michael Fleischhacker et al, Nature Medicine 14, 914 - 915 (2008)



CTCs

> better
understanding
of tumor biolog
and tumor cell
dissemination

> molecular
characterization
Info on the
biology of
metastasis and
resistance to
established
therapies

Liquid biopsy

Cancer screening  Localized cancer Metastatic cancer Refractory cancer

Treatment Early intervention ~ Risk of disseminationand  Treatment selectionand Mechanism of resistance

strategy detection of recurrence monitoring response and new treatment

YA
(*
'\\

M 1i{ p\ e DNA

malities

#ﬁ

RNA e x;

. T
~
Q
-~ ~ TN Translocation
fusion tran ; ’ Ay,

“ o6 Circulating
tumor DNA M
(cell number] [number of mutant

Pre 1 in U 1an molecules} Point mutations

Blood sample

n vitro/in vivo culture

Chromosomal abnormalities

Daniel A. Haber and Victor E. Velculescu:- Cancer
Discov. 2014

ctDNA

»monitoring treatment
responses,
unravelling
therapeutic
resistance, and
potentially detecting
disease progression
before clinical
confirmation

> Tumor
characterization to
adapt better
therapeutic
management of
patients



CTC

methylation studies




KukAo@opouvTta KapKIviKa KutTapa (CTCs)

& QUCVALLEBNN 5 | :vvoia ciorxON TTPWTN Qopd To 1869 amd
£y

W Attachment ToVv Asworth

» Ta KUTTAPA TTOU KUKAOPOPOUV OTO TTEPIPEPIKO
AU O TwY AoBevwYV, Ta OTToia £XOUV
OIAOKOPTTIOTEI ATTO TOV TTPWTOTTAO OYKO ATTO
EVAV UTTOAEINUATIKO OYKO TTOU OEV apaIpEBNKE 1
ATTO TIC JETAOTATEIG

‘\)}

»AvIXveUoVTal OTO Aipa TWV aoBevwy O€
OUYKEVTPWOEIC £VA KAPKIVIKO KUTTaPO ava 10°-
107 AeUKOKUTTOPO TOU TTEPIPEPIKOU AiuaTOC

»Méetpnon Twv CTCs ava TakTa XPovika
OIAOTAMATA O AOOEVEIC UE DIAPOPETIKOUG
TUTTOUG JETATAOTATIKOU KAPKIVOU UE OKOTTO TOV
EAEYXO QVTATIOKPIONG OTNV BeparTreia




KukAo@opouvTta KapKIviKa KutTapa (CTCs)

2 » ATTOTEAOUV £va VEO TTOAAG
% UTTOOXOMEVO OEIKTN KapPKivou
ol 4 (uypn Pioyia)

% % Seeding potential

»2UUBAAAOUY OTNV TTPOWEN

e gl AViXVEUON TNG METAOTATIKNG
o vOOoou o€ AlyOTEPO OINBNTIKOUC

Clustering (Partial) EMT f , ,
; OYKOUG, TTIO ACIOTTIOTA OE OXEON
w ME TIC DIOBECINEC OUMPATIKEC
i@ O‘ \ uEBOdOUC, OTTWGS N KAIVIKN
oot s EUPAVION, N POBIOYPAPIKA

@@l ©@ a&loAdynaon Kal ol KAPKIVIKOI
Pmas || peonrty BIOXNHIKOI BEIKTEC
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Heat map: DNA methylation in CTCs
by Methylation Specific PCR (MSP)
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Maria Chimonidou et al, Clin. Chem., 2011



BRMS1 expression in cytospin stained CTC of early breast cancer patients. Cells
were stained with A45-B/B3 antibody (green), BRMS1 antibody (red) and Dapi
blue). Quantification of the samples was performed with the ARIOL system

A):BRMS1 high expression,

(B): BRMS1 low expression,

C) negative for BRMS1

Pancytokeratin BRMS1 antibody Overlay

(A45-B/B3 antibody)

BRMS1 expression
in CTCs [cytospins)

BRMS51 methylation
in CTCs (cytospins)




Cell free DNA

methylation studies




Cell free DNA (cfDNA)

«cfDNA circulates in plasma of patients with cancer at increased
concentrations.

*Cell free DNA maintains the genetic and epigenetic profile of its primary
tumor source

*Many teams have focused on the development of assays that allow the
specific detection of small amounts of tumor specific ctDNA in the peripheral
blood of patients with cancer.

*The detection of tumor specific DNA alterations such as mutations and
methylation in cfDNA provides a less invasive, more easily accessible source
of DNA for genetic analysis than tumor biopsies.

*Several studies have described methylation of tumor suppressor genes in
serum or plasma samples and in the corresponding primary breast tumors,
while DNA methylation was not detected in plasma or serum of healthy
donors.



Detection of DNA methylation in Cell-free circulating DNA
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DNA methylation in cfDNA
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Molecular Analysis of Plasma DNA for the Early Detection of

Lung Cancer by Quantitative Methylation-Specific PCR
Kimberly Laskie Ostrow', Mohammad O. Hoque', Myriam Loyo', Marianna Brait’, Alissa Greenberg®,

Jill WL Siegfrieda, Jennifer R. Grandis®, Autumn Gaither Davis®, William L. Eigbee"‘,
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Fig. 1. Scatter plots of guantitative fluorogenic real-tima PCR analysis of candidate gene promoters Kifta, DCC, RARE, and NISCH. The samples weans
categorized as unmethnlated or methylated based on detection of methylation above a threshold sat for each gene fhorizontal bar.




Table 4. Methylation of genes in independent set

Gene Frequency of positivity P Cutoff AUC Sensitivity % Specificity %
Controls GGO Cancers {95% confidence interval)

KIF1A 1ofB0 1of23 13of 70 P=00003 26 0.583 (0.5-0.662) 18
DCC 4of80 0of23 19cof 70 P=00002 44 0.603 (0.521-0.681) 26.4 85
RARE Jof80 2of23 11of7 P=002 0 0.556 (0.47-0.636) 16
MISCH 200f80 2of23 290f 70 P =0037 334 0.596 (0.518-0.670) 4 75
1of4dgenes 23 of80 5of23 51of 70 P = 0.0001 0.64 73 7

MOTE: The plasma samples from the independent set were tested for the methylation of RarB, NISCH, KIF1a, and DCC. Significant
differences in methylation were detected between cancerous tumors and controls. Differences in methylation were also detected
between cancerous tumors and noncancerous abnormal CT findings (GGOs).

Table 5. Methylation sensitivity and specificity for multiple markers

Gene Frequency of positivity P Auc Sensitivity % Specificity %
Controls Cancers

KIF1A, DCC, RARb, NISCH 23 of B0 51 of 70
DCC, RARb, NISCH 22 of 80 47 of 70
Kif1A, MISCH, RARDL 24 of 80 43 of 70
KIf1A, DCC, NISCH 22 of 80 46 of 70
KIF1A, DCC, RARD & of 80 30 of 70
DCC, NISCH 20 of 80 40 of 70
KIF1a, NISCH 21 of 80 38 of 70
RARE, NISCH 23 of B0 37 of 70
KIF1A, DCC 7 of 80 26 of 70
DCC, RARE & of 80 24 of 70
KIF1a, RARE 4 of B0 19 af 70

0.64 73 71
0.57 &7 73
0.64 62 70
0.57 68 73
0.6 43 83
0.61 57 75
0.61 54 74
0.6 28 71
0.62 ar 91
0.59 34 83
0.76 27 85

oo oo o oo o oo

MOTE: ROCs were established for multiple markers. Al four markers used in combination had the greatest sensitivity and
specificity.

Ostrow et al, CCR, 2010.
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MeOuAiwon cfDNA w¢ TTPOYVWOTIKOG
OEIKTNG

BrJ Cancer. 2014 Apr 15:110(8):2054-62. doi: 10.1038/bjc.2014.104. Epub 2014 Mar 18.
Breast cancer metastasis suppressor-1 promoter methylation in cell-free DNA provides prognostic information in
non-small cell lung cancer.

Balgk » aAIMonidou M , Georgoulias V*, Lianidou ES%.

O uTtrokivnTAg Tou BRMS1 itav peBuhiwpévog oTouc I0TOUC a0BEVWV PE
NSCLC o€ mTooooT16 59,6% Kai 47,9% ot1o cfDNA aAAG Ox1 o€ vy atoua
(0%)

2UMQWva JE TIC KapTtTuAecKaplan-Meier, n yeBUAiwon Tou UTTOKIVNTH TOU
yovidiou aT1o cfDNA ouvOEeTal JE MIKPOTEPO EAEUBEPO VOoou diaoTnua (DFI)
(P = 0.048) kai pikpoTepn ouvoAikn emmiBiwon (OS) (P = 0.007)

2. TTpoxwpnuévo NSCLC, n OS fitav onUavTIKA OIa@POPETIKN UTTEQ TWV
aocBevwyv Pe un-peBuliwpéEvo uttokivnt BRMS1 oT1o cfDNA (P = 0.003)

H peBuAiwon Tou uttokivnt) BRMS1 og cfDNA TTOU aTTOJOVWVETAI ATTO TO
TTAGopa aoBevwyv e NSCLC tTapéxel onUAVTIKEC TTPOYVWOTIKEC
TTANPOQOPIEC TTOU TTPETTEI VA acloAoynBouv TTEPAITEPW WS KUKAOPOPOUV
VEOTTAQOMATIKOC BIOOEIKTNG



MeOuAiwaon cfDNA w¢ mPpoyvwoTtikog 6eLKTNG
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Question:

Is there a direct connection between the
presence of CTCs and cell free DNA In patients
with operable breast cancer where the primary
tumor has already been resected?

To address this question, we have chosen to use the same marker and
the same methodology in matched clinical samples.

We evaluated whether SOX17 promoter methylation in CTCs was

associated with the methylation pattern of this gene in matched cfDNA
Isolated from plasma of patients with breast cancer.

Maria Chimonidou et al, Clin. Chem., 2013



Workflow of the study

! Early breast cancer ' | Advanced breast cances Healthy individuals
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Maria Chimonidou et I, Clin. Chem., 2013



Maria Chimonidou et al, Clin. Chem., 2013
RESULTS

Heat map of SOX17 promoter methylation in matched samples:
CTCs Fraction and cfDNA of patients with: (a) operable breast cancer

(n=55), (b) verified metastasis (n=59)
In parallel, the expression of the epithelial marker CK-19 is shown in CTCs

fraction

F.url:r' breast cancer(n = 55)
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DNA methylation and cancer -
Conclusions

DNA methylation has critical roles in the control of gene
activity and the architecture of the nucleus of the cell.

In humans, DNA methylation occurs in cytosines that
precede guanines; these are called dinucleotide CpGs.

CpG sites are not randomly distributed in the genome;
instead, there are CpG-rich regions known as CpG
iIslandswhich span the 5’ end of the regulatory region of
many genes.

These islands are usually not methylated in normal cells.

The methylation of particular subgroups of promoter CpG
Islands can, however, be detected in normal tissues.



DNA methylation and cancer -
Conclusions

*Methylation of tumor supressor gene promoters plays an important role in the
clinical behavior of breast tumors.

DNA hypermethylation markers are under study as complementary diagnostic
tools, prognostic factors, and predictors of responses to treatment .

Analysis of hypermethylation of the CpG island has potential diagnostic
applicability for carriers of high-penetrance mutations in tumor-suppressor
genes.

Hypermethylation of a tumor-suppressor gene and DNA hypermethylome
profiles can be indicators of the prognosis in patients with cancer

The hypermethylation of particular genes is potentially a predictor of the
response to treatment.



DNA methylation and cancer -
Conclusions

*Unlike mutations, DNA methylation and histone modifications are reversible.

*Epigenetic alterations allow the cancer cell to adapt to changes in its
microenvironment, but dormant, hypermethylated tumor-suppressor genes
can be awakened with drugs.

oIt is possible to re-express DNA methylated genes in cancer cell lines by
using demethylating agents and to rescue their functionality.

*DNA demethylating drugs in low doses have clinical activity against some
tumors.
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