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Notions of Epigenetics

Genetic= Cellular manual

Epigenetic= how to read the manual

inrecentyearsepigeneticalterationshavecome
toprominenceincancerresearchinparticularhy
permethylationofcpgislandslocatedintheprom
oterregionsoftumorsuppressorgenesisnowfirm
lyestablishedasanimportantmechanismforgene
inactivationincanceroneofthemostremarkable
achievementsinthefieldhasbeentheidentifica
tionofthemethylcpgbindingdomainfamilyofpro
teinswhichprovidemechanisticlinksbetweensp
ecificpatternsofdnamethylationandhistonemo
difications

G

In recent years, epigenetic alterations have come to
prominence in cancer research. In  particular,
hypermethylation of CpG islands located in the promoter
regions of tumor-suppressor genes 1s now firmly
established as an 1mportant mechanism for gene
mactivation in cancer. One of the most remarkable
achievements in the field has been the identification of the
methyl-CpG-binding domain family of proteins, which
provide mechanistic links between specific patterns of
DNA methylation and histone modifications.
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Woman without her man is nothing

Woman, without her, man is nothing

Punctuation is important!!!




Definitions of Epigenetics

A NEW FRONTIER!
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Genetic Code
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Definitions of Epigenetics

@ )
Aristotle, 384-322 BC: o
“... Epigenesis ... development of individual organic form
from unformed”

(@
Conrad Waddington, 1942:
“... is the branch of biology which studies the causal interactions
between genes and their products, which bring the phenotype into
being”

&
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Arthur Riggs, 1996: =Y
“...is the study of mitotically and/or meiotically heritable changes in |} .= '
gene function that cannot be explained by changes in DNA -
Q sequence”
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More recently, Denise Barlow (Vienna):
“... Epigenetics has always been all the weird and wonderful
things that cannot be explained by genetics”




Influence of our environment/life style

Epigenetics
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Lamarckism’s revival...




Influence of our environment/life style

Why identical twins are not the same?
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Identical twins: epigenetics
makes the difference




Influence of our environment/life style

Epigenetic differences arise during the lifetime
of monozygotic twins

Mario F. Fraga*, Esteban Ballestar*, Maria F. Paz*, Santiago Ropero*, Fernando Setien*, Maria L. Ballestar’,
Damia Heine-Suner?®, Juan C. Cigudosa%, Miguel Urioste", Javier Benitez", Manuel Boix-Chomet',

=@ Abel Sanchez-Aguilera?, Charlotte Ling!, Emma Carlsson/, Pernille Poulsen**, Allan Vaag**,
Zarko Stephan'?, Tim D. Spector’’, Yue-Zhong Wu*®*, Christoph Plass**, and Manel Esteller*5s

*Epigenatics, *Cytogenatics, and YGenatic Laboratories, Spanish National Cancer Cantre (CNIO), Mekchor Fernandez Almagro 3, 28029 Madrid, Spairg

™ *Department of Bahawvioral Science, Unavarsity of Valenda, 456010 Valenda, Spairg *"Molecular Ganetics Laboratory, Genatics Department, Son Durata
Hospital, 07014 Palma de Mallorca, Spain; ‘Department of Uinical Sdences, University Hospital Maime, Lund Univarsity, S-205 02 Malme, Swedan; **Steno
Diabates Cantar, 2820 Gentofta, Denmark; *Twin Research and Genatic Epidemiology Unit, St. Thomas' Hospital, London SE1 7EH, United Kingdom; and
**Human Cancer Genetics Program, Department of Molecular Virclogy, Immunology, and Medical Genetics, Ohio State University, Columbus, OH 43210
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Influence of

Disease
exposure

REVIEW

Eni o ch

in virus-associated human cancers
Hsin Pai LI', Yu Wei LEU?, Yu Sun CHANG"

"Graduate Institute of Basic Medical Sciences, Chang Gung University, Kwei-shan, Taoyuan, Taivwan 333
*Department of Life Science and Institute of Molecular Biology, ChungCheng University, Ming-Hsiung, Chia-Yi, Taiwan 621

Naumopeychopharmaclogy (1010) 15, 16

v neuropsychopharmacalogy.org

Sensitization in Mice

DNA Methylation Regulates Cocaine-Induced Behavioral

tina Malinovskaja', Anu Aonurm-Helm', Alexander Zharkovsky' and Anti Kalda®'
macology, Universiy of Tart, Tan Estonia

our environment/life style

Epigenetics

-
Research Article

For reprin oder,please contact: reprints@futuremedicn.com Epigenomics

Tobacco smoking-associated genome-wide
DNA methylation changes in the EPIC study
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Exercise

26 o Exercise, Inflammation, and DNA Methylation

Exercise and i ion-related
focus on DNA methylation

Steven Horsburgh', Paula Robson-Ansley', Rozanne Adams?, Carine Smith?

Department of Sport, Exercise and Rehabilitation, Northumbria University, Newcastle upon Tyne, United Kingdom.
* Department of Physiological Sciences, Stellenbosch University, South Africa




Influence of our environment/life style

nature

RESEARCH HIGHLIGHTS

Famine's shadow
Proc. Natl Acad. Sci. USA doi:10.1073/pnas.0806560105 (2008)
If a starving woman becomes pregnant, her child’s DNA
can still bear traces of her hunger more than six decades
later.

Lambert Lumey of Columbia University in New York,
Bastiaan Heijmans of Leiden University Medical Center
in the Netherlands and their colleagues studied the

methyl groups attached to a gene called IFG2. They
measured methylation at five points along IFG2 in people
prenatally exposed to the 1944-45 Dutch famine —

when a Nazi embargo led to food rationing in the west of
Holland of fewer than 700 calories a day.

Compared with same-sex siblings conceived when
the same mothers had more flesh on their bones,
those affected early in fetal development have less
methylation on IFG2 today, implying that their cells
express it more readily.
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Early-life environmental conditions can cause epigenetic changes in humans

that persist throughout life!




Central roles in biology and medicine
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~80 000 genes ~15 000 genes ~20 000 genes

« We are more than the sum of our genes! »

While the average human-chimpanzee divergence is ~1% across the genome,
at CpG sites it increases to ~15%



Central roles in biology and medicine

Our body=more than 250 cell types with the same genome

—» unique repertoire of
gene expression

~-"_ Dynamic acetylation/
.+, phosphorylation

Increase in
methylation
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Cell
differentiation
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Central roles in biology and medicine

In Health In Disaese

\ L

Cell differentiation e 4

Development t
\ | Diabetes

Epigenetics

Stem cells
(e.g. IPS cells) -

Genome stability

Neurodevelopmental
disorders

CANCER

Immunology
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lll. Non coding RNAs

IV. New epigenetic layer



Nucleosome: fundamental unit of
chromatin (DNA + histones)



Euchromatin

Gene X

Active genes transcribed

Heterochromatin

Gene Y

'—)(—0

Silenced Genes, repressed
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Chromatin

The Nucleosome

147bp of DNA rolled up around an histone
octamere
The histone H1 compacts the structure



- This compaction is &
influences gene expression:

chromatin genes

chromatin genes

Nucleosome
. )fundamental
/ ~(unit of chromatin
(DNA + histones)

regulated by epigenetic modifications




Histone modifications



Increasing epigenetics complexity




Increasing epigenetics complexity




Histone modifications

Enzymes modifying chromatine

kinases DNA
methyltransferases

DNA

Other modifications: phosphorylation, ubiquitination, sumoylation, ....

- Associated with gene activation and/or repression

- INTERPLAY between these chromatin associated modifications



H1.4

H3.1

® ? ® ﬂ
NSETAP....AEKTPV.....KSAGAAKRKAS... .KAVAASKER.. .ALKKAL
J ® 906 0 o
~KSLVSKGTLVQTK.. .8FKLN.... KSAKKT ...... KKAKS... .. PKSPA..-C
7 149 186 » y
. NSRGKQGGKARAKAKS....LRKGN....LGKVT... . LPKKTESH..-C
o : A A 36 % 120 p
(eI .
| N-.PAKSA....KGSKKAVTK....VYKVL....YNKRS....LAKHA....KAVTK...C
9 14 1410 3] ///
I |
, APATGGVKKPHRYRPGTV
: 363
J
.YQKST... .DFKTD..-C
{ <Q ‘/
‘900 9 Mo * o 90 o
/iN§GBGKGGKGLGKGG~H HRK...... ruSGL ...... VLKVF....KRK...LKRQ..-C
- . 8 12 y 9192 4

Activation
H3K4me3

H4K16ac
H4KO9ac

Repression

H3K9me3
H3K27me3



Histone modifications

Acetylation and deacetylation

Ac Ac

ACTIF

Ac ¢ Ac— Ac

HAT add acetylation on HDAC remove acetyl group
histones, @ @ from histones,
chromatin condensation,

Open chromatin,
active transcription Inactive transcription

—_ REPRIME

|




Histone modifications

Acetylation and deacetylation

HAT

Acetyl -CoA $ No binding
acetylation




Histone modifications

Methylation and demethylation

Histone methyltransferases Histone demethyltransferases
(HMT) (HDM)

Me




Methylation et demethylation

Lysine methylation (Lys, K) : mono, di, tri




Methylation et demethylation

Lysine methylation (Lys, K) : mono, di, tri
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Transcriptionnal Repression

Transcriptionnal Activation
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Histone modifications

Methylation et demethylation

Lysine methylation (Lys, K) : mono, di, tri

Transcriptionnal Repression

Transcriptionnal Activation

OO



Methylation et demethylation

Lysine methylation (Lys, K) : mono, di, tri

CH, CH;
H3C H3C H3C
NH3* NH,* NH+ 6. CH3
KMT KMT KMT
Lysine Mono-methyl Di-methyl Tri-methyl
lysine lysine lysine




Proteins-Reader of histone modifications

CD= Chromodomain: Binding of methylated lysine
BD= Bromodomain: Binding of acetylated lysine




Histone modifications

Mutual influences

H3

H2B
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Histone H2BK 123 monoubiquitination is the critical
determinant for H3K4 and H3K79 trimethylation
by COMPASS and Dot1

Shima Nakanishi,’ Jung Shin Lee,’ Kathryn E. Gardner,? Jennifer M. Gardner,’ Yoh-hei Takahashi,’

Mahesh B. Chandrasekharan,® Zu-Wen Sun,? Mary Ann Osley,* Brian D. Strahl,? Sue L. Jaspersen, '
and Ali Shilatifard’
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DNA modifications



DNA methylation

Major features:
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Cytosine 5-Methylcytosine

e CG dinucleotides

e only DNA modification known untill 2009 (hmC, fC, CaC,...)



DNA methylation

 Not random 0

NH
- CpGs under represented (prediction) (‘\K el /Q """ o /&o

- mCpG high mutagenic potential (thymine) s g Thyini
osine me AR
d Cytosu:'e Y

e CpG island

- CG rich (>50% C+G), 500 to 2000 bp, in promoters
- NOT METHYLATED

OFF

me me
~CG CG I;ene A —~CG —~CG—-CG _Egene B|

(CpG island)




DNA methylation

e Gene silencing

OFF

CG gene A

Promoters

ON

~CG ~CG~CG _I—_— gene B

(CpG island)

Gene bodies: Role in activation and elongation




Proteins implicated in DNA methylation

Readers

i Methylated Binding
Writers \ Domain , Erasers e

DNA methyltransferases




Writers

\ Proteins involved in DNA methylation

DNMTs : DNA methyltransferases

SAM
(S-adenosyl methionine)

Repressed
me
C-G



DNA methylation

R\x DNA methyltransferases (DNMTs)

de novo DNA Methyltransferase: Dnmt3a/3b

Establisment of new methylation profile

233223 233223
)

\ T T T T 313333
.....????? N

—TTTT - Ré&@lication
. 'YYYY: GYPP P P4 .
'YX '

Unmethylated DNA Methylated DNA 'YYYY)
Hemi-methylated Fully-methylated
DNA DNA

DNA Methyltransferase of Maintenance: Dnmt1

“copy” of DNA methylation during DNA replication



d Methyl-CpG Binding Domain Proteins (MBD)

E Repressed
IT‘
C-G

« Maintenance of repressed state

Readers

» Recruitment of other repressors



Targeting of DNA methylation

By Interaction with transcriptional factors

C.g. PML/RAR 1n leukemia (Di Croce et al., Science)
Myc 1n various cancers (Brenner et al., EMBO J.)



Repression by DNA methylation

By connection with other repressive machineries

Gene silencing

1)
=




The DNMT KMT connection

m=) GENE
locked

chromatin

(double security, double locking)

nature LETTERS

The Polycomb group protein EZH2 directly controls
DNA methylation

Emmanuelle Viré', Carmen Brenner’, Rachel Deplus’, Loic Blanchon', Mario Eragaz, Céline Didelot’,
Lluis Morey®, Aleyde Van Eynde*, David Bernard', Jean-Marie Vanderwinden®, Mathieu Bollen?, Manel Esteller?,
Luciano Di Croce®, Yvan de Launoit"® & Francois Fuks'




DNA hydroxymethylation

Unmethylated C [ DNMTs } Methylated C (mC)

i

Erasers

9999 09—y 2%
A ' }

(fC & caC) Demethylation OH OH OH OH OH TETs

—_— 2?2227 <

TETI, TET2, TET3

Hydroxymethylated C (hmC)

!

Epigenetic mark per se

Neurogenesis

Cell pluripotency




Non coding RNAs
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miRNA 21~25 Translational regulation

siRNA Small ncRNA 21~25 Protection against viral infection
PiIRNA 24~30 Genome stabilization
Long ncRNA several hundreds~ Transcription, splicing, transport regulation

several hundred thousands

REVIEW
;. publshed: 29 January 2019
in Immunology o 10.3388/fmvmus 2018.03188

) Review Article
The IncRNA Connectior|  gojes of Identified Long Noncoding RNA in D
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OPEN Sjlencing an insulin-induced

Regulation of metabolism by long, non-coding RNAs
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= . . H ' Cologne Excell Clu: Cellular St R in Aging Associated Diseases, K6ln, German,
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Epigenetic pathologies

ICF Syndrom

- Immunodeficiency frequent respiratory infections

- Centromeric instability

- Facial dysmorphy
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Chromatin decondensation
at centromere: breaking point

Chr 16

Deletion-duplications

(multiradial conformation)



Epigenetic pathologies

Rett Syndrom

-Neurological troubles

-Loss of coordinated moves (stereotypic moves)

-Langage loss

-Difficulty to walk

-Difficulty to breath

-No global chromatin desorganization

-No repression of MeCP2 target genes (bdnf)

V288X
R306C}—







Cancers

Genetic and epigenetic desease

Normal Cancer Cancer

B Mutation B Methylation
(Knudson hypothesis)




Epigenetics in cancer

Normal cell
Low High High
TSI SN IR0 S TR 1 o SO S 2 2
| L= ] =
Turmour supprassor gene with prormoter CpG island DMNA methylated locus Repetitive sequences
‘Open’ chromatin conformation e.g. germline-specific gene e.g. transposable element
Cancer cell

Low

Low
M@L'a TSN | T\|||J3Lﬁ T el e

» CpG island hypermethylation « DMNA hypormethylation
» ‘Closed’ chromatin conformation « ‘Open’ or ‘relaxed’ chromatin conformation




Epigenetics in cancer

ALL cancers: aberrant DNA methylation profiles

*Hypomethylation of silencing genes (repetitive sequences, pluripotent

genes,...)

c Chromosomic instability

Activation of forbiden genes

*Hypermethylation of tumor suppressor genes

CRepression of « control » genes

Control of cell cycle: p21,...
Control of apoptosis: p53...
Control of DNA repair: MGMT...



* Silencing of tumor suppressor genes: €.2. Rb, p16, RARb, MGMT
* Some specific of one cancer, others in many cancers
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Epigenetic Biomarkers

Increasing clinical implications

CANCER
OFF
me me me r
—~CG -~CG—-CG tumor
suppressor -

(hypermethylation)

—
DIAGNOSTIC , J

* Diagnosis at early stage

* Molecular classification of tumors 1:"'.& N]t tl
=\ ot & v ol I b

Tl BT

s.colm : . ] By

* Treatment response



Cancers: Detection in fluids

Disease

Bladder cancer

Breast cancer

Colorectal cancer

Oesophageal cancer

Gastric cancer

Head and neck cancer

Liver cancer

Lung cancer

Prostate cancer

DNA source

Plasma
Plasma
Serum

Plasma
Plasma

Serum
Serum
Serum
Plasma

Plasma (AC)
Plasma (SCC)
Serum (SCC)

Serum
Serum
Serum
Serum
Serum
Serum

Serum

Serum

Serum

Serum

Plasma
(nasopharyngeal)

Plasma/serum
Plasma/serum
Plasma/serum

Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Plasma
Plasma/serum
Plasma

Plasma (NSCLC)

Plasma/serum
Plasma

Markers

CDKNZ2A (ARF)
CDKNZ2A (INK4A)
CDKNZ2A (INK4A)

CDKN2A (INK4A)
CDKNZA (INK4A)

MLH1

CDKNZ2A (INK4A)
CDKNZ2A (INK4A)
CDKNZA (INK4A)

APC
APC
CDKNZA (INK4A)

CDH1

CDKNZ2A (INK4A)
CDKNZB (INK4B)
DAPK1

GSTP1

Panel of five

CDKNZ2A (INK4A)
DAPK1

MGMT

Panel of three
DAPK1

CDKNZ2A (INK4A)
CDKNZB (INK4B)
Panel of two

CDKNZ2A (INK4A)
DAPK1

GSTP1

MGMT

Panel of four
CDKNZ2A (INK4A)
APC

CDKNZ2A (INK4A)
CDKNZ2A (INK4A)

GSTP1
GSTP1




Commercially-available DNA methylation test Kits
for cancer

Type of Type of Diagnostic Test Kit: Brand Name

SRS Biomarker Cancer (Manufacturer) WOREER.
VIM diagnostic  Colorectal ~ Cologuard (Exact Sciences) [128]"'
SEPTY diagnostic  Colorectal  Epi proColon (Epigenomics) [129]"
ColoVantage (Quest Diagnostics)
RealTime mS9 (Abbott)
SHOX2 diagnostic  Lung Epi prolong (Epigenomics) [130-135]°
GSTPI1/APC/RASSFIA diagnostic  Prostate ConfirmMDx (MDx Health) [136-138] "
MGMT predictive  Glioblastoma PredictMDx Glioblastoma (MDx Health) [121,139,140]

SALSA MS-MLPA probemix MEO11
Mismatch Repair genes (MRC-Holland)
PyroMark MGMT Kit (Qiagen)




Epigenetic Therapy

IELIMB  selected Epigenetic Drugs

Drug Compound Study Phase

DNMT inhibitors Azacitidine (Vidaza) US FDA-approved in MDS
Decitabine (Dacogen) US FDA-approved in MDS
S110 Phase |
CP-4200 (elaidic azacytidine) Preclinical
Nanaomycin A Preclinical

HDAC inhibitors Vorinostat (Zolinza) US FDA-approved in CTCL
Romidepsin (Istodax) US FDA-approved in CTCL
Panobinostat Phase Il
Belinostat Phase I/II
Valproic acid Phase Il
Belinostat Phase lI/1lI

HMT inhibitors Deazaneoplanocin A (DZNep) Preclinical
Quinazoline derivatives Preclinical
Ellagic Acid Preclinical

Histone demethylase  Polyamine analogues Preclinical

inhibitors Hydroxamate analogues Preclinical

HAT inhibitors Spermidinyl-CoA derivatives  Preclinical
Hydrazinocurcumin Preclinical
Pyrazolone-containing Preclinical

small molecules



Epigenetic Therapy

Already a reality!

Leukemia: Myelodysplasie (MDS)

Bone marrow in a person with MDS Healthy bone marrow

Rather in « older » men (60-70 years)

Treatment with azacytidine
DNMT inhibitor




Epigenetic Therapy

Strategy: DNA methylation-histone modifications

Hypermethylation: tumor suppressor gene abnormal OFF CANCER

@ HDAC/KMT ]\ \
W — OFF
DNA -p—

tumor supp. ﬁ
gene

| DNMT + HDAC + KMT inhibitors
' @

Demethylation: tumor suppressor gene reactivated ANTI-CANCER

@ HDAC/KMT ON m
\/\”—"‘K, tumor supp.
gene




Epigenetic Therapy

Use of combined epigenetic drugs

Application in anti-cancer therapy of DNMT-HDAC connexion

Low concentration

=

HDAC inhibitor ) DNMT inhibitor

|
High concentration

~

BN Joyiny Vd-HIN

A

'”%g NIH Public Access

& Author Manuscript
R rensS

Published in final edited form as:
Semin Hematol. 2008 January ; 45(1): 23-30.

DNA Methyltransferase and Histone Deacetylase Inhibitors in the

Treatment of Myelodysplastic Syndromes Published in final edited form as:
Future Oncol. 2011 February ; 7(2): 263-283. doi:10.2217/fon.11.2.

Elizabeth A. Griffiths, MD and

Rational therapeutic combinations with histone deacetylase
inhibitors for the treatment of cancer
K Ted Thurn'"’, Scott Thomas'’, Amy Moore'”’, and Pamela N Munster':!

'Department of Medicine, Hematology/Oncology Division. University of California, San Francisco,
CA, USA
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Why of interest?

Sequencing the human genome:

‘THE
HUMAN
GENOME

“Is that all?”



Epigenomics

natun
Time for the epigenome

The complexity of genetic regulation is one of the great wonders of nature, but it represents a daunting
challenge to unravel. The International Human Epigenome Consortium is an appropriate response.

India’s Moneyman/Who America Kill?

The new science of epigenetics
reveals how the choices you
make can change your genes
~—and those of your kitf?

BY JOMN CLOUD

*Yes, it's now possible—thanks to
new cancer dream teams that are
delivering better results faster
BY BILL SAPORITO




Epigenomics

Epigenetics: study of epigenetic modifications of a specific gene
Epigenomics: study of epigenetic modifications of all the genome

m %

gt o G

A n_L?HT'R

oy
Not ONE IAmmG Inter- and

but T intra-

MA m s

NY i individual
EPIGENOMES QEXIE .

differences

fea bl nel

Individual | AR E Cuer o Individual Il



NGS & Cancer Epigenomics: A « BIG SURPRISE »

When Genetics meets Epigenetics

IDH DNMT3A
RUNX1
AM L1—ETQ” RUNX1
inv(16); t(16;1fy AML1-ETO MLL
inv(16); t(16;1(y i
N

IDH

NPM1

RAS
Hydroxymethylation pathway mutations Mutations in epigenetic modifiers
e TET2 mutations * DNMT3A mutations e ASXL1 mutations
¢ IDH1 or IDH2 mutations * MLL alterations

T T

Cancer mutations: increasing number in epigenetic genes



Epigenomic technologies

DNA methylome: various technologies

1- Methyl-sensitive restriction 2- Protein affinity enrichment 3- Bisulfite conversion
enzymes
)\- Anti-5meC
Hpall antibody CG=2>TG
C(GG ; C/(GG MBD domain #
Hp% é"“ T MECG 2 CG
CmeCGG 9 c/meCGG Methylated DNA
|
|
Hybridization on Large-scale
microarrays sequencing

OR

DNA methylation

Read out

discrimination



digestion

Affinity

enrichment

Sodium
bisulphite

DNA methylome: various technologies

Array-based analysis

* DMH
* MCAM
* HELP

* MethylScope

* CHARM
* MMASS

* MeDIP
* mDIP
* mCIP
* MIRA

* BiMP

Mdsnﬁalte
® Infinium

NGS-based analysis

* Methyl-seq

* HELP—seq
* MSCC

* MeDIP-seq
* MIRA—seq

* RRBS

* BC—seq
= BSPP
* WGSBS
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Infinium technologies

- Many clinical samples:

- Fast i
- Reproducible
- Moderate cost

- Low amount of genomic DNA

- DNA methylation and gene expression




Histone marks profiling: ChIP-Seq

ChlIP Process

(HiScanReader/SQ)

© chiP-seq

Assay Analysis

« ChIP sequencing
+ MeDNA IP sequencing

)

Data Analysis O Bioinformatics

)




ULB Epigenomics core
facility/ EPICS

(Head: F. Fuks)

LABORATORY
ULB o o B
EPIGENETICS CREATIVE SOLUTIONS

Home I. EriGENomICs II. TRANSCRIPTOMICS III. Bromro NGS MACHINES ENQUIRY/QUOTES SAMPLE

EPIGENOMIC CREATIVE SOLUTIONS

Your Complete & Expert Solution for
Epigenomics/Transcriptomics &
Bioinformatics

I. Epigenomics Il. Transcriptomics Ill. Bioinformatics

(e.g. DNA methylome, ChIP-Seq,
RNA-Seq)







DNA methylation profiling

Clinical
applications:
Detection
o DNA
EﬂopfﬁSﬁ methylation Prog nosis

) Therapy ]

[ ctolony |

j | DNA

Prevention
« Stable (DNA) -
« Early occurring
» Sensitive
techniques



Breast cancer

Breast cancers = « several diseases »

Women with similar
clinico-pathological
characteristics
can have very different

clinical outcome

Metastasis



Mortality:

. . y Low Mortality
Histological ot
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Grade A
Grade 2 Intermediate
60%
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Breast cancer

Gene expression (microarray)
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Breast cancer

EMBO
Molecular Medicine

DNA methylation profiling reveals
a predominant immune component
in breast cancers

Sarah Dedeurwaerder®', Christine Desmedt?, Emilie Calonne®, Sandeep K. Singhal?,

Benjamin Haibe-Kains*>, Matthieu Defrance, Stefan Michiels?, Michael Volkmar®, Rachel Deplus?,
Judith Luciani®, Francoise Lallemand?, Denis Larsimont®, Jéréme Toussaint?, Sandy Haussy?,
Francoise Rothé®, Ghizlane Rouas’, Otto Metzger?, Samira Majjaj’, Kamal Saini?, Pascale Putmans®,
Gérald Hames>, Nicolas van Baren®, Pierre G. Coulie®, Martine Piccart’,

Christos Sotiriou®**', Francois Fuks'*!

248 tissue samples Infinium Methylation

MAIN SET OF PATIENTS:

123 breast tissues

(VALIDATION SET OF PATIENTS:
125 breast tissues)




Breast cancer

Six DNA methylation groups of breast tumours

Refining tumor taxonomy

Methylation clusters
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- 3 known expression subtypes: 2 ~ HER2 ; 3 = Basal-like ; 6 = Luminal A
-3 NEW subtypes: 1,4 and 5

Similar data in independent validation set (125 samples)



Breast cancer

Methylation clusters show distinct biological functions

DNA methylation/GO: Immunity

T CELL BIOLOGY

Immune System process
in HER2-enriched cluster 2

T cell activation

(7)) -
s 6
2 5 CD6, LCK, ITGAL, IL2RA, PTPN22, PSMB8
O 4] ) l/
[ -
§ S —
@©
E’ 2_ activated T cell proliferation
3 1 ' . . . ITGAL, IL2RA
0 5 10 15 20 \L

Number of genes in GO term
T cell receptor signaling pathway

m Hypomethylated m Hypermethylated LCK, PTPN22

Is methylation of immune genes in clusters 2 and 3
due to tumor infiltration by immune cells (e.g. lymphocytes)?



Breast cancer

Tumor Microenvironment

Whole tumor breast tissues:

Luminal
. _ _ cells
1. Epithelial tumor cells (mainly)
2. Cells from the surrounding stroma,
including immune cells
Myoepithelial

cells




Breast cancer

Hypomethylation of immune genes in clusters 2 and 3
reflects a lymphocyte infiltration

Correlating DNA methylation and pathological TIL readings

Stromal lymphocyte infiltration Intratumoral lymphocyte infiltration
. L -
Py |
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s ' s - =
£ 404 ' g 40- '
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s >
— 204 " © 20- n
g ]
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DNA methylation profiling

: - =
£FEBS (..s)
Journal >

Promoters Promoters
DNA methylome profiling beyond promoters - taking an O intragenic Intragenic
epigenetic snapshot of the breast tumor O intergenic Inforgeric
microenvironment
Jana Jeschke, Evelyne Collignon and Frangois Fuks l l
Laboratory of Cancer Epigenetics, Université Libre de Bruxelles, Brussels, Belgium Cell type specificity Cell type specificity T

@ Stem cell

r , ‘ r E ;
Gene%@ ‘ Gene X
Patient #47 — Breast tumor biopsy
r |
Q @ ished link DNA ion and cell lineage
==—==p Putative link between DNA methylation and cell lineage
Gene X

Cell type 1 Cell type 3

@i DNA methylation
to characterize immune cells in tumors

LINEAGE SPECIFICATION




Breast cancer

Clinical Relevance

TILs have prognostic and
— predictive value in breast
cancer

VOLUME 31 - NUMBER 7 - MARCH 1 2013

Prognostic and Predictive Value of Tumor-Infiltrating
Lymphocytes in a Phase III Randomized Adjuvant Breast

Cancer Trial in Node-Positive Breast Cancer Comparing
JOURNAL OF CLINICAL ONCOLOGY the Addition of Docetaxel to Doxorubicin With
Doxorubicin-Based Chemotherapy: BIG 02-98

Sherene Loi, Nicolas Sirtaine, Fanny Piette, Roberto Salgado, Giuseppe Viale, Frangoise Van Eenoo,
Ghizlane Rouas, Prudence Francis, John P.A. Crown, Erika Hitre, Evandro de Azambuja, Emmanuel Quinaux,
Angelo Di Leo, Stefan Michiels, Martine J. Piccart, and Christos Sotiriou

Tumor-Associated Lymphocytes As an Independent
Predictor of Response to Neoadjuvant Chemotherapy in
Breast Cancer

Carsten Denkert, Sibylle Loibl, Aurelia Noske, Marc Roller, Berit Maria Miiller, Martina Komor, Jan Budczies,

Christine Solbach, Iris Schrader, Manfred Dietel, and Gunter von Minckwitz
Tumor-infiltrating lymphocytes predict response
to anthracycline-based chemotherapy in estrogen
receptor-negative breast cancer

Nathan R West'?, Katy Milne', Pauline T Truona®, Nicol Macpherson®, Brad H Nelson'#** and Peter H Watson'*""
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CpGs specific for T cells versus breast tumor cells

Breast primary tumors
with pathological TIL
counts

v

Machine learning to
select CpGs that
correlate with TIL
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MeTIL Signature

Marker 2

Marker 3

Marker 4

Marker 5

JEI The Journal of Clinical Investigation

DNA methylation-based immune response signature
improves patient diagnosis in multiple cancers

Jana Jeschke,’ Martin Bizet,"?? Christine Desmedt,* Emilie Calonne,’ Sarah Dedeurwaerder,’ Soizic Garaud,® Alexander Koch,®
Denis Larsimont,* Roberto Salgado,* Gert Van den Eynden,* Karen Willard Gallo,® Gianluca Bontempi,?*
Matthieu Defrance,"? Christos Sotiriou,* and Francois Fuks'
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MeTIL Score

Breast cancer

Subgrouping with MeTIL

Color Key
' 02 0.8
rr ‘rF‘ e
I [ rm_ﬁﬁ'r. I[ [ r' rrﬁr ’ rl [rTTI IH “ IrTT rr TTT!
[ W 1] ] IJ III.“ I-III Subtype
TIL
| n=105
F Markerl
! : ‘ Marker 2
E_].:‘ _ Marker 3
Marker 4
P <0.001
I |
0% PaTIL 1-20% 21-100% TIL TIL
Marker 5
low intermediate
Subtype: I Luminal A Luminal B HER2 I TN
TIL: <1% > 1% and < 20% I >20% and < 100%

MeTIL groups breast tumors based on TiLs



Breast cancer

Prognosis with MeTIL

TOP Trial
BC Cohort1  Cohort 2
o °
Samples:
P 1 " MeTIL
Y Yy () % NE(:-ADi]UV?NT ADJUVANT
2 cycles o
T ﬂ ﬂ T Patho E,, anthracycline (3w) g Chemo +/- trastuzumab
Bt
g [ 4 ) a i ! 1
n=118 n=119 L L 4
TN LU M Biopsies Biopsies
Blood Blood
Cohort No. Cohort No.
. 1.0 - TOP cohort:
FS 28 T 52 n=58 e —eo—
S
-g -g 08—
S 28 * S 5 H Tumor size l—.—‘
< 32 . * 206 Nodal status —e—
£ ¥ W
S 32 H 2 é 0.4 Grade l—.—{
N * S w e
2 38 HER2 —eo—
[ S [ I R B I B 27
-2 0 2 -4 -2 0 2 MeTIL score
00
HR (|092) HR (|Og2) OSGpecifici(:; = e -10 -+ ORo(logg) 4 8 2

MeTIL measures TIL-based tumor immune response and its prognostic value




Breast cancer
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. BiO\A/Y TREATBEST “TREATment of Breast cancer A
TREATBEST Project Wln with Epigenetic Specific Tools” E
.

. Signature

MeTIL signature to stratify patients
for cancer therapy
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Perspectives on DNA methylation

1. DNA methylome: not just for cancers

Type 2 Diabetes

DMNA methylation profiling identifies epigenetic
dysregulation in pancreatic islets from type 2

diabetic patients

Michael Volkmar', Sarah Dedeurwaerder’,
Daniel A Cunha®, 'Matladi N Ndlovu®,
Matthieu Defrance’, Rachel Deplus’,
Emilie Calonne’, Ute Volkmar®,

Marana lgoillo-Estewe”, Majib Maamane®,
Silvia Del Guerra’, Matilde Masini",
Marco Bugliani®, Piero Marchett®,

Miriam Cnop™*®, Decio L Eizirik*®

and Frangois Fuks'-*
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Introduction

Type 2 dlabees [T20] has developed imo a2 major puobhbc
healih concern. While peviously considered 25 2 problem
primaily dor western populations, the dis apidly

gaining glohal imporance, as wday aom i
people ane affected worldwide (IDF, 2005). Liesyle and
behaviowral faoom play an imporant mle in detemnining
T2D misk. For sxample, experimentally induoed inmansenne
growth reardagon as well a5 mmmem Tesmiction during

Neurological disaese

REVIEW

disease

Mira Jakovcevski & Schahram Akbarian

nature., .
medicine

Epigenetic mechanisms in neurological
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A new epigenetic pillar: RNA modifications

Growing catalogue:
Over 150 (rRNA, tRNA)
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A few found in mRNA:




RNA modifications

A new epigenetic pillar:

A few found in mRNA:

Growing catalogue:
Over 150 (rRNA, tRNA)
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RNA modifications: m6A

Physiologic Roles

Stem cell pluripotency
Embryonic development
Neurodevelopment
Reproductive
development

Cell homeostasis

Innate immunity hd l \.
Adaptive immunity

VaVAYAY) Translation /.J/‘
. —
Splicing MW, ‘ Stability

RNA metabolism



RNA modifications: m6A

Physiologic Roles

Stem cell pluripotency
Embryonic development
Neurodevelopment
Reproductive
development

Cell homeostasis

Innate immunity
Adaptive immunity

TAVAVAVA
Splicing

< LN

Translation /» f f R

P

RNA metabolism

Stability

Pathologic Roles

Inflammation
Autoimmune disease
Degeneration
Angiogenesis

Fibrosis

Microorganism infection
Regeneration

Cancer



RNA modifications: m6A

[ First insights: m6A in leukemia ]

Leukemla

non MLL
leukemia

U

- QEe

Normal
expression

MLL
leukemia

Overexpressed

fw

AML
leukemia

white
blood cell

Cancer Cell

FTO Plays an Oncogenic Role in Acute
Myeloid Leukemia as a N°-Methyladenosine
RNA Demethylase

Zejuan Li,"7® Hengyou Weng,'*° Rui Su,?'° Xiaocheng Weng, " Zhixiang Zuo,*1° Chenying Li,** Huilin
rid Nachtergaclo.” 2l s 2 2

Huan
fuang.

(2016)

]
G -

Normal
expression

Overexpressed

LETTER

Promoter-bound METTL3 maintains myeloid
leukaemia by m°A-dependent translation control

.

@017)

METTL317 or FTO? promote cancer




RNA modifications: m6A

mo6A & Breast Cancer

nature ARTICLES

y =~
cancer https://doi.org/10.1038/543018-021-00223-7

Downregulation of the FTO m®A RNA demethylase ~
promotes EMT-mediated progression of epithelial INSTITUT

JULES BORDET m

tumors and sensitivity to Wnt inhibitors UNIVERSITE de Lie

Jana Jeschke'?%, Evelyne Collignon®7'24, Clémence Al Wardi?*, Mohammad Krayem?24, Martin Bizet’,
Yan Jia'?, Soizic Garaud®, Zéna Wimana?*, Emilie Calonne’, Bouchra Hassabi', Renato Morandini?,
Rachel Deplus’, Pascale Putmans’, Gaurav Dube’, Nitesh Kumar Singh’, Alexander Kochs®,

Kateryna Shostak?, Lara Rizzotto®, Robert L. Ross®, Christine Desmedt®7°, Yacine Bareche®1°,
Francoise Rothé™, Jacqueline Lehmann-Che ® "2, Martine Duterque-Coquillaud™, Xavier Leroy™'4,
Gerben Menschaert', Luis Teixeira®"2, Mingzhou Guo', Patrick A. Limbach®, Pierre Close ®"778,

Alain Chariot”®, Eleonora Leucci®'®, Ghanem Ghanem?, Bi-Feng Yuan®32°, Karen Willard-Gallo®4, ) . 1 . I S m 6A m a C h i n e ry a Ite red i n BC?

Christos Sotiriou®7, Jean-Christophe Marine?"?2 and Francois Fuks ®123=2

2. Effect on tumorigenesis?

T news & views
cancer

A Wt twist in FTO's role in cancer progression

FTO, an m°A RNA demethylase, is known mainly as an oncoprotein in various cancer types. FTO is now shown to
act as a cancer suppressor in a subset of epithelial tumors through an interplay between epithelial-to-mesenchymal
transition and Wnt signaling.

Albertas Navickas and Hani Goodarzi > 4 . CI i n ica I re I eva n Ce ?

3. Mechanism(s)/Pathways?




RNA modifications: m6A

[ Is m6A altered in breast cancer and does it affect tumorigenesis? ]

1\ RT-gPCR FTO Tumorsphere Tumor grade
8 P <0.0001
Affvmetrix
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Low FTO: poor survival

FTO is down and

mG6A up in breast Downregulation of FTO is associated with an aggressive tumor phenotype

cancer




RNA modifications: m6A

Mechanism(s)/Pathways?

GSEA: EMT FTO vs. EMT expression
205 NES = 1.66
g 04 FDRq <
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GO
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RNAi: Ctrl FTO

Western blots

RNAi: Ctrl  FTO
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RNAi: Ctrl FTO

B-Catenin

Ctrl (Actin) EI . I

Similar results in BC biopsies!

FTO = novel regulator of EMT

Downregulation of FTO leads to upregulation of Wnt/b-
Catenin in human breast cancer
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—

Clinical Relevance? ]

. . . . Injection of SKBR3 i.p. Mock or iWnt for 5 days 2
Low FTO activates Wnt signaling in BC (RNA] Cirl or RNAIFTO) P
7 wees PET
a @ /Q /Q weel Eé Tumor 351':113 .
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e \ Measurable tumor analyses
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entire cascade

Does FTO impact sensitivity

. L. FTO depletion strongly potentiates the growth inhibitory
to Wnt inhibition -

effect of iWnt
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Future Directions

a2 SR ) Dysregulation of m6A and its machinery:
( )’ o ;\ \"kg\r\ Mg s "‘!q?(j;_,:, X o
2% : O o '}7’70‘\ 4(“5:‘@ | H
o oy o o\ e (D o Observed in many cancers
{5',\0 Tumor growth Metastasis /%bp >
i o Affects many key cancer pathway
v [ (50 Tumor @ — of o o Affects key cancer pathways at the level of and
3 B microenvironment =2 Y . .
@)%, 1t R ® | 83 (@A downstream of gene transcription (i.e. translation)
¢ ” ; ..‘“' i Metabolism ' 2 :: §
e \& @9 o May have clinical value beyond that of mutation,
0> ) O, gene expression and DNA methylation

OLd sygypa gLa3N .
'” : o Most data generated in cultured cancer cells and
ﬁ' ‘ - tumors grown in mice
‘V/.,.D o':° /
Primac et al. Current opinion in genetics & development 2022 k | J{
oXig)a) L




RNA modifications: m6A

New technologies: Oxford Nanopore Sequencing

DNA

nature methods

Sow P

nanopore

C Method of the Year 2022:
protein

Long-read sequencing

current intensity

v: membrane .
@ | time

Long reads (up to 4Mb) ACTGCT..
Native sequencing (no PCR bias)

Single-molecule and real-time sequencing

Simplified and high-speed sample prep (no PCR, library in 10 min)
Simplified bioinformatics analysis

Low cost, pocket-sized sequencers
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Oxford Nanopore Sequencing
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Oxford Nanopore Sequencing

Unmodified base

OF‘ i

Modified base

Current

< Computational
_l_ | B approach!

‘ . ‘3
g
8 G A Tl oudktion time mC
ﬁ.‘ ﬂ | |
s
: ‘
T
.




~ Histone ~ RNA
modifications Epigenetics




Laboratoire d 'Epigénétique du Cancer
Faculté de Médecine (Campus Erasme)
jana.jeschke(@ulb.be
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