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I. Epigenetics:
Essential Notions



Basic Facts

Epigenetics Actors

Epigenetics pathologies



Basics Facts



inrecentyearsepigeneticalterationshavecome
toprominenceincancerresearchinparticularhy
permethylationofcpgislandslocatedintheprom
oterregionsoftumorsuppressorgenesisnowfirm
lyestablishedasanimportantmechanismforgene
inactivationincanceroneofthemostremarkable
achievementsinthefieldhasbeentheidentifica
tionofthemethylcpgbindingdomainfamilyofpro
teinswhichprovidemechanisticlinksbetweensp
ecificpatternsofdnamethylationandhistonemo
difications

Genetic= Cellular manual Epigenetic= how to read the manual

Notions of Epigenetics

Woman without her man is nothing

Woman, without her, man is nothing

Punctuation is important!!!



A NEW FRONTIER!

Genetic Code

4 letters/
nucleotides (ATGC)

(ADN)

GENETICS
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Dressing of our chromosomes/genes: by epigenetics
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5e letter/
nucleotide (5mC)

(chromosome)

EPIGENETICS

Definitions of Epigenetics



Aristotle, 384-322 BC:
“… 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”

Arthur Riggs, 1996:
“…is the study of mitotically and/or meiotically heritable changes in 
gene function that cannot be explained by changes in DNA 
sequence”

Definitions of Epigenetics



More recently, Denise Barlow (Vienna):
“… Epigenetics has always been all the weird and wonderful 
things that cannot be explained by genetics”

ü Not DNA Sequence 
(„epi“)

ü Influence Gene 
Function

ü Heritable

Definitions of Epigenetics



Environment

Epigenetics

Genetics

Influence of our environment/life style



Influence of our environment/life style



Lamarckism’s revival…
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Influence of our environment/life style



Why identical twins are not the same?

Influence of our environment/life style



Influence of our environment/life style



Exercise

Influence of our environment/life style

Diet

Cigaret

Drug

Disease 
exposure

Epigenetics

…



Early-life environmental conditions can cause epigenetic changes in humans 
that persist throughout life!  

Influence of our environment/life style



~15 000 genes ~20 000 genes~80 000 genes

Central roles in biology and medicine

« 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

unique repertoire of 
gene expression

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



Central roles in biology and medicine

Epigenetics

CANCER

Neurodevelopmental
disorders

Diabetes

Cell differentiation

Development

Genome stability

Aging
Immunology

Stem cells 
(e.g. IPS cells)

In Health In Disaese



Epigenetic Actors

I. Histone modifications

II. DNA modifications

IV. New epigenetic layer

III. Non coding RNAs



Fig. 3

DNA

Nucleosome: fundamental unit of 
chromatin (DNA + histones)

In nucleus, chromatin compacts genome



Active genes transcribed

Chromatin

Euchromatin

Heterochromatin

Silenced Genes, repressed



H1

The Nucleosome

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

Chromatin



- Several degrees of chromatin 
compaction 

- This compaction is DYNAMIC & 
influences gene expression:

OPEN chromatin genes ON

CLOSED chromatin            genes OFF

Chromatin

regulated by epigenetic modifications

“chromatin modifying enzymes”

Chromatin



Histone modifications



OFF

a. b. c.

3. Interconnections/Interdependancies

ON

b. c.

4. COMBINATIONS determine
gene expression

(1996)

1. First layer/modification 2. Multitude of modifications

Increasing epigenetics complexity

Histone modifications



5. Mono,di,tri-methylation (2003)

OFF

ON

6. New modifications (2004-2008,…)

GENE EXPRESSION / EXTEND INFORMATION

HISTONE CODE
HOW TO PREDICT HISTONE COMBINATION AND GENE EXPRESSION
OUTPUT/BIOLOGICAL CONSEQUENCES?

Increasing epigenetics complexity

Histone modifications



- Associated with gene activation and/or repression

- INTERPLAY between these chromatin associated modifications 

R
Me

CG

DNA 
methyltransferases

DNA

Acetyltransferases
(HAT) K

Ac

histone tail

Deacetylases 
(HDAC)

K
Me

Me

K-methyltransferases
(KMT)/ K- demethylases (KDM)

R-Methyltransferases
(RDM)

Enzymes modifying chromatine

Other modifications: phosphorylation, ubiquitination, sumoylation, ….

S/T

P

kinases

Histone modifications



H3K4me3
H4K16ac
H4K9ac

H3K9me3
H3K27me3

Activation

Repression

Histone modifications



HDAC

Gène cible

REPRIME

HDAC remove acetyl group
from histones,
chromatin condensation,
Inactive transcription

Ac

Ac Ac

Ac

AcAc
Gène cible

ACTIF

HAT
HAT add acetylation on 
histones,
Open chromatin,  
active transcription

Acetylation and deacetylation

Histone modifications



Acetylation and deacetylation

Histone modifications



HMT HDM

Me

Methylation and demethylation

Histone methyltransferases
(HMT)

Histone demethyltransferases
(HDM)

Histone modifications



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

Methylation et demethylation

Histone modifications



Transcriptionnal Repression

Transcriptionnal Activation

Methylation et demethylation

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

Histone modifications



EzH2
PcG protéine

Suv39h

Methylation et demethylation

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

Transcriptionnal Repression

Transcriptionnal Activation

Histone modifications



Methylation et demethylation

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

Histone modifications



Proteins-Reader of histone modifications

Ex:HP1

Ex:PC

Ex:BRD4

CD= Chromodomain: Binding of methylated lysine

BD= Bromodomain: Binding of acetylated lysine

Histone modifications



N-ARTKQTARKSTGGKAP…QDFKTDL
4 9 10 14 79

Me Me Ac Me

P

Ac

RAVTKYSSSTQA-C

Ub

123

H3

H2B

Mutual influences

Histone modifications



DNA modifications



Major features:

• CG dinucleotides

Cytosine 5-Methylcytosine

• only DNA modification known untill 2009 (hmC, fC, CaC,…)

DNA methylation



• Not random

- CpGs under represented (prediction)
- mCpG high mutagenic potential (thymine)

DNA methylation

• CpG island

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

CG
me

CG
me

gene B

ON

CGCG CG

(CpG island)

OFF

gene A



• Gene silencing

CG
me

CG
me

gene B

ON

CGCG CG

(CpG island)

OFF

Gene bodies: Role in activation and elongation

gene A

Promoters

DNA methylation



Proteins implicated in DNA methylation

DNA methylation

Writers

Readers

Erasers

DNMT

DNA methyltransferases

MBD

TETs
Methylated Binding 

Domain



DNMTs : DNA methyltransferases

C-G
Target Gene

Repressed
me

Dnmt

Proteins involved in DNA methylation

SAM
(S-adenosyl methionine)

Writers

DNA methylation



DNA Methyltransferase of Maintenance: Dnmt1

“copy” of DNA methylation during DNA replication

de novo DNA Methyltransferase: Dnmt3a/3b

Establisment of new methylation profile

Unmethylated DNA Methylated DNA

Dnmt3a/b

Hemi-methylated 
DNA

Dnmt1Replication

DNA methylation

Writers DNA methyltransferases (DNMTs)

Fully-methylated 
DNA



Methyl-CpG Binding Domain Proteins (MBD)

MBD

C-G
Gène cible

Repressed
me

Readers

DNA methylation

• Maintenance of repressed state

• Recruitment of other repressors



e.g. PML/RAR in leukemia (Di Croce et al., Science)

Myc in various cancers (Brenner et al., EMBO J.)

Targeting of DNA methylation

By Interaction with transcriptional factors



Gene silencing

DNA methylation
DNMTs / MBDs

Histone
modifications

HDACs / KMTs

Repression by DNA methylation

By connection with other repressive machineries



chromatin

GENE 
locked

(double security, double locking)

The DNMT KMT connection



Methylated C (mC)Unmethylated C DNMTs

Demethylation  TETs

Hydroxymethylated C (hmC)

OH OH OH OH OH

Epigenetic mark per se

Development Cell pluripotency Neurogenesis Cancers

Erasers

TET1, TET2, TET3

(fC & caC)

DNA hydroxymethylation



Non coding RNAs



Non coding RNAs



Epigenetic pathologies



- Immunodeficiency frequent respiratory infections

- Centromeric instability 

- Facial dysmorphy

ICF Syndrom

PWWP PHD Catalytic Domain

Dnmt3b
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Chromatin decondensation
at centromere: breaking point

Chr 1

Chr 16

Deletion-duplications 
(multiradial conformation)

Epigenetic pathologies



-Neurological troubles

-Loss of coordinated moves (stereotypic moves)

-Langage loss

-Difficulty to walk

-Difficulty to breath

Rett Syndrom

R1
68
X

E2
35
X

R2
55
X

R1
06
W

R1
33
C

F1
55
S

T1
58
M

R3
06
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MBD TRD

L1
38
X

V
28
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MeCP2

-No global chromatin desorganization

-No repression of MeCP2 target genes (bdnf)

Epigenetic pathologies



II. Epigenetics
& Cancer



Cancers: Genetics AND Epigenetics

Cancers
Genetic and epigenetic desease

(Knudson hypothesis)

Inactivation of TSG



Normal cell
Low High High

Cancer cell
LowLowHigh

Epigenetics in cancer



•Hypermethylation of tumor suppressor genes

Repression of  « control » genes

Chromosomic instability
Activation of forbiden genes

ALL cancers: aberrant DNA methylation profiles

•Hypomethylation of silencing genes (repetitive sequences, pluripotent 

genes,…)

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

Epigenetics in cancer



• Silencing of tumor suppressor genes: e.g. Rb, p16, RARb, MGMT
• Some specific of one cancer, others in many cancers

Epigenetics in cancer



tumor 
suppressor

OFF

CGCG CG

(hypermethylation)

me me me

CANCER

DIAGNOSTIC
• Diagnosis at early stage

• Molecular classification of tumors

• Treatment response

Epigenetic Biomarkers

Increasing clinical implications



Cancers: Detection in fluids

Epigenetic Biomarkers



Commercially-available DNA methylation test kits 
for cancer

Epigenetic Biomarkers
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Epigenetic Therapy



Leukemia: Myelodysplasie (MDS)

Already a reality!

Rather in « older » men (60-70 years)

Treatment with azacytidine
DNMT inhibitor

Epigenetic Therapy



Fig.5

DNA
OFFme

Methyl.
OFF

me
me

tumor supp. 
gene

CANCERHypermethylation: tumor suppressor gene abnormal OFF

DNMT + HDAC + KMT inhibitors

Strategy: DNA methylation-histone modifications

HDAC/KMTDNMT

ONDNMT

Demethylation: tumor suppressor gene reactivated ANTI-CANCER

tumor supp. 
gene

Demeth.             
ON

HDAC/KMTDNMT

Epigenetic Therapy



Use of combined epigenetic drugs

Application in anti-cancer therapy of DNMT-HDAC connexion

Epigenetic Therapy



III. Epigenomics is
coming of age



“Is that all?”

Sequencing the human genome:

Why of interest?



Epigenomics



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

Not ONE 
but 

MANY 
EPIGENOMES

Inter- and 
intra-

individual 
differences

Epigenomics



When Genetics meets Epigenetics

Cancer mutations: increasing number in epigenetic genes

NGS & Cancer Epigenomics: A « BIG SURPRISE »



DNA methylome: various technologies
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Epigenomic technologies



1. 

2. 

3. 

DNA methylome: various technologies

Epigenomic technologies



9

DNA Methylation – Multiple Applications in Molecular Diagnostics

Screening Therapy Follow up

specialized niche marketsmass markets

cancer patientsasymptomatic population

e.g. monitoring of cancer
recurrence

cancer prognosis,
response prediction

screening of average risk  
population

blood / urineroutine tumor tissueblood / urine

Cancer SurveillanceCancer classificationCancer early detection

Epigenomics‘
key value driver
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DNA Methylation – Multiple Applications in Molecular Diagnostics

Screening Therapy Follow up

specialized niche marketsmass markets

cancer patientsasymptomatic population

e.g. monitoring of cancer
recurrence

cancer prognosis,
response prediction

screening of average risk  
population

blood / urineroutine tumor tissueblood / urine

Cancer SurveillanceCancer classificationCancer early detection

Epigenomics‘
key value driver

- Many clinical samples: 

- Fast

- Reproducible

- Moderate cost

- Low amount of genomic DNA

- DNA methylation and gene expression

© 2008 Illumina, Inc.
Illumina, Making Sense Out of Life, Sentrix, GoldenGate, DASL, Oligator, Infinium, BeadArray, Array of Arrays, BeadXpress, VeraCode, IntelliHyb, iSelect, CSPro, and Solexa are registered trademarks or trademarks of Illumina Inc.

Next Generation Sequencing and BeadArray Technology

-- Illumina Complete Solutions
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© 2008 Illumina, Inc.
Illumina, Making Sense Out of Life, Sentrix, GoldenGate, DASL, Oligator, Infinium, BeadArray, Array of Arrays, BeadXpress, VeraCode, IntelliHyb, iSelect, CSPro, and Solexa are registered trademarks or trademarks of Illumina Inc.

Next Generation Sequencing and BeadArray Technology

-- Illumina Complete Solutions
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Infinium technologies



(HiScanReader/SQ)

Home  |  Career  |  Contact  |  Site Map

Overview Overview

Chromatin immunoprecipitation (ChIP) is a powerful tool for
evaluating the association of protein-specific regions of the genome.
The ChIP assay determines whether a certain protein-DNA
interaction is present at a given location, condition, and time point.
Genpathway's novel assays, software, tools, and services are based
on proprietary Whole-Genome Chromatin and Methylated DNA ChIP
Sequencing Technology developed by Genpathway to advance
understanding of gene regulation and genetic pathways through
genome-wide study of transcription factor binding, gene transcription,
and epigenetic events such as DNA methylation and histone
modifications. Our ChIP technology generates precise and
comprehensive information that reveals causal pathways of disease
or predictive pharmacological action of experimental drugs and is
widely applicable in targeted drug discovery, drug research and
development, and gene and protein diagnostic biomarker discovery
and development.

Genpathway ChIP-Seq Technology
Chromatin immunoprecipitation (ChIP) identifies and monitors
regions of the genome associated with specific proteins that are
crucial for vital cellular functions. The technique involves crosslinking
of proteins with DNA, fragmentation and preparation of soluble
chromatin, followed by immunoprecipitation with an antibody
recognizing the protein of interest. Genpathway then identifies the
segment of the genome associated with the protein using highly
optimized protocols and procedures for sequencing (ChIP-Seq),
microarray tiling (ChIP-on-chip), or qPCR amplification of the DNA in
the immunoprecipitate.

© 2010 Genpathway,  Inc.

Chromatin and Methylated DNA Immunoprecipitation
"ChIP" Products & Services

Histone marks profiling: ChIP-Seq

Epigenomic technologies



ULB Epigenomics core 
facility/EPICS

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

(Head: F. Fuks)



Illumina BeadChip Technology
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IV. Applications / 
Translational

Cancer Epigenomics



DNA

Biopsies

Detection

Prognosis

Therapy

Monitoring

Prevention

Etiology

Biology

Clinical 
applications:

DNA
methylation

• Stable (DNA)
• Early occurring
• Sensitive 

techniques

DNA methylation profiling



Metastasis

lung

liver

bone

Women with similar

clinico-pathological 

characteristics 

can have very different 

clinical outcome

Breast cancers = « several diseases »

Breast cancer



Grade 1

20%

Grade 2
60%

Grade 320%

Low Mortality

High

Intermediate

Mortality:

Histological 
Grade

Breast cancer



4 «expression subtypes»

(Perou et al.,
Nature 2000)

Gene expression (microarray)

Basal-like

HER2 +

Luminal A

Luminal B

Breast cancer



248 tissue samples Infinium Methylation

Breast cancer



Six DNA methylation groups of breast tumours

Similar data in independent validation set (125 samples)

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

Refining tumor taxonomy

Breast cancer



Methylation clusters show distinct biological functions

DNA methylation/GO: Immunity

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: 

1. Epithelial tumor cells (mainly)

2. Cells from the surrounding stroma,
including immune cells

M/S n° 6-7, vol. 23, juin-juillet 2007  627
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caractère « maître » de GATA3, ce facteur a été exprimé dans des cel-
lules souches et les résultats montrent qu’il induirait bien une diffé-
renciation luminale. L’ensemble de ces données récentes suggère une 
implication de GATA3 dans les cancers du sein. De fait, une expression 
élevée de GATA3 est une signature des cancers luminaux peu envahis-
sants [4, 5]. À l’inverse, il reste à prouver que la perte d’expression de 
GATA3 est associée à des tumeurs peu différenciées et envahissantes 
et à déterminer le rôle exact joué par GATA3 dans la progression des 
tumeurs du sein.

Peut-on réduire l’hétérogénéité de la maladie à des classes 
homogènes et proposer une classification pertinente ?

Jusqu’à la fin des années 1990, seules les données histologiques et cli-
niques permettaient de classer les différents types de cancer du sein. 
Plus récemment, l’utilisation de techniques génomiques à haut débit 
comme les puces à ADN a permis d’y ajouter une caractérisation molé-
culaire. Les premières études d’expression génique dans les cancers du 
sein ont montré l’hétérogénéité moléculaire de la maladie, déjà sus-
pectée au vu des données cliniques et histologiques. Cinq sous-types 
majeurs ont été identifiés sur la base de l’expression transcriptionnelle 
d’un demi-millier de gènes [6] : luminal A, luminal B, basal, ERBB2 et 
normal. Cette classification a ensuite été validée par plusieurs pla-
tes-formes d’analyse transcriptionnelle, pour différentes populations 
de patientes et différentes formes anatomocliniques de la maladie. 
Elle permet de dégager des groupes de pronostic différent. Combinée 
aux classifications cliniques et histologiques classiques [7, 8], elle 
représente une base nosologique, en même temps qu’un des succès de 
l’analyse transcriptionnelle, si souvent décriée à tort ou à raison.

Les sous-types luminal A et basal sont les plus affir-
més et sont très différents l’un de l’autre (environ 
5 000 gènes différentiellement exprimés). Le sous-
type luminal A correspond à des cancers généralement 
de bas grade, exprimant des récepteurs hormonaux et 
d’évolution plutôt favorable. Leur traitement inclut 
une hormonothérapie dans la majorité des cas. Les 
gènes exprimés dans ces cancers sont associés au 
récepteur des œstrogènes (ER�) et à la différencia-
tion luminale (GATA3) (Figure 2). Les cancers basaux 
n’expriment ni les récepteurs hormonaux ni ERBB2. 
Contrairement aux cancers luminaux, ils sont de haut 
grade et de mauvais pronostic. Très prolifératifs, ils 
expriment les gènes codant pour des régulateurs du 
cycle cellulaire (cyclines, CDK, etc.) et présentent fré-
quemment des mutations de TP53. Ce sous-type, traité 
classiquement par chimiothérapie, ne dispose pas 
encore de thérapie spécifique, mais plusieurs cibles 
potentielles figurent dans la liste des gènes surex-
primés (kinases, gènes du cycle…). Dans les lignées 
cellulaires dérivées de cancer du sein, il est possible 
de subdiviser le sous-type basal en A et B [9]. Le 
sous-type basal B pourrait être identifié par l‘ex-
pression de marqueurs du mésenchyme (vimentine). Il 
serait similaire au sous-type de lignées décrit comme 
« mésenchymateux » [10]. La définition formelle des 
sous-types repose sur les profils d’expression mais, 
pour des raisons pratiques, beaucoup assimilent le 
sous-type basal aux cancers du sein « triple négatifs » 

(n’exprimant pas les récepteurs hormo-
naux et ne surexprimant pas ERBB2). Le 
sous-type ERBB2 se caractérise par une 
forte expression de ERBB2 et des gènes 
de l’unité d’amplification 17q12 autour 
de ERBB2 [11]. Ce sous-type peut être 
traité par un anticorps qui inhibe la 
voie ERBB2 comme le trastuzumab (Her-
ceptineTM) ou un inhibiteur de tyrosine 
kinase comme le lapatinib [12]). Le 
sous-type luminal B regrouperait des 
cas luminaux moins différenciés que 
les luminaux A et plus prolifératifs, et 
le sous-type normal reste assez mal 
défini. De nombreux cas de cancers du 
sein ne peuvent être inclus dans ces 
sous-types et demandent à être mieux 
caractérisés.
Ces sous-types peuvent être également 
distingués au niveau protéique. Des étu-
des d’expression par immunohistochimie 
sur tissue microarray ont permis d’iden-
tifier les sous-types luminaux et basaux 

Figure 1. Coupe transversale d’un canal de la glande mammaire. Le schéma montre les différen-
tes cellules épithéliales entourées de stroma. On distingue trois types de cellules : les cellules 
luminales, en contact avec la lumière, les cellules myoépithéliales, en contact avec la membrane 
basale (MB) et les cellules progénitrices (cellules souches et précurseurs immatures) en position 
basale ou supra-basale.

Cellules luminales 

Cellules myoépithéliales

Cellules progénitrices Lumière

MB

Stroma

Charaffe.indd   627Charaffe.indd   627 13/07/2007   09:02:2613/07/2007   09:02:26

Luminal 
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

Breast cancer
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DNA methylation 
to characterize immune cells in tumors

DNA methylation profiling



TILs have prognostic and 
predictive value in breast 

cancer

Clinical Relevance

Breast cancer



MeTIL Signature
Marker 1

Marker 2

Marker 3

Marker 4

Marker 5

Breast cancer



n = 105

P < 0.001  
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Subgrouping with MeTIL

MeTIL groups breast tumors based on TILs
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Prognosis with MeTIL

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

TREATBEST Project
TREATBEST “TREATment of Breast cancer 

with Epigenetic Specific Tools” 

MeTIL signature to stratify patients 
for cancer therapy

Interaction with 
academica, clinic, industry!

Breast cancer



1. DNA methylome: not just for cancers

Perspectives on DNA methylation

Type 2 Diabetes

Neurological disaese



V. A new epigenetic 
layer



Growing catalogue:
Over 150 (rRNA, tRNA)

m6Am5Cm1A
m3C

A few found in mRNA:

A new epigenetic pillar: RNA modifications



Growing catalogue:
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A few found in mRNA:

A new epigenetic pillar: RNA modifications
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(2017)
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1. Is m6A machinery altered in BC?

4. Clinical relevance?

3. Mechanism(s)/Pathways??

2. Effect on tumorigenesis?

m6A & Breast Cancer

RNA modifications: m6A



FTO is down and 
m6A up in breast

cancer
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Mechanism(s)/Pathways?

FTO = novel regulator of EMT

GSEA: EMT
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Similar results in BC biopsies!

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

RNA modifications: m6A



Does FTO impact sensitivity 
to Wnt inhibition?

Wnt inhibitors

LE
F/
TC
F

Low FTO activates Wnt signaling in BC

→ Acts downstream in Wnt cascade: 
Evaluate the effect of FTO effect along the 
entire cascade

iCRT3/iWnt

Clinical Relevance?

FTO depletion strongly potentiates the growth inhibitory 
effect of iWnt

7 weeks

Measurable tumor

i.p. Mock or iWnt for 5 days
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PET scan
Tumor volume

Molecular 
analyses
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RNA modifications: m6A



Dysregulation of m6A and its machinery:

o Observed in many cancers

o Affects many key cancer pathway

o Affects key cancer pathways at the level of and 
downstream of gene transcription (i.e. translation)

o May have clinical value beyond that of mutation, 
gene expression and DNA methylation

o Most data generated in cultured cancer cells and 
tumors grown in mice

Primac et al. Current opinion in genetics & development 2022

Future Directions

?

RNA modifications: m6A



Thi
rd 

Gen
 

Seq

• Long reads (up to 4Mb)
• 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

RNA modifications: m6A

New technologies: Oxford Nanopore Sequencing



Oxford Nanopore Sequencing

RNA modifications: m6A



Current “Squiggles”

Dwell

Computational 
approach!

RNA modifications: m6A

Oxford Nanopore Sequencing



Epigenetics

DNA 
modifications

Histone 
modifications

RNA 
Epigenetics
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