
Epigenetics 
Igor Fijałkowski (UGent)

Ntziachristos Lab



Overview
• Epigenetics introduction
• Techniques to study epigenetic 

marks
• Epigenetics in health and 

disease
• Epigenetic mechanisms of drug 

resistance and relapse



Epigenetics
De facto definition:

• Transmission of information from a cell 
or organism to its descendants without 
the information being encoded in the 
nucleotide sequence.

• A gene product expressed in a cell 
maintains activity of that gene. This 
activity is inherited in descendants of 
that cell. (non-coding RNAs)

• Chemical modifications of 
chromatin/DNA copied with the DNA.

• Transgenerational Epigenetic 
Inheritance (TEI) is the transmittance 
of epigenetic information from one 
generation to the next that affects the 
traits of offspring. 

The New York Times, Nov 11, 2008



Epigenetics in action

Szyf, Nature Neuroscience, 2014

Acetophenon or 
Propanol

Lamarck revisited



Chromatin

Paul Liu, NIH resources



DNA methylation is reversible



Modes of DNA methylation

Dennis R Grayson and Alessandro Guidotti

DNA methylation can be added to 
new sites, 
called de novo methylation 
 -via DNMT3A/B

Or inherited through maintenance 
methylation
 -via DNTM1



Repression of gene expression by methylation is mediated by crosstalk between 
DNA Methylation and Histone modifications



Chromatin

• Nucleosome is the basic unit of chromatin

Histone H3
Histone H4
Histone H2A
Histone H2B

Wraps ~145 bps DNA
1.7x around the histone core octamer

Assembly of the nucleosome 
regulates access of other proteins 
to the DNA



Chromatin can exist in active and inactive states
Euchromatin: Active, open
Heterochromatin: inactive/repressed, closed
 -facultative: regulated
 -constitutive: allways repressed



Nucleosomes must be assembled
-via histone chaperones

Histones are made from subunits Subunits require chaperones

Histone Variants utilize distinct chaperones



Differentiating chromatin function by histone 
variants

Centromeres

DNA damage

Promoters



Histone function can be changed by post translational 
modifications (PTMs)

Acetylation
Methylation
Phosphorylation
Ubiquitylation
……and several more

Histone proteins are modified by chemical 
additions to amino acid side chains



Histone PTM Function

DNA Damage

• Histone modifications are 
involved in almost all DNA 
associated events

• Transcription/Activation/Repr
ession

• DNA Replication
• Gene dosage/imprinting
• DNA damage repair
• Higher order chromatin 

organization



H3NH2-ARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKPH……DFKTD…
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Transcriptional 
activation.

Euchromatin,
transcriptional 
activation,
elongation.

Transcriptional silencing,
repression, DNA 
methylation and 
heterochromatin formation 
or Transcriptional 
activation, elongation (eg. 
Ash1).

Transcriptional 
activation.

Transcriptional 
silencing, 
X-inactivation (triMe).

Euchromatin, 
transcription,
DNA repair. 

Transcriptional 
elongation or
Transcriptional
repression.

Transcriptional 
repression.

Function

Patrick Grant

Histone PTM Function



Writers, readers erasers…oh my.

Adapted from Borrelli et al Neuron, Volume 60, Issue 6, Pages 961-974E. 

Ankyrin 
HEAT 
WD40



Writers, readers erasers…oh my.



Resources



ENCODE consortium
Encyclopedia of DNA Elements

https://www.encodeproject.org



Integrated Genome Viewer (IGV) 



The UCSC Genome Browser



Technologies



Guo et al., Genome 
Research 2013

DNA methylation

Lit et al., 
Theranostics 2023

Bisulfite conversion techniques



DNA methylation

Methylation array- EPIC2.0

Illumina



Histone modifications

ChIP-Seq Cut and Run

Shahn, Nature 
Protocols, 2009

Skene, eLIFE, 2017



Chromatin organization
HiC-Seq

Grandi et al., Nature 
Protocols, 2022

ATAC-Seq

Arima Genomics



Epigenetics in disease



A CpG Island and Open Sea DNA Methylation Signature in Human T-ALL

• DNA methylation profiling using the 850k EPIC array platform, 
using unsupervised clustering of the 5,000 most variably 
methylated CpGs

• COSMe (CpG island and Open Sea Methylation) type I and II = 
methylation-based categories

• COSMe-II T-ALLs showed enrichment for genetic aberrations 
associated with double-negative or early-cortical T-ALLs: 5q 
deletions and loss-of-function of WT1, CTCF, and PRC2 
members EZH2, SUZ12, or EED

• Cluster B CpG sites displayed hypermethylation in almost all 
COSMe-I T-ALLs, but in only a subset of  COSMe-II leukemias  

CIMP=CpG island methylator phenotype



UTX acts as a tumor suppressor in T cell leukemia

Ntziachristos et al., Nature, 2014

WT

mut

UTX-/Y

UTX+/+

Histone demethylation in leukemia



UTX is a novel X-linked tumor suppressor targeted by deletions and 

mutations in both pediatric and adult T-ALL

Ntziachristos et al., Nature, 2014

Histone demethylation in leukemia



Epigenetic regulators and cancer



Case study: Cofin-Siris Syndrome (SWI/SNF)

*Although there are many variable signs 
and symptoms, hallmarks of this condition 
include developmental disability, 
abnormalities of the fifth (pinky) fingers or 
toes

*Severe intellectual disability or delayed 
development of speech and motor skills such 
as sitting and walking

*Wide nose with a flat nasal bridge, a wide 
mouth with thick lips, and thick eyebrows 
and eyelashes

Mutations in chromatin “remodelers” can lead to developmental 
syndromes



Many different proteins can be mutated in complexes-- The 
example of Chromatin Remodeling Complexes

*moving chromatin around to free up genes 
areas

Hassan and Ahuja, 2019



Many different proteins can be mutated in complexes-- The 
example of Chromatin Remodeling Complexes



EZH2 is a member of the polycomb repressive complex



Mutations and role of the polycomb complex in blood cancers



DNA folding creates unique opportunities and vulnerabilities

Case study: Chromatin Folding (3D chromatin structure),
more than meets the eye



Scales of genome architecture

Dekker and Heard, Bioassays, 2013

Local DNA contacts
eg promoter enhancer

Chromosome 
positioning
eg spatial 

rearrangement

Resolution scale

TAD: topologically 
associating domain

DNA folding creates unique opportunities and vulnerabilities

Folding in chromosome 
territories

eg domains of active and 
inactive chromatin



DNA folding creates unique opportunities and vulnerabilities

Topologically associated domains (TADs)



DNA folding creates unique opportunities and vulnerabilities



DNA folding creates unique opportunities and vulnerabilities



DNA folding creates unique opportunities and vulnerabilities

Stefan Mundlos, TADs



Even small alterations in DNA sequence can lead to extensive expression 
changes 

Melanoma

Leukemia

DNA folding creates unique opportunities and vulnerabilities

Hnisz et al., Science, 2016

Poulos et al., Cell Reports, 2016



Oncogenic fusion of three-dimensional chromatin neighborhoods in 
T cell acute lymphoblastic leukemia

Andreas Kloetgen*, Palaniraja Thandapani*, Panagiotis Ntziachristos*, et al., Nature Genetics, 2020



T-ALL gained sites (n=72)

Position relative to CTCF (+/-
1kb)

C
TC

F
si

te
s

CTCF levels and genomic binding control oncogenic expression  
RNA-seq upon silencing of CTCF

P<0.0001

Cancer-type specific CTCF binding



Relapse and 
therapy 
resistance



Cell-intrinsic mechanisms 
of resistance:

Ramos and Bentires-Alj, Oncogene 2014



T-ALL therapy resistance



T-ALL therapy resistance

Science Advances 2022; DOI: (10.1126/sciadv.abq8437) Cancer Discov. 2020;10(9):1388-1409. doi:10.1158/2159-8290.CD-19-1436



Off-target MAPK pathway activation inhibits glucocorticoid function and 
creates resistance



Resistance to targeted therapy: the role of epigenetics



Off-target activation of the NOTCH pathway generates 
resistance to glucocorticoids

PUMA



On-target upstream mutations create resistance to nucleotide 
analogues



Antimetabolite-related resistance due to on-target mutations



Summary

-Histones, DNA and RNA can be modified

-Those modifications are important for gene expression and can be disturbed in cancer and developmental 

disorders

-Epigenetic enzymes can add, erase and read modifications

-A lot of syndromes and diseases implicate genetic alterations affecting genes of epigenetic regulators

-Nevertheless, there are some diseases and disease states caused exclusively by epigenetic alterations 

without any obvious mutations

-Epigenetic enzymes act in complexes and mutations affecting different members of the complex can lead 

to similar, different and/or context-specific phenotypes

-Epigenetic alterations in disease can lead to drug resistance against systemic and targeted therapies



Thank you! 
Questions?
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