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AGENDA

Nov 5 Cancer genomics- mutations

Nov 11th: Cancer genomics-copy number alteration, heterogeneity, evolution
(recording)

Nov 18t": Cancer Epigenetics- chromatin 3D structure, cell plasticity

Nov 25": — Major signaling pathways leading to cancer
Dec 2t": Cancer Therapies — chemo and targeted therapies
Dec 9t Introduction to immunotherapies —

Dec 16t": questions for the exam

Dec 18": Exam 1.30 PM-3.30 PM



What are they?
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What are they?

Cancer EPIGENTICS Alterations
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What is epigenetics?

Epigenetics: study of stable heritable traits - not attributable to alterations in the DNA

sequence - that change gene expression and cellular phenotypes




What is epigenetics?

Nature




What is epigenetics?

Nature

Epigenetics
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What is epigenetics?

Nature
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Epigenetic regulation determines cell fate




Epigenetic regulation determines cell fate

B. Pluripotent reprogramming C. Direct Conversion

A. Normal development




Epigenetic regulation determines cell fate

B. Pluripotent reprogramming C. Direct Conversion

A. Normal development

Cancer



Epigenetic de-regulation is a hallmark of cancer

Emerging hallmarks &
enabling characteristics

Unlooking Nonmutational
phenqtyplc epigenetic
plasticity reprogramming

Senescent L " Polymorphic
cells microbiomes

(Hanahan, 2022)



How does this happen?

Mechanisms of epigenetic regulations:

[ 1. DNA methylation |

Cytosine DNA
methylation

2. Histone
. modifications

Nucleosome

3. Chromatin

conformation
(+ class of RNA based mechanisms, e.g. RNA methgl,a’ciow, neRNA, ete.)



1. DNA methylation

In higher eukaryotes, DNA methylation is formed by the addition of a methyl group to the & position of
cytosine residues within a CpG dinucleotide context.

CpG sites are highly methylated in the mammalian genome with the exception of CpG islands which are
largely unmethylated.

~60% of all human genes are dependent on promoters within CpG islands. When these sequences are
methylated, promoter activity is silenced.
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DNA Methylation

based on bisulfite conversion and sequencing

Me Me Me

| I I
GATCGACGATCGGAGCGTAGGTACGACGTT

Bisulfite Conversion

Me Me * Me
I I I
GATCGAUGATCGGAGUGTAGGTAUGACGTT

i( io v PCR Amplification

I
GATCGATGATCGGAGTGTAGGTATGACGTT

Distinguish between methylated and unmethylated
cytosine

Coupled with high-throughput sequencing to know
the DNA methylation status if the genome

Probing DNA methylation preferentially at CpG
promoters, but now also gene body / up-downstream

gene regions



DNA Methylation

based on bisulfite conversion and sequencing
BRCA1 epigenetic silencing
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What drives DNA methylation changes?

Alterations of proteins regulating DNA methylation

Increased cell division lead to DNA methylation loss in late replicating genomic regions
(e.g. intergenic repeats) - loss of DNA methylation is also an aging phenotype

Differences of DNA methylation between cancer and normal cells from the same tissue
might reflect tumor cell of origin (tumors originating from progenitor cells)

Tumor cells frequently trigger de- and trans- differentiation programs - changes of DNA
methylation



How does this happen?

Mechanisms of epigenetic regulations:

1. DNA methylation

Cytosine DNA
methylation
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2. Histone ]
modifications

Nucleosome

3. Chromatin

conformation
(+ class of RNA based mechanisms, e.g. RNA methgl,a’ciow, neRNA, ete.)



Histone post-translational modifications

Histone tails are A S

accessible for P an \ Y 3
protein binding \ HoB
s -

Different type of
modifications can be ————— @ @ @

. . K
found at lysine tails /5’/2/12\
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Most common: :
Acetylation (A) B

Methylation (M) ® ® ® ®




The histone code

‘Dashboard’ of histone modifications for fine-tuning genomic elements

b Active

Inactive

Promoters Gene bodies

Enhancers Large-scale repression

Histone-<n> K (lysine) <n> mono/di/tri-methylation (me1/2/3) or acetylation (ac)



The histone code

H3K4me1/3 marks active promoters and/or enhancers
H3K36me3 is present in the body of active genes

H3K27ac specifies the degree of activity of distal regulatory
elements (enhancers); whereas H3K9ac specifies the degree of
activity of proximal regulatory elements (promoters)

a b Active

Inactive

Nucleosomes

Low High

Gene bodies

Promoters

Enhancers Large-scale repression



The histone code

«  H3K4me1/3 marks active promoters and/or enhancers « H3K9me3 marks the classical heterochromatin (canonical
«  H3K36me3 is present in the body of active genes repressive state)
« H3K27ac specifies the degree of activity of distal regulatory * Wide-spread regions repressed by the Polycomb Group of
elements (enhancers); whereas H3K9ac specifies the degree of proteins are enriched in H3K27me3
activity of proximal regulatory elements (promoters) « H3K9me2/3 mark genomic regions of highly condensed

chromatin physically associated with the nuclear lamina

Inactive

Promoters Gene bodies

Enhancers Large-scale repression



Histone post-translational modifications
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Chromatin regulators

Writing Erasing Reading

O{D O’No C@j

Acetylases, Deacetylases, Bromodomain,
methylases, demethylases, = chromodomain,
phosphorylases phosphatases PHD finger,
WDA40 repeat



Chromatin regulators are amon
frequently mutated genes in

d the most
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Chromatin regulators: EZH2 (writer)

PRC2 complex
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Chromatin regulators: UTX (eraser)

Activators Repressors

Balanced activated and repressed transcription EZH21ls h ngyaot{,\/g
(Ye4e mutation)
in ~20% of B-cell Lymphomas

Activators Activators

UTX (KDPMGA) Ls Lost
in ~26% of bladoder tumors

UTX loss-of-function mutations T EZH2 gain-of-function mutations

PRC2-regulated transcription repression

Massive increase of H3K27me3



Chromatin regulators: ARID1A (modifier)
(chromatin remodeling factors)
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Mutations in ARID1A or other components of the SWI/SNF complex
alter the nucleosome positioning



Chromatin regulators: ARID1A (modifier)
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AF-complex

closed chromatin

reglication
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Genomic Stability
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Impact of  Replication stress, or PARP1-dependent chromatin (immunecheckpoint
ARID1A loss increased reliance DNA repair (Alt- blockade)
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Changes in nucleosome positioning lead to genomic instability



How does this happen?

Mechanisms of epigenetic regulations:

1. DNA methylation

Cytosine DNA
methylation

2. Histone
. modifications

Nucleosome

[3. Chromatin]
conformation

(+ class of RNA based mechanisms, e.g. RNA methgl,a’ciow, neRNA, ete.)



Why chromatin 3D structure?

cell

0000000000, »

DNA nucleus
~2m ~ 6 um
Linear view of the DNA Compaction in the cell nucleus




How genomics alterations in cancer cells
changes chromatin organization in the nucleus?

Copy number

Where is this amplification in the cell nucleus?



Chromatin conformation in 3D

Linear view of the PNA 3D view of the PNA

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
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Chromatin conformation capture

How close are these genomic regions in 3D?
# interactions (# of reads indicating proximity)
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High-throughput chromatin conformation capture (Hi-C):

_ _ enhancer

Nl 1

chr.2: 71.4 Mb } | chr271.8 Mb &
Enhancer gene 2 & B

Frequency of interactions

+
HiC measures the frequency of interactions
between distant genomic loci



chromosome

Hi-C to study chromatin structure

chromosomes compartments
2 3 4 5 .6 7‘ _ _ _

Inter-chromosomes Compartments
interactions active/inactive

ol
She e ‘525
A = Euchromatin (adapted from Rao et al. 2014)

B= heterochromatin



Chromatin organization in the cell nucleus

Inter-chromosomes

interactions compartments TADs Loops

/

(adapted from Rao et al. 2014)

Cancer cells
Chromosomal alterations Epigenetic alterations
Translocations Histone methylation
Amplifications acetylation

Deletions



Chromosomal translocation in 3D

chr. 3

Frequent in multiple hit-B-
cell aggressive lymphoma

Breakpoint crossing

TAD fusion
example

A AN
LocusA 4 LocusB

Within ‘A’ Fused breakpoint Within ‘B’

MYC chr. 8

Intra-chromosomal map:
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enhancer region
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Aberrant oncogene expression in cancer

Chromosomal
alterations
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Enhancer promoter interactions and chromosomal translocations

chr. 8:3 MYC
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Chr.8 129.106.652- Chr.3 187.481.146



Enhancer promoter interactions and chromosomal translocations
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Enhancer promoter interactions and chromosomal translocations

MYC

_.. ¥(3:8) Chromatin conformation in oncogenic loci of

MYC: two homologous chromosomes
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Chromosome 8-3 translocation alters
MYC expression

MYC

—. 4(3:8) Chromatin conformation in oncogenic loci of

M\:’Qi two homologous chromosomes
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Allele specific chromatin conformation

chr. 8 - chr. 8 interactions
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Allele specific chromatin conformation

chr. 8 - chr. 8 interactions
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Distinct intra-chromosomal interactions
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Sungalee et al. Nature Genetics, 2021



Chromosomal rearrangements in 3D

Enhancer Hijacking

Chromosomal Amplifications

~ rﬂ

Enhancer _._E_ E = 1 E
hijacking  gphancer Proto-oncogene Enhancer Active
oncogene

Weischenfeldt et al. Nature Genetics, 2016



Enhancer Hijacking in colorectal cancer
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How does the chromatin
3D structure change?

Weischenfeldt et al. Nature Genetics, 2016



Enhancer Hijacking in colorectal cancer
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Weischenfeldt et al. Nature Genetics, 2016



Enhancer Hijacking in colorectal cancer
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Chromosomal rearrangements in 3D

Enhancer Hijacking

Chromosomal Deletions

A

Cohesin 5_ =
Disruption of CTCF Enhancer
insulated Foow
neighborhoods F’:/_._{EI_

Proto-oncogene Active Enhancer
Oncogene

Hnisz et al. Science 2016



Modulation of chromatin 3D structure
in absence of chromosomal changes,
due to epigenetic alterations



DNA hyper-methylation

Enhancer Hijacking
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PDGFRA is over-expressed in patients with IDH mutations

Flavahan et al. Nature 2016



Oncogene activation by hypermethylation of a
CTCF locus in IDH mutant glioma
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Oncogene activation by hypermethylation of a
CTCF locus in IDH mutant glioma
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Increases H3K27me3 in EZH2 mutated tumors
changes chromatin 3D interactions and
expression of tumor suppressor gene

EZH2 EZH2
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Epigenetic changes influence gene expression allowing cancer cells to
adapt in different environments without changing the acquisition
of new mutation or copy number change

v

Cancer cell plasticity represents the ability of the cells to change their
transcriptional program



Cancer cell plasticity and epigenetic regulation

B. Pluripotent reprogramming C. Direct Conversion

A. Normal development

Dedifferentiation

Progenitor cells

Differentiation

Dedifferentiation

/

Differentiated cells

Transdifferentiation



Cell plasticity from primary tumors
to metastasis formations

Cell plasticity along the metastatic cascade

EMT induction

z Vimentin
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derived progenitor
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Cancer Cell plasticity can influence tumor evolution and response to cancer treatment

Genetic and nongenetic drug resistance

Genetically induced drug resistance and non-genetic drug tolerance in anti-cancer therapy

DTP dormant state

PN astic ce f\
Treatment o During After = 4
initiation ( treatment treatment c Time =
ranscri




Exercise

Exercise: 1.15n-2h30 prepare the paper presentation
2.30h-3h30 presentation of the papers



