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 Somatic Mutation Model for Cancer 
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“Each tumor seemed a unique experiment 
of nature – acquiring a unique set of 
mutant genes in an unpredictable 
chronological order…”  
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DNA Methylation is a classic “epigenetic” mark that  may 

have several roles in cancer 

E. Heard, 2016 
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Promoter DNA Methylation is Important for 

Long Term Silencing: 
X-Chromosome inactivation 

Imprinting 

Some developmental and germ line genes 

Cancer testis antigens (cell surface antigens) 

Retrotransposons (double stranded RNA) 

Définition de l’épigénétique (Holliday – Riggs) 

Robin Holliday 
(1935-2014) 

Art Riggs 
(born 1939) 

Epigénétique et Mémoire Cellulaire�

L’étude des changements d’expression des gènes transmissibles au travers des divisions 
cellulaires (voire des générations), sans changement de la séquence de l’ADN 

Transmissible mais réversible 
PPromoter DDNNAA MMethhyllaaation is Important fo  

Long Termmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm SSSSSSSSSSSSSSSSSSSSSSSSSSSiiiiiiiiiiiiiiiiiiiiiiiilllllllllllllllleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncing:
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Retrotransposons (douuuble stranded RNA) 

DNMT1 

E. Heard, 2016 

De novo  
methyltransferase 
DNMT3A/3B 
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Russo, V.E.A., R.A. Martienssen & A.D. Riggs Eds. 1996.  
Cold Spring Harbor Laboratory Press.  
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E. Heard, February 2nd, 2015 

Histone modifying enzymes 
can add or remove these 

modifications 
 
 
 
 
 
 
 
 

In some cases, histone ‘readers’ and ‘writers’ are in 
complexes, possibly enabling self-perpetuation 

and/or spreading in cis  
eg HP1/H3K9me3; PRC2/H3K27me3 etc 

 

Dnmts 

De novo: Dnmt3a,3b, 3L 
Maintenance: Dnmt1 

TETs 

DNA methylation associated with repressed 
state of some genes, repeats:  

Self-templating, stable - but can be removed  
(actively eg Tet-induced conversion to 5hme; 

passively during DNA replication)�

Platforms for binding proteins 

Carriers of cellular memory  

 

Histone Variants and Histone Modifications are: 
Mediators of chromatin accessibility 

Chromatin-based States and Partners 
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Numerous examples of Promoter CpG island 
Hypermethylation of Tumor Suppressor genes in cancer

E. Heard, 2016 
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 The Attraction of Epigenetic Models for Cancer 
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Epigenomic Mapping in Cancer 
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Organisation of the genome into large 
organised chromatin blocks
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Disruption of genome organization occurs in 
cancer
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E. Heard, 2016 

Partially Methylated Domains (PMDs) are pervasive in tumors. TCGA Whole Genome Bisulfite Sequencing (WGBS) data for 31 
samples. A representative 25 Mb region on chr16 shows that almost every tumor has significant methylation loss corresponding to regions of 
nuclear lamina attachment (Guelen et al., 2008), Hi-C heterochromatin nuclear territory (ENCODE), and late replication domains (Repli-Seq 
data from ENCODE). PMD regions have a median length of about 1Mb and span 40-50% of the genome in each tumor. Adjacent epithelial 
tissues from 6 of these cases show universally high methylation. Illustration at bottom shows heterochromatic regions of the genome 
associated with silencing proteins and the nuclear lamina (gray). Credit: Ben Berman, Huy Dinh (Berman lab), and Peter Laird. 

Partially Methylated Domains (PMDs) are pervasive in cancer 

7K�

PMDs, CIMPs, LRES, LREA… 
CORRELATIONS WITH NUCLEAR LANDMARKS AND 

GENERAL CHROMATIN STATES: 
• USEFUL BIOMARKERS FOR CLASSIFYING TUMORS 

• DO THEY SIMPLY REFLECT CELL (TISSUE) OF ORIGIN? 
• WHAT ABOUT FUNCTION? AS THERAPEUTIC TARGETS? 

- EASY TO SPECULATE, DIFFICULT TO CONCLUDE! 
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How to Interpret Cancer Epigenomes?
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The Sequencing of the Human Genome 

E. Heard, 2016 



The Sequencing of the Human Genome 

Le génome humain : trois milliards 
de paires de bases, 20 000 gènes 
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Deciphering the Human Genome

E. Heard, 2016 
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From Human Genome to Epigenomes



Nature, September 2012 

E. Heard, 2016 
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From Human Genome to Epigenomes



Nature, September 2012 

E. Heard, 2016 
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From Human Genome to Epigenomes



Cancer: from Boveri to Venter

E. Heard, 2016 
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Cost of Sequencing Genomes

E. Heard, 2016 



Sequencing Cancer Genomes

E. Heard, 2016 
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 Analysing cancer genomes 
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 Analysing cancer genomes 
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 Lessons from cancer genomes 
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 Discoveries from the Non-Coding Cancer Genomes 



 More Discoveries from Cancer Genomes 
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 Many Novel Cancer Genes are Involved in 

Chromatin Functions 
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 Specific Histone Variants & Modifications 

E. Heard, February 2nd, 2015 

Schwartzentruber, J. et al. Driver mutations in histone H3.3 and chromatin remodelling genes in paediatric 
glioblastoma. Nature 482, 226–231 (2012).
Wu, G. et al. Somatic histone H3 alterations in pediatric diffuse intrinsic pontine gliomas and non-
brainstem glioblastomas. Nature Genet. 44, 251–253 (2012). 
Khuong-Quang, D. A. et al. K27M mutation in histone H3.3 defines clinically and biologically distinct 
subgroups of pediatric diffuse intrinsic pontine gliomas. Acta Neuropathol. 124, 439–447 (2012). 
Lewis, P. W. et al. Inhibition of PRC2 activity by a gain�of�function H3 mutation found in pediatric 
glioblastoma. Science 340, 857–861 (2013).  

nnnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee HHHHHHHHHHHHHHHHHH3333333333333333333333..333333333333333333333333 aaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnnddddddddddddddddddddddddddd cccccccccccccccccccchhhhhhhhhhhhhrrrrrooooooooooooooooooooooooooooooommmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatttttttttttttttttttttttttttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnn rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreeeeeemodeeeeeellliiinnnggg gggggggggggggggggggggggggggeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssss iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnn pppppppppppppppppaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttttttttrrrriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiccccccccccccc

atttrrrrrrrrrrrrrrrriiiiiiiiiiiccccccccccccccccccccc ddddddddddddddddddddddddddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiifffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffuuuuuuuuuuuuuuuuuuuuuuuuuuussssssssssssssssssssssssssseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnttttttttttttttttttttttttttttttttrrrrrrrrrrrrrrrrrrrrrrrrrrrriiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnssssssssssssssssssssssiiiiiiiiiiiiiiiiccccccccccccccccccccc ppppppppppppppppppppppoooooooooooooonntinnnneeeeeeeeeeeeeeeeeeeeeeeeee ggggggggglllllllllllliiiiiiiooooooommmmmaaaasss aaannnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnndddddddddddddddddddddddddddddddddddddddddddddddddddddd nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn------------------
3 (2222222000000000000012)))))))))))))))))))))))))))))))))))))))))))))))...  
one HHHHHHHHHHHHHHH3.3 defines  ccccccccccccccllllllllliiiiiiiiiiiinnnnnnnnnniiiiiiiiiicccccccccccally anddddddddddddddddddd bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiooooooooooooooooooooooooooooooooooooooolllllllllllllllllllllllllllllllllllllllooooooooooooooooooooooooooooooooooggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggiiiiccccccaaaaaaaallllllllyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiissstttttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnccccccccccccccccccttttttttttttttttttttttttttttttttttt 
mas. Acta Neurooooopathol. 124, 433333333399999999999999999999999999999999999999999999999999999999999999999999––4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444777777777777777777777777777777777777777777777777777777777777777777 ((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((2222222222222222222222222222222222222222222222222222222222220000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000111111111111111111111111111111111111111111111111111111112222222222222222222222222222222222222222222222222222222222222222222222222222222222222222)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))).................  
gain�of�ff function H3 mutation fffffoooooouuunnnnddddddddddddddddddddddddddddddddddd iiiiiiiiiiiiiiiiiiiiinnnnnnn  ppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaattttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc  

H3.3 Lys 27-to-methionine (K27M) 
mutation in one of two alleles leads to 
very specific  gliomas. This mutation 
reprograms epigenetic landscape and 
gene expression: see genome wide loss 
in H3K27me3 but specific aberrant 
enrichment at several hundred genes.
This may drive tumorigenesis. 
Chan et al, Genes Dev , 2013

From Maze et al, NRG, 2014



 Chromatin remodeling proteins, Histone  

Modifiers and DNA Methyltransferases/demethylases  

E. Heard, 2016 
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 More Discoveries from Cancer Genomes 

Bylin and Jones, 2011 
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Cancer genomes and the epigenomes 



E. Heard, 2016 
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"Epigenetic control of genes and genomes in cancer 
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