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WE ARE MORE THAN OUR GENES ! 

DOLLY 
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The Epigenetic Dice: 

 

 

-DNA Methylation 

 

 

-Histone Modifications 

 

 

-ncRNAs 

 

 

-…. 

 

Cover by Sanchez-Mut and Esteller, Dev Cell, November 15th 2010 



Epigenetics Parameters 

Nature, 429, 457-63, 2004 





Imprint of famine seen in genes of Second World War babies 60 years on 





Towards the Human Epigenome 
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Francis Collins, director of the National Human Genome Research Institute, said:  

"Here's something where Mendel, Watson and Crick all seem to have missed some crucial goodies"  



Heyn et al., Carcinogenesis 2012 

Discordant Twins for Breast Cancer 



Autoantibodies against nuclear antigens, specially against DNA, histones and 

nucleosomes 

Lupus eritematoso sistémico 

Autoimmune disease affecting  many tissues and organs 
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TD2 - twins (397 - 398) 
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TD2 - twins (529 - 530) 
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Epigenetics, Discordant Twins and Disease 

Diabetes Type 2, Target tissue: Fat 

Systemic Lupus Erythematosus, Target tissue: Lymphocytes 
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DNA methylation contributes to natural human variation  

Heyn et al., Genome Research 2013 





DNA methylation and natural human variation: pathways and diseases  



DNA methylation and natural human variation: pathways and diseases  

Taste Skin Pigmentation 
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DNA methylation and natural human variation: pathways and diseases  

Diabetes 

Parkinson’s 

Infection 

(HBV, HIV, Measles  

Virus, E. coli) 

Taste Skin Pigmentation 
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DNA methylation plasticity of human adipose-derived stem cells in lineage commitment 
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Berdasco et al., American Journal of Pathology 2012 



 

Differentiation upon siRNA of SIRT1 

Differentiation upon bFGF withdrawal  

Embryonic Stem Cells (H-181) 

Blue: DAPI 

Green: alpha-actin 

(mesodem) 

Differentiation upon Sirtinol treatment (24h) 

Stem Cells and Sirtuins 



Epigenetic Marks 



The Epigenetic Marks: DNA Methylation 

Esteller, Nat Rev Genet 2007 



Esteller, New England Journal of Medicine, 2008 



Heyn and Esteller, Nature Review Genetics, 2012 



Roriguez-Paredes and Esteller, Nature Medicine, 2011 





THE HISTONE CODE 
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The Dark Genome 



Melo and Esteller, FEBS Letters, 2010 



Melo and Esteller, FEBS Letters, 2010 

Nature Genetics, 2009 

Science, 2009 

Cancer Cell, 2010 



Esteller, Nature Reviews Genetics 2011 



Rodriguez-Paredes and Esteller, Nature Medicine, 2011 



Epigenetic drugs 

DNA Demethylating Agents 

Histone Deacetylase Inhibitors 

microRNA Related Compounds 

Histone Methyltransferase Inhibitors 

Histone Demethylase Inhibitors 

Histone Kinase Inhibitors 

Histone Acetyltransferase Inhibitors 

Bromodomain Inhibitors 

Sirtuin Inhibitors 

Preclinical  

stage 

Clinical  

stage 

Rodriguez-Paredes and Esteller, Cancer Discovery 2011 



Outside Cancer 



Rett Syndrome (RS) is a neurodevelopmental disorder believed to affect 1 in 

10,000 females.. 

 

Germline mutations in MECP2 (Methyl-CpG Binding Protein-2) found in 

65% of Rett patients. MECP2 is located in Xq28. 

 

Girls with Rett Syndrome appear to develop normally until 6 to 18 months of 

age. They then enter a period of regression, losing speech and hand skills 

they had acquired. Most girls develop seizures, repetitive hand movements, 

irregular breathing and motor-control problems. A slowing of the rate of 

head growth also becomes apparent. Most researchers agree that RS is a 

developmental disorder rather than a progressive, degenerative disorder. 

The girls can live to adulthood, but most never regain the ability to use their 

hands or to speak. 
 

Rett Syndrome 
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Clustering expression analysis and  

release of MeCP2- Silencing  

in Rett Syndrome Patients 
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Gene Primer sequence Annealing

MPP1 Forward    5´-YGAATTTGGTTAGGGTATTYGGG-3´ 57 ºC
Reverse    5´-CTTAAAAATCATCTCRCAAAAACT-3´

MPP1 

Human Mutation, 2005 

http://www.rett.es/gif/revista/editorial2.html
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Mouse Model of Rett 



Dynamic DNA Methylation Reconfiguration During Brain Development 

Lister et al., Science 2013 



•DNA Methylation and Schizophrenia 



DNA Methylation Map of Mouse Brain Identifies Targets of Epigenetic Disruption in Alzheimer’s Disease 

Sanchez-Mut et al., Brain 2013 



Promoter hypermethylation of the phosphatase DUSP22 mediates PKA-dependent  

TAU phosphorylation and CREB activation in Alzheimer's disease   

Sanchez-Mut et al., Hippocampus 2013 
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DNA Methylation  Profiling of Human Atheroesclerosis 

Zaina et al., Circulation: Cardiovascular Genetics 2014 



…Epigenomes 



“The Book of Life” (Almost…) 



Epigenetic differences 

in monozygotic twins 

and distinct penetrance 

of disease 

Epigenetic differences 

in cloned animals 

and distinct phenotypes 

Epigenetic differences 

among species  

and distinct skills 

Epigenetic differences 

among species  

and distinct skills 

Epigenetic  

alterations 

and human 

 diseases 

Epigenetic  

changes  

in germinal  

cells 

Epigenetic  

changes in  

development  

and growth 

Figure 1 Esteller 

Esteller, The Lancet, 2008 





Heyn and Esteller, Nature Reviews Genetics, 2012 



Heyn and Esteller, Nature Reviews Genetics, 2012 
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  A 450,000 CpG Site Prognostic Classifier of 500 Non-Small Cell Lung Cancer Patients 



Cancer of Unknown Primary 







Distance correlation to closest CpG site 
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The Distinct DNA Methylomes of Newborns and Centenarians 
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Nonagenarians Newborn HG/W 

Diseases Associated with Premature Aging:  

Hutchinson-Gilford Progeria and Werner syndrome  



Prediction of Biological Age Using DNA Methylation 



The Genome 

The Biomedical Iceberg 

The Epigenome 

Manel Esteller, 2014 
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