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and	some	investigated	examples	

Tomas J Ekström, Ph.D., Prof. 
Dept. of Clinical Neuroscience 
Center for Molecular Medicine 

This lecture has been possible thanks to the EU funded Horizon 2020 project, Marie Skłodowska-Curie grant agreement No 713714	

How is this information usable to 
the living organism? 

3% are protein coding genes. 
76% transcribed non-coding RNA 
21% remaining ... ? 
4 million regulatory sites 

Celltype-specific... 
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The epigenetic code 

Histone modifications 

Histone tails 

Important components 
of the epigenetic code 

Histones 

DNA-methylation 

Chromosome 

The epigenetic code 
is unique for each cell type! 
 
...likely for each cell 
 
...and for each disease 

Alt
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Or causi
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Functional chromatin domains 

DNA-hydroxymethylation 

Binding factors 

DNA-halogenation 

Aberrant de novo methylation 

Demethylation 

Association of genotype 
with epigenotype ? 

Epigenetic research? 

1.  Promoters 
2.  ”Shore” regions 
3.  Intergenic regions 
4.  Intragenic regions 
5.  Repeat regions 
6.  Enhancers 
7.  Euchromatic/ 
       heterochromatic 
       borders 

Where in the genome? Which modifications? 

1.  Cytosine methylation 
2.  Cytosine hydroxymethylation 
3.  Locus and aa-specific histone 

modifications, and combinations of 
these 

 

Why? 

From:	www.shechterlab.org/2009/science/chromatin-and-the-histone-code/	

On what clinical samples? 
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Phenotype 

Environment 
• Diet 

• Toxicants 

• Intrauterine environment 

• Early life experience 

• Smoking 

• Infection 

• Pharmaceuticals 

• Microbiota 

Genotype 
• Gene polymorphisms 

• Somatic/germ cell 
mutations  

+
 

 

Regulation of gene expression 

Epigenotype 
• DNA-methylation (and   
other modif.) 

• Histone modifications 

• ncRNAs 

• Chromatin-modifying 
proteins 

 

Stochasticity 

Variable metabolic 
enzyme activities, 
immune response etc 

Change of epigenetic states; 
 
1.  Loss of phenotypic plasticity,  
> disease/ageing 
 
2. Erosion of functional genomic domains 
(reduced stability) > cancer/loss of 
homeostasis/ageing 

Acute effects 

Same genome 

Methionine 
+ THF 

Homocysteine 

Vitamin B12 

In utero effects - Epigenetics in visible action 
Consequences of alterations in methyl-donor state 

or 

Maternal diet 
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The “Hunger Winter” in Holland – in utero 
established epigenetic effects 

Dutch famine 1944-45 

• Women starving in the first six months of 
pregnancy gave birth to small babies who grew 
up to be more prone to obesity, coronary 
disease, schizophrenia and cancers. 

PNAS 2008 

Molecular and physiological effects 

In utero effects - Transgenerational (to F3) effects 
on epigenetic modification 

Anway et al. Endocrinol. 2006 
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Mohan	Manikkam	et	al.	Plos	One	2012	

Locus-specific epigenetic  
effects by xenobiotics  
 
Bisphenol A (hormone-like) 
Insect repellant (DEET) 
Dioxin (TCDD) 
Jet fuel 

F3-generation 

Environmental alterations 
of epigenotype 

HPA-axis 

Reversal of stressresponse-related 

effects by epigenetic drugs 

Figure	from	http://learn.genetics.utah.edu/content/epigenetics/rats/	

Weaver et al. Nature Neurosci. 2004 

Early life effects	

Corticotropin	

Corticotropin	
Releasing	hormone	
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Early life effects; DNA-Methylation in hippocampal GR 
affected by parental behaviour 

McGowan et al. Nature Neurosci. 2009 

Genetics plus environmental factors 

Excluding genetic factors 
Twins 

Difficult issues to address; 
 
Causality 
Cell type specific epigenomes 

Long term effects by early and late exposures 

Epigenetic analysis 

Three strategies for investigating epigenetic 
factors in disease 



7	

Research involving genome-wide methylation analysis 

Genetics/epigentics	of	rheumatoid	arthritis	(RA)	and	multiple	sclerosis	(MS)	
	Involvement	of	smoking	
		

Early	life	exposures	
	
Epigenetics	in	chronic	alcoholism	

Common theme; genetic/environment/epigenetic interactions 
	

Epigenetic basis for autoimmune disease 
What is the genetic/epigenetic association/dependency for disease? 

Which associations between genome-wide epigenetic profiles, the genotype, 
and smoking in RA and MS? 
 

  
How and what to analyze? 
 
Advanced DNA genomewide methylation analysis of blood cells in large RA 
and MS cohorts. 
 
Comprehensive patient clinical/phenotype data 
 



8	

Genetics and environmental factors 

n  DNA methylation associated with disease 

n  DNA methylation associated/dependent on genotype 

n  Disease phenotype mediated by DNA methylation alterations 

n  Genotype dependent disease phenotype mediated by DNA methylation 

n  N.B. Epigenetic state in disease  may be due to variation of cell type 

 

n  Methylation associated with/caused by, environmental impact (smoking) 

 

Genetics 

Environment 

From:	
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Genomewide methylation analysis, Illumina Infinium 450k 
An ACPA+RA case/control study 

RA associated Differentially Methylated Positions DMPs 

Importance of adjustment for cell type (computed) 

Liu	et	al.,	Nat	Biotechnol.	2013	

Causal Inference Testing (CIT) for analyzing 
genotype (SNP)/epigenotype/phenotype dependencies 
(Conditional correlation analysis adjusted to cell type)  

Liu	et	al.,	Nat	Biotechnol.	2013	
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Strategy for identifying 
epigenetically mediated genetic risk factors 

for RA 

Liu	et	al.,	Nat	Biotechnol.	2013	

Genotype-dependent DMPs that mediate 
genetic risk within the MHC region 

A DMP, dependent on a genotype (SNP)  

β	=	”Dependence	of	rheumatoid	arthritis	phenotype	
(Y)	on	genotype	(G)”	
with	and	without	adjusting	for	DNA	methylation	(M)		

Liu	et	al.,	Nat	Biotechnol.	2013	
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Genotype-dependent DMPs that mediate 
genetic risk within the MHC region 

Genetically controlled variable methylation 
clusters, “GeMes” in healthy individuals 

Liu	et	al.	AJHG	2014	
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Liu	et	al.	AJHG	2014	

Variable methylated regions, VMRs 

Smoking responsive DNA methylation 
is 30-fold enriched in VMRs 

and that’s not all... 


