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Epigenetics  – a new Gestalt for etiological studies  
of complex diseases and traits    

Epigenetics Genes (DNA)+ 
Environment 

M.C. Escher 



Addictions – complex disease with strong 
inherited predisposition 

Bevilacqua and Goldman Clin Pharmacol Ther. 2009 



      
   
   

  
  
  

  
   

  
  

 

Genetic studies:  
unexplained  
heritability   



 



Problems in environmental studies 

2. Environments have their own “heritable” 
components, e.g. stress. There is inherited 
predisposition to select themselves into high risk 
environments.   

1.  Environmental factor and trait: cause-effect issue  
Stressful life events  addiction   
Addiction  stressful life events    



Genetic diseases: simple and complex  

2% simple Mendelian (anemia, cystic fibrosis) 

98% complex non-Mendelian diseases: 
addictions, psychiatric diseases, diabetes, cancer, etc. 

 Partially heritable but do not follow Mendel's laws 
         Major phenotypic variability  
                 Predominantly sporadic cases       
                       Discordance of MZ twins  
                             Late age at onset                               
                                   Parental origin effects                           
                                         Sexual dimorphism 
                                                Fluctuating course                                                           





no expression 

no protein 

Epigenetics: regulation of various genetic  
and genomic activities 

Scenario ‘B’  



 1. Epigenetics: relevance to complex disease   
    Epigenetic factors contribute to the phenotype  
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 2. Epigenetics: relevance to complex disease   
Like DNA, some epiG factors can be inherited  

(Note: transgenerational heritability and twin-based epigenetic 
heritability are not the same).  

Nature Reviews Genetics 2012 

Nature Reviews Genetics 2006 



3. Epigenetics: relevance to complex disease:   
    Unlike DNA, epigenetic factors can be modified by 

developmental programs, hormones, environment, 
stochastic events, etc.  



Epigenetic misregulation  
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Inherited  
predisposition 

Twin  
discordance  

Sex effects  

Parental  
origin  
effects 

High  
prevalence  

Environmental  
effects  

Fluctuating  
course  

Petronis,  
Nature 2010 



 



DNA modification profiling      

Enrichment of unmethylated or  
methylated fraction of genomic DNA  



Human DNA modification profiles: 40 Kb      

CAMH Krembil Epigenetics lab, unpublished  



Human DNA modification profiles: 140 Mb 
(entire chromosome 9)      

CAMH Krembil Epigenetics lab, unpublished  



 
 

DNA methylome analysis in  major psychosis:  
the first 15% of genome 

~100 post-mortem brains from major psychosis patients and controls 
Enrichment of the unmethylated fraction of brain DNA 
Interrogation on tiling microarrays (Affymetrix) 
 
Key question: can we detect disease specific epigenetic differences?  



Can we replicate the microarray findings? 
Can we detect similar epiG differences in other tissues? 
Can we understand the mechanism of action? 

Kaminsky et al. Mol Psychiatry 2012 



How does a drug change the brain in 
fundamental and long-lasting ways?  

• Some of the drug-induced changes at the chromatin level are extremely 
stable and thereby may underlie the long-lasting behaviours that define 
addiction.   
 
 

 
 
 

 
• Epigenetic studies revealed ~3,000 cocaine-induced H3K9me3 differential 

sites and more than 9,000 morphine-induced H3K9me2 differential sites in 
NAc, most of which are located at repetitive genomic sequences   

Nestler et al. 2011, 2013   



Origin of the paradigm: twin studies 
Environment and Genes (DNA) 



Our goal is to trace genetic 
differences to the DNA 
level  

F. Vogel and A.G. Motulsky., 
Human Genetics: Problems and 
Approaches. 1997; 807 p. 
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