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Epigenetics, Imprinting 
and Human Health 

Presenter
Presentation Notes
1) … and it has not done a DAMN THING!
2) Like a computer, DNA is impotent without its software telling it when, where, and how to work, 
3) Collectively, the software in our cells is called the Epigenome, and that is what we will discuss today.
4) We are continuously told that the most importatnt question in biology is “Why do people vary in their susceptibility to diseases. Since we are in the era of the genome, much time, money and effort has gone into identifying SNPs associated with various dieseases.
5) Although this approach has been successful (BRAC1 & BRAC2), it has been less successful in determining the causes of neurological disorders. 
6) To me, a more funadamentally important question is why do monozygotic twins, who are basically geentically identical, also vary in their disease susceptibility if the only thing that is important in this process is genetic variation!
7) One reason for this is that although identical twins have the same genome, they most likely do not have identical epigenomes. This is shown inthe painting we had commissioned for the 2005 Environmental Epigenomics meeting at the Washington Duke Inn in Durham, NC.





I t !  
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History of Epigenetic 
Research 

“Epigenetics is now the hottest 
thing in bioscience!" 

• Scientific Community: Doubling of 
epigenetic papers every two years  

* 

Unfortunately, however, many 
scientists and administrators still 

J u s t  
Don’t 

G e t  

Presenter
Presentation Notes
You don’t get this at your own peril because ultimately it will be clear that “epigenetic ressearch is synonymous with biological research.”
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Miracle: Epigenetic Modifications 

Fetal Origins of Adult Disease  
Susceptibility 

• DUTCH FAMINE (1944-1945) 
• 16,000 people died  

• CHINESE FAMINE (1959-1961) 
• 20 to 40 million people died 

Presenter
Presentation Notes
1) There is now compeling data in both animals models and humans that support the fetal origins of adult disease susceptibility – also known as the Barker Hypothesis. 
2) In humans there are two natural experiments that support this hypothesis – Dutch Famine and the Chinese Famine.
3) State of the art of this field, until recently, is clearly depicited by the cartoon by Sidney Harris.
4) In 2003 we demonstrated that this miracle at least in the mouse invovles epigenetic modifications.



Metastable 
  Epialleles 

The Agouti Sisters 

Presenter
Presentation Notes
Agouti Sistere: genetically identical 100 day old female inbred mice. The only difference between these mice is what their mothers ate while they were in utero. Yellow mouse’s mother ate normal mouse chow, and the brown mouse’s mother ate food supplemented with methyl donors (folic acid, betaine, B12 and choline). 
If you look at these mice, and do not appreciate the importance of epigenetics in disease formation, I hate to say it, but there is no hope for you!



Viable yellow Agouti (Avy) Locus 

Waterland et al. Mol. Cell Biol. 23: 5293-5300, 2003 
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Nature via Nurture 

Presenter
Presentation Notes
1) Describe the agouti locus, and th relationship between IAP methylation and phenotype (i.e. coat color, weight, suceptibility to diabetes and cancer).
2) Agouti mouse as biosensor and the effect of maternal nutrition.
3) Relationship between maternal nutrition, coat color and DNA methylation of the IAP.



Food is Medicine! 
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Agouti Coat Color 
Distribution 

Dolinoy et al., PNAS 104: 13056-13061, 2007 

Counteracting Forces  
Artist: Collin Murphy 

‘Let food be thy medicine, and  
medicine be thy food.’ Hippocrates 

Control Diet 

Dietary Supplementation 
Methyl Donors or Genistein 

Endocrine Disruptor Exposure  
Bisphenol A (BPA) 

BPA Exposure plus 
Methyl Donor or Genistein 
Supplementation 

Presenter
Presentation Notes
Agouti mouse as biosenor
Control Diet
Methyl donor and genestein supplementation. Important that a compound dose not have to donate a methyl group like genestein to increase IAP methylation.
BPA decreases methylation and a greater incidence of yellow mice.
Negative effects of BPA on the epigenome negated by food supplementation.
First direct evidence that food is medicine when it comes to altering disease formation resulting from changes in the epigenome.



You are What You Eat! 
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Presenter
Presentation Notes
!) We all know we are what we eat!
2) Hopefully, you will now appreciate that we may also be what our mother ate when we were in the womb.
3) Moreover, we might even be what our grandparents were exposed to if epigenetic marks are not completely erased during the formation of the egg and the sperm.



Genomic 
     Imprinting 
          Evolution 

Artist: Pat Sherwood 

Presenter
Presentation Notes
Discuss the phenomenon of genomic imprinting, which is truly an amazing form of epigenetic gene regulation!



“All animals are equal, But some animals  
are more equal than others.” George Orwell 

http://www.geneimprint.com 

Presenter
Presentation Notes
I am here to tell you that the same is true for genes, and those that are more equal than others from the standpoint of causes diseases and disorders are imprinted.
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Imprinted Genes 
Autosomal Genes with a Sex 

“Imprinting results in parent-of-origin 
dependent monoallelic expression. ” 

Human 11p15.5 

Mat 

Pat 

H19 IGF2 
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Presenter
Presentation Notes
Imprinted genes are autosomal genes with a sex.
Result in parent-of-origin monoallelic gene expression.
Epigenetic regulation: 
Both ICRs methylated biallelic expression of IGF2 (Beckwith-Weidaman Syndrome & Wilm’s Tumor)
Both ICRs unmethylated, no IGF2 expression (Silver-Russell Syndrome)
4) What does genomic imprinting do for us? Haig theory say nothing at the present time. Imprinted genes are merely remnants of a genetic battle between the sexes to control the amount of nutrients the offspring extract from the mother with the father trying to maximize the extraction and the mother trying to reduce the extraction.
Predictions:
Paternally expressed genes would be progrowth, and maternally expressed genes would be antigrowth.
Only animals with a placenta and live birth would have imprinted genes because the father cannot genetically contorl the amount of nutrients the mother puts into and egg that is layed.
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“Nothing in biology makes sense except 
in the light of evolution.” Theodosius Dobzhansky 

Theodosius Dobzhansky 
(1900 -1975) 

Presenter
Presentation Notes
Theodosius Dobzhansky stated that “Nothing in biology makes sense except in the light of evolution.” This statement is absolutely true when trying to understand the phenomon of genomic imprinting, and the role these genes play in disease formation.



Imprinting Evolution 

Killian et al. Mol. Cell 5: 707-716, 2000 
Killian et al. Hum. Mol. Genet. 10: 1721-1728, 2001 
Evans et al. Mol. Biol. Evol. 22: 1740-1748, 2005 
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Birds 

Marsupials 
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Ungulates 

Dermoptera 
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Scandentia 

Eutherians IGF2R  
Imprinting Lost  

(75 M Years Ago) 

IGF2R & IGF2  
Imprinting Evolved  
(150 M Years Ago) 

Nnat, Meg3, Dlk1 * 
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Species, Tissue, Time, and Sex Dependent  
Gene Expression  

Presenter
Presentation Notes
We tested the latter prediction. We found that only mammals with placentas and live birth have imprinted genes (i.e. birds and monotremes do not have imprinted genes, whereas marsupials and eutherians have imprinted genes, as predicted by David Haig’s Conflict Theory.
Thus, the battle ground for the extraction of nutrients is the placenta.
Also found that imprinting is species specific, and the ability to read the imprinting marks can vary with tissue and stage of development.
The great variation in gene expression that results from a gene being imprinted suggests that it was ultimately used to drive speciation.




• Biological responses due to imprinting 
dysregulation will be difficult to 
extrapolate between species.  

Consequence of Divergent  
Evolution of Imprinting  
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• Mice are not humans! 

Presenter
Presentation Notes
Ramifications of genomic imprinting.
Tell mouse liver tumor story!
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Future Objectives 
• Identify human imprinted genes and 

their epigenetically-controlled 
regulatory elements - The Imprintome. 

• Determine the role of imprinting in 
human diseases and neurological 
disorders. 

Artist: James Jirtle 

Neo-Rosetta Stone 

Luedi et al . Genome Res. 17: 1723–1730, 2007 
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Presentation Notes
Describe future objective
Mainly, to identify the imprinted gene repertoire in humans and their imprinting regulatory elements – The Imprintome.
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Lifestyle Also Affects 
Our Pets! 
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