
Epigenetics 
~from mechanism to therapy~ 

Literature seminar  

January 31, 2012 

Soichi Ito (B4) 

1 



Contents 

ÅIntroduction  
ÅCentral dogma 

ÅWhat is the Epigenetics? 

ÅTopics  
1. DNA methylation  

2. Histone modification  

3. Epigenetic modifications and disease 

4. Epigenetic therapy of cancer 

5. Perspective 

 

2 



Introduction  

DNA 

RNA 

Protein 

Replication: DNA polymarase 

Transcription: RNA polymerase 

Translation: Ribosome 

Central Dogma 
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Chromatin structure  

Stephen B. Baylin et al. 
Nature Reviews Cancer , 2011,11, 726-734 
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What is the epigenetics? 

Waddingtonian epigenetics(1940s ) was located at the junction of genetics, developmental 
Biology, and ecology, all of which were rooted in evolutionary biology. 
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IƻƭƭƛŘŀȅΩǎ ŘŜŦƛƴƛǘƛƻƴ 

ά¢ƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴΣ ǿƘƛŎƘ ƻŎŎǳǊ ƛƴ ƻǊƎŀƴƛǎƳǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŎŜƭƭǎΣ    
ŀƴŘ ǘƘŜ ƳƛǘƻǘƛŎ ƛƴƘŜǊƛǘŀƴŎŜ ƻŦ ƎƛǾŜƴ ǇŀǘǘŜǊƴǎ ƻŦ ƎŜƴŜ ŜȄǇǊŜǎǎƛƻƴΦέ 

άbǳŎƭŜŀǊ ƛƴƘŜǊƛǘŀƴŎŜ ǿƘƛŎƘ ƛǎ ƴƻǘ ōŀǎŜŘ ƻƴ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 5b! ǎŜǉǳŜƴŎŜΦέ 



Epigenetic modification  

ÅDNA modifications 

ÅHistone modifications 

ÅNucleosome positioning 

 

Gene and microRNA expression 

DNA-protein interactions 

suppression of transposable element mobility 

cellular differentiation  

embryogenesis 

X-chromosome inactivation  

genomic imprinting        etc. 

 

regulate 
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Topics 

1. DNA methylation and demethylation 

2. Histone modification 

3. Epigenetic modifications and disease 

4. Epigenetic therapy of cancer 

5. Perspective  
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DNA methylation : What is methylated ? 

The canonical DNA nucleosides : dA, dG, dT, dC 
Cytosine can be modified to mC and hmC in mammalian tissues. 
DNMT : DNA methyltransferase 
TET enzyme: ten eleven translocation enzyme  

the fifth base the sixth base 
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Where is 5-methylcytosine? 
Å DNA methylation mainly occurs in the context of CpG dinucleotides. 

Å 60 90% of CpG is methylated in mammals (corresponding to 38% of all cytosine 
residues). 

ü The remaining unmethylated CpG dinucleotides are mostly found near gene 
ǇǊƻƳƻǘŜǊǎ ƛƴ ŘŜƴǎŜ ŎƭǳǎǘŜǊǎ ƪƴƻǿƴ ŀǎ άCpG islandsέΦ 

ü  The definition of CpG ƛǎƭŀƴŘ ƛǎ άŀ ǎŜǉǳŜƴŎŜ ƻŦ ƳƻǊŜ ǘƘŀƴ нлл ōŀǎŜǎ ǿƛǘƘ ŀ /ҌD 
content of at least 50% and a ratio of observed to statistically expected CpG 
frequencies of at least 0.6. (CpG dinucleotides are usually quite rare in mammalian 
genomes ( 1%)) 

ü About 60% of human gene promoters are associated with CpG islands and are usually 
unmethylated in normal cells, although some of them (6%) become methylated in a 
tissue-specific manner during early development or in differentiated tissues. 

 

V Unmethylated  CpG islands at promoters of genes allow transcription. 
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The function of DNA methylation  
ÅMethylated cytosine can block binding of transcriptional factors. 

ÅMethylated cytosine can promote the recruitment of methyl-CpG-
binding domain (MBD) proteins. 

ÅMBD family members recruit histone-modifying and chromatin-
remodeling complexes to methylated sites. 
 

 

Å In general, methylation of CpG islands is associated with gene silencing. 
 

*Genomic imprinting 

Hypermethylation at one of the two parallel alleles leads to monoallelic expression. 

A similar gene-dosage reduction is observed in X-chromosome inactivation in females. 
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DNA methylation patterns  

Anna Portela et al.Nature Biotechnology,2010, 28, 1057ς1068. 
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The types of methylation  
ÅDe novo methylation 
The DNA methylation pattern is largely established during early   
embryogenesis, at around the time of implantation. 

De novo DNMTs: DNMT3A, DNMT3B, DNMT3L(non-catalytic paralogue) 

*DNMT3A and DNMT3B may participate in maintenance methylaion. 

 

ÅMaintenance methylation 
Global DNA metylation patterns must be stably maintained during 
replication to ensure that transposons remain in a silenced state and to 
preserve cell type identity. 

Maintenance DNMT: DNMT1 
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Maintenance of 
DNA methylation 

J. A. Law, S. E. Jacobsen, Nat. Rev. Genet. 2010, 11, 204 ς 220. 13 


