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Outline

• Role of DNA methylation in cancer development
• Glioma tumor classification
• Glioma patients prognosis

• DNA methylation
o Definition of the process
o Targets in DNA
o Function of DNA methylation

§ CpG islands
§ Repression of CpG-dense promoters
§ Other associations

o Detection methods



What is DNA methylation?
It is an epigenetic change

Modification that changes gene expression without affecting genetic sequence

Are these modifications important?

Epigenetics-related publications in PubMed



What is DNA methylation?

• Addition of a methyl group to DNA

• 5-carbon of the cytosine ring

• Methyl groups project into the 

major groove of DNA

• Inhibit transcription



DNA methylotransferase

Kulis and Esteller 2010



DNA methylation targets

• Vertebrates – 60-80% of CpG are methylated in somatic cells
• DNA methylation appears as default state
• Methylated C residues spontaneously deaminate to form T residues
• CpG to TpG



DNA methylation targets

CpG islands:
• Length greater than 200bp
• G+C content above 50%
• ~ 25,000 of CpG islands
• ~75% being less that 850bp long
• ~50% being located in promoter regions
• ~25% being located within gene bodies
• 60% to 70% of genes have an island in the promoter
• Unmethylated and enriched in chromatin modification H3K4



Repression of CpG-dense promoters

• CpG-dense promoters of actively transcribed genes are never methylated
• CpG-poor promoters – DNA methylation function is unclear
• Physical disturbance (TF-DNA)
• Bound by proteins known as methyl-CpG-binding domain proteins (MBDs)



Methyl-CpG-binding domain

• Effects of DNA methylation are mediated
• Specific domain of ~70 residues
• Linked to other domains that recruit:

• histone deacetylase complexes
• chromatin remodeling factors

Crystal structure of methyl CpG Binding 
Domain of MBD4 in complex with the 
5mCG/TG sequence



Methyl-CpG-binding domain

1. DNA methylation

2. Methyl-CpG-binding domain protein
3. MBD recruits
histone deacetylases

4. Chromatin becomes
compacted

Kaiso-like family of proteins binds by zinc-finger motifs to methylated DNA
Kulis and Esteller 2010



Functions
Repress gene transcription

Essential for normal development

Associated with a number of key processes:

genomic imprinting,

chromatin structure,

X-chromosome inactivation,

repression of transposable elements, repression of CpG-dense 

promoters, methylation of the gene body of highly transcribed genes

aging,

carcinogenesis.



Methods
• The Illumina Methylation Assay using the Infinium I platform uses 'BeadChip' 

technology. The chip contains 27,578 individual CpG sites, spread across 
14,495 genes.

• Illumina Infinium 450k Human Methylation Assay. Covers more than 485,000 
methylation sites per sample



Methods
• NimbleGen SeqCap Epi target enrichment data

o Over 5.5 million methylation sites per sample

o Capture size of 80.5 Mb



DNA methylation in cancer
Normal/healthy regulation of gene expression to disease pattern

CpG island methylation is inherited from one cell division to the next
through the DNA methylation maintenance machinery.

Colorectal cancers typically have:
3 to 6 driver mutations
33 to 66 passenger mutations
600-800 genes are transcriptionally silenced by CpG island methylation
MGMT repair gene
PMS2 needs MLH1 for stabilization

Promoters close to TSS (70%),
Distal promoters i.e. DNA repair gene ERCC1 (5,400bp)
CpG frequently present in noncoding functional RNAs
DNA repair genes



DNA methylation in cancer
Methylome changes:
Hypo- and hypermethylation, both observed in cancer

A global
decrease in
Methylated
CpG is observed

Suppressor
of tumorigenesis

https://doi.org/10.3389/fonc.2014.00012



Hypermethylation

Kulis and Esteller 2010



Molecular patterns in human gliomas



Molecular patterns in human gliomas

The most frequent mutations involve R132 (IDH1) and R172 (IDH2)



Methylome patterns



Glioma-CpG island methylator phenotype



Glioma-CpG island methylator phenotype



Glioma-CpG island methylator phenotype



Molecular patterns in human gliomas






