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Refers to functionally relevant modifications not involving the 

nucleotide sequence. It is involved in controlling gene expression.
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‘over’ the genetic information



DNA 

methylation

Histone 

modification

EPIGENETICS
‘Dynamic’



5’Methylcytosine

N

NO

NH2

CH3
4

1
2

• CpG islands are short stretches of DNA with high frequency of 

the CG sequence

• DNA Methylation only occurs at CpG sites located in the 

promoter regions of genes. Almost all housekeeping genes 

are associated with at least one CpG island. About 40 % tissue 

specific genes are associated with islands.

5’ CpG 3’

3’ GpC 5’

CpG dinucleotides are 

palindromic

EPIGENETICS
‘CpG mthylation’



Heterochromatin

� A tightly packed form of chromatin;

� At centromeres and telomeres;

� Contains repetitious sequences;

� Gene-poor; high DNA methylation;

� Associated with repressed transcription.  

Euchromatin

� A lightly packed form of chromatin; 

� Gene-rich; low DNA methylation

� At chromosome arms;

� Associated with active transcription. 

EPIGENETICS
‘Chromatin remodelling’



Improper epigenetic marks can result in gene 

expression changes and lead to disease 

(inherited and acquired) 

EPIGENETICS
‘Pathogenetic Mechanisms’



Inherited Epigenetic Disorders

Pediatric Res 2005

EPIGENETICS
‘Inherited Disorders’



EPIGENETICS
‘Environmental factors affecting the epigenome’

EPIGENETICS
‘Pathogenetic Mechanisms’



Hypomethylation

�Over-expression of oncogenes

�Reactivation of transposons

�Chromosome instability 

Hypermethylation

�Silencing of tumor suppressors

�Silencing DNA repair genes (es. MLH2, MGMT)

�CIMP (CpG Island Methylator Phenotype) (glioma, ca colon)

EPIGENETICS
‘Cancer: genomic and epigenetic disorder’



Epigenetic markers open new avenues for an early 

detection, diagnosis, prognosis as well as 

therapeutic targets in cancer.



�MGMT promoter methylation

�G-CIMP

EPIGENETICS
‘Signatures of glioma’

• 1p/19q codeletion in oligodendroglioma

• IDH1/2 mutation in high grade glioma

Genetic markers





Weller, M. et al. (2009) MGMT promoter methylation in malignant gliomas: ready for personalized medicine?

Nat. Rev. Neurol. doi:10.1038/nrneurol.2009.197



O6-methylguanine-DNA methyltransferase (MGMT)

‘function’

• Maps at chromosome 10q26 

• 5 exons 

• CpG island at the 5’ of the gene 

(containing 98 CpG sites)

The protein removes alkyl  groups from 

the O6-position of  G by an irreversible 

transfer of  the alkyl group to a Cystein at 

its active site.

G in the DNA is thereby restored and 

MGMT sentenced to proteasome-

mediated degradation. 



Because of the stoichiometry of the reaction and the unavoidable fate of the 

MGMT protein, the repair capacity of a cell depends on the amount of MGMT 

molecules in the nucleus and the cell capability of re-synthesis. 

Failure to repair the O6-alkylguanine (O6-AG) DNA adducts increases mutagenic 

potential during replication:

1)O6-AG can be mistaken for adenine and mismatched with thymine, giving rise 

to a G:C to A:T transition mutation. 

2)The adducts show a cytotoxic potential by causing DNA double-strand breaks. 

Apoptosis

MGMT

‘Function’



MGMT

‘CpGs structure’



Sequence analyzed is located within the contig GRCh37.p2, on chromosome 10 

(gi|224514688:2268342-4574265).

NCBI Reference Sequence: NT_008818.16

10 CpGs analyzed

GCCCCGGATATGCTGGGACAGCCCGCGCCCCTAGAACGCTTTGCGTCCCGACGCCCGCAGGTCCTCGCGGTGCGCACC

GTTTGCGACTTGGTGAGTGTCTGGGTCGCCTCGCTCCCGGAAGAGTGCGGAGCTCTCCCTCGGGACGGTGGCAGCCT

CGAGTGGTCCTGCAGGCGCCCTCACTTCGCCGTCGGGTGTGGGGCC

Pyrosequencing vs MS-PCR

Most of cases showing <20% of methyl. (pyrosequencing) resulted unmethyl (MS-

PCR)

Pyrosequencing is more reliable respect to MS-PCR

MGMT

‘the methylation test’



Normal brain (20 cases): 3±1.2 (%)

MGMT

‘Pyrograms’



Glioma cell line (unmethylated)

MGMT

‘Pyrograms’



Glioma cell line (methylated)

MGMT

‘Pyrograms’



Glioma sample (methylated)

MGMT

‘Pyrograms’



Grade II (n= 15) Grade III  (n= 21)

Grade IV (n= 33)

6.5%6.5%

87%87%

33%33%

29%29%

15%15%

18%18%

67%67%

6.5%6.5%

Unmethylated

Methylated (10-50%)

Methylated (>50%)

MGMT methyl is a frequent finding;

Unmethylated tumors are high grade;

Intermediate methyl is frequent.

MGMT
‘Results’



Intermediate MGMT methylation levels in glioma.

WHY?

Normal cell contamination? 

MGMT
‘Methyaltion levels significance’



Glioblastoma multiforme

MGMT methylation: 20%

MGMT
‘Methyaltion levels significance’



Intermediate MGMT methylation levels in glioma.

WHY?

Normal cell contamination?  

No, or not always associated with normal cell contamination

Additional genetic/genomic events?

MGMT
‘Methyaltion levels significance’



Methylation: 0%

Methylation: 50%

Methylation: 100%

The methylation levels in a single cell….

MGMT
‘Methyaltion levels significance’



MGMT
‘Methyaltion levels significance’



Intermediate MGMT methylation levels in glioma.

WHY?

Concurrent  genomic events (chr10q deletion, inactivation 

MGMT point mutations) should be considered for a better 

understanding of methylation levels.

MGMT
‘Methyaltion levels significance’

The relationship between methyl level and 

gene expression is not obvious!



MGMT methylation, 

G-CIMP

Pharmacogenetics markers 

(constitutive) of drugs 

response (CYTOCHROME 

P450 ENZYMES)

The next future...
‘The GlioMap’

A comprehensive screen of somatic genetic and epigenetic lesions and 

constitutive  polymorphisms: a useful clinical research tool for glioma patients.



�MGMT methyl is a common and early event in glioma;

�Pyrosequencing allows a higher detection rate respect to MS-PCR

� Unmethylated tumors tend to progress;

�Methylation levels tend to increase;

�The effect (drug response) of intermediate methylation should   

be investigated considering other concurrent pathogenetic       

events (10q deletions, point mutations).

MGMT
‘Conclusions’
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