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Overview



Aristotle, 384-322 BC:
“… Epigenesis … development of individual organic form from unformed”

Conrad Waddington, 1942:
“… is the branch of biology which studies the causal interactions between genes

and their products, which bring the phenotype into being”

Arthur Riggs, 1996:
“… is the study of mitotically and/or meiotically heritable changes in gene 

function that cannot be explained by changes in DNA sequence”

Epigenetics



• Comes from the Greek ‘epi’: over or upon

• ‘Marks’ around the DNA that can turn genes on or off
• ‘Marks’ are inherited and yet also reversible

• A layer on top of DNA that exerts an additional control 

over it

Epigenetics



All cells in the human body have the same DNA

 how come they have distinct functions?

Unique repertoire of gene expression

Gene expression is regulated by epigenetic modifications

Epigenetics

Neuron

Smooth muscle fiber

Osteoclast



1.  DNA methylation at CpG dinucleotides
 associated with gene repression

2.  Modifications on histone tails
(e.g. methylation, acetylation, phosphorylation)

 associated with either gene expression

or repression

3.  Histone variants
 associated with specific functions

required for chromosome stability and

genome integrity

Three major epigenetic mechanisms

Thompson & Thompson Genetics in Medicine. Eighth edition. ISBN 978-1-4377-0696-3



• ‘Marks’ around the DNA that can turn genes on or off
• For example: methyl groups that bind to the DNA

DNA methylation

Cytosine

C

5-methylcytosine

5mCMethylation

Demethylation
……
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Based on Pfeifer. Int J Mol Sci 2018;19(4):1166. 
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• O6 methyl guanine DNA 

methyltransferase

• Enzyme that repairs DNA

• Removes methyl-groups

from O6 site of guanine

MGMT - function

O6 methylguanine

O6 methylguanine
MGMT

Cell survival

DNA repair

Ubiquitination

and degradation



MGMT promoter methylation

• IDH-wildtype glioblastoma
• 40-50% of patients have methylation of MGMT promoter

• No active transcription of MGMT transcript

• No DNA repair

• DNA base mismatch and cross-linking

• Activation of apoptosis



• Patients with glioblastoma, IDH-wildtype

and MGMT promoter methylation have

• Better prognosis (OS) than patients

without MGMT promoter methylation

• Better response to TMZ (temozolomide); 

alkylating chemotherapeutic agent that

adds alkyl groups to DNA

MGMT promoter methylation

Hegi et al. N Engl J Med 2005;352(10):997-1003.



MGMT promoter methylation

O6 methylguanine
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MSP Methylation-specific PCR

qMSP Quantitative real-time MSP

PSQ Pyrosequencing

MS-MLPA Methylation-specific Multiplex Ligation-dependent Probe
Amplification

PCR with HRM PCR with High-Resolution Melting

COLD-PCR Co-amplification at Lower Denaturation temperature

Beadchip array

MGMT promoter methylation - detection



1) Bisulfite conversion

Goal: 

convert genomic DNA to

distinguish methylated from

non-methylated cytosines

MGMT – qMSP

CG CG

GC GC
Genomic DNA

Methyl

Methyl

Denature

CG CG

Methyl

Bisulfite conversion

CG UG

Methyl

Wash, elute, PCR

CG TG

Non-methylated cytosines are 

deaminated and converted to uracil

Methylated cytosines are protected

and not converted

Uracil (U) is converted to thymidines (T)



2) Real-time methylation specific PCR

• 2 primers and 1 probe complementary to methylated MGMT sequence

• Second set of primers+probe complementary to b-actin (internal

reference)

MGMT – qMSP

DNA
Forward primer

Reverse primer

Probe

FAM
ZEN Iowa 

black

quencher



MGMT – qMSP output

b-actin

MGMTMethylated

Non-methylated
b-actin

MGMT



No internationally accepted consensus on
• the most appropriate diagnostic method

• which CpG sites to test (~ correlation with prognosis?)

• cutoff for categorizing methylation status

MGMT – remaining questions



From promoter methylation to genome-wide methylation

Exon 1         Exon 2 Exon 3

Gene
CpG island

in gene 

promoter

Repetitive

element

Based on Pfeifer. Int J Mol Sci 2018;19(4):1166. 

Non-tumoral DNA

Tumoral DNA

Hypermethylation Hypomethylation

No methylation

Methylation

• Hypermethylation:

• Often in gene promoters
which renders the gene 
inactive

• Hypomethylation
• Genome-wide

• Often in repetitive regions



From promoter methylation to genome-wide methylation

2021

2018



• Genome-wide DNA methylation

pattern in cancer

• Represents both
• The cell of origin

• Somatically acquired DNA methylation

changes

• Different tumor types have different 

DNA methylation profiles

Cancer methylome

Fernandez et al. Genome Res

2012;22(2):407-419. 
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WHO classification of tumours of the central nervous
system

Louis et al. Neuro Oncol 2021;23(8):1231-1251 



Classifier for CNS tumors

Capper et al. Nature 2018;555(7697):469-474.

Capper et al. Acta Neuropathol 2018;136(2):181-210. 

Uses 10 000 CpG sites (

850 000 CpG sites on the array)

Classifier: 

- Developed by using a reference

set of 2 801 brain tumors

- Consists of several classes: 
- 182 classes of brain tumors

- 10 different control tissues



Tumoral DNA (500 ng)

FFPE tissue

(>70% TC)

Read array with iScan

machine

Sample_red.idat + Sample_grn.idat

Report:

- Tumor classification based on 

methylation

- Copy number profile

- MGMT promoter methylation

Restored DNA

Amplification and fragmentation

Hybridisation on Infinium EPIC 850k array

Molecularneuropathology.org

Bisulfite conversion

Restoration

Methylation array

DNA extraction
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Unmethylated

position

Methylated

position

Methylation array



Methylation array: Restore protocol

DNA from FFPE tissue can be heavily damaged:

• DNA fragmentation

• Base lesions

• Modified bases

• Cross-linking

https://www.youtube.com/watch?v=V8KvG3aXtOY



3’ end of each probe complements the base directly upstream 

of the query site.  A single base extension results in the

addition of
• a labeled A, complementary to the unmethylated T

• a labeled G, complementary to the methylated C

Methylation array: probes



Methylation array: output of the brain classifier

- Low tumor cell content 

(n = 51; 4%)

- Possible new entities 

(n = 41; 4%)

- Non-resolvable

(n = 35; 4%)

Capper et al. Nature 2018;555(7697):469-474.



Male, 60 years old

APO diagnosis Glioblastoma, WHO grade 4

Molecular tests FISH EGFR: strong EGFR amplification in 16% of cells

IHC IDH1: wildtype

Methylation array: examples



Methylation array: examples



Girl, 11 years old

APO diagnosis Medulloblastoma, WHO grade 4, group 3 or 4? 

Molecular tests FISH: no amplification of NMYC of MYC

FISH: i(17q) in 54% of cell nuclei

DNA sequencing: no mutations in CTNNB1, PTCH1, SMO, SUFU or TP53

Methylation array: examples



Male, 58 years old

APO diagnosis Diffuse type glioma, preference astrocytoma, at least WHO grade 3

Molecular tests FISH: no 1p/19q co-deletion

DNA sequencing: no IDH1/2 mutation

Methylation array: examples



Methylation array: examples

Stichel et al. Acta Neuropathol. 2018;136(5):793-803.

If presence of

- EGFR amplification

- And gain of chr 7

- And loss of chr 10

 re-classification from

anaplastic astrocytoma

to glioblastoma

 Classifier is correct



• Epigenetic changes

• Have key pathophysiological roles in the initiation

and progression of cancer

• Are biomarkers for diagnosis, prognosis and

prediction of treatment response

• Are reversible and attractive targets for further

cancer treatments

Conclusions



“Epigenetica zijn alle eigenaardige en 

wonderbaarlijke dingen die niet door 

genetica verklaard kunnen worden.”

Denise Barlow


