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* 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

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



It is an epigenetic change
Modification that changes gene expression without affecting genetic sequence

Are these modifications important?

0 - e e e e
& & LSS PP

Epigenetics-related publications in PubMed



What is DNA methylation?  ZBG
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Purines

« Addition of a methyl group to DNA

« 5-carbon of the cytosine ring
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DNA methylation targets

Vertebrates — 60-80% of CpG are methylated in somatic cells
DNA methylation appears as default state

CpGto TpG
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Methylated C residues spontaneously deaminate to form T residues
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DNA methylation targets

Typical mammalian DNA methylation landscape
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element ? methylated CpG
¢ unmethylated CpG
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
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Repression of CpG-dense promoters

Repeats
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@® Methylated
O Unmethylated

o MBPs and
repressive complexes

TFs and
activating complexes
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4 Repressed transcription

Active
transcription

« 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)
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Methyl-CpG-binding domain ZB&

Effects of DNA methylation are mediated
Specific domain of ~70 residues
Linked to other domains that recruit:
» histone deacetylase complexes
« chromatin remodeling factors

Journal List > Nucleic Acids Res »>v.21(21); 1993 Oct 25 > PMC311401

Nucleic Acids Research

C,ysta[ structure Of methy/ CpG Blndlng Nucleic Acids Res. 1993 Oct 25; 21(21): 4886-4892. PMCID: PMC311401

Domain of MBD4 in complex with the Dissection of the methyl-CpG binding domain from the chromosomal
5mCG/TG sequence protein MeCP2.

X Nan, R R Meehan, and A Bird



Methyl-CpG-binding domain ZB&

1. DNA methylation

3. MBD recruits

histone deacetylases \ v'/2. Methyl-CpG-binding domain protein

Compacted chromatin
gene inhibition

Kaiso-like family of proteins binds by zinc-finger motifs to methylated DNA

Kulis and Esteller 2010



@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 ZB§
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* The lllumina Methylation Assay using the Infinium | platform uses 'BeadChip'

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

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

* NimbleGen SeqCap Epi target enrichment data

o Over 5.5 million methylation sites per sample

o Capture size of 80.5 Mb

m m m
ATCGTCTAGCGCGAAT

TAGCAGATCGCGCTTA
m m m

ATCGTCTAGCGCGAAT
TAGCAGATCGCGCTTA

l Bisulfite treatment l

ATCGTUTAGCGCGAAT

TAGCAGATUGCGCTTA

ATUGTUTAGUGUGAAT

TAGUAGATUGUGUTTA

‘ PCR amplification l

ATCGTTTAGCGCGAAT
TAGCAAATCGCGCTTA

ATCGTCTAACGCGAAT
TAGCAGATTGCGCTTA

ATTGTTTAGTGTGAAT
TAACAAATCACACTTA

ATCATCTAACACAAAT
TAGTAGATTGTGTTTA

Unmethylated C's are
converted to uracil (U),
which acts as a thymine
(T) for DNA pairing

After PCR amplification,
strands are no longer
complementary
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DNA methylation in cancer <B

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



0

DNA methylation in cancer <B

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

Highly repeated DNA sequence region

DNA hypermethylation DNA hypomethylation
Suppressor A global
of tumorigenesis decrease in
\/\m” ?\/ \/\J RAS ;'7 Methylateclj
Short tandem repeat B CpG is observed
S

L j;\, C%\\“j;\,

Interspersed repeal Interspersed repeat

Normal cell > Cancer cell

enomic integrity

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




Table 2.1. Examples of Genes Silenced by CpG Island Promoter Hypermethylation in Most Frequently Reported Cancer Types

Breast Lung Prostate Leukemia/ Colon
Gene Function cancer cancer cancer lymphomas cancer
APC Antagonist of the Wnt signaling pathway involved in cell migration and adhesion X X X - X
BMALI Core component of the circadian clock - - - X -
BRCALI DNA repair double-stranded breaks, transcription X - - - -
CDHI E-cadherin, cell adhesion X X X X X
CDHI13 H-cadherin, cell adhesion X X - X X
CDKN2A (p16™**)  CDK4 inhibitor, control of cell-cycle G1 progression X X X X* X
CDKN2B (p15™F%*)  CDK4 and CDK6 inhibitor, control of cell-cycle G1 progression - - - X" -
pl4A%F Control of cell-cycle G1 progression, stabilizer of the tumor-suppressor protein p53 - - - - X
COX2 Cyclooxygenase, prostaglandin biosynthesis - - - - X
CRBPI Transport of retinol necessary for growth or differentiation of epithelial tissues - - - X X
DAPK1 Positive mediator of v-interferon induced programmed cell death - X - X X
ESRI Estrogen receptor, regulation of gene expression X X X X -
GATA4 GATA family of zinc-finger transcription factors - - - - X
GATAS GATA family of zinc-finger transcription factors - - - - X
GSTPI Metabolism, detoxification, and elimination of genotoxic foreign compounds - X X - -
HICI Transcription factor X X - X X
IGFBP3 Insulin-like growth factor-binding protein - X - - -
MGMT DNA repair - X - X* X
MLHI DNA mismatch repair, DNA damage signaling - - - - X
NOREIA Ras effector homolog - X - - -
PYCARD TMSI1/ASC, apoptotic signaling pathways X X - - -
RARB2 Retinoic acid receptor, limits growth of many cell types by regulating gene expression - X - X X
RASSF1A Inhibit the accumulation of cyclin D1, involved in cell cycle arrest at G1/S phase X X X X X
transition and DNA repair
TLEI Groucho homolog - - - X -
TP73 p53 family of transcription factors, apoptotic response to DNA damage - - - X -

X, reported frequent hypermethylation.
“DNA methylation only in lymphomas.
’DNA methylation only in leukemia.

Kulis and Esteller 2010
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Integrated Genomic Analysis Identifies Clinically
Relevant Subtypes of Glioblastoma Characterized
by Abnormalities in PDGFRA, IDH1, EGFR, and NF1
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Molecular patterns in human gliomas -
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oot o IDH1 Mutations in Gliomas:
Article When an Enzyme Loses Its Grip
Nature 462, 739-744 (10 December 2009) | doi:10.1038/nature08617; Received 15 July 2009; Accepted
29 October 2009; Published online 22 November 2009 Christian Frezza,‘ Daniel A. Tennant,‘ and Eyal Gottlieb':*
There is an Addendum (17 June 2010) associated with this document. 1Cancer Research UK, The Beatson Institute for Cancer Research, Glasgow G61 1BD, UK
*Correspondence: e.gottlieb@beatson.gla.ac.uk

Cancer-associated IDH1 mutations produce ~ ESECIECTCNEMM DO 10.1016/.cor.2000.12.031
2-hydl’0xyg|utarate » Figures and tables

ementary info

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

Significance of complete 1p/19q co-deletion,
IDH1 mutation and MGMT promoter
methylation in gliomas: use with caution

Sandra HE Boots-Sprenger!2, Angelique Sijben®#, Jos Rijntjes?, Bastiaan BJ Tops?,
Albert ] Idema®, Andreana L Rivera®’, Fonnet E Bleeker®, Anja M Gijtenbeek?,
Kristin Diefes®’, Lindsey Heathcock’, Kenneth D Aldape®, Judith WM Jeuken’® and
Pieter Wesseling1%:11



Methylome patterns <8

Proc. Natl. Acad. Sci. USA
Vol. 96, gp. 8681-8686, July 1999
Medical Sciences

CpG island methylator phenotype in colorectal cancer

MINORU TOYOTA, NITA AHUJA, MUTSUMI OHE-TOYOTA, JAMES G. HERMAN, STEPHEN B. BAYLIN,
AND JEAN-PIERRE J. IssA*

The Johns Hopkins Oncology Center, 424 North Bond Street, Baltimore, MD 21231

normal colon as an age-related phenomenon; and (i) virtually
all the other methylation events occur in a distinct subset of
CRCs and adenomas which appear therefore to have a new
phenotype, which we termed CpG island methylator pheno-
type (CIMP). These data shed additional light on the global
patterns of CGI methylation in human cancer and delineate a
distinct pathway involving tumor-suppressor gene hypermeth-
ylation in the evolution of CRC.
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Glioma-CpG island methylator phenotype
@ Cancer Cell

91 TCGA GBM SAMPLES

Identification of a CpG Island Methylator Phenotype
that Defines a Distinct Subgroup of Glioma
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Molecular Profiling Reveals Biologically
Discrete Subsets and Pathways
of Progression in Diffuse Glioma
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