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i.e. folic acid, vitamin B12, choline and betaine) of Agouti mice during pregnancy alters adult phenotype by methylating a transposon in the promoter of the Agouti gene, not by directly mutating the gene. This epigenetic change not only changes coat color of offspring but also reduces their susceptibility to obesity, diabetes, and cancer; a clear example of "Nature via Nurture".
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Goals

List the epigenetic modifications and their
importance in disease

Understand the mechanisms that give rise to
epigenetic alterations in disease

Understand how epigenetic alterations can be
used as biomarkers

How epigenetic regulators can be targeted in
disease



Epigenetics/epigenomics- a definition

* Any process that alters gene activity without
changing the DNA sequence and leads to
modifications that can be transmitted to
daughter cells.

e Epigenomics: global study of epigenetic
changes across the entire genome



Epigenetics

e All cellsin a multicellular organism have the same genetic
material, however, not every gene of an organism is active
in each cell at all times.

e Conrad Waddington (1905-1975) coined the term:
“epigenetic landscape” to describe mechanisms that
convert the genetic information into observable traits or
phenotypes.

 Epigenetic gene expression patterns and the associated
phenotypes, once established, may persist through cell
divisions without the involvement of a change in DNA
sequence.
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Epigenetics on a molecular level

 Covalent modifications of cytosine bases and

Istones
e Positioning of nucleosomes
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Figure 4 Nucleosome positioning patterns. Mucleosome positioning plays an important role in transcriptional regulation. Transcriptionally active gene
promaters possess a nucleosome-free region at the 5 and 3" untranslated region, providing space for the assembly and disassembly of the transcription
machinery. The loss of a nucleosome directly upstream of the TS5 is also necessary for gene activation, whereas the occlusion of this position leads to
transcription repression. DMA methylation regulates transcription, and thus interferes with nucleozome positioning. Methylated DN A seems to be associated
with ‘clozed’ chromatin domains, where DNA is condensed into strictly positioned nucleosomes, thereby impeding transcription. Conversely, unmethylated

DNA is associated with ‘opened’ chromatin domains, which allow transcription.
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Nucleosome composition and

Structure

Relative Molar Abundance

Table 21-1 Properties of Histones from Calf Thymus
Histone Composition MW

H1 Lys rich 21,000 1

H2A Slightly Lys rich 14,500 2

H2B Slightly Lys rich 13,700 2

H3 Arg rich 15,300 2

H4 Arg rich 11,300 2
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Histone modifications
Acetylation
Methylation
Phosphorylation
Ubiquitination
Sumoylation
Ribosylation




Covalent Modifications of DNA

Most widely studied epigenetic modification is
cytosine methylation.
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DNA methylation involves the addition of a methyl group to the 5 position of the cytosine pyrimidine ring or the number 6 nitrogen of the adenine purine ring (cytosine and adenine are two of the four bases of DNA).


Functions of DNA methylation in
mammals

Transcriptional gene silencing
Chromatin compaction

Genome stability

Suppression of homologous
recombination between repeats
Genome defense

X chromosome inactivation (females)
/. Imprinting
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In mammals, however, a small proportion (<1%) of genes are imprinted, meaning that gene expression occurs from only one allele.[1] The expressed allele is dependent upon its parental origin. For example, the gene encoding Insulin-like growth factor 2 (IGF2/Igf2) is only expressed from the allele inherited from the father.[2]


Sites of Cytosine Methylation

CpG islands: regions of more than 200 bases (average of 1000 bases)
with a G+C content of at least 50% (approximately 1% of the human
genome, 60% of human gene promoters are associated with CpG
islands.) CpG islands in promoters are usually unmethylated in normal
cells. 6% become methylated in a tissue specific manner during early
development or in differentiated tissues.

CpG island shores: regions of lower CpG density that lie in close
proximity (2kb) of CpG islands. Most of the tissue —specific DNA
methylation occurs in CpG island shores. 70% of the differentially
methylated regions in reprogramming are associated with CpG island
shores.

Gene body: seen in ubiquitously expressed genes, associated with
transcriptional elongation.

Repetitive elements: protects chromosomal integrity by preventing
reactivation of endoparasitic sequences that cause chromosomal
instability, translocations, and gene disruption.
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DNA methylation principally occurs at cytosine residues
located in dinucleotide CpG sites [34,35]. CpG dinucleotides
are statistically under-represented in the genome but are found
concentrated at the expected levels in C+G rich regions termed
CpG islands that frequently coincide with promoter or generegulatory
regions. However the bulk of lone CpG dinucleotides
are found within the intergenic and intronic regions of DNA
particularly within repeat sequences and transposable elements.
In normal somatic cells of human tissues, between 70 and 90%
of CpG dinucleotides are methylated which constitutes
approximately 0.75–1% of the total number of bases in the
genome [36,37].
In the healthy genome, most CpG islands are unmethylated,
and associated genes expressed [34] while the lone CpGs found
dispersed throughout the rest of the DNA are mostly methylated


DNA Methylation and Gene Expression
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DNA Methyltransferases (DNMTs)

DNMT family members:
DNMT1, DNMT2, DNMT3A, DNMT3B, DNMT3L

e DNMT3A and 3B: highly expressed in embryonic stem cells
and thought to establish the pattern of methylation during
embryonic development by catalyzing de novo methylation.

e DNMT1: prefers hemi-methylated DNA but can methylate
DNA de novo. Is the most abundant DNMT and required
for maintenance of methylation patterns. Itis required to
methylate hemi-methylated sites during replication (in
conjunction with UHRF1 and PCNA).
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UHRF1: ubiquitin-ike plant homeodomain and ring finger domain-containing protein 1-has SET domain that can recognize hemi-methylated DNA-tethers DNMT1.

DNMT3L stimulates DNMT3A and B
DNMT2 may methylate tRNA

May be recruited to specific regions by other epigenetic factors and by siRNA 
(plants)/


 


Hydroxymethylation
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during cell division
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Figure 2. Proposed models of TET-mediated DNA demethylation pathways. Unmaodified
cytosine bases in a CpG dinuclectides can be directly methylated through the actions of the DNA
methyltransferase enzymes. Demethylation is thought to be both passive (during cell division; dashed
arrow) as well as active (through a series of enzymatic reactions). TET proteins can oxidize 5mC-
modified bases into 5hmC and then onto 5fC and 5caC derivatives. The oxidized 5fC and 5caC bases
are thought to provide suitable substrates for rapid demethylation to nonmodified cytosine via
TDG-coupled base-excision repair. In contrast with these rapidly turned-over intermediates, ShmC
appears to remain stable in certain parts of the genome.

Black arrows: active methylation; dashed arrows: passive demethylation; red arrow: methylation.
5caC: 5-carboxylcytosine; 5fC: 5-formylcytosine; 5hmC: 5-hydroxymethylcytosine;

5mC: 5-methylcytosine.
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Although the biological significance of Tet-mediated oxidation of 5mC is largely unclear, the relative abundance of 5mC oxidation derivatives such as 5hmC in genomic DNA suggests that these modified cytosine bases may play important roles in modulating 5mC-dependent gene regulatory and biological functions.

Methyl binding proteins such as  methyl-cpg-binding proteins 2 (MeCP2) do not recognize 5hmC


®
Common Cancer Related Aberrations

in DNA Methylation Patterns

e Massive global loss of DNA methylation(20% to 60% less overall 5-
methylcytosine).

 Global hypomethylation occurs mainly at repetitive sequences,
promoting chromosomal instability, translocations, gene disruption,
and reactivation of endoparasitic sequences.

 Hypo-methylation at specific promoters can activate the aberrant
expression of oncogenes and induce loss of imprinting (LOI )

 Hyper-methylation at the CpG islands of specific promoters can
activate aberrant expression of oncogenes and induce loss of
imprinting in some loci.

 Most hyper-methylation in cancer occurs in CpG island shores.
 Hyper-methylation patterns are tumor-type specific.
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Hypermethylated promoters:
DNA repair: MLH1, MGMT, WRN, BRCA1, p16, rb, p53 network

Hypermethylated island shores-eg HOXA2 GATA2

Hypermethylation also contributes to silencing of some microRNA genes


DNA hypomethylation

Causes Consequences

Altered DNMT activity Aberrant gene expression
Histone modifications
loss of trimethylatio
increased acetylation

Loss of imprinting

Exogenous insults \
diet —
environment
infection

— » Microsatellite instability

\ Activation of retrotransposons
insertional mutagenesis
Non-coding RNA recombination

N

Defective DNA repair Chromosomal instability

and anomalies

> DNA hypermethylation
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Silencing of tumor suppressors



Hypomethylation of LINEs in Cancer

Hypomethylation of LINES has been observed in a
number of cancers.

In some cases, LINE demethylation is an early
occurance (e.g. prostate and colon).

For some cancers (leukemias, urothelial,
ovarian,and breast) LINE demethylation increases
with the degree of malignancy and correlates
with clinical outcome.

It is not clear whether LINE demethylation is a
causative agent for cancer and what impact LINE
hypomethylation has on clinical outcome.
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Mechanisms that may lead to aberrant

DNA methylation in cancer

DNMT Expression and Activity

In animal models and in vitro, knockout and knockdown of DNMTs is associated with genomic hypomethylation
and chromosomal abnormality and instability.

Min mouse model (heterozygous for APC), knockout of DNMT1 leads to an overall decrease in the incidence of
intestinal cancers but increase in hepatocellular carcinomas and adenomas.

Levels of DNMT1 and DNMT3b are elevated in some cancers.

Interaction with chromatin remodeling enzymes and other factors

e.g. Gazin et al, Nature, 2007 identified factors induced by the oncogene, Ras which interact with DNMT1 to
demethylate and silence the Fas pro-apoptotic gene,

Involvement of RNA:

RNA i)nvolved in region specific hypo-methylation of SpHK1 (sphingosine Kinase) gene (Imamura et al, BBRC,
1997).

High affinity binding of an RNA to DNMT3A and 3B ( Jeffrey et al, JBC, 2004)

Garzon et al, Blood, 2009 found that in myloid leukemia, forced expression of mir-29b targets DNMT3A and 2B
directly and DNMT1 indirectly. Mir-29b expression led to global DNA hypo-methylation and re-expression of
tumor suppressor, p15.

Defective Repair Mechanisms following exogenous insult-_Diet, UV radiation, chemicals may initiate DNA
hypomethylation via DNA damage pathways. Underlying mechanisms remain speculative.
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Table 3 | Sensitive detection of cancer in plasma and serum using DNA methylation markers

Disease

Bladder cancer

Breast cancer

Colorectal cancer

Oesophageal cancer

Gastric cancer

Head and neck cancer

Liver cancer

Lung cancer

Prostate cancer

DNA source

Plasma
Plasma
Serum

Plasma
Plasma

Serum
Serum
Serum
Plasma

Plasma (AC)
Plasma (SCC)
Serum (SCC)

Serum
Serum
Serum
Serum
Serum
Serum

Serum
Serum
Serum
Serum
Plasma
(nasopharyngeal)

Plasma/serum
Plasma/serum
Plasma/serum

Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Serum (NSCLC)
Plasma
Plasma/serum
Plasma

Plasma (NSCLC)

Plasma/serum
Plasma

Markers

CDKNZA (ARF)
CDKNZA (INK4A)
CDKNZ2A (INK4A)
(
(

CDKNZ2A (INK4A)
CDKNZA (INK4A)

MLHT

CDKNZ2A (INK4A)
CDKNZ2A (INK4A)
CDKNZ2A (INK4A)

APC
APC
CDKNZ2A (INK4A)

CDH1

CDKNZA (INK4A)
CDKNZE (INK4B)
DAPK1

GSTP1

Panel of five

CDKNZ2A (INK4A)
DAPK1

MGMT

Panel of three
DAPK1

CDKNZ2A (INK4A)
CDKNZB (INK4B)
Panel of two

CDKNZ2A (INK4A)
DAPK1

GSTP1

MGMT

Panel of four
CDKNZA (INK4A)
APC

CDKNZA (INK4A)
CDKNZA (INK4A)

GSTP1
GSTPT

Analytical
sensitivity

13/15(87%)
2/5 (40%)
12/14 (86%)

5/8 (63%)
6/10 (60%)

3/9 (33%)

14/20 (70%)
13/44 (30%)
21/31 (68%)

13/48 (27%)
2116 (13%)
7/31(23%)

31/41 (76%)
28/36 (78%)
30/37 (81%)
26/38 (68%)
8/10 (80%)

45/54 (83%)

8/26 (31%)
3/17(18%)
14/31 (45%)
21/52 (40%)
6/12 (50%)

13/16(81%)
4/16 (25%)
17/23 (74%)

3/9 (33%)
4/5 (80%)
1/2 (50%)
4/6 (67%)
11/15 (73%)
1/10 (10%)
N/A

64/73 (88%)
12/22 (55%)

12116 (75%)
25/63 (40%)

Clinical
sensitivity

13/27 (48%)
2127 (7%)
19/86 (22%)

5/35 (14%)"
6/43 (14%)"

3/18 (17%)

14/52 (27%)
13/94 (11%)
21/58 (36%)

13/52 (25%)
2132 (6%)
7/38 (18%)

31/54 (57%)
28/54 (52%)
30/54 (56%)
26/54 (48%)
8/54 (15%)

45/54 (83%)

8/95 (8%)
3/95 (3%)
14/95 (15%)
21/95 (22%)
N/A

13/22 (45%)
4/25 (16%)
17/25 (68%)

3/22 (14%)
4/22 (18%)
1/22 (5%)
4/22 (18%)
11/22 (50%)
N/A

42/89 (47%)

77/105 (73%)°

12/35 (34%)

23/33 (70%)
25/69 (36%)

Specificity

N/A
N/A
31/31 (100%)

N/A
N/A

N/A

44/44 (100%)}

N/A
N/A

54/54 (100%)}
54/54 (100%)}

N/A

30/30
30/30

100%)
100%)
30/30 (100%)
30/30 (100%)
30/30 (100%)
30/30 (100%)

N/A
N/A
N/A
N/A
N/A

P —

48/48 (100%)
35/35 (100%)
35/35 (100%)

N/A
N/A
N/A
N/A
N/A
N/A
50/50 (100%)
N/A
15/15 (100%)

22122 (100%)}
31/31 (100%) *

References

64
64
151

152
61
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DNA Methylation and Patient Survival in
Lung Cancer
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Figure 3. Kaplan—Meier Estimates of Recurrence-free Survival in the Validation Cohort or the Validation and Original
Cohorts, According to the Site and Mumber or Presence or Absence of Methylated Genes.
Data are reported for a four-gene panel consisting of the cyclin-dependent kinase inhibitor 24 gene p16, the H-cad-
herin gene CDH13, the Ras association domain family 1 gene RASSF1A, and the adenomatous polyposis coli gene
APC. Panels A and B show data for the independent validation cohort of 20 case patients and controls. Panels C
and D show data for the combined original and validation cohorts (total, 187 patients). The numbers of patients
vary among panels because not every sample was informative for every gene.

Brock et al, New England Journal of Medicine, 2008
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Fifty-one patients with stage I NSCLC who underwent curative resection but who
had a recurrence within 40 months after resection (case patients) were matched on
the basis of age, NSCLC stage, sex, and date of surgery to 116 patients with stage I
NSCLC who underwent curative resection but who did not have a recurrence within
40 months after resection (controls). We investigated whether the methylation of seven


Box 1. Summary of changes in 5-hydoxymethylcytosine patterns and possible

underlying mechanisms seen in cancer.

Cancer-associated hydroxymethylcytosine patterns

General loss of 5ShmC

Cancer-specific redistribution with enrichment, particularly at oncogenic gene activators
Possible mechanisms for 5ShmC changes in cancer

Replication-related passive demethylation and loss of hydroxymethylcytosine

Misexpression or mutation of TET enzymes, which are responsible for the oxidative conversion of
5mC to 5hmC

Inhibition of the essential TET cofactor, a-ketoglutarate, through mutation of isocitrate
dehydrogenase or other Krebs cycle enzymes, such as fumerate hydratase or succinate
dehydrogenase

5m: 5-methylcytosine; 5hmC: 5-hydroxymethyicytosine.




Figure 4. Potential model of 5-hydroxymethylcytosine biomarker use in the diagnosis and
management of cancer. (A) Cohort exposed to risk factor for disease. (B) Red population have
5-hydroxymethylcytosine (5ShmC) signature suggestive of sensitivity to this risk factor (black lollipops:
5-methylcytosine-marked CpGs; purple lollipops: 5ShmC marked; white lollipops: unmarked CpGs).
These patients can undergo close surveillance to allow early detection or pre-emptive treatment, if
available. Blue patients can be reassured of low risk. (C) Patients develop cancer and can be stratified
into treatment-sensitive or treatment-resistant groups to allow personalized therapy. (D) Response to
treatment can be followed. (E) Return to ‘'normal’ 5hmC tissue signature on cure.



Methods for detecting DNA
methylation

Methylation sensitive restriction enzymes

Immunoprecipitation based enrichment
assays

Methylation sensitive PCR (MSP)

Bisulfite conversion



Methylation-Sensitive Restriction
Digestion Assay

e Cost effective method for initial screening

HELP Assay

Use restriction enzymes (Hpall and Mspl) to
determine methylation status

 Hpall Tiny Fragments (HTFs)
e HTF enrichment by ligation-mediated PCR
e Combine with microarrays




HELP Assay
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Khulan et al Genome Research, 2012
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Gel purify DNA in range of 200-2000bp
Since 70% of sites are methylated, Msp1 is the total number of sites
And HpaII are a subset of the total number of sites

It was subsequently recognized
that 55%–70% of HpaII sites in animal genomes are methylated
at the central cytosine (Bird 1980; Bestor et al. 1984), which is
part of a CpG dinucleotide. The minority of genomic DNA that

cuts to a size of hundreds of base pairs was defined as HpaII Tiny
Fragments (HTFs) (Bird 1986), revealing a population of sites in
the genome at which two HpaII sites are close to each other and
both unmethylated on the same DNA molecule. Cloning and
sequencing of these HTFs revealed them to be (G+C)- and CpG
dinucleotide-rich, allowing base compositional criteria to be created
to predict presumably hypomethylated CpG islands
(Gardiner-Garden and Frommer 1987). These criteria remain in
use for genomic annotations today, defining sequences that tend
to localize with transcription start sites, especially of genes active
constitutively (Larsen et al. 1992) or during embryogenesis
(Ponger et al. 2001).
Genome sequencing project data have revealed that <12%
of HpaII sites in the human genome (and <9% in mouse) are
located within annotated CpG islands (Fazzari and Greally 2004).
This raised the question of whether a substantial proportion of
HTFs is, in fact, derived from non-CpG island sequences and
could be used to examine many non-CpG island sites in the
genome for cytosine methylation status. We describe a technique
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Bisulfite Conversion

 Bisulfite (HSO;7): converts
unmethylated cytosines into
uracil

Purified gDNA ssDNA

Raw Samples/ l Fragmen ted

O

e Uracil is converted to
thymine following PCR
amplification while leaving fi | 1
methylated cytosines P
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e Bisulfite conversion offers P Ll ot iy
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PCR, microarray, or
sequencing.
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Laird, Nature Rev. Cancer, 2003
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Epigenetic Treatment

 DNA Methylation Inhibitors: nucleoside
analogues that exert their demethylating
activity through the establishment of an
irreversible covalent bond with DNMTs after

their incorporation into DNA.
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. 5-Aza-2’deoxy-cytidine
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http://upload.wikimedia.org/wikipedia/commons/5/5f/Azacitidine.svg
http://en.wikipedia.org/wiki/File:Decitabine.svg

Mechanisms of Action
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Fg. 2. Mechanisms of action of
hypomethylating nucleoside analogs.
Azacitiding and decitabine are efficienty
incorporated into cells by specialized
transporters, following which their
metabolism diverge. They are
phosphorylated by different enzymes,
eventually to 5-aza-CTP, which
incorporates into RNA and has poorly
defined effects there and 5-aza-dCTP,
which incorporates into DNA. A fraction
of 5-aza-CDP is also converted to
5-aza-dCDP. Once incorporated into DNA,
5-aza-dCTP forms irreversible covalent
bonds with DNMTs, which result in bully
DMA-protein adducts and inhibition of DNA
synthesis. At high doses, this results in
cell death (and is therefore a cytotoxic
intervention). At lower doses, the
complexes are excised and degraded by
the proteosome. DMNA is repaired,
following which DNA synthesis resumes
in the absence of DNMTs, resulting

in hypomethylation of newly synthesized
DMNA.
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Chromatin as an Epigenetic
Regulator

1. Histone
Modifications

2. Nucleosome
Positioning
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Histone Modifications
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Figure 3 Histone modifications. All histones are subject to post-transcriptional modifications, which mainly occur in histone tails. The main post-
transcriptional modifications are depicted in this figure: acetylation (blue), methylation {red), phosphorylation (yvellow] and ubiguitination {green). The
number in gray under each amino acid represents its position in the sequence.



Acetylation and Methylation of Histone N terminal tails

Nomenclature: CH,
Histone-Position-modification-number of modifications 0 CH,
)
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Histone Modifying Enzymes

e Histone Acetyl Transferases (HATs)/Histone
Deacetylases (HDACs)
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Presenter
Presentation Notes
18 HDACs in mammals classified based on homology to yeast proteins.  11 are zinc depenent , class II have homology to yeat sir2 and ahave a requirement for NAD.

Phylogenetic analysis indicates that the evolution of HDACs preceded that of histones.  Class Iia and Iib hdacs do not have histones as primary substrates.
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HDAC1\

HDAC2

HDAC3
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HDAC10

Cancer Relevance

References

Overexpressed in gasinic, pancrealic,
colorectal, prostate, hepatocellular cancers
and correlates with poor prognosis,

Mutaled in colon cancer, overexpressed in
esophageal, prostate, non-smail cell lung,
gasirointestinal, oral cancers.

Expression correlales with poor prognosis in
gasinc, prostate. colorectal cancers.

Expression corralates with poor outcome in
neurcblastoma.

Choi et al 2001, Fritzsche et al 2008, Miyake
et al 2008, Rikimaru et al 2007, Weicheri et al
2008, Znang et al 2005.

Chang et al 2009, Fritzsche et al 2008,
Ropero et al 2006, Weichert et al 2008

Frilzsche at al 2008, Krusche @ al 2005,
Mareno et al 2010, Weichert et ai 2008

Mareno 1 al 2010, Oehme et al 2009

Mutated in breast cancer.

Low expression in lung cancer associated with
poar prognosis, upregulated in colon cancer,
Highly expressed in colorectal cancer.

Not known.

Qzdag et al 2006
Osada et al 2004, Ozdag et al 2006

Mareno et al 2010

Low expression in lymphoma, high expression
in oral squamous cell cancer and comrelates
with stage.

Low expression in lung cancer associaled with
poor prognosis.

Gloghini et al 2008, Moreno et al 2010,
Sakuma et al 2008

Osada et al 2004

HDAC11HV | Notknown.




Histone Modifying Enzymes

e Histone Methyltransferases (HMTs)/Histone
Demethylases (HDMs)
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EZH2 overexpression
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EZH2 mediated gene silencing in

Cancer

Table 1. List of repressed targets downstream of EZH2 in cancer

EZH2 targets in prostate cancer

Target Function Conftribution to carcinogenesis Reference

DAB2IP Inhibition of NF-kB/Ras pathway Transformation, proliferation and invasion Chen et al , 2005; Min et al, 2010
ADRB2 B-adrenergic signaling Transformation and invasion Yu etal., 2007
CDH1 Cell-cell adhesion Invasion Caoetal., 2008
PSP94 Inhibits MMP secretion Invasion Beke et al., 2007
SLIT2 Chemaorepellent protein Proliferation and invasion Yuetal, 2010
TIMP2/3 ECM degradation Invasion Shin and Kim, 2012
RKIP Inhibition of Raf and NF-«B pathways Invasion Renetal, 2012
PCAT-1 Transcriptional repressor lincRNA Proliferation Prensneret al , 2011
EZH2 targets in other cancer types

Target Function Cancer type Reference

FOXCA Transcription factor for differentiation Breast cancer Duetal, 2012
RADS1 DMNA damage repair protein Breast cancer Chang et al,, 2011
BMPR1B Astroglial differentiation Glioblastoma Leeetal, 2008
VASHA Inhibition of angiogenesis Ovarian cancer Luetal, 2010

DKK1 Wt signaling antagonist

Lung cancer

Hussain et al., 2009




BET-family of Bromodomain
containing proteins

Bromodomains (BRDs) are epigenetic
readers that recognize acetylated-lysine
(KAc) on proteins and are implicated in a
number of diseases.

The BET (bromodomain and external domain

family:
A BDI BDII ET
BRD3 1 Ta=185 345457 HIZ-TIO RO
BRD4 hBrd2 | N [~ TE] [T W
2T =280 511557 SEED (7T74-8011
BRDT 1 1=l 45 INT=419 Shl2=040 TG
hBrd3d [ 1Al IINENNE
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1 S8=10% 34 9=11 B =5HTE | 325=] 362
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| 27-138 2RE=IR0 S00=5TH Q10947 b
hBrdt [ ] IS 1 @ |
23222 A1 a=457 S

{R17=568) -



BRD4 Promotes Transcription
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Nucleosome Positioning

i
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Figure 4 Mucleosome positioning patterns. Nucleosome positioning plays an important role in transcriptional regulation. Transcriptionally active gene
promoters possess a nucleosome-free region at the 5 and 3* untranslated region, providing space for the assembly and disassembly of the transcription
machinery. The loss of a nuclecsome directly upstreamn of the T3S is also necessary for gene activation, whereas the occlusion of this position leads to
transcription repression. DMNA& methylation regulates transcription, and thus interferes with nucleosome positioning. Methylated DNA seems to be associated
with ‘clozed’ chromatin domains, where DMA is condensed into strictly positioned nucleosomes, thereby impeding transcription. Conversely, unmethylated

DMA i= associsted with ‘opened’ chromatin domaing, which allow transcription.




Enzymes that Regulate Nucleosome
Positioning/structure
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sigure 2 Epigenetic machinery and interplay among epigenetic factors. Epigenetic marks are catalyzed by different epigenetic complexes, whose principal
‘amilies are illustrated here, (a—¢) Epigenetic regulation depends on the interplay among the different players: DMNA methylation (a), histone marks (b) and
wclecgome positioning (c). The interaction among the different factors brings about the final outcome, This figure illustrates selected examples of the

sossible interrelations among the various epigenetic players.
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Components of the SWI/SNF
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Disruption of SWI/SNF components in cancer

Table 1 | SWI/SNF mutations in cancesr

SWI/SNF
subunit

SNFs

BAF180

ARIDLA

BRG1

BRD7TF

Associated cancers
(mutation frequency)

Rhabdoid tumowurs (089%)

Familial schwannomatosis
(30—0%:5)

Small-cell hepatoblastomas (36
For 4 of 11)=F

Extraskeletal myxoid
chondrosarcomas (8§%; 2 of
24)*

Uindifferentiated sarcomas
(20%; 5 of 17)*

Epithelicd sarcomas (55%; 6
of 11)**

Meningiomas (=<39%; 4 of 126]).
Frequency may be higher in
familial meningicmas®

Poorly differentiated
chordomas (3 of 4)*+F

Renal cell carcinoma (41%5; 02
of 227)

Breast cancer

Orvarian clear cell carcinoma
(509c)

Endometriod carcinoma {35%::
10 of 33)

Renal cell carcinoma

Medulloblastoma (1 of 88)
Lung cancer
Breast

Mon-small-cell lung cancer
(35%: 13 of 37 cell lines)

Lung cancer (frequency
unclear)

Medulloblastoma [(3%: 3 of 58)

Pancreatic, breast and prostate

Rhabdoid tumours

Breast cancer®

Frimary tumours or

cell limes

Primary tumowurs
cell lines

Primary tumours

Primary tumours

Primary tumours

Primmary tum-ours
Primmary tum-ours

Primmary tum-ours

Primary tumours

Primary tumours
cell lines
Celllines

Primary tunmowurs
cell lines

Primary tunmowurs
cell lines

Primary tumours

Primmary tum-ours
Cellline

FPrimary tunmowur
Celllines

Primary tumours

Primary tumours
Celllines

Primmary tumours

Primmary tum-ours

and

and

arnd

arnd

Haploinsufficiency or

homozygous inactivation

Homozygous inactivation
Homozygous inactivation
Homozygous inactivation

Homozygous inactivation

Haploinsuffiency and
homozygous inactivation

Homozygous inactivation

Homozygous inactivation

Homozygous inactivation

Homozygous inactivation

Homozygous inactivation

Haploinsufficiency and
homozygous imnactivation

Haploinsufficiency and
homozygous imnactivation

Homozygous inactivation
and haploinsufficiency

Mot determined
Homozygous inactivation
MNot determined

Homozygous inactivation

Homozygous inactivation
and haploinsufficiency

Mot determined

Homozygous inactivation
and haploinsufficiency

Homozygous inactivation

Mot determined

Types of mutations

Homozygous deletion. nonsense.
missense and frameshift mutations

Truncating MmuTtations

Translocations and homozygous
deletion of 27qg11.2

Frameshift and homozygous
deletion

Homozygous deletion and
intragenic mutation

Homozygous delstion

Missense mutations with loss of the
second allele

Lossof 2Z2q11.2

Truncating mutations (34%: 88
of 25 7). nonsense, missense and
frameshift mutations

Truncating Mmutations

Truncating Mmutations
Truncating Mmutations

Homozygous deletions and
heterozygous missense mutations

Truncating mutaticons
Intergenic deletion
Genomic rearrangement

Homo=ygous truncating mutaticons
and missense mMmutations

Missense. insertion and nonsense
mutations

Missense mutations

Truncatimg mutations and missense
mutations

Truncatimg mutations

Genomic loss on chromosome arm
16q. Reduced expression in 209 of
pPrimany Tunmours

Refs
30—-33
34,30,

137130
35

36

37
38

39,
140,141

40
50
g
57.58
57.58
50

59
60
60
67

65,
66.70.72

50
Tl

T3
82

ARID1A, AT-rich interactive domain-containing protsin 1A (also knowwn as BAFZ50A and SMARCFL1); BRDT. bromodomain-containing 7; BRG1. BRM/SWI2Z-related

geme 1 [als=c known as SMARC AL} “Thess cancers might represent rhabdoid tumours with an atypical histological appearance. FThese cancers carry large

multi-gene delstions rather thhan SMNF5- or BRD7-szpecific mutations.

(Wilson and Roberts, Nat. Reviews 2011)
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Chromatin Immunoprecipitation for
investigating histone modifications
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Analysis by ChlP-Seq
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Figure 1. Flow scheme of the central steps in the ChIP-seq

procedure.



Presenter
Presentation Notes
Peaks are regions of significant tag enrichment that are presumed to represent transcription factor binding.  Need to compare with a control library.  Confidence in the peaks is quantified by p values or false discovery rates, usually by comparing ChIP library with control library.



Pathology tissue-chromatin
immunoprecipitation (PAT-ChIP)

e Pathological specimens from surgery or
viopsies are crosslinked with formaldehyde at
nigh concentrations(4%) for an extended
period of time (overnight).

 The fixed tissues are then dehydrated and
included in paraffin



PAT-ChIP

* Deparaffination of tissue samples by
sequential incubations in histolemon solution

e Rehydration by decreasing concentrations of
ethanol from 100% to 95%, 70%, 50%, and
20%, with water as a final step

e |solate chromatin and perform ChIP assay

Fanelli et al PNAS 2010



Fanelli et al PNAS 2010
Detailed protocol Fanelli et al, Nature Protocols, 2011
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Potential Epigenetic Biomarkers

Expression/mutational status of histone modifying enzymes
PRC components: EZH2, BM1
SWI/SNF components: BAF47, BRG1, BRM

DNA Methylation /hydroxymethylation
Changes at specific loci or regions may be indicative of disease
Changes in genomic levels

Histone covalent modifications

Changes at specific loci or regions may be indicative of disease
Changes in genomic levels:

Decreased H3K16ac, H3K4me3, H4K20me3, increased H3K9me




Epigenetic Treatment

 HDAC Inhibitors: target the catalytic domain of HDACs, thus
interfering with their substrate recognition

Short chain fatty acids:

Sodium phenylbutyrate, sodium butyrate, and valproic acid
Hydroxamic acids:

Trichostatin A, vorinostat, and panobinostat

Cyclic Peptides:

Romidepsin

Benzamides:

MGCD-0103

eninostat




HDACIs are used in conjunction with
other drugs
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Inhibiting BET-family proteins
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Summary

e Epigenetics: “An epigenetic trait is a stably
heritable phenotype resulting from changes in a
chromosome without alterations in the DNA
sequence.

 The best characterized epigenetic changes to
occur in human diseases involve changes in DNA
methylation profiles and/or histone
modifications.

e These changes are amenable to therapeutic
Intervention.



Biomarkers are characteristics which are objectively measured and evaluated as an
indicator of the intrinsic causes of ilinesses, the clinical course, and its modification by
treatment.

1. Gene expression
2. Mutation analysis
3. DNA modifications

4. Chromatin modifications
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