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All cells of the body retain complete genetic
information that remains unchanged throughout
life.

Human tissues are composed of differentiated cells
The daughter cells inherit the basic properties from
parental cells
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Epigenetics definitions and mechanisms

Epigenetics is the study of heritable phenotype changes that do
not involve alterations in the DNA sequence.

Epigenetics most often involves changes that affect gene
activity and expression, but the term can also be used to
describe any heritable phenotypic change.

EPIGENETIC MECHANISMS

are affected by these factors and processes:
¢ Development (in utero, childhood)

¢ Environmental chemicals
¢ Drugs/Pharmaceuticals
¢ Aging M

¢ Diet
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HEALTH ENDPOINTS

e Cancer

¢ Autoimmune disease
e Mental disorders

¢ Diabetes

EPIGENETIC

FACTOR

/ DNA methylation

Methyl group (an epigenetic factor found
\ in some dietary sources) can tag DNA

\ and activate or repress genes.
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Histones are proteins around which | HISTONE
DNA can wind for compaction and

DNA inaccessible, gene inactive
gene regulation.
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DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”

alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.

Mechanisms:
* Covalent modifications

* RNA transcripts

* MicroRNAs
* mRNA
* SRNAs
* Prions

e Structural inheritance
* Nucleosome positioning
* Histone variants

e Genomic architecture



DNA methylation

H

process by which methyl groups are added to the

DNA molecule.

Methylation can change the activity of a DNA

segment without changing the sequence
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In mammals however, DNA methylation is almost
exclusively found in CpG dinucleotides, with the
cytosines on both strands being usually methylated.
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Typical mammalian DNA methylation landscape
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element ? methylated CpG
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CpG islands are usually defined as regions with:

1) alength greater than 200bp,

2) a G+C content greater than 50%,

3) aratio of observed to expected CpG greater than 0.6,



DNA methyltransferases (in mammals)

1. maintenance methylation (Maintenance methylation activity is necessary to
preserve DNA methylation after every cellular DNA replication cycle).
2. de novo methylation

DNMT3a and DNMT3b
DNMT1 - the de novo methyltransferases that set up DNA
methylation patterns

" HDAC
(HMT =
~_ ¥ ®

DNMTSL
768 - Co- - - -Caeatacata- ;; y ;ﬁ
A fﬁ’#
el /K A

- maintanance

K9me3
Nany

0% - -GC- - - ~GCGCGCGCGC - ~*
- -0 M M Mo DNA methylation Histone H3
T i Model of DNMT3A activity. The DNMT3A protein complex is

associated at promoters of silent genes in a complex with
histone methyltransferase (HMT), histone deacetylase
(HDAC) and DNA methyltransferase 3L (DNMT3L). These
promoters are marked by DNA methylation, histone
deacetylation and histone 3 lysine 9 methylation (K9me3).



Detection of methylation 2) Using bisulfite conversion
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DNA demethylation

TET enzymes are a family of ten-eleven translocation (TET) HoH

methylcytosine dioxygenases.

They are instrumental in DNA demethylation.
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The effect of epigenetic regulation can be observed
o o o . Percent of twin pairs who share the trait
in identical twins. 1005

, | greater
Height genetic
influence
Reading Disability -
Autism
Alzheimer's
Normal twin T
DEVELOPMENT, ENVIRONMENT, HORMONES, STOCHASTICITY
Affected twin Alcoholism
Inherited @ ' .
epigenetic ¢ LY ‘ Bipotar Disorder |
predisposition | o
3 Hypertension
Epigenetic Reaching the Remission Relapse
changes ‘threshold". "
during First episode Diabetes
development psychosis :
Multiple Sclerosis
Breast Cancer
Epigenetic differences arise during the lifetime e e
of monozygotic twins
Stroke
Mario F. Fraga*, Esteban Ballestar*, Maria F. Paz*, Santiago Ropero*, Fernando Setien*, Maria L. Ballestar®,
‘ Damia Heine-Sufer®, Juan C. Cigudosa$, Miguel UriosteT, Javier Benitez", Manuel Boix-Chornet?, greater
‘. Abel Sanchez-Aguilera®, Charlotte Ling', Emma Carlsson', Pernille Poulsen**, Allan Vaag**, Rheumatoid Arthritis atermna gn'\I/Ironmental
" Zarko Stephantf, Tim D. Spector®, Yue-Zhong Wu?**, Christoph Plass**, and Manel Esteller*ss Infiuence
ﬂ *Epigenetics, ¥Cytogenetics, and TGenetic Laboratories, Spanish National Cancer Centre (CNIQ), Melchor Fernandez Almagro 3, 28029 Madrid, Spain;
[ ) 'Department of Behavioral Science, University of Valencia, 46010 Valencia, Spain; *Molecular Genetics Laboratory, Genetics Department, Son Dureta

Hospital, 07014 Palma de Mallorca, Spain; |Department of Clinical Sciences, University Hospital Malmé, Lund University, 5-205 02 Malmg, Sweden; **Steno




Epigenetics and inheritance

Jean-Baptiste Lamarck C. H. Waddington

1744 — 1829 * 1305-1975

French biologist, first author of evolutionary e British developmental biologist

theory e proposed an evolutionary process, "genetic assimilation"”, as
Theory of inheritance of acquired characteristics, a Darwinian mechanism that allows certain acquired

called Lamarckism characteristic to become heritable

* Proposed imprinting and epigenetic landscape
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in Mammals
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Pronuclear transfer experiments

Chimeras experiments
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The term “imprinting”” was first used by the cytogeneticist HelenCrouse in the 1960s to describe the elimination

of paternally derived X chromosomes in flies
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Genomic imprinting in mammals: its life cycle, molecular
mechanisms and reprogramming

Zygote Blastocyst
Maintenance/
relaxation
® of imprinting
e - _: _E
sl P o < e
Maintenance MARSSY  Maintenance &
of germline DMRs - of imprints Fetal
Establishment o
I f secondary DMRs gonads

. Imprint establishment
Gametes @ (germline DMRs)
Imprint erasure

** Imprinted genes

T Non-imprinted genes/genome
anord’ml germ cells

The epigenetic imprints regarding the parental origin are established during male and
female gametogenesis, passed to the zygote through fertilization, maintained throughout
development and adult life, and erased in primordial germ cells before the new imprints are

set.



Can we detect imprinting by detection of methylation in sperm or oocyte?
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In 2019, 260 imprinted
genes have been reported
in mice and 228 in
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* post-fertilization epigenetic reprogramming

 DNA methylation is reset before implantation exept imprinted genes

 DNA methylation marks at the DMRs of imprinted genes are stable through embryogenesis
and early development, until they are reprogrammed in primordial germ cells.



Diseases associated with impaired genomic imprinting in human
* Angelman syndromes

«  Prader-Willi syndrome (PWS) is a complex neurodevelopmental genetic e Silver-Russell syndrome
condition due to paternal loss of imprinted genes on chromosome 15 ] ]
- characterized by a range of mental and physical * Beckwith-Weidemann syndrome

« 350,000-400,000 people worldwide. ] ]
* Albright hereditary

osteodystrophy
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Epigenetics and cancer

s e S Under physiological conditions, proliferation and survival
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\by(\\‘\\\\\\\\\ ﬁenes are transcribed at a basal rate to maintain
Nucleosome dense l . o omoeostasis.

condition, or during tumour progression
;; DSWI/SNF and ip.igenetic c;anges
4 recruitment ke orcogene
A%) | ; During the transformation chromatin surrounding proto-
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q oncogenes becomes enriched for histone acetylation,
A\ ; \\\\\\\\\\\\\\\\\\\\\\“&D-(\(\‘\\\\\\\\\ especially at enhancer regions.

Nucleosome-free regions l

hyperacetylation of enhancers Aberrant activation

of oncogenic enhancers

This change in chromatin programming allows nucleosome
decompaction, which facilitates the recruitment of
bromodomain chromatin remodellers, such as the SWI/SNF
complex, that further open chromatin to allow the binding of
transcription factors (TF).

Enhanced transcriptional output
mRNA of oncogenic networks



Mutated Chromatin Regulatory Factors as Tumor Drivers in Cancer

Enzyme that generates
metabolite inhibiting CRF
(e.g. mutant IDH1 -> 2HG)

Histone tail modifier
(e.g. MLL1, EZH2, NSD2)

DNA methyl-
transferases
(e.g. DNMT3A)

DNA

demethylase &(} &(} &{>
(e.q. TET2)
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ATP-dependent chromatin
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Demethylase

DNA methytransferase/

Enzyme that generates complexes
metabolite inhibiting CRF (e.9. SWI/SNF)

ATP-dependent
chromatin remodeling

Protein-altering change in
tumor DNA (point
mutation, amplification,
deletion, fusion) of a
chromatin remodeling
factor (CRF)

Alteration of:

* DNA methylation Epigenetic state with altered
< & Histone tail methylation ‘ expression program
' | oracetylation (e.g. perpetual tumor cell self-
* Nucleosome composition renewal without differentiation)

or placement
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AACR

IDH1, IDH2

* |socitrate dehydrogenase

*  Production of 2-HG -> DNA hypermethylation

* Mutated in glioblastoma and hematologic
malignancies

SWI/SNF complexes

* ATP dependent chromatin remodeling

*  SMARCAA4- the most frequently mutated
chromatin remodeling ATPase in cancer

* SMARCB1

* ARID1A

DNA and histone methyl transferase/demethylase



Pharmacological intervention of chromatine remodeling (in oncology)

Histon deacetylase inhibitors

IDH inhibitors

Azacitidine
Decitabine

Histon methyl-transferace inhibitors inhibitors



Pharmacological intervention of chromatine remodeling (in oncology)

Histon deacetylase inhibitors

Histon methyl-transferace inhibitors inhibitors
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Methylation and aging

In humans and other mammals, DNA
methylation levels can be used to
accurately estimate the age of tissues
and cell types, forming an accurate
epigenetic clock

Age

Age

Horvath Genome Biolagy , 14:R115
http://genomebiology.com//14/10/R115

RESEARCH Open Access

DNA methylation age of human tissues

and cell types

Steve Horvath %

Genome Biology
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Reprogramming to recover youthful
epigenetic information and restore vision

https://doi.org/10.1038/s41586-020-2975-4

Received: 31 July 2019

Accepted: 22 October 2020

Yuancheng Lu', Benedikt Brommer®*", Xiao Tian'", Anitha Krishnan®*", Margarita Meer

Chen Wang??, Daniel L. Vera', Qiurui Zeng', Doudou Yu', Michael S. Bonkowski',
Jae-Hyun Yang', Songlin Zhou®*, Emma M. Hoffmann®*, Margarete M. Karg®*, Michael B. Schultz',
Alice E. Kane', Noah Davidsohn’, Ekaterina Korobkina®®, Karolina Chwalek’, Luis A. Rajman’,

561

Changes to DNA methylation patterns over time form
the basis of ageing clocks, but whether older individuals
retain the information needed to restore these
patterns—and, if so, whether this could improve tissue
function—is not known.
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* Ectopic expression of Oct4 (also known as Pou5f1), Sox2 and KlIf4 genes (OSK) in mouse retinal ganglion cells restores youthful DNA
methylation patterns and transcriptomes, promotes axon regeneration after injury, and reverses vision loss in a mouse model of
glaucoma and in aged mice.

* The beneficial effects of OSK-induced reprogramming in axon regeneration and vision require the DNA demethylases TET1 and TET2.



Chromatine remodelation to

DNA methylation

Lys4

Table 1| Genes used to induce dedifferentiation, ransdifferentiation or reprogramming

Gene symbal®
Arf (Cdkn2a)
Asell

Bafle (Smarcd 3)
Bel11b

Brn? (Pou3f2)
Cabpa
Cebph

Faf1
Catad

Kif4
LinZs

Mafa
Mef2e

Myc
Myl

Nanog
MNgn3

P38 muapk
iMapk14)
Pdx1

Oerd

Pu.1 (Spil)
Rb1

Thx5

Claszs

Protein kinase inhilbitor

Transcription factor

Chramatin madhulater

Transcription factor

Transcription factor
Transcription factor
Transcription facto

Girevaith factor

Transcription factor
Transcription factor
Transcription factor
Transcription factor

Transcription facto

Transcription factor

Transcription factor
Transcription factor
Transcription factor
Protein kinase

Transcription factor
Transcription factor

Transcription factor

Transcription factor and

chramatin modulatar

Transcription facto

Rale in vive
MNegative requlator of proliferation
MNewral Bneage specification

Mewran differentiation
Fetal thymacyte development and surdval

Mewnsectadernmn specification

Broad tanget range

Irnermane and inflammatory response; brown
fat specification

Angiogenic

Heart tube and foregut Farmation
Differentiation of epithalial cells
Suppressor af microRNA biogenesis
Activates insulin gene expression
Controls cardiae morphogenssis and
Iy Eeresis

Broad action on cell oycle and growth

Pan-neural transcription facton with robes in
neuronal differentiation

Imposes pluripotency on embryanic stem
cells and prevents their differentiation

MNewnsgenesis and pancreatic endocrine
cells specilication

Inflarmmation and respanse o stress
Specifies early pancreatic epithelium
Crucial for early embryogeneasis and for
ermbryonic stem cell pluripotency

Lymphaoid-specific enhancer
ey regulator of entry into cell division

Mesoderm differentiation

Mouse knockout phenotype
Increased turmorigenesis

Impaired developrment of various brain centres;
meanatal lethality

Defective cardiogenesis and somitogenesis

Prenatal and perinatal lethality; haematopaietic
defects

Perinatal lethality
Meonatal lethality: multi-organ defects
High neanatal hypoghecaemia and mortality

Moarrmal

Lethal; ventral defects

Perinatal death owing 1o skin defects
Linknown

Diabetes and pancreatic islet abnormalities

Prenatal death and cardiowascular abnormalities

Prenatal lethalivy and grovwth defects

Unknown

Early ernbryonic death

Deficiency of endocrine cells and insulin-producing
cells: pastnatal diabetes

Embryonic te perinatal kethal with multi-system
defects

Pastnatal lethality and abnommal pancreatic and ver
developmeant

Peri-implantation lethality: failure to develop the
inner cell mass

Postnatal lethality and haematopoietic defects

Prenatal lethalivy and neuronal and hasmatopoietic
defects

Prenatal lethality and cardiovascular defects



