MECCANISMI EPIGENETICI

Fattori che vengono trasmessi alla
progenie, ma che non sono
direttamente attribuibili a sequenze di
DNA.

MODIFICAZIONI DEGLI ISTONI
Acetilazioni, fosforilazioni e metilazioni,
responsabili dei cambiamenti
conformazionali della cromatina.

" METILAZIONE DEL DNA
Nelle cells eucariotiche la metilazione €’
a carico della G. Solo il 3% delle C €’
metilato; in genere e’ bersaglio della
metilazione la C delle doppiette CpG.




DNA methylation

is mainly associated with transcriptional repression and plays a major role
in different processes such as X chromosome inactivation (XCl), genomic
imprinting, silencing of transposons, repetitive elements and germ-line
specific genes.

Given the robust stability of DNA methylation, ectopic promoter
methylation might lead to long-term silencing of important genes.
Tight regulation of the mark is of crucial importance, for proper cellular

function (Greenberg, 2021).

The epigenetic memory linked to DNA methylation is robust in somatic
tissues, where the levels of CoG methylation are globally stable, with
70-80% of CpG dinucleotides harboring the mark (Lee et al., 2014).



Vertebrates Use DNA Methylation to Lock
Genes in a Silent State

Vertebrate cells contain a family of
proteins (MeCP2) that bind
methylated DNA.

These DNA-binding proteins, in turn,
interact with chromatin remodeling
complexes and histone deacetylases
that condense chromatin so it becomes

transcriptionally inactive.



Ad ogni ciclo di duplicazione, deve essere
mantenuto il profilo di metilazione (e

quindi poi di espressione) del filamento
parentale



DNA Methyl-transferases

In mammals, there are 2 families of DNA Methyl-transferases:

a) DNMT], the maintenance methyltransferase that is responsible
for the methylation of hemi-methylated CpG sites during DNA
replication.

b) de novo methyltransferases (DNMT3A and DNMT3B) that act
primarily on CpG dinucleotides during the embryonic life



Maintenance of DNA methylation

1. Dnmtl maintains the methyl-CpG content of both daughter DNA

duplexes following replication (higher affinity for hemimethylated
MmCpG DNA)

2. Dnmtl Methyltransferase is localized to the chromosomal
replication complex

3. Methylation of newly synthesized DNA takes place less than one
minute following replication (chromatin assembly takes 10-20 min)



The essential role of DNA methylation for a proper
differentiation is supported by the severe developmental

defects and embryonic lethality exhibited in DNMT-deficient
mice.

Dnmt3a -/-, Dnmt3b -/- Dnmt1 null



CpG island (CGI) promoters are not methylated

o Roughly two-thirds of promoters are CpGls, and comprise most housekeeping
and developmental genes.

o ALL CpG islands are associated with transcribed genes

o Keeping promoters free of methylation is absolutely crucial for proper cellular
function.

o X-linked CpG islands become methylated upon X inactivation;

There is nothing about the sequence, per se, that should
repel de novo DNA methylation.



The p-globin gene cluster



The activity of the globin genes correlates inversely
with the methylation of their promoters

In developing human and chick red blood cells, the DNA of the globin promoters
is almost completely unmethylated, whereas the same promoters are highly
methylated in cells that do not produce globin.

Moreover, the methylation pattern changes during development. The cells that
produce hemoglobin in the human embryo have unmethylated promoters for the
genes encoding the g-globins of embryonic hemoglobin. These promoters
become methylated in the fetal tissue. Similarly, when the fetal globin gives way
to adult globin, the y-globin gene promoters become methylated.
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There are different mechanisms of DNA demethylation:
both passive and active processes can occur.

% Passive demethylation simply requires the impairment of
maintenance DNA methylation machinery (Dnmt-1), which results
in 2-fold dilution of methyl-CpGs during each round of DNA
synthesis.

% Active DNA demethylation in mammals involves the action of Ten-
eleven translocase (TET) family of dioxygenases.
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Mammalian genome methylation

Mammals exhibit two rounds of dramatic DNA methylation reprogramming
during embryonic development:

1. immediately after fertilization
2. in the germline (Seisenberger et al., 2013; Wu and Zhang, 2014).

As the embryo implants in the uterus, the de novo DNA methyltransferases,
DNMT3A and DNMT3B, rapidly remethylate the genome, establishing a
pattern that is globally maintained in somatic tissue-types



A dramatic genome-wide reprogramming of DNA methylation
occurs during embryogenesis

Upon fertilization, both the maternal and
paternal genomes are subjected to a
dramatic loss of DNA methylation

Such reprogramming is found exclusively
in mammals.

A reprogramming of DNA methylation at
this stage of development is needed to
cellular memory towards an
undifferentiated state in order to allow
for naive pluripotency

In mice, in the inner cell mass (ICM) at the
blastocyst stage (E3.5), which contains the naive
pluripotent cells that will differentiate into the
embryo, only 20% of CpGs remain methylated.



Following this dramatic global demethylation wave, the de novo methyltransferases,
DNMT3A and DNMT3B, rapidly re-establish high levels of methylation.
Importantly, the wave of re-methylation coincides with the transition from naive to
primed pluripotency.

By E6.5, the primed stem cells in the epiblast will then further differentiate into the
somatic lineages, which will globally maintain the pattern and levels of CpG
methylation established during these early stages of development.



Methylation patterning in development

Embryonic and germline DNA methylation
erasure and establishment.

Following passive demethylation (dashed
line), DNA methylation reaches a low point at
the blastocyst stage, which is followed by
DNMT3A+B-mediated de novo DNA
methylation after blastocyst implantation.

During post- fertilization reprogramming, the embryo loses gamete- specific DNA
methylation patterns inherited from the oocyte and the sperm as it progresses
towards pluripotency.

The paternal genome is actively demethylated by TET3; the two parental genomes
then undergo rounds of passive, DNA replication- dependent dilution of DNA
methylation, as the maintenance enzyme DNMT1 provided by the oocyte is excluded
from the nucleus during subsequent cell divisions.



What about germ cells?



Methylation patterning in PGCs development

Demethylation occurs in developing PGCs (primordial germ cells), as a prerequisite for
subsequent acquisition of sex- specific DNA methylation patterns during male and female
germline differentiation.

Post implantation, in the epiblast, a subset of stem cells is specified for the germline, where
they undergo two waves of DNA demethylation: one passive and one mediated by TET1 and
TET2.

Male gametes become highly methylated before birth through the activity of DNMT3A and
DNMT3L.

The oocyte gains methylation after birth, after meiosis and prior to ovulation through the
activity of DNMT3A in humans.




Methylation patterning in development

In the inner cell mass of preimplantation embryos, approximately 20% of CpGs
retain gamete- inherited methylation in both mice and humans.

These notably map to ICRs (imprinting control regions), as expected from the
intergenerational nature of genomic imprinting, which is linked to the sequence-
specific DNA demethylation resistance
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Methylation reprogramming, cloning and
imprinting
J

J Reprogramming is deficient in most cloned preimplantation
embryos; in particular, demethylation seems to be inefficient,
perhaps because the somatic nuclei contain the somatic form of
Dnmtl which, unlike the oocyte form, is capable of maintaining
methylation levels

J Most cloned embryos die at preimplantation or various
postimplantation stages, and even those that develop to term
often have specific abnormalities, particularly of the placenta






“Patient tailored therapy”



In 1962, by inserting the nuclei of intestinal epithelial cells into enucleated eggs, Gurdon was
able to create healthy swimming tadpoles. These experiments were the first successful

instances of somatic cell nuclear transfer (SCNT) using genetically normal cells.

In 2006, Yamanaka with four defined transcription factors induced intact mouse somatic cells
to revert to a pluripotent state without an egg or embryo as intermediary.
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» The loss of youthful epigenetic information during ageing and injury causes a decline in tissue
function and regenerative capacity.

» OSK-mediated reprogramming recovers youthful epigenetic information, reverses the DNA
methylation clock, restores youthful gene expression patterns, and improves tissue function
and regenerative capacity, a process that requires active DNA demethylation by TET1/TET2
and TDG.



