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EPIGENETICS: an introduction
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Epigenetics

In the 1940’s (Waddington et al.)
• The sum of the genes and their 
products and how they define a 
phenotype (dividing kidney and skin 
cells are identical in their DNA but 
give rise to cells of different 
phenotype).
Today
• Changes in gene function that are 
mitotically and/or meiotically
heritable and that do not entail a 
change in DNA sequence.

What does this mean?
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Agouti Genes in Mice

Doug Brutlag 2011

Environment can Influence Epigenetic Changes

Emma Whitelaw, Henry Stewart Talks

Epigenetics Mechanisms

Gene Expression

RNA Interference

Histone Modifications DNA Methylation



Epigenetic alterations – changes induced in cells tha t alter the 
expression of the information on transcriptional, t ranslational, or post-
translational levels without changes in DNA sequence
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Methylation of Cytosine in DNA

Paula Vertino, Henry Stewart Talks Doug Brutlag 2011
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DNA Methylation
• In mammals, ~1% of DNA bases methylated on 
carbon-5 of cytosine pyrimidine ring (5-
methylcytosine).
• Most frequent at 5’-CpG-3’ dinucleotides (~70% of all 
CpGs).
• In general, CpGs are under-represented (suppressed)

CpG islands
• Regions (500-1 kb) of higher G+C than genome 
average.
• Relatively devoid of methylation.
• ~ 60% mammalian RNA Pol II promoters found in 
CpG islands.
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DNA Methylation and Gene 
Expression

•• Cytosine residues in 5’CpG are often 
postsynthetically methylated
•• CpG methylation is involved in long-
term silencing of certain gene during 
development
•• The methyl-CpG-binding proteins 
MeCP1 and MeCP2 interact specifically 
with methylated DNA and mediate 
transcriptional repression.
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MicroRNAs After the transcription of a 
miRNA gene follows the nuclear cleavage 
of the pri-miRNA performed by the Drosha
RNase III endonuclease. This enzyme 
cuts both strands of the pri-miRNA near 
the stem loop and generates ~60–70 nt
stem loop miRNA precursor (pre-miRNA). 
This pre-miRNA is transported to the 
cytoplasm by the export receptor 
Exportin-5. The nuclear cut by Drosha
defines one end of the mature miRNA and 
cytoplasmic cut by Dicer, also RNase III 
endonuclease, defines the opposite one. 
Dicer recognizes the pre-miRNA and cuts 
both of its strands at about two helical 
turns away from the base of the stem 
loop. Then one of this ~22 nucleotide 
miRNA duplex arms is chosen and mature 
miRNA is associated with RNA-induced 
silencing complex RISC. RISC acts to 
repress the translation of target mRNA by 
mechanisms of translational repression or 
mRNA cleavage.

- Recent studies show that some 
microRNAs regulate cell proliferation and 
apoptosis, processes that are important in 
cancer formation.

- In addition, some miRNAs may function as
oncogenes or tumor suppressors.

-More than 50% of miRNA genes are 
located in cancer associated genomic 
regions or in fragile sites.

ROLE IN CANCERROLE IN CANCER
ROLE OF miRNA in cell growth and cell death

miRNA and CANCER: what is the 

link ?

� Global KD of miRNAs (obtained through 
RNA-interference silencing of the miRNA

processing enzymes Drosha, DGCR8 and 

Dicer) enhances tumorigenicity and 
malignant behaviour (MTX, growth) of cancer

cells (Kumar et al. 2007). BUT, miRNAs

deletion is NOT sufficient to promote

cancerogenesis !

� Hemizigous deletion of Dicer is found in 27% 

of cancers (haploinsufficient oncosuppressor)

CANCER miRNOMA

� A large microarray analysis (363 solid tumours

and 177 normal tissues) identified 36 miRNA

over-expressed and 21 down-regulated
miRNAs, suggesting both oncosuppressive

and oncogenic functions of miRNAs. target

� ONCOMIRNAs: target and down-regulate

oncosuppressors

� TUMOR SUPPRESSIVE MIRNAs: target and 

down-regulate oncogenes



miRNA double-face

� EXAMPLE: 

� high expression of the cluster miR-17-92 only

induces lympho-proliferative disorders, but in 
a MYC-driven B-cell lymphoma it accelerates

in vivo tumorigenicity, 

� whereas homozygous deletion of the miR-17-
92 locus causes pre-B cell death and 

lymphopenia.

IMPORTANCE OF THE CELLULAR CONTEXT:

MiR-221 and MiR-222 inhibit erithropoiesis by
inhibiting the expression of the oncogene c-Kit

However, in liver, these miRNAs stimulate the 
growth of transplanted cancer cells: in this case, 
miRNA-221 and 222 down-regulate PTEN and 
activate the Akt-mTOR pathway !

Oncogenic activity of miR-

17-92
� Cluster arising from a polycistronic RNA that

gives rise to 7 miRNAs: miR-17-5p, miR-17-3p, 

miR-18a, miR-19a, miR-20a, mi-R-19b, miR-

92-1.

� miR-19a and miR-19b target PTEN mRNA

and activate the Akt-mTOR pathway.

� Other targets: pro-apoptotic Bim (in B-CLL)

miRNAmiRNA downdown --regulation or overregulation or over --
expression IN CANCERexpression IN CANCER


