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g1 Epigenetics — “outside” sequence

Modifications to DNA or chromatin
that affect the higher order
structure (“packaging”).
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Epigenetic modifications

® Histone modifications - the histone code

= Acetylation, methylation, ubiquitylation, phosphorylation, etc
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® DNA methylation



DNA methylation

® Enzyme-mediated methylation of cytosines only Iin
CpG dinucleotides
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Roles for DNA methylation

Silencing parasitic DNA elements such as
transposons, retroviruses, etc

Genomic imprinting — controlling maternal or
paternal-specific gene expression

X Inactivation

Tissue or cell-specific gene expression



Aberrant epigenetic events
implicated in chronic diseases

® CVD - Ordovas and Smith (2010)

® Type 2 diabetes mellitus — Pirola et al (2010),
Wren and Garner (2005)

® Alzheimer’s and cognitive disorders —
Chouliaras et al. (2010), Graff and Mansuy (2009)

® Cancer....



Colon (Bowel) Cancer

® 3rd most common cancer in
UK (>37,500 new cases / year)

® Men >women (~2:1)

Descending
o, colon

® ~16,000 deaths / year (16%
down in last decade)

® ~50% of newly diagnosed will
sApav  Survive >5 years (doubled in
last 30 years)
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The role of lifestyle in the risk of colon cancer.

Age-standardised incidence of CRC in 21 regions in 2002
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Eastern Africa
Northern Africa
Western Africa
South Central Asia
Middle Africa

Parkin et al

2002", CA Cancer J Clin 55, 74-108
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The increasing Incidence of colorectal cancer

in Japan during the 20th century coincided
with westernisation of the diet/lifestyle.
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Cancer and Ageing

® Age is the number one risk factor for colon cancer
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® Age has even been called a potent carcinogen (DePinh
Nature)

® Age-associated changes in the colon include more ce
and less cell death

o~ Harding et al (2008) Cancer Res.

0 (2000)
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The adenoma-carcinoma sequence is the general
model for colorectal carcinogenesis...
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Mucosa mucosa Crypts Adenoma
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IR
‘!'.;" Y L) \.\ 1Y

-

The vul
an age-/g
homeosH

INng Increas - &8
growth, s

dcell death, B s

Colon Cancer



Abnormal DNA methylation in colon
cancer

Color Key
and Histogram

e o
1 I R AR ‘&: -\.rl#'m{

g 4 NCI-60
3
) 0 02 04 068 08 1
Value
Il 7 colon cancer cell lines
I 48 colon cancer samples
8 48 normal tissue samples
B 6 normal control DNAs
T* |{mw| “' !"7 I|
Hﬁ“: IQPLMI"I-FI-‘;'H-I '¢lr\. ! : ' " ;-;I - .
7 W ~~_
L o oyl ;
NERRS e A ~3 different groups of tumours.
B e Different prognoses?
= ,ﬁ i -»,‘ pre | pai Different treaments?

Zof,;

Ehrich M et al. PNAS 2008;105:4844-4849



An early role for aberrant DNA
methylation in colon carcinogenesis

Dnmt3b promotes tumorigenesis in vivo
by gene-specitic de novo methylation
and transcriptional silencing

Heinz G. Linhart,’ Haijiang Lin,"® Yasuhiro Yamada,® Eva Moran,! Eveline J. Steine,’

Sumita Gokhale,! Grace Lo, Erika Cantu,> Mathias Ehrich,* Timothy He,> Alex Meissner,
and Rudolf Jaenisch!3”

Genes and Development (2007) 21, 3110-22

1

Genes methylated by DNA
methyltransferase 3b are similar in mouse
iIntestine and human colon cancer

Eveline J. Steine,' Mathias Ehrich,? George W. Bell,! Arjun Raj,? Seshamma Reddy,’
Alexander van Oudenaarden,® Rudolf Jaenisch,! and Heinz G. Linhart45

J. Clin. Invest. (2011) 121, 1748-52 Zf'



Aberrant DNA methylation is associated with
the field effect...
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Many genes are aberrantly methylated in normal
tissue in an age-dependent manner.....
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Epigenetic differences arise during the lifetime
of monozygotic twins

Marle F. Fraga*, Esteban Ballestar=, Marla F. Paz*, Santlago Ropers®, Fernando Setlen=, Marla L. Ballestar®,
Damila Helne-sunsr®, Juan . Clgudesa®, Migusl UrlosteY, Javler BEnltez, Manus Bo-Chornet®,

Abel sandhez-Lgullerat, Charlotte Ling', Emma Cardsson', Permllle Poulsen®*, Allan Vaag**,
Zarko Stephant, Tim D. Spectort, Yue-Zhong Woed, Chirstoph Plass®, and Kanel EstellarsiS

“Eplg=netis, !Ejg?nﬂtlu, arvd %S eraril o Labor sionias, Spanith Madonal Cancar Cerire (CHIO ), kMalkdar Famerder &l 3, S0 Medrid, Spain:
"I:-ipirl:mqrrl o ol Sderes, Urdverdoy of 'valancie, $5010% alencla, m’uuhtu“ Canstcy Laborabory, G g paarirrsanit, Soom Carsia
Hl:ugrld. o724 Faima de Mallons, Spain: ICsa part e o Clin kil 5cken oes, iy H fal Malmo, Lurd Unkrardiy, =205 Mmoo, Saden: ““Sieno
Dilabeiss Canisr, =30 Ganotta, Dermark: | An Regmarch and Gersdic Epkdamialogy L5 Thoma Hompltal London SE1 7EH, Unisd Kirgdom &rd
Human Carcer Seratlc Frogram, Deperoment of Mokcukkridmicegy, Immunclogy, @rd kedical Genetis, Shio State Unbeersiny, Cokambos, OH 3210

ERENAS

Edh=d by Harley M. Gardaor, Unkars iy of Weshirgoon, Seatida, WA, and spprosad Mey 23, 2005 (remibead Tor reviaess lanuary 17, 20<0E5

*Young MZ twins are epigenetically very similar but
diverge with age.

*Divergence is greatest in twins who have spent the
longest time apart suggesting epigenetic drift (age-
related methylation) is due to lifestyle.

Cell types studied — lymphocytes, buccal, muscle and

adipose o
i



The impact of age, nutrition and metabolic factors on
DNA methylation in the colonic mucosa

® Cross-sectional study of >200 healthy volunteers with

® Quantified the methylation status of several genes in
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Variables contributing significantly to the
variation in DNA methylation selected by

WIF1
SFRP1
SFRP2
APC
SOX17
HPP1
ESR1
MYOD
N33
PCAl

genetic algorithm

BMI Serum Folate  White Cells Monocytes Selenium
Red Cell Folate  Monocytes

Fatness Index

Vitamin D Fatness Index

White Cells

Monocytes

Height

Serum Folate Vitamin D

Waist Serum Folate

Serum Folate Vitamin D Selenium

Positive correlation Sex-specific effect Z‘
Negative correlation P /4



The maintenance of gut health -
preventing mucosal vulnerability

Normal TI M E ‘Vulnerable’
mucosa * mucosa
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Epigenetic changes

———————— Disrupted homeostasis
r ‘ s Compromised renewal
DIET Increased risk of disease
ADIPOSITY MICROBIOTA?
PHYSICAL
ACTIVITY

*Do these epigenetic changes compromise tissue homeostasis?

*How is the “environmental signal” transduced to the epigenome?

*Are these epigenetic changes reversible? Zf«
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The importance of DNA
methylation

® It a flexible genomic parameter that can change in
response to exogenous influences

® It constitutes a missing link between genetics,
disease and the environment (perhaps especially
diet)

® It is widely thought to play a significant (perhaps
decisive) role in the aetiology of many human
pathologies and ageing.



Epigenetic changes: how the
genome learns from experience

»

Epigenetic Altered Altered
changes Y= phenotype
expression

DIET, LIFESTYLE
+ENVIRONMENT




Future prospects

® Epigenetic epidemiology and Epigenome-wide
association studies (EWAS)

® Novel (predictive) biomarkers of health/(risk of)
disease

® Reversiblility



Strategic Relevance

BBSRC's strategic research priority 3 — Basic bioscience underpinning health

*“Basic bioscience is vital to reveal the biological mechanisms underlying normal
physiology and homeostatic control during early development and through life.”

*“A key research goal is to develop a better understanding of the role of diet and
physical activity and the mechanisms by which they affect development and health.”

Some key priorities 2010-2015

®Generate new knowledge of the biological mechanisms of ageing, and the
maintenance of health

®Establish greater understanding of how diet affects h ealth throughout life,
including EPIGENETIC effects, complex dietary exposu  res and gut function
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