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Outline

 Principles of epigenetics

 Experimental project, viral impact on epigenetic mechanisms

 Clinically oriented approaches using human subjects/patient 
material to assess epigenetics for phenotype and risk
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Epigenetics is mitotic and/or meiotic heritable
property in gene function which…

…can not be explained by the DNA sequence.

The conductor/operating system of the genome
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The epigenetic code

Histone modifications

Histone tails

Two important components
of the epigenetic code

Histones

DNA-methylation

Chromosome

The epigenetic code
is unique for each cell type!

...and for each disease

Gene expression programs
> Cellular phenotype/ architecture
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■ Posttranslational histone modifications of  
nucleosomal histone N-terminal tails 

The ”Histone Code”

and

■ DNA modifications
Methylation of Cytosines in CpG dinucleotides
De Novo and Maintenance methylation

Cross-talk

The epigenetic state
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Phenotype

Environment
• Diet

• Physical activity 

• Intrauterine 
environment

• Infection

• Sleep debt

• Endocrine disrupting 
chemicals

• Pharmaceutical side   
effects

• Ambient temperature

Genotype
• Gene polymorphisms

• Spontaneous mutations++

Direct toxic or mutagenic
effects

Altered gene regulation,
ageing, disease
Phenotypic plasticity

Epigenotype
• DNA-methylation

• Histone modifications

• Small RNAs

• Chromatin-modulating 
proteins

Stochasticity

Variable metabolic
enzyme activities,
structural proteins
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Totipotent stem cell

Celltype 1, e.g. liver cell

Cell type 2, e.g.  skin cell

Cell type 3, e.g. nerve cell

Cell type 4, e.g. muscle cell

Epigenetic changes leading to new cell identities

Waddington’s epigenetic landscape (1957)

Permissiveness!!!
Driving differentiation
Preventing dediff.
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The epigenome has a life cycle,
the genome does not

Epigenetic marks/landscapes 
distinguish:
• Stem cells 
• Tissue types
• Ageing
• Cancer
• Cardiovascular disease
• Renal disease
• Diabetes
• Brain disorders

• Depression
• Alzheimers
• Schizophrenia
• Stress

• Environmental impact

Epigenetic reset and reprogramming in germ line
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Can epigenetic marks cross the germ line

and give transgenerational effects?
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Transgenerational (to F3) effects on epigenetic
modification by the antiandrogenic Vinclozolin

Anway et al. Endocrinol. 2006IMU Nov. 2011



From Anway et al., (2005) Science, 308,1466-1469 

Transgenerational (to F3) effects on epigenetic
modification by the antiandrogenic Vinclozolin

Alteration in DNA-methylation

DNA-methylation changes
in the cytokine-inducible
SH2 protein gene

Genomewide
DNA-methylation
changes
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Adult disease states or abnormalities in vinclozolin and 
control generation (F1–F4) animals.

Males Females

Anway et al. Endocrinol. 2007IMU Nov. 2011



The effect of grandparental food supply at 
different times in their early life, on the mortality 

rate of their grandsons

Marcus E Pembrey, Lars Olov Bygren, Gunnar Kaati, Sören Edvinsson, Kate Northstone, Michael Sjöström, 
Jean Golding and The ALSPAC Study Team

European Journal of Human Genetics (2006) 14, 159–166

good supply = red squares
poor supply = green squares
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Availability of methylation,
dietary consequences for clinical epigenetics

Methionine 
+ THF

Homocysteine

Vitamin B12

Same genome, Avy (viable yellow agouti).
Systemic expression of agouti protein
impairs satiety

Affected by Bisphenol A in plastic food containers

Counteracted by:
Genistein, choline, betaine, folate, Vit.B12
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Why is this important...?



Clinically relevant epigenetic effects
caused by external impact
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...because it helps understanding how 
environment may affect phenotype 

sensitivity through epigenotype



The potential role of CMV in cancer
Clinical Effects by Epigenotype?

 Frequent presence of genome and 
antigens of CMV in certain malignant 
tumors
 colon cancer 
 glioblastoma multiforme
 EBV-negative Hodgkin´s lymphoma 
 cervix cancer 
 prostatic carcinoma 
 breast cancer 

 Non-cancer cells in the vicinity of 
the tumor cells appear to be CMV 
negative!

Transformation by CMV not known
Epigenetic components involved?
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Cytomegalovirus, a common
epigenomic abuser?

1. The cellular DNA-methylation state affects infection susceptibility.

2. CMV causes intracellular relocalization of epigenetic modifiers, 
preventing DNA-methylation in a virus strain-specific manner.
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Early established and long-term
adult epigenetic effects
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HPA-axis
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NGFI-A binding site

Inheritance of acquired behaviour...?

Weaver et al. Nature Neurosci. 2004

GR gene in the hippocampus
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Dynamics of age dependent DNA-methylation in the GR-promoter

Change in offspring hippocampal epigenetics due 
to maternal behaviour...?

Weaver et al. Nature Neurosci. 2004IMU Nov. 2011



...and reversal of maternal effects on stress response 
by epigenetic drug

Weaver et al. Nature Neurosci. 2004

Serum cortico-
sterone

Remedies for bad
mothers...?
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How about people??
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The stress of being born normally (vs. c-section)
impacts (positively?) on the global methylome. 

Long term effects?
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Risk for autoimmunity?



C-section recently associated with increased risk for auto-
immune diseases such as asthma…

25 november 2011Namn Efternamn 25Thavagnanam S, 2008

OR = 1.22



..and type 1 diabetes mellitus…

25 november 2011Namn Efternamn 26Cardwell CR, 2008

OR = 1.23



..and celiac disease…

OR = 1.8 [95%CI 1.13-2.88]

25 november 2011Namn Efternamn 27Decker E, Pediatrics 2010



PN PN
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25 november 2011Namn Efternamn 29

…from the Karolinska Institute, in 
Stockholm, said: "Delivery by C-
section has been associated with
increased allergy, diabetes 
and leukaemia risks

"Although the underlying cause is 
unknown, our theory is that
altered birth conditions could 
cause a genetic imprint in the 
immune cells that could play a role 
later in life“, reports The Telegraph



Epigenetic basis for Rheumatoid arthritis
What is the genetic/epigenetic association with disease and phenotype?

 Over 2,000 new cases appear per year in Sweden, 
 Prevalence about 0.7% of the population
 Lifetime risk to develop RA is over 2%.
 A correlation between RA, HLA type and smoking
 The direct and indirect anual costs for society have been estimated to 

850 million € (Sweden 2001)

Q. Which associations exist between genome-wide epigenetic profiles, 
the genotype, and the life style/exposures (in particular smoking)?

Approach. Methylation analysis of large RA cohorts and discordant MZ twins 
in combination with exhaustive patient data
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Rheumatoid arthritis; epigenetics as a novel 
paradigm for pathogenesis and phenotype

Disease Activity Score, DAS28
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Klareskog et al. Annu. Rev. Immunol. 2008. 26:651–75

Environmental impact on development of 
ACPA and Rheumatoid arthritis
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Citrullinated proteins
exist normally in healthy
individuals as well



The dynamics of epigenetics
Age dependent DNA-methylation divergence

in monozygotic twins

Mario F. Fraga et al., PNAS 2005
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Genetic predisposition to epigenetic change
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Bjornson et al. JAMA, 2008

Global DNA-methylation analysis of
an Icelandic cohort
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Bjornson et al. JAMA, 2008

LUMA analysis of a Utah cohort
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Bjornson et al. JAMA, 2008

Illumina Golden Gate gene-specific
analysis of a Utah family
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Is there any association of the GENETIC
information with the EPIGENETIC,

which can influence RA disease RISK?

Is there any association of the GENETIC
information with the EPIGENETIC,

which can influence RA disease 
PHENOTYPE?



Identification of differentially methylated 
regions (DMR) in MZ twins

discordant for rheumatoid arthritis
CHARM algorithm modified for paired analysis
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Klareskog et al. Annu. Rev. Immunol. 2008. 26:651–75

Environmental (smoking) impact on 
development of ACPA and Rheumatoid 

arthritis in a large Swedish cohort
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Current analysis: Can smoking explain methylation 
changes and disease risk in the RA discordant MZ twin 
cohort?
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Is there any association of the GENETIC
information with the EPIGENETIC,

which can influence RA disease 
PHENOTYPE?

Is there any association of the GENETIC
information with the EPIGENETIC,

which can influence RA disease RISK?
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