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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.
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The epigenetic code

Al Two important components
i w.| of the epigenetic code

The epigenetic code
is unique for each cell type!

...and for each disease

Gene expression programs e
> Cellular phenotype/ architecture '
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The epigenetic state
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Environment
* Diet
* Physical activity

« Intrauterine
environment

» Infection
« Sleep debt

* Endocrine disrupting
chemicals

- Pharmaceutical side
effects

- Ambient temperature

Direct toxic or mutagenic
effects

+

Genotype

* Gene polymorphisms
* Spontaneous mutations

Stochasticity

Var'lable metabolic
enzyme activities,
structural proteins

Phenotype

IMU Nov. 2011
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* DNA-methylation
* Histone modifications
* Small RNAs

* Chromatin-modulating
proteins

Altered gene regulation,
ageing, disease
Phenotypic plasticity



Epigenetic changes leading to new cell identities

Permissivenessl!!! —

Driving differentiation

Preventing dediff. Celltype 1, e.g. liver cell

Waddington’s epigenetic landscape (1957) IMU Nov. 2011
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The epigenome has a life cycle,
the genome does not
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Epigenetic reset and reprogramming in germ line

Epigenetic marks/landscapes
distinguish:

Stem e€lls
Tissue types
Ageing
Cancer
Cardiovascular disease
Renal disease
Diabetes
Brain disorders

e Depression

o Alzheimers

e Schizophrenia

e Stress
Environmental impact



Can epigenetic marks cross the germ line

and give transgenerational effects?
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Gestating mother exposed to an endocrine
disruptor (sex-determination pericd)




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

Alteration in DNA-methylation

Control Vinclozolin
Genomewide 5o AR G — - *r—
DNA-methylation
changes
FEEEE— @mEER-
F2 F3

Control Vinclozolin Control Vinclozolin

DNA-methylation changes
in the cytokine-inducible - — Hpall
SH2 protein gene
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The effect of grandparental food supply at
different times in their early life, on the mortality
rate of their grandsons

14 16 18
Age of Paternal Grandmother (years)
*p<0.05 " p<0.02 ***p<0.01

I- k Marcus E Pembrey, Lars Olov Bygren, Gunnar Kaati, Séren Edvinsson, Kate Northstone, Michael Sjéstrém,
Karolinska Jean Golding and The ALSPAC Study Team

Institutet European Journal of HumaniGonefics (209) i, 159-166



Availability of methylation,
dietary consequences for clinical epigenetics

Why is this important...?

5-methyl Cytosine
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Affected by Bisphenol A in plastic food containers

Counteracted by:

Genistein, choline, betaine, folate, Vit.B12 Same genome, A1)/ G yellow agout).

Systemic expression of agouti protein
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...because it helps understanding how
environment may affect phenotype
sensitivity through epigenotype

Clinically relevant epigenetic effects
caused by external impact

IMU Nov. 2011



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

= Frequent presence of genome and

/ < antigens of CMV in certain malignant
HCMV / tumors
/ 2 Zas = colon cancer
I = glioblastoma multiforme
[yg » EBV-negative Hodgkin's lymphoma

m cervix cancer
= prostatic carcinoma
s breast cancer

= Non-cancer cells in the vicinity of
the tumor cells appear to be CMV

HCMV infection negafive!
Oncomodulation

Transformation by CMV not known

Pl Epigenetic components involved?

IMU Nov. 2011



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.

IMU Nov. 2011






Epigenetic programming by maternal behavior

Ian C G Weaver!?, Nadia Cervoni®, Frances A Champagne'?, Ana C D’ Alessio®, Shakti Sharma',
Jonathan R Seckl®, Sergiy Dymov®, Moshe Szyf>* & Michael ] Meaney'?

HPA-axis

Catticotropin-
releasing hormona
Pituitary gland

@ and growth o
.hotmone °

Nature Reviews | Immunoloay



Inheritance of acquired behaviour...?

GR gene in the hippocampus
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Change in of fspring hippocampal epigenetics due
to maternal behaviour...?

ﬁﬁﬁﬁﬁ o— Low-LG/ABN
—o0— High-LG/ABN

CpG dinucleotide

C-methylation (%)

E20 P1 P6 P21 P90
Age (days)

Dynamics of age dependent DNA-methylation in the GR-promoter
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...and reversal of maternal effects on stress response
by epigenetic drug

3]
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Remedies for bad
mothers...?

Serum cortico-
sterone

Corticosterone (ug/dl)
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How about people??

namnre .
neuroscience

Epigenetic regulation of the glucocorticoid receptor
in human brain associates with childhood abuse

Patrick O McGowan"?, Aya Sasaki'?, Ana C D'Alessio?, Sergiy Dymov?, Benoit Labonté', Moshe Szyf™?,
Gustavo Turecki™ & Michael | Meaney">*
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The stress of being born normally (vs. c-section)
impacts (positively?) on the global methylome.

Long term effects?

IMU Nov. 2011



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

First author Asthma Controls 0dds ratio (95%CT) OR (95% CI) Ii::f;;::

C-sect./tot (%) C-sect./tot (%) (%)
Oliveti 33/131 (25) 31/131 (24) R S— 1.09 (0.62,1.91) 1.1
Xu 40/282 (17 1098/7804 (14) T 1.28 (0.94,1.76) 29
Nafstad 201160 (13) 259/2312 (11) ——-:— 1.13(0.70,1.84) 14
Xu 14/98 (14) 89/1855 (3 : —_—s— 331 (1.81,6.05) 0.9
Annesi-Maesano 39/406 (10) 249/3659 (7 X 1.46 (1.02,2.07) 24
McKeever 873/5082 (a7 3200/19 608 (16) . I 1.06 (0.98,1.15) 11.5
Kero 366/2050 (18) B8460/57 815 (15) 1.27(1.13.1.42) 9.5
Kero 812 (67) 58/119 (49) : > 2.10(0.60,7.36) 0.2
Bager 69/1116 (6) 424/8606 (5) —:I— 1.27 (0.98,1.65) 39
Hakansson 11207113 058 (9) 60 110/850 175 (M - 1.23(1.16,1.31) 126
Negele 1 9) 424/1432 (300 E : 0.24 (0.03,1.86) 0.1
Vonk 14/133 (1n 25/401 (6) o 1.77 (0.89,3.51) 0.7
Maitra 175/1461 (12) 602/5735 (10) -—.:— 1.16 (0.97,1.39) 6.4
Smith 641/3856 (17) 24 728/169 283 (15) - 1.17 (1.07,1.27) 11.3
Kurukulaaratchy 16/107 (15) 65/737 9 : 1.82(1.01, 3.28) 1.0
Debley 385/2028 (19) 1239/8292 (15) JI-.— 1.33(1.18,1.51) 8.9
Al-Kubaisy 41/644 (6) 111/1618 M _ e 0.92 (0.64,1.34) 22
Hagendorens 26/196 (13) 62/592 (10) __:_-_ 1.31(0.80, 2.13) 14
Bernsen 107144 (7 7141507 (5) : 1.51(0.76, 3.00) 0.7
Juhn 41/469 9) 673/6637 (10) —-——: 0.85 (0.61,1.18) 2.7
Renz-Polster 132/698 (19) 11547174 (16) »—*— 1.22(1.00,1.49) 5.6
Salam 129/508 (25) 584/2928 (20) _:_._ 1.37 (1.10,1.70) 5.0
Rusconi 247/844 29) 3916/14 765 27 1.15(0.98.1.34) 15

]
Overall® <I> 1.22 (1.14, 1.29) —
Childhood studies” < 1.20 (1.14, 1.26) OR 1 .22

02 0.5 1 2 5

Reduced risk of asthma after Caesarean Increased risk of asthma after Caesarean

Namn Efternamn Thavagnanam S, 2008



..and type 1 diabetes mellitus...

First author Type 1 DM Controls . . Relative
s o e S — OR (95%CI) OR (95%CD  (eiohe (%)
(n/N)
I
Dahlquist [42] 11 @932710) 8  (687/8,148) N 1.32 (1.14-1.52) 22
Patterson [24] 13 (42700 8 (112/1,355) A = 1.60 (1.06-2.42) 3
McKmney [25] 15 (33200 10 (43/433) : = 1.59 (0.98-2.59) 2
Tai [34] 14 (6117 14 (27193) L 0.97 (0.50-1.90) 1
Rami [27] 15 (3m6) 11 (4423 — 1.51 (0.76-3.01) I
Bache [36] 11 (92/839) 9 (159/1,687) N 1.18 (0.90-1.55) 7
ED — Bulgaria [15] 13 (16/125) 13 (56/435) ! 0.99 (0.55-1.80) 2
ED - Latvia [15] 5 (733 6 (17/301) : 0.93 (0.38-2.29) 1
ED - Lithuania [15] 7 (®14) 6 (17/269) -— 1.10 (0.46-2.62) 1
ED - Luxembourg [15] 18 (1057 17 (29171 - 1.04 (0.47-2.30) 1
ED - Romania [15] 10 @m0) 8§ (2217 - 1.29 (0.55-3.02) 1
Visalli [43] 27 (38/142) 21 (148710) o= 1.37 (0.91-2.07) 3
Stene® [17] 11 @o1/1824) 11 (151,735/1,384,191)° —-_: 1.05 (0.91-1.22) 24
Stene [30] 14 (50346) 11  (1821628) = 1.34 (0.96-1.88) J
Cardwell [32] 10 (101987) 7 (32,744439072) -+ B - 1.41 (1.15-1.74) 12
Sipetié [38) 9 () 5 (11210 ' - > 1.70 (0.68-4.23) 1
Svensson [37) 15 (M4 12 (19/679) — 1.33 (0.94-1.88) 4
Malcova [39] 9 (78/833) 8  (1071414) - 1.26 (0.93-1.71) 6
Tenconi [40] 20 (16777) 19 (32/166) le 1.25 (0.61-2.56) 1
levins® [18] 6 (23/%96) 7 (18,583/281 641) : e 2o S a
- ;\ OR = 1.23
05 066 1.5

Namn Efternamn

Reduced risk of diabetes after Caesarean section

Increased risk of diabetes after Caesarean section

Cardwell CR, 2008
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REGULAR ARTICLE

Epigenetic modulation at birth - altered DNA-methylation in white blood

cells after Caesarean section

T Schlinzig', S Johansson?, A Gunnar®, T) Ekstrom®, M Norman (mikael.norman@ki.se)'
1. Department of Clinical Scence, Intervention and Technology, Karolinska Institute, Stockholm, Sweden

2. Department of Woman & Child Health, Karolinska Institute, Stockholm, Sweden
3. Department of Clinical Neuroscience, Kamlinska Institute, Stockholm, Sweden
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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

IMU Nov. 2011



Rheumatoid arthritis; epigenetics as a novel
paradigm for pathogenesis and phenotype

@ A
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Environmental impact on development of
ACPA and Rheumatoid arthritis

© 'mmune response
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The dynamics of epigenetics
Age dependent DNA-methylation divergence

in monozygotic twins

3- year-old twins 50-year-old twins

a@ gm Karolinska

o ‘%\é Institutet IMU Nov. 2011 Mario F. Fraga et al., PNAS 2005



Genetic predisposition to epigenetic change

Intra-individual Change Over Time in DNA
Methylation With Familial Clustering

Hans T. Bjornsson, MD, PhD

Martin L. Sigurdsson, MD

M. Daniele Fallin, PhD

Rafael A. Irizarry, PhD

Thor Aspelund, PhD

Hengmi Cui, PhD

Wengiang Yu, PhD

Michael A. Rongione, BA

Tomas J. Ekstriim, PhD

Tamara B. Harris, PhD

Lenore J. Launer, PhD)

Gudny Eiriksdottir, PhD

Mark F. Leppert, MD

Carmen Sapienza, PhD)

Vilmundur Gudnason, MD, PhD

Andrew P. Feinberg, MD. MPH

™ PIGENETIC MARKS ARE MODIFI-

Context Changes over time in epigenetic marks, which are modifications of DNA
such as by DNA methylation, may help explain the late onset of common human dis-
eases. However, changes in methylation or other epigenetic marks overtime in a given
individual have not yet been investigated.

Objectives To determine whether there are longitudinal changes in global DNA meth-
ylation in individuals and to evaluate whether methylation maintenance demon-
strates familial clustering.

Design, Setting, and Participants We measured global DNA methylation by lu-
minometric methylation assay, a quantitative measurement of genome-wide DNA meth-
ylation, on DNA sampled at 2 visits on average 11 years apart in 111 individuals from
an Icelandic cohort (1991 and 2002-2005) and on average 16 years apart in 126 in-
dividuals from a Utah sample (1982-1985 and 1997-2005).

Main Outcome Measure GClobal methylation changes over time.

Results Twenty-nine percent of lcelandic individuals showed greater than 10% meth-
ylation change over time (P < .001). The family-based Utah sample also showed intra-
individual changes over time, and further demonstrated familial clustering of methyl-
ation change (P=.003). The family showing the greatest global methylation loss also
demonstrated the greatest loss of gene-specific methylation by a separate methyl-
ation assay.

Conclusion These data indicate that methylation changes over time and suggest that
methylation maintenance may be under genetic control.

JAMA. 2008;299(24):2877-2883 WWW_jama.com

IMU Nov. 2011



Global DNA-methylation analysis of
an Icelandic cohort

Figure 1. Global Change in Hpall Methylation in Individuals Over Time in the Iceland Cohort
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Individuals Ordered by Change

DNA methylation was measured by luminometric methylation assay between the 2 time points for the Iceland
cohort (circles). Each circle represents an individual, and they are ranked on the x-axis based on the magnitude
and direction of the change. The y-axis shows the absolute change between time points in the global percentage
of methylation. The range of results from permutations of the time points within individuals, emulating the null
hypothesis of no time effects, are shown as well (tinted region).

IMU Nov. 2011 Bjornson et al. JAMA, 2008
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Change in Hpall methylation as measured by luminometric methylation assay between the 2 time points (av-
erage 16-year interval) for the Utah cohort, sorted by family. Each circle represents an individual.




Illumina Golden Gate gene-specific
analysis of a Utah family

and Across All Individuals,
Among These Genes

Gene Symbol Gene Function
Almz2 Absent in melanoma 2 Interferon-vy—inducible transcript
CSF3R2 Colony-stimulating factor 3 receptor Colony-stimulating factor 3
receptor
HOXAS Homeobox AS Hox gene
PTKE Protein tyrosine kinase 6 Protein, tyrosine kinase
ERCC3 Excision repair cross-complementing Helicase with excision repair
rodent 3 functions
[ MO23 LIM domain only 2 Role in erythropoiesis and in
T-cell leukemogenesis
SyKa Spleen tyrosine kinase Spleen, tyrosing kinase
fL102 Interleukin 10 Cytokine
BIRC4 Baculoviral IAP repeat—containing Apoptosis inhibitor
protein 4
fl 163 Interleukin 16 Cytokine
CN23 Lipocalin 2 Protein associated with
neutrophil gelatinase
TRIFE Thyroid receptor—interacting Regulates lysophosphatidic
protein 6 acid—induced cell migration
ENMBR32 egf-Like module—containing Whyeloid-myeloid interactions

mucin-like receptor 3

during immune and
inflammatory responses

a

(Genes that play a role as immunological modulators.

IMU Nov. 2011

Bjornson et al. JAMA, 2008



Is there any association of the GENETIC
information with the EPIGENETIC,
which can influence RA disease RISK?

IMU Nov. 2011



Identification of differentially methylated
regions (DMR) in MZ twins
discordant for rheumatoid arthritis
CHARM algorithm modified for paired analysis

IMU Nov. 2011



Environmental (smoking) impact on
development of ACPA and Rheumatoid
arthritis in a large Swedish cohort

25

(40.2)
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Current analysis: Can smoking explain methylation
changes and disease risk in the RA discordant MZ twin

cohort?

Klareskog et al. Annu. Rev. Immunol. 2008. 26:651-75
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Is there any association of the GENETIC
information with the EPIGENETIC,
which can influence RA disease

PHENOTYPE?
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