Epigenetic approaches in disease studies
and some investigated examples
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How is this information usable to
the living organism?

3% are protein coding genes.
76% transcribed non-coding RNA
21% remaining ... ?

4 million regulatory sites
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Celltype-specific...




The epigenetic code

Important components
of the epigenetic code
N

Binding factors

The epigenetic code
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Association of genotype
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Epigenetic research?
Why?

Where in the genome? Which modifications?

1. Promoters 1. Cytosine methylatio

2. "Shore" regions 2. Cytosine hydroxymethylation

3. Intergenic regions 3. Locus and aa-specific histone

4. Intragenic regions modifications, and combinations of

5. Repeat regions these

6. Enhancers
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From: www.shechterlab.org/2009/science/chromatin-and-the-histone-code/




Environment Stochasticity

+ Diet
\

- Toxicants Genotype
- Infrauterine environment o - Gene polymorphisms Epigenotype
- Early life experience - Somatic/germ cell - DNA-methylation (and
- Smoking mutations other modif.)
- Infection * Histone modifications
* Pharmaceuticals + ncRNAs
* Microbiota
(EREIETTS * Chromatin-modifying
proteins

< Regulation of gene expression
Variable metabolic Change of epigenetic states:
Acute effects enzyme jact{vities, . .
.~ immune response etc 1. Loss of phenotypic plasticity,
> disease/ageing
— L i
\ 2. Erosion of functional genomic domains
" (reduced stability) > cancer/loss of
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In utero effects - Epigenetics in visible action
Consequences of alterations in m}gfhyl-donor state
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The "Hunger Winter" in Holland - in utero
established epigenetic effects

+ Women starving in the first six months of
pregnancy gave birth to small babies who grew
up to be more prone to obesity, coronary
disease, schizophrenia and cancers.

Persistent epigenetic differences associated with
prenatal exposure to famine in humans  PnAs 2008
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Molecular and physiological effects
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Dutch famine 1944-45
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In utero effects - Transgenerational (to F3) effects
on epigenetic modification

Gestating mother exposed to an endocrine
disruptor (sex-determination period)

F, germ line
Male embryo (F)
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Mohan Manikkam et al. Plos One 2012

"Plasticiiy” via epigenetic mechanisms

, Epigenetic programming by maternal

% 1anCG Weaver', Nadia Cervoni?, Frances A Champagne %, Ana C D'Alessio’,

% Jonathan R Seckl*, Sergiy Dymov?, Moshe Szyf* & Michael J Meaney?

Weaver et al. Nature Neurosci. 2004
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Figure from http://learn.genetics.utah.edu/content/epigenetics/rats/




Early life effects; DNA-Methylation in hippocampal GR
affected by parental behaviour

nature
neuroscience
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Epigenetic regulation of the glucocorticoid receptor
in human brain associates with childhood abuse
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McGowan et al. Nature Neurosci. 2009

Three strategies for investigating epigenetic
factors in disease

Disease

Genetics plus environmental factors

Healthy

Environmental impact

Excluding genetic factors
Twins

Susceptibility to disease

Epigenetic analysis

Difficult issues to address;

Causality
Cell type specific epigenomes
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Research involving genome-wide methylation analysis

Genetics/epigentics of rheumatoid arthritis (RA) and multiple sclerosis (MS)
Involvement of smoking

Early life exposures

Epigenetics in chronic alcoholism

Common theme; genetic/environment/epigenetic interactions
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EEigene‘ric basis for autoimmune disease
What is the genetic/epigenetic association/dependency for disease?

Which associations between genome-wide epigenetic profiles, the genotype,
and smoking in RA and MS?
How and what to analyze?

Advanced DNA genomewide methylation analysis of blood cells in large RA
and MS cohorts.

Comprehensive patient clinical/phenotype data
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Genetics and environmental factors

Genetics
= DNA methylation associated with disease

= DNA methylation associated/dependent on genotype

= Disease phenotype mediated by DNA methylation alterations

= Genotype dependent disease phenotype mediated by DNA methylation

= N.B. Epigenetic state in disease may be due to variation of cell type

Environment

= Methylation associated with/caused by, environmental impact (smoking)
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Cell type-specific actions of ing risk SNP for arthritis
Noncoding RNA Cell type-specific DNA regulatory Cell type-specific long-rang
Small noncoding RNA — defined by specific ination in i ions of SNP region
Long noncoding RNA of epigenetic marks with distant gene target
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Open and closed chromatin
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DNA methylation, hydroxyl-methylation
Cell type-specific alterations in gene expression
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Synovial Cl Mast i Synovial
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Increased risk of rheumatoid arthritis

Epigenomics. 2017 Apr;9(4):493-504. doi: 10.2217/epi-2016-0142. Epub 2017 Mar 21
From: Interplay between genetic and epigenetic mechanisms in rheumatoid arthritis.

Frank-Bertonceli M', Klein K', Gay S'
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Genomewide methylation analysis, Illumina Infinium 450k
An ACPA+RA case/control study

Importance of adjustment for cell type (computed)
RA associated Differentially Methylated Positions DMPs

Without adjustment

-Logo (p-value)

T T T
010 -005 00 005 0.0
Methylation Difference (case vs. control)
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Liu et al., Nat Biotechnol. 2013

Causal Inference Testing (CIT) for analyzing
genotype (SNP)/epigenotype/phenotype dependencies
(Conditional correlation analysis adjusted to cell type)

G/M\Y G M\Y G Y

Consequential Independent

Methylation-mediated
(Reverse Causality) (Common Cause)

1) RA-associated DMPs Moasnen Y

2) Genotype dependent G—M Y
DMPs

3) Genotype associated with G Meeee Y
yoton velonbupe A

CIT: DMPs that mediate genetic G—M—Y

risk in RA

Four components of CIT:

* G and Y are associated;

= G is associated with M after
adjusting for Y;

* Mis associated with Y after
adjusting for G;

* G is independent of Y after ad-
justing for M.
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Liu et al., Nat Biotechnol. 2013




Strategy for identifying
epigenetically mediated genetic risk factors
for RA

298,109 CpGs on array
v

1) RA-associated DMPs: 51,476 DMPs

V

6,294 SNPs; 377 DMPs
(9,430 SNP-DMP pairs)

T

2) Genotype-dependent DMPs:

MHC region non-MHC region
3) Genotype-dependent 524 SNPs; 60 DMPs 1 SNP; 1 DMP
DMPs associated with RA: (4,016 SN¢P-DMP pairs) (1 SNP-DMP pair)
CIT:. DMPs that mediate 264 SNPs; 9 DMPs 1 SNP; 1 DMP
genetic risk in RA. (535 SNP-DMP pairs) (1 SNP-DMP pair)
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Liu et al., Nat Biotechnol. 2013

Genotype-dependent DMPs that mediate
genetic risk within the MHC region

€g25949002, rs2076540 A DMP, dependent on a genotype (SNP)

& O
—_ —~ 4 ..
c c 84 i3
S S b
s K
ze RN
[y v
s 2 3
8 3 . Py
T T T T T
Control Case AA Aa aa
Phenotype Genotype
Mannas Y G—>M====- Y
CE B W
8 > S
8 — k3
E —_ — S Eaai F--1 B ="Dependence of rheumatoid arthritis phenotype
e Y R (Y) on genotype (G)”
8 C"E R 2. 3 S with and without adjusting for DNA methylation (M)
@ : ‘ 2O :
AA Aa aa Y~BG  Y~BG+aM
G ty (Unadjusted) (Adjusted for M)
enotype
P Model
G—M G—M—Y

A cvm

CENTER FOR MOLECULAR MEDICINE

Liu et al., Nat Biotechnol. 2013




Genotype-dependent DMPs that mediate
genetic risk within the MHC region

SNP DMP

rs17878703
rs71783033
1s67476479

T —
Nat Genet. : 44(3): 291-296. doi:10.1038/ng.1076.

Five amino acids in three HLA proteins explain most of the
association between MHC and seropositive rheumatoid arthritis

Soumya Raychaudhuri' 2341, Cynthia Sandor!234 Eli A, Stahl'24, Jan Freudenberg?,
Hye-Soon Lee®, Xiaoming Jia'47, Lars Alfredsson®, Leonid Padyukov?, Lars Klareskog?,
Jane Worthington0, Katherine A. Siminovitch!!, Sang-Cheol Bae®, Robert M. Plenge! 24,
Peter K. Gregersen®, and Paul I.W. de Bakker!4. 12131
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Genetically controlled variable methylation
clusters, "GeMes" in healthy individuals
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Liu et al. AJHG 2014
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Variable methylated regions, VMRs

Adjusted Methylation

T T
115,800,000 115,900,000

Chromosome 9

Smoking responsive DNA methylation
is 30-fold enriched in VMRs

Liu et al. AJHG 2014

Risks from Smoking

Smoking can damage every part of the body

Cancers Chronic Diseases
Head or Neck Stroke
Blindness

Gum infection

Lung * ]
Leukemia o Rortic rupture Gnd Tha.r S nOT C(l I coe
Heart disease
Pneumonia

Stomach e
Kidney e——— Hardening of the arteries
Pancreas

* Chronic lung disease
Colon

& asthma

* Reduced fertility

Hip fracture
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