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Environmental Susceptibility of the Epigenome

Bakulski & Fallin. Environmental and Molecular Mutagenesis



Environment     Epigenotype

MeHg

0.085 - 0.60
0.61 - 0.91

0.93 - 1.6

1.64 – 6.8

Tot Hg

0.23 – 1.02
1.03 – 1.39

1.42 – 1.93

1.97 – 6.3



Environment     Epigenotype

Replication in Independent set 

of mother-child samples from 

National Children’s Study Tot Hg

0.23 – 1.02
1.03 – 1.39

1.42 – 1.93

1.97 – 6.3



What does this mean?

How should we interpret such 

findings?

How should we go about this 

moving forward?





Utility of Epigenetic Marks for Public Health
Mechanistic:

Mediator of Genetic Risk:
Genotype Epigenotype Disease
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Environment

Epigenotype
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Biomarker of Disease:

Disease Epigenotype
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Utility of Epigenetic Marks for Public Health
Mechanistic:

Mediator of Exposure Risk:
Environment Epigenotype Disease

Implications:

 May provide mechanistic insight into exposure 

associations

 Drive research regarding biology of the disease 

and potential prevention and treatment 

 Epigenetics may be target for intervention

 Tissue type sampled may be critical



Utility of Epigenetic Marks for Public Health
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Mediator of Exposure Risk:
Environment Epigenotype Disease

Provide mechanistic 

insights, Potential 

targets of intervention, 

Illuminate GxE

interactions

Biomarker:
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DNAm changes associated with prenatal exposure to smoking

AHRR gene

single CpG site
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Detectible Cord Blood Methylation Differences By 

Maternal Smoking in T2
Joubert et al, EHP, 2012

Samples: 1062 newborn cord blood samples (Norwegian Mother and Child Cohort )
Methylation measurements: 485,512 loci (Illumina 450K)
Exposure measurements: maternal plasma cotinine, 18wks

Difference in DNAm

(exposed-unexposed)

Cord Blood

26 CpG sites 



Epigenetic Signatures of Prenatal Exposure Seen 

in Newborns and in Young Children

Methylation difference 

(exposed-unexposed) 

Chris 
SEED 3-5 year olds

Ladd-Acosta

Cord blood at birth

Methylation difference 

(exposed-unexposed) 



Utility of Epigenetic Marks for Public Health
Biomarker of Exposure:

Environment

Epigenotype

Disease

Implications:

 Epigenotypes may provide measurable biomarkers of 

exposure

 May be able to measure past exposure – opens up 

possibilities for design alternatives or overcoming 

limitations of particular study designs

 Not causally related, so epigenetics are not the target 

for intervention, but may be (better) biomarker of 

cumulative exposure

 Non-target tissue may be useful proxy



Utility of Epigenetic Marks for Public Health
Mechanistic:

Mediator of Genetic Risk:
Genotype Epigenotype Disease

Mediator of Exposure Risk:
Environment Epigenotype Disease

Provide mechanistic 

insights, Potential 

targets of intervention, 

Illuminate GxE

interactions

Biomarker:

Biomarker of Exposure:
Environment

Epigenotype

Disease
Expand reach of 

exposure 

measurement



Why care about Epg Mediation of Genetic 

Effects for this workshop?
Mediator of Genetic Risk:

Genotype Epigenotype Disease



Why care about Epg Mediation of Genetic 

Effects for this workshop?
Mediator of Genetic Risk:

Genotype Epigenotype Disease



Mediator of Genetic Risk:

Genotype Epigenotype Disease

Implications:

 Epigenotype more proximal to disease state – may 

have higher effect sizes that can drive biological 

discovery

 Epigenotype is potentially modifiable, genes are 

(typically) not

 May provide mechanistic insight into genetic 

associations

 Drive research regarding biology of the disease 

and potential prevention and treatment 

 Ancestry can confound exposure associations!



Genetic Ancestry Can Confound 

Exposure Associations!



Utility of Epigenetic Marks for Public Health

Mediator of Exposure Risk:
Environment Epigenotype Disease

Provide mechanistic 

insights, Potential 

targets of intervention, 

Illuminate GxE

interactions

Biomarker of Exposure:
Environment

Epigenotype

Disease
Expand reach of 

exposure 

measurement



Challenges for Epigenetic Marks of 

Cumulative Risk

 Tissue availability & specificity (and relevance)

 DNAm Measurement

 Design and timing

 Potential confounding (by age, ancestry, cell type, batch, 

tissue, etc)

 Load metric

 Statistical approach



Relevant 

Tissue
Utility in 

Public Health

Environment Epigenotype Disease

(A) Epigenetics as a MEDIATOR of Exposure Risk:

• Identify intervention 

targets

• Illuminate GxE

interactions

• Provide mechanistic 

insights into 

observed 

associations

• Disease 

tissue

• Surrogate 

tissue*

(B) Epigenetics as a BIOMARKER of Exposure:

Environment

Epigenotype

Disease

• Expand exposure 

measurement reach

• Surrogate

/disease 

tissue

*In certain circumstances a surrogate tissue may show the same relationship as diseased tissue



Challenges for Epigenetic Marks of 

Cumulative Risk

 Tissue availability & specificity (and relevance)

 DNAm Measurement

 Design and timing

 Potential confounding (by age, ancestry, cell type, batch, 

tissue, etc)

 Load metric

 Statistical approach



How Do We Measure DNA Methylation?
An Overview of Scale & Cost

Scale Name Type of Method
Amt. DNA 

Needed
Disadvantages

Global LUMA single measurement 500 ng
• does not identify specific 

loci

Genome-

wide, gene-

specific

Whole-genome 

Bisulfite 

Sequencing

Bisulfite-based 1 ug
• expensive

• amount of starting material

Genome-

scale,

gene-

specific

RRBS/SureSele

ct

Reduced

Representation 

Bisulfite-based

1 ug
• mainly CpG island regions

• amount of starting material

Infinium 450k Bisulfite-based 500 ng • genomic coverage

MeDIP/MBD Antibody-based 4 ug
• mainly CpG island regions

• amount of starting material

CHARM/HELP Enzyme-based 3 ug • amount of starting material

Candidate 

gene

Bisulfite 

Pyrosequencing
Bisulfite-based 500 ng

• small number of loci 

measured



Challenges for Epigenetic Marks of 

Cumulative Risk

 Tissue availability & specificity (and relevance)

DNAm Measurement

Design and timing

Potential confounding (by age, ancestry, cell type, batch, 

tissue, etc)

Load metric

Statistical approach













Source: Foley DL, et al. 2009. Am J Epidemiol. 169(4):389-400. Prospects 

for epigenetic epidemiology.



Challenges for Epigenetic Marks of 

Cumulative Risk

 Tissue availability & specificity (and relevance)

 DNAm Measurement

 Design and timing

 Potential confounding (by cell type, batch, tissue, age, 

ancestry, etc)

 Load metric

 Statistical approach



Cell Heterogeneity: Most tissues are heterogeneous 

cell mixtures

A set of DNAm sites can 

distinguish types of cells 

in blood



Estimation and Adjustment for Cell 

Type in Blood-derived DNA

(1) Houseman estimation – use the DNAm patterns to 

predict cell type proportions in a mixture (such as whole 

blood)



Estimation and Adjustment for Cell 

Type in Blood-derived DNA

(1) Houseman estimation

(2) PC on predicted % cell type estimates
(3) Use PCs as adjustment factors



DNAm Signatures of Aging



DNAm Signatures of Aging



Challenges for Epigenetic Marks of 

Cumulative Risk

 Tissue availability & specificity (and relevance)

 DNAm Measurement

 Design and timing

 Potential confounding (by age, ancestry, cell type, batch, 

tissue, etc)

 Load metric

 Statistical approach



What metric to use to quantify 

cumulative exposure epigenetically?

 Individual CpG DNAm levels?

 Unweighted score across CpGs defined by 

some exposure association threshold?

 Not as predictive as weighted scores

 Weighted score?

 Need high-precision 

weights (large N)
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