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Overview

00
e Brief Introduction: Environmental & Nutritional

Epigenetics & the Developmental Origins of Health
and Disease

e Conceptual Framework of U-M Children’s Environmental
Health Center: Focus on Nutrient-Toxicant Interactions &
Combines Animal Model and Human Population Approaches

e Perinatal Exposures and Epigenetic Effects:
— (A) Diet matters (mitigate and exacerbate toxicant effects)
— (B) Lifecourse matters (epigenetic drift with age)

— (C) Future generations matter (Somatic vs germline vs
transgenerational)




A Tail of Two Mice
- Or' -
Why DNA is Not (Necessarily) Your Destiny
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The Epigenome

Heading the chart
The cuter ring represents 35 millon base pars in Chromosome 22,

Crange marks highlight areas of the chromosome that were testad for

Lol methylation in a pilot study by the Human Epigenome Froject

Measuring CpG methylation
Bar charts indicate the average
amount of Cpla meathylation found
within the tested areas. Each
chart covers 100,000 bass
=ome charts have bean shifted
shown with connecting lines
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The Agouti Sisters




Epigenetic

The two main components

SWltC h eS - 2 of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity,

Histone modification

A combination of different
molecules can attach to the ‘tails’
of proteins called histanes. These
alter the activity of the DNA
wrapped around them.

Chromosome




The Agouti Sisters




Bisphenol A (BPA)

courtesy of NIH




From Mice to People
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I}]SPH Conceptual Framework for Environmental

Epigenetics Research s

ELEMENT

Pacific

AY Mouse
Model

Population-based Birth Cohorts and
prospectively collected samples

Perinatal Bisphenol A (BPA) Exposure, Epigenetics, and Metabolic
Homeostasis

Perinatal Exposures & Life Course Follow-up
Dietary Assessment
Epigenetic Drift with Age
Tissue and Cell Specific Epigenetic Alterations



(A) Diet Matters:

IMaternal Supplementation Counteracts BPA
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(A) Diet Matters:
BPA + High Fat Diets: Humanized Diets

Kcal/g Diet 3.98 4.53 4.72
% Calories from Fat 16% 42% 40%
PUFA:SFA:MUFA 1:0.2:0.5 1:1.3:5.6 1:19:1.6
Protein (casein) 20 19 19
Carbohydrate Content (g/100g chow)
Cornstarch 40 23 14
Sucrose 10 9.2 25.5
Cellulose 5 8 2

Lipid composition and type of carbohydrate were altered and protein kept
constant.

Vitamins and minerals were altered to mimic human HFDs

Med diet based on human Cretan diet (Kafatos et all 2000 JADA) and Western
chow was based on US. Junk food diet (USDA 2012)



(A) Diet Matters:
IMaternal Diet and Epigenetics in Humans
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(B) Lifecourse Matters:

Epigenetic Reprogramming

Primordial germ cells

Male

Gametogenesis
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development
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Old age

Gonadal sex determination

Adult development Early embryogenesis

Jirtle and Skinner Nature Reviews Genetics 2007




(B) Lifecourse Matters:

Perinatal Lead (Pb) Exposure and Coat Color
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(B) Lifecourse Matters:

Pb & Persistent Effects on Male Body Weight

Body weight was higher at weaning and persisted across
lifespan in the males exposed to Pb perinatally.
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(B) Lifecourse Matters:

Perinatal BPA and Physical Activity

Vertical Activity (counts/hr)
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(B) Lifecourse Matters:
Perinatal BPA and Liver Tumors

Percentage of animals with
neoplastic and pre- o]
neoplastic lesions

20

* p<0.05 on exact test and
test of trend

10

0
Control (n=2/19) 50 ng/kg diet (n=3/20) 50 pg/kg diet (n=5/21) 50 mg/kg diet (n=8/18)

Dietary dose bisphenol A

50

40

Low dose incidence of
multinucleated hepatocytes

(non-significant)

0 . ;
Control (n=0/19) 50 ng/kg diet (n=4/20) 50 pg/kg diet (n=3/21) 50 mg/kg diet (n=1/18) Weinhouse et al.

Dietary dose bisphenol A E H P 20 14



(B) Life Course Matters
Early Life Pb Exposure and Epigenetic Drift in
the ELEMENT Cohort
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E3SPH | Perinatal Lead (Pb) Exposure and

&a
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90
Adjusted for gestational

. . age, gender, maternal
) folate intake in linear
regression model:

Beta=-0.02 (p= 0.04)

Mean LINE-1 Methylation (%)

_ LINE-1 methylation
(9-00%) decreases by 0.02% per
each pg/g maternal
patella Pb
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(C) Future Generations Matter:

ﬁ Youngson NA, Whitelaw E. 2008.
Annu. Rev. Genomics Hum. Genet. 9:233-57

Inter- or Multi-
generational (F1, F2)

http://www.germlineexposures.org
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Transgenerational
(F3 or beyond)

PLoS ONE 2010; Anway et al 2005
Science; Anway et al 2006
Endocrinology
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Prenatal Exposures

* Metal mixtures
* Endocrine disruptors
* Diet

MMIP cohort
validation

Child Exposures
¢ Metal mixtures
* Endocrine disruptors

Adolescent Exposures

* Metal mixtures

* Endocrine disruptors
* Diet

! Epigenetic Regulation i

* Target versus
bioavailable
tissues

MMIP cohort
validation

* Longitudinal
change

h At Birth
N At “now”
At “future”

Infant Health Qutcomes

* Metabolic Abnormalities
* Insulin/glucose ratio
* Lipid levels, inflammation
* Body weight

Child Health Outcomes
* Metabolic Abnormalities

* Insulin resistance

* Lipid levels, inflammation

* Body weight & composition
* Hyperadrenergia

Adolescent Health Outcomes
* Metabolic syndrome
* Insulin resistance
* Lipid levels, inflammation
* Blood pressure
* Body weight & composition
* Hyperadrenergia
* Sexual maturation

University of Michigan Children’s Environmental Health Center
Conceptual Framework — Obesity and Metabolic Syndrome Risk
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(A) Diet Matters:
BPA + High Fat Diets: Humanized Diets

Macro & Micronutrient Content of 2 Mouse Diets
Diet Ingredients Control Mediterranean  Western
MACRONUTRIENTS

Kcal/g Diet 3.98

% Calories from Fat 16% 42%

PUFA:SFA:MLUFA 1:0.2:0.5 1:13:56

Protein {casein) 20 19

Carbohydrate Content (g/100g chow) = Lipid composition and
Comnstarch 40 23 | Ypeol carbohyrate
Sucrose 10 9.3 . were altered; protein

was kept constant.

Cellulose 3 5 Z Vitamins & minerals were

altered to mimic the

Vitamin A (IU) 4000 BOOO 4000 human HFDs.

Vitamin C (mg) 0 500 o e HED

Vitamin D {IU) 1000 1000 400 chmfig:’;ii:ﬂ o the

) L L £ human Cretan diet

Folic Acid (mg] 2 4 1 [Kafatos et al. 2000.

Sodium [mg) 1039 1039 7000 JADA, 100:1487-1493).

Potassium (mg) 3600 800D 3600

Magnesium (mg) 513 as0 s13 * Western HFD chow was

based on the U5 junk
food diet [USDA 2012].
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