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Overview

 Examples of critical periods of sensitivity to exposure
e Lab animal and human

* Epigenetics and transgenerational effects
e DOHaD and epigenetics

 The example of parental smoking

e Cumulative risk — when does it start, what does it include?
e And when is an outcome adverse?



Critical periods of sensitivity to teratogenesis
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Critical Periods of Susceptibility (Wilson)
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Gestational Day of Treatment
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Methanol dose response

100

80

60

CP, EX or RES

40

Cervical Rib

20

8 10 12 14

Methanol (ppm, X 1000)

305 3078



Effects of single day exposure: CD-1 mouse
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Effects of methanol on the C57/BL6 mouse embryo

GD 7

GDS9
GD 8

Control Methanol Holoprosencephaly



Gastrulation stage human embryo

Primitive
treak

Day 18



Neural tube closure in the human embryo




PFOS: Critical periods for postnatal mortality
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Thalidomide

2014: Thalidomide teratogenesis in Brazil

1962: Frances Kelsey awarded the President's Award for Distinguished Federal Used as treatment for leprosy
Civilian Service by President John F. Kennedy
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Critical periods for thalidomide malformations

Ear missing (anotia)

Thumbs missing or deformed (aplasia)

One or both arms missing (amelia)

Both arms shortened (phocomelia)

Hip dislocation

Ears deformed

Legs Missing (amelia)

Both Legs shortened (phocomelia)

Thumbs malformed (triphalangism)
Humerus missing or deformed (ectromelia)

Femur missing or deformed (ectromelia)

Chart Based on Nowack'*™

Teratogenic Manifestations of Thalidomide

Number of Days Past Last Menstruation
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52




Critical periods of susceptibility in studies of
autism spectrum disorders
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Epigenetic regulation of gene expression
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Transgenerational Effects of Vinclozolin
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Fig. 1. Transgenerational phenotype after
vinclozolin treatment of F, gestating mothers.
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DNA methylation changes during
developmental epigenetic reprogramming
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Epigenetic reprogramming in the germ line of the mouse
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Human transgenerational epigenetic phenomena?

Don't Count Dad Out

5o if a pregnant mother's diet can affect the child's epigenetic outcome,
can dad's diet do the same? Quite possibly, according to scientists who
delved into the well-kept, historical records of annual harvests from a small
Swedish community.

Thess records showed that food availability between the ages of nine and
twielve for the paternal grandfather affected the lifespan af his
grandchildren. But not in the way you might think.

Shortage of food for the grandfather
was associated with extended
ifespan of his grandchildren. Food
abundance, on the other hand, was
associated with a greatly shortened
ifespan of the grandchildren. Early
death was the result of either
diabetes or heart disease. Could it
be that during this critical period of
development for the grandfather,
epigenetic mechanisms are
"capturing” nutritional information
about the environment to pass on to
the next generation?

ENMLARGE PHOTO+
Three generations: Dr. Lars Olov Bygren, with son
Magnus and grandson Ludvig in Stockholm

Lars Tunbjork / WU

Food abundance for the grandfather was
associated with a reduced lifespan for his
grandchildren.



DOHaD: Agents, Timing and Mechanisms
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The Dutch Hunger Winter

A period of severe food shortage in the
Netherlands in 1944,

Energy intakes dropped from 1800 to between

400 and 800 kcal per day (equivalent 100 - 200g
pasta).

Despite the famine, recording of detail birth
records was maintained.

Early gestation =) I Obesity
CVvD

Late gestation ==) Ilnsulin resistance
hypertension
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Fetal nutrition limited

i

Fetal developmental
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The Thrifty phenotype hypothesis
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Effects of maternal smoking on offspring
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Paternal smoking and offspring BMI
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BMI (95% Cl)

2"d-hand smoke and near road pollution:
Effects on BMI at age 10-18
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Maternal cotinine and CpG methylation
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Methylation changes by smoking in top 26 CpGs
MoBa vs NEST
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Maternal smoking and altered DNA methylation
Postnatal persistence

035 ALSPAC replication cohort
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Epigenetic events and susceptibilities

EPIGENETIC EVENTS DURING DEVELOPMENT
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The environment and pregnancy
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A New paradigm: Activation of toxicity pathways
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