Developmental Reprogramming

Exposure  of  developing
tissues or organs to an
adverse stimulus or insult
during critical periods of
development that can
permanently reprogram
normal physiological
responses in such a way as to
give rise to disease later in life




Our Early Life Environment Impacts Us as

Adults

in the 60’s
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* Limb malformations

* Spina bifida Thalidomide

» Neurological deficits




Our Early Life Environment Impacts Us as

Adults
What we learned
in the 80’s

* Type II Diabetes
* Hypertension

* Obesity




Epigenomic Plasticity During Development Allows

“Pre-Adaptation” to the Adult Environment
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e Plasticity of the epigenome during development affords an opportunity for the
developing organism to 'pre-adapt' to the future adult environment, which provides a
survival advantage.

e However, in settings in which the fetal environment does not match the adult

environment — for example, fetal development in a nutrient-poor environment (such as
maternal starvation) coupled with a nutrient-rich adult environment — the resulting
disconnect between fetal programming and the adult environment can predispose to
adult metabolic disease, including obesity and type Il diabetes.




Our Early Life Environment Impacts Us as

Adults

What we know in
2014

‘ Molecular
(re)Programming




Preconception

Childhood

e In utero/ Perinatal

e Early Childhood
Prepuberty

What makes these life-stages so Environmental
sensitive? Exposure
Genotoxicity and induction of mutations Paternal Radiation

*Developmental reprogramming of the
epigenome Chemicals that mimic

*Growth promotion via hormones and our natural hormones

growth factors leading to expansion of
target cell populations and an increase in “at
risk” cells

Adulthood

e Puberty

e Reproductive years
(First full-term pregnancy)
e Menopause

v

Postmenopausal

*Normal (and pathophysiological) tissue
remodeling in response to ovarian and other
hormones (mammary gland involution after

lactation) Cigarette smoke
*Increased susceptibility of proliferating cells to
mutations

*Immune modulation and escape from
immunosurveillance

e Changes in levels of circulating hormones
(estrogens, adipokines) that promote tumor Obesity
growth growth



Epigenome = Software
(determines how we

function)

GAATTCTCTTTGGTAT CCAAT GAAGAAAT CGAAT CCATACCCATAGCTATARAAAACAT
TTCAGGAGAAAATAAGACCGAAGCT GCTCAATTAGGCGCAATTGATT CGTTT CAARAAT
GTGAAACTTGCCAGCTTACT TCEGECATGT CCTGGT CATT TTGGARRAT TTCATCTTACT
CAACCATTATTTAAAGT CGCATTTAAARAACTTGTTGAARATATTTTTARATATACTTG
TTCTTTCTGTGGT GCTT TACAARAT CTTGAACTT CTGGAATT GATCAAGCAGATAGACG
AACGARATACTGGAATAACAGT TAAAGAT CGTGCT GCTTTTAAAAAAATTTTAGAAGCT
ACCAAACAAAGCAAATTCAAGT GTATTGCACCTAATTGCCAAAAACAAGTCTCTCCTTT
ACAATATTCGAARAATAATAACTTTATATATAATT CGGGTACTACAAAGEGTATAGTTT
TGGATAACAGGCATGTGITTAATATCTTACARARTCTTCCACARACGT TTARATTATTG
TTAACCCCTTCGAATGCTCAT CAAAT CGTAT CTCCCGARRRT GTCTTTTATGCTARTAG
TATCTTACTTCCACCACATAAT CTACGAACTATCAATGT TTATGATGGTCAGETTACGA
GTTTGTTAACAAGTGAT TTGAATCT GATAAT GOGAAGAGT TGCTAAT AATGAGACAAAT
GOAAARATACARAARAT CTTGGATTCTATCGATAACAGC CGAGGTGCCART CCATATGE
TACAAATARAARGCTTACTTTGGATACTTTGACAGGT GGACACT CARARGAATCTTATT
TGCGAAGT TATATTAAT GGCAARCGTATT CCTGAGACT GOCAGAGCT GTAAT CGARCCT
TCTATGAATAARACTGGCTT TATTGAAGT ACCAT CTTACATT T TAAACARGT TAAGAGA
TGTTGTCTTTTATAAT CACGT TACGAAAGAT AACATACT CAARAGTCT TCARAACGAAC
AAGCTTTTCTAACATATATCAAAAGT GATCATAAT TCT GAAAAT CCTTATAT GGTTTAT
GATTTAGCACAGAAGAATGGATATT TAACCT TGGCTCCTAATTTCGGT GATATTTTCGA
AAAAAGGAARGAGGAAGGTGGT TTTGTAACTATT T GCAGACAT CCATCTAT CTGGT TAA
CTAATATCCAATCTGGTATAAT AAAAAGAT CAGAAGEGT TTACTATT AACAT CCCARCT
ACAATTTGCACATCTTTT ATGACAATATATTCTTT
CAAATCCCCATGT GCCAATCT CGAACAAGCT TTGATTAT GAACT CACGARATCTCTTCA
ARAATTCTATAACAAGCAATCCAATGTTCGECTT GGTCCAAGAT CARATACCAGCCTTG
AATAAGTTATATAGACGACAAAATTATACATATAACGAT GCGTTGGTGATT T TAGGACA
ATTCGGATTTCTGTTAACACCT GGARAAGAT AAT TATACCGGARRAGATATACTTTCTT
GTGTATTCCCARAACAT TATACACT CARAGGAATTGTTGAAAAT GECGAACTTATTTTG
GAGAATTTTACAAATAAACT CGTTTCCGCAAATTCCTCAAAGT CCATCTTT GGGCAT CT
TGTTTTATTTTAT GGACAAGAGTATGGTTTGACTATATT GGATACAAT GCGAGATATTG
TTCAARATTTTATTACACATTTTGGT TTCAGTGTAARRATCCGAGAT ATGAT CCCAAGT
CCARARATTTTGGATAT ICTAGAAAAGAT CGTAGACCAAGAAGT GEGATARAATTGAT AL
ACARACAAARCTTCTATATGACGATATCGAACARGGTAAGGT TATAAT CAACTCTTATG
ATGATATTTCTGAGTTCAGAT TAAAAAATGT GGCTATTATGAAAAAGAAACT AGARAGT
ARACTTTTGGAACTTTTGGAT GAATATTAT GATGAAGACAATAATTTCCTAGAGAT GTA
TAGAACGGGATATAAGGTCAACATT ARCGAACTTCTCTCTATTATGT GTTTCTCGGGTT
TTAAARATTATGGAAAT ATCGARATGATT ACACCGGGTCTTAAT GETAARACATCTTTG
TTTAGCTTACCAGATTCTATAAACT TACAAGAT TATGGGT TCAT CARAAGCT CTATTGC
CAAAGGGT TAACGTTTGAAGAATAT GCTACAATCGTAAAACAAGAAGCTTTT CCACAAL
TTGTTAATGTTACAACT GETACT TCACAAACAGGATTTT TGGGGAARAARAT GGTTAAL
ATGGCTTCTGARTTC

Programming the Genome

DNA = Hardware (we come hardwired)
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Fetal and Early Postnatal Development are Critical

Periods for Epigenomic “Programming”
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Environmental Exposures During

Development Can Imprint DNA for Life

=SS Much like an intruder can leave a

SR fingerprint behind,
environmental exposures can
leave an imprint on the
epigenome




Environmental Exposures During

Development Can Imprint DNA for Life

Much like an intruder can leave a
fingerprint behind,
environmental exposures can
leave an imprint on the
epigenome

These “imprints” are then
faithfully copied each time a
cell divides, much in the same
way as DNA

In this way, even a short
exposure to an environmental
agent during development can
have life-long effects




Epigenome as a Target for Developmental
(re)Programming
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Xenoestrogens Affect the Activity of Epigenetic
“Readers, Writers and Erasers”?

Writing Erasing Reading

W W W
O{D o &

Acetylases, Deacetylases, Bromodomain,
methylases, demethylases, = chromodomain,
phosphorylases phosphatases PHD finger,
WD40 repeat




Histone Methylation: Versatility for
Epigenomic Plasticity

Histone Lysine Methylation

We have focused initially on
epigenetic histone methyl
marks, which can both repress
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Chromatin Chromatin

and activate gene expression
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EDCs Signal to Epigenetic “Readers, Writers and Erasers” to
(re)Program the Epigenome

8 Activation of hongenomic
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~ Kinases activated by these
pathways phosphorylate
ST epigenetic programmers to
modulate their activity
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Our Early Life Environment Impacts Us as

Environmental
chemicals '

Nutritional
imbalance
—

Adults

Evidence for epigenetic (re)programming
by environmental exposures to increase
susceptibility to metabolic (e.g. obesity,
diabetes) and cardiovascular diseases,
cancer, neurological, reproductive and

, and behavioral outcomes is quite
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Epigenetic
regulation:

DNA methylation
Histone modifications
Non coding RNAs e

Developmental Origins of non-communicable disease: Implications for research and public health
Barouki, Glukman, Grandjean and Heindel Environ Health 2012



