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Fetal programming and biological embedding

Fetal programming, or prenatal programming, is the idea that physiological processes
can be reset or reprogrammed during embryonic and fetal development

e These changes are capable of persisting into adulthood and across generations

Neurodevelopmental programming: the implementation of the genetic and epigenetic
blueprints that guide and coordinate normal brain development

e Tightly regulated transcriptional processes
* Epigenetic processes
e Reprogram the epigenome

* Epigenetic marks within germ cells

Bale TL. Nat Rev Neurosci. 2015;16(6):332-344




Complex interactions during gestation .,
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Endocrine disruptions in the maternal
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Environmental exposures can indirectly
alter placental development and
function
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Changes can affect fetal development or
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= Cytakines germ line

* Nutrient transporters and receptors
(folate and choline)

* Lipid metabolites

* Growth factors (IGF and IGFBF)

* Oxygen perfusion

* Glycogen

Bale TL. Nat Rev Neurosci. 2015;16(6):332-344




Programming of phenotypes and disease risk can skip
generations

Pregnant female (F0)

Somatic tissue
(including brain)

Placental
contribution

Maternal stress, in utero, upsets hormonal
Maternal| | Fetus (F1) milieu _ _
stress " " e F1 generation: direct changes to the
and diet | . | placenta
| e F2 generation: changes to primordial
Primordial germ cells
germ cell(F2) « Germ cells are present and
undergo reprogramming during
embryonic development.

Bale TL. Nat Rev Neurosci. 2015;16(6):332-344




Timing of exposure during spermatogenesis

Epididymis

Window of vulnerability for programming and reprogramming epigenetic marks during spermatogenesis
A

Active transcription > Meiotic Active transcription Chromatin
divisions compaction

RNA storage, RNA-binding proteins and translational repression
Chromatid body

Spermatogonium  Early Late 1st meiotic Round Step8round  Elongating Final sperm
spermatocyte spermatocyte  division spelmatocyte spermatid spermatid spermatid maturation

Bale TL. Nat Rev Neurosci. 2015;16(6):332-344




Mechanisms of biological programming
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Empirical transgenerational studies: Olfactory
conditioning

Experimental design
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Olfactory conditioning in parent alters F1 neuroanatomy
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Transmission through DNA methylation of sperm?

Cross-fostering has no impact
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Transgenerational inheritance via sperm
hypomethylation

FO-conditioned odor information transferred to male offspring:

Biological inheritance via
gametes, epigenetic mark

Changes in F1,F2 behavioral phenotypes and olfactory neuroanatomical
structure

* F1 & F2 offspring from FO-odor conditioned mothers or fathers, exhibit a behavioral sensitivity to the FO-
conditioned odor and increased odor specific glomerulus area and olfactory sensory neuron number
 The Olfr151 gene, encoding for the odor specific M71 receptor shows hypomethylation in sperm from FO-
odor conditioned males

The results of the study support a transgenerational inheritance model

Dias BG & Ressler K. Nat Neurosci. 2014;17(1):89-96.




Paternal prenatal stress on offspring neural HPA-axis regulation B
and function O

Pubertal: CVS 28-70; Adult: CVS 56-98
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MicroRNAs implicated in experience-dependent ANG
transgenerational transmission of altered HPA stress
responsivity

Recapitulation of stress transmission via sperm
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The role of the placenta

,‘. ',',- IUmbiIicaI cord I Marginal sinus
4 -
&2 Umbilical vein LAMNIoN

l, ‘:..? t* Umbilical arteries
/ AN~ Trophoblast —
——

A oy~ - __"___i,_,
~ Intervillous space ™ ',\ “Intervillous space
v - - § '\ - -

; S 2a IS Y T
g = e oMY
*

I;El;::ental Maternal vessels
septum Limiting or boundary layer
Stratum spongiosum

Serov AS, et al. Journal of Applied Physiology.2015; jap-00543
Howertown CL & BaleTL. Hormones and Behavior. 2012; 62:237-242

Sex & Stage of Development

Maternal Stress <:

Maternal Immune
Activation

| Giucocoficolds |

[BUOWIOH [e LBy

-
I
g
)
L
g
3
[=]
=5
B

Juswdojenaq [eInan 2 YdH




Sex differences and PNMS on placental gene expression
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Mechanisms of preconception programming: Telomere
length |

2 endogenous signals [am gl Aliered cellfate
and endogenous signals Altered cell fate

Telomere shortening
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Alterations of telomeric
chromatin organization

Stress
hormones

Mitotic Various c_hemical Transcriptional changes Genome-wide
arrest and physical chromatin remodelling

Oxidative | | Genotoxic | | stresses
stress stress

Psychological
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Ye J, et al. Nat Rev Genet. 2014: 15(7):491-503.




Maternal preconception adversity induces placental
changes
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Buccal telomere length (T/S ratio)
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Preconception adversity and PNMS influence infant TL

Female infants

®— Low ACE
/- High ACE

Mean * SEM

4 month 12 month 18 month

Age

Female infants

®— Low PNMS
&~ High PNMS

Mean  SEM

4 month 12 month 18 month

Age




Preconception and prenatal stress influences
stress response differently

ANS stress response
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RSA (In(mean sec)?)

Preconception influences infants in a sex-specific
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ANGT

Preconception adversity, placental TL, and ANS reactivity 0*““u
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BANGL data. unpublished

Cortisol reactivity

Cortisol recovery

Preconception adversity, placental TL, and cortisol
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Critical windows of vulnerability to stress
across the life-course

Prenatal stress Postnatal stress Stress in adolescence Stress in adulthood Stress in aging
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* Brain regions develop and grow at different rates
» Exhibit differential age-related critical windows of exposure
* Overlapping cortico-limbic regulatory circuitry for HPA & ANS

Lupien, et al. 2009. Nature Reviews Neuroscience




Evolutionary and scientific round-up

Preconception adversity and PNMS influences infant neurodevelopment

Across domains, from genomic to humoral to behavioral levels

Not only glucocorticoid signaling

Stress response is neither good nor bad

» Adaptive/maladaptive?

Responsive to challenge and environment

 Modifiable




Thanks

Stacy Drury, PI
Kyle Esteves
Kelsey Confreda
Tegan Clarke
Michael Wren
Andrew Dismukes
Livia Merrill
Jesse Smith
Chanaye Jackson
Rachel Lee
Devin Videlefsky
Keegan Collarame
Megan Haney
Cade Herman
Sai Nedunchezhian
COLLABORATORS:
*  Elizabeth Shirtcliff
e Charles Zeanah







Basic neuroanatomy of HPA & ANS regulation B
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