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Paternal drinking and the epigenetic influences on

mitochondrial function, child health, and FASDs

DRINKING
ALCOHOLIC BEVERAGES
DURING PREGNANCY

CAN CAUSE
BIRTH DEFECTS




Talk Outline & Learning Ob'lectives

Review the role of paternal exposures on offspring health.

Define the term epigenetic and discuss how an exposure
memory persists across the life cycle

Review male reproductive physiology and discuss how
paternal health impacts epigenetics.

Discuss data supporting paternal effects in FASDs

Consider how maternal and paternal alcohol use may
interact in driving FASDSs.

Review mitochondria and their role in disease.

Consider evidence that FASDs may be a condition
linked to altered bioenergetics.
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Paternal Contributions to Health & Disease

@
Direct Effects L - Indirect or 'Programmed’ Effects

Developmental toxicity tests evaluate the extent to which
¥ Nat no|To><|co|ogy Proglam substances can interfere with normal development and
= U Depertmentof Health and Human Services cause adverse effects in the offspring .

What does this mean ? We used to think that toxicity meant that the poison had to Kill
the cell. Now we know poisons change cells to make them less effective in their job.
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Epigenetics studies how behaviors and the environment can influence
gene activity.
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What does this mean ? Epigenetics means that a cell can remember past injuries by
changing the way it organizes genes (information) in the nucleus.

Image Source Mellissa Mann
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The developing embryo, fetus, and certain organs transition through periods of
epigenetic plasticity, where environmental stressors can have lasting effects.
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What does this mean ? The cells in our body go through sensitive periods where
epigenetic information changes d we used to think this only applied to pregnancy but...
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What does this mean ? Sperm stem cells and forming sperm go through sensitive periods
where environmental stressors change the epigenetic information sent to their kids.
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What does this mean ? One of the epigenetic signals that are packaged in sperm are
small noncoding RNAs. These RNAs change gene expression in the new embryo.
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How do paternal memories transmit to offspring and persist across the
life course
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What does this mean ? The Epididymis & the part of the male reproductive tract where
sperm mature 0 secretes epigenetic signals that are packaged in sperm.
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The epididymis serves as an environmental biosensor,
relaying informatio
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Images adapted from Zhou et al., Frontiers in Endocrinology 2018
Bhadsavle & Golding Frontiers in Genetics 2022

What does this mean ? The epigenetic information in sperm changes in response to
the environment and affects the development of the placenta.



Summarx:

Sperm carry epigenetic information that changes in response
to male nutrition, lifestyle choices, and toxicant exposures .

Epigenetic information carried in sperm alters placental
development, with lasting impacts on health & disease .
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What does this mean ? We have suspected male drinking contributes to FASDs but did
not understand how, so, we ignored this data
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What does this mean ? | wanted to study male alcohol exposure, so | developed a
mouse model. | let the mice drink to either half or twice the legal limit.

Day 16

Thomas et al., Front Cell Dev. Biol. 2022
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Bose et al., 2017 National survey on drug use and health



Dose -Degendent Changes In Placental
Histology

DECIDUA
Paternal Alcohol exposures
TITO= PV -TV=

Gestational Day 16.5 Offspring
IVF ET Success Rate to GD 16.5
40— 36%
=1 Pregnant
Litter AVg 30 =3 Not Pregnant
i 2
015 Placental Weight £ |
_ x |
2 2
= | I 10
o 0.10 -
: -
T & & F
- o o ole -
€ 0.05- SN Chi-square
§ Sire Treatment p< 0.05
o
- [
0.00 ", - ! I . :
Male Female 0 2 4 6

Daily Dose (g/kg)

What does this mean ? In mice, male alcohol exposure causes problems with the
growth of the placenta 0 particularly males 6 which decrease pregnancy rates in IVF.
Thomas et al., Front. Cell Dev. Biol. 2022; Roach et al., Mol Hum Repro 2023




Paternal Alcohol Exposure Induces

Core FAS Phenotypes
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What does this mean ? In mice, male alcohol exposure slows down childhood growth
and causes problems with the control of blood sugar and metabolism.

Chang et al., Epigenetics and Chromatin 2019, Chang et al., Molecular Metabolism 2019



Paternal Contributions to FASDs

= ~Control| Maternal

Dual

Y Paternal
gs e Parental

Preconception Male Lifestyle &
Health

What does this mean ? | wanted to know if both Dad and Mom drink,
do things get worse?




Dual Parental Model of Alcohol Exposure
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What does this mean ? | developed a mouse model to compare what
happens when Mom, Dad, or both parents drink.
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Relative Brain Weight

Dose -Response: Normalized Brain Weights
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What does this mean ? Mom and Dad drinking reduce offspring brain
Weights and decrease head size. Thomas et al., Journal of Clinical Investigation 2023a




Summarx:

Sperm carry epigenetic information that changes in response
to male nutrition, lifestyle choices, and toxicant exposures .

Epigenetic information carried in sperm alters placental
development, with lasting impacts on health & disease .

Using a mouse model, chronic male alcohol exposure causes
the core FASD symptoms .

In a mouse model, maternal and paternal alcohol use interact
in driving some alcohol -related phenotypes .



Why should we do this research?
Q: What signal in sperm drives the observed changes?
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What does this mean ? Male alcohol use causes changes in his mitochondria,
and changes in the mitochondrial of the early embryo and placenta.




Mitochondrial Stress & Disease
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What does this mean ? Mitochondria are the battery of the cell and are important
for fetal growth & development, metabolism, inflammation, aging, and disease.




Paternal Alcohol Use & Mitochondrial Stress
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Alcohol Causes Paternal Mitochondrial Stress
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What does this mean ? Chronic alcohol exposure causes dose  -dependent
increases in male mitochondrial stress d particularly in the liver.

Bhadsavleinpublished



Graded Paternal Alcohol ExEosure Results In

Dose -Dependent Changes in Sperm miRNAS
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What does this mean ? We see dose -dependent changes in sperm epigenetic
signals.

Fold change and pvalue determined using DEseq2 witlBenjamini-Hochberg correction
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Graded Paternal Alcohol ExEosure Results In
Dose -Dependent Changes in Sperm miRNAS
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What does this mean ? We see dose -dependent changes in sperm epigenetic
signals.

Bhadsavleinpublished



Paternal Alcohol Use Causes Heritable
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What doesthismean ?I suspect that Dadods al cohol
mitochondrial stress and that his sperm transmit a memory of this
stress to his offspring that hurts their mitochondria.
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What does this mean ? | wanted to know i f dadods dri nk
mitochondria . Bhadsavleinpublished
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What does this mean ? Paternal alcohol use changes mitochondrial function in
the developing brain.

Bhadsavleinpublished
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What does this mean ? Chronic paternal alcohol use has long  -term effects on his
chil drends mit oc heverdinta early adulthood.t i o n

Bhadsavleinpublished
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What does this mean ? Altered mitochondrial function causes many health
problems, including chronic inflammation.




