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Bovine Mammary Gland

® Unique and fascinating organ!
® Undergoes repeated cycles of functional differentiation and regression over the lifetime.
® Most of its functional growth and development occur under the influence of hormones and

environmental factors that can influence its developmental trajectory.

Milk output

Rate of cell
turn-over

Cell growth
Cell death

Protein & gene
expression, and
their regulation




Mammary Early-life Development

® Begins before the heifer is born (prenatally, in utero)
® Highly regulated, sensitive, and dynamic processes lead to a “rudimentary” ductal/epithelial system

that gives rise to the mammary parenchyma during later developmental stages (i.e. lactation)

® Hypothesis: the degree of development in early life can dictate future potential

® Maternal stressors can derail key developmental processes of the fetal mammary gland
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Heat Stress in Dairy Cattle

® Largest challenge affecting the dairy industry worldwide

® Modern high-producing dairy cows are becoming more susceptible!
® The focus of heat stress research and mitigating strategies: lactating cow
® Heat stress does not discriminate

= Impact physiology & productivity at all ages & physiological status
= Not a priority when it comes to heat abatement on farm

Heifer




Three programming events in a dry-pregnant cow

Cow Progeny
Mammary
gland Intrauterine
re-development > development of
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Heat stress compromises the dam’s productivity in her
upcoming lactation & lifetime productivity of her progeny
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Effects on the Cow

Don’t need or benefit from cooling
They are more thermotolerant
It is not profitable to cool them
There is a lack of space or infrastructure

Avg. milk loss in the next lactation

5kg/d
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1 Effects on the Cow

Enhanced
cell death:
autophagy Enhanced cell
+apoptosis proliferation
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1 Effects on the Cow

Extended and
Attenuated enhanced
cell death autophagy
tophagy Reduced
apoptosis proliferation
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1 Effects on the Cow

SCIENTIFIC REP{E}RTS

RMNA-Seq reveals novel genes

and pathways involved in bovine
mammary involution during the dry
period and under environmental
heat stress

Beethany Dodo-Senn®, Aavy L. Skibiel®, Thiago F. Fabris?, ¥. Than g, Geoffeey E. Dahl®,
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Interactions between upstream regulators, downstream
genes, and physiological functions impacted by heat stress
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Dado-Senn et al., (2018b)

1 Effects on the Cow

Carry-over effects on
the mammary gland
microstructure,
cellular & processes
in the subsequent
lactation?



1 Effects on the Cow e e e ctating
gland
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pn days 14, 42, 84

Alveoli: milk producing structures
MEC: milk secretory units

* Fewer alveoli & fewer MEC

* Lower rate of proliferation

* More connective tissue

* Less efficient mammary glands

* Less milk synthetic & storage capacity
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e and phosphoproteome
bsequent lactation of dairy

1 Effects on the Cow

2, Ning Zhu?, Fanchao Zhu?, Mi-Jeong Yoo? & Jimena Laporta*™
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HT14/ HT42/ HT84/
CL14 CL42 CL84

® Immune function |
® Cell structure
¢ Cell organization
¢ Cell apoptosis
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250 differentially abundant proteins
reflecting long-lasting changes in the
mammary gland of heat-stressed cows
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Three programming events in a dry-pregnant cow

Cow Progeny
— Suboptimal
re-development N éﬁﬁigf’ﬂi
fﬁnfcl;'i::: I for the developing
_ daughter & her
capacity germline
- <« Daughters [F,]

Granddaughters [F,]
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2 Effects on the progeny: Daughters [F,]

Journal of Animal Science, 2022, 100, 1-11
w h I d d h t b = t h hitps//doi.org/10.109%/jas/skac186
Advance access publication 7 October 2022
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AMERICAN SOCIETY OF ANIMAL SCIENCE

Cool

In utero hyperthermia in late gestation derails dairy calf
early-life mammary development

Bethany M. Dado-Senn,! Sena L. Field,! Brittney D. Davidson,! Geoffrey E. Dahl,* and
Jimena Laporta*

"Department of Animal and Dairy Sciences, University of Wisconsin-Madison, Madison, W1 53706, USA
*Department of Animal Sciences, University of Florida, Gainesville, FL 32611, USA
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Adapted from: Dado-Senn et al., (2022)

ghters [F,]

ation @ birth

heat-stressed heifers had:
ctal-epithelial structures
eveloped ductal structures

ells proliferating in all compartments
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2 Effects on the progeny: Daughters [F,]

Whole udder harvest @ weaning
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Adapted from: Dado-Senn et al., (2022)

2 Effects

Parenchyma
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2 Effects on the progeny: Daughters [F,]

Mammary biopsy @ first lactation

eat-stressed heifers
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