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Pivotal roles of prolactin and other hormones in lactogenesis
and the nutritional composition of human milk
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Human milk contains very important nutrients that are spe-
cies-specific for human infant growth and development. The
benefits of human milk feeding have already been acknowledged,
as has the unique importance of each nutrient contained in it.
In the article titled “Components of human breast milk: from
macronutrient to microbiome and microRNA” by Kim and Yi,"
the authors reported that human breast milk is the most valuable
nutritional source for infants and it contains microbiomes and
miRNAs for growth and development. Since better nutrition is
available through human milk, sufficient breast milk production
is essential. Prolactin heralds the principal role in lactogenesis,
but an increased understanding of the basic physiological control
and interactions of diverse hormones related to lactation is
recommended.

Stage I lactogenesis develops approximately 12 weeks before
parturition. During this stage, levels of lactose, total proteins,
and immunoglobulin significantly increase, levels of sodium and
chloride decrease, and substrate for milk production gathers.?

Stage 11 lactogenesis, which occurs in the postpartum period,
initiates with a decrease in plasma progesterone level, increase in
blood flow and oxygen and glucose uptakes, and a sharp increase
in citrate concentration, a reliable marker of lactogenesis stage II.
Plasma o-lactalbumin level peaks as well.

The major changes toward “mature milk” occur over 10 days.
The establishment of a mature milk supply, once called galac-
topoiesis, is now referred to as stage Il lactogenesis.” Plasma
prolactin levels peak during this period. Prolactin secretion
increases at night; thus, nighttime breastfeeding is truly essential
to promoting lactogenesis.

Prolactin is necessary for glucocorticoid stimulation of the
milk protein genes in mammary epithelial cells (MECs). MECs
cultured with prolactin, epidermal growth factor (EGF), and
dexamethasone (glucocorticoid analog) promote the B-casein
secretion pathway. In the absence of prolactin, MECs do not
express B-casein well. EGF boosts B-casein expression and secre-
tion in the presence of prolactin and dexamethasone. Dexame-
thasone treatment rapidly increases f-casein expression. This
nutrition-enhancing effect via prolactin was proven in a human
milk study of 9 puerperal women, 4 decades ago, by Healy et

al.,¥ who documented that prolactin is a normal constituent of
human milk at high concentrations for the first 3 days after birth
and that breastmilk prolactin levels correlated significantly with
levels of lactose, total protein, and alpha-lactalbumin.

Prolactin synthesis and secretion are not confined to the
anterior pituitary gland; rather, they also include several sites in
the brain (cortex, hippocampus, amygdala, cerebellum, brain
stem, and spinal cord). The placenta, amnion, decidua, and
uterus also produce prolactin. Prolactin is found in the epithelial
cells of the lactating mammary gland as well as breastmilk. Milk
prolactin is involved in maturation of the neuroendocrine and
immune systems.®)

Prolactin production relies on estrogen, progesterone, gluco-
corticoids, insulin, the thyroid hormone, and the parathyroid
hormone. Prolactin also enhances the uptake of some amino
acids and glucose as well as the production of milk sugar and
milk fats.”) I vitro, it stimulates the synthesis of specific milk
protein mRNA by binding to membrane receptors. This protein
synthesis through the expression of milk protein genes is the
consequence of the activation of Na/K adenosine triphosphatase
in the plasma membrane.®)

Insulin also plays an important role in milk protein synthesis at
multiple levels in the murine mammary gland facilitated by milk
protein transcription factors as well as glucocorticoids.!?

Prolactin attracts immunoglobulin A immunoblasts from the
gut-associated lymphoid tissue for the immune system of the
mammary gland.®

There are also prolactin-inhibiting factors (PIFs). Catechola-
mine in the hypothalamus shows an inhibitory effect as a result of
dopaminergicimpulses. Drugs that upregulate the catecholamine
effect can act as PIE.9 Although prolactin is necessary for milk
secretion, milk volume is not directly regulated by the prolactin
concentration in the plasma.!V Therefore, diverse efforts to
enhance prolactin secretion would make human milk nutritious
with high levels of immunologic factors and lead to successful
breastfeeding,.
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See the article “Components of human breast milk: from
macronutrient to microbiome and microRNA” via https://doi.
org/10.3345/cep.2020.00059.
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