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ABSTRACT: The pituitary hormone prolactin is critical 
for a variety of biological processes, paramount among 
which is mammary development and lactation. The 
actions of prolactin are mediated by several forms of the 
transmembrane prolactin receptor. Given the critical 
importance of milk production for piglet growth and 
wellbeing, we have focused our investigations on the 
genomics of porcine prolactin receptor expression and 
function. The prolactin receptor in this species exists as 
both long and short forms, and in the case of the latter 
these exist as several variants. A range of endogenous and 
local factors also regulates the expression of these 
receptors across a variety of tissues including in the 
mammary glands. At the same time, several lines of 
emerging evidence also indicate that receptor expression 
is coordinately regulated at the tissue, metabolic and 
genomic levels.  Taken together, these data point to 
prolactin receptor expression and function as a key 
element in the modulation of prolactin action on various 
target tissues in support of mammary growth and 
lactation. 
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Introduction 
 

 Prolactin is a highly-conserved hormone of 
~23kDa that is primarily secreted from lactotropes in the 
anterior pituitary, and has been ascribed to a wide range 
of biological functions in mammals, amphibians, birds 
and fish. Among various organs, the mammary glands are 
among the most sensitive to the actions of this hormone 
during both their growth and their functional state of 
lactation. 
 

Role for prolactin in pregestational mammary 
growth. The growth-regulatory effects of prolactin on the 
mammary glands have primarily been investigated in 
rodents, in which it serves critical roles during branching 
morphogenesis and alveolar development, particularly 
during pregnancy. The effects of prolactin on the normal 
mammary glands of nulliparous pigs has received limited 
investigation, but is warranted given that mammary 
growth in this species proceeds differently from rodents, 
and is more in line with that in humans (Horigan et al., 
2009). To this end we investigated the effects of prolactin 
on the mammary epithelium in a hormone-deficient 
female pig model, superimposed on a background of 
ovarian steroid hormone ablation and repletion (Trott et 
al., 2009). As in rodents, estrogen elicited significant 

amounts of epithelial proliferation. More notably, 
prolactin in concert with estrogen, with or without 
supplemental progesterone, not only further increased 
epithelial division but also stimulated the progression of 
epithelial structures from a primitive terminal ductal 
lobular unit (TDLU) type 1 to the most developed TDLU 
type 3. These findings highlighted that prolactin is likely a 
key promoter of epithelial morphogenesis in the 
mammary glands of pigs, particularly in concert with the 
ovarian steroid hormones. 
 

Role for prolactin in gestational mammary 
growth. Numerous lines of evidence from studies using 
rodents indicate that prolactin is critical for pregnancy-
associated mammary gland development alongside 
functional differentiation in anticipation of lactation. 
Many of these results have been gleaned from loss-of-
function mouse models including for prolactin, its 
receptor, and various downstream signaling intermediates. 
In asking a series of related questions in pigs, Farmer and 
colleagues investigated whether there is a critical period 
during gestation in which prolactin is required for 
functional growth of the mammary parenchyma (Farmer 
and Petitclerc, 2003). From their investigations in which 
they used bromocriptine to suppress circulating prolactin 
levels, those authors established that the window between 
d90-110 of gestation was critical for prolactin exposure to 
support the subsequent lactation. Given these findings, we 
recently sought to test the alternate hypothesis that 
supplemental prolactin exposure during this same window 
would enhance mammary growth and/or subsequent 
lactation performance. For these studies we treated 
nulliparous gilts with the dopamine antagonist 
domperidone from d90-110 of gestation, which led to a 
transient physiological increase in circulating prolactin 
levels (Vanklompenberg et al., 2013). The subsequent 
milk production by females was monitored, as was milk 
composition. The outcome of this pharmacologic 
intervention was a 21% increase in weaning weight of 
piglets at d21 of lactation, which reflected a milk 
production increase from females of 24% and 32% at d14 
and d21 of lactation, respectively. There were no apparent 
changes in overall milk composition. We also investigated 
underlying local changes in the mammary glands in 
response to gestational hyperprolactinemia. On examining 
a measure of cell division we found no effect of 
treatment, suggesting that unlike in nulliparous gilts, 
supplemental prolactin did not induce mammary growth 
during this preparturient window. On the other hand, we 



did detect increased gene expression for a variety of 
markers associated with increased functional 
differentiation of the mammary epithelium, including 
several milk proteins and enzymes involved with milk 
synthesis. The conclusion from these studies is that the 
mammary glands, and potentially other tissues, are 
inherently sensitive to prolactin during a discrete window 
prior to parturition that imparts epigenetic changes on the 
mammary epithelium that last into lactation. 
 

The porcine prolactin receptors. Prolactin 
receptors from a wide range of species are generally 
characterized as transmembrane dimerizing molecules 
that bind ligand prior to activating various intracellular 
signaling cascades. Whereas all forms of the prolactin 
receptor have a highly-conserved extracellular region for 
ligand binding, considerable variation exists across 
species with regard to the incidence of transmembrane 
and intracellular domains. For the most part, a majority of 
prolactin action is assumed to occur via the “long” form 
of the prolactin receptor (PRLR-LF), so designated for the 
long intracellular domain that it uses to convey signaling 
to pathways including the Jak-STAT 
cascade(Hennighausen et al., 1997). By the same token, 
other PRLR variants also exist. For example, in humans 
there are forms of the prolactin receptor that lack the 
transmembrane region, thereby creating a secreted 
prolactin binding protein (Trott et al., 2003). For other 
variant receptor forms the intracellular domain is either 
partially, or almost completely, truncated to form the so-
called “intermediate” and “short” PRLR (PRLR-SF) 
isoforms, respectively. Given that the relative abundance 
and distribution of these PRLR variants has been 
primarily documented in rodents and humans, and given 
the critical role for prolactin in pigs, particularly for 

lactation, we sought to determine the molecular structure 
of the porcine prolactin receptor. Moreover, we sought to 
further define the molecular function of candidate allelelic 
variation for the PRLR-LF in swine that had previously 
been linked to various reproductive performance traits. 

From these investigations (Trott et al., 2007) we 
identified that the 1878 bp coding region for the PRLR-
LF in pigs can exist as 3 alleles that differ within exon 10 
due to several translated point mutations. The resulting 
amino acid sequence for the pPRLR-LF is 72% and 67% 
homologous to the human and mouse PRLR, respectively. 
The pPRLR protein is approximately 79 kDa in size, 
which contrasts to approximate molecular sizes for the 
hPRLR and mPRLR of 88 and 90 kDa, respectively. The 
pPRLR-LF also undergoes a notable degree of 
posttranslational modification, including glycosylation. 
While our in vitro studies did not pinpoint any difference 
between the various pPRLR alleles in their ability to 
activate a target promoter, we did establish that the 
pPRLR clearly has different ligand binding preferences 
versus either the human or mouse PRLR. 
 We subsequently investigated the distribution of 
PRLR-LF in various tissues in pigs, and the factors 
regulating its expression given that a considerable portion 
of how prolactin action occurs is modulated at the level of 
individual organs (Trott et al., 2009). As might be 
expected from data for other species, primary sites of 
PRLR-LF expression in pigs included the mammary 
glands, uterus, and adrenal glands. In both the mammary 
glands and uterus there was a clear increase in PRLR-LF 
expression during gestation, such that maximal levels 
within the mammary gland coincided with the period 
when it was responsive to the aforementioned induction 
of hyperprolactinemia. At the same time, there also is 
differential distribution of PRLR-LF gene expression 

Figure 1. Comparative molecular structure of the prolactin receptor across various model organisms. 
Diagrammatic comparison of PRLR isoforms in the human, mouse, rat, pig, sheep and chicken. The common 
features include the extracelluar domain (purple), transmembrane domain (yellow), Box 1 (red), Box 2 (green) 
and the intracellular domain (blue).  Unique intracelllular domain sequences found in short (SF) and 
intermediate (IF) isoforms are shown in light blue.  The tyrosine residues in the intracellular domain are 
numbered from the mature PRLR. The ∆7/11 isoform in humans is a soluble PRL binding protein that lacks 
the transmembrane domain. The three mPRLR-SF were originally named PR1, 2 and 3. 



within the mammary glands of pigs, highlighted by the 
fact that estrogen induces receptor expression in the 
mammary epithelium, whereas in the adjacent stroma the 
expression of PRLR-LF is prolactin-inducible. 
 Indications from various species including 
rodents and humans are that alternate forms of the PRLR 
can also modulate PRLR-LF function by 
heterodimerization. To this end we established that pigs 
also express PRLR-SF by transcribing exon 11 of the 
pPRLR gene, giving rise to a truncated form of the PRLR 
having a 38 AA intracellular domain and an overall size 
of 42 kDa (Trott et al., 2011). Compared to the pPRLR-
LF, expression of the pPRLR-SF was much lower and 
more consistent across a wide range of tissues. The 
pPRLR-SF expressed more binding sites, yet had a lower 
affinity for PRL. Moreover, the pPRLR-SF functioned as 
a dominant negative toward the transducing capacity of 
the pPRLR-LF. 
 Most recently we also identified 4 haplotypes for 
the pPRLR-SF that are conferred by 3 single nucleotide 
polymorphisms within exon 11 (Trott et al., 2014). 
Interestingly, these haplotypes differ in the extent to 
which they act as dominant negatives against the pPRLR-
LF, raising the potential for breed differences in PRL 
action through the action of the pPRLR-SF. 
 

Transcriptional regulation of porcine 
prolactin receptor expression. Whereas the PRLR is 
abundantly expressed in tissues such as the mammary 
glands and uterus, the modulation of its expression in 
response to different stages of development as well as 
variation in its expression across organ sites indicates that 
considerable transcription control is at play. 

Recently we resolved aspects of the upstream 
regulatory elements that direct pPRLR expression 
(Schennink et al., 2013).  The promoter region upstream 
of exon pE1 directs expression in the mammary glands 
and uterus in a manner that is conserved across a range of 
species. This promoter is also estrogen sensitive, 
consistent with our earlier observations, through AP2 and 
E-box binding sites. 

Our analysis of the pPRLR-SF variants also 
indicated that considerable potential for transcriptional 
regulation also exists in the 3’ UTR of PRLR transcripts. 
Interestingly, we identified that different breeds of pigs 
have different interspersion of various SNP, and a 279-
289 bp SINE, in their 3’ UTR (Trott et al., 2014). Upon 

further investigation we established that these regions 
considerably suppress mRNA transcription, raising 
important questions about their function in vivo. 
 

Conclusion 

 Our data point to a clear and significant role for 
prolactin in support of lactation in pigs. The expression 
and functions of the prolactin receptor fulfill critical and 
regulatory roles in this response. Different forms of the 
receptor clearly evoke both positive and negative 
responses to ligand. At the same time, several 
mechanisms exist to modulate their expression, ranging 
from promoter activation to 3’ modifier sequences. The 
full ramifications of these molecular properties during 
lactation remain to be resolved but clearly may have 
implications for animal breeding and lactation. 
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