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of Uterine biology
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INTRODUCTION

Pregnancy requires significant changes in the function-
ing of maternal tissues. Of primary importance is the
redirection of resources and nutrients to the uterus,
the site of embryonic development. Pregnancy is asso-
ciated with two key uterine adaptations:

e the differentiation of uterine stromal cells, a process
referred to as decidualization

e the modification of the uterine arterial vessels sup-
plying the placenta.

The latter adaptation is directed, at least in part, by
invasive trophoblast cells exiting the chorioallantoic
placenta. Some of the functions of decidual cells and
invasive trophoblast are mediated by their secretion of
a family of hormones related to prolactin (PRL).

The purpose of this chapter is to provide a frame-
work for understanding the biology of the PRL family in
the context of uterine events contributing to the estab-
lishment and maintenance of pregnancy. The discussion
focuses primarily on the rat and mouse and, where
applicable, on other species for comparative purposes.

ORGANIZATION OF THE
UTEROPLACENTAL COMPARTMENT

The uteroplacental compartments of the rat and mouse
are similar and they share the same basic organizational
plan of other species with hemochorial placentation.!?
Schematic representations of rat uteroplacental anatomy
are presented in Figure 22.1

The site where blood enters the uterus determines
the orientation of the uteroplacenta. This region is
referred to as the mesometrial compartment, and the
opposite side is antimesometrial. The uterine mesome-
trial compartment is composed of stromal cells, blood
vessels, immune/inflammatory cells, smooth muscle
cells of the myometrium, and trophoblast cells. Cellular
composition is dynamic. Following implantation, nat-
ural killer cells expand in number, and infiltrate the

mesometrial decidua, located adjacent to the develop-
ing chorioallantoic placenta. Decidual cells are derived
from uterine stromal cells.>* A triangular-shaped area
rich in blood vessels is situated between the mesome-
trial decidua and the surface of the uterus and is
referred to as the metrial gland, or the mesometrial
lymphoid aggregate of pregnancy (MLAP)?.3¢ A
subpopulation of trophoblast giant cells represents
the earliest extraembryonic invaders of the uterine
mesometrial vasculature. While pregnancy progresses,
placental and embryonic structures expand in size and
the decidua regresses. The chorioallantoic placenta
is established in the mesometrial compartment and
consists of two functionally distinct regions:

e ajunctional zone, an endocrine and invasive tissue,
which is composed of trophoblast giant cells, spon-
giotrophoblast cells, glycogen cells, and the source
of an invasive trophoblast cell population

e alabyrinth zone, which is the site of maternal-fetal
exchange and the location of syncytial trophoblast,
cytotrophoblast, and labyrinthine trophoblast giant
cell lineages.

Accompanying the development of the chorioallantoic
placenta, natural killer cells vacate the mesometrial
decidua and infiltrate the metrial gland where they asso-
ciate with the resident vasculature. Subsequently, the
antimesometrial deciduum and mesometrial-associated
natural killer cells degenerate. As natural killer cells
vacate, the specialized population of invasive trophoblast
cells exits the junctional zone of the chorioallantoic pla-
centa, invades the mesometrial decidua, and associates
with the vasculature’ (Figure 22.2). In the mouse, tro-
phoblast invasion is limited to the mesometrial decidua;
in the rat, trophoblast cells penetrate through the
mesometrial decidua and infiltrate the metrial gland.

THE PRL FAMILY

PRL is a hormone initially isolated from the mam-
malian anterior pituitary with effects on reproduction

—



22-Aplin-8035.gxd 9/10/2007 9:06 PM Page 343 $

PROLACTIN FAMILY 343

Metrial gland
Mesometrial \
decidua

Choriallantoic
placenta

Trophoblast
giant cells

Fetus ( 0‘9
ChoriviteniW@)

placenta TS __ [

Anti-mesometrial

decidua
B )
Metrial gland
e Invasive
G {T" trophoblast cell

Decidua (o]
y -

Junctional Zone

Labyrinth Zone

MLLLT I
.® .,

I
Fetal mesenchyme /

and vasculature

."r. .-"‘
Mid and late gestation uteroplacental compartments. (A) Hematoxylin and eosin-stained tissue

Figure 22.1
section of the mid gestation rat uteroplacental compartment (left, day 11 of gestation) and a corresponding

schematic diagram (right). (B) Hematoxylin and eosin-stained tissue section of the late gestation rat uteroplacental
compartment (left, day 18 of gestation) and a corresponding schematic diagram (right) with highlighted expanded

views of the labyrinth and junctional zones (lower panels). (Reproduced in modified form from Ain et al,'® with

permission from Humana Press.)
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Figure 22.2 Identification of invasive trophoblast
cells in the rat and mouse. Rat and mouse placentation
sites were recovered at day 18 of gestation, and 10um
sections prepared. Trophoblast cells were identified
by cytokeratin immunostaining. (A) Hematoxylin
and eosin staining of the rat placentation site.
(B) Cytokeratin immunolocalization with the rat
placentation site. (C) Hematoxylin and eosin staining
of the mouse placentation site. (the area shown in
the box is present in D). (D) Cytokeratin immunolocali-
zation within the mouse placentation site. All
magnifications are at 100x. Arrows indicate the
trophoblast giant cell boundary between the placenta
and decidua. (Reproduced from Ain et al,” with
permission from Academic Press.)

and lactation.®® Subsequent analyses expanded the
range of biological actions for PRL to effects on the
brain, immune system, and metabolism.!’ Concurrent
with these efforts, it also became evident that the
PRL locus was expanded in a subset of mammals,
including the rat, mouse, and cow; however, PRL
loci of other species, as exemplified by the dog and
human, have only a single orthologous member, PRL.!!
The expanded PRL families, like other gene families,
arose via gene duplication and have evolved to their
present form by natural selection, resulting in both
subfunctionalization and neofunctionalization.!?

The rat genome contains at least 24 genes related to
PRL, spanning approximately 1.7 megabases on chro-
mosomel7."® Organization of the rat PRL family locus
is similar to the 1-megabase mouse PRL family locus
situated on chromosome 13, which includes at least 26
genes related to PRL." Phylogenetic relationships of
rat and mouse PRL families are presented in Figure
22.3. Each PRL family gene encodes for a secretory
protein that has been linked to pregnancy.!! All PRL
family genes possess five conserved exons. A subset of
PRL family genes clustered in the middle of the locus
contains an additional exon(s) situated between exon-
II and exon-III of the prototypical PRL 5-exon struc-
ture.!¥!* The anterior pituitary, uterine decidual cells,
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and various lineages of trophoblast cells all contribute
to the production of these ligands. They are elaborated
during gestation in specific temporal and spatial pro-
files. Biological activities of PRL family ligands can be
categorized as classical and non-classical.!’ Classical
actions are mediated by ligand interactions with the
PRL receptor and non-classical modes of actions uti-
lize other signaling pathways. PRL and the placental
lactogens (PLs) are PRL receptor agonists, and are
critical to pregnancy and lactation through their
actions on the corpus luteum and mammary gland.!!
The remaining members of the PRL family have a
broad spectrum of targets, including but not limited
to hematopoietic and immune cells and cells of the
vasculature. Overviews of PRL family members asso-
ciated with decidual tissue and those potentially
impacting the uterine vasculature are provided below.

DECIDUAL PRL FAMILY

The seminal research leading to the discovery of
uterine decidua as a source of PRL related ligands was
directed towards elucidation of a decidual factor that
promoted corpus luteum survival and function.!®’
Such biological activities are classified as luteotropic
actions and are hallmarks of PRL (see Chapter 17).
These investigative efforts culminated in the identifi-
cation of four PRL family ligands in the deciduum,
including PRL-like protein-B (PLP-B), decidual PRL-
related protein (dPRP), PLP-J, and PRL. The exact
contribution of any of these decidual products to the
luteotropic activities intrinsic to decidual tissue is
unknown. A couple of generalizations are appropriate
for the decidual PRL family ligands: i) expression is
most abundant in antimesometrial decidua of preg-
nancy; and ii) expression is evident in deciduomal tissue
of pseudopregnancy. The decidual PRL family ligands
will be discussed in the order of their discovery.

PLP-B

Friesen and co-workers first identified PLP-B in the rat
placenta!® and subsequently demonstrated its expres-
sion in rat decidual tissue.!® PLP-B is encoded by a
5-exon gene with significant homology to the proto-
typical PRL gene.'®'* Temporally, decidual PLP-B
production follows the growth, development, and
regression of the antimesometrial deciduum.!®?° After
mid gestation, PLP-B expression shifts to spongiotro-
phoblast cells of the rat chorioallantoic placenta,
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in the rat (Rattus norvegicus), and mouse (Mus musculus).

Multiple amino acid sequence alignments and phylogenetic tree construction were performed using the CLUSTAL

X and TREEVIEW software programs.'®!% GenBank

accession numbers for each member of the rat and mouse

PRL family are provided in Table 22.1. The PRL families of the rat and mouse are largely orthologous. The rat and
mouse expanded PRL families contain subsets of 5—exon and 6—-exon members which can be further subdivided

into subfamilies (e.g. PL, PLF, PLP-C). Although the

rat and mouse PRL family loci are similar, each possesses

some notable unique features (e.g. rat PLP-P, mouse PLP-O, mouse PLP-E, PLF, and some features of the PLP-C

subfamily).

where it is expressed at high levels until it declines
during the final days of gestation.!®2°?2 The PLP-B
protein is secreted as a glycoprotein by both decidua
and placental tissues.?® PLP-B exhibits similar struc-
tural features and expression profiles in the mouse.?%?*
There is some evidence that PLP-B expression is
induced by tissue injury, at least in the placenta,? but
there is little information on its biological activities.
PLP-B does not effectively bind to PRL receptors, nor

does it activate the PRL receptor signaling pathway;*
thus, it is unlikely to be directly responsible for the
luteotropic actions of decidual tissue.

dPRP

dPRP was discovered in an attempt to characterize
the PLP-B protein from rat decidual tissue.?® Once
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Table 22.1 Rat and mouse PRL families

PRL family?® Rat GenBank Accession No. Mouse GenBank Accession No. References
PRL NM_012629 NM_O01 1164 82-84
PL-lov NM_017363 AF525162 13, 14, 85-87
PL-IB DQ329283 NM_172155 13,14
PL-ly — NM_172156 14

PLP-J NM_031316 NM_013766 34-37
PL-II NM_012535 M14647 87-89
PLP-I NM_153736 AF525154 14,36
PLP-B M31155 NM_0l 1166 23,24,61
dPRP NM_022846 NM_010088 23,25,26
PLP-K NM_138861 NM_025532 14, 36,37
PLP-D NM_022537 — 90
PLP-Cv NM_020079 — 9l

PLP-C M76537 — 92

PLP-H NM_021580 — 93

PL-Iv NM_033233 — 94,95
PLP-Cy — NM_023741 14
PLP-CB NM_134385 NM_023332 96
PLP-Cd — NM_028477 14
PLP-Co. — NM_0l 1167 97
PLP-N NM_153738 NM_029355 14,77
PLP-E None NM_008930 98, 99
PLP-F None NM_011168 98, 99
PLP-FB AY741310 — Unpublished®
PLP-Fao. NM_022530 — 56
PLP-O — NM_026206 14
PLF-RP NM_053364 NM_011120 50, 56,78
PLFI — NM_031191 49

PLF2 — K03235 100

PLF3 — NM_011954 101

PLF4 — AF 128884 102
PLP-M NM_053791 NM_019991 78

PLF DQ32928I — 13

PLP-A NM_017036 NM_011165 6l

PLP-L NM_138527 NM_023746 36,78
PLP-P DQ329280 — 13

*Abbreviations: PRL, prolactin; PL, placental lactogen; PLP, prolactin-like protein; dPRP, decidual prolactin-related protein; PLF, proliferin;

PLF-RP, proliferin-related protein.
*JK Ho-Chen, ] Bustamante, M Soares, unpublished results.

isolated, dPRP was found to be more closely related
to another PRL family member, termed PLP-C,
which facilitated its cloning and characterization.?
dPRP is a member of the 6-exon cluster of genes,?®
centrally located within the rat and mouse PRL
family loci.!>'* The temporal and tissue-specific
expression profiles for dPRP are similar to PLP-B,
except in magnitude.?% Levels of dPRP production
in uterine decidua and the chorioallantoic placenta
are inversely related. dPRP expression is abundant
in the uterine decidua and modest in the chorioal-
lantoic placenta.” The dPRP protein is secreted as a
glycoprotein but probably resides primarily in the
decidual extracellular matrix where it binds with
high affinity to heparin-containing molecules.?®3°

dPRP exhibits similar structural features and expres-
sion profiles in the mouse.?!

The potential for dPRP as an activator of both clas-
sical and known non-classical mechanisms has been
examined. dPRP failed to bind to PRL receptors and
showed minimal ability to promote the proliferation
of the PRL-dependent Nb2 lymphoma cell line.?® Two
members of the mouse PRL family, proliferin (PLF)
and proliferin-related protein (PLF-RP), are known
modulators of angiogenesis through non-classical
mechanisms.’> dPRP did not markedly influence the
development of vascular structures, as evaluated through
both in-vitro and in-vivo assays;*® however, in-vivo
analysis indicated that dPRP could facilitate heter-
ologous tissue transplantation into athymic mice.?®
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Additional experiments with dPRP fusion proteins
implicated eosinophils as potential targets for dPRP
action.3® These findings suggested that dPRP could
potentially contribute to decidual signals responsible
for the establishment of pregnancy and prompted the
creation and characterization of a dPRP null mouse.
dPRP null mice were made by replacing exons II-VI of
the dPRP gene with an inframe enhanced green fluores-
cent protein gene and a neomycin resistance cassette.*
Under standard animal husbandry conditions, some
modest phenotypic changes were observed, including a
decrease in decidual PLP-J expression, but none suffi-
cient to impair the progression of pregnancy. A promi-
nent phenotype was observed when pregnant dPRP null
mice were exposed to a physiological stressor. Pregnan-
cies were disrupted when dPRP null mice were exposed
to hypoxia. In contrast, wild-type mice adapted to
the hypoxic challenge and their pregnancies proceeded.
These observations suggest that dPRP may participate
in pregnancy-dependent adaptations to physiological
stressors. The mechanism underlying dPRP’s role in the
adaptive response to hypoxia is unknown at present.

PLP-J

Two approaches were used to identify a third decidual
mRNA related to PRL:

e screening a decidual cDNA library with a human
PRL cDNA3

¢ inspection of expressed sequence tag (EST) data-
bases for cDNAs with sequence similarity to mem-
bers of the PRL family.3>%’

One of the groups referred to the new gene as PLP-],
whereas the other three termed the new decidual tran-
script as PLP-J. We refer to the gene as PLP-J, since there
is another trophoblast-derived PRL family member with
the name PLP-1.!*% The PLP-J mRNA and protein are
abundant within the antimesometrial decidua. It is curi-
ous that PLP-J is embedded between the PL-I genes and
the PL-II gene within the PRL family locus'3'* and struc-
turally is also most closely related to the PLs. However,
unlike the PLs, PLP-J does not interact with the PRL
receptor (S Alam, MJ Soares, unpublished results).
Similar to dPRP, PLP-J avidly binds to heparin-contain-
ing molecules (S Alam, MJ Soares, unpublished results).
We view PLP-J as a potential autocrine/paracrine mod-
ulator of the establishment of pregnancy, and/or similar
to dPRP, as a contributor to pregnancy-dependent adap-
tations to physiological stressors.

—o—
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PRL

The PRL gene has also been shown to be expressed
in rat and mouse decidual tissue.3®%* The overall
abundance of decidual PRL is less than for other
members of the decidual PRL family. PRL transcripts
in the decidua are most readily detected by reverse
transcription-polymerase chain reaction (RT-PCR).
PRL signals through the PRL receptor. In the early
postimplantation uterus, the PRL receptor is primar-
ily associated with undecidualized stromal cells in
the antimesometrial border and a restricted popula-
tion of mesometrial stromal cells associated with the
developing chorioallantoic placenta.*® As gestation
advances, decidual cell expression of the PRL recep-
tor increases and then declines as the antimesome-
trial decidua regresses.*! Local production of PRL
by decidual cells may contribute to decidual cell
survival.3®#? Trophoblast giant cells of the chorioal-
lantoic placenta are situated at the decidual cell-
placental interface and produce PL-I and PL-II,
which are PRL receptor agonists, and probably also
contribute to the modulation of uterine decidual cell
function.!

PRL is a prominent product of the uterine decidua
in primates, and has been best studied in the
human.®** Human decidual PRL binds to heparin,* a
feature it shares with two rodent decidual PRL family
members (dPRP and PLP-J), and thus probably accu-
mulates in the decidual extracellular matrix. Targets
for human decidual PRL include intrauterine (uterine
gland development, angiogenesis, trophoblast cell
development, and immune regulation), amniotic, and
possibly fetal tissues.***’ The expansion of decidual
PRL-related ligands in rodents might represent a
subspecialization of biological activities ascribed to
PRL in human decidua.

THE PLACENTAL PRL FAMILY AND
THE UTERINE VASCULATURE

Establishment of an effective delivery system of
nutrients and waste products between the mother and
the fetus is imperative for a successful pregnancy.*®
Trophoblast cells contribute to the remodeling of the
uterine vasculature, at least in part, through their
secretion of hormones/cytokines, which influence cell
types within the uterine mesometrial compartment.
PRL family ligands are produced by trophoblast cells
as they establish relationships with the uterine
mesometrial vasculature.

—
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PLF and PLF-RP

As indicated above, two members of the mouse
placental PRL family (PLF and PLF-RP) modulate
blood vessel development.3? PLF was originally discov-
ered as a growth factor regulated gene in serum-starved
mouse fibroblasts® and PLF-RP was identified based
on its structural relationships with PLE>® PLF is the
product of at least four closely related genes in
the mouse,'* whereas in the rat there is only a single PLF
gene.”> PLFs and PLF-RP are products of the pla-
centa.’®! Trophoblast giant cells contribute significantly
to the initial invasion and remodeling of the uterine vas-
culature and are the source of PLFs.>?%® PLF-RP expres-
sion differs in the mouse and rat. In the mouse, PLF-RP
is a product of the spongiotrophoblast;***> however, in
the rat, PLF-RP is expressed at the leading edge of inva-
sive trophoblast at mid gestation and then within the
labyrinth zone during the last week of gestation.®®
Linzer and his colleagues have demonstrated that PLF is
angiogenic and PLF-RP is antiangiogenic.3> These two
hormones/cytokines reciprocally influence blood vessel
formation as demonstrated by both in-vitro and in-vivo
analyses.3>*’ The biological activities of the rat PLF
and PLF-RP orthologues have not been reported.
Collectively, PLF and PLF-RP represent the major pla-
cental factors regulating angiogenesis in the mouse.®®

PLP-A

PLP-A modulates the establishment of the hemochorial
placenta. Rat PLP-A was first discovered as a by-
product of the cDNA cloning of PL-IL%! Subsequently,
mouse orthologues were revealed and characterized from
EST databases.”®?* In the mouse, PLP-A is primarily a
product of trophoblast giant cells,?*5? whereas in the rat
PLP-A is synthesized by trophoblast giant cells, spon-
giotrophoblast cells, and invasive trophoblast cells.”%
PLP-A is secreted as a glycoprotein hormone, 546>
lates in maternal blood as a high molecular mass com-
plex,%%7 and specifically interacts with uterine natural
killer cells.®®% Uterine natural killer cells are the princi-
pal leukocytes of the uterus’®’? and have been implicated
in mediating uterine mesometrial inflammatory/immune
responses’ and vascular remodeling.”* The latter effects
on the uterine mesometrial vasculature facilitate nutrient
flow to the placenta and fetus’* and are proposed to be
mediated by interferon y (IFNY).”® PLP-A is an interme-
diary in trophoblast cell modulation of natural killer cells,
including their production of IFNYy.%76

The physiology of PLP-A has been further explored
in PLP-A-deficient mice.”® PLP-A null mice were

circu-
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made by replacing exons II-V of the PLP-A gene with
a neomycin resistance cassette.”® As was true for the
dPRP gene, the PLP-A gene was also dispensable
when mice were maintained under standard animal
husbandry conditions. However, when pregnant
PLP-A null mice were challenged by exposure to
hypoxia, they were not able to adapt and their
pregnancies terminated.”® Pregnancies failed because
of inadequate placentation (Figure 22.4). Exposure
to maternal hypoxia disrupted trophoblast cells of
the PLP-A-deficient chorioallantoic placenta from
establishing connectivity with the uterine mesome-
trial vasculature. This is in contrast to pregnant
mice expressing PLP-A, which successfully adapt to
low oxygen and maintain their pregnancies. The
potential involvement of natural killer cells in mediat-
ing PLP-A-regulated adaptations to maternal hypoxia
is unknown.

PRL family and invasive trophoblast cells

During the last week of gestation, invasive trophoblast
cells exit the chorioallantoic placenta and enter the
mesometrial uterine compartment.” These invasive
trophoblast cells possess a unique phenotype, which is
distinguished by their elaboration of PRL family lig-
ands. In the rat, invasive trophoblast cells express five
members of the PRL family: PLP-A, PLP-L, PLP-M,
PLP-N, and PLP-P.”'377 The structure and function of
PLP-A were discussed above. The remaining PRL-
related proteins expressed in invasive trophoblast were
first identified through searches for PRL-related
sequences in rat EST and genomic databases.!33637.77.78
Orthologues were identified from mouse EST and
genomic databases,'*3”78 except for PLP-P, which is
unique to the rat.!® Minimal characterization of the
corresponding mRNAs and proteins has been per-
formed beyond tissue expression profiles. In compari-
son to the junctional zone of the rat chorioallantoic
placenta, PLP-A expression in invasive trophoblast
cells is weak.” PLP-M and PLP-P are dually expressed
in invasive trophoblast cells and in trophoblast cells
situated within the chorioallantoic placenta,”!
whereas PLP-L and PLP-N expression is restricted to
invasive trophoblast cells.” Rat invasive trophoblast
cells expressing genes related to PRL penetrate
throughout the uterine mesometrial compartment.” In
contrast, mouse invasive trophoblast cells do not pen-
etrate beyond the mesometrial decidual boundary and
only prominently express two members of the PRL
family (PLP-M and PLP-N).” Invasive trophoblast can
replace the endothelium of the uterine arterial vessels

—
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Figure 22.4 Defect in hemochorial placentation and trophoblast-vascular interactions in PLP-A null mutant
mice exposed to hypoxia. Double immunohistochemical staining for trophoblast cells by using a cytokeratin-
8-specific antibody (TROMA-1) and for endothelial cells by using an endoglin antibody within implantation sites
of wild-type and PLP-A null mutant mice after 48 hours (A and B) of hypoxia starting on gestation day 7.5 (scale
bars =250 um). (C) Cellular dynamics at implantation sites of wild-type and PLP-A null mutant mice exposed to
hypoxia for 48 hours starting on gestation day 7.5. Note the lack of trophoblast expansion into the mesometrial
chamber on days 8.5 and 9.5 of pregnancy in PLP-A null mutant mice after exposure to hypoxia. Also note the
aberrant vasculature and underdeveloped placentas at the implantation sites on day 9.5 of pregnancy in PLP-A null
mutant mice exposed to hypoxia. (Reproduced in modified form from Ain et al,”* with permission from the
National Academy of Sciences of the USA.)

(endovascular) and accumulate around the vessels
(interstitial), where their presence is associated with
the disappearance of vascular smooth muscle.”7%%
These changes impact the permeability and distention
properties of the vessels and alter their delivery of cel-
lular and molecular components of maternal blood. A
distant relative of the PRL family, growth hormone
variant (also known as placental growth hormone), is
a known autocrine/paracrine stimulator of invasive-
ness in human trophoblast.’! Whether the different

PRL family expression patterns in invasive trophoblast
cells of the rat and mouse are responsible for the
species difference in the depth of trophoblast invasion
remains to be determined.

FINALTHOUGHTS

The PRL family is an intriguing example of the evolu-
tion of a set of genes directed towards the regulation

—
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of viviparity and species-specific reproductive success.
At this juncture, we possess a modicum of knowledge
on the evolution of the PRL family but we do have
enough insights from the few mammalian species that
have been studied to know that conservation is not the
rule. The lack of species conservation would direct
some scientists elsewhere. However, based on emerg-
ing gene targeting experimentation, this would be
an unfortunate oversight.¥*’¢ Evolution of the PRL
family and its various expansions did not occur in the
laboratory setting. The PRL family expanded in the
mouse and rat to ensure pregnancy-dependent adapta-
tions to environmental challenges. These challenges
might have included nutrient availability, exposure to
pathogens, and temperature excesses. The ability to
reproductively adapt to environmental challenges pro-
vides a selective advantage for a species, ensuring its
survival.

The insights discussed in the preceding paragraph
are based on the phenotypic analysis of mice with dis-
ruptions in two mouse PRL family genes, dPRP and
PLP-A.3¥76 The physiological relevance of the remainder
of the mouse PRL family locus is unknown. If the
mouse PRL family locus was modified to resemble the
human locus, consisting of only PRL, what would be
the impact on pregnancy? The generation of new genes
by gene duplication and natural selection results in a
purification process, leading to subspecialization from
the ancestral gene (subfunctionalization) or the devel-
opment of new functions not previously attributed to
the ancestral gene (neofunctionalization). Have rodent
PRL family ligands undergone subfunctionalization
and/or neofunctionalization? Are mouse PRL and human
PRL functionally equivalent or have they undergone
specialization? These questions can be addressed through
chromosomal engineering and gene replacement exper-
iments and will provide important information about
the evolution of the PRL family locus.

Finally, it is important to emphasize that we gain
insights about human pregnancy from studying rodent
pregnancy and the rodent PRL family. Pregnancy is
characterized by adaptive responses to physiological
stressors. Appropriate adaptive responses result in suc-
cessful progression of gestation and healthy offspring,
whereas ineffective adaptations compromise preg-
nancy and the health of the fetus and newborn. Insights
into the mechanisms controlling pregnancy-dependent
adaptations to physiological stressors are essential to
understanding the etiology of pregnancy-related dis-
eases, such as preeclampsia and intrauterine growth
restriction. The rodent PRL family provides a means
for identification of key cellular and molecular partici-
pants in pregnancy-dependent adaptations.

—o—

ACKNOWLEDGMENTS

We would like to acknowledge current colleagues in our
laboratory and also past trainees that made valuable con-
tributions. This work was supported by grants from the
National Institutes of Health (HD20676, HD039878,
HD48861) and the Hall Family Foundation.

REFERENCES

1. Rossant J, Cross JC. Extraembryonic lineages. In: Rossant J,
Tam PPL, eds. Mouse Development. New York: Academic
Press, 2002: 155-80.

2. Georgiades P, Ferguson-Smith AC, Burton GJ. Comparative
developmental anatomy of the murine and human definitive
placentae. Placenta 2002; 23: 3-19.

3. DeFeo VIJ. Decidualization. In: Wynn RM, ed. Cellular
Biology of the Uterus. New York: Appleton-Century-Crofts,
1967: 191-290.

4. Bell SC. Decidualization: regional differentiation and associ-
ated function. Oxf Rev Reprod Biol 1983; 5: 220-71.

5. Selye H, McKeown T. Studies on the physiology of the mater-
nal placenta in the rat. Proc R Soc Lond Biol 1935; 119: 1-31.

6. Peel S. Granulated metrial gland cells. Adv Anat Embryol Cell
Biol 1989; 115: 1-112.

7. Ain R, Canham LN, Soares MJ. Gestational stage-dependent
intrauterine trophoblast cell invasion in the rat and mouse:
novel endocrine phenotype and regulation. Dev Biol 2003;
260: 176-90.

8. Nicoll CS. Ontogeny and evolution of prolactin’s functions.
Fed Proc 1980; 39: 2563-66.

9. Nicoll CS, Bern HA. On the actions of prolactin among
the vertebrates: is there a common denominator? In:
Wolstenholme GEW, Knight J, eds. Lactogenic Hormones.
London: Churchill Livingstone, 1972: 99-337.

10. Goffin V, Binart N, Touraine P, Kelly PA. Prolactin: the new
biology of an old hormone. Annu Rev Physiol 2002; 64: 47-67.

11. Soares MJ. The prolactin and growth hormone families:
pregnancy-specific hormones/cytokines at the maternal-
fetal interface. Reprod Biol Endocrinol 2004; 2: 51.

12. Francino MP. An adaptive radiation model for the origin of
new gene functions. Nat Genet 2005; 37: 573-7.

13. Alam SMK, Ain R, Konno T et al. The rat prolactin gene
family locus: species-specific gene family expansion. Mamm
Genome 2006; 17: 858-77.

14. ‘Wiemers DO, Shao L-J, Ain R et al. The mouse prolactin gene
family locus. Endocrinology 2003; 144: 313-25.

15 Ershoff BH, Deuel HJ. Prolongation of pseudopregnancy by
induction of deciduomata in the rat. Proc Soc Exp Biol Med
1943; 54: 167-18.

16. Gibori G, Rothchild I, Pepe GI et al. Luteotrophic action of
decidual tissue in the rat. Endocrinology 1974; 95: 1113-8.

17. Rothchild I, Gibori G. The luteotrophic effect of decidual tissue:
the stimulating effect of decidualization on serum progesterone
level of pseudopregnant rats. Endocrinology 1975; 97: 838-42.

18. Duckworth ML, Peden LM, Friesen HG. A third prolactin-
like protein expressed by the developing rat placenta: com-
plementary deoxyribonucleic acid sequence and partial
structure of the gene. Mol Endocrinol 1988; 2: 912-20.

19. Croze F, Kennedy TG, Schroedter IC, Friesen HG. Expression
of rat prolactin-like protein-B in deciduoma of pseudopregnant
rat and in decidua during early pregnancy. Endocrinology 1990;
127: 2665-72.

20. Cohick CB, Xu L, Soares MJ. Prolactin-like protein-B: het-
erologous expression and characterization of placental and
decidual species. J Endocrinol 1997; 152: 291-302.

—



22-Aplin-8035.gxd 9/10/2007

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

9:06 PM Page 351

Duckworth ML, Schroedter IC, Friesen HG. Cellular localiza-
tion of rat placental lactogen-II and rat prolactin-like proteins
A and B by in situ hybridization. Placenta 1990; 11: 143-55.
Lu X-J, Deb S, Soares MJ. Spontaneous differentiation of tro-
phoblast cells along the spongiotrophoblast pathway: expres-
sion of the placental prolactin gene family and modulation by
retinoic acid. Dev Biol 1994; 163: 86-97.

Lin J, Poole J, Linzer DIH. Three new members of the mouse
prolactin/growth hormone family are homologous to proteins
expressed in the rat. Endocrinology 1997; 138: 5541-9.
Miiller H, Ishimura R, Orwig KE et al. Homologues for pro-
lactin-like protein-A and B are present in the mouse. Biol
Reprod 1998; 58: 45-51.

Roby KF, Deb S, Gibori G et al. Decidual prolactin-related
protein. Identification, molecular cloning, and characteriza-
tion. J Biol Chem 1993; 268: 3136-42.

Orwig KE, Dai G, Rasmussen CA, Soares MJ. Decidual/
trophoblast prolactin-related protein: characterization of gene
structure and cell-specific expression. Endocrinology 1997;
138: 2491-50.

Gu Y, Soares MJ, Srivastava RK, Gibori G. Expression of
decidual prolactin-related protein in the rat decidua.
Endocrinology 1994; 135: 1422-7.

Rasmussen CA, Hashizume K, Orwig KE et al. Decidual
prolactin-related protein: heterologous expression and char-
acterization. Endocrinology 1996; 137: 5558-66.

Rasmussen CA, Orwig KE, Soares MJ. Dual expression of
prolactin-related protein in decidua and trophoblast tissues
during pregnancy in rats. Biol Reprod 1997; 56: 647-54.
Wang D, Ishimura R, Walia DS et al. Eosinophils are cellular
targets of the novel uteroplacental heparin-binding cytokine,
decidual/trophoblast prolactin-related protein. J Endocrinol
2000; 167: 15-29.

Orwig KE, Ishimura R, Miiller H et al. Identification
and characterization of a mouse homolog for decidual/
trophoblast prolactin-related protein. Endocrinology 1997;
139: 5511-17.

Jackson D, Volpert OV, Bouck N, Linzer DIH. Stimulation
and inhibition of angiogenesis by placental proliferin and pro-
liferin-related protein. Science 1994; 266: 1581-4.

Alam SMK, Konno T, Dai G et al. A uterine decidual cell
cytokine ensures pregnancy-dependent adaptations to
hypoxia. Development 2007; 17: 858-77.

Hiraoka Y, Ogawa M, Sakai Y et al. PLP-I: a novel prolactin-like
gene in rodents. Biochim Biophys Acta 1999; 1447: 291-7.
Toft DJ, Lizer DIH. Prolactin (PRL)-like protein J, a novel
member of the PRL/growth hormone family, is exclusively
expressed in maternal decidua. Endocrinology 1999; 140:
5095-101.

Ishibashi K, Imai M. Identification of four new members of
the rat prolactin/growth hormone gene family. Biochem
Biophys Res Commun 1999; 262: 575-8.

Dai G, Wang D, Liu B et al. Three novel paralogs of the rodent
prolactin gene family. J Endocrinol 2000; 166: 63-75.
Prigent-Tessier A, Tessier C, Hirosawa-Takamori M et al. Rat
decidual prolactin. Identification, molecular cloning, and
characterization. J Biol Chem 1999; 274: 37982-9.

Kimura F, Takakura K, Takebayashi K et al. Messenger ribonu-
cleic acid for the mouse decidual prolactin is present and
induced during in vitro decidualization of endometrial stro-
mal cells. Gynecol Endocrinol 2001; 15: 426-32.

Reese J, Binart N, Brown N et al. Implantation and decidual-
ization defects in prolactin receptor (PRLR)-deficient mice are
mediated by ovarian but not uterine PRLR. Endocrinology
2000; 141: 1872-81.

GuY, Srivastava RK, Clarke DL et al. The decidual prolactin
receptor and its regulation by decidua-derived factors.
Endocrinology 1996; 136: 4878-85.

—o—

42.

43,
44,
45,

46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

57.

58.
59.
60.
61.
62.

63.

—

PROLACTIN FAMILY 351

Tessier C, Prigent-Tessier A, Ferguson-Gottschall S et al. PRL
antiapoptotic effect in the rat decidua involves the PI3K/
protein kinase B-mediated inhibition of caspase-3 activity.
Endocrinology 2001; 142: 4086-94.

Handwerger S, Markoff E, Richards R. Regulation of the syn-
thesis and release of decidual prolactin by placental and
autocrine/paracrine factors. Placenta 1991; 12: 121-30.
Telgmann R, Gellersen B. Marker genes of decidualization:
activation of the decidual prolactin gene. Hum Reprod
Update 1998; 4: 472-9.

Khurana S, Kuns R, Ben-Jonathan N. Heparin-binding prop-
erty of human prolactin: a novel aspect of prolactin biology.
Endocrinology 1999; 140: 1026-9.

Jabbour HN, Critchley HO. Potential roles of decidual pro-
lactin in early pregnancy. Reproduction 2001; 121: 197-205.
Handwerger S, Brar A. Human uteroplacental lactogens: phys-
iology and molecular biology. In: Horseman ND, ed. Prolactin.
Norwell, MA: Kluwer Academic Publishers, 2001: 169-87.
Enders AC, Welsh AO. Structural interactions of trophoblast
and uterus during hemochorial placenta formation. J Exp
Zool 1993; 266: 578-87.

Linzer DIH, Nathans D. Nucleotide sequence of a growth-
related mRNA encoding a member of the prolactin-growth
hormone family. Proc Natl Acad Sci USA 1984; 81: 4255-9.
Linzer DIH, Nathans D. A new member of the prolactin-
growth hormone gene family expressed in mouse placenta.
EMBO J 1985; 4: 1419-23.

Linzer DIH, Lee SJ, Ogren L et al. Identification of proliferin
mRNA and protein in mouse placenta. Proc Natl Acad Sci
USA 1985; 82: 4356-9.

Lee SJ, Talamantes F, Wilder E et al. Trophoblastic giant cells
of the mouse placenta as the site of proliferin synthesis.
Endocrinology 1988; 122: 1761-7.

Hemberger M, Nozaki T, Masutani M, Cross JC. Differential
expression of angiogenic and vasodilatory factors by invasive
trophoblast giant cells depending on depth of invasion. Dev
Dyn 2003; 227: 185-91.

Colosi P, Swiergiel JJ, Wilder EL et al. Characterization of
proliferin-related protein. Mol Endocrinol 1988; 2: 579-86.
Carney EW, Prideaux V, Lye SJ, Rossant J. Progressive expres-
sion of trophoblast-specific genes during formation of mouse
trophoblast giant cells in vitro. Mol Reprod Dev 1993; 34:
357-68.

Sahgal N, Knipp GT, Liu B et al. Identification of two new
nonclassical members of the rat prolactin family. J Mol
Endocrinol 2000; 24: 95-108.

Volpert O, Jackson D, Bouck N, Linzer DIH. The insulin-like
growth factor II/mannose 6-phosphate receptor is required
for proliferin-induced angiogenesis. Endocrinology 1996; 137:
3871-6.

Bengtson NW, Linzer DIH. Inhibition of tumor growth by the
antiangiogenic placental hormone, proliferin-related protein.
Mol Endocrinol 2000; 14: 1934-43.

Toft DJ, Rosenberg SB, Bergers G et al. Reactivation of
proliferin gene expression is associated with increased
angiogenesis in a cell culture model of fibrosarcoma tumor
progression. Proc Natl Acad Sci USA 2001; 98: 13055-9.
Linzer DIH. Placental angiogenic and anti-angiogenic factors.
J NIH Res 1995; 7: 57-8.

Duckworth ML, Peden LM, Friesen HG. Isolation of a novel
prolactin-like cDNA clone from developing rat placenta.
J Biol Chem 1986; 61: 10879-84.

Ma GT, Linzer DIH. GATA-2 restricts prolactin-like protein
A expression to secondary trophoblast giant cells in the
mouse. Biol Reprod 2000; 63: 570-4.

Campbell WJ, Deb S, Kwok SC et al. Differential expression
of placental lactogen-II and prolactin-like protein-A in the rat
chorioallantoic placenta. Endocrinology 1989; 125: 1565-74.



22-Aplin-8035.gxd 9/10/2007

352

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

9:06 PM Page 352

THE ENDOMETRIUM

Deb S, Youngblood T, Rawitch AB, Soares MJ. Placental pro-
lactin-like protein A. Identification and characterization of
two major glycoprotein species with antipeptide antibodies. J
Biol Chem 1989; 264: 14348-53.

Manzella SM, Dharmesh SM, Cohick CB et al. Developmental
regulation of a pregnancy-specific oligosaccharide structure,
NeuAco2,6GalNAcB1,4GlcNAc, on select members of the rat
placental prolactin family. J Biol Chem 1997; 272: 4775-82.
Deb S, Soares MJ. Characterization of placental prolactin-like
protein-A in intracellular and extracellular compartments.
Mol Cell Endocrinol 1990; 74: 163-72.

Deb S, Hamlin GP, Roby KF et al. Heterologous expression and
characterization of prolactin-like protein-A. Identification of
serum binding proteins. J Biol Chem 1993; 268: 3298-305.
Miiller H, Liu B, Croy BA et al. Uterine natural killer cells are
targets for a trophoblast cell-specific cytokine, prolactin-like
protein A. Endocrinology 1999; 140: 2711-20.

Ain R, Tash JS, Soares MJ. Prolactin-like protein-A is a func-
tional modulator of natural killer cells at the maternal-fetal
interface. Mol Cell Endocrinol 2003; 204: 65-74.

Croy BA, Luross JA, Guimond M-J, Hunt JS. Uterine natural
killer cells: insights into lineage relationships and functions
from studies of pregnancies in mutant and transgenic mice.
Nat Immun 1996; 15: 22-33.

Moffett-King A. Natural killer cells and pregnancy. Nat Rev
Immunol 2002; 2: 656-63.

Dosiou C, Giudice LC. Natural killer cells in pregnancy and
recurrent pregnancy loss: endocrine and immunologic per-
spectives. Endocr Rev 2005; 26: 44-62.

Murphy SP, Fast LD, Hanna NN, Sharma S. Uterine NK cells
mediate inflammation-induced fetal demise in IL-10-null
mice. J Immunol 2005; 175: 4084-90.

Croy BA, Ashkar AA, Minhas K, Greenwood JD. Can murine
uterine natural killer cells give insights into the pathogenesis
of preeclampsia? J Soc Gynecol Invest 2000; 7: 12-20.
Ashkar AA, Croy BA. Functions of uterine natural killer cells
are mediated by interferon gamma production during murine
pregnancy. Semin Immunol 2001; 13: 235-41.

Ain R, Dai G, Dunmore JH et al. A prolactin family paralog
regulates reproductive adaptations to a physiological stressor.
Proc Natl Acad Sci USA 2004; 101: 16543-8.

Wiemers DO, Ain R, Ohboshi S, Soares MJ. Migratory tro-
phoblast cells express a newly identified member of the pro-
lactin gene family. J Endocrinol 2003; 179: 335-46.

Toft DJ, Linzer DIH. Identification of three prolactin-related
hormones as markers of invasive trophoblasts in the rat. Biol
Reprod 2000; 63: 519-25.

Vercruysse L, Caluwaerts S, Luyten C, Pijnenborg R.
Interstitial trophoblast invasion in the decidua and mesome-
trial triangle during the last third of pregnancy in the rat.
Placenta 2006; 27: 22-33.

Caluwaerts S, Vercruysse L, Luyten C, Pijnenborg R. Endovas-
cular trophoblast invasion and associated structural changes in
uterine spiral arteries of the pregnant rat. Placenta 2005; 26:
574-84.

Lacroix MC, Guibourdenche J, Fournier T et al. Stimulation
of human trophoblast invasion by placental growth hormone.
Endocrinology 2005; 146: 2434-44.

Gubbins EJ, Maurer RA, Hartley JL, Donelson JE. Construction
and analysis of recombinant DNAs containing a structural gene
for rat prolactin. Nucleic Acids Res 1979; 6: 915-30.

Cooke NE, Coit D, Weiner RI et al. Structure of cloned DNA
complementary to rat prolactin messenger RNA. J Biol Chem
1980; 255: 6502-10.

Linzer DI, Talamantes F. Nucleotide sequence of mouse pro-
lactin and growth hormone mRNAs and expression of these
mRNAs during pregnancy. J Biol Chem 1985; 260: 9574-9.
Robertson MC, Croze F, Schroedter IC, Friesen HG.
Molecular cloning and expression of rat placental lactogen-I

—o—

86.

87.

88.

90.
91.

92.
93.

94.

95.
96.

97.

98.
99.

100.

101.

102.
103.

104.

105.

—

complementary deoxyribonucleic acid. Endocrinology 1990;
127:702-10.

Hirosawa M, Miura R, Min KS et al. A cDNA encoding a
new member of the rat placental lactogen family, PL-I mosaic
(PL-Im). Endocr J 1994; 41: 387-97.

Dai G, Imagawa W, Liu B et al. Rcho-1 trophoblast cell
placental lactogens: complementary deoxyribonucleic acids,
heterologous expression, and biological activities. Endocrin-
ology 1996; 137: 5020-7.

Duckworth ML, Kirk KL, Friesen HG. Isolation and identifi-
cation of a cDNA clone of rat placental lactogen II. J Biol
Chem 1986; 261: 10871-8.

Jackson LL, Colosi P, Talamantes F, Linzer DIH. Molecular
cloning of mouse placental lactogen cDNA. Proc Natl Acad
Sci USA 1986; 83: 8496-500.

Iwatsuki K, Shinozaki M, Hattori N et al. Molecular cloning and
characterization of a new member of the rat placental prolactin
(PRL) family, PRL-like protein D (PLP-D). Endocrinology
1996; 137: 3849-55.

Dai G, Liu B, Szpirer C et al. Prolactin-like protein-C variant:
complementary deoxyribonucleic acid, unique six exon gene
structure, and trophoblast cell-specific expression. Endocrin-
ology 1996; 137: 5009-19.

Deb S, Roby KF, Faria TN et al. Molecular cloning and char-
acterization of prolactin-like protein C complementary
deoxyribonucleic acid. J Biol Chem 1991; 266: 23027-32.
Iwatsuki K, Oda M, Sun W et al. Molecular cloning and charac-
terization of a new member of the rat placental prolactin (PRL)
family, PRL-like protein H. Endocrinology 1998; 139: 4976-83.
Robertson MC, Schroedter IC, Friesen HG. Molecular cloning
and expression of rat placental lactogen-Iv, a variant of rPL-I
present in late pregnant rat placenta. Endocrinology 1991;
129: 2746-56.

Cohick CB, Dai G, Xu L et al. Placental lactogen-I variant uti-
lizes the prolactin receptor signaling pathway. Mol Cell
Endocrinol 1996; 116: 49-58.

Hwang IT, Lee YH, Moon BC et al. Identification and characteri-
zation of a new member of the placental prolactin-like protein-C
(PLP-C) subfamily, PLP-CB. Endocrinology 2000; 141: 3343-52.
Dai G, Chapman BM, Liu B et al. A new member of the
mouse prolactin (PRL)-like protein-C subfamily, PRL-like
protein-C alpha: structure and expression. Endocrinology
1998; 139: 5157-63.

Lin J, Poole J, Linzer DIH. Two novel members of the prolactin/
growth hormone family are expressed in the mouse placenta.
Endocrinology 1997; 138: 5535-40.

Miiller H, Orwig KE, Soares MJ. Identification of two new
members of the mouse prolactin gene family. Biochim
Biophys Acta 1998; 1396: 251-8.

Wilder EL, Linzer DIH. Expression of multiple proliferin
genes in mouse cells. Mol Cell Biol 1986; 6: 3283-6.

Fassett JT, Nilsen-Hamilton M. Mrp3, a mitogen-regulated
protein/proliferin gene expressed in wound healing and in
hair follicles. Endocrinology 2001; 142: 2129-37.

Fassett JT, Hamilton RT, Nilsen-Hamilton M. Mrp4, a new
mitogen-regulated protein/proliferin gene; unique in this
gene family for its expression in the adult mouse tail and ear.
Endocrinology 2000; 141: 1863-71.

Ain R, Konno T, Canham LN, Soares MJ. Phenotypic analysis
of the placenta in the rat. In: Soares MJ, Hunt JS, eds. Placenta
and Trophoblast: Methods and Protocols. Totowa, New Jersey:
Humana Press, 2006; 1: 295-313.

Page RD. TreeView: an application to display phylogenetic
trees on personal computers. Comput Appl Biosci 1996; 2:
357-8.

Thompson JD, Gibson TJ, Plewniak F et al. The CLUSTAL_X
windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic Acids Res
1997; 25: 4876-82.



22-Aplin-8035.gxd 9/10/2007 9:06 PM Page 353 $

PROLACTIN FAMILY 353

Soares et al side panel

Background

e In rats and mice, the uterus is bicornuate with a mesometrial vascular supply.

e The chorioallantoic placenta develops at the mesometrial pole.

e Above the basal decidua is a triangular area rich in blood vessels known as the metrial gland or the
mesometrial lymphoid aggregate of pregnancy (MLAP).

e Uterine natural killer (uNK) cells are abundant in the metrial gland at mid gestation.

e The placenta comprises two anatomically distinct regions: the junctional zone, an endocrine and invasive
tissue; and the labyrinth, which is the site of maternal-fetal exchange.

e Prolactin (PRL) is a polypeptide hormone with effects on reproduction, lactation, the brain, immune
system, and metabolism in rodents, humans, and other mammals.

e Members of the PRL family are produced by the anterior pituitary, the decidua, and the placenta.

Basic Science

e In mid pregnancy in the rat a subpopulation of trophoblast exits the junctional zone and infiltrates the
metrial gland and its blood vessels. This coincides with the degeneration of the uNK cell population.

¢ In the mouse, trophoblast infiltration is restricted to the mesometrial decidua.

e A subset of mammals, including the rat, mouse, and cow have genes encoding numerous PRL family mem-
bers, while other species, such as dogs and humans, have only a single orthologous member, PRL.

e The PRL family seems to have expanded in the mouse and rat to enable adaptations to environmental
challenges during pregnancy. These challenges might have included nutrient availability, exposure to
pathogens, or changes in atmospheric conditions or temperature.

e The anterior pituitary, uterine decidual cells, and various lineages of trophoblast cells all contribute to the
production of these ligands.

e PRL and the placental lactogens (PLs) are PRL receptor agonists.

e They are critical to pregnancy and lactation through their actions on the corpus luteum and mammary
gland.

e Human decidual PRL binds to heparin and probably accumulates in extracellular matrix at the mater-
nal-fetal interface.

e Its targets in the uterus may include epithelial glands, angiogenesis, trophoblast development, and immune
cells. In addition, it may target amniotic and possibly fetal tissues.

e The remaining members of the PRL family have a broad spectrum of targets, including but not limited
to hematopoietic precursor cells and immune cells and cells of the vasculature. PLP-A produced by
trophoblast binds receptors on ulNK cells.

e Expression of decidual PRL family ligands is most abundant in antimesometrial decidua in the mouse and
the rat.

e Gene ablation studies in the mouse have demonstrated that two family members, dPRP and PLP-A, are
both dispensable under normal breeding conditions but their absence renders mice susceptible to
hypoxia-induced pregnancy failure.

Clinical

e Insights into the mechanisms controlling pregnancy-dependent adaptations to physiological stressors
may be useful in understanding the etiology of pregnancy-related diseases such as preeclampsia and
intrauterine growth restriction.



