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Parathyroid hormone-related protein (PTHrP) was detected at 32.8 \m=+-\3.9 pmol l\m=-\1in
uterine luminal fluid from immature rats treated with oestradiol. As mRNA encoding PTHrP
has previously been localized to implantation sites in pregnant rats, the role of luminal
PTHrP during pregnancy was explored. Infusion of a parathyroid hormone (PTH)/PTHrP
receptor antagonist, [Asn10,Leu11]PTHrP(7\p=n-\34) amide, into the uterine lumen during
pregnancy in rats resulted in excessive decidualization. This effect was also observed after
intrauterine infusion of a monoclonal antibody raised against PTHrP. The effect of infusion
of PTH/PTHrP receptor antagonist was dependent upon successful implantation, was

dose-dependent and confined to the treated horn. A decrease in the number of apoptotic
decidual cells in antagonist-infused uterine horns compared with vehicle or non-infused
horns was detected immunohistochemically at day 13 of pregnancy, and this decrease is
likely to contribute to the 'over-decidualization' observed. In pseudopregnant rats, infusion
of PTH/PTHrP receptor antagonist into the uterine lumen resulted in an increase in uterine
wet weight of the infused horn compared with the non-infused horn, indicating a direct
effect on deciduoma formation. Thus, activation of the PTH/PTHrP receptor by locally
produced PTHrP appears to be crucial for normal decidualization during pregnancy in rats.

Introduction

The interaction of a blastocyst with the hormonally
conditioned uterus of mammals results in a series of structural
and functional changes in the endometrium (Abrahamson
and Zohn, 1993). Endometrial stromal cells proliferate and
differentiate to form decidual cells, which in turn give rise to
the maternal component of the placenta. Once decidualization
has been initiated, further signals are produced that stimulate
neighbouring cells to divide and differentiate (Finn et al,
1995). The factors involved in this self-propagating chain of
proliferation and differentiation have not yet been identified.

Expression of mRNA encoding PTHrP in the uterine epi¬
thelium in the anti-mesometrial crypts marking the sites of
implantation in pregnant rats, and in comparable regions
during induction of deciduoma in pseudopregnant rats has
been reported (Beck et al, 1993). Decidual cells also produce
mRNA encoding PTHrP, with expression of the gene in these
cells following epithelial expression by 48 h. In addition,
mRNA encoding PTH/PTHrP receptor has been detected in
the rat uterus (Urena et al, 1993), and during early pregnancy
is found in stromal cells close to the uterine lumen (J. Tucci,
personal communication). In this study PTHrP was measured
in uterine fluid to determine whether PTHrP is secreted into
the lumen, and the role of the PTH/PTHrP receptor during

the peri-implantation period in the pregnant rat was

investigated.

Materials and Methods

Animals
Female Sprague-Dawley rats were used in all experiments,

and were housed under temperature- and light-controlled
conditions with free access to food and water. Female rats were

caged overnight with males, and the morning of the appear¬
ance of a copulatory plug was defined as day 1 of pregnancy.

For experiments using pseudopregnant rats, female rats were

mated with vasectomized male rats to induce pseudopregnancy
and a decidual response was initiated on day 5 of pseudopreg¬
nancy by slow injection of 40 µ concanavalin A (20 pg ml

~
1;

Sigma Chemical Co., St Louis, MO) into the lumen of each
uterine horn (Shaw and Murphy, 1994).

All surgery and tissue collection was performed between
10:00 and 12:00 h on the specified day.

Collection of uterine fluid and measurement of PTHrP
Immature female rats (60-80 g) were treated for 3

consecutive days with oestradiol (100 µg kg-1; Sigma
Chemical Co.), injected s.c. in 0.2 ml sunflower oil. Rats wereReceived 26 March 1997.
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killed by cervical dislocation on day 4, and the uteri exposed.
Uterine fluid was collected by aspiration with a 1 ml syringe
(Conner and Miller, 1973). PTHrP concentration was deter¬
mined using a PTHrP N-terminal radioimmunoassay (n = 9;
Grill el al, 1991). The sensitivity of this assay is 2 pmol 1~ .

Results are expressed as means ± sem.

Intrauterine infusion
Alzet mini osmotic pumps (Alza Corporation, Palo Alto,

CA), model 2001 (pumping rate 0.5 µ h~ ) were used for the
unilateral infusion of [AsnI0,Leu11]PTHrP(7—34) amide (Auspep
Pty Ltd, Parkville, Victoria) into the uterine lumen. The
vehicle for these experiments was 2% (w/v) BSA in saline. A
monoclonal antibody raised against PTHrP (clone 3F5; Rankin
et al, 1995) was infused in the same manner. In this series of
experiments, an infusion of an unrelated monoclonal antibody,
raised against a glomerular tissue immune deposit, was used as

a control (K1.431; Murphy and DApice, 1988).
The pumps were inserted either before mating or at day 6 of

pregnancy or pseudopregnancy, using techniques described by
Kennedy and Lukash (1982). When surgery was performed on

day 6 of pregnancy, the cannula was inserted on the cervical
side of the fetus proximal to the ovary. The effects of the
various treatments were assessed on day 6 of pregnancy for
rats infused from before mating, and on day 13 of pregnancy
for rats infused from day 6 of pregnancy.

In separate experiments [Asn ,Leu ]PTHrP(7—34) amide
(2400 pmoles) was injected intraluminally on day 6 of
pregnancy. These rats were examined on day 13 of pregnancy.

Ketamine (Delta Veterinary Laboratories Pty Ltd, Hornsby,
NSW)/xylazine (Bayer Australia Ltd, Pymble, NSW) anaes¬

thesia (50 mg kg _

1 and 10 mg kg ~
, respectively) was used in

all surgical procedures.

Accumulation of cyclic AMP

Biological activity of [Asn10,Leu11]PTHrP(7-34) amide
samples was assessed by stimulation of adenylate cyclase
activity in UMR 106—01 osteogenic sarcoma cells. Briefly,
UMR 106—01 cells in 24-well plates were incubated in medium
containing 0.1% (w/v) BSA and 1 mmol isobutylmethyl-
xanthine 1~ for 20 min at 37°C. Cells were then exposed
to test agents for 20 min. The antagonist was added 5 min
before PTHrP(l-34) to test the antagonist activity of
[AsnI0,Leun]PTHrP(7—34) amide samples. The cells were

washed once with PBS, and intracellular cyclic AMP extracted
with 0.5 ml 95% ethanol. The samples were evaporated to
dryness by boiling and reconstituted in buffer (50 mmol
sodium acetate I- , 1 mmol theophylline l~ , pH 5.0). Cyclic
AMP was quantified by radioimmunoassay as described by
Houssami el al (1994).

Morphological analysis
Animals were killed by C02 inhalation and the uterus was

removed from the abdominal cavity. The macroscopic appear¬
ance of each uterus was recorded photographically. Segments

of uterus were then fixed in 10% (v/v) formalin, processed and
embedded in paraffin wax for subsequent histological analysis.

Formation of deciduoma
The extent of uterine decidualization of pseudopregnant rats

was evaluated 72 h after insertion of the pumps by weighing
the infused and non-infused horns separately. Results are

shown for six rats in each group. Paired t tests were performed
on the data collected from pseudopregnant rats to determine
whether the treatment had affected uterine weight compared
with the non-infused horn (P < 0.05). For statistical analysis
between vehicle- and receptor antagonist-treated groups, the
data were expressed as the difference (non-infused—infused
horn), and analysed using Student's t test (P< 0.05,  = 6 rats
per group).

Detection and analysis of apoptotic decidual cells
Apoptotic cells were detected immunohistochemically

(Apotag kit, Oncor Ine, Gaithersburg, MD) in formalin-fixed,
5 µ  sections of day 13 pregnant uteri containing fetal tissue
(when present). Four to eight sections were stained from each
rat uterus. In each section, ten 0.16 mm2 fields were examined
in non-infused and vehicle-infused uteri and twenty 0.16 mm

fields were examined in antagonist-infused uteri.
Results are expressed as mean number of positive cells

mm" decidua. Statistical analysis of the results was carried
out using analysis of variance followed by a Bonferroni t test
(P< 0.05,  = 4 rats per group).

Results

PTHrP in uterine fluid
PTHrP was detected in 9/9 samples of uterine fluid. The

mean PTHrP concentration in uterine fluid was 32.8 ± 3.9 pmol
l- . Collection of uterine fluid using this protocol did not
damage the epithelial cell layer lining the uterine lumen (not
shown; Martin, 1984).

Effect of intrauterine infusion of a PTH/PTHrP receptor antagonist
Intraluminal infusion of vehicle from day 6 to day 13 of

pregnancy had no effect on decidualization or fetal develop¬
ment at either the macroscopic or microscopic level (Figs la
and 2a), although development of the embryo on the
cervical side of the cannula was usually inhibited (5/6 rats).
Intraluminal infusion of PTH/PTHrP receptor antagonist,
[Asn10,Leu11]PTHrP(7-34) amide, at 100 pmol h~ * from day 6
to day 13 of pregnancy resulted in excessive decidualization
(n = 10), which was apparent as large masses at the macro¬

scopic level (Fig. lb) and as large numbers of decidual cells in
haematoxylin- and eosin-stained sections (Fig. 2b). Anti-
mesometrial decidual cells (Fig. 2c) were closely packed, large,
rounded cells, as described by Welsh and Enders (1985).
Mesometrial decidual cells also showed morphology compar¬
able to that described by Abrahamsohn and Zohn (1993), and
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Fig. 1. Appearance of rat uteri infused intraluminally with either vehicle or with a parathyroid hormone (PTH)/PTH-related protein (PTHrP)
receptor antagonist [Asn10,Leu11]PTHrP(7-34) amide from day 6 to day 13 of pregnancy, (a) Vehicle-infused uterus; (b) infusion of
[Asn10,Leu11]PTHrP(7-34) amide at 100 pmol h_1; (c) infusion of [Asn10,LeuI1]PTHrP(7-34) amide at 10 pmol h-1. Scale bars represent 1 cm.
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Fig. 2. Haematoxylin- and eosin-stained sections of rat uteri at day 13 of pregnancy after infusion of (a) vehicle or (b) a parathyroid hormone
(PTH)/PTH-related protein (PTHrP) receptor antagonist hW.Leu^PTHrP^-^) amide (100 pmol h" :) from day 6 to day 13 of pregnancy.
Higher magnification of (c) anti-mesometrial decidual cells and (d) mesometrial decidual cells from the section shown in (b). F: fetus; FM: fetal
membranes; D: decidual cells; S: endometrial stroma; M: myometrium; C: capsule V: blood vessel. Scale bars represent 100 µ  in (a) and (b), and
4 µ  in (c) and (d).

were smaller, irregularly shaped and less densely packed than
anti-mesometrial decidual cells, and processed spanning extra¬
cellular spaces giving a 'spiny' appearance (Fig. 2d). No fetal
tissue was detected in areas of 'over-decidualizatiori. The effect
of [Asn10,Leun]PTHrP(7-34) amide on decidualization was

dose dependent, and the length of the uterus affected decreased
with the dose (Figs, lb, c). No effect on decidualization was

observed after infusion of 0.01 pmol [AsnI0,LeuI1]PTHrP(7-34)
amide h~

.

Infusion of a monoclonal antibody raised against
PTHrP (0.5 µg h

~
) into the uterine lumen from day 6 to day

13 of pregnancy had an effect on decidualization comparable to
that observed after infusion of 10 pmol [AsnI0,LeuII]PTHrP(7-
34) amide 1

~

: (not shown;  = 3). Infusion of an unrelated
monoclonal antibody (Kl.431; 0.5 µg h_I) had no effect on

decidualization or fetal development.

A bolus injection of 2400 pmoles [Asn10,Leu11]PTHrP(7-34)
amide into the lumen of one uterine horn on day 6 of
pregnancy had no effect on either decidualization or fetal
development.

Intraluminal infusion of vehicle from before mating until day
6 of pregnancy prevented implantation in the infused horn in
66% of rats (4/6 rats). Implantation occurred in the contralateral
horn in 100% of cases. When implantation occurred in the
vehicle-infused horn, embryo spacing was disturbed (Fig. 3a);
however, embryo development and local uterine changes (such
as decidualization) appeared normal at both the macroscopic
and microscopic levels (Figs 3a and 4a).

After successful implantation, intraluminal infusion of
[Asn10,LeuII]PTHrP(7-34) amide (100 pmol h" :), from before
mating until day 6 of pregnancy resulted in the development of

Fig. 3. Appearance of rat uteri at day 6 of pregnancy after intraluminal infusion with vehicle or a parathyroid hormone (PTH)/PTH-related protein
(PTHrP) receptor antagonist, [AsnIO,LeuI1]PTHrP(7-34) amide (100 pmol h~  ) from before mating until day 6 of pregnancy, (a) Vehicle-infused
horn showing implantation sites in infused horn, (b) Uterus infused with [AsnIO,Leu1I]PTHrP(7-34) amide showing implantation sites in infused
horn, (c) Uterus infused with [AsnIO,Leu1I]PTHrP(7-34) amide with no implantation sites in infused horn. Cannula protudes from lumen of
infused horn. Implantation sites marked with arrows. Scale bars represent 1 cm.
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large macroscopic 'nodules' in the infused horn (Fig. 3b).
Examination of haematoxylin- and eosin-stained sections of
these uteri showed that the large 'nodules' consisted of
decidual cells, with no embryonic tissue observed in these
regions (Fig. 4b). No effect of the receptor antagonist was

observed on decidualization in non-infused horns. When
implantation failed to occur in the horns infused with the
receptor antagonist (4/6 rats), decidualization was not observed
at either the macroscopic or microscopic levels (4/4 rats; Figs 3c
and 4c).

In pseudopregnant rats, there was no significant difference
between the wet weight of vehicle-infused horns and that of
non-infused horns when vehicle was infused for 72 h, starting
24 h after induction of decidualization on day 5 of pseudo¬
pregnancy (Fig. 5). In contrast, uterine horns infused with
[Asn10,Leu:l]PTHrP(7-34) amide (100 pmol h"1) over the
same period were heavier than the contralateral non-infused
horns. When data were expressed as the difference in weight of
non-infused and infused uterine horns, receptor antagonist
treatment significantly increased uterine wet weight when
compared with vehicle treatment.

Apoptosis of decidual cells
The number of apoptotic decidual cells detected in vehicle-

infused uteri at day 13 of pregnancy (6.2 + 1.5 cells mm~'
decidua) was not significantly different from the number
of apoptotic decidual cells detected in non-infused, control
horns (6.9 + 2.8 cells mm-' decidua). Infusion with
[Asn10,Leun]PTHrP(7-34) amide (100 pmol h" ') from day 6
to day 13 of pregnancy resulted in a significant decrease in the
number of apoptotic decidual cells detected at day 13 of
pregnancy (1.8 + 0.4 cells mm decidua).

Discussion

PTH/PTHrP receptor has been demonstrated in the rat uterus
(Urena et al, 1993), and PTHrP has been localized to the
epithelial cells lining the uterine lumen and endometrial glands
in rats in early pregnancy (Williams et al, 1994). Furthermore,
PTHrP gene transcription in luminal epithelial cells marks the
sites of implantation at day 5 of pregnancy (Beck et al, 1993).
We detected high concentrations of PTHrP in uterine fluid
(33 pmol 1 - ) using a protocol that did not require flushing of
the uterine lumen, thus neither dilution of secretions nor

damage to epithelial cells of the endometrium had compro¬
mised this measurement. High expression of PTHrP in epithe¬
lial cells during early pregnancy led us to investigate whether
luminal PTHrP could be activating the PTH/PTHrP receptor
during the peri-implantation period in rats. We hypothesized
that PTHrP may be secreted info the uterine lumen during this
period and have autocrine or paracrine effects on maternal or

NS  < 0.05

Non-infused Vehicle Non-infused
Treatment

Antagonist

Fig. 5. Wet weight of the infused compared with the non-infused
horn for each pseudopregnant rat after a unilateral infusion for
72 h. Rats were treated with either vehicle or a parathyroid
hormone (PTH)/PTH-related protein (PTHrP) receptor antagonist
([AsnIO,LeuII]PTHrP(7-34) amide, 100 pmol h"1) (Antagonist).
Infusions were initiated 24 h after induction of deciduoma (which
occurred on day 5 of pseudopregnancy).  < 0.05 relative to non-

infused horn (Paired t test).

fetal tissues. We, therefore, infused a PTH/PTHrP receptor
antagonist, [AsnI0,LeuI1]PTHrP(7—34) amide into the uterine
lumen during pregnancy. This PTH/PTHrP receptor antagonist
has no agonist activity in other systems (McKee et al, 1990;
Nutt et al, 1990) and we were unable to demonstate adenylate
cyclase stimulating activity in PTH-responsive osteogenic
sarcoma cells (data not shown).

Infusion of the PTH/PTHrP receptor antagonist into the
uterine lumen (100 pmol h ) from days 6 to 13 of pregnancy
resulted in an abnormally large decidual reaction, without
embryo development. In contrast to normal pregnancy, decidu¬
alization was not confined to a series of discrete nodules, but
involved most of the infused uterine horn. The loss of
embryonic tissue following extensive decidualization could be
due to a failure to access maternal nutrients, as decidualization
controls events such as trophoblast invasiveness (reviewed by
Abrahamsohn and Zohn, 1993). Alternatively, the intrauterine
infusion of the PTH/PTHrP receptor antagonist could have
direct effects on fetal development, as PTH/PTHrP receptors
have been detected in both the early embryo and developing
fetus (van de Stolpe et al, 1993; Karperien et al, 1994), and
antagonism of embryonic PTH/PTHrP receptors may produce
detrimental effects. Evidence for such a mechanism has been
provided by gene deletion experiments. While PTH/PTHrP
receptor gene knockout in mice results in embryo death in utero
(Lanske et al, 1996), PTHrP gene knockout results in a

perinatally lethal phenotype (Karaplis et al, 1994). The earlier
lethality in the PTH/PTHrP receptor knockout mice may be
explained by loss of responsiveness to supportive maternal

Fig. 4. Haematoxylin- and eosin-stained sections of rat uteri at day 6 of pregnancy after infusion of vehicle or a parathyroid hormone
(PTH)/PTH-related protein (PTHrP) receptor antagonist [Asn10,LeuIJ]PTHrP(7-34) amide (100 pmol h-1) from before mating until day 6 of
pregnancy, (a) Implantation site in vehicle-infused uterus, (b) Implantation sites in [Asn10,LeuI1]PTHrP(7-34) amide-infused uterus, (c) Section
of uterus infused with [Asn10,Leu1I]PTHrP(7-34) amide in which no implantation sites occurred. D: decidual cells; E: uterine epithelium;
S: endometrial stroma; M: myometrium; V: blood vessel. Scale bar represents 100 µ  .
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PTHrP or alternatively to loss of action of other, unidentified,
PTH-like Iigands. Our data suggest that PTHrP in uterine fluid
(thus maternal PTHrP) and the PTH/PTHrP receptor have a

central role in coordinating fetal and maternal interaction. We
have shown here that while infusion of PTH/PTHrP receptor
antagonist into the uterine lumen of pseudopregnant rats does
increase deciduoma formation after deciduoma induction, the
extent of decidualization remains within the normal range.
In contrast, the effects of infusion of PTH/PTHrP receptor
antagonist on decidualization are markedly enhanced in
pregnant rats, with the decidual cell response not limited to the
normal spatial programmes of stromal cell differentiation.

Sustained local infusion of the PTH/PTHrP receptor
antagonist was required for increased decidualization, since a

single intrauterine injection of 2400 pmoles of antagonist on

day 6 of pregnancy had no detectable effects on decidualization
or embryo development when the uterus was examined on day
9 of pregnancy. Intraperitoneal delivery of the antagonist
(100 pmol h

~
) between days 6 and 13 of pregnancy was

also without effect, presumably because the concentration of
antagonist reaching the uterine receptors was too low.

Infusion of either vehicle or PTH/PTHrP receptor antagonist
from before mating to day 6 of pregnancy reduced the number
of implantation sites and caused irregular distribution of
implanting blastocysts, suggesting that the surgical procedures
influenced implantation. This is probably due to mechanical
effects following insertion of the cannula through the uterine
wall (Kapila, 1968; Rogers et al, 1983). Only when implan¬
tation was successful and decidualization occurred did infusion
of the PTH/PTHrP receptor antagonist result in a series of
enlarged regions along the length of the uterine horn. Histo¬
logical studies revealed that these were composed of decidual
cells. Thus, modulation of PTH/PTHrP receptor activity is
probably not involved in the initiation of the decidual reaction
(which occurs on day 5 of pregnancy), but rather in the
maintenance of the decidual cell mass.

Pseudopregnant rats, which have no fetal tissue but
undergo a decidual response, were used to examine whether
the effect of the PTH/PTHrP receptor antagonist was directly
on the uterine endometrium or modulated by the developing
embryo. Infusion of PTH/PTHrP receptor antagonist (100 pmol
h

~
) for 72 h, beginning 24 h after induction of deciduoma

in pseudopregnant rats resulted in increased uterine wet weight
(a measure of decidualization) of the infused horn relative to
the contralateral horn. These data suggest that decidualization
can be affected via PTH/PTHrP receptor-mediated events
in the absence of the embryo, and is consistent with the
demonstration that expression of the PTHrP and PTH/PTHrP
receptor genes in the uterus follow a similar pattern in rats
that are pregnant or have undergone artificial induction of a

decidual reaction (J. Tucci, personal communication). Previous
studies in pseudopregnant rats have demonstrated that
prostaglandins E and F2a, (Kennedy and Lukash, 1982) and
leukotrienes (Tawfik and Dey, 1988) promote the initiation, as

well as maintenance, of deciduomata. Maternal expression of
leukaemia-inhibitory factor has been shown to be important for
embryo implantation (Stewart et al, 1992). The results of the
study reported here suggest that PTHrP, an endogenous
agonist of the PTH/PTHrP receptor, inhibits the decidual
reaction.

The effects of antagonism of the PTH/PTHrP receptor on
decidualization are likely to be due to stimulation of decidual
cell proliferation or prevention of normal programmed cell
death. PTHrP was detected in uterine fluid, and treatment with
a neutralizing antibody raised against PTHrP had similar effects
to antagonism of the PTH/PTHrP receptor. This finding
suggests that PTHrP is the locally produced ligand of the
PTH/PTHrP receptor in the uterine endometrium (Beck et al,
1993; Williams et al, 1994). PTHrP has been shown to affect
growth in a number of tissues. There is a considerable amount
of evidence to support a role for PTHrP in chondrocyte,
epithelial and keratinocyte cell growth and differentiation
(Holick et al, 1994; Kaiser et al, 1994; Amizuka et al, 1996).
Furthermore, overexpression of PTHrP by breast myoepithelial
cells, or local infusion with exogenous PTHrP(l-34), results in
mammary gland hypoplasia (Wysolmerski et al, 1995). In the
study reported here the number of apoptotic decidual cells,
detected immunohistochemically in sections of uterine tissue,
was reduced by 70% in uteri infused with the PTH/PTHrP
receptor antagonist (100 pmol h_1) from days 6 to 13 of
pregnancy compared with either non-infused or vehicle-infused
uteri. During normal pregnancy, decidual cell apoptosis plays
an important role by making space for fetal growth and
allowing reformation of a patent uterine lumen (Welsh and
Enders, 1983; Gu et al, 1994). Thus, the large decidual reaction
observed after infusion of PTH/PTHrP receptor antagonist
results from an uncoupling of decidual cell proliferation and
apoptosis, due to decreased decidual cell death, or a combi¬
nation of reduced apoptosis together with uncontrolled
differentiation/proliferation. Furthermore, in chondrocytes
PTHrP has been shown to alter the expression of the Bcl-2
gene (Amling et al, 1997), the product of which controls
programmed cell death in a variety of cells. As decreasing Bcl-2
expression and protein concentrations have been associated
with the progression of decidualization (Akcali et al, 1996), it is
possible that PTHrP influences decidual cell apoptosis in a
manner analogous to that reported in chondrocytes, and that
infusion of a PTH/PTHrP receptor antagonist interferes in this
pathway. In contrast to our findings in rat uteri, PTHrP has
been shown to enhance survival of chondrocytes in vitro under
conditions that promote apoptotic cell death (Henderson et al,
1995). The presence of a nucleolar targeting signal found
between amino acid residues 87 and 107 (Henderson el al,
1995), a segment of PTHrP not used in the current exper¬
iments, was critical for this function. It is possible that by
blocking the PTH/PTHrP receptor, activation of which nor¬

mally contributes to decidual cell apoptosis, intracrine actions
of endogenous PTHrP (such as those relating to the nucleolar
targeting sequence) have been revealed in the studies described
in this paper.

Our data demonstrate that during normal pregnancy
activation of PTH/PTHrP inhibits the maintenance of the
decidua. In addition, PTHrP in luminal fluid may have a direct
effect on the embryo, as PTH/PTHrP receptors have been
identified in embryos. Since human endometrial stromal cells,
the precursor of decidual cells in vivo, express mRNA encoding
PTHrP (Casey et al, 1993) and respond to exogenous PTHrP
by increasing cyclic AMP in culture (Casey et al, 1994), it
is possible that PTHrP and the PTH/PTHrP receptor may
also regulate decidualization in humans. Thus, PTH/PTHrP
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receptors and locally produced PTHrP are implicated as

important factors in the maintenance of normal pregnancy
in rats, and in particular in the maintenance of normal
decidualization.
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