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Abstract

Despite the widespread clinical use of oxytocin (OT) as a po-
tent and specific stimulant of labor, previous research data have
not supported a role for OT in the physiology of normal human
parturition. We have demonstrated synthesis of OT mRNA in
amnion, chorion, and decidua using Northern blot analysis, ribo-
nuclease protection assays, and in situ hybridization. Probes
directed towards both the 3’ and 5’ ends of the gene have been
used. Levels were highest in decidua with considerably less in
chorion and amnion and very low levels in placenta. The tran-
script size in decidua appears to be 60-80 nucleotides smaller
than the transcripts in amnion and chorion. OT gene expression
in chorio-decidual tissues increased three- to fourfold around
the time of labor onset. Estradiol stimulated synthesis of OT
mRNA during in vitro incubation. These results support the
hypothesis of a paracrine system involving OT and sex steroids
within intrauterine tissues wherein significant changes could
occur without being reflected in the maternal circulation. Such
a paracrine system could rationalize a long-sought role for oxy-
tocin in the physiology of human labor. These data may lead to
novel approaches towards prevention or treatment of preterm
labor. (J. Clin. Invest. 1993. 91:185-192.) Key words: fetal
membranes ¢ gene expression ¢ paracrine ¢ placenta « preterm
labor

Introduction

Parturition in most mammalian species is preceded by a rise in
estrogen and a decline in progesterone concentrations in ma-
ternal plasma (1). These events occur over several hours or
days before parturition and lead to changes that increase myo-
metrial contractility. These changes include an increase in
myometrial oxytocin (OT)! receptors and gap junction forma-
tion (2, 3). Immediately prior to labor onset, neurohypophy-
seal OT is released into the maternal circulation (4). This re-
lease is accompanied by increased production of prostaglan-
dins from intrauterine tissues (5). The end result is
coordinated uterine contractions resulting in delivery of the
fetus.

Address reprint requests to Dr. Mitchell, Department of Obstetrics and
Gynecology, The University of Alberta Hospitals, Edmonton, AB,
Canada T6G 2R7.

Received for publication 4 March 1992 and in revised form 24 June
1992.

1. Abbreviation used in this paper: OT, oxytocin.

J. Clin. Invest.

© The American Society for Clinical Investigation, Inc.
0021-9738/93/01/0185/08 $2.00

Volume 91, January 1993, 185-192

In the human, the mechanisms regulating the timing of
parturition are poorly understood. Most investigators have
failed to show any significant changes in maternal plasma con-
centrations of estrogen, progesterone or OT preceding labor
onset (6). We and others have hypothesized that the basic
mechanisms underlying parturition may be similar in the hu-
man and other mammals but, in the human, events may occur
in a paracrine fashion within intrauterine tissues, particularly
within the amnionic and chorionic membranes and the mater-
nal decidua. Thus, local alterations in the levels of paracrine
regulatory factors could occur without being reflected in the
maternal circulation. In this regard, we have demonstrated syn-
thesis of estrogen and progesterone within intrauterine tissues
and have shown a significant increase in the estrogen/proges-
terone ratio around the time of parturition (7-9). These tissues
are also the sites of synthesis of prostaglandins that enhance
myometrial contractions in labor (10, 11).

Despite the widespread use of OT to induce or augment
human labor, there is considerable doubt about the physiologic
role of OT in normal human parturition. This doubt is based
on the following findings: (a) most investigators have been
unable to detect an increase in plasma OT before labor onset
(12, 13); (b) there is no apparent correlation between plasma
OT levels and myometrial activity (14); (¢) plasma OT con-
centrations at labor onset are 10-1000-fold lower than the K,
of the myometrial OT receptors (15); and (d) human labor
occurs normally in cases of maternal posterior pituitary dys-
function and in the absence of OT from the fetal circulation (as
in fetal anencephaly) (16). On the basis of this dichotomy, we
hypothesized that, like the steroid hormones, local synthesis of
OT within intrauterine tissues in late human gestation may
play an important role in regulating parturition. This would
rationalize the clinical observations regarding the physiologic
nature of OT-stimulated labor with the evidence suggesting
that OT does not regulate the timing of labor onset in an endo-
crine fashion.

In this article, we study OT gene expression in amnion,
chorion laeve, and decidua around the time of parturition. The
amnion and chorion are derived from fetal tissues. The amnion
consists of a single layer of cuboidal epithelial cells on a loose
connective tissue matrix. It is in immediate contact with the
amniotic fluid on one surface and the underlying chorion on
the other. The chorion laeve is an extension of trophoblast cells
around the entire uterine cavity. Except at the placental site, it
is intimately in contact with the maternal decidua which, in
turn, is contiguous with the myometrium. Thus, this potential
paracrine unit is ideally situated to mediate signals of fetal or
maternal origin to the pregnant myometrium and hence to
play an important role in the timing of parturition. Our experi-
ments demonstrate by using Northern blot analysis, ribonucle-
ase protection assays, and in situ hybridization that OT mRNA
is synthesized within intrauterine tissues. Furthermore, OT
gene expression is increased around the time of labor onset and
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a similar increase can be stimulated in vitro by estradiol. These
findings support our hypothesis of a paracrine system involv-
ing OT and sex steroids that may stimulate myometrial contrac-
tions in the absence of changes in maternal plasma concentra-
tions.

Methods

Tissue preparation. Upon approval from the Human Ethics Review
Board, tissues were obtained from uncomplicated pregnancies at term
immediately after spontaneous labor and delivery or at repeat cesarean
section prior to labor. The amnion is easily separated from the chorio-
decidua and is essentially free of contamination with other cell types.
The adherent decidua is carefully dissected from the chorion. On histo-
logic examination, the decidua has very little contamination with chor-
ion cells but the chorion may contain up to 20% decidual cells (17).
After separation, the tissues, along with a sample of placental tissue,
were immediately frozen in liquid nitrogen or processed for in situ
hybridization. Corpora lutea were obtained from two patients who un-
derwent ovariectomy. Human pituitaries ( females of reproductive age)
were removed and frozen in liquid nitrogen at the time of postmortem
examination. Care was taken not to include any hypothalamic tissue in
the sample.

Tissue explant cultures. By using a sterile cork borer, 2.5-cm disks
of unseparated amnion and chorio-decidual tissue were excised and
incubated in “pseudo-amniotic fluid” (18) at 37°C in 95:5 air/CO, for
12 h. This medium consists of electrolytes, glucose, urea, and albumin
in concentrations similar to human amniotic fluid. Estradiol was
added to the medium in concentrations of 0, 0.1 and 1.0 nM. We have
chosen this culture system because it allows study of the intact tissues in
their own matrix and avoids the potentially artifact-producing proce-
dures of cell dispersion and culture. In this system, the cells remain
metabolically, endocrinologically, and histologically intact for at least 5
d(17).

Northern blot analysis. Total RNA was isolated from the human
tissues by the guanidine isothiocyanate/cesium chloride gradient tech-
nique and poly A* RNA was obtained using oligo dT cellulose columns
(19). 5 ug of poly A* RNA was fractionated on 1.5% agarose gel in the
presence of 1.0 M formaldehyde and transferred to nitrocellulose filters
(20). The 3’-specific human OT cDNA probe (21) used in this study is
187 bp in length, including a 30-bp linker. It corresponds to the final 60
nucleotides of exon 3 coding for the carboxy terminal end of the neuro-
physin-I molecule and the adjacent sequences of the 3’ untranslated
region. This is the area with least homology with the vasopressin gene
and renders the probe specific for the oxytocin gene. The rat hypotha-
lamic RNA was obtained and the antisense OT RNA probes were pre-
pared as previously described (22) with SP6 RNA polymerase (Pro-
mega Corp., Madison, WI) and [*?P]CTP (New England Nuclear,
Boston, MA, 800 Ci/mmol) under conditions described by Melton et
al. (23). The antisense RNA probes were hybridized to the immobi-
lized RNA in the presence of 50% formamide, 50 mM PIPES (pH 6.8),
5X Denhardt’s, 0.1% SDS, 100 mg of salmon sperm and herring sperm
DNA and yeast tRNA at 65°C for 12-16 h (22). Filters were subse-
quently washed to a stringency of 0.05 X SSC at 65°C. Nitrocellulose
filters were exposed to XAR or XRP X-ray films (Eastman Kodak Co,
Rochester, NY) for 1-7 d. To confirm that equivalent amounts of
RNA were loaded on each lane, blots were reprobed with 32P-labeled
y-actin cRNA probes. The y-actin probe consists of 300 nucleotides of
distal 3'-untranslated region of the cDNA clone pHFyA (24).

In situ hybridization. Tissues were immersion fixed, cryoprotected,
and sectioned onto chromalum-subbed slides. After fixation in phos-
phate buffer containing 4% paraformaldehyde for 20 min and treat-
ment with proteinase K, sections were prehybridized and hybridized
with the 3*S-labeled 3’-specific OT antisense cRNA probe at 42°C (22).
The hybridization solution was similar to that used for Northern blot
analysis except for the presence of 20 mM DTT. After RNase treat-
ment (200 ug/ml) and washings up to 0.1% SSC at 42°C, slides were
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exposed to XAR X-ray film for 1-2 d to determine the optimum time
of exposure with NTB-2 (Eastman Kodak Co., Rochester, NY). Slides
were dipped in NTB-2 emulsion and exposed for 2-5 d at 4°C. Sections
were developed, counterstained with hematoxylin and eosin, and ana-
lyzed by darkfield and brightfield microscopy. Control slides were in-
cubated with sense cCRNA probe of similar specific activity.

Ribonuclease protection assays. Total RNA from various tissues
was isolated as described ( 19). The ribonuclease protection assays were
performed using a modification of a previously published technique
(19). Total RNA (70-100 ug) was hybridized to gel-purified human
OT antisense *2P-labeled cRNA probe in 80% formamide and 20%
PIPES for 16 h at 55°C. Template DNA was removed from the probe
by treatment with ribonuclease-free DNase. After incubation with ribo-
nucleases A (2.5 pg/ml) and T, (330 U/ml) (Boehringer-Mannheim,
Montreal, PQ), protected fragments were analyzed on 6% denaturing
polyacylamide gels. The gel was exposed to XAR X-ray film with an
intensifying screen for 1-7 d.

After extraction of RNA from the tissues, stock solutions were
made for each sample and the concentration of RNA measured by
spectrophotometry. For each gel, equal amounts of total RNA were
used for each sample. To confirm that equal amounts of RNA were
applied, in some experiments, the protection assays were performed
using a probe to y-actin, a constitutive component of these tissues
which we assume to be similarly abundant in the fetal membrane tis-
sues and not to change with parturition. In that this mRNA is more
abundant than the OT mRNA, smaller aliquots of RNA were neces-
sary. 10 ug of total RNA was used with the vy-actin probe. In these
experiments the y-actin probe corresponds to 270 nucleotides of the
carboxyl-terminal coding region, 130 nucleotides of the 3’ untranslated
region, and 130 nucleotides of vector sequences.

The 5" human OT probe used in these studies consists of ~ 360
nucleotides corresponding to the OT peptide coding region of exon 1
and all of exon 2.

For comparing amounts of OT mRNA between the cesarean sec-
tion and spontaneous labor groups and for assessing the response to
estrogen, laser densitometry was used to give quantitative data. Be-
cause of the heterogeneous variance in the small number of samples,
statistical comparisons were performed using the Mann-Whitney U
test with statistical significance being defined as a P value < 0.05.

Results

To determine whether OT mRNA is synthesized in intrauter-
ine tissues, amnion, chorion, and decidua were dissected and
RNA was isolated. OT mRNA was present in all three of these
tissues (Fig. 1 a). Levels were highest in maternal decidua and
were approximately equal in chorion and amnion. We also
examined a number of other human tissues and cell lines. OT
mRNA was also expressed in human ovary, as previously de-
scribed (25), as well as in the pituitary and placenta, although
levels were much lower than in the intrauterine tissues (Fig. 1
a). No OT mRNA was detected in the human 4A neuroblas-
toma cell line or in rat cerebral cortex, even upon prolonged
exposures. Hybridization of the same Northern blot to a probe
specific for y-actin mRNA indicated that approximately equal
amounts of poly A* RNA were present in each lane (Fig. 1 b).
Using the 3'-specific probe for human +y-actin, no hybridiza-
tion was detected in either the rat or human neural tissues.
The cellular localization of OT mRNA was performed by in
situ hybridization (Fig. 2). Amnion, chorion, and decidua all
demonstrated hybridization to the antisense cRNA probe (Fig.
2 b; for histology, see Fig. 2 a). The epithelial layer of amnion
demonstrated a small amount of specific hybridization. The
chorionic membrane, originating from the outer cell mass of
the blastocyst, consists of connective tissue and a layer of tro-
phoblast 4-10 cells thick. In contrast to the very low levels of
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Figure 1. (a) Northern blot analysis of OT mRNA in human tissues:
RH, rat hypothalamus (positive control); CD, chorio-decidua; CH,
chorion; DE, decidua; AM, amnion; PL, placenta; OV, ovary; PI, pi-
tuitary; NE, human neuroblastoma 4A cell line (negative control)
and RC, rat cortex. (b) Hybridization of the same blot with human
y-actin probe to demonstrate the relative amounts of RNA in each
lane from the CD to OV lanes. PL* is a 7-d exposure of the placental
lane compared to a 36-h exposure for the other lanes. The predomi-
nant transcript in decidua is 60-80 nucleotides smaller than the tran-
script seen in amnion, ovary, and placenta.

hybridization in the placental trophoblast (data not shown),
the chorionic trophoblast shows abundant silver grains denot-
ing presence of OT mRNA. The maternally derived decidua
demonstrated the highest levels of hybridization which ap-
peared to be concentrated in the deeper layers lying nearest the
myometrium. It is not possible with our current histology to
identify with certainty the specific cell types synthesizing OT
mRNA. Control incubations using the sense probe demon-
strated only minimal background (Fig. 2 ¢).

To confirm these findings and to quantitate the relative
levels of OT mRNA in different tissues, ribonuclease protec-
tion assays were performed (Fig. 3). Hybridization of 100 ug of
total RNA to a *2P-labeled OT ¢cRNA probe produced a pro-
tected band of ~ 160 nucleotides, the expected size, in am-
nion, chorion, decidua, and placenta (Fig. 3 a). As with North-
ern blot analysis, the decidua expressed greater levels of OT
mRNA than either amnion or chorion. Specific hybridization
to placental and ovarian mRNA (Fig. 3 a) was detected only
after prolonged exposures. No protected band was detected fol-
lowing hybridization of the OT cRNA probe to tRNA or to
total RNA isolated from rat hypothalamus, indicating that
even the 85% homology between the human and rat mRNAs
was not sufficient to protect the human probe in this assay. To
ensure the validity of these quantitative comparisons, ribonu-
clease protection assays were performed with a probe specific
for y-actin mRNA. Approximately equal amounts of vy-actin
mRNA were present in the amnion, chorion, decidua and pla-
centa whereas there was somewhat less RNA in the ovary lane
(Fig. 3 ¢).

Ribonuclease protection assays also were performed with a
5' probe that included the coding region for the OT peptide. A
protected fragment was detected in total RNA from the chorio-
decidua (Fig. 3 b), indicating that the OT mRNA detected in
this tissue could produce the biologically active peptide.

These data suggest that locally synthesized OT may partici-
pate in a paracrine mechanism regulating the timing of labor

onset. To test this hypothesis, we isolated total RNA from
chorio-decidua obtained at elective repeat cesarean section
(CS) before labor (38.4+0.9 wk of gestation, SEM) or after
spontaneous onset of labor (SL) and vaginal delivery
(40.3+0.6) and determined levels of OT mRNA. Ribonuclease
protection assays of equal amounts of total RNA from seven
prelabor and six postlabor samples revealed that OT mRNA
levels were consistently higher in the chorio-decidua after partu-
rition (Fig. 4, a and b). Scanning laser densitometry revealed
that SL tissues contained three- to fourfold higher levels of OT
mRNA than did CS tissues (Fig. 4 a; 1.8+0.2 vs. 0.6+0.1 U, P
< 0.008 and Fig. 4 b; 3.0+0.5 vs. 0.8+£0.7 U, P < 0.04). Simi-
larly, when levels of OT mRNA were normalized by compari-
son with levels of y-actin mRNA in the same samples (Fig. 4
¢), as determined by ribonuclease protection assays, the ratios
of OT to y-actin were significantly higher in SL compared to
CS tissues (P < 0.03). OT mRNA levels were similar in all of
the different postlabor chorio-decidua samples, but were some-
what variable in prelabor samples, possibly owing to differ-
ences in the proximity to the time when spontaneous labor
would have occurred in the elective cesarean section patient
population.

One potential mediator of this increase in OT mRNA ob-
served in the postlabor samples is estradiol. We have previously
demonstrated that estradiol biosynthesis increases in human
fetal membranes around the time of parturition (7). Estradiol
increases synthesis and release of OT from the neurohypophy-
seal system (20, 26, 27). To determine whether estradiol can
increase OT mRNA levels in chorio-decidua, we incubated
full-thickness membrane explants (amnion, chorion, and de-
cidua) in the presence of various concentrations of estradiol for
12 h. Ribonuclease protection assays of equal amounts of total
RNA isolated from these explants indicated that estradiol (0.1
and 1.0 nM) increased OT mRNA content relative to controls
incubated for the same period of time with no estradiol
(Fig. 5).

Discussion

The results of this study demonstrate a new peripheral site of
OT synthesis, the human intrauterine tissues of both fetal and
maternal origin. The fetal membranes and maternal decidua
are believed to play an important role in the metabolic events
leading to the initiation of parturition (28). The juxtaposition
of these tissues next to the myometrium situates them ideally to
influence myometrial contractility. The demonstration of a
three- to fourfold increase in OT gene expression following
labor and delivery and its regulation in vitro by estradiol
strengthens our hypothesis that local synthesis of OT could
stimulate uterine contractions in a paracrine fashion without
increasing circulating maternal OT concentrations.

The Northern blot and ribonuclease protection analyses us-
ing the 3’-directed probe indicate that OT mRNA is synthe-
sized predominantly in decidua, with much lower levels in
chorion and amnion. We cannot determine what proportion of
the chorion OT mRNA may be due to contamination with
decidual cells, but in situ hybridization demonstrated some OT
mRNA in the trophoblast layers of the chorion. The in situ
hybridization experiments also suggested that decidual cells ly-
ing next to the underlying myometrium expressed higher OT
mRNA levels than did cells lying closer to the chorion. Thus,
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Figure 2. In situ hybridization for OT mRNA in human intrauterine tissues. (a) Brightfield photomicrographs of human amnion (4), chorion
(C), and decidua (D) to demonstrate the histology of the tissues. (b) Darkfield photomicrograph using an antisense cRNA probe demonstrating
the specific hybridization to OT mRNA in amnion, chorion, and decidua. (¢) Darkfield photomicrograph of human amnion, chorion, and
decidua hybridized with a labeled sense cRNA probe to act as a control for b. Specific activity of the probe and photographic conditions are
similar to that for b. All photomicrographs are at the same magnification. Bar, 20 um.

the highest local levels of OT synthesis may occur in the region
immediately adjacent to the putative target organ, the myome-
trium.

Recently, it has been demonstrated that mRNA derived
from the rat testis vasopressin gene is nontranslatable and
corresponds to exons 2 and 3 without exon 1, the exon coding
for the vasopressin peptide (29). To ensure that exon 1 of the
OT gene was transcribed in fetal membrane tissues, we per-
formed ribonuclease protection assays to demonstrate hybrid-
ization to the 5’ OT probe. The results (Fig. 3 b) prove that
these tissues transcribe the regions of the OT gene that codes for
the OT peptide and rule out the possibility of splice variation of
OT mRNA.

An interesting observation in our study was the difference
in size of OT transcripts from different intrauterine tissues.
Chorion appeared to produce both of the transcripts although
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we cannot exclude the possibility that the smaller of the two is
due to contamination of the chorion tissue with adherent de-
cidua. Decidual OT mRNA is 60-80 nucleotides smaller than
that synthesized by chorion, amnion, ovary, and placenta. In
the chorio-decidua, this difference is not likely due to differ-
ences in the coding region of the mRNA since both the 5'- and

"-specific probes were completely protected by RNA from
these tissues. The difference in size may be due to a variation in
the poly(A) tail length, as has previously been noted in bovine
hypothalamic and ovarian OT mRNA (30). Differences in
poly(A) tail length may provide a mechanism for increasing
OT mRNA stability (31, 32) and hence, synthesis during times
of increasing physiological requirement for this hormone. Sup-
port for this hypothesis derives from studies demonstrating
that OT mRNA poly(A) tail length increased during preg-
nancy and lactation (33) and in response to osmotic stimuli
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Figure 3. Ribonuclease protection assay for OT mRNA in human
tissues using a probe specific for the OT gene. (a) samples hybridized
with a 3'-specific probe. Lanes correspond to the probe (PR), amnion
(A), chorion (C), decidua (D), placenta ( P), and ovary (O). Nega-
tive controls are rat hypothalamus (R) and tRNA (T'). Protected
bands were not observed in the placental and ovarian samples at this
exposure time: prolonged exposure times were required to detect
positive signals in these tissues. (5) Ribonuclease protection assay us-
ing a 5'-specific probe corresponding to parts of exons 1 and 2 coding
for the OT peptide and the amino-terminal end of neurophysin 1.
The lanes contain the probe (PR), tRNA (T') used as a negative
control and a sample of chorio-decidua (CD) obtained after the
spontaneous onset of labor. The lanes adjacent to CD contain a small
amount of RNA that has spilled from lane CD. (¢) Ribonuclease
protection assay performed with a y-actin probe to demonstrate the
amounts of RNA in each of the sample lanes in a. Relatively equal
amounts of RNA are present in the lanes containing samples 4, C,
D, and P, whereas the lane containing the sample from human ovary
has somewhat less RNA. The human probe was not protected by rat
hypothalamic RNA or tRNA.

(34). The two sizes of transcripts noted in our studies may thus
indicate tissue-specific differences in posttranscriptional regula-
tion of OT synthesis.

Our results also demonstrate that OT mRNA is present in
the human pituitary and corpus luteum thus supporting pre-
vious studies in mammals (35-38). The human pituitary tran-
script was smaller in size than the amnion and ovarian tran-
script. In this regard, Mohr et al. (38) demonstrated that OT
transcripts found in rat posterior pituitary were smaller than
those found in the hypothalamus. It is not known whether OT
is synthesized in the human pituitary or transported axonally
from the hypothalamus as in the rat (39).

Comparison of prelabor and postlabor tissues revealed that
OT mRNA levels were higher after the spontaneous onset of
labor. We have used ribonuclease protection assays to make
these comparisons not only because of the specificity of these
assays but also because we feel that the solution hybridization
step provides a better basis for quantification than Northern
blot analysis. Quantification by laser densitometry revealed
that the three- to fourfold increase in OT mRNA seen in the
tissues after the spontaneous onset of labor was statistically

significant. The OT mRNA levels tended to be similar in all
postlabor chorio-decidua samples, suggesting that a maximal
level of gene expression had occurred. However, there was con-
siderable variability in the prelabor samples which may be be-
cause these samples were obtained at varying intervals before
spontaneous labor would have occurred. Although we cannot
determine if the increase in OT gene transcription was a cause
or result of labor, this finding is consistent with the hypothesis
that increased local synthesis of OT may play a role in the
physiology of human parturition. A recent study (40) has dem-
onstrated an increase in pulsatile bursts of OT in the maternal
circulation prior to spontaneous labor. However, the origin of
maternal circulatory OT is not known nor is its role in the
initiation of labor.

The data of Fig. 5 suggest that estradiol may regulate OT
gene expression in fetal membranes. Previous studies have dem-
onstrated that an increase in plasma estradiol at the time of
parturition (1) and sexual maturation stimulates hypotha-
lamic OT synthesis and release in the rat (19). Furthermore,
the human OT promoter contains a functional estradiol-re-
sponsive element (41). Human amnion, chorion, and decidua
are all steroidogenic tissues that produce estrogen and proges-
terone primarily from sulfurylated precursors (7). We have
demonstrated that the rate of estrogen production and the local
estrogen /progesterone ratio increases in fetal membranes
around the time of parturition (9). In addition, estradiol recep-
tors are present in decidua and increase in response to treat-
ment with the progesterone receptor antagonist RU486 (42).
Thus, our results demonstrating that estradiol increased OT
gene expression in amnion-chorion-decidua explant cultures
may have physiologic relevance.

Estradiol is not the only factor that is likely to regulate
intrauterine OT biosynthesis. Several studies suggest an in-
terrelationship between OT and prostaglandins. Stimulatory
prostaglandins are synthesized within decidua and amnion,
and their production increases around the time of labor onset
(43, 44). OT stimulates prostaglandin synthesis from decidua
and amnion, and this stimulatory activity is greater in tissues
collected after labor than before labor onset (45-47). Decidual
and myometrial cells also contain OT receptors that increase
greatly around the time of parturition (48-50). The resultant
increased sensitivity of the uterus to OT may be an important
step not only in the second stage of labor, when circulating
serum concentrations of OT are increased, but also in the initia-
tion of labor. A close temporal relationship between increased
OT responsiveness and uterine prostaglandin synthesis has
been demonstrated in the rat (46). Induction of labor with OT
in women is successful only when OT infusion is associated
with an increase in production of PGF,, (51, 52). Suppression
of prostaglandin synthesis decreases myometrial OT respon-
siveness as well as OT binding sites (43). These findings sup-
port the hypothesis that OT synthesized in decidua may act in
an autocrine or paracrine fashion to stimulate intrauterine pros-
taglandin biosynthesis. In turn, prostaglandins stimulate syn-
thesis of OT receptors and gap junction formation in myome-
trial cells (53, 54).

Inappropriate induction of OT synthesis in fetal mem-
branes may also play an important role in the onset of prema-
ture labor. It is possible that locally synthesized OT may be a
mediator of the pathophysiologic process causing premature
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labor after infection of the fetal membranes (55, 56). Media-
tors of the immune system stimulate synthesis and release of
OT from the neurohypophysis. Christensen et al. (57) demon-
strated a dose-dependent effect of interleukin-13 on the in vitro
release of OT from the rat neurohypophysis. An increase in
plasma levels of OT occurs after intravenous injection of lipo-
polysaccharides (58). Of interest in this regard, the promoter
region of the rat OT gene contains an interferon response ele-
ment (59), suggesting the possibility of direct regulation of the
OT gene by the products of the immune system. In addition,
cytokines (interleukins, tumor necrosis factor ) and lipopolysac-
charides stimulate prostaglandin biosynthesis from intrauter-
ine tissues (60-63). Early induction of local OT synthesis in
fetal membranes by any of these factors may have important
consequences for the timing of parturition.

In conclusion, our findings suggest a potentially important
role for OT in the physiology of human parturition. They also
rationalize how this hormone, with such specific and potent

Figure 5. Ribonuclease protec-
tion assay for OT mRNA from
explant cultures of full thick-
ness human amnion and
chorio-decidua incubated in
the presence or absence of es-
tradiol. The tissues were ob-
tained at elective cesarean sec-
tion and incubated for 12 h in
pseudo-amniotic fluid. The
lanes represent the probe (P)
or RNA extracted from the tis-
sues incubated in the absence
(C) or presence of 0.1 and 1.0
nM estradiol (lanes / and 2,
respectively).
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Figure 4. Ribonuclease protec-
tion assays using RNA from hu-
man chorio-decidua collected

at elective cesarean section (CS)
at term but before labor onset

or at term after the spontaneous
onset of labor (SL) and vaginal
delivery. (a) Three separate
samples from each of the CS and
SL groups. Equivalent amounts
of total RNA were applied to
each lane and the samples were
run on the same gel. For the sake
of clarity, the pictures have been
spliced to eliminate empty lanes.
(b) Similar to a showing several
additional and different samples.
(c) The same samples as b but
hybridized to a vy-actin probe to
show relative amounts of RNA
in each lane. In all panels, P
identifies the undigested probe
and MW indicates the DNA
“molecular weight standards (220
and 152 nucleotides for a and

b; 396 and 344 nucleotides for ¢).

”w o
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”w o
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ability to stimulate human myometrial contractions, may play
a pivotal role in labor onset in the absence of significant
changes in maternal plasma concentrations. The results are
compatible with the hypothesis of an intrauterine paracrine
system with positive interactions among OT, estradiol, and
prostaglandins. The local increase in the estrogen/progester-
one ratio in late pregnancy may activate OT gene transcription
and increase the number of OT receptors in myometrium and
decidua. The latter may sensitize both the myometrium and
the decidua to any local OT, thereby leading to increasing con-
tractile activity and increasing production of stimulatory pros-
taglandins, respectively. The increased prostaglandins would
directly stimulate the myometrium and potentially lead to fur-
ther increases in production of OT and its receptor. This coordi-
nated interaction involving estradiol, OT, and prostaglandins
in human fetal membranes could ultimately result in the onset
of parturition. Given that premature labor remains the major
contributing factor to perinatal mortality and morbidity, and
that potent OT antagonists recently have been developed (64,
65), this information may be important both in understanding
the regulation of human parturition and in preventing preterm
delivery. Further studies elucidating regulatory mechanisms
controlling OT gene expression in intrauterine tissues may lead
to new strategies to prevent or treat premature labor.
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