ontrolling the timing

of labour

The role of progesterone and

prostaglandins

Labour and delivery require an
intricate series of coordinated
events that are poorly understood

in women. Our lack of knowledge
of the mechanisms that control

the transition from a quiescent to

a contractile uterine phenotype
impedes the development of novel
therapeutics for preventing preterm
labour and reducing preterm birth
rates. The World Health Organisation
(WHO) estimates that preterm births
(less than 37 completed weeks of
gestation) comprise 9.6 per cent

of all worldwide births, which equates to 12.9 million babies
delivered preterm each year.! While approximately one third of
preterm deliveries are indicated for maternal or fetal complications,
the remaining two thirds of spontaneous preterm births that result
from spontaneous preterm labour and premature preterm rupture
of membranes (PPROM) are candidates for interventions that will
prevent or stop preterm labour.?
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Our studies at the Mothers and Babies Research Centre in
Newcastle, New South Wales, investigate the regulation of uterine
contractility and hormonal interactions that defermine the timing

of labour onset in women. | received the Ella Macknight Memorial
Scholarship from the RANZCOG Research Foundation for 2009-
2010 to pursue the role of two key hormones, progesterone and
prostaglandins (PGs), in modulating uterine contractility in pregnant
women. By better defining the actions of these hormones at a
molecular level in the pregnant uterus, we expect to identify much
needed new therapeutic targets for the prevention of preterm birth.

Mechanisms of progesterone action and functional
progesterone withdrawal

The role of progesterone in suppressing uterine contractility is
common fo all mammals. Progesterone withdrawal is a crucial
event that precedes the onset of labour and is mediated in most
species by a decline in systemic progesterone levels, leading to a
rise in uterotonin production and labour onset. In women, where
parturition is not preceded by changes in circulating progesterone
concentrations, there is thought to be a decrease in progesterone
responsiveness in the uterus. This loss of responsiveness or
‘functional’ progesterone withdrawal leads to increased production
of prostaglandins (PGs) that stimulate uterine contractions, cervical
softening and fetal membrane rupture. The mechanisms that bring

Preterm birth is the leading cause of perinatal mortality and morbidities in
developed countries, including Australia, with inadequate treatment options for
the prevention or treatment of preterm labour.

about functional progesterone withdrawal and the parallel increase
in PG synthesis in women are largely unknown.

A clear understanding of how progesterone relaxes the pregnant
uterus and how its actions are controlled is important, because
recent clinical studies have indicated that progestin-based
therapeutics reduce the risk of preterm birth when administered
prophylactically in women at risk of recurrent preterm labour.3#
The benefit of progestin-based therapies is apparent in singleton
pregnancies but not in twin or friplet pregnancies, and is not
necessarily associated with a decrease in perinatal deaths or
improved neonatal outcome. Therapies based on progestin
supplementation are not useful for acute tocolysis in women
presenting in preterm labour and it is unclear how they exert their
benefit considering the already saturating levels of endogenous
progesterone present during pregnancy. A greater understanding
of the mechanisms of action of progesterone and progesterone
receptors (PRs) in the uterus may lead to more targeted methods
of maintaining progesterone function as secondary or tertiary
inventions for the prevention of preterm labour and preterm birth.
Recent research has advanced our understanding of the molecular
mechanisms of progesterone withdrawal in women and introduced
novel pathways for the suppression of uterine contractility.

Several molecular mechanisms may contribute to functional
progesterone withdrawal in the myometrium, including changes in
PR isoform expression, changes in PR co-regulator expression and
reduced binding of PRs to gene promoters. We have previously
shown that advancing gestation and labour onset are associated
with changes in PR isoform expression in women. The ‘B’ receptor
isoform is the dominant mediator of progesterone actions, whereas
the ‘A’ isoform suppresses the actions of PR-B, therefore an increase
in the PR-A to PR-B ratio reduces progesterone responsiveness.

A critical change in the expression of PR isoforms occurs prior to
labour onset in women that results in an increase in the PR-A to PR-B
ratio in the uterus.® Similar results have been reported in the rhesus
monkey, indicating that an increasing uterine PR-A to PR-B ratio
may be a common pathway for functional progesterone withdrawal
in primates. PRs function by controlling gene transcription in target
cells, in concert with various steroid receptor co-regulator proteins
that can increase or decrease the transcriptional activity of the
receptor. The expression of PR co-activators decreases in human
and mouse uteri at term and with labour onset.¢ Thus, the changing
PR-A/PR-B ratio in the uterus at term is accompanied by alterations
in PR co-activator expression that likely further reduce progesterone
responsiveness.
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Several nuclear receptor co-activators possess histone acetylase
activity and regulate PR activity via chromatin remodelling.
Acetylation of histones, the protein component of chromatin, creates -
an ‘open’ chromatin conformation in which transcription factors

are able to access gene promoters and regulate gene transcription;

histone acetylation therefore enhances the transcriptional activity of
PRs. Histone deacetylase (HDAC) enzymes conversely generate a
‘closed’ chromatin conformation and reduce PR activity. The levels 3.

of histone acetylation decrease in the human and mouse uterus

during labouré, which would promote progesterone withdrawal.
Maintaining histone acetylation, and therefore progesterone activity, 4
is an aftractive target for novel tocolytic development. The HDAC
inhibitor Trichostatin A (TSA) up-regulates PR-B expression in uterine
cells’, inhibits contractions in human uterine tissue in vitro® and
delays parturition in mice.¢ HDAC inhibitors also suppress COX-2
expression in human myometrial cells” and may therefore prolong
pregnancy by increasing progesterone responsiveness and reducing
intrauterine PG synthesis. There is clear potential for the use of 6.
HDAC inhibitors as tocolytic agents and the effect of these inhibitors

on myometrial function is a major focus of our research funded by

the RANZCOG Research Foundation.

Feed-forward interaction between progesterone and
prostaglandins at labour

PG production increases in the uterus before and during labour as a
consequence of the up-regulation of the key inducible PG-synthetic
enzyme, COX-2. While inhibitors of PG synthesis have been trialled
and used extensively for the treatment of preterm labour, adverse
neonatal outcomes such as patent ductus arteriosus and impaired
renal function have limited their usefulness as tocolytic agents. The
interaction between progesterone and PGs in the pregnant uterus

is poorly understood, although progesterone is known to suppress
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PG production until shortly before the onset of labour. Support for 10.

a role of PGs in triggering progesterone withdrawal in women first
came from studies by our group which showed that PGs caused an
increase in the PR-A/PR-B ratio in myometrial cells', and similar
results have been reported in decidual cells. The resultant increase
in the PR-A/PR-B ratio would reduce progesterone responsiveness
and increase uterine activity. These findings support the concept of a
feed-forward interaction between PGs and progesterone withdrawal
in the pregnant uterus. We propose that PGs stimulate a decrease
in myometrial progesterone responsiveness, and that progesterone
withdrawal in the myometrium leads to rising intrauterine PG
production, resulting in a feed-forward mechanism that increases
uterine activity and leads to labour onset. Defining the early events
that catalyse the activation of this pathway may provide crucial
knowledge of the mechanisms that initiate labour onset in women.

Conclusions

Birth at an early gestational age is a leading contributor to perinatal
mortality and morbidities, including acute morbidities such as
respiratory distress syndrome and necrotising enterocolitis, as well
as long-term morbidities such as cerebral palsy, blindness and
hearing loss. Investigating the molecular mechanisms by which
progesterone suppresses contractility in myometrial smooth muscle,
and the coordination of progesterone and prostaglandin signalling
in the pregnant uterus, is an important field of active research, with
potential for the development of targets for novel therapeutics that
will maintain uterine quiescence and prevent spontaneous preterm
labour and preterm birth and reduce adverse neonatal outcomes.
With generous support from the RANZCOG Research Foundation,
| will be able to make progress towards these goals during the
upcoming years.
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