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Multiple processes are capable of activating the onset of parturition; however, the specific contributions of the mother and
the fetus to this process are not fully understood. In this issue of the JCI, Gao and colleagues present evidence that
steroid receptor coactivators 1 and 2 (SRC-1 and SRC-2) regulate surfactant protein-A (SP-A) and platelet-activating
factor (PAF) expression, which increases in the developing fetal lung. WT dams crossed with males deficient for both
SRC-1 and SRC-2 had suppressed myometrial inflammation, increased serum progesterone, and delayed parturition,
which could be reconciled by injection of either SP-A or PAF into the amnion. Together, the results of this study
demonstrate that the fetal lungs produce signals to initiate labor in the mouse. This work underscores the importance of
the fetus as a contributor to the onset of murine, and potentially human, parturition.
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Maternal control  
of gestational length
Worldwide, 12% of babies are born pre-
term (<37 completed weeks of gestation), 
putting them at increased risk of mortal-
ity or lifelong disability. In fact, according 
to the World Health Organization, pre-
term birth is the leading cause of death 
in children under five years of age (1). 
Unfortunately, the ability to intervene to 
delay parturition (delivery) is limited. For 
example, tocolytics, which are used to 
acutely inhibit uterine contractions, are 
ineffective for long-term pregnancy main-
tenance. The successful development of 
effective interventions requires a more 
complete understanding of the molecu-
lar mechanisms that transition the uterus 
from a quiescent, noncontractile state 
during gestation to a highly activated, 
contractile state during parturition.

The transition to activation and parturi-
tion is widely accepted as an inflammatory 
process (reviewed by Shynlova et al., ref. 2).  
Toward term, myometrial smooth muscle 
cells (MSMCs) produce chemo kines, such 
as CCL-2, that attract leukocytes into the 
myometrium (3). These leukocytes then 

produce a multitude of cyto kines (e.g., 
IL-8, TNF-α, IL-6, and IL-1β), thereby acti-
vating a feed-forward inflammation path-
way (4). Within the MSMCs, cytokines 
activate the proinflammatory transcrip-
tion factor NF-κB, which induces expres-
sion of several genes that promote par-
turition. These include receptors for the 
contraction inducers (uterotonins) oxyto-
cin (5) and prostaglandin F2α (PGF2α) (6) 
and the prostaglandin synthase enzyme 
cyclooxygenase-2 (7). Additionally, NF-κB 
and mechanical stretch induce expression 
of the gap junction protein connexin-43 
(8) and structural and contractile proteins 
(9, 10), known collectively as contraction- 
associated proteins (CAPs). The increased 
expression of CAPs enhances the sensitiv-
ity of the uterus to uterotonins, resulting 
in forceful and synchronous contractions. 
Coinciding with the increased NF-κB sig-
naling at term is the downregulation of the 
antiinflammatory hormone progesterone, 
which is key for pregnancy maintenance. 
By lifting the effects of progesterone, 
either by a reduction in circulating proges-
terone via luteolysis (rodents) or by a func-
tional withdrawal (humans), labor con-

tractions can initiate. The importance of 
both progesterone withdrawal and inflam-
matory signaling is shown by the guaran-
teed induction of labor by treatment with 
the antiprogestin RU486 or by intrauterine 
injection of the endotoxin LPS.

Does the fetus have a say  
in gestational length?
In addition to the well-accepted role of the 
mother’s physiology in triggering parturi-
tion, a signal from the growing fetus has 
long been thought to induce the cascade 
of events required for parturition. Previous 
work from Carole Mendelson’s group (11) 
demonstrated that surfactant protein-A 
(SP-A) from the fetal lung induces parturi-
tion. In murine models, injection of SP-A 
into the amnion resulted in preterm deliv-
ery. Conversely, injection of an anti–SP-A 
antibody delayed parturition. The Mendel-
son group further demonstrated that SP-A 
promotes parturition by shuttling amniotic 
fluid macrophages to the myometrium 
and increasing uterine IL-1β levels. A sub-
sequent study reported that parturition is 
delayed by an average of 12 hours in the 
second pregnancies of SP-A–deficient 
mice (12). However, as both mother and 
fetuses lacked SP-A, these experiments 
did not reveal whether fetal SP-A is indeed 
a signal for parturition.

In this issue, the Mendelson group 
addressed the role of the fetus by using 
genetic mouse models that are deficient 
for key transcriptional regulators of SP-A, 
steroid receptor coactivators 1 and 2 (SRC-1  
and SRC-2) (13, 14). Gao et al. report that 
pups born to WT mothers crossed with 
males that were deficient for both SRC-1 
and SRC-2 had decreased SP-A in their 
lungs and amniotic fluid (15). Additionally, 
myometrial inflammation was suppressed, 
maternal progesterone was increased, and 
parturition was delayed by an average of 
approximately 38 hours — a considerable 
length of time for an animal with a total 
gestational length of 19.5 days. Moreover, 
the extent of delay correlated with the pro-
portion of fetuses that were deficient for 
both SRC-1 and SRC-2.
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be addressed by transferring embryos 
lacking either SP-A or LPCAT1 expres-
sion into WT female mice. Second, what 
is the extent to which SP-A and PAF con-
tribute to the onset of human parturition? 
Along these lines, reports in the literature 
disagree on the level of SP-A in human 
amniotic fluid at term and in labor (20), 
whether fetal macrophages can migrate 
to the human uterine wall (20), and what 
the direct effect of SP-A is on macrophages 
and uterine MSMCs (21). Additionally, 
luteolysis does not play a role in human 
parturition (22); therefore, the importance 
of SP-A and PAF as proinflammatory con-
stituents of the amnion (23) and their role 
in the functional withdrawal of progester-
one in humans remains to be determined.

Finally, this study by Gao and col-
leagues must be put into context with the 
knowledge that placental corticotropin- 
releasing hormone (CRH) is an important 
fetal determinant of gestational length in 
humans (reviewed by Smith, ref. 24). Pla-
cental CRH production increases expo-
nentially near term, and increased mater-
nal serum CRH levels are predictive of 
preterm labor (25). CRH has been shown 
to activate NF-κB signaling and increase 
cytokine production by MSMCs in vitro 
(26). Of relevance to the work by Gao et al., 
CRH (placentally or maternally derived) 
drives fetal production of cortisol, leading 
to fetal lung maturation and an increased 
concentration of lung surfactant in the 
amnion (24). Thus, future studies should 

lipid and is known to increase with lung 
development (16), was decreased in the 
fetal lungs of SRC-1/-2-deficient mice 
(15). As a result, levels of platelet-activat-
ing factor (PAF), an inflammatory phos-
pholipid of amniotic fluid long thought to 
be important for parturition (17, 18), were 
also decreased in both the fetal lungs and 
amniotic fluid. The results of this study 
corroborate earlier reports that injection 
of either SP-A (19) or PAF (18) into the 
amniotic fluid rescues delayed parturition 
phenotypes. Finally, Gao et al. showed 
that many of the phenotypes of SRC-1/-2– 
deficient mice, including delayed birth 
and reduced expression of NF-κB, CAPs, 
and PGF2α, were all ameliorated by injec-
tion of either SP-A or PAF into the amnion, 
providing firm support that these proteins 
play an important role in the fetal signal 
that induces parturition (15).

Remaining questions and 
future directions
The work by Gao et al. convincingly dem-
onstrates that fetal SRC-1 and SRC-2 partic-
ipate in determining the length of murine 
pregnancy (Figure 1). However, important 
questions remain to be addressed. First, 
what are the additional transcriptional 
targets of SRC-1 and SRC-2 that contrib-
ute to the parturition phenotype reported? 
To eliminate the complication of studying 
transcription factors with multiple targets, 
the individual contributions of fetal SP-A 
and PAF to the onset of parturition could 

Gao et al. went on to uncover the  
mechanisms by which these effects 
occurred (15). First, mothers of SRC-1/-2–
deficient pups had a decreased inflamma-
tory response and reduced expression of 
CAPs in the uterus. Additionally, circulat-
ing levels of PGF2α were decreased, pre-
venting luteolysis and the precipitous drop 
in maternal progesterone levels required 
for parturition. Next, Gao et al. showed that 
levels of ovarian steroidogenic acute regu-
latory protein (StAR), which catalyzes the 
rate-limiting step of steroidogenesis and 
thus maintains progesterone levels during 
pregnancy, remained elevated in the moth-
ers of the SRC-1/-2–deficient pups (15). As 
with the extent of delivery delay, the pro-
portion of SRC-1/-2–deficient pups in each 
litter correlated with circulating progester-
one levels in the mothers, emphasizing the 
fine-tuned interaction between fetal geno-
type and maternal physiology.

Importantly, fetal SRC-1/-2 deficiency 
led to longer delays in parturition than 
loss of SP-A alone, indicating that SRC-1 
and SRC-2 have other targets that regu-
late the onset of parturition (12). Because 
mice completely lacking SRC-1 or SRC-2  
die at birth due to respiratory distress 
and alveolar collapse, Gao and colleagues 
examined expression of enzymes that cat-
alyze metabolic reactions required for lung 
development and found that expression of 
lysophosphatidylcholine acyl transferase 
1 (LPCAT1), an enzyme that is responsi-
ble for synthesis of surfactant phospho-

Figure 1. Mechanism of fetal signaling to initiate parturition. Late in fetal lung development, the transcriptional regulators SRC-1 and SRC-2, in coordina-
tion with NF-κB, TTF-1, and GR, promote SP-A and LPCAT1 expression. SP-A and PAF are released into the amniotic fluid, where they initiate the shuttling 
of macrophages to the myometrium, resulting in an increase in myometrial NF-κB, leading to an increase in PGF2α and CAPs. A rise in circulating levels of 
PGF2α promotes luteolysis by decreasing StAR expression, leading to a drop in maternal progesterone (P4) and the onset of parturition.
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be aimed at determining whether and how 
the interplay between placental CRH and 
fetal SP-A drives parturition in humans.
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