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The maternal decidua expresses the genes of the renin-angiotensin system (RAS). Human decidua
was collected at term either before labor (i.e. cesarean delivery) or after spontaneous labor. The
mRNA for prorenin (REN), prorenin receptor (ATP6AP2), angiotensinogen (AGT), angiotensin-
converting enzymes 1 and 2 (ACE1 and ACE2), angiotensin II type 1 receptor (AGTR1), and angio-
tensin 1–7 receptor (MAS1) were measured by quantitative real-time RT-PCR. Decidual explants
were cultured in duplicate for 24 and 48 h, and all RAS mRNA, and the secretion of prorenin,
angiotensin II, and angiotensin 1–7 was measured using quantitative real-time RT-PCR, ELISA, and
radioimmunoassay, respectively. In the decidua collected before labor, REN mRNA levels were
higher if the fetus was female. In addition, REN, ATP6AP2, AGT, and MAS1 mRNA abundance was
greater in decidual explants collected from women carrying a female fetus, as was prorenin pro-
tein. After 24 h, ACE1 mRNA was higher in the decidual explants from women with a male fetus,
whereas after 48 h, both ACE1 and ACE2 mRNA was higher in decidual explants from women with
a female fetus. Angiotensin II was present in all explants, but angiotensin 1–7 levels often regis-
tered below the lower limits of sensitivity for the assay. After labor, decidua, when compared with
nonlaboring decidua, demonstrated lower REN expression when the fetus was female. Therefore,
the maternal decidual RAS is regulated in a sex-specific manner, suggesting that it may function
differently when the fetus is male than when it is female. (Endocrinology 153: 462–468, 2012)

It is becoming increasingly apparent that the outcome of
pregnancy in relation to the health of the fetus and sur-

vival of the neonate is influenced by fetal sex. Several stud-
ies have shown that male fetuses have a higher risk of
adverse pregnancy outcomes including spontaneous abor-
tions (1), miscarriages later in pregnancy (2), stillbirths (3,
4), premature rupture of membranes and spontaneous
preterm birth (5–8), gestational diabetes (9), and delivery
by cesarean section (7, 10, 11). In term deliveries, a higher
proportion of preeclamptic pregnancies carry a male fetus
(5, 9), whereas in preterm deliveries the proportion of
females from preeclamptic pregnancies is higher (5, 10).
Female babies are also more likely to be growth restricted

than are males (7, 9). The causes of these differences are
unknown, but it has been suggested that intrauterine tis-
sues (and in particular the placenta) regulate fetal growth
and survival in a sex-specific manner (12).

Renin is an enzyme secreted by the kidney that hydro-
lyzes angiotensinogen (AGT) to produce angiotensin I
(Ang I), which in turn is cleaved by angiotensin-converting
enzyme 1 (ACE1) to form angiotensin II (Ang II). The
major actions of the renin-angiotensin system (RAS) are
mediated via binding of Ang II to the Ang II type 1 receptor
(AT1R). Ang II exerts opposing actions via the Ang II type
2 receptor (AT2R) (13). An angiotensin-converting en-
zyme homolog, angiotensin-converting enzyme 2 (ACE2),
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can terminate the actions of Ang II by converting it to
angiotensin 1–7 (Ang 1–7), which has effects that oppose
those of Ang II and exerts these by binding to the proto-
oncogene receptor (Mas) (14).

Until recently the precursor of renin, prorenin, was con-
sidered to have little biological activity, despite the fact
that its circulating levels are 10 times higher than those of
renin (15). The discovery of a (pro)renin receptor [(P)RR]
that binds both renin and prorenin has changed this no-
tion. Prorenin bound to (P)RR is active and can cleave
AGT to Ang I. In addition, binding of prorenin to the
(P)RR can induce intracellular signaling in its own right
(16, 17).

Although the RAS is classically associated with the con-
trol of blood pressure, tissue-specific RAS have now been
described in a number of organs not necessarily involved
in blood pressure control (18–21). We have identified
most of the RAS components in term human decidua, pla-
centa, myometrium, and fetal membranes (22, 23). Al-
though RAS proteins are found in human fetal mem-
branes, expression of some of the RAS genes in these
membranes is very low. For example, amnion contains an
abundance of renin despite low renin (REN) mRNA (22).
Interestingly, we have shown that decidua, a maternal tis-
sue, expresses all of the known RAS genes (22, 23). Locally
produced Ang II might affect the decidual microvascula-
ture either by promoting angiogenesis or by altering vas-
cular tone. Because decidual renin can escape into the ma-
ternal circulation (24), the decidual RAS may also play a
role in maternal cardiovascular and renal homeostasis.
Through these extrauterine and intrauterine actions, the
decidual RAS could affect fetal development by altering
embryonic access to nutrients.

Human recombinant renin has been shown to stimulate
decidual production of prostaglandin-endoperoxide syn-
thase 2, also known as cyclooxygenase-2 (25), a key en-
zyme involved in the initiation of labor. The release of
prorenin from the decidua is constitutive, and the decidua
is the major source of prorenin within the human uterus
(23, 26). The decidual RAS could therefore play a role in
the initiation of labor because the decidua is immediately
adjacent to the myometrium.

We have developed a human decidual explant model to
study the decidual RAS. This explant model provides the
closest possible approximation to in vivo because freshly iso-
lated tissue is used. This means that all cell types are present
and in the same proportions at the end of 48 h of incubation
as at the beginning. This is because the time elapsed is insuf-
ficient for any one cell type to outgrow the others. Further-
more, there is no evidence of increased cell death at 48 h.

The aims of the present study were: 1) to determine
whether the expression of decidual RAS genes was af-

fected by fetal sex; 2) to define the expression of RAS genes
in term human decidua collected before the onset of spon-
taneous labor by maintaining decidua in explant culture
for 24 and 48 h ex vivo; and 3) to determine whether
decidual explants could be used to study the control of
expression of RAS genes and the secretion of prorenin and
the angiotensin peptides Ang II and Ang 1–7. We also set
out to determine whether the expression of decidual RAS
genes is altered with labor.

Materials and Methods

Tissue collection
Decidual samples were collected as described previously (22,

23). All samples were collected from uncomplicated singleton
pregnancies in women aged 19–39 yr. Decidual samples at term
(37–40 wk gestation) delivered by elective cesarean section in the
absence of labor were collected for the measurement of decidual
gene expression (n � 21). Additional samples were collected for
decidual explants (n � 6), and decidua was collected after spon-
taneous labor and vaginal delivery (38–41 wk gestation) for
measurement of decidual RAS gene expression (n � 23). Women
treated with nonsteroidal antiinflammatory drugs or who had a
history of infection, chorioamnionitis, asthma, or preeclampsia
or who were undergoing induction of labor were excluded. In-
formed consent was obtained from all participants, and the study
was approved by the Hunter Area Research Ethics Committee
and the University of Newcastle Human Research Ethics Com-
mittee. The fetal membranes and attached decidua parietalis
were isolated as a whole, apart from a 2-cm border at the edge
of the placenta. Amnion was peeled from the choriodecidua, and
chorion laevae were separated from the decidua by sharp dis-
section as described previously (27). Decidual tissue was then
used in the decidual explant study or snap frozen in liquid ni-
trogen for subsequent RNA analyses.

Decidual explant culture
Entire excised deciduas were washed in tissue culture medium

(phenol red free DMEM/F-12 supplemented with 15 mM HEPES,
1.2 g/liter NaHCO3, 1 mg/ml L-glutathione reduced, 0.1 g/liter
albumin fraction V, 0.65 �g/ml aprotinin, 10% fetal bovine se-
rum, 40 �g/ml gentamicin) and dissected into approximately
0.25-cm2 pieces. Several pieces of decidua were selected ran-
domly, blotted, and weighed. One hundred milligrams of de-
cidua were placed into each well of a six-well plate with 2 ml of
incubation medium. Decidual tissues and supernatants were col-
lected after 24 and 48 h and snap frozen in liquid nitrogen for
subsequent protein and mRNA analyses. Each experiment was
conducted, in duplicate, using six separate decidual samples
(three from women carrying a male and three from women car-
rying a female baby). Cell viability was verified by measuring
lactate dehydrogenase release after incubation, as well as by mea-
suring RNA stability and quality (data not shown).

The medium from decidual explant cultures was collected
into EDTA tubes containing a protease inhibitor cocktail (Sigma,
St. Louis, MO), and Ang II and Ang 1–7 concentrations were
measured by RIA at ProSearch International Australia (Mel-
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bourne, Australia). Prorenin in the incubation medium was mea-
sured using the human prorenin ELISA kit (Molecular Innova-
tions Inc., Novi, MI).

Semiquantitative real-time RT-PCR
Total RNA was isolated using TRIzol reagent according to

the manufacturer’s instructions (Invitrogen, Carlsbad, CA).
RNA samples were treated with deoxyribonuclease (QIAGEN
N.V., Hilden, Germany) before being reverse transcribed using
a Superscript III reverse transcriptase kit with random hexamers
(Invitrogen). Quantitative PCR was performed in an Applied
Biosystems 7500 real-time PCR system using SYBR Green for
detection (Applied Biosystems, Carlsbad, CA). Each reaction
contained 5 �l of SYBR Green PCR master mix (Applied Bio-
systems), RAS primers as we have described previously (22, 23),
cDNA reversed transcribed from 10 ng total RNA, and water to
10 �l. mRNA abundance was calculated relative to �-actin
(ACTB) mRNA using the comparative Ct method as described
previously (22, 23).

RIA of Ang II and Ang 1–7
Ang II was measured by direct RIA in plasma using the de-

layed tracer addition technique. Each sample of medium was
equilibrated for 20 h at 4 C in a total volume of 300 �l with
antibody raised in rabbit against angiotensin II N-terminally
conjugated to bovine thyroglobulin. Monoiodinated 125I-ang-
iotensin II, 10,000 cpm in 100 �l, was added and allowed to
equilibrate for a further 16 h at 4 C, after which the bound and
free phases were separated using Dextran 10-coated charcoal
and centrifugation. Sensitivity was 3.5 pg/ml. Intra- and inter-
assay coefficients of variation were 6.4 and 12%, respectively.

Ang 1–7 was assayed directly by RIA using an antibody raised
in guinea pig to Ang 1–7 N-terminally conjugated to porcine
thyroglobulin and Ang 1–7 that had been monoiodinated with
125I antibody. Bound 125I-Ang 1–7 was separated from free by
dextran 10-coated charcoal, and unbound counts per minute
were compared with serially diluted standard amounts of Ang
1–7. Sensitivity was 14 pg/ml. Cross-reactivities to Ang I, Ang II,
Ang III, and Ang IV were 0.11, 0.04, 0.53, and 0.03%, respec-
tively. Intra- and interassay coefficients of variation were 4.5 and
10%, respectively.

Measurement of prorenin protein by ELISA
Prorenin in culture medium was measured using the human

prorenin ELISA kit (Molecular Innovations) according to the
manufacturer’s instructions. Prorenin in each sample was cap-
tured by an antibody immobilized on to the surface of each well
of the plate. A primary antibody specific for prorenin was then
applied and the unbound fraction was removed by washings. For
subsequent detection by means of color development, a second-
ary antibody conjugated to horseradish peroxidase 3,3,5,5-
tetramethylbenzidine substrate was added. After termination of
the reaction with 4 M sulfuric acid, OD was read at 450 nm.
Prorenin concentration was directly proportional to color de-
velopment and was measured using a standard curve. Samples
were assayed in duplicate. In our laboratory 1 ng/ml amniotic
fluid prorenin measured using this technique generated 116 ng/
h�1 � ml�1 of Ang I from angiotensinogen present in nephrec-
tomized sheep plasma used as the source of angiotensinogen
substrate. All samples were assayed on one ELISA plate. There-

fore, there was no interassay variability. Intraassay coefficient of
variation was 7.3%.

Data analysis
Decidual RAS gene expression data were tested using the non-

parametric Mann-Whitney U test. Decidual explant RAS gene
expression data were tested for normality using the skewness and
kurtosis test. The data set was found to be not normally distrib-
uted, so the data were logarithmically transformed. A univariate
ANOVA with the patients’ identification as a covariate was then
used to test for differences in RAS mRNA abundance as a func-
tion of fetal sex and incubation time in decidual explants. An
independent-sample t test was used to determine the effects of
fetal sex on prorenin, Ang II, and Ang 1–7 levels in the super-
natant after 48 h ex vivo. The SPSS statistical package (SPSS for
Windows, release 17.0.0; Chicago, IL) was used for all analyses.
Significance was set at P � 0.05.

Results

The interaction between fetal sex and labor on
decidual RAS expression

The level of REN mRNA in maternal decidua from
nonlaboring women was higher if the fetus was female
(P � 0.011). Labor only affected decidual REN mRNA
abundance when the fetus was female; the decidual REN
mRNA level was lower after labor (P � 0.027), such
that the significant sex-associated difference in REN
mRNA abundance seen before labor was no longer pres-
ent (Fig. 1).

There were no sex-specific effects, nor were there any
interactions between fetal sex and labor on the expression
of decidual AGT, ACE1, ACE2, AGTR1, and ATP6AP2
mRNA.

FIG. 1. Sex differences in REN mRNA abundance in maternal decidua
collected before or after labor. Before labor decidual REN mRNA
abundance was higher in women carrying a female fetus; after labor
decidual REN levels no longer differed according to fetal sex because
REN mRNA was lower in women with a female fetus after
spontaneous labor compared with those not in labor. The n value was
21 for before labor decidual samples (n � 11 for women carrying a
male fetus and n � 10 for women carrying a female fetus), and the n
value was 23 for after labor decidual samples (n � 10 for women
carrying a male fetus and n � 13 for women carrying a female fetus).
The closed circle denotes the difference before and after labor (P �
0.05). *, Significant difference between fetal sex (P � 0.05).
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Effects of fetal sex on REN mRNA and protein
levels in term decidua

To determine whether the sex differences in decidual
REN mRNA persisted in vitro, decidual explants were
cultured for 24 or 48 h. REN mRNA levels increased dur-
ing incubation of decidual explants from women with a
male fetus (P � 0.002). REN mRNA abundance was,
however, significantly higher at 24 and 48 h in decidual
explants from women with a female fetus compared with
explants from women with a male fetus (P � 0.002 and
P � 0.010, respectively; Fig. 2A).

Prorenin secretion into the explant supernatant, mea-
sured at 48 h ex vivo (over a 24 h incubation period), was
significantly higher in the medium from explants of
women with a female fetus (P � 0.05). Prorenin secretion
into the medium for decidual explants from women car-
rying a female fetus was 4.9 � 0.95 ng/ml compared with
0.13 � 0.06 ng/ml in decidual explants from women car-
rying a male fetus (Fig. 2B).

Effects of fetal sex on the expression of RAS
mRNAs in decidual explants

mRNA for the RAS genes AGT, ACE1, ACE2,
AGTR1, ATP6AP2, and MAS1 were detected in decidual
explants at 24 and 48 h of incubation (Fig. 3), whereas
AGTR2 mRNA was not. At 24 and 48 h of incubation,
decidual mRNA levels of AGT, ATP6AP2, and MAS1
were all significantly higher in decidual explants from
women with a female fetus than from women carrying a
male fetus. ACE1 mRNA abundance was higher at 48 h of
incubation in decidua from women with a female fetus
than from women carrying a male fetus (P � 0.002). In
contrast, the ACE2 mRNA expression was lower at 24 h
(P � 0.041), but higher at 48 h (P � 0.037), of incubation
in decidua from women with a female fetus compared with
women pregnant with male fetuses.

In decidual explants isolated from women carrying a
male fetus, ACE1 mRNA levels decreased with incubation
time (P � 0.010; Fig. 3B). In decidual explants from
women who were carrying a female fetus, the levels of
ACE2 and ATP6AP2 mRNA increased with incubation
time (P � 0.041 and P � 0.010, respectively; Fig. 3, C
and E). AGTR1 mRNA abundance in decidual explants
was not affected by either fetal sex or incubation time
(Fig. 3D).

Decidual explant medium was changed every 24 h; Ang
II and Ang 1–7 levels were measured in medium collected
from the second 24 h incubation. Measurable levels of Ang
II were found (range of 6.9–134 pg/ml, n � 6), whereas
Ang 1–7 levels in the medium were low, often registering
below the lower limits of sensitivity of the assay (i.e. �14
pg/ml).

Discussion

The present study has revealed a striking effect of fetal sex
on the expression of decidual REN mRNA. Subsequent
tissue culture experiments confirmed and expanded our
finding that the sex of the fetus determines the level of
expression of several RAS mRNAs and the amount of
prorenin secreted. In addition, we showed that decidual
explants secrete both Ang II and Ang 1–7 into the culture
supernatant, although we have not been able to determine
whether the production of these peptides is influenced by
fetal sex. These sex-associated differences in decidual
REN mRNA expression and prorenin secretion provide
new insights into the effects of fetal sex on adjacent tissues
that are important for fetal growth and development, es-
pecially in early gestation. As mentioned in the introduc-
tory text, spontaneous abortions (1), miscarriages later in
pregnancy (2), stillbirths (3, 4), premature rupture of

FIG. 2. Sex differences in REN mRNA abundance and prorenin secretion
in decidual explants. REN mRNA levels were measured at 24 and 48 h of
incubation. Prorenin was measured in medium collected from the second
24-h incubation period. A, After 24 and 48 h of incubation, decidual REN
mRNA levels were higher in women carrying a female fetus. REN mRNA
abundance in decidua increased with incubation time in decidua from
women with a male fetus. B, The incubation medium from decidua of
women with female fetuses contained significantly higher levels of
prorenin than decidual explants from women with male fetuses. Data
shown are for n � 4–6 decidual explants collected from three different
women per group. *, Significant difference between fetal sex (P � 0.05);
#, significant difference between incubation time within the same sex
(P � 0.05).
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membranes and spontaneous preterm birth (5–8), gesta-
tional diabetes (9), and delivery by cesarean section (7, 10,
11) occur more frequently if the mother is carrying a male
fetus, whereas the incidence of preeclampsia in preterm

pregnancies is more common in women
carrying female fetuses (5, 10). Female
babies are also more likely to be growth
restricted (7, 9). All of these sex differ-
ences may be related to the effects of
fetal sex on the decidual RAS because
we believe that the decidual RAS is in-
volved in regulating decidual angiogenesis
and perhaps placental implantation.
Therefore, these sex-specific effects on
the decidual RAS expression and pro-
renin secretion may contribute to the
sex differences reported in pregnancy
outcomes cited above. Future studies
on gene expression and protein synthe-
sis in tissues of the uteroplacental unit
should take into account the sex of the
fetus because we have shown that fetal
sex is able to alter gene expression in a
maternal tissue (decidua).

It is unclear how sex-specific differ-
ences of decidual RAS expression affect
pregnancy outcomes because there is
currently no concrete knowledge of
how the RAS functions within the de-
cidua or how the decidua contributes its
RAS products to the maternal circula-
tion. However, it is clear that the sex
differences in RAS genes seen in the de-
cidua are unique because the fetal mem-
branes and placenta do not show any
sex-specific differences in RAS gene ex-
pression (22), even though these tissues
are predominantly fetal in origin. Fur-
ther investigation of the RAS in the
myometrium may be warranted be-
cause the myometrium is a maternal tis-
sue closely associated with the decidua.

In an attempt to better understand the
effects of fetal sex on decidual RAS
mRNA expression levels and subsequent
protein secretion, we established human
decidual explants. We were successful in
maintainingdeciduafor48hexvivo.The
pattern of REN and AGTR1 expression
within this explant model was similar to
that seen in nonlaboring, nonincubated
decidua (a difference and no difference

with fetal sex, respectively). In addition, decidual explants
secreted prorenin, Ang II, and Ang 1–7 into the incubation
medium, suggesting that the explant model is a valid model
for the study of the human decidual RAS ex vivo.

FIG. 3. Effects of fetal sex on mRNA levels for other genes in the RAS in human decidual
explants incubated for 24 and 48 h. A, AGT mRNA levels after 24 and 48 h incubation were
higher in decidual explants from women with a female fetus (P � 0.002 and P � 0.004). B,
After 48 h incubation, ACE1 expression was higher in women with a female fetus
(P � 0.002). ACE1 mRNA abundance in decidual explants from women with a male fetus
decreased with incubation time (P � 0.01). C, ACE2 mRNA levels at 24 h incubation were
lower in explants from women with a female fetus but were higher at 48 h of incubation
(P � 0.041 and P � 0.037). ACE2 mRNA abundance increased with incubation time for
decidual explants from women with a female fetus (P � 0.041). D, AGTR1 mRNA abundance
in decidual explants was not affected by either fetal sex or incubation time. E, Decidual
ATP6AP2 mRNA levels were higher after 24 and 48 h of incubation for explants from women
carrying a female fetus (P � 0.001 and P � 0.002). ATP6AP2 expression was higher over the
course of incubation for decidual explants from women with a female fetus (P � 0.010). F, At
24 and 48 h of incubation, MAS1 expression was higher in explants from women with a
female fetus (P � 0.005 and P � 0.001). Values shown are for n � 4–6 decidual explants
collected from three women per group. *, Significant difference between sex (P � 0.05);
#, significant difference between incubation time within the same sex (P � 0.05).
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Not only did the sex of the fetus influence maternal
decidual REN mRNA expression, but it also affected pro-
renin protein secretion by the decidua. This sex difference
was maintained for up to 48 h ex vivo. Therefore, it is
unlikely that fetal sex hormones were responsible for the
difference. The persistence of the sex difference in expres-
sion and the emergence of increased expression of other
RAS genes in decidua from women carrying a female fetus,
suggest that decidual RAS gene expression is permanently
altered by fetal sex. However, we have not as yet studied
whether fetal sex affects the expression of the decidual/
placental RAS in early gestation.

Among the various late gestation human intrauterine
tissues (fetal membranes, placenta, chorion, and myome-
trium), the decidua has the highest levels of REN mRNA
(22, 23). High levels of prorenin (measured as enzyme
activity after acid activation) have, however, been found in
fetal membranes (28), and immunostaining for prorenin
also shows that it is present in amnion and chorion as well
as decidua and placenta (22). Because amnion and chorion
express only very low levels of REN mRNA, it is likely that
decidual prorenin is the source of the high levels of pro-
renin found in amniotic fluid (22, 23, 26, 29). Because we
have shown that prorenin secretion by cultured decidua is
significantly higher in pregnancies with female than with
male fetuses, it is reasonable to conclude that levels of
prorenin in amnion and in amniotic fluid may be higher
when the fetus is female than when it is male.

The secretion of prorenin into the maternal circulation
from the uteroplacental unit could also be influenced by
fetal sex (24). Evidence for this can be seen in mice in which
a human REN transgene was made to be expressed only in
the placenta, yet human prorenin was found in maternal
plasma (30). This demonstrates the ability of placental
prorenin to enter the maternal bloodstream. Because we
consistently found measurable levels of Ang II in decidual
explants, it is tempting to speculate that decidual Ang II
might be able to escape into the maternal circulation from
early in gestation. As a consequence, the higher incidence
of growth restriction in female neonates (7) may be related
to higher prorenin and Ang II levels, causing vasoconstric-
tion and reduced uteroplacental blood flow, possibly
through down-regulation of AT2R within the uterine vas-
culature. We have, moreover, observed such a phenom-
enon when Ang II levels are raised in the pregnant ewe
through exogenous infusion of Ang II for more than
24 h (31); in these studies, the actions of Ang II on AT2R
in the uterine vasculature of the sheep were able to offset
the vasoconstrictor effects of Ang II mediated via the
AT1R (31).

In this study, several decidual products of the RAS,
prorenin and Ang peptides, were measured to determine

whether the changes in expression of decidual RAS genes
resulted in changes in the levels of their protein products
or peptides. The high level of expression of REN mRNA
was coupled with a high level of prorenin secretion from
cultured decidua collected from women with a female fe-
tus. Despite the striking difference in prorenin secretion
and the up-regulation of expression of other RAS genes, it
was not possible to demonstrate a sex difference in angio-
tensin peptide production, possibly because assays were
performed on only six subjects (three male and three fe-
male) and the levels of the peptides were very low. In ad-
dition, there was degradation of these peptides, probably
occurring concomitant with their production. Notwith-
standing, it is still clear that an effect of fetal sex on the
maternal decidua may be imprinted at an early stage of
pregnancy, so that the differential expression of RAS com-
ponents and the physiological and biochemical conse-
quences of this may be present up to, but not after, labor.

Interestingly, it appears that the expression of decidual
REN mRNA is down-regulated after labor (Fig. 1). If the
decidual RAS plays a specific role in regulating the onset
of labor, e.g. via stimulation of decidual prostaglandin-
endoperoxide synthase 2 production (25), then the sup-
pression of REN mRNA if the fetus is female would coun-
terbalance this action. Alternatively, it is possible that
withdrawal of the decidual RAS could affect the integrity
of the fetal membranes through a reduction in production
of TGF-� (32), which stimulates the formation of profi-
brotic molecules such as plasminogen activator inhibitor
type 1, fibronectin, and collagens (33), or through reduced
activation of proinflammatory cytokines (34). These pos-
sibilities need to be tested in future studies.

In conclusion, the present study provides the first dem-
onstration of a fetal sex-associated difference in expres-
sion of RAS genes in the maternal decidua. We have also
shown that the changes in maternal decidual RAS gene
expression that occur with labor depend on the sex of the
fetus. Our data provide novel insights into the influences
of fetal sex on decidual gene expression, in which the latter
is important in supporting fetal growth and development.
Our findings could contribute to understanding why there
are significant differences in adverse pregnancy outcomes
between female and male fetuses.
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