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Abstract

Introduction—Administration of betamethasone to women at risk of preterm delivery is known
to be associated with reduced fetal growth via alterations in placental function and possibly direct
effects on the fetus. The placental glucocorticoid receptor (GR) is central to this response and
recent evidence suggests there are numerous isoforms for GR in term placentae. In this study we
have questioned whether GR isoform expression varies in preterm placentae in relation to
betamethasone exposure, fetal sex and birthweight.

Methods—~Preterm (24-36 completed weeks of gestation, /7= 55) and term placentae (>37
completed weeks of gestation, /7= 56) were collected at delivery. Placental GR expression was
examined using Western Blot and analysed in relation to gestational age at delivery, fetal sex,
birthweight and beta-methasone exposure. Data was analysed using non-parametric tests.

Results—Eight known isoforms of the GR were detected in the preterm placenta and include
GRa (94 kDa), GRp (91 kDa), GRa C (81 kDa) GR P (74 kDa) GR A (65 kDa), GRa D1-3 (50—
55 kDa). Expression varied between preterm and term placentae with a greater expression of GRa
C in preterm placentae relative to term placentae. The only sex differences in preterm placentae
was that GRa D2 expression was higher in males than females. There were no alterations in
preterm placental GR expression in association with betamethasone exposure.

Discussion—GRa C is the isoform involved in glucocorticoid induced apoptosis and suggests
that its predominance in preterm placentae may contribute to the pathophysiology of preterm birth.

"Corresponding author. Robinson Research Institute, University of Adelaide, Lyell McEwin Hospital, Haydown Rd, Elizabeth Vale,
SA 5112, Australia. Tel.: +61 8 81332133; fax: +61 8 8303 4099. Vicki.clifton@adelaide.edu.au (V.L. Clifton).

Disclosure statement
The authors have nothing to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saif et al. Page 2

Keywords
Placenta; Sex; Pregnancy; Fetal growth; Preterm; Glucocorticoid receptor

1. Introduction

Excess exposure to maternal glucocorticoids during pregnancy can significantly impact
lifelong health [1]. At least 80% of infants born less than 34 weeks gestation are exposed to
exogenous glucocorticoids for the purposes of lung maturation [2]. The benefits of reducing
respiratory distress syndrome are well documented however adverse consequences for
preterm neonates exposed to antenatal glucocorticoids have been reported, and include an
altered stress response [3], altered motor development and poor neuropsychological function
in adolescence [4], higher blood pressure [5] and in animal models, altered kidney
development [6]. In addition, excess exposure to glucocorticoids is not limited to preterm
delivery. Maternal stress, mental illness or disease states that promote higher circulating
concentrations of maternal cortisol during pregnancy can also perturb developmental
programming of the fetal cardiovascular system, kidney, brain and immune system. This, in
turn, may contribute to an increased risk of cardio-respiratory, metabolic disorders and
allergy in later life [7]. A number of human studies have also suggested the response to
glucocorticoids may occur in a sex specific manner but the mechanisms are currently unclear
[8-15]. Understanding the mechanisms by which exposure to exogenous and endogenous
glucocorticoids impacts the development of the human fetus requires an investigation of the
placental response to glucocorticoids and the glucocorticoid receptor (GR) signalling
pathway.

A number of pathways act together to confer either sensitivity or resistance to
glucocorticoids during pregnancy. These include the pre- and post-receptor pathways,
involving 11f hydroxysteroid dehydrogenase (11BHSD?2) [9,16], glycoprotein P (Pgp) [17]
and cortisol binding globulin (CBG) [18] which modulate cortisol exposure to the placenta
and fetus. However these mechanisms do not sufficiently account for sex specific differences
in the fetal-placental response to cortisol [10,11,19] and have lead us to examine the GR in
more detail in the fetal-placental unit. GR is a ubiquitously expressed nuclear receptor
comprised of 9 exons spanning ~80 kB. Exon 1 of GR gene has a 5’ untranslated region
which can be spliced into 9 different promoter variants [20] and function in a tissue specific
manner to regulate GR protein expression. Exons 2-9 can generate various isoforms of GR
either through alternative splicing [21-23] or via alternative initiation of translation [23,24].
This can result in the expression of GRa, GRpB, GRy, GR A and GR P proteins. GRa A is
the well characterised functional isoform involved in transcriptional activation and
transcriptional repression of multiple targets. However eight different GRa translational
isoforms can originate from GRa mRNA through multiple start codons encoded by exon 2
and include GRa A (94 kDa) and GRa B (91 kDa), GRa C1-C3 (82-84 kDa) and GRa D1-
D3 (53-56 kDa). The various translational isoforms of GRa function in a tissue specific
manner to differentially regulate transcriptional activities [23]. The splice variants such as
GRB, inhibit activation of GRa through a dominant negative mechanism. Splice variants
GRy, GR A and GR P have low transactivation activities [25,26]. Current evidence suggests
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there may also be multiple translational isoforms of the splice variants due to the multiple
start codons encoded by exon 2. Exon 2 is common to all of the GR isoforms. The presence
of multiple isoforms of GR may confer sensitivity or resistance to glucocorticoids and that
this response is not limited to the well characterised GRa A (94 kDa) but a far more
complex process of several GR isoforms being co-expressed and potentially interacting with
one another.

Previous work by Lu and Cidlowski [23] demonstrated that GR translational isoform
expression varies between different cell types and this may mediate the differential
regulatory patterns of glucocorticoid-induced gene activation or repression. Very few adult
tissues express multiple isoforms of GR except for the pancreas, liver, colon and stomach
[23]. We have previously identified that the term, human placenta expresses mRNA for the
splice variants GRp, GRy and GR P [27] and the placental trophoblast expresses 12 protein
isoforms of GR [28] which may be the only human tissue to do so indicating the placenta is
a very unique organ. Interestingly not all 12 isoforms are found in every individual which
implies there is a significant level of complexity in the placental response to cortisol.
Variation in GR translational isoform expression plays a major putative role in regulating
cellular glucocorticoid specificity and sensitivity [29,30]. In the placenta these differences in
GR expression may mediate the sex specific differences in the response to cortisol and
ultimately determining a difference in fetal growth and development.

Extensive data [8—15] supports cortisol as the primary driver of sex differences in fetal and
neonatal development and survival. Our studies of maternal asthma [8,9,31], pre-eclampsia
[32,33] and preterm delivery [34,35] indicate male and female fetuses and neonates institute
different mechanisms to cope with an adverse environment or event. Males appear to induce
a state of glucocorticoid resistance in response to a rise in maternal cortisol while females
remain sensitive to changes in cortisol concentration. Further we have shown that GR
expression in the fetal-placental unit varies with cell type and cellular location as well as in
relation to fetal sex, maternal asthma or growth restriction [28]. Specifically, males may be
glucocorticoid resistant in a high cortisol environment due to the dominant negative effects
of GRp, and possibly through GR A and GR P localisation to the nucleus [28]. Females may
be more sensitive to glucocorticoids through an interaction of GRa A with GRa C and GRa
D3 [28]. In this current study we have examined whether GR isoform expression varies in
preterm placentae in relation to gestational age at delivery, fetal sex, birthweight and
exposure to betamethasone.

2. Methods

The current study was approved by Queen Elizabeth Hospital (QEH) and Lyell McEwin
Hospital (LMH) Human Research Ethics Committee, Womens’ and Childrens’ Hospital
(WCH) Human Research Ethics Committee and The University of Adelaide. Women
presenting in threatened preterm labour were recruited prospectively and consented.

2.1. Maternal and neonatal characteristics

Following delivery maternal case notes were reviewed for antenatal betamethasone
exposure, pregnancy related complications and maternal demographics. Maternal
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characteristics including maternal height, weight, age, parity and gravidity were recorded.
Women who delivered at term were healthy individuals that had no complications during
pregnancy and we excluded those women with pre-eclampsia, hypertension, gestational
diabetes or pre-existing disease that included asthma, essential hypertension and diabetes.
Women who smoked or were obese were included in the study as they are representative of
the population. All women who delivered preterm were included except those pregnant with
a baby with a congenital malformation. Neonatal data collected at delivery includes
gestational age and birth weight. Birth weight centile (BWC) was calculated using
www.gestation.net. “Small for gestational age” (SGA) was defined as birthweight less than
the 10th BWC and “appropriate for gestational age” was birthweight >10th and < 90th
BWC.

Gestational age was determined by date of the last menstrual period and confirmed by 18
week ultrasound. Placental weight, mode of delivery, complications and fetal sex were
obtained. Preterm delivery was defined as delivery before 37 weeks gestation. Preterm
placentae were collected from a range of gestational ages (24—36 completed weeks of
gestation). Term placentae ranged from 37 to 41 weeks of gestation. Some women at risk of
preterm delivery received 2 x 11.4 mg bolus doses of Celestone Chronodose (Merck Sharpe
& Dohne Australia) injection that were administered 24 h apart. Forty four percent of
women did not receive beta-methasone because women who deliver babies at greater than 34
weeks gestation do not routinely receive betamethasone. Furthermore some women
presented in active preterm labour and then delivered before betamethasone could be
administered.

Chorioamnioitis was determined retrospectively by histopathology of the placenta after
delivery.

2.2. Placenta collection

Placental tissue (Preterm 7= 55, Term 5= 56) was collected within 1 h of delivery. Villous
tissue was sampled randomly from 6 sites on the placenta, washed in saline, the top layer of
the maternal side was removed to remove as much decidua as possible and then all pieces
mixed together, chopped and then aliquoted into separate tubes and snap frozen in liquid
nitrogen and stored at —80 °C until analysis.

2.3. Western blot

2.3.1. Cellular fraction preparation from placental tissue—Placental tissue was
homogenised in complete cytosolic fractionation buffer [36] containing complete protease
inhibitor cocktail. Lysates were spun at 6200 g for 5 min. Supernatants were kept for the
cytosolic fraction. Nuclear fraction buffer with complete protease inhibitor cocktail was
added to the pellet. Nuclear lysates were rotated at 4C° for 30 min, sonicated twice for 10 s
at 30% amplitude using ultrasonic processor VCX 130 (Sonics, USA) and spun at 17,000 g
for 8 min to remove debris. Supernatants were stored at =80 °C. Protein concentrations for
each fraction were measured using Bradford assay.
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2.3.2. Visualisation of target proteins—Cytosolic and nuclear protein fractions (60 ug)
were electrophoresed on 3-8% Tris-acetate precast gels (Invitrogen, Life technologies,
Carlsbad, California, USA) as previously described [11]. Blots were incubated with affinity
purified polyclonal rabbit anti-human GR total (1:1500) (Bethyl Laboratories, Montgomery,
TX, USA, Cat no. A303-491A) antibodies targeted to residue 150-200 of the GR receptor.
The appropriate secondary antibody (goat anti-rabbit; 1:2500) was applied for 1 h.
Membranes were subsequently probed with anti-f3 actin (1:4000, Bethyl laboratories, USA
Cat no. A300-491A) and anti-lamin A/C (1:1500, Santa Cruz Biotechnology, Santa Cruz,
California, USA Cat no. Sc-6215) antibodies as loading controls for cytoplasmic and nuclear
fractions, respectively. The densitometric analysis was carried out using G:BOX Chemi Gel
Imaging Systems (SYNGENE) to quantify the expression levels of different GR isoforms
relative to  actin. Peptide competition with anti GR total antibody (1 ug/1.5 ml) incubated
with 1x (1 ug) and 2x (2 ug) concentration of the control peptide (Bethyl Laboratories, USA
Cat no: BP303-491A) was performed as a specificity control.

2.4, Statistical analysis

3. Results

Statistical analysis was performed using the Statistical Package for the Social Sciences
(SPSS v 19). An a-priori decision was made to analyse the data separately by sex when
comparing the effects of preterm birth and betamethasone, as past research indicates that
placental cortisol metabolism differs between males and females [37,38]. GR data was not
normally distributed so non-parametric tests were used which included Mann-Whitney tests.
Frequency data was analysed using Chi Squared. Spearman’s correlations were performed to
assess associations. The alpha level was set at 0.05. GR data is expressed as median and
interquartile range.

3.1. Subjects

There were no significant differences in maternal characteristics (Table 1). Neonatal
characteristics between healthy term controls (n = 56) and preterm pregnancies (/7 = 55)
differed in relation to, gestational age, birthweight, and placental weight (Table 1). In the
preterm cohort, 47% of women received antenatal betamethasone therapy, while 23% of
preterm births that received betamethasone were associated with chorioamnionitis. Twenty
percent of women that delivered preterm without betamethasone had histopathological
evidence of chorioamnioitis.

3.2. GR isoforms expressed in the term and preterm placenta

Total GR antibody identified 13 specific bands in protein extracts of whole placental tissue
derived from term (n7 = 56) and preterm pregnancies (n7=55). Molecular weights (MW) of
94,91, 81, 74, 69, 68, 65, 60, 55, 52, 50, 48 and 38 kDa were observed in both term and
preterm placentae (Fig. 1). Some of these MWs are equivalent to known isoforms including
GRa (94 kDa), GRp (91 kDa), GRa C (81 kDa) GRP (74 kDa) GRA (65 kDa), GRa D1-3
(50-55 kDa). Some isoforms are unknown proteins including the 69, 68, 60, 48 and 38 kDa
proteins. Not all isoforms were expressed in every individual with expression varying in
relation to gestational age and fetal sex (Table 2). Following pre-absorption of the GR
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antibody with the control peptide all MW forms were not detectable on the Western blot
(Fig. 2).

The relative expression of different GR isoforms is summarised in Fig. 3 comparing preterm
placentae to term placentae. The most predominant isoforms were cytosolic and nuclear
GRa D1 (cytosolic term 31% vs preterm 28%, nuclear term 29% vs preterm 26%, Chi-
squared P > 0.05) and 38 kDa protein (cytosolic term 18% vs preterm 20%, nuclear term
18% vs preterm 18%, Chi-squared P > 0.05) expressed equally in term and preterm
placentae. There were significant differences in the relative expression of nuclear GRa A
(term 4.2% vs preterm 1.4% Chi-squared, P = 0.025), nuclear GRa, C (term 1.7% vs preterm
4.5% Chi-squared, P = 0.03) and cytosolic and nuclear GRa D2 (cytosolic term 0.38% vs
preterm 3.8% Chi-squared P = 0.02, nuclear term 2% vs preterm 13.9% Chi-squared, P =
0.001) (Fig. 3).

3.3. Relative expression of all GR isoforms in term versus preterm placentae in relation to

fetal sex

Some GR isoforms varied between term and preterm placentae in relation to the sex of the
fetus. Male preterm placentae had higher cytoplasmic levels of GRa C (P = 0.006, Mann
Whitney U test, Table 2) and GR A (P = 0.01, Mann Whitney U test, Table 2) relative to
term male placentae (Table 2). Female preterm placentae had higher levels of nuclear GRa
C relative to term placentae (P = 0.006, Mann Whitney U test, Table 2). Male preterm
placentae had decreased expression of cytoplasmic 48 kDa protein than placentae of term
males (P = 0.04 Mann Whitney U test, Table 2) while expression of this protein increased in
female preterm placentae relative to term placentae (P = 0.05, Mann Whitney U test, Table
2). The cytoplasmic 38 kDa protein was increased in female preterm placentae compared to
term placentae (P = 0.03 Mann Whitney U test, Table 2). All other isoforms were detectable
in both term and preterm placentae though the levels were variable as demonstrated by the
percentage of individuals with detectable expression (Table 2).

3.4. Effect of sex on GR isoform expression in the nucleus or cytoplasm of preterm

placentae

There were no sex specific differences in the expression of GR between male and female
preterm placentae except for the expression of nuclear GRa D2 which was increased in
males relative to females (Table 2).

When examining the location of the GR isoforms in preterm placentae of males and females,
GRa D2 was expressed at greater levels in the nucleus relative to cytoplasm in preterm
placentae of males compare to females (P = 0.04, Wilcoxon ranked test). The unknown
protein at 48 kDa was higher in the cytoplasm versus the nucleus of male preterm placentae
(Wilcoxon ranked test, P = 0.04). The 38 kDa protein was higher in the cytoplasm than the
nucleus of female preterm placentae (Wilcoxon ranked test, P = 0.05). All other isoforms did
not vary significantly in relation to cellular location in the nucleus or cytoplasm.
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3.5. Effect of betamethasone exposure and fetal sex on GR isoform expression

Betamethasone exposure did not affect the expression of any GR isoforms in the male
preterm placentae. In female preterm placentae the unknown protein at 48 kDa was
significantly increased in the nucleus in the presence of betamethasone exposure (P = 0.04,
Mann Whitney U test). No other isoforms were affected by the administration of
betamethasone.

3.6. Effect of birthweight, placental weight and labour on preterm placental GR isoform

expression

When examining the effect of growth by comparing appropriate for gestational age (AGA)
fetus to a small for gestation age (SGA) fetus there were no significant differences in GR
isoform expression in placentae of preterm males. SGA preterm female placentae had
decreased expression of nuclear GR A (Mann Whitney U test, P = 0.005), GRa D2 (Mann
Whitney U test, P = 0.05) and cytoplasmic GRa D1 (Mann Whitney U test, P = 0.03) and
unknown 48 kDa protein (Mann Whitney U test, P = 0.05) relative to AGA preterm
placentae. Chorioamnioitis had no effect on placental GR isoform expression or % of
isoforms expressed.

4. Correlations

A number of isoforms were negatively correlated with placental weight in female preterm
placentae which include cytoplasmic GRa A (R = -0.553, P = 0.03, Spearman’s
Correlation) GRa C (R =-0.612, P = 0.01, Spearman’s Correlation), GR P (R =-0.53, P =
0.03, Spearman’s Correlation) and 48 kDa (R = —0.613, P = 0.01 Spearman’s Correlation).
Nuclear 38 kDa protein was negatively correlated with preterm female birthweight (R =
-0.60, P = 0.01, Spearman’s Correlation). There were no correlations in male preterm
placentae between placental weight or birthweight or birthweight centile and GR isoform
expression.

5. Discussion

This study has demonstrated that there are 8 known isoforms of the glucocorticoid receptor
present in the preterm placenta which varied in expression in relation to gestational age at
delivery, mode of delivery, fetal sex, betamethasone exposure, fetal size and receptor
location in the cytoplasm or nucleus. There were 5 unknown proteins that may be GR
isoforms. Of particular interest was the predominance of translational isoforms; GRa C and
D2, splice variant; GR A and the unknown 48 kDa protein identified in pre-term placentae
relative to term placentae. Furthermore fetal sex was a key contributor to differences in GR
expression where female preterm placental GR expression was dependent on birth weight,
placental weight and betamethasone exposure but male preterm placental GR expression was
unaltered by any of these factors. Previous work would suggest the placenta responds to
glucocorticoids in a sex specific manner [8,9,19]. Specifically, placentae from females born
preterm [16,39,40] adjust glucocorticoid metabolic capacity in response to excess maternal
cortisol or exogenous glucocorticoids remaining sensitive to intracellular cortisol
concentrations as reflected by changes in inflammatory cytokine gene expression [19].
Conversely male placentae appear to not alter glucocorticoid metabolic capacity or cytokine
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gene expression under the same conditions [9,19]. The current data suggests the sex specific
placental response to maternal cortisol or betamethasone may be dependent on the
expression of a combination of GR isoforms and indicates a greater level of complexity than
previously considered when only GRa A was measured and studied. Furthermore we
observed that each individual appears to have their own particular GR isoform profile which
may be significant in understanding the future health of offspring exposed to excess
glucocorticoid.

Interestingly GRa A did not change significantly in the analyses conducted on preterm
placentae. Its expression was detectable in 57—70% of all preterm placentae which was
surprising as it was expected to be found in 100% of placentae. Relative to the other
isoforms its expression was minor constituting less than 2% of all isoforms expressed. The
only observation associated with GRa A was that its expression was negatively correlated
with preterm female placental weight suggesting cortisol may regulate placental growth via
GRa A. Increased exposure of the placenta to cortisol in the absence of glucocorticoid
metabolism results in decreased placental growth [41] and exposure to betamethasone for
threatened preterm labour can reduce placental size slightly by 6% [42] which could be
mediated by GRa A However other isoforms were also associated with placental weight
including GRa C, GR P and 48 kDa suggesting an interaction between isoforms may be
important in regulating placental size and growth.

GRa C expression was increased in male preterm placentae relative to term placentae and
decreased in female preterm placentae. GRa C is the most potent activator of glucocorticoid
induced apoptosis while GRa D isoforms are the least potent at inducing apoptosis [43].
Apoptosis induced by glucocorticoids is an intrinsic mechanism involving activation of the
mitochondrial BIM pathway leading to caspase 9 and 3 activation and cell death [44].
Recent work by Whitehead et al., 2013 [45] reported increased markers of intrinsic
apoptosis including BIM and BAD in the maternal circulation and the placenta of growth
restricted preterm pregnancies. Similar studies report overexpression of some apoptotic
genes in preterm placenta [46] and with premature rupture of membranes [47]. This may be
significant in understanding the pathophysiology of male preterm delivery where an increase
in glucocorticoid-induced cell death mediated by GRa C may be initiated prior to preterm
labour. Given there was no association of GRa C with betamethasone administration or
SGA in male placentae it would suggest GRa C is not up regulated under these conditions
but further research will need to be conducted.

Several unknown isoforms were identified in both term and preterm placentae. The GR gene
has multiple start codons present in exon 2 at residues 1, 27, 86, 90, 98, 316, 330 and 336
which allows ribosomes to initiate translation at different sites along the gene which results
in the formation of the GRa isoforms; A, B, C1-3 and D1-3 [23]. However exon 2 is also
present in the splice variants of GR and it is possible that translational isoforms for GR §3,
GR v, GR A and GR P may exist and account for the presence of GR proteins at 69, 68, 60,
48 and 38 kDa. Given some of these unknown isoforms were altered in relation to fetal sex
and gestational age it suggests they have some physiological activity. Furthermore, we have
previously reported that when total GR gene translation is silenced, the protein expression of
these unknown isoforms along with the known isoforms, are reduced supporting the
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hypothesis that all protein bands identified by Western are GR proteins [28] but confirmation
is required as these unknown bands could also be degraded forms of GR.

Increased exposure to maternal glucocorticoids is known to be involved in alterations of fetal
growth and development with long term impacts on later health [48,49]. There are many
mechanisms involved in the regulation of fetal exposure to glucocorticoids which are altered
in the presence of SGA or growth restricted fetus. In the maternal circulation corticosteroid
binding globulin (CBG) regulates the circulating concentrations of free cortisol modulating
the concentration of cortisol available to the placenta. In human pregnancies complicated by
SGA, maternal CBG concentrations were significantly reduced [18]. Placental
glucocorticoid metabolism by 118 hydroxysteroid dehydrogenase type 2 (11 HSD 2) has
been shown to be reduced in the presence of a growth restricted fetus [50]. Wyrwoll et al.
[41] examined the impact of knocking out placental 11 HSD 2 in the mouse placenta and
reported that homozygous knock out mice had normal fetal growth due to compensatory
increases in amino acid transport but reduced placental growth at embryonic day 15.
However by day 18, fetal and placental growth were reduced in the homozygous mice due to
reduced glucose transport, no change in amino acid transport and reduced placental vascular
development. Similar findings have been reported in a number of animal models using
excess glucocorticoid administration as an exposure [51]. Sex specific differences in the
fetal response to betamethasone exposure have been demonstrated in the sheep with female
birth weight reduced more than males with glucocorticoid exposure in both normal and
growth restricted pregnancies [52]. We have identified that glycoprotein P, a glucocorticoid
efflux pump present on the trophoblast apical membrane, was decreased in preterm
placentae of pregnancies complicated by SGA [53]. These data suggest that many key
mechanisms involved in protecting the fetus from glucocorticoids are compromised in SGA
pregnancies resulting in the placenta and fetus being exposed to higher concentrations of
steroid. However there have been limited studies examining the role of placental GR in
pregnancies complicated by SGA.

A recent examination of human placentae from SGA term pregnancies identified increased
expression of GRB, GRa D1, 38 and 48 kDa unknown GR proteins [28]. Conversely, in
preterm placentae of SGA pregnancies, female placentae had decreased expression of GR A,
GRa D2, GRa D1 and unknown 48 kDa isoform with no differences in GR expression for
placentae of males with SGA. All of the known GR isoforms altered in SGA placentae of
both term and preterm pregnancies have been reported to either inhibit or mediate a
hyposensitive response to glucocorticoid in other organs. For example, GRp is well
characterised as an antagonist of GRa A involved in mediating glucocorticoid resistance
[54,55]. GR A is a splice variant first identified in myeloma cells that is missing exons 5to 7
which encodes the ligand binding domain and therefore has low transactivational activity
[56]. GRa D translational isoforms are associated with a hyposensitive response to
glucocorticoids, but can function in the absence of glucocorticoid to activate GR regulated
pathways [55]. The data suggest that the SGA placentae reduce sensitivity to glucocorticoids
as gestation progresses and part of the pathophysiology of SGA may depend on the level of
expression and function of GR isoforms associated with low transactivational activities.
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Betamethasone exposure was not associated with a significant number of alterations in GR
expression with the 48 kDa protein being the only protein to change in female preterm
placentae. This is in line with other human studies that indicated betamethasone had no
effect on GRa or GRp in preterm placentae [57]. Other glucocorticoid-regulated placental
mechanisms are different following the timing of exposure to betamethasone and numerous
in vitro studies confirm the placenta is responsive to glucocorticoids [58]. We have identified
that timing of exposure to betamethasone is associated with greater oxidative stress in male
preterm placentae [39], increased markers of vasoconstriction including normetanephrine
and endothelin-1 in female preterm placentae [40] and increased 118 HSD 2 activity in
female placentae [16]. In animal models betamethasone exposure during pregnancy results
in altered placental vascular development [59] and altered GR expression fetal organs such
as the hippocampus [60]. A weakness in the current study is that we did not have data on the
length of time between the last betamethasone dose and delivery which may influence GR
expression. Previously we have shown that when betamethasone is still bioactive at less than
72 h after the last dose of betamethasone there are alterations in markers of fetal adrenal
function and placental glucocorticoid metabolism [16]. It is possible that sex specific
differences in the placental response to glucocorticoid are not conferred by a change in the
expression of one single GR isoform but regulated by the combination of GR isoforms
expressed. Thus the response to betamethasone may be dependent on the expression pattern
of all GR isoforms rather than one single isoform.

Understanding the clinical relevance of the GR isoform expression will provide an
understanding of how changes in the GR proteomic profile within individuals or within
groups can drive differences in the response to cortisol and affect perinatal outcome and
potentially, long term health outcomes. In this current study we have demonstrated that GR
isoform expression varies in pre-term placentae in relation to gestational age at delivery,
fetal sex and birthweight but are unaffected by exposure to betamethasone.
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Fig. 1.
Representative Western blot of placental GR isoforms from term and preterm deliveries.

Nuclear and cytoplasmic protein extracts of placentae from healthy pregnancies (Panel A)
and pregnancies associated with a preterm delivery (Panel B) were exposed to either GR
total antibodies. Twelve proteins were detected ranging from 38 to 94 kDa. Blots were
probed with B-actin as a loading control.
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Fig. 2.

Prg-absorption of GR antibody with control peptide. Nuclear and cytoplasmic protein
extracts of placentae from healthy pregnancies (7= 2) were exposed to either GR total
antibodies alone or in the presence of 1 times or 2 times the concentration of control peptide.
There were no non-specific bands identified with antibody pre-absorption. Blots were
probed with B-actin as a loading control.
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Percentage expression of GR isoforms in term and preterm placentae. Percentage was
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calculated as the individual GR isoform expression divided by total expression which was
calculated by the sum of each densitometric measure of each GR isoform relative to -actin.
Values are a mean of all individuals either in the term group (7= 56) or preterm group (7=

55) separated by cellular location in the nucleus or cytoplasm.
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