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Abstract

Hormonal regulation of adrenal function occurs primarily through G protein-coupled receptors
(GPCR), which may play different roles in fetal vs. adult adrenal glands. In this study, we compared
the transcript levels of GPCR between fetal and adult adrenal and found that gonadotropin-releasing
hormone receptor (GNRHR), latrophilin 3 receptor, G protein-coupled receptor 37, angiotensin 11
receptor type 2, latrophilin 2 receptor and melanocortin receptor were expressed at significant higher
levels in fetal adrenal. High GnRHR protein expression was also detected in fetal adrenal using
immunohistochemical analysis. To define potential ligand sources for fetal adrenal GnRHR, we
demonstrated that GnRH1 mRNA was expressed at high levels in the placenta, while fetal adrenal
had high expression of GnRH2. In summary, certain GPCR particularly GnRHR were highly
expressed in fetal adrenal and the expression of GnRH mRNA in the placenta and the fetal adrenal
raises the possibility of endocrine and/or paracrine/autocrine influence on fetal adrenal function.
However, the exact function of GnRHR in fetal adrenal remains to be determined.
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1. Introduction

G protein-coupled receptors (GPCR) represent a large family of seven transmembrane proteins
responsible for mediating extracellular to intracellular signaling. GPCR play a vital role in
many biological processes, including regulation of growth, death and metabolism within target
cells (Chakraborty,2001). Given the broad range of functions controlled by GPCR in both
physiological and pathologic conditions, they have been the focus of a significant amount of
pharmaceutical research with more than 50% of prescription drugs targeting individual GPCR
(Jacoby et al.,2006; Kostenis,2006).

The gonadotropin-releasing hormone receptor (GnRHR), also known as the luteinizing
hormone-releasing hormone receptor (LHRHR), is a member of the GPCR family. GhnRHR
protein consists of 328 amino acids (Chi et al.,1993) and is highly expressed on the surface of
pituitary gonadotrope cells (La Rosa et al.,2000). Once activated by gonadotropin-release
hormone (GnRH) secreted from the hypothalamus, GnRHR can trigger the synthesis and
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release of follicle-stimulating hormone (FSH) and luteinizing hormone (LH), which are
responsible for the regulation of ovarian and testicular function. Aside from its expression in
the pituitary, GnRHR has also been detected in many extra-pituitary tissues including
lymphocytes, breast, ovary and prostate (Peng et al.,1994; Minaretzis et al.,1995; Kottler et
al.,1997; Yinetal.,1998; Chen et al.,1999). Recently, GnRHR was shown to have much higher
expression in some adrenal aldosterone-producing tumors compared to normal adrenal or
cortisol-producing tumors (Ye et al.,2007).

GnRH, the ligand for GnRHR, is a decapeptide characterized as the physiological regulator of
gonadotropin secretion. However, the presence of multiple forms of GnRH in individual
vertebrate species and their expression in extra-pituitary tissues indicate that GnRH likely has
had multiple functions during the course of evolution (Somoza et al.,2002; Kah et al.,2004).
Two GnRH forms are detected in humans, namely GnRH1 and GnRH2 (Chen et al.,1998).
While GnRH1 is mainly expressed in hypothalamus, the newly detected GnRH2 gene is found
significantly higher in organs outside brain, including kidney, bone marrow and prostate (White
et al.,1998; Chen et al.,2002; Parker et al.,2007).

Morphologically and physiologically, the human fetal adrenal glands are remarkable organs
that exhibit distinct differences from the adult adrenal. Near the end of gestation, the fetal
adrenal weighs as much as the adult adrenal and represents the largest endocrine gland in fetus
(Anderson etal.,1971; Shepard et al.,1988; Marecki,1989). The fetal adrenals produce as much
as 100 to 200 mg/day of steroid hormones, which is higher than the 30 to 40 mg/day seen in
adult adrenals at rest (Bloch and Benirschke,1959; Vermeulen,1976; Rainey et al.,2004;
Yildirim etal.,2004). Within the fetal adrenal, steroidogenic function and zonation are different
from the adult. The major difference is the presence of a histologically distinct fetal zone
(Dhom,1973; Parker et al.,1978), which constitutes 85% of the human fetal adrenal gland
during most of the gestation and is the source for steroid precursors that are used by the placenta
to produce estrogens. The fetal zone is not present in most mammals but appears to be unique
to humans and a few non-human primates (Mesiano and Jaffe,1997; Beuschlein et al.,2002).
The outer definitive zone (or neocortex) is believed to give rise to the postnatal adrenal zona
glomerulosa. A third transitional zone, between the fetal zone and neocorte, is believed to
give rise to the postnatal zona fasciculata (Mesiano and Jaffe,1997). Interestingly, the fetal
zone is transient and involutes shortly after birth (Spencer et al.,1999; Bocian-Sobkowska,
2000).

Due to the dramatic differences between fetal and adult adrenals during development, studies
have focused on defining the unique mechanisms controlling their activities. Because the fetal
zone rapidly regresses shortly after birth, there has been much speculation that the fetal zone
has the unique ability to respond to placenta-derived hormones that are needed for its
maintenance (Riopel et al.,1989). Herein, we compared the expression of GPCR in fetal and
adult adrenals, and found GnRHR to be the most differentially expressed GPCR between these
two tissues.

2. Materials and methods

2.1. Tissue Collection

Human adrenal, pituitary, hypothalamus and placenta tissues were obtained through the
Cooperative Human Tissue Network (Philadelphia, PA), Clontech (Palo Alto, CA) and Tohoku
University School of Medicine (Sendai, Japan). These samples came from autopsies performed
no more than 6 h after death or in the case of placenta, term deliveries. Fetal adrenal glands
(14-19 wk gestation) were obtained from pathological examination following elective
pregnancy terminations from Advanced Bioscience Resources with informed consent. For
immunohistochemistry studies fetal adrenals were collected at the time of autopsy following
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spontaneous abortion at Tohoku University Hospital (28-32 wk gestation). The use of these
tissues was approved by the Institutional Review Board of the University of Texas
Southwestern Medical Center at Dallas, Texas, Medical College of Georgia (Augusta, GA),
and Tohoku University School of Medicine.

2.2. RNA Isolation and Reverse Transcription Reaction

Total RNA was extracted from whole tissues (Chirgwin et al.,1979) and the quantity of the
RNA was checked spectroscopically using a Nanodrop spectrophotometer (NanoDrop
Technologies, Wilmington, DE). Deoxyribonuclease | (Ambion Inc, Austin, TX)-treated total
RNA (2 pg) was reverse transcribed using the High Capacity cDNA Archive Kit (Applied
Biosystems, Foster City, CA) following manufacturer recommendations and stored at -80°C.

2.3. Microarray analysis

Total RNA isolated from whole human adult and fetal adrenal glands were used on 2 genomic
expression arrays as has been previously described (Bassett et al.,2005; Ye et al.,2007). Briefly,
RNA was hybridized to an Affymetrix human HG-U133+2 oligonucleotide microarray set
containing 54,675 probe sets representing approximately 40,500 independent human genes.
The arrays were scanned at high resolution using an Affymetrix GeneChip Scanner 300 from
Microarray Core Facility, Medical College of Georgia. Results were analyzed using
GeneSpring GX 7.3.1 software (Silicon Genetics, Redwood City, CA) to study GPCR
expression. There were 544 independent GPCR included on this Affymetrix array.

2.4. Quantitative real-time RT-PCR (qPCR)

Tagman gene expression assays used for GnRH1, GnRH2, GnRHR, G protein-coupled
receptor 37 (GPR37), latrophilin 3 (LPHN3), Angiotensin Il receptor (AGTR2), cholinergic
receptor muscarinic 5 (CHRMBb), latrophilin 2 (LPHN2) and melanocortin 2 receptor (MC2R)
MRNA detection were obtained from Applied Biosystems. gPCR reactions were performed by
the ABI Prism 7000 Sequence Detection System (Applied Biosystems) in a total volume of 20
ul reaction mixture following the reaction parameters recommended by the manufacturer.
Relative quantification of mMRNA levels between different tissues were determined using the
comparative Ct value as described previously (Ye et al.,2007), and 18S rRNA was used as an
internal control.

2.5. Protein extraction and protein assay

Cells were lysed in 100 pl 1x Mammalian Protein Extraction Reagent (Pierce Chemical Co.,
Rockford, IL). The protein content of samples was then determined by the bicinchoninic acid
(BCA) protein assay using the micro BCA protocol (Pierce Chemical Co.).

2.6. Immunohistochemical assay

Immunohistochemical analysis for GhRHR was performed employing the streptavidin-biotin
amplification method using Vectastain® Universal Quick Kit (Vector Laboratories,
Burlingame, CA). Monoclonal mouse anti-human GnRHR antibody (1:100 dilution) was
purchased from Novocastra (Newcastle, UK). Antigen retrieval for immunostaining was
performed using a method described previously (Nakamura et al.,2007). The antigen-antibody
complex was visualized with 3.3’-diaminobenzidine solution [1 mM diaminobenzidine, 50
mM Tris-HCI buffer (pH 7.6), and 0.006 % H,05] and counterstained with hematoxylin.
Human pituitary was used as a positive control and adrenal samples processed in the absence
of GnRHR antibody were used as negative controls.
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2.7. Cell Culture and Treatment

Human fetal zone cells were isolated from fetal adrenal with collogenase-dispase digestion as
described previously (Rehman et al.,2007). Cells were plated at a density of 200,000/ well in
24 well dishes and allowed to attach and grow for 5 days in growth medium (10 % Hyclone
cosmic calf serum, 1 % ITS plus, 1 % antibiotic). The day before treatment, cells were changed
to working medium (1 % cosmic calf serum, 1 % IT IS plus and 1 % antibiotic) for overnight
incubation. The fetal zone cells were then incubated for 24 h either under basal conditions,
with ACTH (10 nM) (Organon, Bedford, OH) or with GnRH1 (10 nM) (Sigma, St. Louis, MO)
treatment. The media were collected for steroid assays as described below.

2.8. Steroid Assay

The cortisol, dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEA.-
S) content of experimental medium were determined using EIA Kits (Diagnostic System
Laboratories, Webster, TX). The assays were conducted following the manufacture
recommendation and standard curves were prepared in the experimental cell culture medium.
The results are shown as fold change over basal condition.

2.9. Statistical Analysis

Results are given as mean £ SD. Individual experiments were repeated at least three times.
Paired t-tests with a confidence interval of 95 % were performed using GraphPad Prism 3.0
(GraphPad Software, Inc. San Diego, CA).

3. Results

3.1. Variation in GPCR expression between fetal and adult adrenals

GPCR are involved in a wide variety of physiological processes, including inflammation,
neurotransmission, cell proliferation and migration. Given the important roles of GPCR in
development, herein we compared the GPCR expression pattern between pooled adult and fetal
adrenal RNA samples using microarray analysis (Fig.1). The most differentially expressed
GPCR and their relative expression levels are organized in Table 1 and these six genes were
further studied by qPCR with at least five different tissue samples per group. Except for
CHRMS5, gPCR confirmed higher fetal adrenal expression of all the five other transcripts (Fig.
2). Among them, GPR37 had the largest difference compared to adult adrenal which had 1 %
of that seen in the fetal adrenal. Interestingly, ATGR2 and MC2R were also expressed lower
in adult than fetal adrenal.

3.2. Expression of GhnRHR mRNA in fetal adrenal

To better define the level of expression of GhRHR in fetal adrenal, we compared expression
levels in adult and fetal adrenals, adult pituitary (positive control) and placenta. When
comparing mRNA levels with qPCR, pituitary gland had the highest level of GhnRHR
expression. Human fetal adrenal expressed about 20 % of the level of GnRHR seen for pituitary,
while modest levels of GnRHR transcript were detected in adult adrenal (about 1.9 % of that
seen in fetal adrenal). In addition, GhnRHR was not detectable in term placental samples (Fig.
3).

3.3. Expression of GnRHR protein in fetal adrenal

Immunohistochemical analysis was performed to determine if GnRHR protein was also
expressed in fetal adrenal with human pituitary used as a positive control (Fig. 4A). GnRHR
expression was observed in some but not all cells of the pituitary, likely corresponding to the
number of gonadotrophs present in the tissue. As noted earlier, the human fetal adrenal has a
unique morphology as can be observed following H&E staining (Fig. 4B). The two major
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regions, the neocortex and fetal zone were easily differentiated. Immunohistochemical analysis
of GNRHR suggested a distinct pattern of staining in fetal adrenal compared to the pituitary.
GnRHR staining was detected in most fetal adrenal cells, but with variable expression levels.
In addition, GhRHR immunoreactivity was also observed in the neocortex zone/ transitional
zones (Fig. 4C).

3.4. Effects of GhRH1 treatment on fetal zone cells in monolayer culture

Although fetal zone cells mainly produce DHEA and DHEA-S under physiological condition,
studies have shown that these cells can also produce cortisol when placed in culture (Fujieda
et al.,1981; Taga et al.,1981). Our experiments confirmed that 24 h treatment with ACTH
increased both DHEA/DHEA-S (5 fold) and cortisol (7.5 fold) production of fetal zone cells.
However, 24 h treatment with GnRH1 (10 nM) did not cause any significant changes in steroids
production (Fig. 5A). Similar effects were detected with GhnRH2 (10 nM) treatment (Data not
shown). To better understand the lack of GnRH activity in fetal zone cells, we examined the
expression of GnRHR in cultured cells. Interestingly, the expression of GhnRHR was reduced
dramatically compared to levels seen in the fetal adrenal (Fig. 5B). This may explain loss of
GnRH activity in cultured fetal zone cells.

3.5. Expression of GhRH1 and GnRH2 mRNA in fetal adrenal

Because GnRH does not normally circulate in the post-natal circulation, we examined its
expression in several fetal tissues to determine if ligands would be available to regulate fetal
adrenal activity in an endocrine, autocrine or paracrine pattern. The mRNA levels of GhnRH1
and GnRH2 were studied using gPCR (Fig. 6). In adult hypothalamus, which was used as a
positive control, GhRH1 was expressed at 8.3 fold above that seen in the fetal adrenal.
Interestingly, placental GhRH1 mRNA expression was similar to that seen in the adult
hypothalamus, suggesting that this organ could provide GnRHL1 to the fetal circulation.
Intriguingly, fetal adrenal was the only organ examined that had expression of GnRH2, with
levels that were at least 15 fold higher than either the adult adrenal and pituitary or placenta
(Fig. 6). This suggests that GnRH2 could act as an autocrine/paracrine hormone in the fetal
adrenal.

4. Discussion

The fetal adrenal differs from the adult adrenal both physiologically and morphologically. It
is characterized by rapid growth and high steroidogenic activity, but the molecular mechanisms
underlying these phenomenons remain unclear. In our current study, we focused on the analysis
of the GPCR family, which includes many of the receptors involved in the regulation of adrenal,
ovarian and gonadal functions. In particular, the type 1 angiotensin Il receptor (ATGR1) and
MC2R which represent the key receptor regulators of the adult adrenal are also GPCR family
members. Numerous studies have shown that a wide variety of GPCR ligands can regulate
normal and pathologic adrenal cell steroid production (Catt et al.,1987; N’Diaye et al.,1998;
Breault et al.,2000; Lacroix et al.,2000; Gimpl and Fahrenholz,2001; Christopoulos et al.,
2004; Nakamura et al.,2007; Romero et al.,2007; Vuorenoja et al.,2007). In addition, some
GPCR vary in expression between the adrenocortical zones as well as in adrenal tumors,
suggesting the involvement of GPCR in adrenal zonation and tumorigenesis. In this study, we
compared the GPCR expression profiles between the fetal and adult adrenals in order to define
new candidate regulators of the human fetal adrenal glands. Six GPCR were found to have
significant higher levels in fetal vs. adult adrenal glands: GPR37, latrophilin receptors 2 and
3, AGTR2, MCR2, and GnRHR.

GPR37 is an orphan GPCR highly expressed in mammalian brain oligodendrocytes, Purkinje
cells, and neurons belonging to the CA3 hippocampal region and to the substantia nigra pars
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compacta (Marazziti et al.,1998). GPR37 is the substrate of parkin and it has been suggested
that the cellular accumulation of an insoluble form of this receptor can result in cell death and
thereby contribute to Parkinson’s disease (Imai et al.,2007). Recently, the neuropeptide head
activator has been identified as a potential high affinity ligand for GPR37 (Rezgaoui et al.,
2006). However, this receptor has not been previously studied in any endocrine tissues. Here
we demonstrated a clear difference in the expression of GPR37 between fetal and adult adrenal.
Because of the association of this receptor with neuronal tissue, it will be important to determine
if fetal adrenal GPR37 are present within the steroidogenic or the developing medullary cells
within this gland.

LPHN2 and LPHN3 are two closely related homologs to latrophilinl with similar domain
structure (Ichtchenko et al.,1999). They belong to the subfamily of Ca2*-independent receptors
with typical structural components of both GPCR and cell adhesion protein (Krasnoperov et
al.,1997; Bittner et al.,1998). While LPHN3 is mainly present in brain, LPHN2 is expressed
ubiquitously with the highest levels seen in placenta, kidney, spleen, ovary, heart and lung
(Ichtchenko et al.,1999; Matsushita et al.,1999). As for ligands of this GPCR subfamily, a-
latrotoxin, a neurotoxic protein from black widow spider, can bind to LPHN2 and LPHN1 with
different affinities (Petrenko et al.,1990; Ichtchenko et al.,1999; Rahman et al.,1999). But until
now no endogenous ligand has been discovered. Our results indicate that both LPHN2 and 3
are highly expressed in the adrenal gland and the mRNA level is significantly higher in fetal
vs. adult adrenal. Given the fact that the placenta secretes a variety of GPCR ligands, the
placenta could be a potential source of endogenous ligands for those two receptors.

AGTR2 was first identified in rat adrenal with the help of specific antagonists (Chiu et al.,
1989; Whitebread et al.,1989). While ATGR1 predominantly exists in zona glomerulosa and
mediates most of the recognized effects of Ang Il, the AGTR2 receptor is mainly present in
medulla (Balla et al.,1991; Timmermans et al.,1992; Inagami et al.,1995). However, studies
conducted by Gallo-Payet and colleges showed that AGTR2 is expressed in the fetal adrenal
throughout gestation, while the AGTR1 receptor does not appear until 16 wk and only exists
at the periphery of the gland (Breault et al.,1996). The exact function of AGTR2 in the adrenal
remains unclear, but results from bovine adrenal cells in culture suggest that cortisol production
can be increased through AGTR2 by mechanisms involving protein kinase C as well as calcium
or potassium channels (Defaye et al.,1995). In this study, we confirmed the high mRNA level
of AGTR2 in the fetal adrenal but further studies are needed to define the role of AGTR2 in
adrenal development and steroidogenesis.

MC2R is a GPCR almost exclusively expressed in the adrenal cortex (Vamvakopoulos et al.,
1993; Chhajlani,1996). Once activated, MC2R signals through the cAMP-PKA pathway (Forti
etal.,2006; Li et al.,2008) and can acutely regulate aldosterone production in zona glomerulosa
and cortisol production in zona fasciculata. In contrast to the adult adrenal, the midgestation
fetal adrenal responds to ACTH mainly through the production of DHEA-S (Di Blasio and
Jaffe,1988; Mesiano and Jaffe,1997). Research conducted in baboon has shown that while the
expression level of MC2R is very low in the first trimester, it peaks in midgestation and starts
to decline thereafter. But contrary to the declining trend of the whole fetal adrenal, the newly
emerging definitive zone seems to express higher levels of MC2R (Albrecht et al.,1996;
Aberdeen et al.,1997). Here by applying microarray and qPCR techniques, we showed that
human fetal adrenal expressed higher levels of MC2R than the adult adrenal. This may help
explain the higher sensitivity to ACTH seen in the fetal adrenal.

It is well established that pituitary GnRHR regulates the production of gonadotropins and thus
controls reproductive function. GnRHR gene and its ligands (GnRH1 and GnRH2) have also
been detected outside the hypothalamus and pituitary. A growing body of literature supports
an extrapituitary role for GnRHR (Harrison et al.,2004; Cheng and Leung,2005; Metallinou et
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al.,2007). GnRHR mRNA expression is seen in lymphocytes (Chen et al.,1999), breast (Kottler
et al.,1997), ovary (Minaretzis et al.,1995; Choi et al.,2006) and prostate (Gnanapragasam et
al.,2005; Finch et al.,2008). In addition, there appears to be high expression level of GhnRHR
in some cancers (Finch et al.,2004; Gnanapragasam et al.,2005; Kim et al.,2006; Sedgley et
al.,2006). This is the first report to demonstrate fetal adrenal expression of GnRHR although
a previous report showed expression in adrenal tumors (Ye et al.,2007). We were unable to
define the role of GnRH in the regulation of fetal adrenal cells due to the fact that isolated fetal
adrenal cells rapidly lost GhnRHR mRNA expression. We would speculate that this loss of
mRNA related to the lack of GnRH effects we observed in fetal adrenal cell culture. However,
another possible explanation for the lack of GnRH effect on fetal adrenal cells could be that
the receptor expressed in the fetal adrenal is inactive or lacks the appropriate coupling system
to steroid production.

Interestingly, GhnRHR, GnRH1 and GnRH2 are all expressed in human placenta. While
placental expression of GnRH1 is high throughout gestation, GhnRH2 mRNA decreases
remarkably with gestational age (Lin et al.,1995; Chou et al.,2004). Our term placental g°PCR
data confirmed the presence of high levels of GnRH1, but no GnRH2. Previous studies have
also shown high level of GnRHL1 in the fetal circulation and the placenta is the likely source
for this hormone (Aksel and Tyrey,1977; Gilmore et al.,1978; Siler-Khodr and Khodr,1978).
On the other hand, the fetal adrenal itself expressed high levels of GnRH2, whose cellular site
of expression requires to be determined by further analysis. Taken together, these data indicate
that within the fetus there is the potential for GnRH regulation of the fetal adrenal, by ligands
produced in the placenta and released into the circulation and/or by paracrine/autocrine action
of ligands produced in the fetal adrenal.

In summary, we have shown that fetal and adult adrenal glands exhibit similar expression
patterns for most GPCR, however six receptors were found to have significantly higher levels
of expression in fetal than adult adrenal. Most intriguing was the elevated expression of the
GnRHR, which is known to have a role in the regulation of the hypothalamic-pituitary-gonadal
axis. The increased expression of GhRHR was coupled to high expression levels of its ligand
GnRH within the human placenta and fetal adrenal. While further studies are needed, these
findings suggest potential for GnRH regulation of fetal adrenal function.
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Fig. 1. Microarray analysis comparing GPCR expression between fetal adrenal (FA) and adult
adrenal (AA)

Total RNA from pools of three fetal and three adult adrenals was used for oligonucleotide
microarray analysis. The graph represents 165 GPCR that were found to have a signal which
indicated that it was present in at least one tissue sample. The transcripts with the highest
variation between the FA and AA are labeled.
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Fig. 2. Quantitative realtime PCR (QPCR) confirmation for the GPCR expressed differently
between HFA and AA
gPCR was performed on adult and fetal adrenal RNA to detect the mMRNA expression level of
the last six genes listed in Table 1. The results were normalized to 18S rRNA. Data are
expressed as fold over fetal adrenal and the mean + SD of values from at least five different

tissue samples each group (**, P<0.01; ***, P< 0.001).
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Fig. 3. GnRHR mRNA expression in different tissues

Quantitative PCR was performed on fetal and adult adrenals, pituitary and placenta for GhnRHR
MRNA. The results were normalized to 18S rRNA as internal control. Data are expressed as
fold over fetal adrenal level and are the mean + SD of values of at least five different tissue
samples (**, P<0.01).
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Fig. 4. Immunohistochemistry characterization of GnRHR expression in fetal adrenal

Panel A. Positive control for GnRHR detection using human pituitary. Panel B. H&E staining
of HFA showing both neocortex (NC) and fetal zone (FZ). Panel C. GnRHR staining in fetal
adrenal gland. GnRHR protein (brown signal) was detectable in most of the neocortex and fetal
zone cells. Panel D. Fetal adrenal processed for immunohistochemistry without inclusion of
the GnRHR antibody (Negative control). All results are representative of staining from at least
three fetal adrenals. Scale bar represents 10 uM in real size.
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Fig. 5. ACTH and GnRH steroidogenic effects on fetal zone monolayer cultures

Panel A. Fetal zone cells were plated for 5 day before experiments. Cells were treated with
ACTH (10 nM) or GnRH (10 nM) in 1 % serum for 24 h, and medium was collected for steroid
assays. Data points are the mean = SD of values from at least three independent experiments
that are expressed as the fold change over basal (**, P < 0.01, compared to basal level). Panel
B. Reduction of GhRHR mRNA expression in fetal zone cells after culturing. g°CR on GnRHR
transcript was performed on cDNA from fetal adrenal tissues (HFA) or fetal zone cells in
culture (FZ). The results were normalized to 18S rRNA as internal control. Data are expressed
as fold over human fetal adrenal tissue level and are the mean £ SD of values from at least
three different independent experiments (***, P<0.001).
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Fig.6. GhnRH1 and GhRH2 mRNA expression levels in different tissues

Quantitative PCR was performed to detect GhnRH1 and GnRH2 transcript expression in FA,
AA, hypothalamus and placenta. All the results were normalized to 18S rRNA as internal
control. Data are expressed as fold over fetal adrenal levels and are presented as the mean +
SD of values from at least three different samples (**, P<0.01).
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Table. 1

Differentially expressed GPCR based on microarray analysis
The common and full name of each gene is given in the first two columns, followed by the fold change between FA
and AA on the transcript level. The last column shows the ranking of individual transcripts based on fold difference.
Several genes had confirmatory probes on the microarray thus explaining the dual ranking for several of the genes.

TOP GPCR change FA vs AA
Common name Description fold number

GNRHR gonadotropin-releasing hormone receptor 329 1,2
GPR37 G protein coupled receptor 37 6.5 3
LPHN3 Latrophilin 3 4.8 47
AGTR2 Angiotensin I1 receptor, type 2 47 5,6
CHRM5 Cholinergic receptor, muscarinic 5 3.4 8
LPHN2 Latrophilin 2 25 9
MC2R Melanocortin 2 receptor 2.4 10
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