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Abstract

During human gestation, the placental syncytiotrophoblast develops the capacity to synthesize large
amounts of estrogen from Cqg-steroids secreted by the fetal adrenals. The conversion of Cqg-steroids
to estrogens is catalyzed by aromatase P450 (P450arom), product of the CYP19 gene. The placenta-
specific promoter of the hCYP19 gene lies ~100,000 bp upstream of the translation initiation site in
exon Il. In studies using transgenic mice and transfected human trophoblast cells we have defined a
246-bp region upstream of placenta-specific exon 1.1 that mediates placental cell-specific expression.
Using transgenic mice, we also observed that as little as 278 bp of DNA flanking the 5’-end of ovary-
specific hCYP19 exon lla was sufficient to target ovary-specific expression. This ovary-specific
promoter contains response elements that bind cAMP-response element-binding protein (CREB) and
the orphan nuclear receptors SF-1 and LRH-1, which are required for cAMP-mediated stimulation
of CYP19 expression in granulosa and luteal cells during the estrous cycle and pregnancy. In this
article, we review our studies to define genomic regions and response elements that mediate placenta-
specific expression of the hCYP19 gene. The temporal and spatial expression of LRH-1 vs. SF-1 in
the developing gonad during mouse embryogenesis and in the postnatal ovary also will be considered.
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1. Introduction

In most vertebrates, expression of the aromatase P450 (P450arom/CYP19) gene is restricted
to the gonads and brain; however, in humans, aromatase is expressed in specific cell
populations of a variety of estrogen-producing tissues, including the syncytiotrophoblast layer
of the placenta, granulosa and luteal cells of the ovary, Leydig, Sertoli and germ cells of the
testis, stromal cells of adipose tissue, bone, discrete nuclei within the brain and in fetal liver
[1,2]. hCYP19 gene expression in various estrogen-producing tissues appears to be driven by
tissue-specific promoters upstream of alternative first exons, which encode the tissue-specific
5'-untranslated regions of P450arom mRNA transcripts. These unique promoters not only
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control tissue-specific expression of these P450arom mRNA transcripts, but also mediate their
differential regulation by hormones and factors. The alternative first exons, which are located
from ~110 to ~100,000 bp upstream of the hCYP19 translation initiation site in exon |1, are
alternatively spliced onto a common site just upstream of the translation start site in exon 11,
so that the protein encoded in each of these tissues is identical (Fig. 1). In placenta, the majority
of the P450arom mRNA transcripts contain sequences encoded by exon 1.1, which lies
~100,000 bp upstream of the start site of translation in exon Il, whereas in ovary, P450arom
MRNA transcripts contain 5’-untranslated sequences encoded by exon lla which lies 110 bp
upstream of the translation start site [2] (Fig. 1).

2. Use of transgenic mice and transfected cells to define genomic sequences
that mediate placenta-specific hCYP19 expression

In previous studies using primary cultures of human placental cells, we observed that
differentiation of cytotrophoblasts to syncytiotrophoblast is oxygen-dependent and associated
with a marked induction of aromatase activity and hCYP19 gene expression [3,4]. Transfection
of placental and non-placental cells with reporter gene constructs revealed that placenta-
specific exon 1.1 5'-flanking sequences between -501 and -42 bp mediates trophoblast-specific
hCYP19 gene expression [3]. Studies using transgenic mice also suggested that as little as 501
bp of exon 1.1 5'-flanking DNA directed reporter gene expression exclusively to the placenta
and specifically to the labyrinthine trophoblast layer, which is region of mouse placenta most
analogous to the human syncytiotrophaoblast [5]. Collectively, these findings suggest that the
5'-flanking DNA within 501 bp of exon 1.1 of the hCYP19 gene contains cis-acting elements
that bind placenta-specific transcription factors. Since mouse placenta does not express
aromatase, it is likely that placental transcription factors that mediate hCYP19 gene expression
are conserved between mouse and human, while the genetic response elements that bind these
factors are not.

More recently, we created transgenic mice carrying fusion genes containing 246, 201 and 125
bp of exon 1.1 5’-flanking sequence fused either to a mutated (hGX) or wild-type (hGH) human
growth hormone reporter gene (Fig. 1). We found that little as 246 bp of hCYP19 exon 1.1 5’
flanking sequence was sufficient to direct placenta-specific expression of hGX or hGH in
transgenic mice (Fig. 2). By contrast, transgenes containing 201 bp or 125 bp of exon 1.1 5'-
flanking DNA were not expressed in mouse placenta [6] (Fig. 2). Furthermore, hCYP19I.
1.046:hGX transgene expression was developmentally regulated; expression was observed as
early as embryonic day (E) 7.5 in several cells of the trophoblast ectoderm, at E8.5 in some
trophoblast giant cells and by E9.5 throughout the giant cell layer (Fig. 3). Very low levels of
hCYP191.1.546:hGX transgene expression were detected at E9.5 in the primitive labyrinthine
layer. However, by E10.5, relatively high levels of hCYP191.1_546:hGX transgene expression
were observed both in the well-vascularized labyrinthine and in the trophoblast giant cell layers
(Fig. 3). By contrast, expression of the hCYP191.1.59,:hGH transgene was first observed at
E10.5 and restricted to the labyrinthine layer (Fig. 3). This suggests the presence of regulatory
elements between -501 and -246 bp that may bind inhibitory transcription factors expressed in
giant cells.

Both the -501 bp- and -246 bp-containing transgenes were highly expressed in the labyrinthine
trophoblast at E10.5. At this stage, the embryonic vasculature has invaded and branched
extensively into the labyrinth to facilitate efficient transport of nutrients and oxygen to the
embryo [7,8]. This indicates that the transcription factors required for activation of these
transgenes are expressed in the labyrinth and raises the possibility that O, may play a permissive
role in their expression. In studies using human trophoblast cells in culture, we observed that
syncytiotrophoblast differentiation and induction of hCYP19 gene expression were prevented
when the cells were cultured under hypoxic (2% O5) conditions [4]. This suggests the presence
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of response elements within the 501 bp region that bind hypoxia/O,-regulated transcription
factors, which in turn control hCYP191.1 promoter activity. We observed that increased
expression of the basic-helix-loop-helix transcription factor mammalian achaete scute
homologous protein-2 (Mash-2) under hypoxic conditions prevented induction of hCYP19
gene expression in cultured human trophoblast cells [4]. The inhibitory effect of Mash-2
appears to be mediated directly by increased binding of upstream stimulatory factors (USFs)
1 and 2 as heterodimers to E-boxes within the 5’-flanking region (-58 bp) and first exon (+26
bp) of the hCYP19 gene [9]. In mouse placenta, Mash-2 is expressed in the spongiotrophoblast
and labyrinthine layers [7,10]. Interestingly, Mash-2 expression decreases at E10.5 [11], atime
that coincides with increased vascularization of the labyrinth and induced expression of the
501 bp- and 246 bp-containing transgenes. Therefore, elevated Mash-2 under the hypoxic
conditions existing in mouse placenta prior to E10.5 could possibly inhibit hCYP19I.
1.501:hGH transgene expression by preventing binding of stimulatory transcription factor(s).

To further define potential stimulatory and inhibitory sequences within the 501-bp exon 1.1 5'-
flanking region, we carried out transfection experiments using human trophoblast cells in
primary culture. In previous cell transfection studies, we observed that hCYP191.1_546:hGH
fusion genes were highly expressed in human syncytiotrophoblast but also were expressed in
human lung and kidney cell lines. By contrast, expression of -501 bp-containing fusion genes
was syncytiotrophoblast-specific [3]. To further define the region between -246 bp and -501
bp upstream of exon 1.1 that may be involved in labyrinth/syncytiotrophoblast-specific
hCYP19 gene expression, hCYP191.1:hGH fusion genes comprised of -246, -300, -350, -400
or -501 bp of exon 1.1 5'-flanking DNA were incorporated into recombinant replication
defective adenoviral viral particles and introduced into freshly isolated human trophoblast cells
and into A549 lung adenocarcinoma cells by infection (multiplicity of infection = 0.5). Fusion
gene expression was analyzed three days after infection (when most of the primary trophoblast
cells had fused to form syncytia) by assay of levels of hGH secreted into the medium over a
24 h period of culture. As observed previously [3], fusion genes containing 246 bp of 5'-
flanking sequence were highly expressed in the human syncytiotrophoblast cells and in lung
Ab549 cells (Fig. 4). On the other hand, expression of the hCYP191.1_300:hGH fusion gene was
essentially undetectable, suggesting the presence of transcriptional repressors in both cell types
that bind to elements between -246 bp and -300 bp. In the human placental cells, expression
levels of fusion genes containing 350-, 400- and 501-bp of exon 1.1 5'-flanking DNA were
increased as compared to the 300 bp construct, while in the lung A549 cells, expression of
these longer fusion genes was barely detectable (Fig. 4). This suggests that the repression in
the trophoblast cells was overcome, in part, by syncytiotrophoblast-specific enhancers binding
to the region between -300 and -501 bp. It is possible that analogous repressors also prevent
expression of the 501 bp transgene in the trophoblast giant cell layer in transgenic mice.

3. Use of transgenic mice and transfected cells to define the response
elements and transcription factors that mediate ovary-specific CYP19 gene
expression

In studies using transgenic mice to define the regions of the hCYP19 gene involved in ovary-
specific expression, we observed that as little as 278 bp of DNA flanking the 5’-end of ovary-
specific hCYP19 exon lla was sufficient to target ovary-specific expression [12]. This region
is highly conserved in the CYP19 genes of rodents and humans and contains cis-acting elements
crucial for cAMP induction of hCYP19 promoter activity of human and rat CYP19 genes,
including acAMP response element (CRE)-like sequence (CLS), which binds the CRE-binding
protein (CREB) transcription factor [13,14], a binding site for GATA-4 [15,16], and a putative
nuclear receptor response element that was suggested to bind the orphan nuclear receptor
steroidogenic factor 1 (SF-1/NR5A1) [17,18], which is essential for development of the
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ovaries, testes, adrenals and ventromedial nucleus of the hypothalamus in mice [19] and plays
an importantrole in the regulation of various members of the cytochrome P450 family of steroid
hydroxylases. Within the ovary, SF-1 mRNA and protein are expressed in the granulosa and
theca cells of the follicle, the interstitial region and in cells of the corpus luteum. The highest
levels of SF-1 expression, however, are found in the theca and interstitium of the ovary [20,
21]. Based on these findings, SF-1 has been thought to serve a role in regulation of estrogen
biosynthesis in the follicle.

It has been observed that the orphan nuclear receptor, closely related to SF-1, LRH-1/NR5A2,
which is highly expressed in liver, pancreas, colon and intestine [22], also is expressed at
elevated levels in the ovary [23-25]. In the digestive tract, LRH-1 plays an important role in
the control of bile acid synthesis, through regulation of expression of a number of rate-limiting
enzymes in this pathway, such as cholesterol-7a-hydroxylase [26-28] and sterol 12a-
hydroxylase [29] (products of the CYP7AL and CYP8B1 genes, respectively). LRH-1 is most
closely related to SF-1 in its DNA-binding domain; thus, both transcription factors can
potentially bind to the same hexameric response element in DNA [30]. We also have identified
a second putative nuclear receptor binding site within the 278-bp 5’-flanking region of the
hCYP19 gene [31]. In studies using electrophoretic mobility shift assays and granulosa cell
transfection, we observed that both response elements were functionally required for cAMP
induction of hCYP19 promoter lla activity [31]. It also was found that expressed SF-1 and
LRH-1 had an equivalent capacity to bind to these response elements and to markedly stimulate
hCYP19 promoter Ila activity [31].

4. Use of in situ hybridization to evaluate the potential roles of SF-1 and LRH-1
in gonadal development and in the regulation of ovarian steroidogenesis

To evaluate their potential roles in gonadal development and in ovarian steroidogenesis during
early postnatal development and in the post-pubertal and pregnant ovary, temporal and spatial
regulation of LRH-1 and SF-1 mRNA in the rodent ovary during pre- and postnatal
development [32] and during the estrous cycle [31,33,34] and pregnancy [31,34] have been
compared.

4.1. Expression patterns of SF-1 and LRH-1 are spatially and temporally distinct during
embryonic and postnatal development

Gonadal differentiation requires the coordinated expression of several transcription factors
early in formation of the urogenital ridge and later in the presumptive gonad. In mice,
primordial gonads emerge ventromedial to the mesonephros. These gonadal primordia are
bipotential and express several transcription factors, including SF-1 [35]. Mice with a targeted
deletion in the sf1 gene are born without gonads, adrenals, pituitary gonadotrophs, and
ventromedial nucleus in the hypothalamus [36]. On the other hand, mice homozygous for a
germline mutation of the Irh1 gene die between E6.5 and E7.5 in part because LRH-1 is
necessary for endoderm formation [37,38]. Thus, a role for LRH-1 in gonadal development
remains to be established.

To gain insight into the potential role of LRH-1 during gonadal development and postnatal
maturation of the ovary, expression and cellular localization of LRH-1 mRNA was compared
to SF-1 in mice from E10.5 to puberty using in situ hybridization. SF-1 mRNA was present in
the genital ridge as early as E9.5, as expected [39]. At E10.5, SF-1 transcripts were localized
to somatic cells of the genital ridge and absent from primordial germ cells (PGCs) [32]. LRH-1
mRNA was first detected in the genital ridge at E11.5, both in PGCs and in surrounding
mesenchyme [32]; this coincides with the time that PGCs arrive at the genital ridge. By E13.5,
ovaries and testes are anatomically distinct. At this stage in the ovary, LRH-1 mRNA was
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localized to germ cells within germline cysts and to somatic cells in contact with germ cells,
but was absent in overlying epithelium. SF-1 expression at this stage was more robust than
LRH-1 and was evident both in somatic cells and in epithelium surrounding the ovary. LRH-1
and SF-1 expression declined in the ovaries by E15.5 and then increased again after birth
[32]. This decline temporally corresponds to the decrease in germ cell mitosis.

4.2. LRH-1 expression in the postnatal ovary is associated with follicle growth and
development

Folliculogenesis begins just before birth in the mouse ovary. Growing follicles are located in
the medullary region, whereas most of the quiescent, nongrowing follicles and naked oocytes
are located in the cortex [40]. In the neonatal ovary (P2), LRH-1 was primarily expressed in
the medullary region (Fig. 5); expression was detected in primordial follicles, both in the cocyte
and in the single layer of surrounding granulosa cells. LRH-1 also was expressed in the
multilayered granulosa cells of primary follicles but was greatly reduced or absent from the
oocyte [32]. In contrast to LRH-1, SF-1 was expressed throughout the P2 ovary (Fig. 5) in
granulosa cells and in the mesenchyme [32]. On P8, LRH-1 expression was increased and
localized exclusively to the granulosa cell layer of growing primary follicles. On the other
hand, SF-1 was expressed both in granulosa cells and in the interstitium and developing thecal
cell layer (Fig. 5) [32]. Whereas, P450arom and P45017a. mMRNAs were undetectable in the P2
ovary, at P8 P450arom mRNA was restricted to multilayered primary follicles, while
P450170 was expressed in the interstitium and developing thecal cell layer [32]. The finding
that after birth, both LRH-1 and P450arom mRNA were highly expressed and restricted to
granulosa cells of developing follicles, suggests a potential role for LRH-1 in early estrogen
production and folliculogenesis. Since SF-1 also was expressed in granulosa cells of primary
follicles, its role in folliculogenesis and aromatase expression cannot be discounted. However,
its robust expression in interstitial and thecal cells suggests a more important role in the
regulation of synthesis of Cqg-steroid precursors for estrogen biosynthesis in the follicle.

In the prepubertal ovary (P24), signal for LRH-1 was present in granulosa cells of follicles
from primary to antral stage, while P450arom was expressed in all antral follicles (Fig. 5). At
this stage, P450arom expression differed from that in the adult ovary, in which mRNA
transcripts were detected only in a subset of antral follicles [41]. In contrast to LRH-1,
transcripts for SF-1 were present both in cortex and medulla of the ovary at P24, in which the
strongest signal was in theca interna and interstitium (Fig. 5). P45017a mRNA was abundantly
expressed and spatially correlated with that of SF-1 (Fig. 5).

4.3. LRH-1 expression in the mouse ovary during the estrous cycle is spatially distinct from
SF-1 and suggests arole of LRH-1 in cyp19 expression by the follicle

SF-1 mRNA transcripts were found throughout the ovary during all phases of the estrous cycle
and were much higher in theca and interstitial cells, as compared to the granulosa and luteal
cells [31,41]. The spatial pattern of SF-1 expression was highly similar to that of P45017a.
Transcripts for P450170 were present in theca and interstitial cells at all stages of the estrous
cycle, but were absent from granulosa cells and corpora lutea [31,41]. These findings for
P450170 were anticipated [42-44]; however, the relative intensity of signal for P45017a. in the
interstitium was greater than expected, since the theca interna has been postulated to be the
primary cell type involved in Cqg-steroid biosynthesis. Thus, it appears that SF-1 serves as a
primary transcription factor for CYP17 expression, as has been suggested previously [45].

During the estrous cycle, LRH-1 transcripts were undetectable in theca and interstitial cells
and highly expressed in granulosa cells at all stages (primary to preovulatory) of follicular
development. LRH-1 mRNA also was transiently expressed in luteal cells from ovaries at
metestrus. Thus, whereas SF-1 expression was greatest in the theca/interstitium, highest levels
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of LRH-1 mRNA were in granulosa/luteal cells [31,41]. Similar to the expression pattern of
LRH-1, P450arom mRNA transcripts were found only in granulosa cells. Transcripts were
most abundant in follicles collected from animals at proestrus and on the morning of estrus,
while there was little or no apparent signal at other stages of the estrous cycle [31,41].
Interestingly, P450arom mRNA transcripts were detected in only a few follicles, which are
presumed to be preovulatory. Thus, in each case where signal for P450arom mRNA was
observed in the granulosa cells of a follicle, LRH-1 transcripts were present as well. On the
other hand, unlike P450arom RNA, LRH-1 expression was present in all healthy follicles from
primary stage onward at all stages of the estrous cycle. We initially interpreted these findings
to indicate that LRH-1 may play a critical role as a competence factor in the expression of
P450arom in granulosa cells. However, it should be noted that SF-1 was found to be expressed
in granulosa cells of healthy follicles, as well. It was recently reported that female mice with
a granulosa cell-specific targeted deletion of SF-1 contained hemorrhagic cysts and failed to
ovulate [46]. Since these morphological changes were similar to those in estrogen receptor-a
and aromatase knockout mice, it was suggested that SF-1 may play an essential role in estrogen
synthesis by the preovulatory follicle [46]. Thus the role of endogenous LRH-1 in cyp19
expression during the estrous cycle remains to be determined.

4.4 LRH-1 expression in the pregnant mouse ovary suggests an important role in estrogen
biosynthesis by the corpus luteum

During pregnancy, very low levels of SF-1 mRNA were detected in cells of the theca interna
and interstitium on day 7 of gestation [31]; expression was barely detectable in the theca interna
near term (Day 18). Similar to findings for SF-1 mRNA, ovaries collected at various times
during gestation manifested low or undetectable mRNA transcripts for P45017a [31,41]. This
reflects the inability of the pregnant ovary to produce C1g precursors for estrogen biosynthesis
[471], which are placental in origin and synthesized only during late gestation [48]. Signal for
LRH-1 mRNA was observed both in ovarian granulosa cells and in corpora lutea throughout
most of gestation and declined on day 18, just prior to term [31,41]. The levels of LRH-1
mRNA, were much more intense in the corpora lutea of pregnancy as compared to those of the
estrous cycle. Cyp19 expression in the pregnant ovary was correlated with expression levels
of LRH-1, in that P450arom mRNA also was present at relatively high levels in corpora lutea
on day 15 of pregnancy and declined near term. This pattern of cyp19 expression in the corpora
lutea during gestation tends to mirror circulating concentrations of estrogens, which rise during
the latter third of gestation and then decline about one day prior to parturition [49]. These
findings suggest that LRH-1 plays an important role in the regulation of steroidogenesis by the
mouse corpus luteum during pregnancy, which synthesizes relatively large amounts of
progesterone and estrogen. These findings suggest that LRH-1, rather than SF-1 may serve as
a competence factor for cypl19 expression in the mouse ovary during pregnancy. Interestingly,
in cultured human preadipocytes, which express aromatase, LRH-1 was expressed, but SF-1
was not detected [50]. Upon differentiation to mature adipocytes, there was a loss of both
LRH-1 and CYP19 expression. Thus, it appears that in the ovary, as well as in adipocytes,
LRH-1 can serve to regulate CYP19 expression.

Based on the findings of in situ hybridization, LRH-1 may likely play a crucial role in regulating
cell-specific expression of the CYP19 gene in granulosa cells of preovulatory follicles and in
the corpus luteum of pregnancy in the mouse ovary. This is especially apparent during
pregnancy, where SF-1 expression is not detectable and LRH-1 and P450arom mRNA
transcripts are co-localized to corpora lutea. The finding that LRH-1 is expressed in all healthy
follicles during the ovarian cycle, while P450arom is expressed in only a small population of
preovulatory follicles [32], suggests that LRH-1 plays a vital role as a competence factor
cypl9 gene expression in the ovary.
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5. Conclusions

The hCYP19 gene is controlled by tissue-specific promoters that lie upstream of tissue-specific
first exons. Using transgenic mice, we observed that 501 bp of hCYP19 exon 1.1 5'-flanking
DNA, which lies ~100,000 bp upstream of exon Il containing the hCYP19 translation initiation
site, is sufficient to mediate placenta-specific expression. More recent deletion mapping studies
in transgenic mice revealed that response elements critical for directing placenta-specific
expression are contained within the genomic region between 201 and 246 bp upstream of
hCYP19 exon I.1. Whereas, the 501-bp-containing transgene was expressed specifically in the
labyrinthine trophoblast, which is structurally and functionally analogous to the human
syncytiotrophoblast, the 246-bp-containing transgene was expressed both in the labyrinth and
in giant cells. The differences in temporal and spatial expression of the -246 bp- and -501 bp-
containing transgenes suggest the presence of silencer elements between -246 and -501 bp that
prevent activation of hCYP19 promoter 1.1 in giant cells. These findings from transgenic
experiments, together with deletion mapping studies using transfected human placental cells,
indicate that the concerted interaction of strong placenta-specific enhancers and silencers
within the 501 bp region mediate labyrinthine and syncytiotrophoblast-specific CYP19 gene
expression.

By use of in situ hybridization studies to compare and contrast expression of the related orphan
nuclear receptors, LRH and SF-1, with two cell-specific steroidogenic enzymes, cytochromes
P450 aromatase and P450 17a-hydroxylase/17,20 lyase, we provide evidence for a potential
role for LRH-1 in gonadal development, the initiation of folliculogenesis and regulation of
estrogen biosynthesis within the ovary.
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Figure 1. Schematic representations of the hCYP19 (aromatase) gene and of hCYP191.1:hGH/
hGX fusion genes introduced into transgenic mice

Exons 11-X (white boxes), which encode the aromatase protein, and their introns (black lines)
comprise a region of ~34 kb in size. The heme binding region (HBR) and two polyadenylation
signals in the 3'-untranslated region (striped box) are encoded in exon X. Exons lla, 1.4 and 1.
1 (black boxes) encode the 5’-UTRs of the aromatase P450 mRNAs in the gonads, adipose
tissue and placenta, respectively. The region containing these alternative first exons
encompasses ~100 kb. The hCYP191.1:hGH/hGX fusion genes are comprised of hCYP19 DNA
sequences encoding 501, 246, 201 and 125 bp of DNA flanking the 5’-end of exon 1.1 (solid
line) and the first 103 bp of exon 1.1 (grey box) fused to either the wild-type (hGH) or mutated,
biologically inactive form (hGX) of the human growth hormone structural gene, as reporter
(white box). The arrow indicates the position of the transcription initiation site and direction
of transcription for all fusion gene constructs. Endocrinology, 146, (2005) 2481-2488 [6], with
permission. Copyright 2005, The Endocrine Society.

J Steroid Biochem Mol Biol. Author manuscript; available in PMC 2008 August 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mendelson and Kamat Page 12

\‘? ¥ Qy ‘ka
S A . §F & &R X
\“§? A“s'g &,‘?Q ‘°’$ é’g $ g éér §% eé
IR KSIITK
hGH @ 501 bp
hGH. 246 bp
hGH 201 bp
hGH : 125 bp

Figure 2. 246 bp of hCYP19 exon 1.1 5'-flanking sequence is sufficient to mediate placenta-specific
expression in transgenic mice

Aliquots of total RNA (30 ng) isolated from placentae of a E17.5 F1 transgenic mice or from
various tissues of an adult F1 male or female mice carrying the hCYP191.1.591:hGH, hCYP19I.
1.046:hGH, hCYP191.1_501:hGH or hCYP191.1_125:hGH transgenes were analyzed by northern
blotting using a 32P-labeled hGH cDNA probe. Endocrinology, 146, (2005) 2481-2488 [6],
with permission. Copyright 2005, The Endocrine Society.
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Figure 3. hCYP191.1_046:hGX transgene is expressed as early as E8.5 in trophoblast giant cells while
hCYP191.1_591:hGH transgene expression is evident only at E10.5 specifically in the labyrinthine
trophoblast layer

Placental tissues obtained from E7.5, E8.5, E9.5 and E10.5 fetal mice carrying either the -501
bp- (left panel) or -246 bp-containing transgene (right panel) were processed for in situ
hybridization using an 3°S-labeled antisense hGH cRNA probe and exposed to photographic
emulsion for 1-2 weeks. Bright and dark field microscopy was then performed. Left panels:
Dark field micrographs of placental tissue sections from E7.5, E8.5, E9.5 and E10.5 transgenic
mice carrying the hCYP191.1_59,:hGH fusion gene. Right panels: Dark field micrographs of
placental tissue sections from E7.5, E8.5, E9.5 and E10.5 transgenic mice carrying the
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hCYP191.1.546:hGX fusion gene. Bright field micrograph of the haematoxylin-stained E10.5
placental tissue section from mice carrying -501 bp- or -246 bp-containing transgene are shown
below their respective dark field micrographs. gc, trophoblast giant cell; sp,
spongiotrophoblast; lab, labyrinthine trophoblast. Endocrinology, 146, (2005) 2481-2488 [6],
with permission. Copyright 2005, The Endocrine Society.
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Figure 4. Region between -300 and -246 bp upstream of hCYP19 exon I.1 binds transcriptional

repressors

Freshly isolated human cytotrophoblasts and lung A549 adenocarcinoma cells in culture were
infected with 1 x 10 recombinant adenoviral particles containing hCYP19I.1.50;:hGH,
hCYP191.1_409:hGH, hCYP19I.1.359:hGH, hCYP191.1_350:hGH or hCYP191.1_46:hGH
fusion genes. Culture media were harvested and replaced with fresh media every 24 h over a
4 day period. Shown here are the levels of hGH that accumulated in the culture medium between
days 2 and 3 of culture. Values are the mean £ SEM (n = 3) of data from a representative of
three independent experiments. Endocrinology 146, (2005) 2481-2488 [6], with permission.

Copyright 2005, The Endocrine Society.
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Figure 5. The pattern of expression of liver receptor homologue-1 (LRH-1) in the early postnatal
and adult ovary correlates with the initiation of folliculogenesis

Contiguous sections of gonads collected from mice at various stages during postnatal
development (P2-P24) were analyzed by in situ hybridization. Images are shown in darkfield
after hybridization with probes specific for steroidogenic factor 1 (SF-1), LRH-1, P45017aq,
and P450arom. Labels are indicated in the images for granulosa cells (GC), theca interna (th),
interstitium (int), and oviduct (ovi). Slides were hybridized for either 35 (LRH-1), 28 (SF-1),
or 21 (P450arom/P45017a) days. Scale bars = 500 um. Dev. Dyn. 234, (2005) 159-168 [32],
with permission. Copyright 2005, John Wiley & Sons, Inc.
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