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Abstract

During human gestation, the placental syncytiotrophoblast develops the capacity to synthesize large amounts of estrogen from C19-steroids
secreted by the fetal adrenals. The conversion of C19-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 II. In studies
using transgenic mice and transfected human trophoblast cells we have defined a 246-bp region upstream of placenta-specific exon I.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 IIa 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 versus SF-1 in the developing gonad during mouse embryogenesis and in the postnatal ovary also will be
considered.
© 2007 Elsevier Ltd. All rights reserved.
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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 spe-
cific cell populations of a variety of estrogen-producing
tissues, including the syncytiotrophoblast layer of the pla-
centa, granulosa and luteal cells of the ovary, Leydig, Sertoli
and germ cells of the testis, stromal cells of adipose tis-
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sue, 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 promot-
ers upstream of alternative first exons, which encode the
tissue-specific 5′-untranslated regions of P450arom mRNA
transcripts. These unique promoters not only 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 trans-
lation initiation site in exon II, are alternatively spliced onto
a common site just upstream of the translation start site in
exon II, so that the protein encoded in each of these tis-
sues is identical (Fig. 1). In placenta, the majority of the
P450arom mRNA transcripts contain sequences encoded by
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Fig. 1. Schematic representations of the hCYP19 (aromatase) gene and of hCYP19I.1:hGH/hGX fusion genes introduced into transgenic mice. Exons II-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 IIa, I.4 and I.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 hCYP19I.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 I.1
(solid line) and the first 103 bp of exon I.1 (hatched 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. Ref. [6], with permission. Copyright 2005, The Endocrine Society.

exon I.1, which lies ∼100,000 bp upstream of the start site of
translation in exon II, whereas in ovary, P450arom mRNA
transcripts contain 5′-untranslated sequences encoded by
exon IIa 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 cytotro-
phoblasts to syncytiotrophoblast is oxygen-dependent and
associated with a marked induction of aromatase activity
and hCYP19 gene expression [3,4]. Transfection of placen-
tal and non-placental cells with reporter gene constructs
revealed that placenta-specific exon I.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 I.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 syncytiotrophoblast [5]. Collectively, these
findings suggest that the 5′-flanking DNA within 501 bp
of exon I.1 of the hCYP19 gene contains cis-acting ele-
ments 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 I.1 5′-flanking
sequence fused either to a mutated (hGX) or wild-type (hGH)
human growth hormone reporter gene (Fig. 1). We found that
as little as 246 bp of hCYP19 exon I.1 5′-flanking sequence
was sufficient to direct placenta-specific expression of hGX
or hGH in transgenic mice (Fig. 2). By contrast, trans-
genes containing 201 bp or 125 bp of exon I.1 5′-flanking
DNA were not expressed in mouse placenta [6] (Fig. 2).
Furthermore, hCYP19I.1−246:hGX transgene expression was

Fig. 2. 246 bp of hCYP19 exon I.1 5′-flanking sequence is sufficient to
mediate placenta-specific expression in transgenic mice. Aliquots of total
RNA (30 �g) isolated from placenta of a E17.5 F1 transgenic mouse
or from various tissues of an adult F1 male or female mouse carrying
the hCYP19I.1−501:hGH, hCYP19I.1−246:hGH, hCYP19I.1−201:hGH or
hCYP19I.1−125:hGH transgenes were analyzed by Northern blotting using
a 32P-labeled hGH cDNA probe. Ref. [6], with permission. Copyright 2005,
The Endocrine Society.
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